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SYNOPSIS 

The role of runoff is one of the basic hydrologic 

data and plays an important role in design aspect of 

Hydrolocry and reservoir operation studies in all water 

resources systems. In several water resources projects 

it is required to predict the characteristics and quantity 

of stream f'iQvu sequences. iliany existing irrigation projects. 

had been designed on the basis of scanty hydrologic data. 

Even some of the incoming projects are also being 

designed with available hydrological data. 

Kalluvodduhalla project in Karnataka State is a 

tank Irrigation project, proposed for construction under 

World Bank Aid Scheme. 	The project is proposed across 

Kalluvodduhalla and no stream gauging data were available 

at the time of finalisation of t`ze project. The project 

authorities finalised the hydrology of the project based 

on the available rainfall data of the catchment rainfall 

and the adjacent catchment rainfall. Thirty years catchment 

rainfall was calculated and the yield of runoff was 

worked out based on Strange's Table. The project was 

designed for 50/ dependability of the flows , and was 

tested by 5 years contintous working Tables. 

At present throe years historical river flow 

data is now available at the site. 

The aim of the present study is as follows: 



(a) To generate the monthly volume of flows at the 

site for a period of 30 years by (i) Regression 

Analysis (ii) I,Iodificd Thomas Fiering Model. 

(b) To study the fo sibi lity of the project by 

reservoir operation for• a cycle of 30 years for the 

50/, 60/ and 75/ flow dupondabilitios. 

(c) To work out the comparative benefit cost ratio 

of the• project for different dcpondabilitios. 

The above study reveals that the flow c{onoratod 

by the regression analysis vary wid,::.ly as compared to the 

historical flow and therefore were not considered for Pes- 

reservoir operation. There as the flows generated by 

Stra_;nge's table and the modified Thomas-.Fiering Model 

resemble very much with the historical flows, and hence 

the flows generated by those two methods -vac: rc used for 

reservoir operation. The flows generated by Modified 

Thomas Fiering Model are sftaller than as compared with the 

flows generated by Strange's Table. 

The 50% dependable flow schorne is feasible on 

the basis of reservoir operation criteria as well as 

on the basis of benefit cost-=ratio criteria.' 
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CHAPTER 1 

INTRODUCTION 

Kalluvodduhalla Project is situated in Shikaripura 

Taluk; Shirnoga District of Karnataka State. , Karnataka 

State is in southern part of India. Kulluvoduhalla project 

is taken up for construction under Tank Irrigation projects 

under World Bank Assistance. 

Karnataka State has a total area of 1,91,773 sq.km. 

The total irrigation potential available in the State is 
About 54/ of the States Geographical 

about 5.5 million Hectares.L— j rea is drought prone as com- 

pared to 16°. of the total area in India. The State has 

created only about 18% of area under Irrigation as against 

the national average of 30%. Therefore expansion of Irriga-' 

tion facility is one of the highest priorities for agricul-

tural development plan. 

In the State, tank Irrigation, is the traditional 

form of Irrigation. The Irrigation Department of Karnataka, 

has 25,150 minor. Irrigation Works irrigating about 0.81 

million Hectares. 

To increase the irrigation potential, the State 

Government has identified 160 tanks irrigation projects 

under the assistance of World Bank Aid. Kalluvodduhalla 

project is one among those identified under VJorld  Bank 

Aid. 
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Kalluvodduhalla project envisages the construction 

of Earthen dam with flank spillway across the stream 

Kalluvodduhalla. It is proposed to irrigate 145() Hectares 

of land to utilise 17.549 Mm 3  of water. The cost of the 

project works out to Rs.484.8 lakhs. 

The stream gauging data of the halla were not 

available at the time of finalisation of the project. 

Hydrology of the project is finalised by using catchment 

rainfall and adjacent chtchment rainfall statistics. 

Rainfall data in the catchment is available for 11 

years. By making use of rainfall data of the adjacent 

catchment, 19 years rainfall data in the catchment in built' 

up by correlation analysis. In all 30 years rainfall data 

in •the catchment is built up and the runoff is calculated 

by Stange's Table. 

In case of Karnataka, hydrologist principally use 

the strauge's .table for calculating runoff in case of the 

catchments having no stream flow data. 

In the project report, 50/a dependable flow is 

considered for design aspect and for reservoir operation 

studies,to see the feasibi'ity of the project. 

India has ultimate irrigation potential as 

estimated at 107 million ha.So far in the country, total 

area irrigated is of the order of 50 million ha, of which 

nearly 30 million ha. are accounted for by major and 
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medium projects. The scope for constructing new Irrigation 

projects to provide Irrigation facilities is rather limit—

ted, since most of the sites suitable for construction of 

storage reservoirs have already been developed. Even in 

case of relatively few sites which are considered feasible 

of being developed with the present level of technology 

available, the cost of Irrigation is much higher than in the 

projects already constructed. In some cases, it is possible 

that the system had to be designed with practically no ob-

served data, relaying purely on empirical runoff estimates 

based on strauge's rainfall runoff tables or other similar 

methods. Considerable methods are now available to provide 

a more realistic basis for assessing the availability and 

variability of river supplies. Techniques of mathematical 

modelling coupled with digital computer facilities available 

in the country to provide powerful tools for testing the 

adequacy of a storage volume and evolving suitable operation 

schedules so as, not only to regulate available river flow 

to match a pattern of demand, but also to optimise the 

results of such regulation. In this context the possibility 

of improving the efficiency of the existing irrigation system 

as well as future corning projects, so as to use the water 

and thereby intensity or extend irrigation under these projects 

calls for urgent modernisation of reservoir operation. 

:later is one of the most important natural 

resources on earth. All human being, animal and plant 

life requires water for their survival. Besides this water 
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is also required for domestic use, municipal water supply, 

business establishments, industries mining, hydro—  electric 

projects, agriculture, production of stream, refrigirator 

cooling system, recreation centres, fishing ponds, forming 

pools, and lakes. It is generally assumed that domestic 

water supply has the highest priority of all types of water 

utilisation, possibly followed by industrial and agricultural 

requirement. But irrigation is necessary to meet the rising 

demand of food and fibre for the over rising population of 

the world. 

Whether or not irrigation is an alternative pro-

position in a certain region of which the following are the 

most important. First of all, the political, social and 

economic environment. Second, the suitability of the land 

form. Third, availability of water in the region. 

Because of the elimination of the havoc caused by 

drought period, the economy of the region and ..:-- to give 

assured supply of water' for irrigation to poor with marginal 

land holding farmers,, construction of irrigation project is 

more necessary than just the benefit schemes so that the 

economy of the region is stabilised. 

1.2  BRIEF DETAILS OF THE PROJECT 

1.2.1  Location 

Kalluvodduhalla is a tank project situated in 

Shikaripura Taluk, Shirnoga District of ICarnata State. It is 
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located at Latitude 14°13' 0'' and Longitude 75014' 30''. 

It lies in the western part of Karnataka State in Shimoga 

District shown in Fig. 1.1. 

1.2.2  Project 

The project envisages construction of earthen dam 

with flank spillway across Kalluvodduhalla. It is a 

storage reservoir to irrigate 1450 Hectare of lands in 

Shikaripura Taluk, served by two canals. Shown in Fig.l.2. 

1.2.3 	Catchment Area 

Catchment Area of the project is 41 sq.kms. This 
r'ses from 

hal,a~ Balundur State forest at an altitude of about 

700M. The lowest river bed level at the site is about 614• 

m. Upper most catchment area is hilly and thickly forested 

and lower reaches are in moderate country. Kalluvodduhalla 

stream is one of the tributary in sub-basin of Kumudvati river, 

which in turn is a tributory to Tungabhadra:' river. Catch-

mont area shown in Fig.1.2. 

1.2.4  Climate 

The climate of the area is described as fairly 

moderate and tropical. The temperature varies from 140C 

minimum to 35.90C maximum. This area receives maximum rain- 

fall during the south-west monsoon ( Jun. to September  ) 

and minimum rainfall during north-east monsoon ( Oct,to Dec. ) 

The average rainfall in the area is 'about 1305 mm per 

year. 
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102.5 HYt 	OGY`of the Project 

Two rain gauge stations are available in side the 

catchment, namely Guttatiahalli, and Korlikoppa stations. 

Shown in Fir?. 1.2. Rainfall data for 9 years are availa-

ble as shown in Table 1.1. 

Runoff series of the project is finalised by using 

long term rainfall series based on strauge's table value. 

Hydrological data available: 

1. Catchment Area map 1'' = 1 mile 

2. Rainfall data of Guttanahalli 1971-1979 

3. Rainfall data of Korlikoppa 1971-1979 

4. Rainfall data of Ambliclola 1950-1969 and 1971-1979. 

5. Area capacity Table and curve. 

6. Existing and Proposed cropping pattern 

7. Monthwise crop water demand. 

8. Evaporation values 

9. Historical stream flow data for 3 year from 

1981-1984. 

19 years rainfall data of the catchment is built 

up by using the rainfall data of adjacent catchment. 

Ardb.ligola raingauge station shown in Fig.1.2, is 

situated in the adjacent eatchment and fairly.lojg term 
rainfall record is available shown in Table 1.2. 

Ratio of 1.196 is calculated by using the con-

current period rainfall data of catchment rainfall to that 
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Table:l.2 : Rainfall Data of Ambligola(Figures are in Inches) 

Year May June Jul. Aug. Sept. Oct. Nov. Total 

1950 1..70 6.14 32.25 7.90 7.12 5.42 ' 1.27 61.80 
1951 5.70 7.19 14.86 3.92 4.55 8.95 -- 45.17 

1952 -- - 8.13 6.20 5,00 6w62 -. 25.95 

1953 ,.- 16.70 6.-60 16.9 - -- - 40.20 

1954 1.61 10.85 19.90 9.21 2.71 4.60 -- 48.88 

1955 8.55 8.36 4.32 10.19 7.36 8.40 - 47.24 

1956 2.46 14.85 20.23 11.07 6.22 7.09 3.14 65.06 

1957 7.66 10,.38 14.53 7.47 3.29 10.94 5.05 59.25 

1958 3.22 9.53 25.16 9.87 4.86 5.69 0.32 58.65 

1959 4.87 15.76 34.66 7.75 10.41 1.10 3.25 71.80 

1960 1.95 5.81 16.09 9.81 8.97 6.13 1.91 50.67 

1961 18.35 13.87 32.12 9.24 3.73 2.09 - 79.40 

1962 4.32 3.13 21.33 22.14 8.06 7.06 0.33 66.37 

1963 5.58 3.56 10.24 12.42 0.95 5.02 2.37 40.14 

1964 0.60 6.20 10.08 19.52 3.38 4.25 2.56 46.99 

1965 2.30 6.65 18..24 7.09 1.96 1.90 38.14 

1966 6.35  1.• 74 16.61 1.34 5.68 7.15 4.10 42.97 
1967 3.45 6.75 22.45 10.80 1.60 1.00 -- 46.05 

1968 0.30 8.70 27.00 2.90 4.10 -- 1.30 44.30 

1971 1.27 12.89 10.79 3.74 4.60 1.73 r- 35.02 

1972 3.94 8.35 13.86 3.50 3.89 3.43 0.63 37.-60 

1973 0..51 10..31 16.77 9.93  0.55 2.59 0.48 41.14 
1974 2.60 3.74 16.26 10.51 6.02 5.52 - 44.65 

1975 2.98 15..02 12..24 12..92 7.24 5.63 4.66 60..69 

1976 -- 3.88 13.04 5.73 3.69 0.63 6.24 33.20 

1977 2..50 8.00 12..00 2.96 8..26 7.36 1.68 42.76 

1978. 3.90 8.•07 23.36 11.09 2.70 4.09 3.16 56.37 

1979 - 10.95 8.99 14.34 1.04 - 1.24 36.90 

....._,... ,....,... ...__..:.. ._...-....-...._.s.......a.~ ...~.~ , ...._ ...a-S._,...r as-....:fl..._._~ ~!.-Sfl_ ..fl. fl _ SS 	 (t f. ,F.._ 
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of Ambligola rainfall, shown in Table 1.3. 

By using the ratio of 1.196, the catchment rain. 

fall data is built up for 19 years. In addition to the 11 

years available catchment rainfall total 30 years catchment 

rainfall is shown in Table 1.4. 	3 Years historical flow 

data is shown in Table 1.5. 

1. 	Runoff by Strange's Table 

Stream gauging data of the stream was not available. 

The project authorities have finalised the runoff yield by 

using strange's table 	r '  

In most parts of Karnataka, except in coastal 

areas, the use of Strange's Table for ungauged streams, is 

generally accepted. In Strange's Table, the yield of runoff 

is given for good, average and bad catchments. Use of 

Strange§S Table requires careful classificationo of catchment. 

The project authorities have considered the catchment as 

''average'' by studying the available data of rainfall and 

runoff data of the adjacent catchment. 30 years runoff 

yield is calculated by considering the catchment as 

" average '' . 	onthwise runoff yield calculated by Strange's 

Table is shown in Table 1.ffi. 
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Table 1.4 1 Catchment Rainfall-3-10 years 

- -'r--'-_- 	 "a 	 S,-a .. 'r a-' a 'a.-'.'a a,e'.- 	 fl 	•.- a 

1 year ttainrai.l 	atchment 	+ No. 	Data of 	Rainfall 	Catchment
Rainfall in Ambligola 	(Built up 	Dend 	Order 1950-1968) 	Dec ending r er 

Col.3 * 1.196 

1 2 3. 4 
1 1950 61.80 73,93 94.96 
2.  1951 45.17 54,02 93.05 
3.  1952 25.95 31.04 79.38 
4.  1953 40.20 48.08 77.81 
5. 1954 48.88 53.46 74.38 
6.  1955 47.24 56.50 73.98 
7.  1956 65.06 77.81 70.86 
8.  1957 59.25 70.86 70.15 
9.  1958 58.65 70.15 67.09 
10.  1959 77.80  93.05 61.48 
11. 1960 50.67 60.60 60.60 
12. 1961 79.40 94.96 58.46 
13.1962 66.37 79.38 58.26 
14. 1963 40.14 48.01 55.50 
15. 1964 46.99 56.20 56.20 50/ dependa- 
16.' 1965 38.14 45.62 55.68 	bility 
17.  1966 42.97 	, 51.39 54.02 
18.  1967 46.05 55.6'& 53.90 
19.  1968 44.30 54.95 53.86 
20.  1969 53.86 52.98 
21.  1970 61.48 51.39 
22.  1971 42.45 49.55 
23.' 1972 53.90 48.08 
24.  1973 58.26 48.01 
25.  1974 44.27 45.62 
26.  1975 74.38 44.27 
27.' 1976 36 0 91 42.45 
28. 1977 49.55 37.96 
29.' 1978 67.09 36.91 
30. 1979 37.96 31.04 

'a •,'a...,a 	'a ,.,V. ,aV ,, 	-, ,. 	 V'*VVV 	 --..-a--, ,,-.. 

50>< Dependable Yield = 56.20"  = 54.565 * 15.81 
= 862.67 Mcft. 
= 24.42 Mm3 
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Table 1.5 : Historical Flows (All figures in 	3) 

Si, Month 1981 1982 1983 
.... 

1.  January 0.0 0.0 0.0 

2.  February 0.0 0.0 0.0 

3.  arch 0.0 0.0 0,0 

4, April 0.0 0.0 0.0 

5.  May 0.12 0.0 0.0 

6.  June 0.10 0.37 0.154 

7.  July 0.376 1.163 6.551 

8.  August 13.053 13.041 11.288 
9.   September 1.196 1,012 1.188 

10,  October 0,438 0.600 3.210 
11,  November 0.0 0.425 1.707 

12. December 0.0 0.0 0.0 

Total 15.783 16.611 24.098 
.5" 	,,W,. 	-'5 ._. S 	555 	55 	05 	- • 0 • . .....£. 	-5. - - -' 	S .5 	....... 0 	0 	5 ,  ...............S0. .5 0 5 
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Table 1.6: Runoff Data Based on Strange's Table (All figures in :.. 

in Mm3  ) 

Year Jun. Jul. , Aug. Sept. Get. Nove. Nlay Total No. 

1• 1950-51 0.28 17.11 8.20 1.60 1.54 0.71 0.11 29.5 

2.  1951-52 1.08 6.54 2.67 3.56 8.54 - - 22.39 

3.  1952-53 - 0.31 1.27 1.77 3.30 - - 6.66 

4.  1953-54 2.33 2.86 12.31 - - - 17.50 

5.  3954-55 1.08 9.83 7.91 2.71 5.09 - 0.36 26.98 
6.  1955-56 2.05 1.78 6.05 6.00 8.50 -. - 24.3$ 

7.  1956-57 2.55 12.53 11.24 1.29 1.89 1.77 0.26 31.53 

8.  1957-58 2.56 8.21 6.27 3.20 4.68 2082 - 27.74 

9.  1958-59 1.15 14.25 9.93 0.86 1.30 0.18 0.06 27.73 
10.  1959-60 3.83 21.88 4.35 5.85 0.62 1.83 .1. 38.36 
11.  1960-61 0.27 5.20 6.40 7.98 6.63 0.05 2.96 29.49 
12.  1961-62 7.77 20.14 5.19 2.09 1.17 - 0.04 36:40 
13.  1962-63 0.20 8,17 18.14 1.30 3 :9 6 0.19 0.10 32.06 
14.  1963-64 0.34 2.92 7.12 0.70 4.07 2.16 - 17.31 
15.  1964-65 0.18 2.22 12.05 3.03 4.22 2.76 0.01 24.47 
16.  1965-66 0.41 6.97 4.97 1.61 1.65 -- 0.15 15.76 
17, 1966-67 0.16 5.64 0.76 3.73 5.84 3.92 0.02 20.07 
18.  1967-68 0.59 10.51 9.57 1.68 1.07 - - 23.42 
19.  1968-69 0.42 13.36 2.54 3.92 - 1.31 - 21.55 
20.  1969-70 0.04 6.12 4.62 4.46 5.98 1.13 0.10 22.45 
21.  1970-71 1.07 5.03 14.14 7.21 0.48 - - 27.93 
22.  1971-72 2.43 5.64 2.76 1.88 0.55 0.10 0.05 13,41 
23.  1972-73 2.11 9.81 5.97 2.27 1.51 0.34 -- 22.01 
24.  1973-74 2.32 9.59 12.30 0.69 1.48 0.05 - 26.43 
25.  1974-75 0.09 3.12 5.91 3.00 2.51 - -- 14.63 
26.  1975-76 2.97 6.74 10.98 5.85 1.55 1.57 - 29.66 
27.  1976-77 1.48 2.69 1.06 0.64 3.93 - - 9.80 
28.  1977-78 0.57 5.18 2.73 4.33 2.34 3.53 0.05 18.73 
29.  1978-79 3.00 9.73 13.06 1.14 1.08 0.71 - 28.72 
30.  1979-80 0.75 2.01 6.44 0.46 0.22 0.44 - 10.32 
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1.2.7 	Dependable Flow 

The project is c1esic;ned for 50/ dependability. 

Usual practice of dependable flow is 75% for major projects. 

It is a tank irrigation project and hence the 50/ depen-

dable flow is considered for design purposes as per staff 

apprisal report of Karnataka State. Yield of runoff ,. for 

30 years are arranged in decending order. The 50/ depen-

dable yield works out to 24.42 i:►m3  shown in Table 1.6. 

50/ dependable flow year working table enclosed in 

Table 1.'y. 

 

1.2.8  Evaporation Values 

Daily evaporation values- _'of the project area is 

enclosed in Table 1.8. Total evaporation for the 50/ 

dependable flow year works out to 1.881 Mm3. Shown in 

Table 1.7 . 
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1.2.9 	Cropping Pattern 

The existing crop pattern is enclosed in Table 1.g. 

The proposed cropping pattern is enclosed in Table 1.10. 

T1ionthly cro water requirement of the project is enclosed 

in Table 1.x,1. Crop water demand works out to 17.549 

1.2.10 Reservoir Elevation—Area Capacity Relations 

The relation between Elevation--Area--Capacity 

Table is enclosed in Table 1.12. The Area capacity curve 

is enclosed in Fig. 1.3. 

1.2.11 Topography and Soil Classification of the Command 
Area 

Topography of the command area is plain in most 

part of the project area, but undulating in few places. 

General slope of the area varies from 0 to 3/. 	command 

area survey is cone by the State Agricultural Department and 

has identified two soil series, shown in Table 1.11. 

Amptokoppa Soil series are moderately fine to 

fine textured soils with medium depth and are under—laid by 

gravelly rnurrum and the land is quite suitable for irrigation. 

Hagaravalli soil series are deep fine textured soils 

with moderately slow to slow permeability and the land is 

suitable for irrigation with care. 
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Table 1.9 : Existing Crop Pattern in the Command Area 

rte.-w. a..1 e_aa.,. 	 w- f..w.e. v..w..v.,w. .r 	e... _ 	S..$. 	_a. -0 	 .0. .w...-• 	....r. ..w. .. 	+...0 	_.M• 

Si. Crop Session Present Crop 
No. in Percent 

1.  Paddy Khariff 83.60 

2.  Maize Khariff 0.90 

3, Raga Khariff 6.10 

4.  Pulses Khariff 0.10 

5.  Chillies Khariff 3.80 

6.  Groundnut Khariff 0.60 

7.  Seasamum Khariff 0.60 

8.  Niger Khariff 0.60 

96.30 

9.  Pulses Rabe. 7.60 

10.  Cotton Two Seaso— 2.20 
nal 

11.  Sugarcane 	Perennial 0.60 

106.70 
..+.~.r..ao$..._.,. 	. ~.......~ dr. ; 	' +r+ .k..s...,.:,...a0 	s..: 	s..,.. -fl,a.•w. r. rr~._rwr.:-..w..,,....~.... 
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Table 1.10 : Proposed Crop Pattern 

Percen— 	Crop 1Duration 	Yield in 

	

Crop 	tage 	 Tonnes per 
Hectare 

KHARIFF 

1. 	Paddy 	90 	June II to Nov. T 	5 
90 

RABI 

2, 	Paddy 

3. Pulses 50 

4. Wheat 4 

, Groundnut 9 

63 

Oct. I to Feb. I 

Nov. I to April II 

Nov. I to April II 

Nov. I to April II 

6 

1.5 

1.B 

2.5 

PERENNIALS 

6. 	Sugarcane 	2 	Oct. I to Sept. II 	100.0 

160 
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Table 1..12: Reservoir-Elevation Area-Capacity Relations 

Si. Elevation Reservoir Reservoir Area  
No. in 	m. Capacity in Hectare 

in i:tm3  

1.  614.17 - - 
2.  615.361 0.008 2.02 

3.  617.495 0.114 8.90 

4.  619.623 0.393 17.81 

5.  621.760 0.873 27.52 

6.  622.865 1.222 36.18 

7.  623.985 1.638 45.32 

8.  624.810 2.007 52.61 

9.  626.029 2.773 62.73 

10.  628.162 4.592 110.48 

11.  630.296 7.155 131.52 

12.  631.515 8.826 144.47 

13.  632.429 10.193 154.99 

14.  632.734 10.661 159.44 

15.  633.495 12.176 171.18 

16.  634.563 13.804 182.51 

17.  635.325 15.255 198.29 

18.  635.782'' 16.197 210.43 
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Table 1.13 s Statement Showing the Morphological Character- 
istics of the Soils Coming Under the Command Area. 

S1. Characteristics. Amtekop._)a Haragavalli 
No. Series. Series. 

a)  Physiography Plain plain 

b)  Slope I to 3/ 0 to l/ 

c)  Parent material Schist and Schist and 
Quartzite Quartisties. 

d)  Colour Yellowish Yellowish 
brown to reddish brown to reddish 

brown brown 

e) Texture 

i) Surface 

ii) Sub—surface 

f) Soil depth 

g) Lime status 

i) Surface 

ii) Sub—surface 

Silty loam 

Silty clay loam 
to gravelly clay 

loam 

Deep 

Silty clay loam 
clay to clay loam. 

Very deep 

h) Sub soil drainage  Well drained 

i) i) Land irrigability Class.-I. 
Class 

j) Mapping Unit 	/1ral -~s=1Ad, r 
B—e2 

Well drained 

ClassII 

H~v~c 1-d5~y 
A-• el 



1.2.12 Salient Feature of the Scheme 
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1. Name of the Project 

2. Name of the Stream 

3. Location 

Kalluvodduhalla Project 

Kalluvodduhalla 

Latitude 14°-13'--O'' 

Longitude 750-14(_30" 

Purpose Irrigation 

Catchment Area 41 Sq.Km. 

Rainfall 1305 mm (Mean Annual) 

Yield at 50/ 24.46 Mm3  
Dependability 

Lowest River bed level 614.17 m 

Dead 'Sttorage level 621.76 m 

Full Reservoir level 633.495 m 

Top of Dam 637.155 m 

Dead Storage capacity 0.874 Mm3  

Minimum drawdown capacity 1.222 Mm3  

Gross storage capacity 12,176 Mm3  

Submersion Area 198.29 Hectares 

Type of Dam Earthen Dam with flank 
spillway 

Height of dam(Maximum) 22.985 m 

Gross command area 1882 Hectares 

Culturable command area 1450 Hectares 

Crop water requirement 17.549 Mm3  

Length of left bank 19.80 Krns. 
canal 

4. Length of right bank 	3.60 Kms 
canal 

5. Total cost of the Scheme Rs.484.8 Lakhs 

6. Cost per Hectare 	Rs.33,, 359 

7. Cost per 'M3  of water 	Rs.2.76 
utilised. 

4.  
5.  

6.  
7.  

8.  
9.  
10.  

11.•  

12.  

13.  

14.  

15.  

16.  

17.  

18.  

19.  

20.  

21.  
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1.2.13 Reservoir Operation for 50/ Dependable Year 

In the report reservoir operation for 5 years have 

been done which includes 50/ dependable year. Out of 5 

years, 3 years are successful and 2 years are failure 

years. 
for 

Reservoir.operation table/50/ dependable flow is 

enclosed in Table 1.8 

Dead storage capacity is fixed at 0.874 Mm3 and the 

Gross storage capacity works out to be 12.176 Mm3 to irri-

gate 1450 Hectares. 

1.2.14 Cost of the Scheme 

The scheme is proposed to irrigate 1450 Hectares 

of cultivable command area of Shikaripura Taluk of Shimoga 

District. After the advent of irrigation about 886 farming 

families will be benefitted. 17.549 Iv ;13 of water will be 

utilised to irrigate 1450 Hectares. The cost of the scheme 

works out to Rs.484.8 Lakhs. 

The cost per m3 of water utilised works out to 

Rs. 2.76. 

3 	4843 0000  
= 2.76 Cost per m of water — 	~--~ - ~~ ~-  

17549 000 



This is well within the critical limit of Rs.4.03 prescribed 

in the staff apprisal Report, Karnataka Government 

1.2.15 Socio--economic Condition of the Project Area 

The cultivators of the area are poor, backword ~ .. 

and marginal land holdings. At present most of the area 

is under rainfed. After the advent of this project, Socio_ 

economic conditions of this area will be improved by the 

assured water supply to farmers. 

1.3  OBJECTIVES OF THE STUDY 

Historical flows for Kalluvodduhalla were not availa» 

ble at the time of preparation of the project. As per staff 

apprisal report of Karnataka Government, for ungauged streams, 

the yield series are calculated from Strange's table. In 

Strange's Table, runoff  yield is given for the catchment 

as 'good', Average' or 'bad'. The relationship between t 

those classifications of catchment runoff is given by ratio 

of 2 : 1.5 : 1 respectively. Thus the estimates of runoff 

will vary significantly depending on catchment c1affification. 

It requires careful and realistic classification of the 

catchment. The estimated value of yields based on Strange's 

tables depends primarily on the duration and accuracy of the 

rainfall data used in deriving the average annual rainfall 

for each catchment. 
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Hence further study on the monthly volume is 

necessary to have realistic approaches by using available 

mathematical models. Number of mathematical models are 

available. In the present problem, the following mathemati-

cal models are used to generate the short term monthly 

sequences to long term monthly sequences of flow. These 

generated monthly sequences of flow are further used in the 

reservoir operation studies to check the feasibility of the 

report. 

1.3.1  Generating Monthly Flows by Regression Analysis 

In the present problem, short term historical record 

of 3 years are available. 3 Years historical record is 

generated to study the feasibility of the project. Computer 

programme is developed to generate flows. 

1.3.2 Generation of Monthly Flows by Modified Thomas-
Fiering Model. 

In the present problem, zero discharges are observed 

during dry season. Hence modified Thomas.-'iering model is 

used to generate monthly flows to study the feasibility of 

the project. 

In this study 10 years (3 years of historical record 

+ 7 years generated flows by Strange's table) are further 

generated to 30 years by i;.odified Thomas—Fiering Model. 

A computer program is developed to generate flows. 

These 30 years generated flows are further used in 

reservoir operation studies. 
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1.3,3 Curve Fitting for Area—Capacity Relation 

In the reservoir operation table, the relation 

between Area and capacity is required. A third degree 

polynomial for 

a) Area -- Capacity 

b) Elevation -- Capacity are worked out by a 

computer program. 

1.3.4 Reservoir Operation Studies 

The reservoir operation studies are to be done 

for the following cases to check the feasibility of the 

project for different dependable flows. 

a) Yield of Runoff from Strangers Table 

1. Reservoir operation for reservoir capacity 

obtained from 50% dependable flow year. 

2. Reservoir operation for reservoir capacity 

obtained from 60/ dependable flow year. 

3. Reservoir operation for reservoir capacity 

obtained from 75/ dependable flow year. 

(b) Reservoir operation study for the flows generated 

from Modified Thomas Fiering Model. 

Steps 1 to 3 as in (a) above. 
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CHAPTER 2 

GENERATION OF MONTHLY VOLUM2S BY RGRESSION 
ANALYSIS 

2.1 	GENERAL 

Hydrologic data are the only source of information 

upon which quantitative hydrologic investigations are 

generally based, their measurements have been continiously 

expanding. Further more, natural hydrologic phenomena 

are highly erratic and commonly stochastic in nature one 

of the important problems in hydrology deals with inter-

preting a past record of hydrologic events interms of future 

probabilities of occurrance. This problem arises in the 

estimates of frequencies of floods, droughts, storages, 

rainfalls, and runoffs etc. 

Hydrologic data can be treated as statistical 

variables. In statistics the whole collection of objecttme 

under consideration is called a population. Their character-

istic are called variables. In Hydrologic phenomena, for 

example the variable may be the depth of rainfall is 

known as variate. 
of 

The characteristicsL statistical parameters are 

many but only the important once are defined below 

The Mean:.- There are three kinds of means, arithmatic, 

geometric and harmonic. 
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The arithamatic mean is usually referred to 

simply the mean is given by 

X = 

N 

where, X is the variate and N is the total number of 

observations. 

The Geometric mean is the Nth  root of the product 

of N terms and is given by 

1/N 
Xg  w (X1  * X2  * X3 	.......... l.N) 

The Harmonic mean is the reciprocal of the mean 

value of the reciprocal of individual values. It can be 

expressed as 

N 
X _ 	--.-_ - 
h 	£(1/X) 

The Median:- It is the middle value of or the variates 

which devides the frequencies in a distribution into 

two equal portions. 

Mean Deviation:- It is the mean of the absolute deviations 

of values from their mean is called mean deviation 
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Standard Deviation:- It is the square root of the mean-

squared deviation of indivisual measurements from their 

mean is designated by 

F(X-X) 

N 

It represents for population. 

An unbiased estimate of this parameter is 

denoted by 

The Variance:-- It is the square of the standard deviation 

which is denoted by a2. 

The Ranger- It is the difference between the largest 

and the smallest values is range. 

The Coefficient of Variation:- The standard deviation 

devided by the mean is called the coefficient of variation 

and is denoted by 

Measures of Skewness:. The 	lack 	of Symmetry 

of a distribution is called Skewness and is denoted by 

1 3 

N 



3. 

This is for Population. 

An unbiased estimate of this parameter is denoted 

by 

'« 	_ 	~... ,_ _.-~ .., .__.4~ . E ( x _ X) 
(N-1) (N-2) 

Hydrologic models are mathematical formulations to 

simulate natural hydrologic phenomena which are considered 

as processes or as systems. Practically all hydrologic 

phenomena change with time. 

Runoff phenomena is that part of the precipitation, 

as well as any other flow contributions which appears in 

surface streams of either Perennial or intermittent form. 

This is the flow collected from a drainage basin or water-

shed and it appears at an outlet of the basin. Specially 

it is the VIRGIN FLOW which is the stream flow unaffected 

by artificial diversions, storage, or any other works of 

man made. For example, a virgin flow conditions for the 

period of record is considered as a stationary time series. 

If it is affected by man's activity in the river basin or 

nature's large accidental or slow modifications or histori-

cal flow is a non stationary time series. Since a non—

stationary processes is very complicated mathematically, 

hydraulic processes are generally treated as stationary. 
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2.2 	GENERATION OF MONTHLY FLOWS BY REGRESSION 
ANALYSIS FOR NATURAL VALUES 

The methodology for development of monthly fore-

casting models when the historic record is short and is 

described with following stages. 

(a) Provisional model is postulated, accompanied by 

a clear statement of the assumptions made there in. 

(b) Model parameters are estimated using an efficient 

estimation procedure. The need for such efficiency 

is paramount where records are short, since an 

inefficient estimation procedure is equivalent to 

throwing away some of the available data. 

(c) The goodness of fit of the model is investigated, 

for example by close examination of the residuals ft 

for evidance of departure from the assumption made 

when formulating the provisional model. If there 

is evidance that any assumption is invalid, the 

model must be modified, and stage (a) recommended. 

(d) If no . evidance of invalidity in the assumption is 

found, the model is adopted and used for forecasting. 

(e) Forecasts given by the model are compared with 

observations. 

If the deviations between forecasts and observations 

are satisfactorily small, then the usefulness of the model 

is confirmed, and it is retained. 
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We now consider model for forecasting monthly 

volume of discharge, together with some procedures for 

estimating model parameters and for deriving confidence 

limits for forecasts by regression Analysis. 

A simple regression model of the form 

Yt = a + Pl, Cos tic t 	+ yl Sin 2 	+ f- t 
12 

Where, Yt is the volume of flow in month t. at X31 and Y1 

are constants to be estimated. .~ is a random variable 

about which the following assumptions are made. 

(i) 	It is distributed with zero mean, and constant 
2 variance az 

(ii) C t is uncorrelated with  t—k (for all k 

except zero) 

Four parameters must therefore be estimated in the 

model. (a, i, Y1 and a t ) 

a = Y (the mean of all N observations of monthly 

volume of discharge) 

2 N 

~l  
N E Yt Cos(2itt/12) 

t=1 

2 N 
Yl =  E Yt Sin(2Tt/12) 

t=1 

Q2 = 	[ E (Yt — Y) 2— (R12 -- Y12)/N/2]/(N--3) 
t=1 

It can then be shown that the variance of the forecast of 

volume of discharge at time T is 
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2 (1 + 5/N) 

So that if a third assumption is possible. 

(iii)  that the random variables E t are normally distri- 

bated then confidence limits for the forecast given 

by 

_ Y + ?1 Cos(2jtt/12) + yl Sin 2at/12 

tN--3 a~ V(1 ± 5/N) 

Where, tN. 3 is the value, read from table of the 

t .• statistic$ for the appropriate probability level, 

and with N-3 degree of freedom. 

If the 95/ confidence interval is very wide. The 

reason is partly the wide variation in volume of flow 

in the same month for different years, with the result 

that the variance amongst the residuals ' t is large. 

One means of circumventing this difficulty is 

to work with the logorithm of volume of flow, instead of the 

volume of flow. 

Three years Historical data is to be generated 

to 30 years. 



2.3 	COMPUTATION OF MONTHLY FLO1S BY REGRESSION ANALYSIS 
FOR NATURAL VALUES 

.,.. 	N 	_2 
Step 1:— Calculate the over all mean Y and  E (Y — Y) 

t=1 

N 
Step 2:— Calculate Pl  _ - 2  E Yt  Cost2'itt/12) 

t=1 

2 N  
and Y1  =  E Yt  Sin(.2nt/12) 

t=1 

_ 2 
o f = 	L E (Yt— Y) — (312  -- y12)N/12]/(N-3) 

and find  6 

Step 3 :— Read the value of tN-3  from t—statistics table 

for the appropriate probability level with N-3 

degrees of freedom, calculate 

tN_3 66  V(1 + 5/N) 

Step 4 :— Calculate Yt  in the regression equation for each 

month, with + random component and 

with — random component. 

Computer program is developed to generate monthly flows 

as described above. Computer program is enclosed in 

Appendix —I 

In this study, 3 years Historical data are used and 

generated to 30 years. 
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2.4 	GENERATION OF MONTHLY VOLUMES BY REGRESSION 

ANALYSIS -r LOGORITHIAIC VALUES 

The reason is partly the wide variation in 

volume of flow in the same month for different years, with 

the result that the variance amongst the residuals 6 t  is 
large. One means of circumventing this difficulty is to 

work with the logarithm of volume of flow, instead of 

volume of flow. Values are to transformed to logarithms 

to base 10. Then the model becomes 

Log Yt  = a + a1Cos(2nt/12) + y1Sin(2nt/12) + 	t  

The method of calculation are same as '2.2  and 2.3 

for final values, Antilocariths are to be taken and 

evaluated. 

Computer program is developed and the following 

data are to be generated. Computer programme is enclosed in 
Appendix-II. 

1)  3 Years Historical data ad to be generated to 

30 years. 
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2.5 	COMPUTATION OF MONTHLY FLOVJS BY REGRESSION 
ANALYSIS FOR LOGARITI-fl'vIIC VALUES 

Here the Logcrithmic values of flows are used 

to generate the monthly flows. 

In the present problem, some months are having 

zero flows. Log of zero becomes indeterminant. Hence 

for zero flows, it is assurped as 1 unit flows and all 

monthly inflows are covemted into Log values. 

Steps (1) to (4) same as (2.3) 

Stop (5) :-- Take antilog for all the generated 

values. 

Here also 3 years data is generated to 30 years. 

Computer program is developed'to venerate monthly 

flows as detailed above. 

Computer program is enclosed in AppendixII. 

Statement showing mean, standard deviation for 

observed values and for generated values &re to...  c.aLwulated. 
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GENERATION OF MONTHLY FLO:'15 BY THIO: ,AS--
FIF'iING :0DEL 

3.1 	GER  AL 

•;lien water resources project is planned, it •.s 

usually not possible to deter~.Ane the exact sequence of 

hydrologic events for which the project must be designed. 

Correct and reliable hydrologic data of a longer record are 

very much useful for water resource planners. 

Historical data of this project is ver, short. 

Further the recorded values of hie h flow, low flow And 

other characteristics of the record arc not likely to 

occur during the future system. The exact pattern of flo' 's 

during this historical period is extremely unlikely to 

occur during that period in which the proposed reservoir 

system will in operative. 

The worst flood or drought in historical records 

is not the worst possibel floor; or drought. 

The seguencialeneration approach makes it 

possible to produce as many combinations of 'hydrologic 

sequences as desi nod for use in hydrologic analysis. This 

is particularly useful in the study of reservoir operation 

and in design of complex .rs -cer_ resources systcr:l.. 

The method of genoroti ori of onthly volume of disw 

charges depends on the typo of data available. In the present 
during —Ir ec.Son. Hence 

study, zero flows of cischarges have boon oh orvo i._Othaied 
is used 

Thomas Fie ~ing Mod o1 in this study to generate the monthly 

Volumes. 



!here, A is any non--negative integer ,.ind B is one of the 

numbers from the sequence 3, 11, 13, 19, 21, 27, 37, 

53, 59, 67, 69, 77, 33, 91. The starting value of 

Yo  should be 10—P  R, where -1 is any integer not 

divisible by 2 or 5 and such that 0 < R < 10p. 

For example, if we select P _ 5, then 10 F /2  = 10` 5/2  

0.00316 and .a possible choice for C is aquired by 

selecting A = 2, B = 69 so that C = 10 '5 (400 - 69) = 10331 

0.00331. Similarly for Selection of fr o , 

yo  = 10-5* 9 = 0.00009 (say R = 9) and starting 

with 'yo  = 0.00009 further values of tr i  can be calculated. 

Further values can be calculated soruoncially using 

* 10"5  a, 331 * yi> 

Generation of Normally Distributed i1anc'om Numbers 

It is simple to generate normal random numbers 

from zero mean and unit variance. If ).1  and "2  (two sets 

of sequences) are variates, rectangularly distributed over 

the interval 0 and I. then these cn be transformed to 

values YI  and Y2  by the following equations. 

1/2 
A'1  = (--2Lo cje  X1) 	,, Co: (2,s 

1/2 
Y2 	(r-2 Loge  X1) 	* Sing(2itX2) 

f°Jhere, Y1  and Y9  are normally and independently distributed 

with zero mean and unit variance. 
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3.2 	GENE 'TION OF N1 NDQ~.. NWBE IIS 

In generation of monthly stream flow, of any model, 

addition of random component is a must. This random com~o-

nont will, take care the probability of high flow tend, to 

follow high flow and low flows tend; to follow low flows. 

The sequence of past historic flow give clue to the probable 

future flows. 

Two types of generation of random number are discussed 

below (i) Generation (0,1) Rectangularly distributee' number 

(ii) C,eneration of normally distributed random numbers. 

Generation of (0,1) Rectangularly Distributed Numbers:- 

The sequericial algorithm for generating the uniformly 

distributed pseudo—Random numbers in the interval (0,1) is 

given by 

11+1 y 	< 10 0 ,{i > 

where, <a> denotes the fractional part of a 

being the number at ith and (i+1)th 

instants respectively. 

P is the number of digits in the Pseudo—Random 

nur.'be_,. 

C is the Constant multiplier such that 0 < C < 1 

The choice of C is afollows: 

c = 10_P(200 + B)  



3.3 	ALGORIT}E.', FOR TEE T'?OMk"►;; I'T RINC; ;.iODr L IS AS 
FCLLOI S 

+ bi(Qi -- 	+ li''j+l If(1̀ Yj2 ) 

where, 	i' Qi+l a-t=e the concreted volume of discharge during 

ith and (i+i)th month respectively. 

qj and Qj .1 are the observed mean monthly discharges 

during the jth and (j+l)th months respectively 

with in a annual cycle of 12 months. 

b is the regression coefficient for estimating 

volume of dischar; fe in the (j- l)th month 

fro'u the jth month 

b 

Zi is a rando- .i normal o"evi<nte. with zero mean and 

unit, variance. 

Sj+1 is the standard deviation of discharge in the 

(j±1) th month. 

f j is. the correlation coefficient between flows in 

the jth and (j+l)th months. 

Given N years of d::.tta, the calculation for the 

Thomas•-Fiering °,.odel is as follows 

(i) 	For each month j = l,2.......l2 

(a) the mean flow .:~ 	= E Clji /iV 

(i -- j, 12 + j, 24 -+- j.......0 	) 
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(b) Standard deviation 

2 
Si = 	YC E( j1 	Q) /(N.4) I 

(c) The Correlation Coefficient with flow in 

the precoedin r month. 

i (Rji 	R j)(R j+l,i 	Qj+l) 

i J 	J i J r 	J 

(d) The slope of the re, ression equation is 

U j 	yj Sj~l/S, 



3,4 	GEN> -`,TION OF i;JGNTHLY FLGV,'S BY i' iODIFIED TI-Il ,AAS 
FIEKING kiOD; L 

In the present problera the modified Thornes-Fiering 

Model is used to generate monthly flow sequences is as 

follows. 

Suppose we have N years of data 

(i) Record, for each month j( j = 1..... 12) of the 

year, the number a: ye,.rs n j out of P\1 for which 

flow was recorded let i' j = n j/N 

(ii) Calculate the i:iean i':*onthly flow, and the variance 

of flours for each month j. 

(iii) Fit a Thomas--Fiering i.iocio&. 

(iv) Generation of synthetic sequences of monthly flow 

as follows: 

(a) For a:onth j, choose a pseudo-random number, 

rectonqularly distributed over (0,1) if this 

number is less than ~'( but greater than zero) 

they flow to occur in month j, otherwise no 

flow is to occur. 

(b) If no -flow is to occur in month, j, repeat 

for month j+l 
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(c) If flow is to occur in month j, and it is 

the first month of the year for which 

flow is to occur, select a Pseudo random 

normal deviate for a distribution with mean 

and variance equal to the mean monthly flow 

and variance of flows for month j. 

(d) If flow is to occur in month, j, and flow 

also occurod in month j-1, use the xec;re-- 

ssion equation of the Thomas--Fiering Model 

to obtain the flow for iionth j4 



3,5 	COMPUTATION OF 1''0MTHLY FLOS BY MODIFIED 
THOMAS FIL ;IVIG i-.10DEL 

The most modern model is proposed by Modified 

Thomas--Fiering model particularly with respect to the 

zero flows observed in some rsonths. 

In this study, 10 years data (3 years Historical 

flows + 7 years strange's table flows) are to be generated 

to 30 years to study the reservoir operation. 

Step 1:— Calculate loan, Standard 	Deviation of the 

flows. 

Step 2:.. In generating the sequence of a given stream 

flows, it is generally considered that the flows 

are the out come of random process. Generate 

(0,1) Directangulary distributed numbers. It is 

possible to generate through computer the sequence 

of Pseudo random numbers, carefully constructed 

to mountain the important properties of truely 

random numbers 

Stop 3 :- Generation of stream flow by using ;,codified 

Thomas Fiering Model is applied to the problem. 

Using the 10 years data and calculating the 

statistical parameters like mean, st)ndard deviation 

correlation coefficient of. the data used. 
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Generate rectangularly distributed pseudo 

random numbers and transform then into normally 

distributed random numbers in the interval(0,1) 

Step 4:-. The model may generate negative flours. 	ihen 

this occurs, the negative value is to calculate 

the next flow after which it is set to zero. 

Generate 30 years data using the Model in natural 

series computer program is prepared to generate random 

numbers, to calculate the mean, standard deviation, corre-

lation coefficient and to generate the monthly flows. 

Computer program is prepared to generate monthly 

flows is enclosed in App endix-III. 

The statistical properties such as mean, standard 

deviation of the data used, and for the generated flows 

are to be ca -Lf,alited. 
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CHAPTER 4 

RESERVOIR OPERATION STUDIES 

4.1 	IRRIGATION PRACTICES IN INDIA ABOUT DEPENDABLE 
FLOWS 

India is one of the major Irrigating countries in 

the world. The ultimate irrigation potential in the 

country has been estimated at 107 million ha., the scope 

for constructing new irrigation projects to provide irri-

gation facilities is rather limited, since most of the suitable 

tte.s- have already been developed. In view of this, the 

modern technology in planning and designing the irrigation 

projects is highly required. 

Hydrologic phenomenon are highly erratic. Not 

only the inflow pattern of a river varies very widely from 

year to year, but distribution of flows in a year also is 

very uneven. 

As the annual inflows of all rivers fluctuate 

very widely from year to year, 75/ dependable flows are at 

present considered in the planning, design and operation of 

river valley schemes for harnessing the water resources. 

This means in a cycle of four years, water deficit is not 

allowed by more than one year. But there are two short 

comings in this way of adopting 75/ dependable flus 

both for harnessing and for utilising the river water 

through storage reservoir. 

7671" 
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One is, great portion of surplus flows released in 

all the good water years, which are great many in number, 

go unutilised and there is the full utility value of the 

schemes get reduced pr..-portionately in the bad water years, 

In other words, not only the harnessing of waters gets 

restricted to 75/ dependable flows, but the contemplated 

utilization of these 75/ dependable flows harnessed in turn, 

also gets reduced to 75/ dependability. 

At present the scope of various types of projects 

is generally designed in relation to the available yield 

over I course of years, such that they operate at following 

dependabilities 

(i) Water supply projects 	..... e . 100^/. dependability 

(ii) Hydel project 	 ....... 90/ dependability 

(iii) Irrigation projects 
	75;/ to 5(@;': , dependability 

I 

The project authorities of Kalluvodduhalla reservoir 

have designed the project at 5O dependability and tested 

the feasibility of the reservoir with 5 years continious 

working Tables and have found it feasible. 
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4.2 	OPERATION OF RESERVOIR 'JITH CONVENTIONAL METHOD 

The feasibility of a project depends upon the 

extent to which it can serve the required purpose of the 

project. The performance of the project can be tested by 

preparing working Tables using conventional operations as 

discussed below: 

In the present study reservoir operation studies 

are made based on the principles of conventional operation. 

The basic concept for conventional reservoir 

operation are shown in Fig.4.1. 

i) The basic operation criteria with conventional 

method may be expressed in terms of simple 

continuity equation 

St  + It — Et _Rt = St+l 

Where, St  is the reservoiw storage at the begining 

of the month t 

St+l is the storage at the begining of the 

month t+1 

the reservoir storage at the end of month t 

It  is the inflow into the reservoir during 

the month 

Et  is the Evaporation from reservoir during 

the month 



START 

READ N DATA, S V AND X REO (t:Ito 12) 

I  1 

Ri.  

READ, I t (t: 1to12) 

t_t 

A 

T FLOW: St • It — pS 
Ot a X REQ { 	 Dt z t FLOW 

At x Di 	- 	 Rt : Dt 
31*1 * OS 	 FLOW; X REQ* 	 S; DS 

SPILLt r 0.0 	 > 	 SPILL,: 0.0 
bt = X REQt 
5p1= TFLOW-XREGI.DS 	A 

SPILLS ; Sl,1- Y 	 At = Dt 

Rt 	m SPILLS .Dt 	St.i : V 	 St.1 = $1.1 

St*t 	r V 	 '~"' '''~ 	 SPILLS 0.0 

J uIat. E and a lust all valucs 	 A 

PRINT ; St, It X REQ E S1,1  

____IMA " STQP 

 1.1 

a 	 ~ 
. .OW CHART FOR CONVENTIONAL RESERVOIR OPERATION 
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(iii 	Constraint of the minimum storage and the 

reservoir capacity Y are as follows 

DS St  < Y 

Where, DS is the Dead storage capacity of 

reservoir, Y is the Reservoir Capacj.ty. 

(iii) With the help of above stated operation equ4tion, 

the simplest operating rule is to supply al. the 

water demand, if available. This is expres%ed as 

Rt  < St  + It  — Et 

The reservoir ';.!ill be operated in such a manner 

that the amount of water released is equal to the irrigation 

requirement. 

A computer programme is prepared and reservoir 

operation for different alternatives are carried out. Computer 

programme is given in Appendjg_IV. 

Data used in Reservoir Operation. 

The reservoir operation starts from June month. 

1) Monthly Inflow into the Reservoir 

2) Monthly Crop water demand 

3) Monthly Evaporation Values. 

4) Reservoir Area .- Capacity curve 

5) Maxii,:ium Reservoir Capacity 

6) Minimum Drawdown Capacity. 



4.2.1  Reservoir Operation Procedure 

Thirty years rainfall  are available in the 

report. The reservoir operation starts from June month 

and ends in May. The reservoir operation is done for 30 

years. The operation procedure is shown in Fig. 4.1 

for different dependabilities considered for -.tlhe-s;tud;r. 

Computer program based on the flow chart shown in Fig. 

is prepared and appended in Appendix lv  The 

operation steps is as follows: 

(i) Inflow data for 30 years, Irrigationrequiremen re 

available in the project report, are used in the 

operation. 

(ii) Minimum drawdown capacity is fixed at 1.222 i`:i~n3 and 

used in operation. 

(iii) Gross storage capacities for different dependabilities 

are fixed by trial and error for dependable flow 

years and these values are used in operation. 

iv)  Initial storage for the first month, for first year is 

so assumed, that, the final storage at the end of the first 

month should not go below minimum drawdown capacity, 

after fulfilling the irrigation demand and evaporation 

loss Of that month. 

(v)  Compute the total flow for the month considered as the 

sum of inflow during that month flow (I,J) and the 

initial reservoir S(J) content minus Dead Storage 

DS 

TFLOi'1 = S(J) + 1=LOW(I, J) — DS 
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(vi) If the total flow (T FLOW) r.iore than the monthly 

irrigation requirement XREQ(J) release thefull 

irrigation requirement and compute new reservoir 

content S(J+1) 

S(J+1) = FLOW — XREQ(J) + DS 

If the new reservoir content S(J-;-1) is more than the 

Gross storage capacity Y compute spill 

SPILL = S(J+l) — Y 

A counter is provided to count the number of times the 

reservoir spilled. 

(vii) If the total inflow TFLOW, is less than the monthly 

irrigation `.:REQ(J) requirement, then release will be 

made upto the dead storage capacity DS, and set the 

new initial storage St+l  equal to DS and deficit is 

accounted. S(J+1) = DS 

A couster is provided to count the number of 

times the deficit i.s accounted 

(viii) If the total inflow TELOW is equal to monthly 

irrigation requirement XREQ(J) then release full 

irrigation requirement 

S(J+1) = T FLOW .- XREQ(J) + DS 

(ix) Now compute Averace storage X which is required for 

computation of monthly Evaporation, Values 

EVAPO(J). Averac;e Storage :. is the average of initial 

storage S(J) and new storage S(J+1) . 
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x = (S(J) + S(J+1))/2.0 

(x) Compute area AREA(x) with reference to the storage f: 

with the polynomial Equation. 

(xi) i!!onthly evaporation values are EV(J) given in the 

booket. Comput monthly Evaporation losses 

EVAPO(J) 

EVAPO(J) _ EV(J) * AREA(X) 

((xii) Thee final storage S(J+l) is calculated as follows 

S(J+1) = S(J+l) -- EVAPO(J) 

(xiii) Print the following data and results 

1.  Number of years of data available 	NDATA 

2.  Initial Reservoir Storage S(1) 

3.  Gross Storage Capacity Y 

4.  Dead Storage Capacity DS 

5.  Inflow into the Reservoir F®OW(19  J) 

6.  Irrigation Release D(J) 

7.  Evaporation Losses EVAPO(J) 

8.  Reservoir Release Including Spill 	R(J) 

9.  Final Storage Si (J) 

10.  Spill about the Crest Spill(J) 

11.  Number of Tines the Reservoir Deficit IDEF(J) 

12.  Number of times the Reservoir Spilled 	over 

the Crest. 	ISPILL( J) 

13.  Number of time the Reservoir capacity goes 

below dead storage capacity. IE-kjjPTY(J) 



4.3 	FITTING A POLYNOMIAL CURVE FOR RESERVOIR AREA— 
CAPACITY 

A polynomial curve for two variables (Area—Capacity) 

is fitted by Least Square Method. The method of curve 

fitting may be graphical or analytical. The currently 

analysed analytical method of fitting curve to scattered 

points is to minimise the sum of squares of departures 

Yi = Yi -- Y where for a given Xi, the value of Y is 

determined from the fitted curve, and Yi is the observed 

point. This is called Least Square Method. 

For example, the fitting of a quadratic parabola 

of the form 

Y = a+bx+c x 

Normal Equations for the above 

EYi =aN+bEXi +c E xi2 

EXlYi = a Ex + b Z xi2 + c E xi3 

l~Yi = a E Xi2 + b E Xi3 + c E ;i4 

With the summations taken from i = 1 to N. 

The solution of these three equations gives a, b, c 

Computer programm for solving the above equation 

by Least Square Method is developed and the equation 

obtained for Relationship between Area—Capacity, is used 

in Reservoir operation program. 



A third degree polynomial curve is fitted with 

maximum correlation coefficient as 0.9989. 

Area = 0.2532318 E + 01 + 0.2978964 E + 02 :: — 0.2116531 E 

+ 01 X2  + 0.6622052 ;E — 01 X3 

Where Area is area of submersion of the Reservoir 

in million square meters, corresponding to the reservoir 

capacity X in million cubic meters. 

The water spread Area is calculated with reference 

to the capacity of the Reservoir. This water spread area 

is multiplied by the monthly evaporation values to arrive at 

the evaporation losses. 

Monthly evaporation values during the operation 

period of 30 years are calculated. The computer program is given 

given in Appendix -- V 
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4.4 	PERFORMANCE OF THE PROJECT — FROM STRANGE'S TABLE 
GENERATED FLOWS 

4.4.1 	Dependable Flows From Strange's Table Values 

Thirty years yield of Runoff is calculated from 

Strange's Table vide Table 	• These flows are arranged 

in descending order and different dependable flows are 

calculated as described below 

Dependability — m/n+1 

Dependability = Dependability under — consideration 

in  = Sl.No. of the order 

n 	= total no. of years considered. 

i) For 50/ dependability 

50/ = m/30+1 	= 1/2 

in  = 	30 + 1 	15.5 

say 16th year (1967) 

.'. 	50°. dependable yield is 23.42 Mm3  

ii) For 60/ dependability 

60/ = m/30+1 

in 	= (30 -1) * 6o/ 	= (30+1) * 0.6 

in  _ 	18.6 , say 19th year (1969) 

.. 60/ dependable yield is 22.45 Mm3  

iii) For 75/. dependability 

75°, _ m/30+1 

m 	= 	(30+1) * 75/ = (30+1) * 0.75 

m 	= 	23.25, say 24th year (1963) 

75/ dependable yield is 17.31 Mm3 
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4.4.2 Reservoir Operation for 50/ Dependability 

Fifty percent dependable flow works out to 

23.42 mm3  minimum drawdown capacity is kept at 1.222 

Mm''. Irrigation requirement is taken as 17.549 Mm3  

to irrigate 1450 Hectares. 

Gross storage capacity is worked out by trial 

and error for period of five years which includes the 

50/ dependable year by the project authority. Gross 

storage capacity works out to 12.176 Mm3. 

Reservoir operation is doen by computer program 

for a period of 30 years as per 4.2 and 4.2.1. 

k 



4.4.3 	Reservoir Operation for 60°. Dependability 

Sixty Percent dependabltty flow works out to 

22.45 Mm3  minimum drawdown capacity is kept at 1.222 

Mm3. Irritation requirement is considered as 17.549 

Mm3  to irrigate 1450 Hectares. 

Gross storage capacity of 14.963 Mm3  is fixed 

by trial and error for the 60/ dependable year. 

Reservoir operation is done by computer 

program (Appendix_ IV 	for a period of 30 years 

as per 4.2 and 4.2.1. 
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4.4.4 Reservoir Operation for 75/ Dependability 

Yield of 17.31 Mm3  is worked out for seventy 

five percent dependability. 1.222 Mm3  is kept as 

minimum draw down capacity 17.549 Mm3  is the irric;ation 

requirement considered to irrigate 1450 Hectares. 

Gross storage capacity of 16.197 Mm3  is worked 

out by trial and error for the 75/ dependable year. 

Reservoir operation is done by computer 

programme for a period of 30 years as per 4.2 and 4.2.1. 



4.5 	RESERVOIR OPERATION FOR GENERATED FLOWS FROGvi 
MODIFIED THOMAS FIE ING MODEL 

From 10 years data, 30 years data are generated 

from Modified Thomas Fie::_ing IAodel. 

These inflows are used to operate the Reservoir 

for 30 years. The Dead Storage, Irrigation require-- 

rient* and Evaporation values are used as per project 

report. 

The operation is same as described in 4.2 and 4.2.1 

The same computer program enclosed 	in Appendix — IV 

is used for reservoir operation. 
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CHAPTER 5 

BENEFIT COST RATIO 

5.0 	GENERAL 

The benefit cost—ratio analysis plays an important 

role in project evaluation. Benefit of water resources project 

may be divided into direct benefit and indirect benefits. 

Direct benefits are the immediate results of project, such 

as assured water supply system, production of Agricultural 

products, power supply, prevention of flood damage and 

navigation benefits. In<:irect benefits are the production 

of loss of life as a result of flood control measures, the 

enhancement of scenic values due to stahilising the lake 

levels, recreation centre and improve the socio—economic 

condition of the region. 

The benefit cost ratios of 1 indicates feasibility 

of the project. The higher the benefit cost ratio, the more 

the feasibility of project. But this can be relaxed in case 

of projects taken up in the area such as drought affected 

areas, backward and most needy areas. 



5.1 	BENEFIT—COST RATIO OF THE PROTECT 

Cost of the project for 50°. dependable flow was 

calculated by project Authority. In the present problem 

the project has been tested for 50/, 60! and 75/ depen-

dability for 30 years. The costs estimates for 60/ and 

75/ dependability have been now worked based on the cost 

estimate of 5O/ dependability. After working out cost 

estimates, benefit cost have boon worked out and the 

results obtained are as follows: 

Dependability 

1.  50/ dependability 

2.  60/ dependability 

3. 75/ dependability  

Benefit Cost Ratio at 10/ 
interest 

1.037 

1.013 

0.992 

The benefit cost ratio for 50/ and 60/ dependability 

are more than 1. But 75/ dependability works out to 0.992 

which is below one. 

Benefit cost ratio of 50/ dependability works out 

1.087 and it is feasible. 



5.2 	COST ESTIMATE (FOR 50 DEPENDABILITY) 

Si. 
No. Items Cost in 

Rs.Likhs 

1. Land Acquisition 23.40 

2. Earth Darn and Appertinent Works 117.20 

3. Spillway 57.00 
4. Approach Channel 

5. Energy Dicipating Arrangements 

6. Buildings 2.50 

7. Canals (Earth work ± Structures) 62.70 

8. Canal lining 30.00 

9. Special Tools and Plant 20.50 

10. a) 	Field Channel(60 M/i-{ectare) 	at 2.90 
Rs.200/— Hectare 

11. b) Outlets 180 Number at Rs.1000/—each 1.80 

12. a) Physical Contingencies at 102' of Dam 19.40 
Works 

b) Physical Contingencies at 20/ of 19.20 
Canal Works 

c) Engineering Supervision charges 5800 
at 15 

d) Add for Escalation of Rates at 10 /.  

13. Add catchment area protection viorks and 10.50 
rounding 

Total 484.80 



M. 
5.3 	COST ESTIMATE (6o DEPENDABILITY) 

Si. Items Cost in 
No. Lakhs 

1. Land Acquisition 27.40 

2. Earth Dim and Appertinent Works 124.90 

3. Spillway 

4. Approach Channel 57.00 

5. Energy Discipating Arrangements 

6. Buildings 2.50 

7. Canals (Earth Work + Structures) 62.70 

8. Canal lining 30.00 

9. Special Tools and Plants 20.50 

10. a) 	Field 'Channel(60 M/Hectare) 2.90 
at Rs.200/-. Hectare 

11. Outlets 180 Number at Rs.l000/.- Each 1.80 

12. a) Physical Contingencies at 10 	of 20.93 
Dam Works 

b) Physical Contingencies at 20 	of 19.02 
canal works 

c) Engineering Supervisthon Charges at 15 	58.00 

d) Add for Escalation of rates at l0 59.90 

13. 	Add Catchment Area Protection Works 	10.45 
and rounding 

Total 	498.00 



5.4 	COST ESTLMIATE (75% DEPENDABILITY) 

Si. Items Cost in Rs. 
No. Lakhs 

1. Land Acquisition 27.90 

2. Earth Dam and Appertinent Works 134.90 

3. Spillway 

4. Approach .  Channel 57.00 

5. Energy Dicipating Arrangements 

6. Buildings 2.50 

7. Canals (Earth Works + Structures) 62.70 

8. Canals -d ap Lining 30.00 

9. Special Tools and Plant 20.50 

10. Field Channel(60 M/Hectare) 2.90 
at Rs .2000/- Hectare 

11. Outlets 180 Number at Rs.1000/- Each 1.80 

12. a) Physical Contingencies at 10% of 21.38 
Dam Works 

b) Physical Contingencies at 20% of 19.02 
Canal works 

c) Engineering Supervision Charges at 58.10 
15% 

d) Add for Escalation of Rates at 10% 60.00 

13. Add Catchment area protection works 10.30 
and rounding. 

Total 	 509.00 
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5.5 BENEFIT COST—RATIO (AT 50'/ DEPENDABILITY) 

A — Benefits (Direct) 

I. (a)  Value of Total Agricultural Produce 
before advent of 	Irrigation 4079979 

(b)  Cost of Cultivation 2983429 

(c)  Net produce before 	Irrigation 1114550 

II. (a)  Value of Agricultural production 16416243 
after Irrigation 

(b)  Cost of Cultivation 8886688 

(c)  Net production after Irrigation 7529555 

III, Net Benef its (II — 	I) 6415005 

B — Annual Costs 	 At 5% At 10% 

a) Interest on Capital on 
R.s.48480000 	 2424000 	4848000 

b) Depreciation at 2% 	696600 	 696600 

c) Administrative Expenses 	358830 	 358830 
at Rs.24.71/-- Hectare 
on 1450  

	

3479430 	5903430 

	

C — Benefit Cost Ratio 6415005 	6415005 

	

3479430 	5903430 

	

1.844 	1.087 

Cost Per Cubic Meters of 	48480000 
Water Utilised 	 2.76 

17548000 



ill 

5.6 	BENEFIT COST—RATIO (AT 6o%. DEPENDABILITY) 

A — Benefits (Direct) 

I. (a)  Value of Total Agricultural 4097979 
Produce before advent of Irrigation 

(b)  Cost of Cultivation 2983429 

(c)  Net produce before 	Irrigation 1114550 

II (a)  Value of Agricultural Production 16416243 
after Irrigation 

(b)  Cost of cultivation 8886688 

(c)  Net production after Irrigation 7529555 

III Net Benefits 	(II — 	I) 6415005 

B — Annual Costs 	At 526 At I0/ 

a)  Interest on Capital 
on Rs.49800000 	2490000 4980000 

b)  Depreciation at 2% 	99600) 996000 

c)  Administrative expenses 358830 258830 
at Rs.24.71/— Hectare  
on 1450 

3844830 6334830 

C — Benefit Cost Ratio 	6415005 6415005 
3844830 6334830 

1.668 1.013 
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5.7 	BENEFIT CT-x ATIO(AT 75% DE-PENDAB ILITY ) 

A - Benefits (Direct) 

I (a)  Value of Total Agricultural 4079979 
Produce before advent of 
Irrigation 

(b)  Cost of Cultivation 2983429 

(c)  Net Production before 	Irrigation 114550 

II. (a)  Value of Agricultural Production 16416243 
after Irrigation 

(b)  Cost of Cultivation 8886688 

(c)  Net Production after Irrigation 7529555 

III Net Benef its (IL- I) 6415005 

B - Annual Costs 	At 5% At 10'% 

a)  Interest on Capital 	2545000 5090000 
on Rs.50900000 

b)  Depreciation at 2% 	1018000 1018000 

c)  Administrative expen- 	358830 358830 
ses at Rs.24.71/-  
Hectare on 1450 	3921830 6466830 

C - Benefit Cost-Ratio 	6415005 6415005 

3921830 6466830 

1.636 0.992 
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CHAPTER 6 

DISCUSSION, CONCLUSION AND SUGGESTION 

6.1 	GENERAL: 

Runoff studies were carried out for Kalluvodduhalla 

Irrigation project in Karnataka to find the water availability 

at the site. This was done by $sing various methods of river 

flow generation and then comparing the water availability for 

different dependabilities. For flow generation, strauge's 

table, Regression analysis and Modified Thomas Fiering Model 

were used. Water availabilities were compared for 50%, 60% an 

75% dependabilities. Reservoir operation using conventional 

operation rule was also carried out to see the feasibility of 

the project.. Reservoir capacities obtained from Strauge's 

table were used for reservoir operation with the Modified 

Thomas Fiering Model generated flows. 

Yield of runoff is generated by Strauge's table 

vide chapter 1.2.6 . 

Monthly volume of flow is generated by Regression 

analysis in chapter 2.0 

Synthetic sequences of monthly volume is generated 

by Modified Thomas Fiering Model vide chapter 3.0 • 

Reservoir operation for different dependabities for 

the flows generated by Strange's table and by Modified Thomas 

Fiering Model vide chapter 4.0 • 
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The Benefit cost ratio of the scheme for different 

dependabilities of the Strauge's table flow is worked out in 

chapter 5 

6.2 	DISCUSSION: For the design of Water $.esources 

Project, the accuracy and reliability of results depend upon 

the availability of fairly long term period historical flows 

at the site and the reliability of input data. The results of 

computation given in tables 6.1 to 6 •13. 

6.2.1 	Runoff from Strauge's Table: 

Thirty years runoff series is built by Strauge's 

Table vide Table 1.4 

In the absence of Runoff data at the site, the 

yield of runoff is generated by Strauge's table,. It has got 

following limitations. 

1. Binnie developed his curves in 1880 by obser-

ving a number of small catchments in Madha 

Pradesh, Some two years later Strauge's develo-

ped his curves using data observed in Irrigat-

ion tanks in South India. 

2. The critical Weakness of Strauge's Table app-

roach is that tae rainfall runoff curve do not 

reflect different incidences of rainfall. The 

total rainfall is considered for monsoon period 

only, 

3. Strauge's Table gives yield of Runoff up to 60" 

rainfall for the catchment classification of 
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Good, Average and bad. The relationship between 

these conditions is given by a ratio of 2:1.5:1 

respectively. Hence classification of catchment 

requires careful study and reliable judgement of 

catchment classification. The catchment under 

consideration is classified as "average". 

4. Accuracy of yield of Runoff depends on the --re-

liability and availability of longer period cat-

chment rainfall data. In the present problem the 

catchment rainfall data available are only for 

9 years. 

5. Only monsoon Rainfall is considered. The period 

of monsoon differs from catchment to catchment. 

In this problem monsoon period is from May to 

November. 

The Mean, standard deviation of the 30 years Runoff 

data is given in Table 6.1 and fig 6.1. It shows that the. 

generated flows d.o not vary much as compared to the historical 

flows. 

6.3 	GENERATION OF MONTHLY VOLUME OF FLOW BY REGRESSION 

ANALYSIS MODEL: 

6.3.1 	General: 

Mathematical models are no replacement for field 

observations. Their value lies in their ability, when correc-

tly chosen and adjusted, to extract the maximum amount of in-

formation from the available data. 
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TABLE 6.1 

FLOW - STATISTICS OF STRANGE'S TABLE AND HISTORICAL FLOW 

Si. 	Months 	STRANGE'S TABLE HISTORICAL FLOW** 
No. 	 FLOW* 

Mein in Standard 	Mein in Standard 
Mm 	deviation Mm 	Deviation 

1 May 0.3984 0.7969 0.12 0 

2 Jun 1.5200 1.6172 0.208 0.1428 

3 Jul 7.8696 5.3972 2.8633 3.1968 

4 Aug 7.2303 4.3535 12.4606 1.0155 

5 Sep 2.9244 2.0666 2.132 0.1040 

6 Oct 3.0607 2.3925 1.146 1.5557 

7 Nov 1.3457 1.2245 1.066 0.9065 

* 30 years generated data 

** 3 years historical data. 
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ra 

 

6.3.2  To Extend Records of Short Duration By Regression 

Analysis for Natural Values: 

Where the variance amongst the total volumes of flow 

recorded in a particular , ,tonth- •- rices ndt::appear to bear any 

significant relation to the mean volume of flow (or in other 

words, where the variance amongst total flow volume in a par-

ticular month does not appear to vary significantly with time) 

then it may be satisfactory in certain circumstances to assume 

a simple regression model. 

 

6.3.3  Assumptions: 

The regression model is as below: 

Yt = Y.+ 1Cas(2-9t/12)•-: yi3in(P-Tct/-i ) + 

It is explained in chapter.2. 

Here ~,t is a random variable about which the follo-

wing assumptions are made. 

(i) It is distributed with zero mean and constant 

variance. 

(ii) t is uncorrelated with Et_k (for all K 

except zero). 

(iii) That the random variables Ct are normally 

distributed. 

This model has particular advantage as a by-pro-

duct of the produce for estimating model parameters, one less 

than the forecast and one greater, such that there is a given 



probability that these values will bracket the observed value 

of the variable at time (t + k) . Confidence limits therefore 

express the uncertainity, the wider apart the confidence limi-

ts the less reliable. Further the greater the L.ead-time k,the 

greater will be the width of confidence interval since the 

distant future is more uncertain than the immediate. 

6.3.4 	Results: 

Three years Historical flows are generated to thirty 

years  

The results of Mean, standard deviation of Histori-

cal flows and the generated flows are given in Table 6.2 and 

fig. 	. 

It reveals that the results of Mean, and Standard 

deviations of the values used and generated values vary widely 

The staidard deviations of the generated flows are very small 

in many months. 

The 95% confidence interval for the generated flows 

is more and hence these values are not considered for further 

study. For July in 1st year it is from 10.4616 to -2.6444.It 

reveals the higher 95% confidence limit. 

6.4 	TO EXTEND RECORDS OF SHORT DECRATION BY REGRESSION 

ANALYSIS FOR LOGARITHMIC VALUES: 

If the value of variance amongst residuals e t  is 
large, One m,!ans of circumventing this difficulty is to work 
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TABLE 6.2 

FLOW-STATISTICS OF HISTORICAL FLOW AND GENERATED BY REGRESION 

ANALYSIS 

Si. Months, HISTORICAL FLOW* GENERATED FLOWS** 
No. Natural values Logarithmic 

Values. 
Meana  Standard Meana  Standard Mean 3  Standard 
inMm Deviation inMm Divi:! tion in Mm Deviation 

1.  Jan 0 0 5.7312 0,0389 0.1008 0.0045 

2.  Feb. 0 0 5.3313 0.0012 0.0520 0.0005 

3.  Mar. 0 0 5.6799 0.0299 0.0643 0.0017 

4.  Apr. 0 0 6.6834 0.0529 0.1805 0.0103 

5.  May. 0.12 0 8.0472 0.0617 0.8686 0.0626 

6.  June 0.2080 0.1428 9.4753 0.0540 4.7049 0.3169 

7.  July 2.8633 3.1968 10.5150 0.0318 18.2374 0.8125 

8.  Aug 12.4606 1.0155 10.9131 0.0012 35.2120 0.3463 

9.  Sep 1.132 0.1040 10.5628 0.0299 28.4057 0.7831 

10.  Oct 1.146 1.5557 9.558 0.1529 10.1396 0.5835 

11.  Nov. 1.066 0.9065 8.1682 0.0617 2.1091 0.1521 

12.  Dec. 0 0 6.7660 0.0540 0.3892 0.0262 

* 3 years Data 

** 30 years Generated data. 
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with the logarithmic of volume of flow, instead of volume of 

flow. 

Here three years Historical record is generated to•

thirty years. 

6.4.1 Results: 

Statement showing Mean and Standard deviation of the 

generated data are enclosed in table 6.2 and 7kg. 6.2 

It indicates wide variation between observed and ge-

nerated flows. 

The 95% confidance interval is more for the generated 

flows„ For July 1st year it is 16.9109 to 0.1035 C~m. . It 

reveals the higher 95% confidence limit. 

Hence the flows are not considered for reservoir 

operation. 

6.5 	GENERATION OF MONTHLY VOLUME OF FLOWS BY MODIFIED 

THOMAS FIERING MODEL: 

The Generation of stream flow data by this model have 

following limitations. 

1. It 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. 



6.5.1 Results 

Ten years data are used and thirty years generated flows 

are given in Tables 6.3 and 6.4. 

The statement showing the mean, standard deviation of 

the data used and generated flows are given in table 6.5, 

These generated data are further used in reservoir 

operation studies. 

Graph showing Time verses Mean of 10 years data and ge-

nerated data is shown in fig. 6.3 

Table showing 50%, 60% and 75% dependable flows are 

shown in table 6.6 

6.6 	COMPARISION OF FLOWS GENERATED FROM STRAUGE'S TABLE AND 

MODIFIED THOMAS FIE RING MODEL: 

The 50%,60% and 75% dependable flows from the Strauge's 

Table and Modified Thomas Fiering Model are given in Table 6.7. 

It reveals that the flows generated from modified Thomas 

Fiering Model are of the Smaller values as compared to the 

Strauge's Table flows. 
Flow-Duration Computations are shown in Table 6.8 for 

both the methods -.flow duration  curves are also shown in fig. 6.4 

It reveals that the probability of that particular flow 

will be equalled or exceeded is less in case of Modified 

Thomas Fiering Model. 



TIB LE 6.3 

TEN YEARS DATA 

(3 YEARS HISTORICAL + 7 YEARS STRANGEIS TABLE FLOW), IN Mrn3  

Years May Jun• Jul Aug. Sep Oct Nov 

1 0.0 0.09 3.12 5.91 3.0 2 	'.' 0.0 

2 0.0 2.97 6.74 10.98 5.85 1.55 1.57 

3 0.0 1.48 2.69 1.06 0.64 3.93 0.0 

4 0.0 0.59 5.18 2.73 4.33 2.34 3.53 

5 0.5 3.0 9.73 13.06 1.14 1.08 0.71 

6 0.0 0.75 2,01 6,44 0.46 0,22 0.44 

7 0.02 3.37 15.10 9.76 0.45 0.46 0.67 

8 0.12 0.10 0.876 13.053 1.196 0.438 0.0 

9 0.0 0.37 1.163 13.041 1.012 0.600 0.425 

10 0.0 0.154 6.551 11.288 1.188 3.210 1.707 
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TABLE 6.5 

COMPARISION OF 10 YEARS FLOW AND FLOWS GENERATED FROM MODIFED 

THOMAS FIE RING MODEL 

Si. Months 10 Years Flow Generated Flow 

No.  Mean in Standard Mein in Standard 
Mm3  Deviation Mm Diviation 

1. Jan - - -- - 
2 . Feb. - -- - - 
3. Mar. - - - - 
4 . Apr. -- - - - 
5.  May. 0.0633 0.0513 0.1228 0.0736 

6.  Jun. 1.2874 1.3285 1.5063 1.0636 

7.  Jul. 53160 4.4521 4.6225 3.2202 

8, Aug. 8.7322 4.4311 .8,1576 3.6099 

9.  Sep. 1.9266 1.8512 2.2376 1.3005 

10.  Oct. 1.6338 1.3001 1.6271 0.9340 

11.  Nov. 1.2931 1.1151 1.2965 0.6692 

12.  Dec. - - - -- 
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TABLE 6.6 

30 YEARS GENERATED FLC7~d 

All figures in Mm3 

S1. Inflow Inflow in decending 
No. order 

1 12.4629 32.3174 

2 8.4630 31.7126 

3 12.4734 29.5102 
4 9.3246 28.8363 

5 22.0282 27.4413 
• 6 22.3104 26.9306 

7 24.8670 24.8670 

8 20.0482 22.3104 
9 17.8725 22.0282 

• 10 20.4012 20.4012 

11 26.9306 20.0482 
12 32.3174 190270 
13 31.7126 1.8. 4839 
14 15.0479 17.9892 
15 19;0270 17.8725 
16 13.0168 15.9722 50%dependable 
17 5.7995 15.0479 flow 

1.8 15 9722 15.0285 
19 27.4413 14.9507 60%dependable 
20 18.4839 14.8228 flow 

21 14.9507 13.0168 
22 13.0005 13.0005 
23 17.9892 12.9842 75%dependable 

flow 
24 9.7484 12.4734 
25 28.8363 12.4629 
26 15.0285 9.7484 
27 12.9842 9.3246 
28 29.5102 9.2136 
29 14.8228 8.4630 
30 9.2136 5.7995 



TABLE 6.7 

Various Dependable Flows 

All figures in Mrn3  

51. 	Particulars 	Strange's 	Modified Thomas 
No. 	 Flow. 	Fie ring Model 

Flow. 

1. 50% dependable 	23.42 	15.9722 
flow. 

2. 60% dependable 	22.45 	14.9507 
flow. 

3. 75% dependable 	17.31 	12.9842 
flow. 



TABLE 6.8 

INFLOW - DURATION CURVE 

A- STRANGE.'S TABLE-INFLOW 

Class Class 	Nos, 	Cumulative Prabability 
No. 	Inter- 	 nos 	p(x) 

vals 

I 	Above 15 	4 	4 	0.02 

II 10.1-15 11 15 0.07 

III 5.1-10 39 54 0.26 

IV 0-5 156 210 1.00 

B.-GENERATED-FLOWS 

Class Class Nos Cumulative Probability. 
No. Interval nos P(x) 
I Above 15 2 2 0.01 

II 10.1-15 6 8 0.04 

III 5.1-10 31 39 0.19 

IV 0-5 171 210 1.00 
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6.7 

	

	RESERVOIR OPERATION STUDIES FOR CHECKING FEASIBI- 

LITY OF THE PROJECT FOR DIFFERENT DEPENDABILITIES: 

Strauge's Table Flows 

Reservoir operation for a cycle of 30 years with 

50%, 60% and 75% dependabilities are done for finding the 

feasibility of the project. The results obtained are shown 

in Table 6.9(a) and (b) . in calculating successful years, 

the marginal deficit is considered as successful years. 

10% deficit is considered as marginal deficit. 

Gross storage required for 50%,60% and 75% dependable 

flow are 12.176 Mm3, 14.963 Mm3  and 16.197 Mm3  respecti-

vely for an annual irrigation requirement of 17.549 Mm. 

The percentage of Gross--Storage cz.pacity for different .d 

 pendabi lities works out to 28%,34 '5 ' and 37.5; The increase 

in capacity between 50% to 75% dependability is 	which 

is considerably large. Increase in dependability, will 

result in increased, storage capacity, Area of Submergence 

and evaporation. losses. Percentage of crop water deficit 

with total crop water demand C 	__.' , for 50% to 75% 
dependability 

Lace 9.8% to 4%. These are within 10% limit. Hence percen-

tage of crop water deficit for 50% and 75% dependability 

are with in marginal limit. 
th t of 

(Storage/Capacity) verses probability 	equalled 

or exceeded is enclosed in Table No.6.10. It reveals that 

probability of a particular (Storage/Capacity) will be 

equalled or exceeded also increases as the dependability 
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TABLE  

RESULTSsb30 YEARS RESERVOIR OPERATION FROM STRAU(IE'S TABLE FLOW 

(All Figures in Mm3) 

Si. 	Partieuaars 	50% dep en— 60% clepen-- 75% c epen- 
No. 	 <1ability &bility &ability 

1 Gross Storage Capacity 12.176 14.9 	3. 16.197 
2 Percentage of Storage 28 34.5 37.5 
:; capacity 
3 No.of Successful years 15 19 22 
4.  .No.of Deficit years 15 	- 11 8 
5.  No.of years Spill over 20 19 18 
6, No-of Months Spill over 42 36 33 
7. No.of Deficit Months 41 23 19 
8.  Percentage of crop water 75.5 75.5 75.5 

requirement with inflow 
9.  Percentage of water Th- 68.1 71.7 72.5 

leased for crop require- 
ment with inflow. 

10.  Percentage of water loss 6.8 8.1 8.6 
as evaporation. 

11.  Percentage of water 	... 25.1 20.2 19.1 
Spilled over the crest. 

12.  Percentage of crop water 7.4 3.8 3.0 
deficit with total flow. 

13.  Percentage of crop water 9.8 5 4 
deficit with total crop 
water demand. 

14. Irrigation Shortage 0.031 0.008 0.004 
Index. 



95 

TABLE 6-10 

STORAGE DURATION VALUES- STRZ UGE' S TABLE FLOW. 

Si. Storage Nos 	Cumulative Probability 
No. Capacity Nos P(x)  

50% Dependability 
I 0-0.25 90 360 1.0 
II 0.26-0.5 73 270 0.75 
III .51-.75 82 197 0.55 
IV 	' .75 	115 	115 	0.32 

60% Dependability 

I 0-0.25 58 360 1.0 
II 0.26-0.5 82 302 0.84 
III 0.51-0.75 98 220 0.61 
IV Above 0.75 122 122 0.34 

75% Dependability 

I 0-0.25 54 360 1.00 
II 0.26-0.5 81 306 0.85 
III 0.51-0.75 103 225 0.63 
IV Above 0.75 122 122 0.34 



96 

of flow increases vide f ig. 6.5 

Shortage Index: It is a measure of the number and 

m-ignitude of annual shortages. Lower shortage index indi-

cates more adequately meeting the target requirement. 

Shortage Index- 100  7 t  Annual Shortage 	)2 
N 1  Annual requirement 

where, 

N = Period of analysis 

The difference in shortage index for the three' 

alternatives are marginal vide Table 6.9(b) , 

On the basis of the above following criteria 50% 

dependable flow scheme is feasible. 

1. Generally 60% dependability for irrigation 

projects is not the design creteria. 

2. The increase in reservoir capacity between 50% 

to 75% dependability is  

3. Successful years for 50% and 75% dependability 

are as per requirement of feasibility. 

4. Evaporation losses for 50% dependability are less 

compared to 75% dependability. 

5. Percentage of crop water deficit for 50% depen-

dability is with in the marginal deficit of 10%. 

6.8 	RESERVOIR OPERATION STUDIES FOR .CHECKING FEASIBILITY 

OF PROJECT FOR THE FLOWa GENERATED FROM MODIFIED 

THOMAS-FIERING MODEL: 
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The reservoir capacities for different dependable 

flows were taken here as obtained from the Strange's Table 

computations and were also given in sec. 6.7. The results 

of operation are given in Table 6.11. Storage-duration 

computations are given in Table 6.12. Here also it reveals 

that probability that a particular (storage/capacity) will 

be equalled or exceeded also increases as the dependability 

of flows increases, fig. 6.5 

On the basis of successful years none of the depen~- 

dable flow schemes are feasible. 

6.9 	COMPARISION OF PROJECT FEASIBILITIES OBTAINED FROM 

STRANGE'S TABLE AND MODIFIED THOMAS FIERING MODEL 

FLOWS:  

From the tables 6.9 and 6.11 it reveals that the 

number of failure years, number of deficit months, percen-

tage of water deficit for crop demand, irrigation shortage 

index are more for the Modified Thomas Fiering Model from 

operation as compared with the Strauge's Table flow operat- 
'" 74 

ion. 

From Fig. 6.5 it also shows that probability that a 

particular (storage/capacity) will be equalled or exceeded 

is less in case of Modified Thomas Fiering Model flows as 

compared to Strauge's Table flows. 

These may be due to the fact that the flows gener-

ated from the Modified Thomas Fiering Model are on the lo=- 

west., side as compared with Strauae's Table flows. Secondly 



TABLE 6.11 

RESULTS OF 30 YEARS RESERVOIR OPERATION FROM MODIFIED THOMAS 

FIERING MODEL FLOW 

Si. Particulars 50% dependa 60% depen- 75% 
No. bility (lability d.epen- 

dabidi- 
ty_ 

1.  Gross storage capacity 12.176 14.963 16.197 

2.  No.of Successfull years 11 .17 17 

3.  No.of deficit years lq `13 13 
4.  No.of years spill over 16 14 13 

5.  No,of Months Spill over 24 21 0 

6.  No.of Deficit Months 65 4g 47' 
7.  Percentage of crop water 97 07 g• 

requirement with inflow 

8.  Percentage of water rel- 79 82.8 83 
eased for crop requirement 
with inflow. 

9. Percentage of water loss 	'.7.4 	8.6 	9 
as evaporation 

10. Percentage of water Spill- 13 	9 	8 
ecl over the crest. 

11. Percentage of crop water 	17.4 	14.6 	14 
deficit with total flow 

12. Percentage of crop water 18.5 	15 	14 
deficit with crop water 
demand. 

13. Irrigation shortage index 0.114 	0.075 	0.069 
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TABLE 6.12 

STORAGE-DURATION VALUES-MODIFIED THOMAS FIERING MODEL 

50% Dependability 

S1.No. Storage Nos Cumulative Probability 
Capacity Nos p(X) 

I 0-0.25 134 360 1 
II 0.26-0.50 73 226 0.63 
III 0.51-6-0.75 78 153 0.43 
IV > 0.75 75 76 0.20 

60% Depenc.ability 
I 0-0.25 121 360 1 
II 0.26-0.50 78 239 0.66 
III 0.51-0.75 85 161 0.45 
IV >0.75 76 76 0.21 

75% Dependability 
I 0-0.25 118 360 1 
IT 0.26-0.50 87 240 0.67 
III 0.51-0.75 76 153 0.43 
IV >0.75 79 79 0.22 

TABLE 6.13 
COMPARISION OF COST AND BENEFIT COST RATIO 

Si. Particulars Cost in Benefit cost 
No. Rs.Lakhs Ratio 
1 50°% dependability 484.80 1.087 
2 60% dependability 498.00 1.013 
3 75% dependability 509.00 0.992 
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the reservoir capacities for operation for the Thomas 

Fiering Model were taken same as obtained from Strauge's 

table flow for different dependabilities. To check the 

feasibility of the project with dependable flows of gener-

ated-from Thomas Fiering Model requires further study. 

6.10 BENEFIT COST-RATIO: 

Benefit Cost-Ratio for 50%,60% and 75% dependable 

flow generated from Straugo''s Table is worked out and shown 

in Table 6.13. 

it reveals that the cost of the project increases 
as the dependability increases. 
As the dependability increases, benefit cost ratio decre-

ases. Benefit cost ratio of 50% clependab'C flow is more 

than 1 and that of 75% dependable flow is less than 1. 

Hence 50% dependable flow scheme is feasible based on bene-

fit-cost ratio. 

6.11 	CONCLUSION: 

Runoff-Studies were carried out for Kalluvodduhalla 

irrigation project. 

Genration of flow done by (a) Strauge's Table (b) 

Regression Analysis and (c) Thomas Fiering Model. The 

following conclusions may be drawn. 

1. Flow generated by Regression analysis vary widely 

compared to 3 years historical flows. Comparative 

graph showing mean versus time of three years 

flou4, generated flow with natural values and 
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generated flows with logarithmic values are shown 

in fig. 	6.2 	. It reveals, that there is a 

wide variation between historical flows and gene-

rated flows. It is due to the reason that there is 

no consideration in the regression equation for 

the zero flows observed in any of the months,Hence 

these flows are not considered for further study. 

2. Flow generated by the Modified Thomas_Fiering 

Model are of the smaller values as compared to 

that of the generated flow by Strauge's Table.It 

is due to f"ict that the historical flows are avai--

lable only for 3 years. Thomas Fiering Model ge-

nerally requires at least 10 years historical flow 

data. 

3. From flow duration curve it is found that the 

probability of a particular flow will be equalled 

or exceeded is less in case of the flows generated 

by Modified Thomas Fiering Model as compared to 

that of Strauge's Table generated flow. 

4. From Strauge's Table generated flows, gross reser-

voir capacity required for 50%,60% and 75% depen-

dable flows are 12.176 Mm3, 14.963 Mm3  and 16.197 

Mm3  respectively, for an annual irrigation requi-

rement of 17.549 Mm3. The increase in capacity 
g. between 50% and 75% dependability is 5/ which 

considerably large. Increase in dependability will 
result in increased, storage capacity,area of 

Submergence rend evipor_ation losses. 
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5. 	From reservoir operation < 	results for 

the capacities of 12.176 Mm3, 14.963 Mm3 and 

16.197 Mm3, the number of failure years number 

of deficit months, percentage of water deficit 

for crop index are more for the Modified Thomas 

Fiering Model flow operation as compared with 

Strauge's flow operation. 

6 (a) From Storage-duration curve it reveals that the 

probability of a particular (Storage/Capacity) 

will be equalled or exceeded increases as the 

dependability of flow increases. This is due 

to the increase in reservoir capacity with the 

increase of dependable flow *it ti the same 

annual irrigation requirement. 

(b) The storage duration curve also d_p~~tsthat the 

probability of a particular (Storage/Capacity) 

will be equalled or exceeded is less in case of 

operation with modified Thomas--Fiering Model 

flows as compared to Strauge's Table flow. 

This may be firstly due to the fact that the 

flows genora-ted from the Moclified Thomas 

Fiering Model are Smaller than the flags gene-----... 

rated from Strauge's Table flow. Secondly, the 

reservoir capacities for operation for the 

Thomas Fiering Model were taken same as obtain- 

cd from Strauge's Table for different depencla-

bilities. 
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7. 

	

	The 50% dependable flow scheme is feasible on 

the basis of reservoir operation creteria as 

well as on the basis of benefit cost ratio 

creteria. 

6.12 SUGGESTION: 

As a result of. present work the following are the 

suggestions: 

(a) The generation of monthly volume and reservoir 

operation should be carried out for longer 

period. 

(b) A longer period historical flow data should be 

available for runoff studies. 



REFERENCES: 

1. Kalluvodduhalla Tanh Project. Model Report Estimated 

Cost Rs.484.8 Lakhs. 

2. Staff Appraisal Report Irrigation Department Karnataka 

3. Modernisation of Irrigation Systems. Central Water 
Commission New Delhi March, 1978. 

4. Report On the Irrigation Commission 1972. Volume III 
(Part 2) 

5. Vente Chow, Hand Book of Applied Hydrology. McGraw-
Hill Book Company. 

6. Ray K. Linsley, JR., Maxa. Kohiler, Joseph. L.H. 
Paulhus.Applied Hydrology. 

7. Edword Kuiper, Water Resources Development-planning, 
Engineering and Economics.,  

8. R.T.Clarke,Mathematical Models in Hydrology, Irrigation 
and Drainage Paper,-19. 

9. Nemec, Engineering Hydrology McGraw Hill Publishing 
Company Limited. 

10. International Association for Hydraulic Research 
Proceedings Subject-C volume IV New Delhi 1-7 
Febraury 1981. 

11. S,K.Battacharya. Operation of Uduthorohalla Irrigation 
Reservoir April, 1981, 

12. Sisir Rao Allocation of Water Resources in Upper 

Brahmani River Basin May 1982. 

13. Houshang Afshari. Operation Study of Karaj Reservoir 
in Iran September, 1983. 



DIMENSION Y(1500),G(1500),CGP(1500),CGM(1500) 
OPEN(UNIT=I,DEVICE=tDSKI,FlbE "K3,DATI) 

Y=MONTHLY FLOW DATA 

G=GENERATED MONTHLY FLOW DATA 

CGP=GENERATED MONTHLY FLOW UPPER CONFI LIMIT 
CGM=GENERATED MONTHLY FLOW LOWER CONFI LIMIT 

N;:TOTAL NO OF DATA IN Y- SERIES 
NN=TOTAL NO OF GENERATED DATA 
TN=FACTOR FROM T-TEST TABLE FOR N-3 DEGREE OF FREEDOM 

SUM l SIGMA (AY-AY,RAR) **2.0 
GM1=GAMMA1 
SMI=B ETA I 

VASQ=CONSTANT VARIANCE (SIGMA E SQUARE) 
RADV=RANDOM COMPONENT 
READ (1,2) N,NN 

READ (1,4) TN 
READ(1,4) (Y(~3) r•)=1,N) 
PRINT 20 
PRINT 21 

PRINT*, N, NN 
PRXNT*,'T t 
PRINT, (Y(3) ,31,W) 

CALL STA1(N, Y, Y'3AR, S(JM1, STD) 
PRINT 22 

PRINT 23,YRAR,SIJM1,STD 
SUM 30.O 
SUM 40,0 
D030 .J 1,,N 
X1=J 

X2=(2.0*3.14285*X1)/12.0 

X3 =SIN(X2) 
XX1-COS(X2) 
X4=Y (►.1) *X3 
XX2=Y(4)*XX1 

SUM 3=SUM3+X4 
SUM4=SUM4+XX2 

30 CONTINUE 
X5=N 
GM1;.(2.4/X5)*StJM3 
BM1=(2,0/X5)*SUM4 
PRINT 3i,GM1,BM1 
X6=(SMj*BM1)+ (GM 1*GM1) 
X7: (X6*X5)12,D 



VAS(= (SUM1X7) /X8 

PRINT 32,VASQ 

X9=SQRT(VASQ) 

A1 =1.Q+(5.O/X5) 

A2»SQRT(A2.) 

A3-X9*A2 

RADV: TN*A3 

PRINT 33,RADY 

00 40 J1,NN 

B1=J 

R2-(2.0*3.14295*81)/12..0 

83=COS(R2) 

B4=SIN(S2) 

GCJ)=YBAR+BM1*R3+GMi*54 

CGP(J)=G(J)+RADV 

CGM(J)=G(J)-RAAY 

40 CONTINUE 

PRINT 42 

PRINT 44,((J,r(J),CGPCJ),CGM(J)),Jr1,NN) 

2 FORMAT(214) 

4 FORMAT (OF10.3) 

20 FORMAT(15X,'GENERATION OF FLOW") 

21 FORMAT (SX, 'DATA USED') 

22 FORMAT(15X,'STATISTICALi PARAMETERS') 

23 FQRMAT(1OX,'MEAL,1=',E16.7,10X,'SUM1=',E15.7, 'STANDARD DEVIATION 

1=',E16.7) 

31. FORNAT(1GX,' GAMA1 =' , E16.7, 10X ' BETA1-' , . 

1E16.7) 

32 FOR 4AT(1OX,' VARIANC .: SQARE=' , E16.7 ) 

33 FORMAT(1OX, ' RANDQM COMPONENT:.' , E16.7 ) 

42 FORMAT(1SX,'GENERATED DATA') 

44 E'ORMAT(5X,13,1OX,E16.7,E16.7,1OX,E16.7) 

STOP 

END 

SUBROUTINE STAa.(K,AY,YSAR,SUM1,STU) 

FOR COMPUTING MEAN AND STD DEVIATION 

DIMENSION AY(500) 

SUM20.0 

DO 10 11,K 

SUM_SUM+AY (,J ) 

10 CONTINUE 

AN=K 

YRAR=SUM/ASI 



109, 
08800 SUM1-O.O 

08901 DO 15 J=1,K 

09000 CX:AY(a)-YRAR 

0I0 CX1=CX*CX 
09200 SUM1=SUM1+CX1 

09300 15 CONTINUE 

99400 RN=K-1 

MMMoo CX2 SUM/BN 

09600 STD=SQRT(CX2) 

09700 RETURN 

09800 END 



lwl u 

02 DI,L..1 1,, 	Y(15),CU50.;),CGP(J.5OU),CGct(1SQ0) 

003 UPI 

004 C CiHL1 	1iC" 	1'4TA 

C GCE.:RL:D TrWITHLY 	VLO 	iATA 

006 C CGPGAT:n 	MNTHL4Y 	Efl.i 	UPPER 	COE1 	IttIT 

007 C CGG.T2D 	tiTH,.Y 	FLO- 	LOWER C011 	LIMIT 

008,  C z7011J, 1; 1) U DRTA IN  

009 C O OF GEi4 RATEP DATA 

010 C flFACTflk 	FROM T-TEST TAI3L1E FUR N-3 	nc;REE OF FREEDOM 

oil. C SZJiIGA(AYA1BAfl)**2kI 

012 C 

013 C 1bTA1 

0144 C VA6CU3TAr VARI  'CF  (Si(!!A  E S(WARE) 

015' C RADVRAD1 co: 	DENT 

036 REAP 	(1,2) 

017 READ 	(1,4) 	TN 

019 PRIFIT*,Y(j) 

020 ,  DO 	60 	J1,t 

021 Y(1)Y(J)*j0o 

022 60 COIUF' 

023 

024 00 50 

025.' IF(. 	Y(i)) 	52,52,So,  

26. 52 Y(J)1. 

067 50 co 	1, 4ul" 

028 , DO 55 

AY(J) 

030 Y(J)LOGi( A l 

031 55 CO'TI, 

032. 

033 HIM' 2' 

054, PtIT 	21 

035 pp'' 

036 PRI 4T*, 

037  
038 CAL!,  

039 PR 1 T 22 

040 PRI 	23R,SWLI,,STD 

D41 Su", 

D42 Stj, 	i 	,. 

D43 013 	J1, 

D44 Xt=J 



. 	•'D 	E)fU. 

046 X3.L 	(7) 

047 )(X1(. 	52) 

Q43 

Cf49 XX2(J)XXi 
050 StI 	:!i3+c 

051 J 	zSd 	~)X2 

052 3c COJi 
053 
054 

055 
056 PP*T 

057  
058 7(X5)/2,O 
059 XX5-3. 

O0 \fASc(St;.1-X7)/X 
• pr0. IT 	32,VMSfl 

062 
03 A1i+(5/XS) 

064i A2CT(1½i) 
065 

066 ROVT*3 
067, PRIt'T 	33ADV 

068 00 
069 1i 
070 

071 3CG(h2) 

072. 

G (U) 	U 

074 CGP(J)(J)~pDv 

075 

076 4(o CCTtitJF 

077 PiLT 	42 
071 C 	• PiT 	 CCJIM  

079 L)fl 

090 W 

0s1 C(P(J)  
082 Cr.  
083 05 C CI, 	''i . 0 

084 Pri 	•'* 	(. (J,( 	(d) ,CIP(U) ,CGM(U) ) ,Ji, , 
085 ' 	2 FOR  
086 4 F'•• 

20 F3k 	k 	15X, 	AT TO 	OF 	FLo) 
088 21 FOR 	 'DATA 	U5tM') 
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09t) 23 Fin 	,'; a,A~7=' , ~ ib.7 ► 1X,' SU II=' , L.1€,? ► 	' lSTANEJA! D 	DEVIATION 

091 !. w' ! E. 6, 7 ) 

092 31 FOFU AT'(Iot,'GA'.A1-',E1h,7r1OX 	TA1=' ► 

093 1Ei6.7) 

094 32 FOR IAT(.UiX►'VARIAC 	' ,F16.7) 

095 33 FOR 	/,T(i,.°X ► 'RA,001, 	CC)F',Jr 	't'=', 	;16,7) 

036 ;7 FGh( a5X 	'G:RATJ~L) 	0AATA 	 ) 

097 44 F 	R"Ali`(5X ► r.3 e IOX r r'1.r',,7,i,16 	7 ► 	(3X f FIb 	) 

098 STOP 

099 F, D 

OO S(Jr Ptl(ITIIdr 	:STAI(K.,AY,Y#4AK,SUj.,STD) 

.01 C FOR 	Cw t' Pui,ING 	E,AiJ 	AtzD 	STO-D 	VIATiOty 

022 DI"' a`ISTU J 	AY(5)O) 
-{p 	i 

~C DO 	IL; 	J=6 r K 

:_05  

(if) to CON`S epi: 
;7  

t6 YBAR ,;U1 dn,f 

10 .DO 	i.5 	JZi,K 

1i. CX=AY(,J)-VAR 

i2 Gai::CX4CA 

_13 SLIM 	=; ;' 	1+'CX1 

14 15 COt;TIJUk, 

. 1 5 , Bf1=K-i. 

lea {CY,2=Stl"/R'I 

S'TP-S0f T (CX2 ) 

19 6'+ 	 ID 
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Pi 0! : 	r 	 OF ,i(iTthjY CLC 	
I 12 

L7 .L iii, 	R 1:14 L . C :0[)L  (IY C t J j f t I:a o ) 

CUMPU 	1, ) ,. OF Oi«Trii:Y STATISTICAL 

VVI 

002  C 

003 	c 

004 ° 	C 

006 	C 

007 	C 

o0R  C 

009 

010 

F11. 

012 

013 

014 

015 

017 

018 

019 

020 

021 

022 

23 

024 

025 

026 
 

027 • 

028 „ 

030 

031 , 

032. 

033 

Q34.,. 

035 

U36 . 

Q37. 

038 

039 

040 

041 

042 

043 

044 

1PA,2A r.'  

a = CU ~i ;.d 'JE'" ,(7il-HS DISCHARGES 

ir~R AV„iL1AM4LE IN A yr AR 

Kt;rF„ JF X. AR6 OF DATA AVAILABLE 

O1r.a z1).J P,SL(l4)0),c1(jC0 ,13) 
n1rSIu 	7(.?•f~, 1 2),OI3A (12),sT0C12),R(12),3A , 2) 

CO O/ 2/0RAR,SFD,R,B 4 O 

C.tl;p/rs1 K3/tai 

OPEf! (1], 41:1."= 1, DZVZCE=' O,SK' , k lj,w-' T , 0AT' ) 
REAf?(i,2) +'+T,K,'iDA1A 

PRI'!T2, :,T, K, C!DATA 

R :AD(t,T)((;(,J), ,J l,NT) 

PRI iT 4,()(1,J),J=I,NT) 
10 C0 4T1,1H 

l FJRf;AT(3I5) 
4 F'(7FIu.4) 

CALL STk.I( K, T) 

Dia 11 J=1,,tT 

PI7 5,J,' P(J),S'TD(J),RCJ),F(+J) 

5 FOR !A'!'( 8F(O4) 

CALii RA !D(i~%, U)ATA) 

CALL r (DATA,NT,K) 

PKTei~'z ► i Cot (t, ,J),J=1,rNT),1=1,t1DATA) 

Do 5 S IMi.,iiI1ATA 

Di1 53 J i,t;T 

53 	±O(I,i)=,I1(I r J) 
CALL S' 	C; OAAA,her) 

PRI.` ,R(J),STD( 1),R(j), 1(J) 

STOP 

Ei1C 

r5UBROl1`,Wt .. r5'T/'i~~ ( 	K, 'T) 

Z(5., ,,12),1.f3AR(12),ST'D(12),R(12),(12),8(12) 
CJ "!0 / 6LK2/ ZBAR, ST ), R, F ,Z 
DO 	. i fi 'C = I. , t=1 T 
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DO ) 
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DO rIt,K 

If 	.GT.o.) SUM1SUI+Z(I,KK) 

cm:tx u•; 

A1z,() 

5 	7oB()StJ;t/A1 

C 	FOLLJi C, STATEiETS FORMCMIPOTING 

C 	31A.4),1,i' DEVIATION' OF OIFFFET PIONTHS 

D I KKzt,t'T 

SU2 4, 

DO HIZI,K 

GJ TO 8 

A2Z(I,t)-ZBAR(KK) 

A32A2 

C 

SU12SU 2+A3 

8 COtTI 

AK(tc)1 

C 	PRIT,AK 

I 	STD VK) =SORT (SUt2) 

C 	COMUTATI)" OF CORkELATIUll CeJEFFICifr 

DC 15 

' 

S Li P 4 

DO12Ii,K 

IF(7,K),Q,.)GO TO 12 

AN1Z(I,1\)—Z4R(KK) 

i\ 

C 	PRI T*,i1,A;.2 

A3A 	4:  1 
C 

Ai:A 2I' 42 

$tJ3SU'.3+A t*Al7 
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057 
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02 

03 
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06 

07 
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15 
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19 

20 
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25 

26 

27 

28 
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t3 

C 

C 

C 

C 
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C 
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10 

12 
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EiX 
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(,1) BY ilox 1AULLJER  
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RAi)(i ,i.C)us 
PRI..T 1;k,NDs 
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00 	K1,f4C)S 
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FOR , jT (2Fj0.G) 

D 7 

CALI  
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X(; )iJ1 
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01(i1) ~e„.,dER; TE[) F1,0 	J:F4 x q'y 

YE:I\P ,jjj) J pf1 NtU;aTH 

013AP(d)r.. VV , i~AG PLIO•, IN 3 TM 

il0r. TF1 

6(3) EGR;;SSICU COFFF ICIENT 

EPI? (1)=t'A>"Pti,, iI1lt'irE,8S 

NDAIA= , t"- )r;R OF YEARS OF U~tTA 

TO tlF (;  

.J'>',::U t3f~.td i:, F' .0 !THS DiSCi1AFGES 

AVAIf,A il~r", 

R(3i),:'COr~r, 1J,A 9'Tfl t COFFI''1CIFt.ST, 

O IATICJt 

?7I,P'SI' . w(5, t2) ► QbAK(12),STD(12),b(12) ,R(12) 
DI 	".P'sI., (140n) 

t~1, (1' 	,J 3),P(12) 

n, 	h1 /CPL 
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C 
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C 

C 
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C 
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C 
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C 
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73 

( 4 
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77 C l., 	t. 	/ 	:.'/h,STi ► h:► M,0 

7£ C '" 	'r 	/ 	I 13/c1J 

79 j.Oi FOR , MT(:i14) 

Ft G. C r'IU'k't 	toLi.'T,K f, *DATA 

1'ry 2 FGHi Al 	(7E1{ ► 4) 

82 C PRIi 	1. 	7,((0(S,1),, t,.;T),I=I►K) 

A3 Rv.A!)i I,a3)NC 

44. 3 F 	R 	 ! tO.8) 	 - 

Ss• C PRI 	(AR(J) r J-1,!)T) 

4 C Ppj. 'r*, ( 	TD( J),k3;;I,~iT) 

87 C IRI 	Ix,(rLJ) l .I,taT) 

88 (. PRI 	'i'*,(R(d),Li 	`,,I T) 

. 	-• XK:; K 

_ DI) 	,i 	41Yt,1.7' 

93 DO 	SI 	1=f,K 

94 IF({J(J,\J).F;T. ,+R)P(J) 	P(1)+(1. 	/XK) 

95' 57 CC 	PX 	I)C; 

:97: 11L' 

98; DO 	511, ',!)ATA 

2007 01(1,J)=+! 

201. CALL 	[ , Riii - o 	(Rf) ,RAPTIO  

202 C P i 'I 	, (R 	,Rr;I Th) 

203 IF(r. 	iT; .Ll 	.P (LI).A 	t7.RANU .GTS 	)Gu 	TO 	52 

204 GQ 	1 C, 	5 v 

35 52 Lt.,[.~lr l,L+ 1 
206 IF(J.:+a.t)c t(;,0)-c  LAR (LI)+8T1 CU) *EP$i(LLL) 

207 1F(J...,1'.1)01(I tLJ)=Q11AR(J)+B(U 	)*G 	( L, 4i-t)-06AR(it-1) l+ST1)(0) 

2O ): 1 	* i0€<T(..1.•R'(J 	)*9(j) )4,FP.SL (I4,L) 

209 I 	( 	IC1,J).1,T,0.)Ol(1,l7)0. 

210 50 Cot• 	 I 	i!." 

211 C PR1 J*,t(i~C(I,UU),U 	t 	,N 	),T.w1,NDATA) 

212 R67JR , 

23 F;a 

4 



A PPC-Al t, x TV 001 C c.. .. 	Yi- 	LTfL, 	,. 	 :T to. 	 URK 

002 C V1'Ir 	OP2TATIOv UV K.HALI1A 

003 C D M A 	tF 	YAFS 	()t 	)ATA 	AV1LABL 

C)4 C SJ 	I '1L. 	hIV_ 	5TORAGE  

005 C F'LL 	T. 	Pu 	R13EFcV1JIR 

00 6 C Xr 

007 C th  RILAS 

008 C SPJLl1,L 	FiA i , REE1V0IL 

u09 C R 	V'L 	rk.;(SE 	It 	ui'; 	PJLt4 

010 C (USS 	PVUIR CAPACitY 

011 C Ev:v'F."Io' 	C0FFiC1a.' 	rROM 	REsERo:t 

01.2 C FRO"'  

013 DX 	S(13) ,FL1O 	(So t  12)X8EC(12) ,O(12) 

014 1SPILL( 12) ,k(i2) ,V(12) ,VAP11(12) ,SF(12) 

0145 &ST 44 	D1 F(12),I)E+(t2),l3PILLC12),IEMPi?YCi2) 

016, Ph 	Ci, 1u) 	:D,.PA 

017 100 	F0fcwT(.C15) 

018 RFUiCL,10) 	S(1),Y,P6 

019 	. 101  

020 DO  12  1=1 f r4)ATA 

021. PiAI'(i,4  

022 12  C0TIU1i 

023 R EA[)C1,t01)CXRO(J),J1,U) 

024 

025k 1.02  F0.(6F.(.) 

0251 iU 	16 	J1,12 

0252.  

53 I)EFCJ). 

02535 SXLLCJ)) 

025 IiPTY(J). 

0255 1 	C0.TL'LJr 

026 001. 	I1, 	ATA 

027 0011 	J,12 

028 TFL40$ (U) * F1fl WCl, U) -OS 

029 IF(FO 	,[jf.Xr<O(d)) 	(0 	T t) 	2 

030 IF('1'Fi1 	..XR0(J)) 	GG 	TO 	3 

031 TF(Fn..(",r.XREo(j)) 	(0 	TO 	4 

032 2 	D(J)1FL0 

033 5PJ.(L(j) 

034 

035 

036 G 	TU 5 

037 3 	D(U)XRE'CJ) 



t« '13 SE (1L() 

($39  

040   

GO TO 5 

042 4 D(J)X(J) 
043 S(U+:l)FU^Xi2f:i(J)+iS 

044 1F(J+I.].G(Y 	)) 	tau 	'r 	o 

045  

046 

0 47 

f~ (l~) •~'~ (it ). 

Lal (lj + 1. f ^ 4 '1 ( 4t •~ 1 ) 

048 GO 	Tr, 	5 

050  
051 S(J+t)=Y 

052.  

OJ54 EVA Pb(J)=:V(j).AR 	ACX) 

055 [F(S 	Ja 	(J),GT.n) 	co 	TO 	7 

057 

05575 !. C' (X e Gi:: 	Gf Ai"S+(47) 	G 	TO 	19 

057. IF(P(k)),c;r,O) 	GO 	TO 	13. 

0559 t7t~}ice 	, 

060 13 (J) 

0605 X0605  

GO T O 9 

0612 1q S(J+1)= 	D 	+(X^EVkPO(,J)) 

0614 G0 TO 9 

062 7 IF(SPJLL(J).GTVAA1i(1J)) 	GO TO 	8 

;3 X '-EvAN J(J)-SPII,,t~(u] 

064 D(.1) =3)(11) -X 

066. (,}+1)St )+1)X 

068 Spfl I, (•J) 

069 k(J) 	P(J) 

070 (30 	IC 	9 

071 A Shltt 	1]= a4'ILf(j)- 	VAPO(J) 

072 R(,J) ;;)(J)+SPIL1J(J) 

073 9 [r (t 	n.a.2)51 	5(J+1) 

074 11 CO iti,!Ur: 

075 DO 	.Lu 	,IJ],12 

076  

077 I(7 C0i'X 10 - 

Q~771. i 	'.7 	J~I, 12 

0777  

0773  
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075 

0776 17 CtL. 	'I 

078 LIO 	15 	jl,1.2 

t7 9 PXLT  2  ,SCJ) ,LQ(I,J).,(J),EVAPO() ,R(J)  SF  ,P1LL(j) 

080 2u t. FI  (7i2.4) 

Q81 15 Cu'1  ii; 

082 

(183 1 C1JI1  i U, 

0832 i 	L]l12 

O83 pi  21,IDF(J),ISP1LT(J),tiPTY(U) 

0036 2C1 

0638 is COt 

Th4 

085 C.) 

FijurTI(V 	MEA(X) 

067 

0875 i*XX+6622O52LO1X*XX 

08 8 RLTUR 
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) 
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