ALLOCATION OF WATER RESOURCES IN
UPPER BRAHMANI RIVER BASIN

A DISSERTATION

Submitted in partial fulfilment of the
requirements for the award of the degree
| of -

. MASTER OF ENGINEERING
in
HYDROLOGY

By
SISIR RAO

- UNESCO SPONSORED
INTERNATIONAL HYDROLOGY COURSE
UNIVERSITY OF KROORKEE
ROORKEE (U.P.) INDIA
May, 1982



CANDIDATE'S DECLARATION

I hereby certify that the work which is being pre-
Sented in the dissertation entitled '' ALLOCATION OF WATER |
RLSOURCES IN UPPER BRAHMANL RIVER BASIN'' in partial ful il
ment of the requiremgnt for the award of the Degree of Masﬁer
of Ingineering ianydrology, submitted in thg SQhool of
Hydrology of the University of Roorkee is an authentic record
of my WOrk'oairied’out during a period from 15th October,1981
to 30th 4pril, 1982 uﬁder the subvervision of Dr.Ranvir‘Qingh
- Reader,School of Hydrology and Dr.D.K.SriVastava,Reader, School
of Hydroiogy; | é.” _

The matter embodied in this dissertation has not been
submitted hf me for the award of any other degree., o

| éacf ' RET

(SISIR RAO)
Candidate's Signature
Phis is to certify that the above statement made by

the candidate is cqyreet to the best of our knowledge.

o prl

(RANVIR SINGH) (D, K.SRIVASTAVA)
. READER READER
SCHOOL OF HYDROLOGY SCHOOL OF HYDROLOGY

UNIVERSITY OF ROORKEE UNIVERSITY OF ROORKEE



ACENOQWLEDGEMENTLS
The author wiches to express his deepest gense of gra-
titude to Dr.D,i,Srivastava,Reader,School of Hydrology and Dr,
Ranvir Singh, Header, School of Hydrology for their constant
supervision and excellent guidance given to him at every stage

of the present study,

The author is also grateful to Prof, Satish Chandra,
Di,B,o,Hathur,Coordinator, Dr,G,C,Mishra,Reader, Mr,M,D,Hautiyal,
hx-~Reader, Dr,Deepak Kaschyap, neader and Mr,G.G.Dikshit,Research
Associate,School of Hydrology for their help and persistant

encouragement during the preparation of dissertation,

(SISIR RLO)



O I ENDS

——y ¥ e w1 s

pois

[
4

CERPIPIC.TRE
LCKNOWLEDHEMLNT S
SYNOPSIS
CHAPLLER 1 110 RODUCL ION
1o GulNBRAL
1,2 DIFFARENY JLLERNLNIVE SYST M
APPHOACHES Awp RLVIEBW OF BARLIER
WORKS :
1.3 Mid SIUDY
1el 0.-GuaNISAITON 0 SIULY
CHADI=R 2 113 BASIN SYSTEMS AL »ROBLEM
241 UPTPaR BILJMANT RIVIER BASIN
2,2 ELULIER PROPOSAL
243 L LOBLEM M RUMEDIGS
24 BACK GROUND OF PRuSENT PL.ANING
2.5 LUPULY PARALINERS

CrlipPl LR L LISTON Ok RUNOLY DATA

W\
.
-

GEHERAL
G CHMENT

\N
»

POLICY 4l I-‘]ZE;L‘HOD OF CLNER.ATION
O SYNTHELIC ST RuaM FLOW

Ul
.
W

PRy Dl uIL PROCLEDURL



CilaPd it

CHLPTER

CH.PUER

CILLPT B8R

4
iy

(&) gy Oh
[ ] -
] —

A
-
N

To1

7.2
T3
Tod

PHE0RY OF Rub..RVOIR OPLRGLTION

LOT ABLISHMENT OF IHE OPERATING
P 0CDURE

OPLILATON PuOCEDURE
SLoPul] CONTIGURLLTION

OB ERMIN.LTON OF OPLIMLL
SROPPING PATLERN

LITLonucTIoN
TLCPOR AE.CLING CROP PLaNNING

Dath TYS SOURCWS AND HMETUOD OF
SOHPUD L TON

12, HODS FOR OPIIMAL CROP PLANIING
COMPUTLALTION

LALTKOLUCTION

DA A USLD

Uit oIl COMPULLIION PROCELURE

DISCUSLICH CONCLUSION AND
5UCGBSTICNS

Gl

DISCUSSION

- COuCLUSTION

SUGHBESTION



LABIES
2.1 VARIOUS PROJECTS OI' UrPPLR BRAMMANIT
Bi ;S I :' ]-

242 DisiD Si0RGE CaPACILY JLND GROSS STORAGE
CAPLCILY QI DIFIERENT RuSLRVOIRS

2.3 CROPOLIC PATTLIGS OF DIV BRENT
PROJuC S

2 ol Vol ol REQUIRGMSNS OF DIFsBRoNT
PiQJ st

5.1 SUaluka SHOWING CATCHILLNT ARGA OF
DIF .ER.I PROJUCLS AND IT'S SLAGIS

5e2(a) STRG FLOW D&tL AD PILMIHAL SITE

5,2(b)  SPATISITICAL PARMMENGRS OF ORIGINAL
AND GuilalLIED SLRILS

5.3(a)  SPREGT PLOV DAlA if KANSBAHAL SITE

343(D) SPATISPICLT PARDMETERS 0F ORIGINAL
AND GoidRAITED SBIRES

3.4(a) STR Ldi wLOW Lala LT BaRSUAN SITE

3.4(b)  STALISITCAL PARMIEIERS OF ORIGINAL
D GLTSRLTED SERILS .

5.5(a) © SIRG.: ¥LOJ Dals o0 MANDIRL DAM SITE

545 (p) STARTHITCLD PliwMidluRS OF ORIGINAL
LD G EIGIRD SuRlss

5.6(a) IHEFLOW Dara AT LODLNI SIVE

3.6(D) SParTs LCLL PaRGMANIERS OF OLIGINAL
' AND GaluRATmD SHRT.SS

5.1 COST LifD RUTURN PATEMENT OF LODANI
PROJLCT

5.1(a)  MONTHLY W.luR REQUIRL.ENT OF DIFFERENT
CROPS

5.2 SIPAPEITLIL SHOWING PROPOSED MAXIMUM LND
MINILiUii CROP &Riia QOF DIFFERWND CrOPS



5.3 STAlErl T INDICALING ARus OF
' DIF.5Rall CROPS GHOWN IN ORISSA

5.4 CadiC UL lION O 7O5PERCLNT DiP.NUABLE
YinitS HUNOY. FRES CLLCHIIENT AT LODANI
 SITi

5.5 CALCUL..TON OF TS5PSRCENT HY{POIHELICALL

DuP.HDADLE YIELD Or PREEZ CATCHMENT
AT LOD..I SITE

5.6 CiLCUL...TON O 75PBRCENT HYPOLHETICLL
DuPsWD/BLE YELR'S YIELD TOui LOTLL YLOW
AT LODLT SITE

5,7 CALCUL.AION O 75PLRCENT DEPENDABLE
YEARS YILD TOR TOLAL TLOW I LODANI
SIT

5.8 CALCUL..LION OF .NNUAL COST OF SURPACE
WilER

6,1 «6,2 BELLVIOUL OF LODLWI RESLERVOIR
6.3 RESULsSS OF DIFIFERUNT DECISION VULRILABLES
6,4=6.7 BEHLVIOU. 0r LOD.UI RuSELVOIR

7.1 RESLHVOIR BEIAVIOUR OF PT0.MAHAL IR.I-
' GalTOd P.OFiacT

Te2 RESEKVOLR BEIAVIOUR O: CHANDRINALLL
PROJ LG

T3 RGSLRVOIL BXHAVIOUR OF BARSULN PROJECT

7.4 RuSEIVOLR BEHAVIOUR OF MANDIRA PRQJECT
(i8S P R SCEP I)

1.5 RuSELVOLR BAHLALVIOUR 0F MaNDIRA PROJECT
(48 PuR STEP IIw . . VI)

7.6 " SPATHIEG SHOWING DIF-ERLUNT PLOPOSLD
CROPPILG PLTILRY LND fHE NE ! BENEFIT FROM
IT

7.7 WLl Ll AT0OCATION 'O FOUR UP STHREAM RESER-
VOILRS

748 SJVERLGY MONIHLY COWTRIBUTED FPLOW TFLOM  4NOS
UP STl RESE.VOIR (4SS PLER STEP I) ‘

7.9 AVERAGE HMOWLHLY CONIRIDUTED FLOW FLOM 4NOS
UP SURE.M RuSERVOIR (A4S PRR STEP II to VI)



ApPuiDIX T

AP 2LHDIK

Appuii I X

&PPnilDIX

1T

ITT

v

GENERATION O RuClANGULARLY
AND NORMALLY wISTHIBUTLD
RANDOM NUIMSERS

L0MAS FLLRING MOLEL
HODIFIED {HCHAS LIBRING
HODEL

OPG RAN TONAL TIODEL

i e



SYHOPSIS

The aim of the combined Reservoir opexration to

allocate available water regsource to different project in Orissa
namely, Pitamahal Irrigation Project, Kansbahal Iriigation Pro-
ject, Mendira Dam Project, Barsuah Irrigation Project and Lodani
Irrigation Project in upper Brahmani Basin keeping inview the
upper and lower riparian rights of Bihar state and Rengali multi-
purpose pioject and to evolve optimal cropping pattern for Lodani
Project, In the present study, the operation is egaried out by
using simulation technigue to find out allocation of water to
differunt reservoirs in upper Brahamani Basin in conjunction with
linear pro.ramaing model, which determines the different optimal

cropping patcern .

vor achieving above objectives Reservoir operation model
was used in conjunction with linear programuing model, [he reser-
Voir operasion was run in six steps with difierent crop watex
requirements i.e. as per state government suggested cropping
pattern and cropping pattermn evolved from the linear programming
model .

irom the above study the cropning pattern evolved by
step.I¥ i.e. with Khariff‘crops areas, vegetables 726,7 hectares,
aedium paddy 15938.3 hectares and with Rabi crops areas, Pulses

4470 hectapes, vegetables 2423 hectares appears to the best among

gix alternatives,



1.1

CH4PTER 1

INTRODUCTION

GENERAL:

Comprehensive river basis planning is commonly known as

wabershed management. The modern concepts of considering water-

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

enginecrs, cecologist, social scientist, and politicam, The main

objectives of the watershed planning are as follows,

1e

To assess the quantity of water availablc and judicious
distribution of water resources for various purposes such
as irrigation, power,industrial water supply, urban (do=

aestic)water supply .
To increase the water yield during the lean period.
To provide dependable watersupply downdown strean,

To improve forest,range land and small culbivation on
the upstrecam side of watcrshed where slope is not per—

missible for cultivation,
To maintain the water quality

To reduce the flood and erosion hazard,

~To chhance the recrecational facilitie, pisciculture and

preservation of wild life which in turn will provide

return to large number of pcople of th e watershed,



3 To maintain the ecological balance inside the watcrhsed
and to control/prevent the pollution inside the waterkhed
due to Cevelopment activitics,

The waterr resources development planning of any river
basin system consists of the above nentioned four objectives i;e;
points 1,2,3 anad 6, |

In this study the water resources planning of uppcr Brah-
manil basin has been conilsercd and the other points of watershed
management have not bocn discussed due to each data -

Thc use of systems analysis has generally now been acce-
pted to provide an efficient way of answering various gguestions,
The appfoach an& appropirate technique will vary from pTroblem to
problem, and stage of decision making is likely to vary over a
vast rango; The system analysis is such a tool which can be app-
lied suitably depending on the nature of problem, such as, there
nay be the case where the system has already been developed and
issue is primarily of managenent of the system., On the other
hand there may be the case where no developments have baken place
and the fiT5% stage of decision in . the morpohology of develop-
mental planning has to be on screaning the " Y systenm con~
figuration. There nay be nmixed stage of development;

The upper Brahmani Basin consists of rescrve forest, arca
of Orissa and Bihar,nining area of Orissa and Bihar and cultivable
land below Mandira Dam site in Orissa state plus major industrial
belt of Orissa consisting of Rourkella stecl plant, Rourkekla
fertiliser plant and its ancillary industries such as Kansbahal.

Kalunga, Biraitrapur and Rajgangpur cement factory,



O

1.2 DIFFERENT LLTERNATIVE SYSTEM APPROLCHES AND REVIEW OF
EARLIER WORKS:

Scveral studies have becn carried out for the operation
of reservoir(s) systen and optimisation of net rcturns. Linear
programiing, Non-linear programming, Dynamic programaing, Simu-

- lation fechniques have been successfully applied,

(a) Linear programuing- If the objective function and
all of the constraint cquations can be expressed in lincar, alge-
bric form (equalities and inequalities) with known co-efficients,
constant coefficients then the problen is of linear prograniing
type., fhe linear programming model for water resources system

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

(b) Non linear programming= Non linecar programming probler
differ from the linear programaing problem in that the objective
function and/or, one or more constraints equations involve non-
linear terus, General solution procedufes for this category of
problems do ﬁot.exists, howerver spccial purpose solution tech~
niques are available that are applicable to limited subsets of
the general problem, These include procedures such as quadratic
programing, geométric programning and a variety of controlled
search techniques, &4 description of many of the available special

purpose solution algorithms can be found in the work Himmelblau



(c) Dynanic programing- This is a solution procedure that
can be uscd in linear or nonlincar problems in which the decision
variabl possess an appropiate scquential character., Situation of
this type arises when the problem can be represcnted as a sc—
quence of stages where one or morc dccisions is required at each
stage and'wheré the decision at one stage directly affects only
6he next ajaicunt stage. Therc is no standard dynanic programme
ing algorithm as in linear programming, the algorithm must be
tailored to the individual -problem, Where the sequentiai natufe
of the system can be established and where the number of state
and decision variables is not too large, the computational
procedurc the simple and practical, Dynamic programming was
first develped b Bellman . 18 . For reservoir operation dy-
nanic progranning nodels have been used by Buras and Hall and
Dracup.
(a) Simulation Technigues 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
systens,

Many planncrs ddopt simulation procedure for reservoir
planning for its frecdonm to work and also of its great fle#ibil-
ity in design, constmuction and manipulation into a digital

simulation model., In a well designed simulation programae the



designer can considercd non-lincarity of systen response, uni-

gue characteristics of ccononic decisions and stochastic naturec

of hydrological input, There have been scveral notable successes i
in applying sinmulation mnodels in reservolr plamning and its oper-
atlon, Lhough the sinulation is not directly an optiaising tech-
nigue. In the well known Harard water progranae (45) Simuletion
technicucs were applied to cconouic analysis of waber resources
systen design, Four multi-purpose reservoir in Narmada River,

systen were sinulated using randon samplings (16).

1.3 THE STUDY;

N N N e

In the present context as the upper Brahmani Basin syste.
is in the aixed stage of developnent that is threc up strea?é/
resexvolrs in Orissa state are either in thte cxisting stage or
under cxcceubion stages,. ~The simulation technigue has been
applied for combined operations of four rescrvoirs up strean of
Lodoni proposcd riservoir, The systea is in the aix:d stage
of developuent and the rescrvoir capacity of the Lodani rescrvolr
has been fixed to avold subnergancc of sub-urban arca of Rour-
kella stecl plant, For the optinisation of the cropping pattern
at Lodani reservoir the 1inear.progranning nodel has been used,
Different monthly water requirements are calculated by lincar
prozramiing model by inposing differcent constraints on crop areas.
Lhe difzerent water requirreacnt as calculated, from the linear
prograxing model have been used in the reservoir operation nodel

for predicting the behaviour of Lodani resgervoir,



1.4 Organisation of the Study
‘he study is presented in following sequencesi-—

ggggggg¢akl“ The Basin system and Problem'' gives brief descri-
pilon about the system i,e, ''! Upper Brahmani Basin
System'' and different input data excepting infléw data
to operational model in tabular form and the problem
being investigated.

Chaptexr 3, '! uxtension of lwn off data,'' Here the detail meth-

ods of generation of stream flow data for different res—
exerir has been explained and statistical parameter of

observed and generated data have been compared and given
in tabular form,

Chapter 4, '! ihe theory of reservoir operation'' Here the esta-

blishment of the operating procedure, The operating pro--
cedure and theory based on which the operating nolices
are formulated has been discussed,

Chaptexr 5. '' The lineaxr programaing model".The,detailS for
formulation of objective function, selection of decision
variabls and calculation of different constraih%slhas
been discussed,

Chapter 6, ' Jomputation'' Reservoir caPacity, monthlyvirrigaé

tion requarement, 40 years generated monthly inflows,

mon:hly evaporation losses for six reservoirs are speci~

fied,



Computation of opercgion are being carried out by DEC 2050
computer of the Roorkee University, Regional computer Centre,

Computer programne were developed for the study of the computions

of monthly onerational rule for five nos reégervoirs combinely,

Chapter 7. deals with the analysis of result and conclusion etec.



CHAPT.R 2

o

THE DASIN SYSTLMS AND PROBLEM

2.1 UPPER B, . 4.4 RIVSR BASIN:

It drains (6) a total area of 21445.2 sq.Km (8280 sq.
miles) ot Lodani site, see I'ig,2,1. It consists of two main tri-
butories i.e, Sankh and Koel, Sankh river is an arm of the
Brahmanl rivecr, 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 arcas of both the above mentioned tributaries are hilly
and thickly covered with jungle, There is some marginal culti-
vation in the above aentioned two sub-—catchments, But the area
beyond the .onfluence of the two rivers Sankh and Koel 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 portion of the watershed, in the following
stages, lable 2.1.

Lfhe two main tributaries Sankh and -Koel are perenial

and all other small tributaries mentioned in Table 2.1 are

intermittent in nature,



2.2 BARLILR PHOPOSALS

The master plan for river Brzhmani was prepared by
Dr,ANeihosla in the year 1963 for integrated development of
river basins of Orissa., In its plan it has been envisaged for
constructiqn of a dam near Barkot for utilisation of 8843 sq.
miles of catchment, ‘hich will give mean regulated discharge
of (13,400 cusecs) 381,22 cumees of which (3775 cusecs) 107,40
cumecs will be uscd for providing'irrigation for 4,28 laksh
hectare and balance will be diverted to Likarpara reservoir of
Ilahandi basin, But this proposal was dropped due to construction
of lengalimultipuipose project and uncertainity in construction
of Takarpara dam,

lean while another proposal came up for construction of
a Dam at Lodani on river Brahmani, Keeping in view the supply-~-
ing water to the proposcd Boneigarh steel plant, in addition
to supplying irri;étion water in Bonaigarh sub-division plus
power generation, The ¥,L,L, of the Dam was fixed at (623 420f%.)
190,00 meter, sut from the reservoir survey it is sound that
the Panposh sub-divisional head guarter and sub-urban area of
of Rourkclla steel plant will be submerged at full.reservoir

level 190.00 meter, dence the proposal was dropped.

245 2UOBLEM ATD K, LDIES

the upper Brhamani basin lies in the Sundargarh District
of Orissa, Which is mainly inhabited by tribals, Out of total

arca sown in thes district only T7.17 percentage is irrigated



arca., Wherc as the irrigatcd arca in Orissa is 19,78 percentage
out of net crca sown ( as per 1979~80 statistics),., The Sundar-
garh Districts is one of the main source of nmincrals and an
industraial district of Orissa, Duc to the non~availability of
irrigation the crop production is very less., Morc over no major
irrigation »rojects exists in the districts., Bonigarh SUD=divie
sion of Sundargarh District is a reclatively plain area and |
there 1s no irrigation source for this arca other than the Brah-
nani river, .

In the present proposal a low hieght dam (FoR.L.172.5
neter) has been propbscd on‘main river Brohmani and following
alternate proposcls have been studied through combined operation-
al computer model of all reservoirs in Orissa, keeping inview
The upper riparion rights of Bihar state and lower riparian
rights of Rengali multipurpose project in Orissa state,

The objective is to provide Kharif and Rabi irrigation
in Lodani ayacut and to generate power from rcgulated discharge
of Koel-Karo project., The requirement of Lodani irrigati on
project has been taken froa the feasibility report of state
government and from the linear programming model for differcent
alternative trials,

The above integrated planning of usper Brahmani Basin
has been donc keeping inview of the Rs,50,000 crores scheme
formulated by the Ministry of irrigation, Government of India
for transfer of surplus river water for deficit regions through

inter connceted link in the country, So that in futurc when the

19



above schemc is implemented,upper Brahmani Basin projects may
be ready to recieve additional allocation of water for increa-

sing intensity of irrigation during Kharif and Rabi seasons,

2,4 BACKGROUND Ov PHESENT PLAITWING

Due to construction of Rengali multipurpose project
and Samal barrage accross river Brahmani down stream and const-
Tuction of four nos of medium and water supply projects in
Orissa portion of upper Brahmani basin and construction 6f two
hydroelectric projects in Bihar portion compelled integrated
planning of the watershed to increase crop output and power
gere ration to match with industrial and agricultural growth

needed for the country,

2.5 LHEUT PARMUL SRS

2,5,1  C.PACTIIES OF DIFFERENS PROJECTS

The gross storage capacity and Bead storage capacity
of six nos of reservoirs in upper Brahmani Basin have been

given in Table 2,2, e
. ’ LI PR AL
. ot L E -

2,5.2  CROPPING Pl L.RN AND WilsR REQUIREM:NIS: - . g.. -

,,
LI

The sclection of cropping pattern and water require-
ments for different reservoirs are discussed belows

JUTSBALLT IRRIGATI ON PROJECT

fhis projéct (1) is under exccution now, and the

cropping pattern for this irrigation project has been supplied

11



by steote egriculture department after dctailed soil survey, The
nroposcd cropping pattern is given below in Table 2,3

Hater reqguiremant of different crops have becn calculated
bascd on the climatological data of Jharsugada station and mon-
thly wator requiren.nt calculated are given in Table 2,4

LDTRA D

his is an existing industrial water supply project (2)
to Rourkella stecl plant, It's present water requirement is
300 cusecs ( 8,4949738 cumee) and future requirement after ex-
pansion of steel planf upto 3,5 million ton capacity is 600
cusecs ( 16,989948 cumec).

PLUAMAHAL IRSICIIION, PY.OJCT

This is an cxisting 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.

CHLTDRIN.ALLA IRKIGATION PROJECT

4s this is a proposcd project (4) and'is in the early
stage of investigation. rhe cropping pattern and monthly water
requirement for this project have bcen taken from the fcasibi-
llity report of Chandrinalla irrigation project. The proposed
cropping pattern is given in the lable 2,3 and the watcer
requircments in Table 2,4.

BARSUAN TH JIGalION PROJECS

This project is under execubion now. The cropping

pattern for this iriigation project has been supplied by State



sgriculture Department (5) after detailed soil survey. The

proposcd cropping vattern is given in Table 2,3, Water require-
ment of different crops have been calculatced based on the clima-
tological data of Jharsugada station and monthly water require-~

ment calculated are given in Table 2,4, !

LOD.NI_iUTiTPURPOSE PROJECT

_this project is under investigation (6), The primary
purposce of this projcet is to generate power from the available
tail race discharge (average 72,75 cumec) from the Koel-Karo
hydro-electricity project of Bihar and to irrigate Bonaigarh
sub—division of Sundargarh district of Orissa which is a chro=-
nically draught affccted area,

The crop pavtern and water requircments given in the
feasibility report have been taken into consideration along with
different optimal cropping pattern evolved by the lineax
programning model in Table 2.3 and the water requirements in

TﬂHGZAj

2.5.3  RuSEKVOIR WV..POR.LIION LOSSES

The reservoir cvaporation losses of reservoir is given

in Table 2.5,

2.5, SCOPL 01 PR4SLND STUDY:

o

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 achicved in the Lodani ayacut with power
gencration from the toilrace discharge of Koel-Karo hydro-clect-
ric projcct only. In the present planning care has been taken
not to intcerfere with the upper riparian righté of Bihar state
and the 1OWGr'riparian rights of Rengali-lMultipurposc and Irr-
igation projects down stream of Lodani dam site,

fhe first step is to assess the water resources of the
basin from the available stream flows at different sites, Sto~
chastical approach has been applicd to obtain 40 ycars synthe~
tic secquences of strecanm floWs at different sites,

sifferent permutation and computation of demands at
Lodani sites has becn tried in the combined operational model
study tue diffcrent alternates, The detalls of the above aspects
hag been dealt in Chapter 3,

48 regards other objective of watershed planning has
been disscussed in generdl in the conclusion part of thé report
due to non~availability data of other different resources of
watersheds.

In the study,efiorts have beecn made to assess the
quantity of water available at differcent sitc of rcesgervoirs
and its allocation o 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 watcr

for different rescrvoir care have been taken to consider the

14



riperian rights of up strcams and down streams arcas,

-

Tor calculation of irrigation

water requirements of
Lodani irrigation project lincar programming model has been used
to decide different ... . °  cropping pattern by changing

different constraints.

135
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FIG. 2-1 INDEX MAP OF UPPER BRAHMANI RIVER
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CHAPT.R 3

oy 00,

LALGUSTION OF RUNOFEF DATA

301 GENRAL.

T'or deciding the future operation policy and planning

of different watcr resou.ces projects in 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 sufficinet fox operation study of the system, fhexefore,
certaoin generated data series for a common period is required,
Many stochastical method, such as Bivirate, Multivariate and
Thomas Fiering -lodels are used for generation of synthetic
sequence of stream flows, In this problem—Thomas Fiering and
Modified Thomas Fiering models arc used for generation of
stream flow sequences for Perinial and Intermittant streams
respectively, In this case, Bivariate and Muitivariate models
could not be uscd due to the non-avmilability of historical
stream flow data for common period to be used for these
models,

The total catchment intercepted by river Brahmani at
Lodoni site is (8280 sg.liles) 21450 sc.km. It is a interstatec
river,the catchments lics in the state of Orissa, Bihar and
M.P, There is only onc cxisting major project in the catchment

that is Mondira Dam project. Hence the free catchment at Lodani

21



site at present is (5914 sq.mile) 15321,244 sq.km,

The catchment arca of existing, under execution and
proposcd medium and major Irrigation anld Water supply of up

strean projects are given in Table 3,1

543  POLICY iy MESHOD Qi GEIL RATION Ob SYNETHIC STREAM FLOW

The generation of strcam flow data at different r.ser—-

voir sites and at Lodani site are discussed below,

5.35.1  GENSRLLION OF FLOW SEQUENCE BY [HOMAS FIERING MODEL

LPPROLCH:

The most appropiate practical model is proposed by
Thomas and iiering Model particularly with respect to gere rating
sequental stream flows. The Markovian concept is involved in the
approach,

The algorithmy for the Thomas and Fiering seasonai

(monthly) model is as follows

@i+1= Qj+1

B -Q.)+%, S - r2y1/2
where
Qi 490 Q4 arc gerrated flows during the ith month

reckoned from the start of the synthesized

series,
Qj+1’§j are observed meam flows during (j+1)th and

jth months with in a repetative annual cycle
of scasons,

1€ J§¢ 12

Q2



B. is the least square regression coefficient for

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

by Bj i rj ix1

Z., is the normal random variate with zero mean and

unit variance,

Sjﬂ,Sj are standard deviations of flow during the
1\'bh
/

(3 and jth months,

It shows that 36 paramcters such as monthly means,

Standard deviation, and Iag one serial co-relations are required

to be used in the model to generate monthly flow at a site,
Theso are obtaincd from analysis of monthly historical flows,
The model is run.in the following way-

Ist value i,c, (for january is calculated as follows)

1/
4 = Y * %y Squw U 7 Tyayome)

and successively Qs Q3, Q4 vesses are computed where
‘ Z1 is the only unknown and in each step it ig calcu-

lated as a Pseudo-random normal variate.

1/2
= . = 2
Q = Yo * Bppp (S ~Qpuy) * %, S p(i-1

- - 1/2

- 2
%= Qu* Br/poe( Q%) * %5 Swr('- TR/ Fos)

L 1/2
L d pravsy 2
Y= Yo Bono/gan M1~ ov)* Z4550p0 (Fore/gaw)



Dthe above model is rustricted to normally distribubed
flows,. More the number of ycars historical flow data more rea-—
listic will be' genrated sequental stivam flows data, The values
of means and standard deviations of observed and generated series

should not dififcr appreaciably

5,3,2  GUNSR/.-ION OF FLOW SiQUENCE OF INTERMITILNT STREAM BY

[IODIFI.D THOMAS FIGRIAC MODEL APPROLCH:

S i T T O (" SN SINTTHY

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

model ,

'he algorithm for the modified Thomas iiering model is

as follows:

In thiscase the flows are mvailable only in the month

.of June,July,iugust, Scpbtember and October,

qj”“l:: q3+1+ BJ+1(qJ - q:l) * ZJ‘*i SJ‘*’IV(“—I‘J""]) s (304'3-)
qj+1.and qj are generated flows during (j+1)th

month,

and jth

ﬁj and Ej means for the month of (j+1)th and jth
months of observed series.

B, is the least squarcs regrussion co-efficient

for estimating (j+1)*® 10w from jth flow

: i ve - S,
and given by Bj+1 = ::j_"1 x 83*1
J

In this case as there is no flow during month of

tiay. Therefore, B, ( i.e. regression coefficient of June on May)

is taken as zero.

24
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I

23*1 is the normal random variate with zero mean and
unit variance,
Sj+1 and Sj arihthe standard deviations of flow during
the (j+1) and jth month,
rj*1 is the correlatithcoefficient between flows in
the jth and (j+1) wmonths.
In this case as there is no flow during month of May,
Thexefore, r1( i.e, corrclation coefficient between June and May)
is taken as zero,
It shows +that 18 parameters such as monthly mean, stan-
dard deviations, regression cocfficients 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: (:
¢t =3 o |

' ‘11*21 S1

S the value of B1 and r1 are zZero,

§_ = ¢ _ 4 B

2= Gp* By (G -2 * 5y S, ¥ (A-xy)

gL L L & i LRt . ey

-.l:-“Ile. L‘M-ﬂ%-': . VoMY e iy ks
T L dasl

L

o iz | - o S ’ -
5 G5 * B5lay = 4y) + 85 S5 [(1=2y)
Subscripts 1,2,3,4 and 5 stands for the months from

Junc to October.

Then Pj value that is the fraction of years there is
monthly inflow available., ior example suppose out of 10 years &%Z?///
data there is monthly flow available for September only for

9 years, then P, = 0.9 then the Pj values are compared with

4




the sj( i.c, Rectangularly dis trlbuted rﬂndom numbcrs),

Pj < Bj then tho flow for that month will be taken as zero,

3.3.3  GRITRAIION (F RADOM NUMBERS: | fol
uﬂ“"

In genrating the sequence of a given stream flows it
is generally considcrcd that the flows arc the out come of
random process, The results of the ﬁrooess 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 sequence of past flows provides a clue to the probable fut-
ure flows, iHence any model for genration of strcam flows must
include a random component in addition to a deterministic con-

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

most possible way,

5.3.4  GIENLRATION OF RECT.NGULLRLY DISTRIBUTLD RANDOM NUMBE

LQLll?

It is only possible to generatc through computer the
scquence of poeudo random numbers, carcfully constructed to
Pomm—————

maintain the important properties of truely random numbers,
The scquential algorithm for genrating Rectangularly
(0,1) distributed random number
- p ' ) .
1 =
ri+1 < 10%¢ ri > ¢ o (504 C)

1
where < a > denotes fraction part of'a' rl 1 being

the number at ( i.T)th instant and r at the ith instant.

'n’ ic the number of digits in the pseudo-random numbex,



'C! is comstant umultiplier, such that 0 < C <1, The choice of

C is as follows,

Where 4 is non-negative integer and B is one of the

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

t ' -
71, 83 or 91, Ihe starting value r; = r_ should be 107PR,

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

1OP. For examnple, suppwse we choose p = 5, then
10722 1072 - 0,00316

4 possible choice for C is acquired by selecting 4=2,

B = 69 so that

C = 1072(400~69) =  10™°x 311 = 0.00316
Similarly for selection of r;

5 5

XR:'IO-

y ~—
ré = 10 x T = 0.,00007

Thus further values of rl can be calculated sequentially

1
using =< 10° 2 331 x 2,2 e o o(3.4e)

i+t

x 10~

54345 GaalluRaIION OF NORVALLY DISTRIBUTED: RANDOM NUMBER

[ ey

It is simple to generate normally distributed randon
nunber from a sequence of rectangular distributed random numbers
(0,1). One method for transfering rectangularly distributed randon
numbers into normally distributed random nunber is based on\the
use of the rectangularly distributed values (Xi, x').‘ Por

2
such transformetion the following relations are based,



' 1/2

t '

"_\’..1 = ( - 2 LOgGX!t) Cos (217. xz) s (304’f)
T i v /2 '

Y2 = (= 2 Log,, X1) Sin (2n Xz) e o (3.48)

t ! '
Where Y1 and Y2 are normally distributed random numbers

seguénees,
By taking two sequences four scquences can be generated

ot .
by reversing k1 and XZ'

3.5.6  DIFVERENT SERIBS GENEIALION ON T,F,MODEL:

For avoding generation of negative stream flows value,
sguare root transformation or Log transformation series have
been used. In the sguare-root transformed gseries 'all the obser-
ved data arc converted to square rcobt and for the new series the
statistical relations like mean, S.D. scoefficinet of correlation
established, Finally after generation of the series, the various
values arc squared and thug avoiding negative flow in final value,
In Log transformed series all‘the observed data are convertd to
Log values and the statistical paramebters arc established for

The generation of series )
new scries/is completed with Eﬁese statistical parameters,
Iinally antilogs are teken of the géneratéd figuresAto give the

series with all positive figure,

Badt DET.IL PROCLDURE;

Jedat PITANMAMAL LRRIGATION PROJECT:

£8 the stream is of intermittant in nature i.e,, there
is flow in the river in the months from June to October and the

resgt 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 Table 3.2(a).
Ihe genration of data by modified Thomas Fiering model is dis-

cusscd in scction 3.3.2.

Be442  KuISBAMAL TRRIG.ITION PROJECT:

This is also an intermittant stream Modified Thomas
Ficring model has been used for generation of stream flow data
by using available flow data from year 1965-1930, refer Table

3.3(a).

Salkad BARSUAN IRIGATTON PROJECT:

48 this is also an intermittant stream modified Thomas
Fiering model has been used for gencration of stream flow data

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

Table 3,4(a).
Deliadt CH.NDRI NALLA TRRIGATION PROJECTS

No stream flow data at Chandrinall projcct site is
avallable, idence inflow data of chandrinalia project has been
calculatced on catchment proportion basis using Pitamehal Irri-
gation project generated data, as both the catchments are

adjacent catchments,

3ete5 MAUDIKG DAM PULOJECT @

- This is a perinial strcam, Thercfore, for stream flow
geéneration by Thomas Fiering Model, using square roots and Log

sCéries have been used, Stream flow data from 1965 to 1975. given
. e s R



in Table 3,5(a), were used, The mean and the standard deviations
of the obscrved and the generated series have been compared from
which Log scrivs results appears to be morc near to the ohser-
ved series, The genrate? data has been multiplied by 0.9707971
to give generated flow at Mandira site due to free catchment
(L.c., excluding Eamsbahal Irrigation project catchment)to be
used in reservoir opcration model. The method of generation of

data by Thomas lFicring model has been discussed in section 3,3.1

5.4.6  LODAI MULIIPURPOSE IR QJECT:

the present inflow data available at Lodani site is
due to the contribution of free catchment of (5914 sq.mile)
151321.2  gq,ka plus the regulated discharge from Mandira dam
( i,e. Telese for Rourkella steel plant + spill), Therefore,
for gencration of stream Llow for free catchment of 151321.28q.kn
the outflow from Mandira dam has been deducted and the balance
has been used for genration of strean flow at Lodani sitc by
Thomas Fiecring Model, using natural, square root and Log series
Ihe mean and standard deviation of obscrved and genermted data
has been comared from which the data generate by square root
series appears o be more rcalistic, The above generatafhata has
been mulbiplied by 0.6248625 to give inflow at Lodani site due

: e

to frec catchment excluding all y. streom catchment of Orissa
project and cntire catchment of Bihar state %o avoid up stream
Triparian rights., |

. The comparisi6h of means and standard deviations of
observed and gencrated serics at different sitggby different
methods have been enclosed in table 3,2(b),3.3(b),3.4(b) and
3.5(b),

30
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Lable 3.1

Stotement showing catchment arca of different

projects and its stages

Rus, HName of Project Catchment area Remarks
Toa in 8q. kn
1. Pitamahal Irrigattion 103,60 Lxisting
' Projcct
2, Konsbahal Ir.igation 179.00 Under cX-
' Project ccution
3 Mandirs Dam 6129,53 Bxisting
Project
4y Barsuan Irrigation 78 .00 Under ex-
o Projzct ccution
5. Chandrinall Irrigation 153,00 Proposed
' Project
6. Kocl-Karu Project 5413.00 Under ex-
(Bihaxr State) cution

B e ARG B ) e WAL AT T R A T e ey | M

31
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ST

Tablec 3,2 (a)

ST FLOW Duld LT PIT, MaHLL SITD IN
lI..JGT. :l\‘.uTLRS

. RS T —— 1T V0. W LT, AR+ A W M T MDY A B G Tl Ly, MO

Ldlasdt J Ui JULY UG SLPT oce
1975 0.0 610,00  1579,17 932,32  147.13
1976 0.0 466,65  1343.83  1137.04  53.68
1971 246,63 1060.91  1461.56 855,22  149.816
1978 130,54 427,00 705,56 669,78 145,18
1979 116.88 241456 603,90 121,02 0.0
e 3.2 (b)
PITAMAMALTL IRIGATION PiQJCT
ME.l AND STANDGRD DIVIATION OF ORIGINALL SERIES

1LONTH JUNE JULY LG SEPT oCT
ML 164.7 561.224  1338.80 743,076 123,95

SLAND- 71,32 508471 432,28 385.98  46.88
fannD '

R s s WP E Y

L T R e e

el

g .

Contd, ..



Table 3.2 (b) Contduoo

MEAN 4ND STANDARD DEVIATION

OF GENSRATED SERIIS

AUG

MONTH JUNE JULY SEPT ocr
HEAN 159.86 561,24 1345,07 183,02 121.85
30 e 834753 312,82 478469 398,41 51461
DiRD
DV L dmm
TION

PZRCENTAGE OF ER:.ORS
ONTH JUNE JULY AUG SuPP OCT
G 2.9 (=)0.,003 (=)0.468  (=)5.3T7 1.69
S%SND— (=)24.41  (=)1.331 (=)10.736 (=)3+22 (=)10.26
ARI |
DEVILT -
oW

33



Table 3,3(a)

STREA T'LOW DATA AT KANSBAHAL SITE IN HECTARE METERS

. W oo

YEAR

JUNE JULY 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 227344  3432.20  2612.48 0.0
1968 683,60 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 530485
1972 417 .46 1664 ,41 3848447 1142,74 593 450
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 649,60  2728,95 7854,81 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 1954.96 606,97 51.68

609430




Tablc 3.3 (b)

K Tm—car

39

Mol 4D ST.DARD DBVIMTION OF ORIGINAL SERIES

e A B R A . W a4 & TAY b A o s .-

MO JUNZ JULY ATG SEPT ocT
MIBAN 636,25 1546.,52  3099.08 1365.62 459,04
SLLUDARD 457,62 1089.29 1573453  1077.95 39780

DEVIRITON

L T

R

MBAN AND STAND.RD DEVIATION OF GINERATED SERIES
PION'TH JUNE JULY AUG SEPT OCT
HBAL 765,19 1518.79 3167463 1661.61 545,68
‘SLATDARD 468,33 842,67  1702.61 969,10 311,06
DEVIATION

PERCENLAGE OF EKRORS

L L A A ST - B T

MONTH J UNE

JULY AUG SEPT

O B M L T LT T e A T W

canrem i e

T

s -

1EAL (=)20,26 1.793 (=)2.,21 (~-)21.67 (-)18.87
SWLUDERD (=) 2,34 22,640 (~)8.20 10.09 21.80
DEVILTION :




Table 3.4_(a)

STRBAIL ¥LOW LT BARSUAN SITS IN HEOPLLRS METIRS

L

FROM 1961 to 1979

JULY

aa e

YZAR JUNT AUG SEPT OCT
1961 622,60 1489 .43 i263.82 2030.84 959,785
1962 177,764 723,987 992,073  T67.64 ~ 250,916
1963 160.687 712,703 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 1352295 1319.745  23.494
1968 514,627  T14,061 1987.140 194.536 . 389,311
1969 260.817 1138.782 2074.446 802.169 31,169
1970 384,992 1265,129 1545.269 1568.517  235.146
1971 602,912 1642.082 3859,179 1048,638 472,767
1972 T2.692 550,307 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 14084250 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

s
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BARSU.L IRRIGATION PROJECT

MELN AND STANDARD DiVIATION OF ORIGINLL SERIES

MONTH JUNE JULY 4UG SEPT oCT

SLLIDARD 236,652 488,744 847,477 507,985 259,262
DEVI..TIOoN

Ak S

-

MEAD 4D STAND.RD DEVIATION (F GENERATED SERLES

MOWTH o UNE JULY AUG SIPT ocT

MELT 381.596 864,095 1643,004 864,742 358,696

ST.LIDARD 236,354 432,411 889,882 485,256 192,701
DEVILITON

PERCENIAGE QF ERRORS
MONTH J UNE JULY LUG SEPT oCT
Mudll (=)23.488 1,491 (=)4,717 (=)6.869  (~)22,969
SIa.DARD 0,134 11,526  (~)5,003 A o4Th 25.673
DEVI,LION |

—
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CHAPTER 4

CHEORY OF RESERVQOIR OPER/LICN

ES

.1 ESTABLISHMENT OF ('HE OP&RATING PRQCEDURE

The operating procedure fcr upper Brahmani Basin is
established based upon the following system characteristics
(a) flydrologic properties of the basin shows the storage reser-
voir ginerally filled during June to October and starts depelating
from November to the foliowing May. (b) Regulation in the reser-
Volr inflows depends upon the up stream reservoir contribution(s).
In the case of Mandira dam, it is effected by Kansbahal Irriga-
Tion Project and Lodani Multipurpose project,hag contyibutions
from Mandira D:m project, Pitamahal Irrigation project, chandri-
nélla Irrigation project, Barsuan Irrigation Project.

With the above mentioned characteristics, the operéting'
procedure is based on the following reasonings, |

As Tor as practicable, the requirements of all the up
stream piojects above Lodani reservoir are met individually if
water 1s available,

Out 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.

Koel 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



yield at Lodani site. Therefore release from for power from

Lodani reservoir has not been incorporated in the operation of

the reservoir,

4,2

T,

OPRALION PROCEDURE:

the operation starts from the month of November i,e.
the Ist year of study. The initial reservoir is consi-
dered upto the full capacity at the starting,

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 pius 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 reguirement
plus the unutiliscd spill), Minus the evaporation from
the reservoir, |

The continuity eguation given below holds good in

each period,

A, Tor reservoirs (Kansbahal, Pitamahal, Chardrinalla,
and Barsuan),

Sieer T 00,0 Y T T Bt

Where

Si’ t(i%%% reservoir content in the beginiﬁg of time

'ttt for ith reservoir,

Si 444 Like Teservoir content at the end of time 4t
)

for ith reserveoir
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4,3 SYSTEM CONFIGURATIONS

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 othcr, The inflow to
the Lodani reservoir is depandent on the release from the above

mentioned four reservoirs of Orissa plus Koecl Karo hydroelectric

project in Bihar state,

4,4 The reservoir capacity vrs. arca and capacity vrs,

elevation curves were calculated by using computer programme
(i.e, fitting. of polynomials),

The reservoir arca vrs, capacity and elevation vrs,
capacity cquation are given below,

X —~ denotes rcservoir capacity, in hectare meter

Y1 — denotes reservoir area, in hectares

¥, - denotes reservoir elevation, in meters

KANSBAUAL IR.IGATION PFROQJECT

T, = 1.8925385 + 0.2504289% ~ 0,00005048048 * x2 &
0,00000000479681 * X°
Dcgree of Ploynomial = 3,

Correlation indix = 0.,99867735



5.

d.ey,

fi % total unregulated inflow into the reservoir in
s

time 't' for ith reservoir,

ai + relcase from the rcegervoir in fime '+t for ith
b

reservolir,

L 0? .‘ﬁ(;r
B. Tor reservoirs (Mandira, Lodani) - - A )
I - s VW’
- - t * R '
Si,t+1 Si,t + fi,t + (ii1 Ki,t Ri,t_ + 90
A! ! —
SRy v+ Bl g ) — ooy 4
Rt Irrigation or industrial releases from up stream
1,% ~

project(s) in time 't! for ith reservoir

X! " Co—cfficimnt for ith up stream reservoir for
i,T P
]

return flow ( or rcgeneration ) In time 't!

SE; 4 Spill from ith up stream reservoir in time gt
’

! ‘ .
Pig Release for power for ith up stream remervoir in
y —

time '4! reservoir content

The live rescrvolr content of ith reservoir Si % at
?

any time cannot be more than reservoir capacity (Yi)

o <
1,8 N, Iy
The live reservoir content of ith rescrvoir Si £ at
b}

any btime should be more than the dead storage capacity

(D1)

i,e, 3. >/D.
Co By g //Dl
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443 SYSTEM CONFIGURATIONS

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 othcr, The inflow to
the Lodani rcservoir 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, arca and capacity vrs.
clevation curves were calculated by using computer programme
(i.e. fitting of polynomials).

The reservoir arca vrs, capacity and elevation vrs,
capacity equation are given below,

X — denotes reservolr capacity, in hectare meter

Y1 - denotes reservoir area, in hectares

¥, = denotes recservoir elevation, in meters

KANSBAIAL IR IGATION PROJECT

T, = 1.8925385 + 0,2504289X - 0,00005048048 * X2 +
0.00000000479681 * X°
Degree of Ploynomial = 3.

Corrclation indix = 0.,99867735



Y, = 208.4803 + 0.01618397 * X - 0.000005630T76%X° +

2
3
0.0000000007053274 * X

Degrec of Pllynomial = 3

Correlation index = 0,97918765

MANDI A DAM PROJECT

Y, = 92,48315 + 0,2467659 * X = 0.000005788725 * X°
+ 0,00000000007 1083 14% X7

Degrec of Polynomial = 3

Correlation index = 0.,99980571

Y2 = 191,%3259 + 0,002699852 ¥ X -~ 0,0000001977241 ¥x2

+,00000000000621192 * X° ~ 0,00000000000000006536
725 % ¥

Degree of Polynomial = 4

Correlation index = 0,99104903

PLIAAIAL TR.IGATION PHOJECT

Y, = 5.582886 + 0.344434T%L = 0,0003360753%K%+
0.0000002126289% K>~  0.00000000004482414 * X¥

Degree of polynomial = 4

Correlation index = 0,99767618

Y, = 226.,8461 + 0.03093435%k~ 0,00003 276T65%¥X% #
o.ooooooo1687658*X3-o.oooooooooooao72653*X4

Dcgree of Polynomial = 4

Corrclation index = 0,99537021

CHANDRINALL, TRKIGATION PROJECE

Y, = 6,782104 + 0.3762341%K-0,000175786 2%K% 4

O.OOOOOOO4—582489*X3

Degree of Polynomial = 3

Corrclation index = 0.99965855

49
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¥, = 197.5731 + 0,02685928%%~ 0,00002117502%K %+

0.000000006 265964 %%

Degree of P.lynomial = 3

Cor.clation index = 0,98159695
DARSUAN IRRIGATION PROJECT

Y, = 3.519551 + 0,2321491 *X ~0,0001816577#k°
+#0,0000001107655¥X° =0 , 0000000000 24 48 26 4%

Degree of Polynomial = 4

Corr:lation index = 0,99973750

Y, = 231,15840,01857424%K ~0,00001106714¥%>

2
+ 0,000000002622755%X°

Degrce of Polynomial = 3
Corrclation index = 0,99649668

L0DANT MULLTPURPOSE PiiQJECT

Y. = 3171973 + 0.5295906%K~0,00008834898%X %+
0.00000001140666%X°~0,,00000000000047 2719 1%x+

Degice of Polynomial = 4

Correlation index = 0,99962422

Y, = 147,1501+0 .0 14T7748%K—0 000004 258527%X 2+
0.000000000S171117*X;" - 0.0000000000002245101%X
L4 O.0000000000000000001345724*X5

A simple flow chart of re¢scrvoir operation model hasm

4

becn given in Fig.4,2, The details of variables names

- arc given in Appendix -

7715
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CHAPTER 5

Dl BYINATION OF QPPIMAL CROEPING PAITERN

5.1 INTRODUCTIONS

Crop planning has gained significance due to growing
social needs and increasing demand for food grain while availabe
resources have romained limited and scarce and land to man
ratiq%/;educes due to increase in populatioh; Moreover optimal
cropning pattern and its water'requirement in important for
efficient reservoir operation,

It is desirable that fhe objectives of optimal allocat-
ion of irrigatcd arcva to different feasible alternagg/crOPS
utilising both the surface and ground waters conjuctively along
with land rcsources are full filled and benifid from the system

of
arc maximiscd. The ayacut map/Lodani Project is enclosed as

igure 5,1

5d2 FACTORS AFTHCTING CROP PLANNING 3

(a) Sclection of crops:- The crops to be grown and
the extertt of arca available arc determined by considering cli~
mati; conditions of the region, soil characteristics, marketabi-
lity, water rcquirement, net return, Therefore, the cropping
vattern is to take all the above factors into considcration and
is to be adjusted according to availability of utilisable water

resources overtime.

S L PR U S
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(b) Cost of input and pricc of output of crop-

Relative prices of various crops vary from time to
time, 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~efficicnt of decisionvvaria-
bles in objcctive function the above fluctuation in price over
tine can be Taken into consideration to determine the optimal
cropping pattern at any time. Generally it is assumed that the
rclative price structure remain unchanged for a plan period

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

(¢) Water requirement of crops—

A number of methods are developed for computing water
requirement on the basis of climatological parametcrs, Timing
of irrigation is fixcd as per the physological growth stage of
plant, moisturc depelation cte, Both the timing of irrigation
differ from diffcrent crops. Therefore irrigation scheduling
should meet crop water rcquircment, The crop water requirement
for differcnt months have been given in table 5.1(a)

(d) Cropping intensity-

Cropping intersity depcnds upon‘the arca that is to
be irrigated in a particular crop scason and the peak Qater
rcquirements that arc to be met from the avallable water recsour=
cus,

(e) Availability of water~

hn acceptable level of supply of irrigation based on
probability study, should meet the water necds of various crops
for cach growing season. Accordingly cropping inte: ity is

scleeted,



5.3 DATA TS SOUKCES AND METHOD (F COMPULATION:

Phe study is basced on the following datas

5.5.7. Net Benifit from different crops

rhe net valuc of produce of different crops has becn
calculated on the basic of latest report of Kansbahal Irrigation

Project and have been given in Table 5.1

5.342 Cropping intensitys

In this study the crops selected for Lodani project are
same as that of Karslhmhal Irrigation project since both ayacut
lic in the same agro-climatic zone,

In order to protect the xeporian rights of Rengali
Multipurpose projcct only 40 percemt of the Rabi arca is pToposcd
to be brought under irrigation and crops considcered are vegetable
and pulses, Thc pulses have been sclected as its water requirement
- is compar atively less than many of the Rabi crops and vegetable
have been sclected to cater the growing demand of Rourkella steecl
city., Maximum and minimum arca constrainsts for various crops
were i poscd to keep the area of various crops with in rcasdnable
1imit, Thesc limits arc imposed with the help of past data on
individual crops arcas and future prospcets of erop arca develop—
ment due to irrigation development, The prosposcd maximum and
minimum crop arca for differounts crops is given in Table 5.2,
and calculation of these limits for different crops have been

appended give in Table 543.
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5340 MOMMHLY UPILISABLE SURFACE WATER

In this casc monthly availability of surfacc watcr ot
Lodani sitc for irrigation has bcen considercd bascd in the upper
and lowcCr ripa&rian rights of Bihar-statc and Rungali Multipurpose
project rcspectively, For asscssment of monthly utilisablce sur-
face water to different alternatives were considered,

CASE I The monthly 75 perc.nt dependable yield (ine
flow) of 40 years generatced flow from free éatchmont of Todani
project has beun taken into consideration, Here frec catéhment
has been considered cxcluding the catchment arcas of four upstroam
project . of Orissa namcly Mandira Dam, Pitamahal
Irrigation Project, Chendrinalla Irrigation Project, Barsuan Irr-
igotion Projcet and the cntire catchment of Bihar portion. Free
catchment considered has an arca of 9573.64 sg.km ,The calculation
of 75 percent dependable years yicld and 75 percent depeundable
hypothetical year monthly yield are given in Table 5.4 and 5;5.

CaSE IT The 40 ycars ygeld ot Lodeni sitc has beén
computed by adding contributed flows from 4 nos of up stream
reservoir to the ygeld due to frcc cabehment, From the above
yield monthly 75 percent dependable yicld has been computed. The
monthly utilisoble water in the Iiodani ayacut has been on the Qﬁ;

e
following percentage basis,

January to May 10 pcrcent- Non-monsocon meonths

Junz 20 percent - Ist month of monsoon season

July,september and Ostober-40 percent monsoon months
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hugust ~ 50 percent monsoon month

November and Deccmber — 10 percent Non-monscgon months,

The above percentage distribution has been assumed on
the following basis. 10 percent withdrawl during non-monsoon per-
ioyd 1058 that least amount of flow during lcan period will be
tapred. 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 been distributed as per the percentage of
Quantityor ilow; The total quantity of utilisable water at Lodani
sitc should not excecd 50 percent flood storage provided at
R ngoli Multisurnose project, The above mentioned calculation has

been given in fable 5.6 and 5.7,

5.3.4 B Ubilisable Quantities of Ground Water: The total

annual quantities of utilisable ground water the Bonaigar sub-
. norms of
Division (arca 254 sq.km) is 3936 H,M, -as per/igricultural

Refinancing Development Corporation. The available ground water
potential for Lodani ayacut (arcas 172.5.sq.km) is 2673 hecterc
meters,

Monthly average available ground water = 222,75 H.M,

The entire ycar has been divided in three secasons (i)

~

Reiny segson from July to October.(ii) Winter scason-from Novem—
ber to February (iii) Summer scason- from March to June,

During rainy scason draw down permigsible in the region
is 6 meters. Hence ground water potential that can be exnloited

during rainy scason is 334,125 hectare metexr/month.



During winter season draw down permissible is 4 meter.
Ground water potential that can be exploited is 222,75 hectarc-
metex/month,

During summer scason draw down permissible is 2 meter,
Ground water potential that can be eXploited is 111,375 hectate

mctexr/month,

5.3,5 Cost of Surface water:

The cost of surfacc water was classificd into two heads
namcly (i) on-ration and maintainacce cost which is Rg;50/- per
hectate of C,C,i.(as per the Central Water Commission Norms) and
(ii) capital cost,of The calculation of annual capitallcost of
surface watevr 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
electrie pump sct varics from Rs,1300/- to Rs 1500 per hect-

mcter, This also includes the operation and maintainamce cost.

5,4 MENIODS FOR OPIIMAL CROP PLANNING:

5.4,1  Gemeral

Modern technology and advance-ment in computer enable -
us to use powerful mathcmotical modeds for obtaining solutions
in ontimal allocation of land and water resources, The linear
programming modcl adoptud in this oésc over Non~linear programming
model and dynamic programming model assuming linearity of the
different equation and more over it is easy to frame the com-

putexr programming,
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5.4.2  PROGRAME PLANNING

5.4.241 Objoctive Function

The objective function was to maximise the total returns
of crops, ¢nc objective function includes four cateogries of
p J

dgvelopnent
variables namcly (a) crop-process, (b) surfaco wator,éct1V1tles

(¢) Grounds water development act1v1tles (3) Input activity

5.442,2 Constraints: Following constr: ints were included in

the model

(1) Rabi and Kharif land constraint:Total arca of Rabi crops

in the commend arca of Lodani ayacut aannot excecd 40 perecent
of C.C.4, at any'time. Similaxly total arca of Kharif crops in
fhe command arca of Lodani ayacut cannot execed 91,383 percent
of C.G.4, at any time,

(1) Crop arca flexibility constraint: Maximum and minimum

area oonotrﬂlnus for various crop, were impase keep the area of wvais
various crops with in rcasonable limits, These limits werc ime

posed with holp of past data on individual crop arca and further
prospcets of crop arca development due teo irrigation development

(III1) Monthly surface watcr utilization boundss The monthly

surface watcr bougnd for differcnt months has been taken as
monthly 75 percent dependable years yiclds as explained in
chapter 5.3.3,

(Iv) Monthly ground water utilisation bounds: Maximum ground

wabter utilisation bounds were also imposced for any particular

month as cxplained in chapter 5,3.4



(V) Monthly of water requirecment of different crops boundss:

The water requirement of various crops in each month
cannot excced the total surfacc and ground watcr résources avai-

lable in that month.

5.4.5  1HE MODEL:

Following lincar programming models were used for the

crop plamning in Lodani ayacut,

. I |
1 .
Maximize Z = { L X, C, - I X, + Cg G1)-CC
'3*1 J J i=1 ( q;’:) 1 © ) M A
In the above expression,
Kj = Irrigatced arva of jth crop in hectares
Cj = Net return from jth crop in Rupee/hccatee
Cs = innual cost of surface water devclopment in Rup egs/

Hectarc Meter,

(\\ Cg = Annval cost of ground water development Cost eclu—
X (\ ding opcration and maintaince cost in Rupecs/Hect-
v

JE“ mceter,

CM = Jnnual maintainace cost for surface water irrigate
~ion in Rupceg/Heet of C,C,L,4,

Cio = ClE,4 in hectale

Constraints:

e e s

1. Crop areca floxibility congtraints

N

maximum area of Ragi

—

paximum area of vegetable (khariff)

AN N

maximum area of carly paddy

ST = N o o

Vi W
N\

N\

maximum arcea of Medium paddy

P

maximum arca of Normal paddy

Gt
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X6 £ maximun arca of pulses
X7 § maximum arca of vegetable (Rabi)
X > ninimum area of Ragi

1
X2 > minimum area of Vegetable (Kharif)
X3 > minimum arca of carly paddy
X4 > minimum area of Medium paddy
X5 Y minimum arca of Normal paddy
X6 2 minimum area of pulscs
X7 > minimum area of vegctable (Rabi)
Kharif crop area constraint

5 .
A Xj ¢k(arca of available Kharif land)
i=1

Rabi crop areca constraint
y Z. & R (area of available Rabi land)
4=6
Surface watcr (monthly) bounds utilisable
- )
st-g available utilisable surfacce water at level of ‘? '

water resources, in tth month,

Utilisable ground water (monthly) bounds
Gt { permissible ground water resources, in tth month.

Water regquirement of crop (monthly) bound.

7
= Aj th £ 4vailable developed surface and ground t? .
3=1

water, in tth month,

Z denotes total crop net rcturn (Rupces)
t denctes pericd(month)

Xj dcnotces the arca of jth crop
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K total availablc Khariff area

R total availablc Rabi arca

St denotes quantity of utilisable developed surface
water in the tth time period,

Gt dcnotes quantity of developed utilisable ground
water in the tth time period.

¥%t dehoted watcr requirement of jth crop in the tth

time period,

SOLUNION OF L,B,FOR OPTIIL CHOPPING PATIERN:

The developmnt of mathcmatical model in gencral and

lingar progsramming modcl in particular enable us to arrive at

optimal solution for the problem, In the present case the

problem was colved with the help of lincar programming techni-

que,

Various allernatives were considered by changing di-

fferent constraints as discusscd carlicer in this chapter, The

computations were carricd out in conjunction with the operation

modcl as discussed in chapter 6,
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Table 5,2

SLL LD SHOWING THE DROPOSED MAXIMUM ND
MINIMUM CROPPED ..RE: (H,4,)

LB TR AT LA T el B .7 e, e ot e R T, i B W TTON W ettt AWARANR

5l, Name of Maxinua )
No. crop Rugcts) Ioininum arca
sharif
1. Regi 1525 835
2, Vegctabie 72647 13343
3. Barly paddy 1787 363
e Medium paddy 19268 3912
5. Normal paddy 1630 134945
(Improved)
Robi
6, Pulscs 7710,75 2639,25 B {_g
7. Vegctable 2423 1027 -

C,C,Ah.= 17250 Heoet,
Total khrif arca < 15765 hect.(91.39 percent CCA)
Total Rabi areca < 6900 hect. (40 percent CCA) ?2
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Calculcotion of 75 percent dependable years runoff

N
. -
———

. BN L T

Slello. fcar Inflow in H,M,
1 2001 704202,55
2 1981 619007 . 22
3 1982 605026, 44
4 1989 497666451
2 1992 49111551
6 2012 453478415
1 1993 453048 .79
3 1987 428848,60
9 2010 428217 .83
10 2005 124907 .09
1 1986 393158.87
12 2011 57049558
13 2014 364075473
14 1997 363071, 24
5 2017 357515.56
3 1988 35452778
1 2007 348136439
18 1994 344399431
19 1995 | 34,1115.,05
20 1990 339295.31
21 2004 330944.,12
22 2003 328037 .57
23 1985 318784441
24 1996 297788459
25 1983 289710450
26 1998 288173409

Contdee.e



Lfable H 4 Contd, .

e i . 1. .

e Ay - S —ca——

T5percent dependable

S1.No. Year Inflow in H.M,
217 2000 286110,87 -

28 1991 284,120,715

29 2016 279977 ,38

30 2002 213857 .84

31 2009 ~___357289.09

32 2015 T2, 1584,67 YOS
33 2006 234516 ,60

34 2013 2%1172,39

35 : 1999 228725,.85

36 2008 226304,63

27 1934 222643 ,92

38 1980 211977.96

39 ; 2019 203177.33

40 ] 2018 188694.94

m= sl. no of 75 percent dependable year
n= total nos of ycars considered

) pest = 5-.}5..(;}.@,:51).
.« 4

oxr say 51st years,

123

4

= 30.75
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Calculation of ammual capital cost of surfacc water,

Capital cost of Project Rs,67500000/-
(Irrigation sharc)

Lifc of Reservoir project is 100 years
snnual capital cost at 10 percent interest rare

i (1ﬁifm

PR e————

(1+i)a1

A= P

A = hLpnuol cost

Hd
]

present co-value
i = interst ratc

n = nosS of years

1
i

0.1 (1.1)790
(1,1) 1904

A = 67500000

i
j
?
|
|
L

|

= 35-6750¢86/—

annual cost per = %%%%ﬁ%%m = Rs 1033/~

Hect ncter of storage

= Rs.1035/- (say)
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CHAPTER

e . p——

COMPUTLATION

6.1 TITTROLUCL IO

O L

The operational procedure as disscussed in section 4,2
has be.n followed for the operation,

Computer programme (ippendix -1V ) were dovblopOd for
the study and are uscd for computation,

First the Kansbahal rescrvoir was operafcd individually
to agscess its contribution (i.e, part of irrigation rcleasc and
spili; to lMandira Regervoir, Then the five reservoirs, i;e. Pita-
mahal , Mandira, Chandrinall, Barsuan and Lodani operated simult-
enously,., ‘the different runs have been made by changing the
requirenents of Mandira and Lodani rescrvoirs, which have been

disscusscd in section 6,3,
6,2 Dass US5D:
The following data have becn used for operational com-
putation,
1. Reservoir Gross storage capacity and dead storage
capacity are given table 2,2
2., 40 ycars generatecd monthly inflows for siX resexrvoirs,

These have not been appendcd here,
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Monthly irrigation and indusbrial rcequirements for five

rescrvoirs arc given in table 2.3

ilonthly cvaporaiion losscs from rescrvoir arc given in

table 2.5,

Detail Computation Procedures

The computational procedurcs of operational and linear

programaing models arc interdependent on ecach other, The comput—

tation of different steps was done as given below,

upstream
Mandira,
(1)
(2)

SIEP I:The operational model runs with the data of four

regervoirs, i.e, Pitamahal, Chandrinall,Barsuan and

The data consigts of

Forty years of inflow, and

Irrigation requirement for reservoirs Pitamahal,Chandri-
nall and Borsuan taken from table 2.4, Industrial water
rcquirement for Rourkella stecl plant, as 300 cubic feet/
sccond is also taken from table 2,4, The contributed
flows from difforént reservolrs after the above operat-
ion to Lodani rcservolr is taken on the following basis,
(a) Spill from each ruscrvoir

(b) 20 percunt of the irrigation releases made from
rescrvoirs namely Pitamahal, Chandrinalla and Barsuan

as return flow or regencration,

(¢) 60 percent of the industrial releascs from. Mendira

reservoir as rceturn flow,
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Liter ggleulating the contributed flows, the inflow due

#

to the frec catg%mcnt of Lodani Project wcre added to it and
were token as total inflows to Lodani reéervoir, The requircments
for Lodanl rvscrvoir has been considercd as per the feasibility
report of state governmant® and is taken from table 244, Then the
Lodani xrcscervolir has been operated, The rceservoir behaviour has

been glven in table 6,1 ‘ ‘

SL#P IIs Tho proccdurc for compubing flow contribution
to Lodani reservoir from up stream reservoir is same here as

that of step I; exeept tﬁat the monthly industrial watexr rcquire-
ments fron Mandira dam has been changed from 300 cusecs to 600.
cusees, Which is the future demand of Rourkella steel plant, The

Lodani rescrvoir behavour has been given in tablec 6,2

In the following steps lower and upper bounds werc ime-
posed on the eropping arcas as discussced in section 5,5,
StiEp IIT: The flow contribution to Lodani reservoir

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

rements at Ledani roservoir were changed using the Linear pro-

gramaing aoapl. The model was run with monthly inflows taken as

h—————

75 percent dependable years yield values calculated from inflow
due to frec eatehment and by imposing upper and Lower bound-on
cropping arcas along with all othour constraints mentioned in
chapter 5 remain unchanged., From this model the monthly surface
water roquirements have been calculated and given in table 6.3

With the ndw valucs of erop water requircnents for different
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months the Lodani rescrvolr was again operatced by toking total
inflow data to Lodani rescrvolir as cxplaincd in step II, The
reservoir behaviour has been given in table 6.4,

STEP IV: The flow congribution to Lodani rescrvoir from
up strcam rvservoirs is same as in stcp II, The watcr require-—
ments of Lodani werce again changed using Linear programming model,
The model was run with monthly inflows taken as 75 percent depen-—
dable years yicld values and by imposing only upper bounds on
Cropping arcas along with all othcr constraints mentioned in
chapter 5, remain unchanged, From this model the gonthly surface
watér requirements have been calculated and are given in table
643, With the new values of crop water requirements for different
months the Lodani roservoir was again opcrated by taking total
inflow data to Lodani rescrvoir as cexplained in step II. The

reservoir behaviour has been given in table 6.5.

STEP Vi  The flow contribution to Lodani rescrvoir from
up strcam rcservolrs is again sanc as in step IL. The watex
rcguirements at Lodani were changed using Linear programming model
The model was run with monthly inflows takén as different percen-—
tage for diffcrent months from 75 percent dependable years yield
value calculatecd from total inflow at Lodani site ( i,c., contri-
buted flows from up stream rescrvoir plus inflow due to free
catchment) as eXplained in scction 5.5.3 of chapter 5 and by
imposing upper and lowexr bounds on cropping arcas along with all
other constraints mentioned in chapter 5 remain unchanged, From

this medel the monthly surface wabter requirements have been
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calculated and given in table 6,3, With thc new values of crop
water rcouirements for different months the Liodani reservoir
was again opcrated by taking total inflow data to Lodani reser-
voir as cxplained in step II. The reservolr behaviour has been
given in table 6,6,

STEP VI: The flow comtribution to Lodani rcservoir from
up strcan reservoirs is same as in step II, The water require~
ments 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 ycars value calcue-
1ated.from total inflows Lodani sitc as explained in scction .‘
5.343 of chapter 5, and by imposing upper bounds on cropping
arcas along with all other constraints mentioned in chapter 5
remain unchanged, From theé model the monthly surface water re-
guirementy have been calculated and given in table 6,3, With the
now valucs of crop water recuirements for diffcrent nonths the
Lodani rescrvolr was again epcrated by taking total inflow-data
to Lodani rcg.rvoir as cxplained in step II, The reservoir be-
haviour has becen given in tablc 6.7,

No further computations were carricd out duc to the
storage of time and also thc above step nos from III to VI,
where the bounds were changed on the cropping arcas, scemed to
be sufficient for analyzing different cropping pattern frgm
the point of view that the system is almost under the investi-

gation stagces,



84

*0 = poTTer
ITOAXOSOX I20h JO sou ‘0¥ = TnJSSo00BS SBM JITOAJOSOI SIusX JO sON 0 = SUYLUOw 2I0YS JO SON
087 = syguow poTTTds Fo soy ‘G¢G =TTTds wnututy *¢6GLLL=TTTds mmuTIxen ‘9¢y¢), = TTTAS* AT

o et 3 Mz s 3 v el

T oSBETCoT

. UNCTUTE

¢613 G697V 1L.89z 1862 0 0 0 0 0 0 0 0 £Tysuow

oseoageayg

) TNETYe]

€62 S69Y 1892 L1862 0. 0 0 0 0 0 0 0 ATysuoy

*og

-Tesyg* Ay

£6l2 G697y 1892 1862 0 0 0 0 0 0 0 0 ATy3uon

TTTds

_ T TUTE

667 lecel 18822l G9¢06  G98L G¢G LYo GO9L  046¢ ¢hze G8LL ~L£9¢  LTujuoy

. TTTds

TnETXCw

c0L6c¢ 260L0L 4G8L6LS ¢6GLLL ¢8VeGe V18L €926 6GL¢ 98LL 92l2) 0L90¢ 14623 HMHM@goz

. . Tas * AT
2G9L8 96¢822' 1 GLEV0C SLLLBL 6¢8¢e 2002 VLLL 7¢Ge 0¥y 8LLG 28LiL  ¥LLve  ATUzuowm I

— - e

e .

30 adeg Wy UATMRTTOUNL T KE TRAEY T X 8§ Gef | 03G  AON  «8UIUOH .oy
. - .- .- . .o ' doqg

SIoflop *adeyg UuT

VIOAGISTE INVAOT 40 HN0IAvIEg

L A < ST T

L *9 aTqey




89

O = poTTCr
ITOATOSDI SIBOL JO gou ¢y =TNISs0000s SeM ITOAILRLT SILOL FO sof €0 =yquor 3I0ys IO goy
08 = sysuou paTT1ds Jo soy ‘006, = TTTds FMETUT fC6GL L)L =TTTds wanTxey fgcez) = TTrds *ay

o e e e e e

s e, R e T S,

98Troa

TNETUTH

£6le  S969%  L89z 1862 0 0 0 0 0 0 0 0 ATyquoy
98RO TEoT

: TNETXe

¢6le  G69% L8z  Lgee 0 0 o} 0 0 0 0 o} ATYquon
o8

. =IROX°* A%

¢£6/l2 5697 L89ge L 862 0 0 - 0 0 0 0 0 0 hﬁspgmz
TTTGs

Y66y  tegel isgzzt 9YE9¢  SLiz o006y 8961  0L62 ¢8L¥ BL9C  G90¢ sy £Tq3u0y

ITtds
. : TN TR
c0L6c¢ 260LOL S8L6LY €66} L 861Ltv2 08L6 Y849  G2ls 6L06 ooovvoﬁm0m¢mmmmmagpgom

- TTTds * A
24918 96¢82z ¢6lv0¢ 69908) 6Ll Loge G60¢  4¢88¢ 6¢ce mOOmOmomrmomﬁm mﬁmpgozHH

L . S e

. *ON
*9900 *adeg *Suv  LTnp sunp  Ley TTady ey qog csmb oma.. >ozAnngoEnHopm

[

T e A i L i e s e

SI24o* 900y UT

YIOMHIS Y INV@OT FO YNOIAVHT G

¢*9 olqey



86

[ 2K 3 O:UM-A\HOO
Tqeyo1q
00°*¢gHe z2L*6912 00*¢2ve 00°* cz2teg =eregaa
1.8°68¢2 626592 00°* 0LV Y 00*0LVY  ssTInd
KLoped
0°0 0G*6¥¢L 0°0 0G*6v¢L  Teraoy
— e £pped
0¢*8¢04G1 “08°06121 0¢*8¢641L 08*06V21 wnIpan
Kpped
0°'0 00°¢9¢ 0°*0 00°*¢9¢ ATxeq
ITay o1
oL*9clL 0L®9zL 0L*92l . 0L°9gL =qegaBop
0%0 00°6¢8 0*0 00*6¢8 T3ey
A I8 A dTIS AT @mgg  IIT WIS gdoxo
*IOFH NI SYy@yy d0¥D JO oauey

SYmIy douD =7

POl TUlULEL - 0dd JeouTe

WOXT oTqeTIB®A UOTSTOOP JUSIDIITP IO saTunsay

¢*9 otqeyq



87

*spunoq xoddn woxe

Butddoxo ATuo Butsodut pue p dosgs JO 18U ST 8res gjuTRILsuOD Jajem oorIIns ATULUOK
*SPUNogq IomOoT pue Ioddn

voxt Jurddoxs FursTduT puw LG oTqes woxr usyes SIUTRILSUOD Tojem o0EIans ATUJUOK
SPUNOQ xodfn woxe

Jurddoxo LfTuo Sutrsodut pue T dogs JO 9BY] SB oues S83UIelsu0d Jejem 9o0vIans ATHIUOY

*spunoq xemoT pue xoddn worxe doro
FurseduT pue §*¢ €TqE1 1TSS TUBPOT 4e MOTJUT WOXJ PORETNOTRO g4ULliloge0 o0xF jie]

TA doje
A Cosg

AT doag

PToTL oTqe wedop queoxad GL St Us¥B4 Us5Q DAVY SQUTBILSUOO d83eMn 20vIINS LTysuow ITT doag

0'0  0°0  0°0 0'0 0°0 00

0°0 0°0 0°'0 0°0 0°0 222 0°C pumocxn
L16ti L67  $¢82  9LL 0S¥ OL*G0L 0°0 0°0 0°0 0°0 GeS V48  6lzgl ooeyaing LA
Sve 0°0 0°0  0°0 0°0 0°0 0°0 0*0 0°0 0°0 0°0  2zZz 2z Dpunoxy
Level  gccer 6g6z 1oL Lzt 9°Lg 00°0 000 00°0 00°0 OLY %58 0621 asomzomg 4
0°0 0'0 0°0  0°0 0°0 00 0°0 0'0 0'0 0°0 0°0 0°0 0'0 punoxy
GLPEL 0L°226  £vBZ  9LL GOSY OL'G0L 000 00°0 00°0 00°0 626 L¥6L cagl ooermne AT
0°*0 00 0*0  0°0 0°'0 0°'0 0*0 0°0 0°0 0°%0 0°0 -0°0 0°0 punoxy

e e T

LSOyl 6H9L 6282 LOL Lley ¥£'LCB 00°0 000 00°0 00°0 526 Ligh 6L soegang 11T

e e

e

Te30L *290 1deg *Sny  LTap ounp fLey Ttady yoael *qog uep *o9q. Aoy odfr deag

WoRae twCIme. ey e AT

SYELIN~IOTH NI INHWTIINOHY YT I7M =g
£°9 ***pjuop

R

*on




*TIN =2anTT2] oxoM U0TIRInd0 JITOATIOSOIX sSxvof
I0 SOy ‘0¥ =Tngssnoons adom UCTAexnd0 ITOAINSOoX sxeof JO goN *TTU =yquow AI0US JO SON
ogy=syauow poTTTds FO soN ‘L1GL =TTTds tuTut®LG¢0LL=TTTds tnuTxen ‘¢egz) =TTTds®av

o T esborer
TNETUTE
6191 6262 LOL Liay LE8 0 0 0 0 Ges  L¥GL 6L9lL  Lrysuol
o8B Tax
ﬂ...DﬂH Xel:
6L9t 626c  LOL L2y L¢8 0 0 0 0 GeG L%¥GL 6L9L LATy3ruon
2g8eoTaI AR
6191 6262 LOL Licy L¢8 0 0 0 0 GeG  Lyah  6LoL  ATYIUOW
TTTds
TNETUTE
Lo19 980V}l L9g¥el OL6VE  8¢6L  006L 8961 oL6e ¢8ty  2Li¢ Ligl  ¢osg mﬂgpgmz
: TTTds
) T TYe
9L80¢¢ 84880L $LL1L89 LGSOLL 09¢0v2 08L6  ¥859 G2LG 6L06 SLOLE £9062 %L808 £TUIUOK
- TLTCS *AY

92828 <2910¢2 6LL90E ¢¢¥6LlL 26802 L9¢¢  G60¢ ¥88¢ 6¢G6G  6LYG 2160l ¢ggge  ATyauow ITI

-_ ., d«ﬁ ‘ ; _ ‘ nsaaaxuﬁﬂiinwm
*100 *rdog *Suv Lmpe ounp Aew  TTady I8 qad uep O = AON < Yauoy doag

. d P T : e s

SI040] *909H UT

- VIO NESTY IHVaOT 40 GNOTAVHRY

7°9 oTde(



89

*0 = DPOTTISI ITOAIOSHI I20k JO s0U “QF =TNJSso00ns SDM ITOAINSAI JO SON €O =[QUOL: 4I0US JO SON
08y = yquou poTTTds JO sON ‘LG =TTTds tnuTuT ‘6900.LL =TTTds wnuixel ‘9v¢zl =TTTds*av

- o > e,

9SO TAT
N TUTW
2¢oh ¢vee V9LL GOGV 66l 0 0 0 0 G624 Lv61 4841 LATyquon
aseoTox
_ TNUTXeU
256 &h8e  Y9LL G0GY GoL 0 0 0 O Geg L¥SlL 684l ATyguey
OSTRTOI AT
2¢6 v8C VILL GOGY¥ a6l 0 0 0 0 Geq L¥Sst  g8git £ATyauony
TTtds
: : - TNUTUTH
1689 cLi7lL v08LLL 229v¢ 086} 006} 8961 0L6e ¢8l¥ 2ZLle LLGL La6e %Hapqmz
. TAas
ﬁsmw&ag
c9Glee TY680L 80LVL9 6900LL 2 0Ov0Ve 0816 7869 GZlLG 6106 GLOLL ¢£9062 89608 hﬂ%pﬂoz
TrTag AR

2lge8 8720¢e 9LLebe vrloLl ¥¢602  Locg G60¢ $88¢ 6¢66  6LYG 21601 Li¢¢e ATUguow AT

N ] e

- -

) . oy
.Poc .Pp@m.mﬁdmdsbmgshhmzﬂﬁngd Hmzpomsdhooﬂ>oZtﬁp¢ozgopm

e P LA R o

- oy

8I098) *4300H UT

YIOAYASTY INYQOT d0 WNOLAVHIE
Gv9 oTaey




30

ITOAXOSHI sIeoL JO

08% = sUjuouw PaYTTES 1=

0 = patTel

v

souUfQy=TNISS000NS SBM ITOAIOSOI sIeod JO SOy 0 = yauow 4x0ys JO SON

TTTGs AT

e v

9¢ct

9t
9¢cl

0669

6521L<C 85880L 6LLE8Y LGSOLL

6cbe 104 Lye?

6262
6262

L0L
LOL

Liey
LicYy

98071

L98v2L 0L6Y¢

-

L¢8 0

L¢s 0

Les 0
8eo6l 0061

09¢0%¢ 08L6

602¢8 291042 6LL90¢ ¢e¥6LL 26802 L9L¢

soN 0061 =TTTds wnwTuTt

896}

7869

G60¢

W “LGeoLL =TTTds tnuTxell ‘¢Lo¢L =

0L62

Gels

788¢

cL8y

6106

626G

ageaTax
TN TUTR
LTYyquoR
osBeToT
TIMIETXCRW
TUFUOR
OSCYE2I AT
ATyguon
TTTds
TNGTUTH
LTyguon
TTTds
TNETXCRH
ATY3UON
TTTdg Ay
9021t ¢69¢e ATUUOW A

OL7 748 06et

oL+ Y48

%3]

0¢et

oLy 0&el

lotg iz ¢62¢

6clll 94L6e Y0¢L8

Yeas

*990

*qdog *Suvw

Lrop

mQSb LeR

Trady

LR

*god

*oN

uep  *09( AON «yauoy doag

SI040[{* 300K UT

TTOANMSTY INVAOT 40 YNOIAVHAY

il

9°9 aTqey




91

0 = poTrer
. ITOAXOSDI sIedh JO SOU®(QY =TnISSo0ONs SeM JITOAIOSSI SIVOL JO sON ‘0 =Yauow 4I0UYS IO £Of
087 = sYjuow poTTTds JO soN ‘0061 =TTTds wnuwTuTH “6900//

- e - - e i -

=TTTds tmuTxel ‘190¢), = TTTds*Av
ogLRaTaX
TNUUTUT
8677 682 9LL Tel ) GOL 0 0 0 0 GeG 68 612t £Tyguon
. ospoTex
TNETXeH
86Y Y¢82 9LL GOGYy  GOL 0 0 0 0 *A 768 612t %Agpmmz
2 s}
—~ToX* AT
86+ v¢8e 9LL GOGY GOL 0 0 0 0 Ges 68 6Lt ATYFUOY
TTTds
UNGTUTH
68¢L 6181 gLyl 229v¢ 0Lo2 0061 8961 0L62 8Ly clig blce ¢e¢¢ %MQPMOE
1ds
ﬁﬁmwwmz
Lb6LCce ¢G680L 960189 6900LL.26%0°2 0816 859 G214 6106  GLOLEL 9GL6Z G¢Cl8  ATyguonw

TTTdg AV
Lv6£8 LG20g¢e Y0190¢ vvi6LL v20oLe  L9cS G60¢  P88¢  6¢£66 6L{6 90Cll v89¢C ATuguoyp TA

D ]

. 101.%
* 100 ‘adeog  Suy  Lmnp  ounp  Ley TTady TeN ik uep 00F  AON «yauo doag

e R e e P ——y

8090} *400y UT

VIO AMESTY TNVPAOT J0 WOOTAVIEG
L7973Tq5g




Tl

Te241

92

CHAPTER 7

DISCUSSION,CONCLUSION AND SUGGESTIONS:
GEN.RAL:

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
nodel and linszmr 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,

DISCUSSION

For the study of reservoir sperational model and lineaxr
progranming model, the accuracy and reliability of
results depend upon the reliability of input data,
Generation of Stream flow data—

The generation of stream flow data Ly Thomas Fiering
model and lModified Thomas Ficring 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

Trom the comparison of mean and standard deviation of

observed and generabted series given in table 3,2(b), 3.3(b),

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

mich, cxcept 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 xrespectively, Yhis may be due to lack of in-
flow data and the assumption that regression co-cfficaént and

co-relation co=efficient for the month of June arc zexro,.

From the comparisiom of mean and standard deviation of
observed and generubted series given table 3.5(b) and 3.6(b) the
deviation in the casc of nean is maximum in the month of March
in case of Mandira Project and in April 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.,inflow
data is for 9 years and 4 years only available in case of
Mandira ond Lodani Projects respectively), More over other stati-
stical methods such as Bivariate and Multivariate method, could't
be used due to non-availability of obscerved inflow data for
comon period to check the accuracy of results,

The free catchment inflows at Mandira and Lodani sites
have been calculated on catchment proportion basis assuming that
topographical, geohydrological, hydrometeorological, land cover

charactcristics of the basin are uniform through out.
T«2.2 Behavaiour of Four up-stream Reservoirse—

' The reservoir behaviour of four nos of upstream reservolrs
and its contribution to Lodani reservoir computed by reservoir
operational model have beun 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 casc of Mandira two different requirements have been coh—
~sidered i,c, present and future industrial demand of Rourkella
steel plant, Table 7.1 to 7.5 shows the average monthly inflow
average monthly spill, Maxinun monthly spill, Minimum monthly
spill, avcrage nmonthly release, moximum monthly release and
minimum monthly relcase from the four numbers of upstream'resern‘

volrs,

Te2e3 - Lodani Re¢servoir Behaviour:

From the reservoir bkhaviour table 6,1, 6.2 and 644 to
6.7 it is scen that through out the years the proposcd Lodani
reservolr spills,. The spills from Lodani reservoir would have
atill more as the yicld at Lodani sitc has been done on rather
conservative side, The contribution of yield from the catchment
of Bihar portion has becn elinminated from the total yield at
Lodani, But actually the yield from Bihar catchment is also avai-
lableat Lodani site, Thesce spills will take carc of the supplies
of water from Lodani for Rengali Multipurposc project which
is under construction down stream of Lodani,

The water requircnments at Rengali Multipurposc rcser-
volr sitc has been calculated considering the yield from entire
catchnent of Brahmani basin at Rengali site. Due to non~availa-—
bility of water rcquircment data of Rengali Multipurpose projcct
the sane 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,



To2e4 Selection of cropping pattern:

The utilisable surface watcr constraint in cach month

has been calculated from generated data from two alternatce bhasis
for the Lodani recservoir as discussed in sub-section 5.3.3 of
chapter 5. This also has the same defficiences as that of gencr-
ation of data,

The types of crops to be grown in the ayacut of TLodani
Projeét have Dbeen selected on the basis of Kansbahal Irrigation
Project which lies in the samc agro-climatic zone since soil
survey'icport of Lodani ayacuﬁ is not availablc,

In the linear programning coaputations in step III and
V section 6.3 both upper and lower bounds have becn imposed,The
lower bounds have been imposed with an aim to mininmisc transpor
tation of food grains from other rcgions. In the linear progro~
naing ceonputation in steps IV and VI scetio™ 6.3 upper bounds
for crop area havc been imposed but lower bounds have becen re-
leased with an aim to maxinise the net benifitz, The crop area

and benifits are given in tablec 7.6,

T3 CONCLUSION:
T.341 Genorals

The study was done on the two following aspccts, thesc
arc, (1) allocation of water resourcecs of Brahmani river anong
different rcgervoirs in upper Brahnani Basin and (ii) to evolve
the optimal cropping pattexrn for Lodani Project.

The Thomas Fiering and Modified Thomas Fiering nodels



were uscd to generate sequential strean flow data at different

sites for perennial and intermittant strcams respectively.

Te3e2 Optinmal Cropping Pattecrn

For this two different casgcs have been studied as foll-
ows casc I~ In this case it is considered that 75 percent depen-
dable ycars nonthly inflow from free catchment of Orissa portion
will Dbe the available utilisable surface water bounds for differ-
ent months for linear programming mofel. (i.e, step III and step
IV of combined operational and lincar programming nodel) with
two different crop area bounds have been studies i.e, step III
and IV, In step IIT both upper and lower bound of crop arcas have
been imposcd but in the step IV, Only uppcer bounds have been
inposed, the results are given in Table 7,6, In step III utilisn.
fion 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,.367.35 lakhs,

In step VI utilisation of total surface water 13412
heetare-ncter Which is comparatively less than step III though
the same Ihariff and Rabi intensity of 91,4 percent and 40 per-
cent arc achicved but following crops Ragi,early Paddy, Normal
paddy have been elininated due to rclaxation of lower bopnd and
increase in net benifit from Rs.367.85 lakhs to Rs,.396,94 lakhs
between steps IlIand IV . was obscrved,

From the reservoir Behaviour table 6,4 and 6,5 it is

secen that there is marginal incrcase in &4v,spill, maximun spill
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and minimun spill in the nonth of June, Scpt and October and
marginal decrcase in 4v,.spill, maximua spill and nininun spill
in the month of July and appreciable decrcase in Av,spill = 7063
H,M, in the nonth of fugust. But for all other months, Av,spills
naxinmum spills and nininum spill remain unchanggd.asﬂs the fluc-
tuation of spill happens to be in monsoon months and maximunm
different of iav,spill i.e, month of August is the peak flow
nonth of nonsoon 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 Lodani i.e. inflow due to free catchment of Lodani (Orissa
portion) plus contributed flows from four up stream projccts wei
first calculatcd, The up strcam contribution of reservoirs was
obtained fron the combined op.ration of four reservoirs, The sur
face we .er utilisation for each month was taken as a certain pex
centageé of the above available nonthly yield such that the total
yearly usilisable suvfacc water should not cexcecd the 50 percent
of flood storage provided in Regngali Multipurpose project. That
is with above ufilisable surface water constraints for linear
progranuing model (i.¢.,step V and VI of combined operational
and Lincar programiing model) with two diffcerent crop areas
bounds have been studiced i.e step V and VI, In step V upper and
lower bounds of crop arcas have been imposed but in case step VI
only uppecX bounds have becn imposed,

In step V utilisation of total surface water is 12497.C

hect,meter along with 245,49 hect,meter of ground water, Khariff
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intensity achieved 91,4 percent and Rabi intcensity achieved
37,7 percent and net benifit derived Re8,347,.,04 lakhs,
In step VI utilisation of surface water 11917.64 hect,
neter and ground water is 222,75 hect.,neter which less in comn-
intensity
parission to step V. though the same khariff fachic¢ved 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 increcse in net benifit from Rs,347,04 lakhs to
Rs,387.74 lakhs was observed between step V. and VI, |
Fron the reservoir behaviour table 6,6 and 6,7 there
is no appreaciable change in monthly Av,spill for the month of
Nov, Jan,June,July,Aiug, Sept and Oct and no chnages}"gveragn -
for the months of December,February,March,ipril and May. Simi-
laryy in the case of nonthly Maxinum and nininum Spill, hence
the effecet on down stream Rengali Multipurposc project due to.

- sbep V and VI will be almost sane,

Fron the above study it may be concluded that optimal
cropping pattern evolved by step IV operation is best among all
obhcer steps. - |

It is scen from table 6,5 that entire ground water
potential remain unused, which indicates that Rabi arca constr-
aints and typc of Rabi crops in Lincar programning model can be
furthet rclaxed from 40 percent and nore Rabi crops suitable for
region can be incorporated,

The optimal cropping pattern evolved fron this stud-

nay not be accepted in total due to the following rcasons,
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(1) Non~availability of historical stream flows data for
longer period to be.used in the Thomas Fiering and
HModified Thomas Fiering Models,

(2) Non~-availability of soil survey report to decide types
of crops suitable foxr Lodani ayacut, and

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

Multipurpose project,

Te3e3 Water Allocation
vThe allocation of watcr to the four up stream resexrvei~

are @V in Table 7.7

| Pable 7;8 and 7,9 shows the average nmonthly contril-
ted flow to Lodani reservoir from four nds of up streans rescr
voirs computed by reservoir operational model as pexr step I ai
otep IL %o VI respectively. The allocation of water to Lodani
is such that it fulfills the water demand without any deficits,ox
is 100 percent successful., Henee the allocation of water to Lodar-
is sufficient with assumption that the contribution fron Lodani
reservoir will meet the share of demand of down streans Rengali

Multipurpose Project
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7.4 SUGGESTION

48 explained in conclusion scction 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 corpping pattern

for Lodani ayacut the following points are to be attended,

(a) The longer observed inflow data at different sits to
| be acquired for gererating more realistic sequential
stream flows data, For assessing yield at Lodani sife
at thc proposed and existing project in Bihar state
have to be considered along with 5 numbers of up st
projects in Bihar,
(M) Tor deciding watcr reguirencnts for Rengal i-Multipuw;
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 |
(1) Contribution from Lodani rese.voir to Rengali rulti-
purpose project may be on catchmnent proporation basis,
and/oxr
(I1) Wheather to create an extra storage facilites at
Mandira dam by increasing its full resexrvoir level
from (690ft) to (698ft) by only replacing spill-
way gates, The stored amnount of water can be used in
Lodani ayacut,
(III) wheather to incrcasc present power canr”

i.cs 20 M.W to higher wvalués of Lodani Project,
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(iv) Conjuctive use of ground and surface water potontial
should be planncd,
of
(e) Objective function/linear programaing model can be modi-

fied by incorporating followiyg multiple objective bene-
fits. Benefits such as from unirrigated areas, and from
development of other water-shed  resources such as forest,

wild life pregervation and recrcation etec,

In the present study the multilevel aspect of irrigation

was not considered due to legk of data., Additional constraints for
different 1lcvels of irrigation may be imposed in arder to estab-

lish the optimum number of irrigations for various crops.



102

0°00¢

¢ vLe
G*2Le
0°0
0'0

.0%0

0°96

L*LGe 2°90L 0°0  0°0  0%0
G*96¢ 2'90L G°LG9 882t 0°0
0°0¢¢ 2°90L 0°8LG L°86 0°0
0*0  0'0 0'0 0°0 0°0
2"¥82l 9°988 070 0°0 0°0

¢*glz v6°LS  0°0  0°0 0%

¢*¢9l Yrocgl L*GeS 8°G0L 0°0

0*0 0°0 0°0

0°00%0 &*fee

0*0 0°0 9°*S2t

0°0
0°0

0°0

0°0

0°0

0°0

0°0

0°'0

0°0

0*0

0*0

0°*0

1 0°0

G*20¢
L*Lie
0°0
0°0

0°*0

0*'0

0*0

L*89¢
9* 762
6°0
0*0

0*0

0*0

0S®BOTOX
ATyUOR

0*0 TMETUTH
s0s8vbBI

ATUquon

6°26¢ UMET XTI
oseoTox

g8*z¢e ATYQuoOLI* AT
TTTds

LTUauon

0°*0 TMETUTIN
1TTdS

S Re e

0°0 [S1elvg b aciils

TTTds
0°*0 £Tyquorl® AY

MOTIFUT
0*0 . ATYquoL* AY

400

*qdog *Sar  Ampe ounp ALey TTady

Ien

qod

wep

o8(

- -

AON  «U4UON

0T LO¥Yd NOTIVHTHYI TIVHYWHVIIE J0 SNOTAVHIE YIOAMTSTY

[*L 98Tdea



103

- r———

P

>0

)*L09
)*9G¢

1*0

A A

0*0 6% 2GS

0°006  0°Z49
L'0Lg  G'OL9

00 0%0

- -

~

00°L6SL  g-hos
00°*L¥¢ 98°¢¢9

96* 12l £9°¢lb

0°0 0*0 0*0 0*0 0°0

2195 0°*0 0*0
¢ 08v 0°0 00

0°0 0°0 0°0 0*0 0°0
z o'geT 0°0 0°0 0°0 0°0

13°61 0°*0 0*0 0°*0 0°0

L bYt9LL  G&t9St 0*0 0°0 0*0

0°*0

L*60}
9°89

0°0

0°0

0°0

os©oToX

ATYUOY

0*0 0°*0 0°0 UNCTUT
soseoToX

ATyguou:

0*26lL t*6lec 2° Lol MU TXCKH
os

2*Gel v*eot m 90k ~coToxX AT
S 1 =UQUORI " AT

TTTds

0*0 0'0 00 ATyauon

LT, TMETUTH
TTTds

ATUGUOLE

0°*0 0°*0 0*0 TNTXCN
TTTds 4T

0°*0 0°0 0*0  =U3UOLI*AY
MOTIUT AT

OOO 0.0 Ooo {SPQOH\.,HO.PA_W

*400

*adog Sav

s - -

Atnp ounp Kep Ttadsy  yoxeR

aod

@ R TR, T T K Y .

uep  *00Q AON  « UQUOHW

e - - - -

I07r0¥d NOITTHTD HMI VTIVNIMANTHD J0 ¥YAOIATHEG ¥IOAUTSTH

Z°1l 9TARL



104

e W e AL B s & e W e L GG SRS M EETCR B LW M WS WO AW SRR DR AE. X SX ML w3 e

0*2GL 1+°90¢ 070 0°'0 0°*0 0°0 0*0 0°0 0*0 0*0 0*0

9°Lvy O kKLY VLR $*00L  0°09L 0'0 0°0 6°¢c 9°G05  6°L0S  ¢tvew

OL*9¢y 09°Gey 06°9¢  L9°LLS Lg'6ib 0°0 0°0 6*GL vTLGE  Liev

0°0 0°0 0°*0 0*'0 0*0 0*0 0°*0 0*0 0*0 0°*0

9°L¢y L°8G2L L°06LL 8°LI8L 0*0 0*0 0°*0 ©00°0 00 0°0

6°8L L*80¢ 6°604 v 0°*0 0*0 0*0 0°*0 0°*0 0*0 0*0

6*82¢ 0°¢68 €169l 6°9yL  G*¢HE  0°0 0°*0 0*'0 0*0 00 0°0

e

2 s

adeg  *Suy ATnp Lew  Trady

N

100 eunp yoxey — ‘qeg  uep LT AOK

- R R kb U W WA AR o AT I e £ S Gl T e AL T T, TR L M A RS L . 87 T S - T AT W G TR TR e

DELOMd NOTIVOTMI FYNSUvd JO HNOTATHAE YIOAMTSTI

s e B0 o AN

[ =R e N

S - o B AR AETE s W et F

aseaTox
ATysuow
WNETUTIT
aseaTax
ATyauow
wnwTIen

8SeaTox

9°26CATURUON * AT

TTTGds
AU uorl
UNWTUTH

Trtds
ATyguor]
g.ﬁm.ﬂuﬁm H_H

TTtds

0*0  ATuyjuori*Avr

MOTTUT

0°0 ATYguow*AY

e n. ] 6 T S - A b o+ M AU YR A A A ol T B, T L T 0 I MO A WS 8 UL S MM CACAWAAK CACUA MR MW S Aok W 4 R T A Toay e

«~ SYQUOTY

4 m e e W aas e



105

TN WA S AT TS L T W AL e e A € T W e i M W g W AR e o S aoae et TR TSR MM ML M e e LA T e e e e oy e e w & a A e e e p—

eseaTax
_ . LTyquouw
0 0 0 0 0 Glee c0ge 0z2¥t VLY 0 0 0 WU TUTI

aseaTax
ATyquow
0 0 0 0 c0ece qlLece c022 GlLeg 6602 GlLee £8tt 6 T Txe]

aseaTax AT
0 0 0 0 beel Glee ¢022 4G¢eeg 26LL Vot ¢ec 0 —~UJQUOy° AW

TTICS
: . ATyguom
Li8L  L¥¥5GL  $1689 mmmw« o o o, o o o Nmoﬁ mmem ESSHQHE

TTItds
ATyqvor:
LO92et G8YL9Y LOLLGS €¢86¢9 9L09%2 0 o) GG8 1861 1¢09 1884 GLL8S UMETXRL]

Trtds £7T
YLOGC GI8OVL G¢G661L 9¢hLEL  LoL6L 0 0 Oy 20¢  §¥gl 66l G586  —~uquoiTtaT

MOTT
-UT AT
LYGSS 6YCiYyL L9666L VLG9¢) ¥9¢9c 2¢v 1% 8¢8 8611 . L16L LCLC 172¢20L  ~Ujuon*AY

——— T L R A XA W i e A R e bt A - e e A T I T S St S W e G e A W e e m e w I e WE W T Y 2 e e e e W

*3°0  "3deg  *Suy £Tnp ewmp Aey  Ttady  yoxey  qog uep oo( 20}« SyY3uoNr

o TR MR L e g N T R i L AET W CE s ckren e I TR R AT MR - R L T 0 e ! LT - W W et e s o e R MO T W e WA WEMT E W T S N W e e

WIVIL TETIS vITENIN0Y I0 ONTHET INTSTd

ONTHTAISNOD Tom0¥d VIIANYI .10 dNOTIAYHEG Y IOANTSTH

s amtue:

¥*L 91qey



106

e e e M W R Mk e W TE i A

aSeaTox
ATysuow
0 0 0] 0 0 0GGY Y0V 064y 6G¢¢ O 0 0 UnuTUTH
aseoTox
LTy uow
0 0 0" 08¢y Y091 0G4V _ YOy 045y O1ev  04GY 066v  Lice UuTXeH

oseaTax AT

0 0 0 L ¢26¢  0GGY  $O¥y  06GY L60Y  ¢LOY L00Z §te xgpqm%wmw

| £Tyauon

918L Ov¥st  <168S¢ O 0 0 0 0 0 0 0 26l UMW TUTLT

: TTTds

ATyguoTs

9092<%t 8719y LOLLGG 2¢86¢9 68L¢¢C O 0 0 14V} GO6Y 1886  ¥LL8e¢ WNUTXe!]
| TTTds £T

€LOGC GL80YL ¢GI66L 69802l LELGL O 0 0 81 $8Y €lg2 G686  UAUOW® AT

MO T

Ut £T
LVGSC bvelyl 196661 VYLG9¢L  $9¢9C 2¢v 9GV G¢g 8611 L6y BCl¢ 2920l yauoptav

i e B e I e I L A L B N . o O A e LTk eSS SRR S e I e L e A

100 *adeg *Sav ATnp aunp Ley Trxdy yoxep *qad ue e do( ASN  « S3UOY

W . T e A A - A T B oM AT T - W W mC g P

INVId 9818 TITIMN0Y J0 CNYWTI TININL HONTHECISNOD
CLI0E OV VMIONYH J0 YNOIAYHTE ¥IOAITSTI

T Mm.w aTaeT



iud

Saodny
v Stprer ur
. $8%/9c¢ 96°*0zz VoL 2z #.ﬂﬁnmmp IeN
#I{g.li{fllgdﬁfif"éihf =
00*¢cz- cl'69yz 00*¢cziz 00*¢zyz - ~- mmﬂﬂomﬁ
mm.mmmm mw.mmwm 00*LL++ oo.m\%v SCit -~ SesTng
, Lpped @wbo.HQm‘.,H
0°0 0S5*6b¢y 0°0 05*6v¢y 00s¢} 0069 /Lopeg Tetzoy .
om‘mmcmw om.omwmw om.mmomh om.omw\mn - ~ Apped ETpoy 4
00 00*goc O%0  opegy, ~ - APPRE fraey
: , _ w.ﬁ%@b
OL*9zy 0L*9zy O0L*9zy, Ol*9z; -~ - moﬂampmmg b4
00 0°geg 0°0 00°s¢q - ~ ey
roec R - g’i.’i«"i‘l}!{}ftﬂn’lfl’j l’li’fi’»"ﬁi’vﬁ"’li"dn “-—— jt"l!
IT p I
doqg Io07r
o doge dogg AL 9295 17745, ﬁowawwmww
Log or <O Lo UZoq10d UTsq g
..fci;.&-.i’;clJ..w;mmmdnﬂ,ﬁ»&wwamﬁmmﬂwwlff4f SuTddog, Burddogy, sdogp ‘ON
LOrxr PojenTe,, SUWIongng maﬂ@@o&o TewTgdo ﬁ@mo@onm vomo@o&m *Mﬂgmwxﬁ Jo Streyr ‘Ig
’ﬁ”.‘.&lﬂﬂisv .;l!tnﬁ.,ﬁ.,fgi iﬂ;;;il‘!." .!illl;!’;si :‘ﬂl!’aﬂ‘:l
.- II WOyx
CIITimg N gy awy @Emaaﬁ& ONT T Oxo TT80d0y g &EmmmmHQ ONIMOKG azmuﬁﬁdm.
J’f’
S 8Tqeyx



108

Table 7.7

Vol Wi ALLOCATION TO FOUR UP STRE.MS RHESLRVOIR

Pt B A A b e Gmp e R B Y m AT R MR W e T AT G TEAY ST AT A W W e W m. A L T Rl e s e e WS s W e
Sl.No. Name of annual av, annual water  Reservoir depen~—
reservolr water yield requirement dability

in H.,M., in H.M.

B e i s
1. Moendira " Present- 26790 100 percent

Future -53580 | '
2.  Pitahamahal 2353 ' 281%

3, Chandrinalla 2992 3394 75 pexcent or
more

L. Barsuan 2787 3240

A TR T A e e w S 8 R W I M TR AR L e 3 A e TANKMAL R A S A e A mi 8 A m TR W . e ety SE MR 4 8. e



109

WA W R R e W e A CER e MRS € LA RO AT WLCEELMET ML N mE W R A s s sk e S RSO € B M. B TR R A RS P AT L RPN A O SR MO MR L W L L e R (SR B R ae SecRaim AP A W m P W G R W S ——
aoofox
L

90t 96¢ LS 6L e 0 0 0 ¢ L4 8 6L uensxec
. 00 loxd

elTetu

LO}L A 95 L 9L 0 0 0 ¥ i LZ 49 L2 ~TIpuey)
: q09lox

*IXIT I®

149 L62 6. 01 02 0 0 -0 ge A 6S 99 ~YewRATd

qo9foxd

¢€1,0GS G180V} ¢GCbol  ¢¢b02L 168L1 0¢le cv9c 0¢le ¢lve 6262 L18¢ Ye66 BITPURIH]

TR BT @eaE Te0 BE) WIOATHONN Worgosdn SONV MOUT SHOTT MOTIAETHINOD ATHOMOW movieae T T

6°L °Tqaeg
1osload

901} G6¢ LS b1 ¢e 0 0 0 ¢ VL NAS) 8l uencIed
q08l0xg

, 2ITeU

LO1L R4 GG L GLL 0 0 0 14 ¢l Le 44 Le —~TIpueyn

gonfloxdg

_ *IXIT T®

14S L62 6L g0} 6l 0 0 0 e % 8¢ ¢9 =yewelTd
i n09lox

¢€)0G¢ G180VL G¢G6bL 9¢vicl L 966L §o¢l 1cel 8¢t 1234* cyOec 0762 GGCh BITDPURN

* 900 qdeg Ly ATap aunp Key TTxdy yoxey qaJd . dmw; oo(T | AON 1.£pgom

i U N S L S SR At L S T ML e 06 e T L W T A S .b..l.arq QM.@ PQ Mﬁlm.w.-.o..p ~ ﬂ(;»mv — L BRI T A R R TR e o w  ——

INEOUd YIOAUYES™
LIVHYISdN 0 SONY WO¥d MOTA CEINETMINOD XTHINON EOVITAY

o e T Ta——

8%/ 9Taeg



2.

5

9

11,

12,

: | 110

=
He
S
S
it
1=
!
it
1%

¥
14

Government of Orissa, I and P Department. '' Kansbahal
Irrigation Project Report'' 1981.

Government of India, Ministry of Irrigation and Power

X Handira Dam Project Final Repoxt!' 1959,

Government of Orissa, I and P Department, 11 Revised
estimate of Pitamahal Irrigation Project 1 Sept.1976.
Government of Orissa, I and P Department ,'' Feasibility
Repars of of Chandrinalla Ircigation Project'! 1980.

Government of Orissa, I and P Department, '' Barsuhan

Irrigatioﬁ Project hLeport!''-1980

Governuent of Orissa, I and P Department ,'' Feasibility
Repert Lodani Multipurpose Project''-1979,

Central V.ter and POWer Commission,}' Project Report of
Koel-Xaro H.B.Project (First stage),July 1973,
Governucnt of Orissa, wgriculture Department,T' Orissa
Agriculbtural Stastics -~ 1971 -80!!

Revised feasibility Report of Lodani Hydel Project (vol.I)
Nov,1979.
Sharma, /Jnup., X Operation study of Multipurpose Navagam
Reservolir.M.Bi,Dissertation, 1981,

Uddihal V.P., '! Use of screening simulation model in
Ka.anja Project Planning' ‘M,5,Dissexrtation.

Charyula P.G., '! Crop planning for Gomti Kalyani DoabT'

M,i,Dissertation, 1980,



13,

14,

17.

18.
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Watcr Resources Development Training Centre,''! Cropping

pattern studies system studies of Gomti Kalyani Doab '

Dec,1981,

lMaass ev al., Dosign of Water Resources Systems,

Macmillan, 1962,

Hufschmidt, M,M,., and Fiering,!.B., Simulation Techniques
for Design of Water Rcsources Systems, Harvard University
Press,.Cambridge, Mass,, 1966,

Srivastava, D.K., Optimization of Complex Water Resources
Systems by Screening-Simulation Mlodel,Ph.L., Thesis, Indian
Institute oi Tech,, Delhi,, 1976,

Lthomas, id,4i., Jr,, and M,B,, Fiering Mathematical Synthe~

by .imulacion, Chap,12 in Arthur Maass and others, Desisn of
Water-Resources Systems, Harvard University Press, Cambri-
dge,llass, 1962, pp 450-493,

Major 0,C, and Lenton, R,L, !'‘'.ipplied water Resources

Systen Planning 1979,
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119

VARIABLE NAMES USED IN COMPUTER PAROGRAMMING
FOR RESERVOIR(S) OPERATIOVAL MODEL

Reservoir area corresponding to initial reservoir
capacity at the beginning of the month.
Intermediate reservoir capacity

Intermediate reservoir area corresponding to
intermediate capacity.

Average monthly spill

Average monthly release

Maxinum capacity of reservoir

#Minimum capacity of reservoir

Initial reservoir capacity at the beginning of
the month.

Contributed flow from reservoir . .
Evaporation losses from reservoir.

Final capacity of reservoir at the end of the month.
Final elevation of reservoir at the end of the
month

Monthly inflow to reservoir

Monthly release from reservoir.

Monthly requirements

Monthly spiil from reservoir

Maximum monthly spill

Minimum monthly spill

Maximmm monthly release

Minimum monthly release
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