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The goal of river basin planning is to prepare
long range development plans to serve as a base for selection
of basin configuration and timing of construction of the
component units that is optimal. The questions that arise
and need to be solved ares What and how big projects should
be constructed, where'they should be located, when and in
what sequence they should be construeted based on budget,
need and other constraints, Several mathematical models

have been developed to anawer these questions.

The object of this study is to indicate, the
methodology of application of mathematical models =
co-ordination and staging models - to a typical river
basin in Indié vig, Upper Cauvery Basin (Cauvery basin
upto Mettur Reservoir) in answering these questions. 4&n
attempt to solve these questions has been made by the use
of IEM's Mathematical programming Syastem for the 360/44
end IPE package program,
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UNITS AND CONVERSION

FACTORS

inch = 2,54 centimetres

foot = 0,305 metre

acre = 0,40 hectare

square mile = 2,59 square

kilometres
= 259 hectares

million cubic feet
= 11,574 ougec days

= 22,957 acre feet
2 28,316.,8 cubic metres

thousand million cubic
feet = 34,71 cusec for
one year

= 28,317 rillion cubic
metres
= 2,832 thousand hectare
- metres

10 millimetres = 1 centi-
metre

1 metre = 3,281 feet

1 hectare = 100 metres X

100'met§es
= 2.431 acres

1 square kilometre = 100

hectares =
= 0.386 square mile

1 cubic metre
= 35,315 cubic feet

1 million cubic metres
= 100 hectare metres

= 35,31 million cubit feet.



ABBREVIATIONS

MMg -
T™MC -
RS =
Sq., Kms,=
Cede =
t.hem, =
R.F, =
R.G. o
O and M =
Maft. =
K.ReS8 =
CcReS. =

Milimeters
Thousand million cubic¢ feet

kupees

Square Kilometres
Catchment Areé.

Thousand Hectare metres
Rein Fell

Rain gauge

Operation and Maintenance
Million cuble feet

Kri shnaraja Sagar

Chamaraja Sagar

Prieset Vodue

o



CH4PTER I

INTRODUCTION

Rroblem

How te carry out an optimal expansion of en
‘exigting water resources system is of continuing impo-
rtance because of the rising demend for gnd lihited gup=-
ply of water. Governmental agencles have madevlaige
investments in the field of water resources in the past
and will continue to do s0 in the future. whenever in-
 vestment in a water rescurce projeot 1s_nndei considera~
tion, important questions such gs what is the economical
value of the projects, what is the optimal scale of de~
velopment of the projects and when should the projects be

congtructed need to be asnwered.

t

It 18 here attempted to deseribe a methodology
for optimal expansion of a realigtic water resource sys-
tem to meet the increasing demand for irrigation and power

over a planning horizon of say 15 years.

In formulating the model, it is assumed that
a number of possible dam sites are available for further
diversion for irrigation and power., The model has been

limited to systems that have (1) deterministic inputs



(2) a net work configuration (3) linear constraints and
(4) capital investment and'operating decisions made on a
yearly basis. The model of the system did not include
(1) stochastic effects (2) intangible benefits. Emphasis
in the preparation of the model has been placed on the
diversity of applicability rather than a specific river
basin, |

4pprogchs

System analysis has been attempted to solve fhe,
problem of optimal expansion. A system is an arbitra-
rily isolated combinations of elements of the real world,.
Por e river basin these components are rivers, dams, sour-
ces of water and users of water. The mathematiocal re-
pregsentation of the system is termed as 'the model' of
the system. Systems approach represents an attempt to
find enswers to questionsg that are posed regarding com-
plex assemblies of physical systems with interaction bet-
ween the éub—systems. Normally systems analysis is
undertaken in order to make rational deeisions in so far
as possible as to the optimal design, selection or operation
of a physical system.

The first phase of systems analysis consists of

underatahding the objectives and performance requirements,



The next phage ig to formlate the structure
and boundary of the system. Then a mathematical model
is prepared to include all the possible inter-relations
'between the variables that can be qualified, = Then tho-
‘coefficients in the model are estimated and the desired
1nput relations apecified.

Finally, the model 1sg used to get the required

answers.

In our case, the staging model has been atteme
pted with a view to optimally expand'thetexisting water
resources system, ‘Aftypical river basin similar teo
Upper Cauvery Basin is taken foi our study. The data
and all the required particulars are taken from the
'Master Plan for an Equitable Use of the Waters of the
Ceuvery Basin in Karnatake' published by Water Resources
Development Organization, Govt, of Karnataka. Suitable

assumptions have been made wherever necessary.

The Upper Cauvery basin, its hydrological
features, the net work of exigting and proposed pro-
Jeots, their costs and benefits have been discusged in
Chapter II. A water resources system model is deve-
loped for scheduling and optimizing the avallable re-
sources and explained in Chapter III. Chapter IV in-
dicates a method of solving the problem. Conclusions

have been drawnup in Chapter V,



CHAPTER II

THE RLVER SYSTIM
ghebUBBer Cauvery Basint

The river system considered for our problem
is the river having conréuration typical to cauvery~froh
its source upto Mettur reservoir, together with all its
tributaries which fall into the Cauvery in the reach.
This sub basin of the river Cauvery is termed as thé
Upper Cauvery basin, This upper Cauvery basin has 12.
principal tributaiiea. They are Harangi, Hemavathy,
Lakshmenathirtha, Lokepavani, Kabini, Suvamavathi,Shi-
mshé. Arkavethi, Yduthorchalla, Chinnar, Paiar and Tho-
ppalar, In terms of catchment area, the two largest
are the Shimsha and the Kabinli and the longest swe is
the Hemavathy. An index map showing the Upper Ceauvery
basin is appended (Map I).

Sub-Basings

The uppexr Cauvery basin.hés been divided inte
the following sub basgins for study purposes.

01 The catchment of Cauvery and its
tributaries upto Kriéhnai%tna Sagar Dam.
02 Kabini river sub basin

03 Suvarmavathy sub basin
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04 Shimgha Sub basin
05 Arkavathy sub basin
06 The balance catchment of Cauver y upto

Mettur Dam excluding 07 and QB

07 Palar sub basin

08 Chinnar sub basin

The above sub-basing are shown in the Map-I.

Rainfells

Idke most other parts of India, the Upper
Cauvery basin receives its maximum rainfall during thé
South~west monsoon, There are 78 raingauges in and
around the Upper Cauvery basin. The nommal annual
rainfall at these stations are available. The annual
nommal rainfall of the stations, that are used for ~§ux
study have been given (table A). Also the basin map
ghowing the locations of the raingauge stations is
appended (Map I).

River Flows

There are 15 discharge sites on the Cauvexy
river end its distributaries, in this basin. Of them
4 are on the main river and the rest are on its tribu-
taries. Map I gives the location of these sites and
table B gives the relevant particulars of these sites.



Irrigetion and Powexr Projects:

There are 9 existing major and medium irriga=-
projects
tion/end 1 hydel scheme, Eight major and medium
Arrigation projects are under construction. Forty
five major and medium schemes are proposed in this
basin.

Of the above projects, we could consider onl
those schemes for which we could get the estimatedi?and
other required particulare dtims, Table C gives the
required particulars of these schemes, These schemes

have been shown in a soheamatic diagram on plate 1.

efit and Cogt:

The inocreased utiligation of water resources
for irrigation promotes a sharp rise in productivity
of agriculture and the introduction of more valuable
and profitable o b'. Crop yields are not only sig-
nificantly increased but are far less variable since
they are no longer dependent exclusively upon the
rainfall, The direct benefits of new or supplemental
irrigation are the difference between the annual net
income from farm produce 'with' irrigation and that

'without' irrigation,

Based on the above pxinciple, benefits from

all the proposed schemes have been worked out vide



Takle D, Adlse annual costs of all these schemes are

also worked out and presented in table E.

(] Pe 83

When a long-term historical hydroclogic record
is uged to analyse the firm output levels of water and
anergy, the optimum policy will be controlled by a se=
quence of gub normal flows over a conasecutive pertion
of the recoxd. This time pgriod; always begins with
the reserveir full and always ends with the reservoir
at its lowest permissible value, This period is
termed as ‘Critical Period®.

The critical period,for our study, is consi-
dered from Nov.64 to May 67 (i.e. 31 months). 1t is
assumed that all the projects are designed for this
critical period.

Eydgology:

Discharge data is évailable at Krishnarajuma=
sagarY. It s ndt available at other project sites .
he inflow data at these sites is estimated from the
discharge data available on the stream for sites up=

stream or downstream of the project sites.vide tableF
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Regenerations

The entire water divarted for 1ir1gation is not
utiliged by crops in meeting® its evapotranspirational
‘needs. Some portions of it® seeps into the ground and
finds its way into the parent river or downstream sfter
some periocd, This flow back into the river is known
as 'retum flow' or 'regeneration'. It has been obse-
rved that this is about 57 percent of the withdrawals
(vide supplement to Annexture VI - Part II, Master Plen

of the Cauvery basin)., However, it is assumed as 55

percent for our problem,



| Q
i G
i ¢
G
C
G
¢
¢

| 3
a i
QF
- UPPRR CAvvery pasIN
; ——— | T— r— i
| cea e - '
LE B3 & 2o 30 aoxu
ig
EF v 5 &t ra L‘::::)
p———— - — -—— — . — B
S nc b Eas ‘e 4 2
_‘ ?‘,;V{ r s i’k bul‘,‘_g , "_‘,f_j'-‘“,_, -
@rsd’z&r tem s et . ~ Yy

'I’-;;? Qe el . £rntiz - { e

. . R
ﬁ_f,,“ ct a4 L~
. Heam Aivath  IHMT

T }
“Lezmsmcnntoaniio p LT
. oo S e

| ' ¥ LM GAUGE TA‘NM
s 1 FOR RAMGAUGE S

bom——— = e

A | |FrR DISCHARGE SITES

},1  FOR PROJECT SITES

e sun e ey, i s, WK

11



T

SNOLLYLS AUV Eo.i Y :.@..m.,

THSX t Y 225 e

o e e

A 0 e b+

L
mgu Mm- |
-~ ) P ﬂ

51415 39AVHIS1A ?&i T 4

S§3Llg LDIL0dd dud

PRI

- e - : -t

1EA ] Tre i e icAT

R 4
rM..‘H* ST A R .k:‘tl
i A% o 2 i J..Tm.xv.m.iﬂu-h "

5 + R -
.h_i W\I!\ ‘ - m.\\ - .‘\ .\..\,.\&rﬁ
se | angas imeSacy
. : - =
i -~ I 2y .ﬁ&nmuw\ i
- . i
oo hw:\wlﬂi.v i 4 {.J& ‘
| MEEa 4 n g _
4 - - - [
= w35 e g

WX OV 0 9T 0- W.

z_mm?s "

) Jo
dVW XTI dNT

SE

14

\\@\S\c% \c Eﬁ)& ? Ry o) § o}y

VRS §

v

r

-
%

7

R RE AN B £3%1

gy b M.E.NMQ
1994
hizg
991
[52h
ISLY:
laL
ohol
b9t

.ﬁ_&,fi
¢

A NU..E\.,CW

.Nz\.c\

%)
)
D

]
)

Rad

"

€

!

g U5

Zf —

0

£} —



-

—l/

>

(AN




13

NORMAL NF IN MM
S.No. 2 Rgingauge Rainfall gS.N 0. { Raingauge ) Rainfall
tation - Station

€)) 2 €)M ) ) (6).

1. Bhagamandale 6032.3 ﬂ e Mudigere 2339 2

2, Pullingoth 5940.7 22, Belur 1001.0

3, Mercara 3265,4 23. Sanivarasa~ A

4. Napoklu 3105.3 o 10931

5, Virajpet 2671.8 28, Alur 105_3.9;

6., Sunticoppa 1763.8 26. Arkalgud 947. 9

T. Anmmathi 2240.2 2§. Hassan 878.7

8. Fraserpet 1120.0 23. Hoienarsinpur 708.7

9. Dubare | 1287.2 2. Channarayapatna 713.1
10. Hudugur 1154.1 39. K.R.Pet 742,0
11. K.R.Nagar 680.5  30. Karike 4855.9
12, Somwarpet 2175.2 31, Makut 5054.3
13,  Srimangala 2878.8 32, Belcove 1868.4
14, Ponnampet 2421 33. Murkhal 1427.3
15, Karmad 1667.5 34, Tumkur 806.9
16. Thitimati 1320.9 35. Tip_tur 615.2
17. Pexiyapatna 845.8 36, Thurvekere 708,9
18, Hunsur 762.8 37. Gubbi T11.6

2039, Chikmagalur 921.8 38, Kunigal 764.5
a\20. Sakleshpur 2348.7 39. Magadi .2



_8.No, Rgingauge Station  Rainfall

40, Nagamangala | 675.9
41, Mandya 688.5
42, Maddur |  680.9
43.  Doballapur | 741.2
44, Nelamangala | ~ T60.1
45. Bangalore ~ 888.9
46. Ramanagaram ) 844.8
47.  4Ankal - . 804.6
48, Kanakapura . 805.2
49, .channapatna | 839.5
50,  Thally © 853.5

Source: PP. 21, 23, 25 of APPENDIX-I
of the Master Plan of the Cauvery Basin.



TABLE - B

GAUGE DISCHARGE SITES ON THE UPPER CAUVERY RIVER SYSTEM
S.No. ) Name of ’2610 Y Nanme r:f i)ata a}'gi- Method
gauging sta- the river able from } of gau-
tion or smxtri- ging REMARKS
bu
1. Kushalnagar Cauvery 1967 Current- -
metexr
2. Chunchanakatte ~d 0= 1916 -3 0= Data used
3 Krishnarajasa=-
gar - O 1934 Reservoir Data used
4, Ihanagere Ane -q 0= 1948 Welr -
5e Hudgur Hasgangi 1964 =d g -
6.. Sree Rama Deva=-
™ dne Hemavathi 1950 - g -
7. dkkihebbal wd o= 1916 Current Data used
meter
8. Unduwadi Lakahmana-
thirtha 1916 -3 0o~ Data used
9, Nugu dam Nugw/Kabi- |
ni 1961 Reservoir -
10. . Hullshalli Kabint 1916 Weir Data used
11. Marconahalli Shimgha 1940 Resexrvolr Data used
12. EKanua reser- Kanva/ 1949 - o= -
volir Shimsha
13. Torekadanahalli ' ’ ‘
bridge Shimshg 1970 Current- -
metexr
14, Chamarajasagar dArkavathi 1937 Reservoir Data used
15. Kanakapura -3 o= 1970 Current- -
bridge meter

Sources P.25 of Part III of the Master Plan of the

Cauvery

Basgin,



51, § Nam{ § CROPPED |, DEVERSION
No. tlu T IIGT AREA IN TMC
' - o0 2
% Vot 53%
x  fag 101h0 14240 W2
i 190.0 4050 13.0
kN Can |
- 2289 0.9
. Chif |
: Lak - - 2850 1,1
65:‘ Ext 496:0 108940 22,2
7*;’ Sag .80 22,0 o'
‘ - 2050 043
84 Ry - - .
9.  Fal . 1640 0%3
100 Hev We0 12,0 ok2
i 10k0 80%0 158
% Upp ; - 3
12%  Igg 11%0 430 13
{ ) »
13%  Ark 26,0 7%,0 2.5
T M 9o  2W.0 152
-‘ 22,0 9.0 1,2
154 Ch ‘
16, D:_ - 12,0 02
., | - 66/,0 . 1%
18%  Ma " "' '
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P ABLE - D
BENEFITS FROM PROJFOTS
1. CROP YIELD AND CROP RATES

S.No. Yield in X Rate in Jaross ) Cost of Net
OROP Quintals/ ) Rs./ alue | cultiva- | benefit
hectare Quintal tion per } Rs./hect:
_ ‘ ‘ hectare
 ®rain fstraw)érain (Straw

(1) WITH IRRIGATION

4.  Sugar 900 - 14 - 12600 2600 10000
cane ‘.
2,  Malbarry - - - - - - 4500
3,  Kh.Peddy 50 50 80 15 4750 1000 3750
4, Kh,gemi ,
dxy 15 12 70 15 1230 600 630

5e Rabl semi .
ary 8 0 70 15 T10 410 300

(2) WITHOUT IRRIGATION |
1. Kh.paddy 20 25 80 15 1975 125 1200

2 . & . semi ) )
dry 10 8 T0o 15 820 390 430
3,  Mulberry - - - - - - 1500

Note: Yield of ocrops and rates are suitably assumed
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\\ (TABLE -D ¢ontd,)

3, BENEFITS FROM POWER SXHEME

Total cost of the power projects BRs, 45000 lakhs
Interest at 10°/. = Rs, 45000 }.akhs
Depreciation at 1.8/ : '  | Rs, 810 lakhts‘
Operation and Maintenance at 1°{ Rs. 450 lakhs

TOTAL Rs, 5760 lakhs

Total Units generated 2700 millien

Cost per unit generated ' _576'0'.1 10° - 0.2‘4
2700 x 10°

i.e. 21.4 payse/unit
Benefit in Rs, lakhs

M

Muttati 2098 units 5245,00
Mekkedatu 602 million units 1505.00
Notes Depreciation rate of 1,8¢/ is assumed based

on other hydel projects of Kernataka State

Sources Appendix-VI of the Master Plan of the Cauvery
Bagin '
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0SS OF PROJECES
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S.No. NHame of the Estimated
Project capital
cost in
. Bs,lakhs
€)) (2) 2
1 Cauvery Resexr-
voir 2850 285.0 28.5 28.5 342.0
2, Chickklihole 230 23,0 2.3 2,3  27.6
Je Lakshman a- 230 23.0 2.3 2.3 27.6
thirtha
4. 'OtehOlQ 480 4‘800 4.8 408 57.6
5. Yagaﬂhi 1060 106.0 10.6 10.6 127.2
64 Iggalur 290 29,0 2.9 2.9 34.8
Te Arkavathy 855 85.5 8.55 8.55 102.60
8. Extension under ,
KRS 5800 580.0 58,0 58,0 696.0
9. Sagal‘edodda- ‘ .
kere - 132 13.2 1.32 1.32 15.84
10. Kuduregondi- | '
alla 130 13.0 1.3 1.3 15.6
11. Hebbahalla 130 13.0 1.3 1.3 15.6
12, Minnathuhalla 232 23.2 2.32 2.32 27_.84
14. Doddihalla 101 10.1 1.01 1.01 12.12
15. Uduthorchalla 850 85.0 8.5 8.5 102.0
16. Nalluramani-
kere . 125 12.5 1.25 1.25 15.0
17. Upper Shimsha 262 26,2 2,62 2,62 31.44
18, Muttati 30000 3000 300 300 3600.00
19. Mekedatu 15000 1500 150 150 1800.0
Notess Project costs are based on infformation obtained from

Kametaka State
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(TABLE -F contd.)

Period v Res rvoix Proje '

Tov.64 % - T a%

Dec.64 to

May 64 9312

June 65 to

Rov. 65 813 24236 x 2,64

Dec. 65 to '

May 66 260 « 64028

June 66 to K

Nov, 66 6858 Annuel

Dec, 66 to |

May 67 ' 538 64028 x 12 o 22,800

24236 31
or 70.2 t.h.m.

Sources pp 6-7, 16«17, 20-21, 28-29, 34-35 |
of Appendix~II and pp 14-20 of Appendix-IV
of the Master Plan of the Cauvery Basin,

22
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(TABLE F - contd.)

3.

1.

3.

4,
5,

6.

T.

INFLOW FROM INDEPENDENT CATCHMENT AREA OF MUTTATI

(for the critieal period)

River gains and losses from

KRS to Mettur

(pp-48-49 of Appendix-II of the

Master Plan) 52.54 + 31.45 + 35.83 + 258,07 TMC
8,15 + 118,02 + 12.08

4dd Kabini at Hullahalli |

(pp 24-25 of Appendix-II of the

Master Plan) 9.30 + 10.51 + 66,72 + 165.86 TMC
8.08 + 61,15 + 10.10

Subtract uses in Kebini sub-basin ~144,00 TMC
(vide pp 6=-T7 of Appendix -V of the 279.93 TMC

Magter Plan)

4dd regeneration 0,55 x (144-17.5) 70,00 TMC
349.93 TMC

Subtract flows in Cy and Cg sub- = 60,43 TMC
basin (vide table F,34) 289,50 TMC
Subtract flows between Mekedatu and - 78,61 T™MC
Muttati (vide table F 3.2) 210.89 THC
Deduct Inflow upto Iggalur Project 134.28 TMC
(table F,2) ' 76.61 MiC

Balance inflow from the independent
C.d. of Muttati

Anmaal Inflow = .16161%X12 . 29,7 T™MC
31

or 84 t h nm,
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(TABLE ¥ - oontd.)

3.1 NED YIBLD OF C7 and C8 SUB BASINS FOR THE CRITIC

RERIOD
AR
] River ga.tnafht yig_]_.d} River Y Net yield of
and losses } of su gains
I"%"’c'ﬁ 1aml CZ: ind ®
C 08868 = VOL,
(Mean) (Mean) | for the ol. x Col
g oritical
©) ) G- Y
Nov. 64 14,8 2.1 52,54 745
Doc.64 to 22,7 23 31.45 3,15
May 65 -
Nov. 65
Dec, 65 to 22,1 2.3 8.15 0.82
~ May 661 '
June 66 to | 69.7 217 118.02 | 36,7
Nov.6§ :
~ Dec. 66 to 22,1 2.3 12,08 1.21
Mag 67
TORAL 60.43 TMC

SOURCEs P.TT of the Report P.48-49 of APPENDIX II of the
Master Plan of the Cauvery
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(T4ABLE F- contd,)

' 3,2 FLOS BETWEEN MUTTATI AND MEKE DATU DURING THE
GRITICAL PERIOD

Flow between Muttati and Mekedatu is mainly con-
tributed from the Arkavathy sub-basin and hence it is ag~ |

sumed as

. C.A.Detween Mekedatu end Muttatl X Inflow at
C.A. of Arkavathy at its prg% ect Arkavathy
site

projeot site

= 4337 . X % Infiow at #Arkevathy project site -
3560

= 1.225 x Inflow at Arkavathy project

Nov.64) Dec.64 ) June65) Dec.65] June ssg Dee. 66

to May to to %o to
§ 64 Nov.65) May 66} Nov, GSIMay 67

1. Inflow at 17008 24.6 2. 14 OQ6B 18.1 , 1042

Arkavathy
Project
gite

2. Inflow be- 21.0 30.2 2.62 0085 22.2 1074
tween
Muttati and
Mekedatu .

TOTAL = 78.61 TMC.
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(TABLE F - contd,)

4. INFLOW FROM INDEPENDENT C.A. OF MEKEDATU

1. Inflow between Muttati and Mekedatu T8.61 TMC
(Vide table F 3e2)

2, Deduct Inflow at Arkavathy Project 64.03 TMC

site (Table F.2)
Total Inflow from independent 14.58 ™MC

C.A. of Mekedatu‘ .
_4nnual —14228X12 . = 5,65 TMC
31

or 16,00 t h m.
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CHAPTER III
FORMULATICON OF THE PROB

Initial §gmening:

4 1ist of projects which have been Pre PObJare given
in the table C could not be considered for our study for

the reasons mentioned below.

(1) The benefit cost ratios of these projects com=
puted in table G, indicated that the projects viz.(i)
Sagare deddakere (ii) KuduMegondhalle (111) Doddihalla
(iv) Nalluremanikere (v) Upper Shimsha have Very low
B~C ratios. They have f:herefore, ®een deleted for fur-

ther consideration.

(2) Projects (i) Hebbahalla (ii) Minnattufgalla
(111) Chengawadi and (iv) Mduthorchalla are small pro-
Jects for which discharge data and detailed projects

are not avallable. "
—

-

LeaMing the above nine schemes, from the list
of projects in table G, We have considered the rest of
the projects for our study. These projects finally
selected have been’ shown in a schematioc &iagramoglateéz.
These locations are also indicated on Map-I. Required
particulars of these projects are given in table H.
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Assumptionss

The following assumptions have been made while

formulgting the problenm.

(1)

(2)

(4)

(5)
(6)

(7

(8)

The time scale for the introduction of new pro-
Jecets is chosen to be a five year period.
Each new project becomes part of the system at

the start of the next five year pexriod,

The total planning periods are three - each

of five years duration

Reservoirs are full at the beginning of the

,étndy period

Return flow is 55 percent of the withdrawals.

All the projects are designed for the critical
period.

Average head have been assumed for hydel

projecta.

o avawt '
75 pexrcent of the lgéaat under Hemavathy pro-
ject (Node 9) is between Nodes 8 and 10.

Regeneration from this will appear at Node 10,

as in the schematic diagram.
DMscount factor is O.1 9%, based on rate of

diacount as 10 percent.
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Fo lati £ the Ob tive tiont

The general mathematical expression that details
the benefits and costs contributed to the selected criteriem
is known as the objective functionk. Our ctriterion is the
maximisgtion, over the set of projects, of the sum of the
discounted present value of the net benefits over the plan=

ning period.

With 3 planning periods, 7 proposed irrigation
Projeots, 2 proposed power projects, 1 extension of an
exigting irrigation system and {4 existing project (shown ‘
in Plate II). Our-dﬁgeotiva functiong, expressedvin mathe~
matical terms, becomess-

3 (7 11
Max Z2 = f£1ct {’351 a) Dﬁt ‘328.3 Eﬁt g'ﬁopa Pjt —_—

3 G | 11
£ Kt L CC, RES,, + £ CC,BX% + L CC, POW
$m1 {3:1 I Tyog 8Tt Tyl 9 3'%
where

Ct = Discount factor for annual benefits

Et = Digecount factor for annual costs

Iﬁt = Diversion for irrigation from irrigation
Project } du\m; e peind £ '

dj = Benefit factor for irrigation Project }J

Eﬁt = Diversion for irrigation from Bxtension
Project j during the period ¢

°; = Benefit factor for extension Project J
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PJt = Diversion for powexr production from hydel
Project J during the period ¢

Py = Benefit factor for hydel project
003 = Capital cost of the ?rojeot 'y

RESat: 1 or 0 indicates whether the irrigation
Project is constzucted or not during the
period ¢

ExtJt = 1 or 0 indicates whether the extension
Project § 1s congtruoted or not during
the period ¢

POth = 1 or O indicates whether the hydel project
J 18 constructed or not during the period t

Table J lists out the constants and variables used

in the model. The values for 01, 02, c 11, 12. Ké are

3’
computed in table K, The values for benefit factors dd’ |
oj and pj are given in table H, Capital costs of the pro-

Jects are also given in table H,

Substituting the values of these congtants and
coefficients, the above equationp takes the form as under,

on gimplificationi-

Max 2 = (1?7.BD’.1 + 228 D 4t 256 D3.1 + 125,5 34.1 +

117.5 95.1 + 192.5 Dk.1 + 190.37.1 + 168Eh.1 +

TPy, 9 * 159 Pyy ¢) + (59.0D, , + 114.5D, , +
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-
128.5D. .2 > 63D4.2 +* 59D5‘2 L 4 96.536.2 + 9505]1"2

*80.5% 5 39.TRyy 5 * 801’11.2) v v(22.6])1.2 +
43.8D, 5 + 49.2 Dy 5 + 24,1 D, 5 + 22,6 D5 5+

3TDg 5 ¢ 36.5D; 5 + 32.3K; 5 + 153.211310’3 + 30.6211.3)

- (3078.0RES, , + 248.4 RES, , + 2484 RES; 4 +

518.4 RBS, , ¢ 1144.8RES; , + 313.2 RES; 4 +

923.4 RES, , + 6264EXT, o + 32400POW,, , + | |
162002pW,, ,) - (1539RES, , + 124.2RES, , + 124.2RES; ,

+ 259.2RES, , + 5T2.4RES; , + 156.6 RES; , +
461.7TRES, , + 3132EXTg , + 16200PPW,, , +
8100POW,, » ) =~ (592.8RES,; ; + ¥7.84RES, , +
47.84RE33J + 99.84 li:‘:'s}sd“3 + 220.4831385'3 *
60,32RES; 5 + 177.84RESy 5 + 1206.4EXTg 5 +

6240POW, 5 + 3120POW,, o)

traintgs

i

Constraints 1limit the range of variation of each
of the variagbles, prescribe their relé,tionahips to each
other and delineate the extemal influences on the planning,
These are hydrology eontinuity, budgetf coftruction and flow |
limiting constrdnts. These are equal and inequal
congtraints, dncther type of constraint, which we are
using is the restrioction of & variable to being O or 1
depending upon wheﬁher a project is constructed or not in
a partiocular perxiod,
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Rydrology Continuity Consgtraints:

These are equality constraints., They indicate the
actugl reservoir operation. The inumput at any node 1is
made equal to the output from that node. The input igs
taken as the sum of the inflow into the reservoir from
its independent catchment area, the outflow from the up-
stream resexrvoirs, the regeneration’from.the upstream
i;rigation use and the initial storage in the reservoir‘
(ﬁgﬁ'atorage,in our caaevgiven'vide table H). The out-
put is the sum of the diversion towards irrigation, power
etc, and the outflow from the reservoir back inte the

river., Expressing mathematically,

t N N
Pye * Kge TE, 55T 4 E Tsuee %2 Ryuliue
+ QJ

where
Dat = Diversion from the project J for the
period ¢

th = Qutflow from the Project J for the periocd ¢

83 = Live storage of the Project J
REsjn = Zero~one integer 'sero' designates that

the projeot is not constructed one designa-

tes the project is constructed Mp.



Liuot

I%u

Dyu.t

QJ =

33

= Qut flow from upstream Project Ju for
the period ¢
= Regeneration factor for the upstream

Project qu

= Diversion from the upstream Projeot ju

for the peried ¢.

Rumber of_npstream'Projects

Inflow from Independent catchment area
of the Project j during the oritioal'
period.

Node wise, they are as under: (The values for Sy end Q

vide table H

Nodes 1

are substituted)
D1.2 + 11._2 = 5,6 RESL‘ + 5.6 RES1'2+59.5

51.3 + 21.5 . 5.6 RES1‘1*5¢6 R-ES1.2 +

506 RES‘.B + 59.5

Dy,q + Xy q = 0.22 RES, 4 + 1,36

2.1

D2.3 + 12.3 = 0,22 3382.1 + 0.22 RES
0.22 3332.3 + 1.36

2.2 "



Node: 4

Nodes 5

Nodes: 6

Nodes 7

34

5.4 * X3, 4 = 07T RES; 4 + 2.10

5.0t X5 5= 0,77 RES; 4 + 0.77 RES; ,+2.10

+ x3.3 = 0,77 R333.1 + 0.77 RESB,z -
0.77?55 + 2.10
X

4.1 ° 0.98 RE34‘1 + 3.85

3.3

Dgoq *

+ X - 0.98 RES .1 + 0.98 RES4.2* 3;85

D4‘2 4’02 4

+ X = 0.98 RES + 0.98 RES

D3 * %4.3 4.9 o2

0‘98 RES4.3 * 3.85

Do q ¢ X5,q = 141 RES; 4 « 16.4

Dy, *+ X5 p = 1.1 RES; , + 1.1 RES; ,+16.4

D5’3 » x503 = 1,1 RE85'1 »* 101 RESS‘Q +

11 3335.3 + 16.4

Dg,q *+ Xg q= 147.0
Dg.p + X5, = 147.0

Dg 3+%5.5 = 147.0

Dy 4 + X7.9 = 1.65 RESy 4 + T0.2

Dﬁ.z + X7.2 = 1.65 RES7.1 + 1.65 RES7.2 + T0.2

Dy o5 * xﬁ.B = 1,65 RES, 4 * 1.65 3337.2 .
’.65 “37.3 P 70.2



)

a

Rode: 8 By 4 ¢ 128.5 (existing diversion from8) +

Xgo1 " X gt Ep g Xy g v Xy q 005

(Dy 4 + Dy q + D5 4) +0.25 x0.55 x 110 (Re-
generation from 25 percent of the existing
withdrewals for irrigation from Project 9)

+ 174.5 L.e. Live cgpacity 49.0 + Inflow
125.5 om

on simplification

Bt T = Kt g v Xy v By g 0050

(Dy 4 + Dy g + By ) + 61,125 «

BaortXRo=XatX o +tE v X 5+ 055

(Dy , # D, , + Dy ,) +61.125

Bg3 * Xg,3 =%y 5% X, 35+ X5 5 +X5 45 +055

(D1’3 + DZ.S + 33.3)'+ 61.125

Kodey 9 110 ( existing diversion from Project 9) +

Xg,q * X5, 4 + 055 (By o4 + D ) + 109.4

i.e. capacity 37.4 + Inflow 72,0

on simpdification

9,1 = Xg 9 ¢ X5 q * 055 (DY 4+ D5 q) 0.6
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Xg.0 = %5 +x52¢055( + Dy o) - 0.6

Xg,5 = X435 +x53+055( +D5.3)-0.6

Node: 10
Pio.1 * X40.1 = %, 7 %g, 4 * 0:55 (Dg 4+ Eg ,)

+ 0.55 x 128.5 (Regeneration from existing

withdrawal for irrigation from Project 8) +

0.55 x 0.75 x 110 (Regeneration from 75 percent
of existing withdrawals for irrigation from
Projeect 9) + 119POW10 1 * 84

on simplification |

Pt * %01 %.1 8.1 * 0.55 (D5 4 + Dy 4)

+ 1191’»0\710.1 + 200,05

Pio.2 * Xq0,2 = %5,2 * Xg,p * 055 (D5 5 + Dy o)
. 1191>ew1o 1+119pow10 5 + 200,05

Pio.n * X103 = Xg.3 * X3 + 055 “’63*”83)

+ 119P0W10.¢* 1191’0'!’10.2 +* 119}:‘0\'10.5 + 200.05



des 11

NSRRI I E S I AT

0.55 27‘1 + 16,0

Pit2 * 212 = T2 * P02 * X2t
0.55D, , + 16.0

P11.3 * X44.3 * 10,5 * P03 * X3 *

0.55 D.,J + 16,0 .

The loglc in the above set of equations is that if the
reservolr cokes into operation'during the period 1, then
RESJ.1 = 1 RESJ.a = 0, RE33.3 = 0, thereby the storage
comes into play in all the three equations. If the
resexrvolir comes into operation during the period II, .
then the storaze comes into play only during periods
II and III and not during period I. 1In such a case

¢

Budget céngggggnygi‘

The budgetary conastraint consists of o limit
on the agvailability of capital for new construstion

frem pudblic or private sources,

In our problem we have considered 3 periods,

and the availability of capital for each period is
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assumed to be Rs,30,000 lakhs, During any period,
the total capital cost of the projects taken up during
the period shgll not exceed this limit. This c¢an be
expressed mathemgtically as under:

T
L 00y RESyy + CCg EXIg g ¢ CC10 PVio,4

3=1

+ ccﬁ POW,, o & Btmt

Substituting the values :Eor the eoefﬂcients,
they will be as under

1. 2850 RES1.1 + 230 RES .1 + 230.RE33.1 + 480 R$S4.1

+ 1060 RES; 4 + 290 RES, , + 855 + RES, .

+ 5800 EXT, + 30000 POW

- + 15000 POW

10.1 11.1

£ 30,000

2., 2850 -'*?.ES.'.2 + 230 RESZ.Z + 230 RES3'2 + 480 RES4.2

+ 1060 RESB.2 + 290 RESG;a + 855 RES7.2 +
5800 EX‘l‘s. 2 * 30000 ?0“10‘2 + 15000 ?9311.2

< 30,000
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3. 2850 RES".3 + 230 RESZ“,’ + 230 RES3.3 +

Ld

480 121384.3 + 1060 RES5.3 + 290 RESG;B +

855 R‘ES;'{.3 + 5800 EXT .

3.3 * 30000 POW

10.3

15000 POW, 5 £ 30,000

Construction Congtraintass

Thege constraints limit the congtruction of
any dam only once, We will assume that each reser-

voir may be buklt in only one of the periods i.e.

3
I _RES,, £] for all §=1 to 7
tm

3
T ExTy . <1
t=1

3 _
T POV, <1 for § = 10,11
tm1

Expanding them we get

RES“.1 + RES

RES, 4

3335.1 + RESB.2 + RES% 1

RES, 4



RR®S

5.,‘-4»11E1.‘?. + RES <1

9.2 5.3

RESG.‘I + RES

5. 2 * RESG.S £1

RESI.‘I + F(ES.’.z + RES»(.} <1

*+ EXTg o + BXlg 5 £ 1

POW,, 4 + POW,) » + POV, 5 < 1
POWyg, 4 * BOWyq p #ROWy 5 S 1

Flow Iimiting Congtraintss -

These constraints limit the diversion for
irrigation orx for powex from any reservoir. This
fixes the upper limit for the wvariables. This con=-

straint can be expressed mathematically, in general

as under
t
n=1y
here

Fy is the limiting flow from Project j}

The values for Fd are given in table H.

Expanding and substituting,

40



36.8

I

36.8

< 36.8

< 2.54

£ 2.54
3.12

3.12

3.3 S_ 3.12

6.23

6.23

A

£ 6.23

B, 4
5.2

D5 5 &

41

RE3, ,

RES

1¢4 +* 3608 RES1.Q

RES1.1 + 36.8 RES1‘2 + 36,8 RE3?'3

RES,, 1
RESy, 2% 2 B4 RES,,

RES, g+ 2 6URES, | +2:5 RES; 4

RE3; 4

RE83.1 + 3.12 RES}.Z +

3383.1 + 3.12.RE83.2 + 312 RES3.3

RES, 4

3334.1 * 6,23 RES4'2

RES, , + 6.23 RES, , + 6.23 RES,

11.90 RES; 4
S, 11.90 RESE.1 + 11.90 RES‘)‘.Z

11.90 RES; , + 11.905 , + 11.90 RES; ,



Dg.p & 3.68 RES, , + 3.68 RES; ,

96.3 S_ 3.68 RE36.1 + 3,68 BESG.Z + 3,68 RESG.5

n?.'“l £ 6.0 RES7 .1
By,p S 6:0 T8y g ¥ 6.0 RESy

Dy 5 £ 6.0 RES, , + 6.0 RES, , + 6.0 RES, ;

B & 63,0 B,

By, £ 63.0 EXTg , + 63.0 EXTy ,

P £ 650 POwW

‘!0. 10.1

< 650 POW + 650 POV

F10.2 1041 10.2

P‘%Q z & £ 650 POWm 1t 650 E’O’ﬂ“o o * 650 POW10 3

Pyq, ¢S 650 POV,

211.3 £ 650 POW,H.-,! + 650’?0’?111.2 + 650 P0W11.3
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In this chapter we have formulated the model
for optimal expansion of a Water resources system.
This model indicates when the project is to be taken
up subjeoct to Budgetary and other constraints, for
maximiging the net benefits from all the new projects
thus taken up during the planning pexriod.
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TABLE - ¢

BENEFIT COST RATIOS OF PROPOSED

IRRIGATION PROJECTS

45

Annual

S.No. ) Name of the Annual ooat Benefit R
Project bhenefit in Ra.lakhs cost E
%n Rs. ratio M
alhs *001 ) I g
+ s
Col. (43 X
{1 _(2) (%) (4) ) (6)
1. Cauvery Reger- :
volxr ?I’Oject 57000 34“00 1:67
276
20 Chicklihole ?6* 13 Wf& 2076
3. Lakshmanathi-
rthe 105.0 27.6 3.80
4, Votehole 102.9 5706 1.79
5. Yagachi 184.05 127.2 1.45
7. Arkavathy 150.,0 102.6 1.46
8. Extension -
under KRS 13884 696.0 1.99
9. Sagare Dodda~
Kere 5.20 15.84 0.33 Low
10. Kuduregondi- .
halla 4.0 15.6 0.26 LOW
1. Hebbaghalla 28.4 15.6 1.80
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£1) (2) (3) (4) (5) (6)
13, Changawedi 54495 - 20.4 2.70
14. Doddihalla 8.0 12,12 0.67 Low
15. Nelluremanikere 3.20 15.0 0.21 oW
16, Uduthorehalla 126.4b4 102;0 | 1.24
17. Upper Shimsha 20,00  31.44  0.64 oW
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IIST OF CONSTANTS, VARIABLES AND COEFFICIENTS

PABLE J

48

Descxription Value

Symbol Reference
(1) & 5 (4
11 CONSDANTS AND COEFFICIENTS
c, Disoount factor for benefit 7.6051 Table K
C, Digcount 'fae‘tor. for béne:fit 3.8145 Table K
63 Piscount factor for benefit 1.4618 Table AK
K1 Discount factor for costs 1.08 Table K
K, Discount faoctor for costs 0.54 Pable K
x3 Discount facter for coats 0.208 Table K
ce, Capital to bulld resexvoir j = Table H
Fj Design capacity of canal - Taeble H
BUDt Capital budget limit for any
period 30,000 -

t No. of periods 3

N No. of upstream projects - -

33 Initial reservoir volume Table H
QJ Independent catohment area Table H

inflow during the critical
périod
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(1 (2) (3 (4)
VARIABLES
Dat Diversion from irrigetion Continuous Maximum
project } during period t Bound value FJ
Eﬁt Diversion from Extension ~d o= a0~ By
scheme £ 8 during period +
P3t Divergion from Power Continuous Maximum
project during period t «Bound value 650
RESJt Integer Variable~desig- Zexro or
nates wehther the reser- one
voir is taken up or not
during the period ¢
Ex.tjt Integer variable~desig- Zero or
nates whether the exten~ one
sion scheme J 1s taken up
or not during the period ¢
rowjt Integer variable-desig-  Zero or
nates whether the power one
project ] is taken up
or not during the period ¢
xjt Outflow from the reservoir Unbounded

J during the period t

variable




ZABLE K

I We consider 3 periods of Five years each vig.
(I) Zero period (i1) First periocd (iii) Second period

The projects taken up during sero period will start
Yielding benefits during the first period and so on,
The projects taken up during second period will start
Yielding benefits during the third period. Hence to
consider the net benefit from all projects we have to
consider the third pariod also,

01 = This factor converts the annual benefits from
the projects taken up during the sero period
i.e. (from the projects which start yielding
benefits from the first period to the end of
the third period.{for 15 years) to present
value as at the beginning of the I pexriod.

= (1*£l15 =1, = 7,6051 taking % as O.1.
{1+ 1 )"‘5

0 " This factoxr converts the annual benefits from the
projeots taken up during the First period to the
present value as at the beginning of the First
period

10
- L1 Z"‘ ) );g—. = 3.8146 N = 01
1 +9%

03 = This factor converts the annual benefits

from the projects taken up during the second

/09944
CENTRAL LIBRARY UNIVERSITY oF ROORKEE

YR e
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period to the present value as 4t the begin-
ning of the first period.

5
- (1 +)7°=1 o 1.4618 N ow0.1
(1 %)
II It is assumed that the capital cost of any

projeotb taken up during any period is spent as the
project unifo;inly over Five years. During the con-
gtruction time, the interest on capital cost will
be the annual cost whereas after the projept is com~
pleted, the annual costs will be the sum of operation

(maintenancé, depreciation and the interest on capital.

K1 = For the projeots *t::a».keixJL up during the
zero period the capitalised cost as the beginning
of the I period is '

c/5 [(1 sn)t e (1*31)3 e (1+)%2 ¢ (1 +%0)

T 5
* 1 (1 + 1) =1 - 1,22 ¢
| g
?( = 00'1

O and M charges - 0.0% ¢
Depreciation = 0.01 ¢
Interest on capi- 0.10 x 1.22 ©
talised cost =

_ 0.122 ¢

= 00142 c
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I1 converts this annual cogt to the P.V.
a8 at the beginning of the I period

- 0.142 |1 +1) 151 | = 1,08
(1 +91)15 i Q9

Similarly Ka converts the annual costs of the projects
taken up during the I period to the P.V. as at the
beginning of the I period

0.42 E(1 +_91):fo-1j
(1en)®

= 0.54‘

9('001

K, converts the ennual costs of the projects taken
up during the II period to the P.V. as at the begl-
nning of the I period
C0.142 C1 +31)%-11]
( ) ¥

- 00208

Cy = T.6051 Gy = 3.8146 03 = 1.,4618

K,‘ = 1.08 12 = 0.54 KB o 00208
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CHAPTER IV

ROCEDURE FOR SOLVING THE PROBLEM
ALgord thug

Our problem comprises the objective function and
various types of constraints, end is & O-~1 mixed Integer
Programming problem, All the feasible solutions will con-
tain a mixture of integer and non integer variables; the
integer variables are restricted to the values 0 or 1.

We want to specify when each dam should be built such that
the objestive function is maximised.

Possible techniques include the generaliged Iag~
range multiplier technique, dynamic programming and mixed
' integer programming (MIP)

Lagrange multiplier technique requires that alter-
native new projects be independent. But in our problem
th#ough the alternative projects are independent with reg-
pect to cogt factors and required investment, they are in-

ter-related with respect to benefits,

Dymamic programming requires prohivitively large
computer (o1¢ storage as the problem has a large number of

gtate variables,

There are many package programmes to solve a mixed

Integer Programming Problem, 0f them the important ones



D4

are (1) OPHELIE MIXED (Roy, Benayoun and Tergny) 1970

(11) MPSX-MIP (Benichon M., Gauthiexr J.M,, Girodet P.,
Henteges G., Riblere G. and VincentO)
- 1970

. (441) UMPIRE (Tomlin) Aug. 1971
(iv) RIP30C (Geoffrion) June 69

(v) MARISABEIH (Shell Berre - P, Herve ) 1970
(vi) MIDAS - 2 (Aldrich ) - 1969

{vii) FPMPS -MIP {(Childres, J.P.) - 1969

(viii) IPE (INMAY R., and A.S. Manne) 19T1

The general algoiithmie fragme woxrk for these
programs is built ui:on th% key notationss Separation, Rela-
Xation and Fathoming. Separation means, that the pro~ ‘
blem is separated into sub probleme with an obvious stra-
tegy of divide and conquer. Relaxation means, loosening
of certain constraints vis. omission of certain constr- '
aints, dropping the integrality conditions, dropping non-
negativity constraints, to make the problem easier to
- solve than the original one.

Fathaning means: Whever a separated problem, called
candidate problem (CP) cannot be solved easily then
(CP) is relaxed to (CPI,)



Fathoming Criterion-1(FC-1): If this (GPr) has
no feasible solution, then the same is true of (CP).
Then (CP) is fathomed

Fathoming Criterion-2 (¥C-2): If (CPr) has no
bettexr solution than the incumbent, then also (CP) is
sald to be fathomed,

Fathoming Crieterion-3 (¥C-3): If (O?r) has an
optimal solution, feasible in (CP), then almso (CP) is
fathomed.

Plate 3 indicates a general procedure

dmong the various algorithms that have been
proposed, there is considerable variastion in the kinds
of analysis employed to fmplement the Fathoming Crie-
teria.

Our problem was solved by IPE-MPS 360 package on
IBM-360/44 system.

Result gt

The results are tabulated in table L, As the
congtruction constraints were released initially,. our
problem had 67 rows and 93 variables. It was solved in
4,75 minutes.
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The results revealed that all the irripstion
prolects {projects Nos. 1 to 8) could be taken up
in tﬁ{sqro period, The total cost of all these pro= |
Jeata-iﬁg. Rs,21,795 lakhs, Hydel project (i.e. pro-
ject No,10) could be taken up during the first period.
Its cost s Ra., 30,000 lakhs., Hydel project (i.e. pro-
Jeot No,11) could be taken up, during the second period.
Its cost i8 Rs, 15,000 lakhse, The total maximized
net benefit from these projects would be Rs, 52,280.78
lakhs, over the planning poriod of §5 years,
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CONTROL c LER =

PROGRAM ('NDt')
INITIALZ
PILLE (*MP PROBLEM')
ITER u(1%
M4 XXTR DC(3)
TOL D¢
W po( E65)
BEUBASE DC( * ¢
IPEBASE IC'IPEPSTB1')
MOVE (X PEVMME, 'IPETEST')
MOVE XOBJ ('MAXNB') :
MOVE (xmsg'fvssm )
FPROY DO ('RRSP *)
IPROY 1}0{'?0’01102'
BOUND DC(*IRTBOUO1')
MOVE (XDATA,* STAGING')
CONVERD
BCDOUT
MOVE(XOLINAME, XPBH AMB)

%VE( XDATA, ' REVDATA')

BASE DO(' ")
MOVE(BASE,BEIBASE)
SRTUP ( 'BOUNC',BOUND)
PICIURE
SAVE
30T0(BEG)

LOOP Assmc{'mmwmm'.1%12001,*0431:')
REVI SE( ! FILE' , FP12F001) *
BC DOUP
SEZUP ( *BOUND)

SeT

Al
BEG  RESIORBE('NAME',BASE)
PRIMAL

SBLEOT( ' ROW' , XOBJ , * ')
I¥(0BJ .GPIUB, SKIP
MOVE&B&SE,IP@A&E_

SAVE( 'NAME' ,BASE)

LUB=OBJ

SOLUTION

SKIP ASSIGN('F212001', FTI2F00#,*COMM?)
PREPOUT! FTF001) .
SOLUTION ('PILE', FT42F001,'O3ECTION!,'2/4/8',RMASKS', !
YCLIMIT ,XPROJ,
FRECORE
IPE(I2ER, MEXITR,TOL, BOUND)
PREBCORS |
IP(ITER KE 0, 1OCP)
IPELOG
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. .
quantities are in thousand hectare meters
jept for col.3) ~

—I0D 2 | PERIOD 3
Project| Namq = . o. 55
Namber tal Dja Xda .gs 335  Total Dj3 X33 33
Dy

1. 12 13‘0 1’4". 19. 16's 17. 180 190 20, .

) . 6.8 28,3 20.2% - =65,1 36.8 28,3 20,24
1. @mgd’g > (833 (8) g 8" 8)
1.58 1:. 8 - 08690 - 1.58 1058 - 0.86
2. G138 %S O . 87
2,80 2.87 - 1.5785 - 2.87 2.87 .578
3. taka 7. &
. . h—.8 4, 83 - 2,6565 - b, 83 ’4- 8‘* 246565
1’. V“e” 3 ) (.9?

‘. . 1'1. 0 06 6e 5 - 17.5 11090 5.6 ' 605’""5
5y Ya.gaI'/ﬂﬁ 9 5 (gg’f - R
/| 7.0 3‘.68 1#3 322.021* - 1#7.0 | 3 68 143.32 a.ozh
6 Tggaltl (10)" (10) i)

7#. Ar}my 085 6.00 65-85 % - o85 6.00 65085 303

‘ o . ) O

8. ngw.sm 191 5 53‘ 314 1@. 58°° asu.sm 19t. 5 63*.31#105 325
- S Q0 (100 oo o 10 (10)
9% nama¢u.2o1511o.o W25 15,124 14, DU 2015 10,0 1¥e3d5 13:125
‘ (e) 8) 8oty

' ‘ lF?13)5 -

10, Mu“‘ 58 - 562.358562.358 - u5.3§5
. Meke}r?.SOB S 647,508 - 631,508 647,38 647,508 = =

iould be taken up during the period ¢,

' ve taken up during the Ist period, Power project No. 10
liod 2, and power project No., 11 may be taken up

le the net benefits,

efit from the proposed projects if they me taken

Se

jA
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SV HANARY
In this study, we have attempted to soleot from a list

of proposed projeocts, the projeots that are to be oonstrue
oted during consecutive planning periods, so as to naximige
the net benefits from them. Ve mpde this study with ree
farence to the Upper Couvery Basin. In the Upper Cauvery
baein, out of 10 proposed projecets, obvtained after initial
soroening, on attempt has been made %o seleot the sequence
of projeots to be construoted in the three planning periods,
under budget, flow limiting, hydrolozy oontinuity and con-
gtTuotion constraints. We have made use of computer
Paokage programme IPE-HPS 360 avalleble at Dslhi University
Gomputer Centre, for solving our problem,
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CHAPTER ¥

CONCLUSIONS

A exact mathemgtical representation of a water
resources development project, even if possible would
lead to a large mathematical complexity. It is fhere4
fore necessary to maeke sultable assumptions to attain a
reasonable balance between accurate representation and
mathematical manageability. Also some variables have
to be omitted to make the pr@blém a linear one. Some
variables have been omitted because their impact on thg
optimal design is small. Some variables that are sto-
chastic such as the river flow are treated as determini-
stic to make the problem simpler. Flood Control, Water
quality, Navigation and recreation aspects may also be

- covered by introducing sultable constraints in the model.

However, it is believed that the model deve-
loped here is a reasonably accurate representation of
a multipurpoae water resources system, for staging end
optimization purposes and contains the variagbles angd

that are the moat relevant for optimal planning.
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