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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. Thequestions that arise 

and need to be solved area What and how big projects should 

be constructed, where they should be located, when and in 

what sequence they should be constructed based on budget, 

need and other constraints. Several mathematical models 

have been developed to answer these questions. 

The object of this study is to indicate, the 

methodology of application of mathematical models - 

oo-ordination and staging models - to a typical river 

basin in India viz. Upper Cauvery Basin (Cauvery basin 

upto Mettur Reservoir) in answering these questions. AU 

attempt to solve these questions has been made by the use 

of IBM' Q Mathematical programing System for the 360/44 

and IPE package program. 
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UNIT MDw  CONVTRS O ACTORS 

1 inch a 2.54 centimetres 	10 millimetres a I oenti- 
metre 

I foot a 0.305 metre 	 1 metre • 3.281 feet 

I acre = 0.40 hectare 	I hectare a 100 metres X 
100 metes 
24.11 acres 

I square mile 2.59 square 	1 square kilometre a 100 
kilometres 	hectares 

a 259 hectares 	a 0.386 square mile 

I million cubic feet 	 I cubic metre 
a 11.574 ousec days 	 a 35.315 cubic feet 
a 22.957 acre foot 

28,316.8 cubic metres 

I thousand million cubic 
feet a 51.71 cusec for 
one year 

28.317 million cubic 
metres 

2.832 thousand hectare 
metres 

I million cubic metres 
a 100 hectare metres 

55.31 million cubit feet. 



n 

A BB 	 1 .0NS +r_~w~t+.~+r..rrrrri~~rM~gi y 

ms 	 Milimeters 

TMC 	 Thousand million cubic feet 

RS 	 I tzpee s 

Sq. Kme. • 	Square Kilometres 

V i i 	'CS 

 

Catchment Area 

t.h.m, 	Thousand Hectare metres 

R. F. 	= 	Rein Pall 

R. r . 	 Rain gauge 

0 and M *a 	Operation and Maintenance 

Meft. 	Million Cubic feet 

K. R. 3 	Kri shnara j a Sagar 

C. R. 3. 	t emaraj a Sagar 

p, V . 	p9i e~ 	V0—L 
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How is carry out an optimal expansion of an 

existing ,water resources system is of continuing impo-

rtanoe because of the rising demand for and limited sup-

ply of water. Goveuimental agencies have made large 

investments in the field of water resources in the past 

and will continue to do so in the future. Whenever in-

vestment in a water resource project is under considera-

tion, important questions such as 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 

constructed need to be aenwe red . 

It is here attempted to describe a methodology 

for optimal expansion of a realistic water resource eye-

tern 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 systemss 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. 

System analysis has been attempted to solve the 
problem- of optimal expansion. 	l system is an arbitra- 
rily Isolated combinations of elements of the real world.. 
'or a river basin these components are rivers, dams, sour-. 
oes of water and users of water. The mathematical re-
presentation of the system is termed as 'the model' of 
the system. Systems approach represents an attempt to 
find answers to questions that are posed regarding com-
plex assemblies of physical systems with interaction bet-
ween the sub-systems. Normally systems analysis is 
undertaken in order to make rational decisions 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 
understanding the objectives and performance requirements. 



The next phase is to formulate 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 the 
coefficients in the model are estimated and the desired 
input relations specified. 

Finally, the model is used to get the required 
answers. 

In our case, the staging model has been att em-
pted with, a view to optimally expand the existing water 
resources system. A typical river basin similar to 
Upper Cauvery Basin is taken for our study. The data 
and all the required particulars are taken from the 
'Master Plan for an Rquitable Use of the Waters of the 
Cauvery Basin in Karnataka' published by Water Resources 
Development Organization, Govt. of Karnataka. Suitable 
assumptions have been made wherever necessaxy. 

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

J 



CHAPTER  I 

The U„per Qpuve ry Bginc 

The river system considered for our problem 
is the river having eontguratlon typical to Cauvery from 
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 the 
Upper Cauvery basin. This upper Cauvery basin has 12. 
principal tributaries. They are Harangi, Hemavathy, 
lakahmanathirtha, lokapavani, Kabini, Suvarnavathi, Shi-
msha, ,rkavathi, thitborchaUa,. Qhinnar, Palar and Tho-- 
ppaiar. In terms of catchment area, the two largest 
are the Shimaha and the Kabini and the longest ace is 
the Hemavathy. An index map showing the Upper Cauvery 
basin is appended (Map I) . 

lab:Basin a: 

The upper Cauvery basin has been divided int• 
the following sub basins for study purposes. 

C1 	The catchment of Cauvery and its 
tributaries upto Krishnar~ a Sagar Dam. 

C2 	Kabini river sub basin 

Q3 	rwarnavathy sub . basin 
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04 	Sihimsha Sub baain 

05 	rkavathy sub basin 

06 	The balance oatchment of Cauver y upto 
Mettur Dam excluding 0. and 08  

C7 	Palar sub basin 

08 	Chinnar sub basin 

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

Raids 

ILke most other parts of India, the Upper 
Cauvery basin receives its maximum rainfall during the 
South-west monsoon. There are 78 raingauges in and 
around the Upper Cauvery basin. The normal annual 
rainfall at these stations are available. The annual 
normal rainfall of the stations, that are used for our 
study have been given (table A) . Also the basin map 
showing the locations of the raingauge stations is 
appended (Map I) .* 

River Plows 

There are 15 discharge sites on the Cauvery.  
river and 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. 



Irrijation and Power  Proiectes  

There are 9 existing major and medium irriga-
projects 

tion/and i hydel scheme. Eight major and medium 
irrigation projects are under construction. Forty 
five major and medium schemes are proposed in this 
basin. 

Of the above projects, we could consider only 
those schemes for which we could get the estimated b and 
other required particulare d4. Table C gives the 
required particulars of these schemes. These schemes 
have been shown in a schematic diagram on plate 1 

R,eri®fit d: 

The increased utilization of water resources 
for irrigation promotes a sharp rise in productivity 
of agriculture and the introduction of more valuable 
and profitable 	Crop yields are not only sig- 
nifioantly increased but are four 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 principle, benefits from 
all the proposed schemes have been worked out vide 



'9 

Table D. Ala* annual costs of all these schemes are 
also worked out and presented in table Z. 

Ori1.io4 PBi1.24stia 	3..eZ  

When a long-term historical hydrologic record 
is used to analyse the firm output levels of water and 
energy, the optiaua policy will be controlled by a se-
quence of sub normal flows over a consecutive portion 
of the record. This time period, always begins with 
the reservoir full and always ends with the reservoir 
at its lowest permissible value. This period is 
termed as 'Critical Period'. 

The critical period0for our study, is consi-
dered from Nov.64 to May 67 (i.e. 31 months) . It is 
assumed that all the pro3 cots are designed for this 
critical period. 

Discharge data is available at Kris tiara jMa-
sagar. It is not available at other project sites 

the inflow data at these sites i.s estimated from the 
discharge data available on the stream for sites up-
stream or downstream of the project site s.*r ±x& F 

I 



Regeneration; 

The entire water diverted for irrigation is not 
utilised by drops in meeting$ its evapotranspirational 

needs. Some portions of it* seeps into the ground and 

finds its way into the parent river or downstream after 

some period. This flow back into the river is known 

as 'return flow' or 'regeneration'. It has been obse-

rved that this Is about 57 percent of the withdrawals 
(vide supplement to Axinexture VI — Part 1Z, l aster Plan 

of the Cauvery basin).,.. However, it is assumed as 55 
percent for our problem.. 

10 
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NO ~ ..I L RAINP4LL IN NIl~S. O 

S.No. 	Raingauge 	Rainfall JS.No. Raingauge X Rainfall 
I 	Station 	I 	 1 . Station I 

1. Bhagamandala 6032.3 .24+ Mudigere 2339.2 

2. Pul.ingoth 5940.7 22. Belur 1001.0 

3. Meroara 3265.4 23. Sanivaraea-- 
nthi 1883.7 

4. Napoklu 3105.3 
24. Alur 1053.9 

5,  Vira3pet 2671,8 
6,  Suntiooppa 1763.8 20. Arkalgud 947.9 
7.  nmathi 2240.2 20. Hassan 878.7 
8.  Fraserpet 1120.0 2l~t . Holenarainpur 708.7 
9, 7)ubare 1287.2 2S. Ohannarayapatna - 713. 

10. Hudugur 1154.1 39. g. R.Pet 742.0 
11. S. 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, Tiptur 615.2 
17. Periyapatna 845.8 36, Thurvekere 708.9 
18, Hunaur 762.8 37.  c]ubbi 771.6 

2~ Chikmagalur 921.8 38.  Kuni.gal 764.5 
ak 20. Sakleshpur 2348.7 39.  Magadi 777.2 



sue w..~..,BaingpugeStst jn .,._, RRaai.njail 

40. Nagamangala 675.9 

41. Mandela 688.5 
42.  Maddur 680.9 

43.  Doballapur 741.2 
44.  Nelamangala 760.1 
45.  Bangalore 888.5 
46.  Ramanagaram 844.8 

47.  nnkal 844.6 
48.  Nanakapur-a 8©5.2 
49.  Channapatna 839.5 
50.  Thally 853.5 

Sources PP. 21,, 23„ 25 of APPENDIX I 
of the Master Plan of the Cauvery Basin. 

14 
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IIGE DIsCH4IO.ESIESON THE UPPER C UVER BIVBR SYSTF.~'~i 

3.No. Name of the X Name of 	Data avai- Method 
gauging eta- ( tr e_rive - 

cable from of gau- 
au 	 BARKS ging 

1. Kuehalnagar Cauvexr 

2. Chunahanakatte -do-- 
3. 8ri shnaraj asa- 

gar 	 -do-  - 
4. Uianagere Ane 	-do- 

5. Rudgur 	Rasangi 

6. Sree Rama Beva- 
ru .Ane 	Hemavathi 

7. Akkihebbal 	-do- 

8. Unduwadi 
	

Iakshmana- 
thirtha 

9. Rugu dam 	
ni gu/Kabi- 

10.  Rullahalli Eabini 
11.  Marconahalli Shimsha 
12.  Kanua reser- Kanva/ 

voir Shjmsha 
13.  Torekadanahalli 

1967 Cu rrent- 
meter 

1916 -do- Data used 

1934 Reservoir Data used 
1948 Weir 

1964 -do- 

1950 -do- 

1916 Current Data used 
meter 

1916 -do- Data used 

1961 Reservoir - 

1916 Weir Data used 

1940 Reservoir Data used 
1949 -do. - 

bridge Shimeha 1970 Current- 	- 
meter 

14. Chamarajasagar Arkavathi 1937 Reservoir Data used 
15. Kanakapura -do- 1970 Current- 	- 

bridge meter 

Sources P.25 of Part III of the Master Plan of the 
Cauvery Basin. 
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Nflr 	 ii CRQPPED 	mVRSIQN 
No. 	r LIJi ' AIA 	IN TNC 

Vot - 2.2 

2 Zag oi¼o 142.0 
1?6.O 13.O 

37* Cai 0.9  1I - ae.o Ir.1 La 496.O 1089.0 22.2. 6. 
Sag 8.o 22.O OoIf 

8c 1I - 2Dà0 0•3 

16.0 0*3 
1000 12L0 O 

10 Rob 
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A B„L E -D 

BOMITS FRgi PI 3 iT8 

1. 022 Y'I EX D ,STD CR0P RATES 

S.No. Yield in 	j Rate in Gross Cost of Net 
Quintals/ 	Rs./ 	iValue oultiva- benefit C 	
hectare 	J  Quintal 	J tion per Re./heotx 

I 	IL  hectare 
*rain Xst rawIGrain I3traw 

(1) WITH XRRIG,TION 
1.  Sugar- 	900 	- 	14 12600 2600 10000 

Cone 
2.  Malbtrry 	 - 	- 	- - - 4500 

3.  Th.PaadY 	50 	50 	80 	15 4750 1000 3750 
4.  Kh.eemi 

dry 	15 	12 	70 	15 1230 600 630 

5.  Rabb, semi 
dry 8 10 70 	15 710 	410 300 

(2) WITHOUT I:' 	.IG.A IO 

• Kh.paddy 20 25 80 	15 1975 	725 1200 

2. Kh. semi 
dry 10 8 70 	15 820 	390 430 

3. Mulberry - - .. 	,» 1500 

Notes Yield of crops and rates are suitably assumed 
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n (T,ABLT -D o od t . ) 

3. 	BIIRE1'I FROM PO 	SXH (D 

Total coat of the power projects Es. 45000 lakhs 

Interest at 10 '/., 	 s, Re. 45000 lakhs 

Depreciation at 1.8/ Rao 810 lakhe 

Operation and Maintenance at I `,{ Ba. 450 lakhs 

TOTAL Re. 5760 lakhe 

Total Unite generated 2700 million 
Cost per unit generated 	5760 	105  

2700 x alp' 

• ise. 21.4 payee/unit 
Benefit in its. lakhs 

Muttati 	2098 units 	 5245.00 
Mekkedatu 	602 million unite 	 1505.00 

Note: 	Depreciation rate of 1.8 ̀ f is assumed based 

on other hydel projects of Karnataka State 
Sources 	aAppendix.4I of the Master Plan of the Cauvery 

Basin 
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ilJAL C0Si S OF PR0JEO8 

S.No. j Name of the 	Estimated Inter- 0 and Dep- 	Total 
Project 	capital eat on 14 chat- 

lt,%t
reoa-' 	annual 

I 	cost in capital rges one 	cost 
RR_1Aith s t 	i© "A it l/t  fib• 

1. 	Cauvery Reser- 
voir 2850 285.0 28.5. 28.5 342.0 

2.  Chiokk3lhole 230 23.0 2.3 2.3 27.6 

3.  tL rams 
230 23.0 2.3 2.3 27.6 a- 

4.  Totehoie 480 48.0 4.8 4.8 57.6 
5.  Yagaohi 1060 106.0 10.6 10.6 127.2 
6.  Igga~►ur 290 29.0 2.9 2.9 34.8 
7.  Arkavathy 855 85.5 8.55 8.55 102.60 
8.  Extension under 

KRS 5800 580.0 58.0 58.0 696.0 

9.  Sagaredodda- 
kere 	- 132 13.2 1.32 1.32 15.84 

10.  Suduregondi- 
halla 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 

13.  Ohangawadi. 170 17.0 1.7 1.7 20.4 
14.  Doddihalla 101 10.1 1.01 1.01 12.12 
15.  Uduthorchalla 850 85.0 8.5 8.5 102.0. 

16.  Naliuramani'- 
ke re 125 12.5 1.25 1.25 15.0 

17.  Upper Shimaha 262 26.2 2.62 2.62 31.44 
18.  Muttati 30000 3000 300 300 3600.00 

19.  Nakedatu 15000 1500 150 150 1800.0 

Noteas Project costs are based on information obtained from 
Karnataka St at e 
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(TABLE —F oontd.) 

Period LMkavathv 1esexvoir P of ooh 
At Q.R.S. 	At prof eat Site 

Dec.64 to 
Play 64 	9312 

June 65 to 
Nov. 65 	813 	 24236 x 2.64 

Dee. 65 to 
Play 66 	 260 	 64028 

June 66 to I 
Nov. 66 	6858 	 dual 

Dee. 66 to 
Pay 67 	538 	 4Q2$ 12 	24,800 

	

24236 	 31 ,  

or 70.2 t.h.m. 

Sou oe z pp 67, 1617, 2021,-- 	2 e  3435 

of 1ppendix. XZ and pp 1420 	App endi 1V 
	

n 

of the Meter Plan of the Cauvery Baal.. 
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(TABLE F - contd.) 

3. INFLOW FI)M INDEP DENTClaCAMENT AREA OF MUTE 

(for the critical period) 

1. River gains and losses from 
KRS to Mettur  
(pp-48--49 of Appendix-Il of the 
Master Plan) 52.54 + 31.45 + 35.83 + 	258.07 TMC 

8.15 + 118.02 + 12.08 

2, Add Kabini at Hullahalli 
(pp 24-25 of 4ppendix-II of the 
Master Plan) 9.30 + 10.51 + 66.72 + 	165.86 TMC 

8.08+61.15+1©.1© 

3. Subtract uses in Kabini sub-basin 	144.00 T10 _ 
(vide pp 6-7 of Appendix -V of the 	279.93 TMC 
Master Plan) 

4. Add regeneration 0.55 x (144-17.5) 

	

	 7„©.0 0 TMC 
349.93 TMC 

5. Subtract flows in C7 and 08 sub-  	- 69.43 TMC 
basin (vide table F.3~1) 	 289.50 TMC 

6. Subtract flows between Mekedatu and 	78.61 TMC 
Muttati (vide table F 3.2) 	 210.89 P140 

7. Deduct Inflow upto Iggalur Project 	 134.28 P140 
(table F.2) 	 76.61 TMC 

Balance inflow from the independent 
C.A. of Muttati 

Annual Inflow 	76.61_ 29.7 TMC 
31 

or 84 t h m. 
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(TABLE 2 - oontd.) 

3.1 NET YIELD OF .07 and 08 SUB BiSIN3 FOR THE CRITICAL 

wrrrr■rrrr~■u~r r 

X River gains Net yield l River 
~r~~r 

X Net yield of 
and losses of sub- gains C7 and 08 basin 

IC? 
and 

(Mean) 08 	j losses Col. 	x Cal 
(Mean) 1 

for the Col.  2 
I critical 

Nov. 64 14.8 2.1 52.54 7«45 

Dec.64 to 22.7 2.3 31.45 3.15 
May 65 

June 65 to 69.7 21.' 35.83 11.10 
Nov. 65 

Dee, 65 to 22.7 2.3 8.15 0.82 
May 66. 

June 66 to 69.7 21,7 118.02 36.7 Nov.66 

Dec. 66 to 22.7 2.3 12.08 1.21 Maur 67 
+r■4r•i.ri~uir.■.r~~rrrin.~r.r.rr■rrrA.M u.w..r.r. ■r.r■i.~r~■tYr.■wrrrwrt.~mo...riw.lr 

TO 	, 60.43 'TMC 

SOURCE: P.77 of the Report P.48.49 of APPENDIX II of the 
Master Plan of the Cauvery 
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(TABLES F- contd.) 

3.2 PLOWS BETWE~i MUTT I AND MEN DATU DURING THE 
CRITIC& P  ERIOD 

Plow between Muttati and Mekedatu is mainly con- 

tributed from the ,Arkavathy sub-basin and hence it is as-
some d as 

Q.. ,betwlen Mekedatuand Mutta,tj I Inflow at 
C.A. of Arkavathy at its project 	Arkavathy

site 
project site 

4357 ... 1 2 Inflow at Arkavathyproject site 
3560 

1.225 x Inflow at Arkavathy project 

Nov,64X Dec.64 June651 Dec.65 June 66 Dec. 66 
to MV to to to to 
64 Nov.65 May 66 Nov. 66 May  67 

1. Inflow at 17.08 24.6 2.14 0.68 18.1 "x.42 
Arkavathy 
Project 
site 

2. Inflow be-  21.0 30.2 2.62  0.85  22.2  1.74 twe en 
Muttati and 
Mekedatu . 

TOTAL - 78.61 TMC. 



(TABLE P - oontd. ) 

4. INFLOW FROM IN IEFENDENT G . A. OF MEKEDATIJ 
.rr•rfr~r~~~r nri ~r~ru ~rrr.rrru rirr ~ i r.r+il.~ ~ 1~ wr.+r.wr~.rr 	rlr#rr rr~rA•I+~rrMr• 

26 

78.61 TMC 1. Inflow between Muttati and Mekedetu 
(Vide table F 3.2) 

2. Deduct Inflow at kavathy Projeot 
site (Table P.2) 
Total Inflow from independent 
C.A. of Mekedatu 

4un*al 	'4.58x12 
31 

64.03 TWO 

14.58 TWO 

5.65 TWO 

or 16.00 t h m. 



27 

nitial 3oreeninas 

£ hat of projects which have been >ra p4are 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 corn 
puted in table G, indicated that the projects vie. (i) 
Sagare doddakere (ii) Rudu~egond calla (iii) Doddiahalia 
(iv) Nallurananikere (v) Upper Shimsha have Very low 
B-.O ratios. They have therefore,, been deleted for fur-
ther consideration. 

(2) Projects (i) Hebbahalla (ii) Minnatt4alla 
(iii) Changawadi and (iv) blduthorohalla are small pro - 
j eot a for which discharge data and detailed projects 
are not available.  

Leaving the above nine schemes, from the list 

of projects in table a, We have considered the rest of 
the projects for our study. These projects finally 
selected have been shown in a schematic diagram Plate-2. 
These locations are also Indicated on leap-I. Required 
particulars of these projects are given in table H. 



e ewer ti„~ on t 

The following assumptions have been made while 
formulating the problem. 

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

the start of the next five year period. 

(2) The total planning periods are three - each 

of five years duration 

(3) Reservoirs are full at the beginning of the 
study period 

(4) Return flow is 55 percent of the withdrawals. 

(5) All the projects are designed for the critical 
period. 

(6) Average head have been assumed for hydel 
projects. 

a. 
(7) 75 percent of the 

	

	under Hemavathy pro -

jest (Node 9) is between Nodes 8 and 10. 
Regeneration from this will appear at Node 10, 
as in the schematic diagram. 

(8) rnsoount factor is 0.1 %4, based on rate of 

discount as 10 percent. 
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PozLatio21 of the Oa t. ve Functions 

The general mathematical expression that details 
the benefits and costs contributed to the selected criterion 
is known as the objective function. Our cttterion is the 
maximization, 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 
projects, 2 proposed power projects, I extension of an 
existing irrigation system and I existing project (shown 
in Plate II). Our objective function, expressed In mathe-
matical terms, beoomesi- 

3 	7 	11 

	

Max Z a 	at 	Z dj D 	+ Z e B + p P 
tai 	i*1 	3t 	g 	jt J=1t 3 Jt -  

3 	. 7 	 11 
Z 

	

It 	t CQ II+;3 + E CC EXti + Z 00 POW 
tM81 	~1 	~t 	,tee 3 	~t j •10 	jt 

where 
Ct a Discount factor for annual benefits 
It a Disoount factor for annual costs 
T?~ 	Diversion for irrigation from irrigation 

Prof eat 3 cwAL .tu p-od £ 
d3 • Benefit factor for irrigation Project 3 

Tit - Diversion for irrigation from Extension 
Project 3 during the period t 

e J a Benefit factor for extension Project 3 
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P jt a Diversion for power production from hydol 
Project 3 during the period t 

p3 • Benefit factor for hydel project 

003 • Capital cost of the Project '3' 

RESjt• I or 0 indicates whether the irrigation 
Project is constructed or no.t during the 
period t 

EXt j t 0 1 or 0 indicates whether the extension 
Project 3 is constructed or not during 
the period t 

POW jt W I or 0 indicates whether the hydel project 
3 is constructed or not during the period t 

Table J lists out the constants and variables used 
in the model. The values for 0, 02, 03, K, X20 K3 are 

computed in table X. The values for benefit factors 
and p3 are given in table H. Capital costs of the proms► 

jests  are also given in table H. 

Substituting the values of these constants and 
coefficients, the above equationp takes the form as under, 
on Simplifications. 

Max Z = (1 I7.8D1.1 + 228 ]2.1 + 256 D3..~ + 125.5 D4.1 + 

117.5 D5 1 + 192.5 116.1 + 190- 3 ,~ + 168381 + 
A 

79P10.1 + 159 P11.1) + (59.0D1.2 + 114.5112 .2 
0 
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r 

128.5D3.2 + 63D4.2 + 59D5.2 + 96.5D6 2 + 95.5)7.2 

+ 	"1O.2 + 80P 11.2) + (22.6D1. 2 + 

43.8D23 + 49.2 03.3 + 24.1 X4.3 + .22.6 D5.3 	+ 

3716.3 + 36.5D7.3 + 32.3 .3 + 15.2P10 3 + 30.6P113) 

"n (3178 . V R31 1 + 248.4 1W32. , + 2484 RES3. 1 

518.4 RBS4.1 + 1144.8 EB85'* ,1 + 313.2 RES6.1 • 

923.4 REST I + 6264 T8.1 + 32400P0W10.1 + 
162©0Pj~W11.1) - (15391 s1 2 + 124.2REs2.2 + 124.2EES3.2 

• 259.2RT84.2 + 572.4885.2 + 156.6 	6.2 + 
461.7BE37 2 + 31321XT8.2 + 16200POW 0.2 + 

8100POW11.2 	(592.88 $13 + *7.841 2.3 ' 

47.84RB83.3 + 99.84 RES4.3 + 220.48BES5.3 + 
60.32RES6.3 + 177.84RES7.3 + 1206.4 X 8.3 + 
6240P0W10.3 + 3120POW11. ) 

Con t ratnt p$ 

Constraint a limit the range of variation of eaoh 

of the variables, prescribe their relationships to each 

other and delineate the external influences on the planning. 

These are hydrology continuity, budget1 oo r ction and flow 
limiting constrrate. These are equal and inequal 

constraints. Another type of constraint, which we are 

using is the restriction of a variable to being 0 or I 
depending upon whether a project is constructed or not in 
a particular period. 
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col ga Continuity Conn t Taint e s 

These are equality constraints. They indicate the 
actual reservoir operation. The input at any node is 

made equal to the output from that node. The input is 

taken as the sum of the inflow into the reservoir from 

its independent catohment area, the outflow from the up-

stream reservoirs, the regeneration from the upstream 

irrigation use and the initial storage in the reservoir 

( aw storage, in our case, given vide table H) . The out-

put is the sum of the diversion towards irrigation, power 
eta. and the outflow from the reservoir back into the 

river. Expressing mathematically,, 

t 	 N 	N 
Jt 

 
+ 	£ ,~ S~ RESin + Z ju. t  

where 

Hit .. Diversion from the project 3 for the 

period t 
X3t = Outflow from the Project 3 for the period t 

9i a Xiive storage of the Project 3 

RB33n a Zero-one integer 'zero' designates that 

the project is not constructed one designs. 

tee the project is constructed 4p;.. 



Outflow from upstream Project Ju for 
the period t 

R
J 	

= Regeneration factor for the upstream 
u 

Project 3u, 

Diversion from the upstream Pro f edt ju 
for the period t. 

N = Number of upstream Projects 

Qj at Inflow from Independent catchment area 
of the Project j during the critical 
period. 

Node wise, they are as under: (The values for ~3 J and QJ 
vide table H are substituted) 

Node: 	D . + 171 a 5.6 REST , ,~ + 59.5 

D1.2 +I1.2 = 5.6 REST. , + 5.6 RES1.2+59.5 

D.3 + x1.3  5.6 RES1.1+5.6 RS ,~. 2 + 

5.6 RES1.3 + 59.5 

H odi s 2 	D2.1 + y2. '~ = 0.22 RES2.1 + 1.36 

D2.2 t 12.2 = 0.22 RE82.2 + 0.22 RE32.2+1.36 

D2.3 + 12.3 ° 0.22 RES2.1 + 0.22 RTS2.2 

0.22 RE82.3 + 1.36 

33 
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N odes 	D3 I  + 13.1  • 0.77 RES3.1  + 2.10 

D3.2 + 1.2 - 0.77 BBS3.1 + 0.77 RES3.2+2.10 

D3.3 + 13.3 " 0.77 REE3.1 + 0.77 BBS3.2 + 
0.77 	+ 2.10 

Node: 	D4. ' 

 

+ X4.1 = 0.98 RES4.1  + 3.85 

D4.2 + X4.2 " 0.98 RES4.1 + 0.98 RES4.2. 3.85  

D4.3 + 14.3 - 0.98 RDS4.1 + 0.98 RES4.2 + 

0.98 RES4.3  + 3.85 

Nodes 5 	D51  + 151  a 1.1 RES►5.1  + 16.4 

D5.2 +X5.2 	109 "55 .1  + 1.1 RES5.2+ 1.6.4 

"5*  3 

 

+ S5.3 0 1.1 BBS5,1  + 1.1 RES5.2  

1.1 BBS5.3  + 16.4 

Noe: 6 	D6.1  + X6, jw 147.0 

D6.2 +16.2"*147.0 

D6.3+X6.3  " 147.0 

Nod® 	B71 + X7.1 - 1.6,5 BBES.1.1  + 70.2 

D̀ 7.2 + 17.2 a 1.65 RES7.1 + 1.65 RES7.2 + 70.2 

D73 + 17.3 = 1.65 RES 1 4  + 1.65 RBS7 2  

1.65BES73+70.2 
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1oddes, 8 	$8 ,~ + 128.5 (existing diversion from) + 

X3.4" X,.I +X2.I * .1+X9.1+©.55 

(D1.1 + 	•P D.1) + 0.25 x 4.55 x 110 (Rern. 

generation. from 25 percent of the existing 

withdrawals for irrigation from Prof eat 9) 

+ 174.5 i.e. Live capacity 49.0 + Inflow 

125.5 

on simplification 

B81 + X'S.I = X1.I •X2.1 +I34 , 4I4♦ +0.55 

(D1.1 + p2,1 + 	+ 61.125  

X1.2 +1 	+ 1 	+ 2.2  	 3.2  19.2 + 0.55 

(D1.2 + D2.2 + D3.2) + 61.125 

B.3 + 1.3 0 X1.3 + 12.3 + 13.3 + 193 +0.55' 

(D 1.3 + D2.3 + 1)3.3) + 61.125 

	

c ___„_ 	110 ( existing diversion from Prof eat 9) + 

19..1 . X5.1 + 0.55 (D4.' + p5.1 	+ 109.4 

i.e. capacity 37.4 + Inflow 72.0 

on simpUfLoation 

19.1 a 14.1 + 15.1 + 0.55 (D4.1 + ID5.1) -0.6 
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19 .2 ' X4.2 * -15.2 • 0.55 (D4.2 + D5 .2) - 0.6 

19.3 ' 14.3 +15.3 ' 0.55 (D4.3 + D5.3) ~0.6 

.~, 	' 

	

2101 * X10. 	$6.1+118.1 + 0.55  

+ 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 

Project 9) + 119P0W10.1 * 84 

on simplification 

	

210..1 + 110.1 	X6.1 + 	.1 + 0.55 (D6.1 + D$1) 

+ 11920W10.1 + 200.05 

210.2 " 110.22 4$ X6.2 + 18.2 + 0.55 (D6.2 * %.2) 
+ 11920W10.1 t119201,~0 * 2 200.05 

?loop+X10.3"16.3+ Z3+0.55 (D6.3+%.3) 

+ 11920W10.;+ 11920W10.2 + 11920W10.3 + 200.05 

t 
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2de t .11 

1i:1 811.1 " X'10.1 *g10.1 +17.1 

	

0.55 	, + 16.0 

11.2 + ~ X11. 2 ~` X'10.2 "+ F 10.2 + X7.2 . 

	

0.55 	2 +.16.0 

+ X1i.3 # It10.3 + p10.3 + 17.3 

0.55 D7.3 + 16.0 

The logic in the above set o t equations is that if the 

reservoir comes into operation during the period It then 

0, R 3~ 3 a 0, thereby the storage 

comes into play in all the three equations. If the 

reservoir comes into operation during the period II, 

then the storage comes into play only during periods, 

II and III and not during period I. In such a case 

RI'SJ.1 N4, R S3.2'' and RES 	*0 and so *n. 

ud, e't Constraint si 
~rlil II Ilr♦IrI11rr~M11111 ■ 

The budgetary constraint consists of a limit 

cn the availability of capital for new construotion 

from public 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 lakhe. During any period, 

the total capital cost of the projects taken up during 
the period shall not exceed this limit. This can be 
expressed mathematically as under: 

7 
E Ca REST, + 008 EXT$., ~► CC 10 POW10. C 

+00 POW1, `t < BUD 
'~9 

Substituting  tke values for the coefficients, 
they will be as under 

1. 2850 RE51.1 + 230 X52. , + 230 RES3 . ,~ + 480 RE84. ,i 

+ 1060 RES5 t 290 P33(. ,1 + 855 + RES7 1 

+ 5800 	'8 . ,~ + 30000 P bW 10.1 + 15000 POW11.1 

< 30,000 

2. 2850 R3$1.2 + 230 RE82.2 + 230 RE~.2 +.480 RES4.2 

+ 1060 RE85 2 + 290 RES6.2 + 855 RS's' 2 + 

5800 EXi'8.2 + 30000 POW10 2 ► 15000 POW. 1.2 

< 30,000 



3. 2850 RBS1.3  + 230 RES2.3  + 230 RES3.3  + 

480 BBS4.3  + 1060 BES 3  + 290 REs6:3  + 

855 REST 3  + 5800 B%T8.3  + 30000 POW10.3 

15000 POW,1.3  j 30,000 

These constraints limit the construction of 
any dam only once. We will, assume that each reser- 
voir may be built in only one of the periods i.e. 

!RES3t  ,for all 3 1 to 7 ... 

3 z 
t-1 

3 Pow. £.1 
	

for j = 10,11 
t•1 

Expanding them we get 

RES1.1 +X1.2' RES< 1 
1.3 

X2.1 + RES2.1  + RES < 1 
31.3 

3.1   + RES3 2  + RES < 1 
3.33 

RE34.1 RBS4.2 + BES4.3 1 

39 



RSS. +X55.2♦X5.3£ 1 

R"16.1 tRES6.2 +RES6.3 4 I 

R 1. i + 	 7.2 +   RES7.3 1 1 

X8.1 + BX .2 + EXT8.3 £ I 

Pow14.1 + POW10.2 + POWlo.3 1 1 

P©W11 . + POW11.2 +PO 1111.3 	' 

Flow Ia m ting Conl traIntat rw ~iwirrrir~ i ~ r 1+~~ .ir+r~r~rw i~ r~~rrr~rr 

These constraints limit the diversion for 

irrigation or forA power from any reservoir. This 
fixes the upper limit for the variables. This oon--

straint can be expressed mathematically# in general 

as under 

t 
D C Z P RES 

nzj 
here 

F j is the limiting flow from Project j 

The values for Fi are given in table H. 

Expanding and substituting, 
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D1.1 	36.8 3~E31.1 

D1.2 1 36.8 RES1.1 • 36.8 RES1.g' 

D 	1 36.8 1ES1.1 * 36.8 RES,.2 + 36.8 BBSI 3 

D2.1 	2.54 R2S2. "1 

D2.2 1 2.54 RES2. 2 ± )' f R [ S2 • i 

D2.3 < 2.54 Rra 2~ i- ) & 	z.~  

1 1 3.12 RES3. # 

93.2$ 3.12 RBS3.1 +3.12 BBS3 2 + 

D3.3 j 3.12 RE$3 1 + 3.12 RES3.2 + 312 RES3 3 

D41 6.23 BBS4.1 

D4.2 6.23 BB84.1 + 6.23 BBS42 

D4.3 { 6.23 RBS4. + 6.23 REs4. + 6.23 BBS4. 3 

1 111.90 BBS51 

D5.2 1 11.903 RE35 1 + 11.90 RES5 2 

])5•3 < 11.90 RE$5.1 + 11.905.2 + 11.90 RES5.3 
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D6.I < 3.68 RES 6.1 

D6.2 1 3.68 R,ES61 + 3.68 RES6:2 

06.3 1 3.68 RE86.1 + 3.68 RE56.2 + 3.68 RES6.3 

6.0 BBS71 

1.
2 6.0 BBS7 +6.0 S 2 

fly 3 6.0 RE 7.1 + 6.0 BES7.2 + 6.0 BB87.3 

S 1 63.0 EXTB.1 

%0-2 £ 63.0 B8. + 63.0 

%03 < 63.0 x'8.1 + 63.0 "X"!80'2 + 63.0 EX'8.3 

P10• 1 650 POW10.1 

P10.2 650 POW10.1 + 650 POW10,2 

P10.3 650 P0WI©. ,~ + 650 POW10.2 + 650 POW10.3 

P11. 4 650 POW1I.1 

P 1 .2 1650 POW,1.1 + 650 POW11. 2 

p 11.3 1 650 POW11.1 + 650 POW11. 2 650 POW11.3 

G 



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 subject to Budgetary and other constraints, for 
maximising the net benefits from all the new projects 
thus taken up during the planning period. 
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5.  Yagachi 

6.  Igg 	,r 

7.  &rkavathy 

8.  Extension 
under X.R$ 

9.  Sagare Dodda- 
Xere 

10.  Kuduregondi- 
halla 

11.  Hebbahalla 
12.  Minnathuhalla 

184.05 

93.0 

150.0 

1386.4 

5.20 

4.0 

28.4 

58.95 

127.2 	1.45 

34.8 
	2.68 

102.6 
	

1.46 

696.0 
	

1*99 

15.84 0.33 	LOW 

15.6 0.26 	LOW 

15.6 1.80 

27.84 2.12 
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.w 
IIW~~11B

.L•  E 	
TG* 

BF1BFIT CAST R4T!OS 0P PR00OS } 
'-W~~ I h ~r/rlr nMW~rrAi~~4 r 

ITRI M t0N PLO BTS 

S.No. 	Name of the 	Annual Annual poet 	Benefit R 
Project 	benefit in Ra.lakhsfl cost a 

in Es. atio M 
laihe Ll.(3) 

X g + 
Co1.(4; J 

1. Cauvery Reser-
voir Prof eat 

2. Chickl hole 

3. Lakehmanathi-
rtha 

4. Votehole 

570.0 

76.13 

105.0 

102.9 

340.0 
27.6 

. 	'6. 

27.6 

57.6 

1.67 

2.76 

3.80 

1.79 
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.._...,(5) - 	~.,. (6)~........_ 

13. Chengawadi 	54.95 	2O.4 	2.70 

14. DoddihaUa 	8.0 	12.12 0.67 	IAW 

15.  Nalluramanikere 3.20 15.0 0.21 	low 

16.  Uduth orehalls 126.40 102.0 1.24 

17. Upper Shimaha 	20.00 	31.44 	0.64 	LOW 
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TA 3LE_ 0 

ST 0b' CONSTANTS VARIABLES D COEFFICIENT 

Symbol 	Description 	Value 	Reference 

coil 
 IIr•1 T - IDI 00l  ICIENTS 

	

01 	Discount factor for benefit 7.6051 Table K 

	

02 	Discount factor for benefit 3.8146 Table K 

	

3 
	Discount factor for benefit 1.4618 Table K 

	

Ri 
	Discount factor for costs 	1.08 	Table K 

	

2 
	Discount factor for costs 	0.54 	Table K 

	

3 	Daoount factor for costs 	0.208 	Table It 

003 	Capital to build reservoir .j .• 
	 Table R 

p j 	Design capacity of canal 	A. 

BUDt Capital budget limit for any 
period 	 30,000 

Table H 

t No. of periods 	 3 

R No. of upstream projects 	•• 	aw 

S3 	Initial reservoir volume 	 Table H 

Q J 	Independent oat©hment area 	 Table H 
inflow during the critical 
period 



YARI,L,BI.E 

DJ, 	iiversion from irrigation Continuous Maximum 
project 3 during period t Bound value P3  

Bit 	Diversion from Extension dam , do-
8  soheme i 8 during period t 

p3. 	Diversion from Power Continuous Maximum 
project during period t .Bound value 650 

Zero or 
one 

RWB Jt  Integer Variable-desig. 
natea wehther the reser-
voir is taken up or not 
during the period t 

EXt,,, Integer variable-desig_ 
nates whether the exten-
sion scheme 3 is taken up 
or not during the period t 

P©W3. Integer variable-desig-
nates whether the power 
project 3 is taken up 
or not during the period t 

Zero or 
one 

Zero or 
one 

Zit  Outflow from the reservoir Unbounded 
3 during the period t variable 
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I 	We consider 3 periods of Pive years each vie. 
(I) Zero period (U) :First period (iii,) Second period 

The projects taken up during zero 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 period also. 

This factor converts the annual benefits from 
the prof ects taken up during the zero 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 period. 
-  _ (i +r) 15„ 1  a 7,6051  taking 9t as 0.1. 

r(1+ Tc ) i5 

02 •s 	This factor converts the annual benefits from the 
projects taken up during the First period to the 
present value as at the beginning of the First 
period 

10 
- 	1 +'t 	a 3.8146 	0.1 

C3 	- This factor converts the annual benefits 
from the projects taken up during the second 

/O 994 
C lITRAL L1 	T UNFVTRS,IT CF RoORREF 
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period to the present value as dt the begin-
ning of the first period. 

1 	5: • 	a 1.4618 	9i 	.9 
(1+n:) 5  

U 	It is assumed that the capital cost of any 
project taken up during any period is spent as the 
project uniformly over Five years. During the con-
struction time, 'the interest on capital cost will 
be the annual cost whereas after the project is com 
pleted, the annual costs will be the sum of operation 
(maintenance, depreciation and the interest on capital. 

K11  = For the projects taken up during the 
zero period the capitalised cost as the beginning 
of the I period is 

CIS [(1 +91}4  + (j)3  + (1 +fit) 2  + (I + 

- • 1.22o 

0 and M'charges 
Depreo .ation 
Interest on capi-
talised cost 

0.04. e 

0.01a 

0.10 x 1.22a 

0.122 a 

0.142 0 



I1 converts this annual cost to the P.V. 
as at the beginning of the I period 

..A 

0.142 11..+~) 5' _ 1_ 	,. 1.08 

( I + 9t) 15 	 ~t ~• 4.1 

Similarly K2 converts the annual costs of the projects 
taken up during the .3 period to the P.Y. as at the 

beginning of the I period 

0.42  CO + ~t 0"1.~ 	• 0.54 
(1 	)15 

K3 converts the annual costs of the projects taken 

up during the Ii period to the P.V. as at the begi--

nning of the I period 

= 	0.142 [ 1 +X)5.1 3 	0.208 
# 4 , )15 

C, = 7.6051 	02 = 3.8146 	03 = 1.4618 

K,~ = 1.08 	K2 - 0.54 	13 = 0.208 
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a s p T B R IV 

ROCS PQR SQLV1 THE PROBLFM 

A199Xithmss  

Our problem comprises the objective function and 
Various types of constraints,, and is a 0-1 mixed Integer 
Programing 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 objective function ie maximized. 

Possible techniques include the generalized lag-
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 
thtough the alternative projectsare independent with res-

pect to cost factors and required investment, they are in-
terwrelated with respect to benefits. 

Dynamic programming requires probivitively large 
computer (pare. storage as the problem has a large number of 
state ?ar , abls e, 

There are may package programmes to solve a mixed 
Integer Programming Problem. 	Of them the Important ones 
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are (i) ©PRBtE MIXED (Roy, Benayoun and Tergny) 1970 

(ii) MP SX-MIP (Beniohon M. 9 Gauthier J.M. , Girodet P., 
Nenteges G., Ribiere G. and VinoentO) 

1970 

(iii) UMPIRE (Tomlin) Aug. 1971 

(iv) RIP30C (Geoffrion)- • June 69 

(v) MARI BR'H (iel , Berre - P. Herve ) 1970 

(vi) P IDAS 2 ( ..drieh ) - 1969 

(vii) FP Ps 	P (Ohildree, J.P.) - 1969 

(viii) IPZ (INMAtI R. , and A. S. Manne) 1971 

The general algorithmic frame work for these 

programs is built upon th ~ ` key notations: Separation,. Rela-

xation and Fathoming„ Separation means, that the pro-

blem is separated into sub problems with an obvious stra-

tegy of divide and conquer. Relaxation means, loosening 

of certain constraints vis. omission of certain oonstr--
aints, dropping the integrality conditions, dropping non« 

negativity constraints, to make the problem easier to 

solve than the original one. 

Patbagl.ng means: Whever a separated problem, called 

candidate problem (CP) cannot be solved easily then 

(CP) is relaxed to (CPr) 



Fathoming Oriterion- 1(1O-1) % If this ('P) has 
no feasible solutions  then the same is true of (a') . 
Then (OP) is fathomed 

Fathoming Criterion-2 (Pc-2) s If (CPS,) has no 
better solution than the inoumbent, then also (Cl') is 

Said to be fathomed. 

Fathoming Crieterion--3 (P0.3): If (CPr) has an 
optimal solution,, feasible in (C?) , then also (OP) is 
fathomed. 

Plate 3 indicates a general procedure 

Among the various algorithms that have been 
proposed,, there is considerable variation in the kinds 
of analysis employed to bntpiement the Fathoming O e-
teria. 

Our problem was solved by IPF-NP S 360 package on 
IBM-360/44 system. 

The results are tabulated in table L. As the 
construction constraints were released initially,, our 
problem had 67 rows and 93 variables. It was solved in 
4.75 minutes. 



The results revealed that all the irri, ation 
projects (projects Nos. I to 8) could be taken up 
in to sexo period. The total coat of all these pro. 

Seats ire►* Rs*  21,795 lakha. 	Iydel project (i.e, pares 

j sot No. i0) could be taken up during the first period. 

Xts cost is Ba. 30,000 lathe*  Nydel project (i.e. pro  
j eat No..11) could be taken up, during the second period,* 
Its cost is Re, 15,000 lathe. The total uaximized 
not benefit from these projects would be Re, 52,280.'78 

.lame, over the planning poriod of 15 years. 
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TI ?I E (IMF PROBLEM' ) 

IUR 
MA $UTRR DO13) 

OL DO( 
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quantities are In thousand hectare meters 
leDt for col.3) 
zoD 2 

Project Nam 
Nwnber Vital DJ2 

PERIOD 3 

,2 	•55 	u Total D
~ 
3 X 3 0 5 

2 055 	 ~ 	~3 

	

2. 	t3. 1)+. 	15 . 	16. 17. 	18.. 19. 

 

.1  36.8 {8 
3 (0)2i  

--65,1  36.8 (8)3. 

Chic 1.58  x.58 - 0.8690 - 1.58 1..58 - 0.869 

2.87 2.87 - 1.5785 - 2.87 2.87 1
(85

1 5785 
laksm {8) 

vote x.83 4.8,E - 2,665 - x.83 I+:83 .22.665 
(g (9 

Yalta 7.5 11.90 5.6 6.f5 17.5 11.90 5:6 6.5f5 
(9,) (; (9j 9 

igga 7.0 3..68 143.322.02i 	- 147.0 3.68 143.32 2.02if 
(10) •(io)  (.10) 

Arka~, 1.85 6.00 65.85 3.3  - 71.85 6.00 65.85 3.3 
(11 (Ii) 	- . •fit() 

(11) 

Krises*, 814 191.5 63.31f1.354 254.81 if 191.5 63.31 if105.325 
(10) (10) - (10) (10) 

ma 	4°.20' 	'110.4 lif.Zt5 1.12I. 1i++. 2142015110*0 11.2d5 15.125 

45.375 

I. 	4 562.358 562. - 
(10). 
-- 	359•358 

358 562.358 562.358 	- if5•375 
(10)  

11. 	Me ke~7' 50'8 	6i . 508 - 631.508 6+7.576 647.508 

4ould be taken up during the period t. 
} be taken up during the Ist period, Power project No. 10 
liod 2, and power project No. 11 may be taken up 
to the net benefits. 
efit from the proposed projects if they we taken 
s. 
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In this study: we have attempted to eeleot from a list 
of proposed pro3eote, the projeotx that are to be oonxtr 

obed during consecutive planning periods, so a© to maximize 
the net benefits from them. We made this study with rem -
Terence to the Upper Cauvery Basin. In the Upper Cauvery 

baoin, out of 10 proposed prof oot , obtained after initial 

soroening,r an attempt has been made to select the sequengr 

of projeote to be constructed in the 'three planning periods# 
under b~idget, flow limiting, hydrology' continuity and ocnn 

'etrtwtton constraints. We have made use of computer 

pao ge programme XpE4 5 360 available at Delhi University 
Oomputer Centre; , for solving ouur prob .+em. 



CaAP1'ER V 

CONCLUSIONS 

An exact mathematical representation of a water 
resources development project, even if possible would 
lead to a large mathematical complexity. It is there-- 
fore necessary to make suitable assumptions to attain a 
reasonable balance between accurate representation and 
mathematical manageability. Also some variables have 
to be omitted to make the problem a linear one. Some 
variables have been omitted because their impact on the 
optimal design is small. Some variables that are sto- 
chaotic such as the river flow are treated as determini-
stio to make the problem simpler. Flood Control, Water 
quality, Navigation and recreation aspects may also be 
covered by introducing suitable constraints in the model. 

However, it is believed that the model deve. 
loped here is a reasonably accurate representation of 
a multipurpose water resources system, for staging and 
optimization purposes and contains the variables an 
that are the most relevant for optimal planning. 

0 s 
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