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SYNOPSIS

The role of runoff is one of the hasic hydrologic
data and plays an important role in cdesign aspect of
Hydrology and reservbir operation studies in all water
resources systems. In several water resources projects
it»is requiréd to predict the characteristics and quantity
of stream flaow sequénces. ilany existing irrigation projects
had been designed on the basis of scanty hydrologic data.
Even some of the incoming projects arc also being

designed with available hydrological data.

Kalluvodduhalla project im 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 the project. The project
authorities finalised the hydrology of the project based
on the available rainfall dotc of the catchment rainfall
and the adjacent catchmeht rainfall., Thirty ycars 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 ycars continfious working Tablese

‘At present three years historicecal river flow

data is now available at the sitc.

The aim of the present study is as followss



(v

(a) To generate the monthly volumc of flows at the
site for a period of 30 ycars by (i)vRogrossion
Anélysis (ii) Modificd Thomas Fiering Model.

(b) To study the feosibility of the projcct by
reservolr operation for a cycle of 30 years for the
B0/, 60#£ and 794 flow dependabilitics,

(¢) To work out the ¢comparative boncfit cost ratio

of the project for diffcerent dependabilities.

The above study reveals that the flow zenerated
by the regression analysis vary widoly as comparced to the
historical flow and therefore were not considered for 06~
roscxrvolr operation. Where as the flows generated by
Strange's table and the modified Thomas-Fiering Model
rcsemble very much with the historieal flows, and hence
the flows generatced by these two methods were usea for
rescrvoir operation. The flows gencrated by Modificd
Thomas Fiering Modcl arc smaller than as comparcd with the

flows generated by Strange's Table.

The 50/ dependable flow scheme is fecasible on

the basis of rescrvoir operation criteria as well as

on the basis of bencefit costwratio eriteria.



CHAPTER 1

INTRODUCTION

Kalluvodduhalla Project is situated in §hikaripura
Taluk, Shimoga District of Karnataka State.- Karnafaka
State is in southern part of India. Kulluvoduhalla project
is takén up for construction under Tahk Irrigation projects

under World Bank Assistance,

Karnataka State has a total area of 1,911,773 sq.km,
The total irrigation potential available in the State is
"~ About 54y of the States Geographical :
about 5,5 million Hectaresﬂéugrea is drought prone as com=
pared to 164 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 0.8l

million Hectares.

To increase the irrigation potential, the State
Government has identified 160 tanké ir:igatibn projects
under the assistance of World Bank Aid. Kalluvodduhalla
project is one among those identified under World Bank

Aid,
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Kalluvocdduhalla project envisages the construction
of Earthen dam with flank spillway across the stream
Kalluvodduhalla. It is proposed to irrigate 1450 Hectares
of land to utilise 17,549 Mm° 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 builf’
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 straugefs.table for calculating runoff in case of the

catchments having no stream flow data.

In the project report, 504 dependable flow is
considered for design aspect and for reservoir operatioﬁ

studies, to see the feasibility 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 constfuction of
storage reservoirs have already been developed. Even in
case of relatively few g}tes 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 oxr other similar
methods. Considerable methods arc now available to provide
a more realistic basis for assessing thélavailability and
variability of river supplies. Techniques of mathematiéal
modelling coupled with digital computer facilities available
in the country to provide powerful {ools 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 iﬁproving the efficiency of the existing irrigation system
as well as future coming projects, so as to use the water
and thereby intensity or cxtend irrigation under tHese projects

calls for urgent modernisation of reservoir operation,

later is one of the mnost 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=-clectric
projects, agriculture, procduction of stream, refrigirator
cooling system, rccreation 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 ever rising population of

the world,

il

Whether or not irrigation is an alternative pro-
pdsition 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 .l :> 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, Shimoga District of Karnata State. It is
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located at Latitude 14%13' 0'' and Longitude 75°14!' 301!,

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 carthen 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 Arca

Catchment Arca of the project is 41 sq.kms, This

rises from .

halla Balundur State forest at an altitude of about
700 M. The lowest river bed level at the site is about 614
m. Upper most catchment area is hilly and thickly forested -
and lower reaches arc in moderate country., Kalluvodduhalla
stream is onc of the tributary in sub-basin of Kumudvati river,

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

ment area shown in Fig.l.2.

1.2.4  Climate

The climate of the area is described as fairly
moderate and tropical. The temperature varies from 14°C
minimum to 35.9°C maximum. This area receives maximum rain-
fall during the south-west‘monsoon ( Jun., to September )
and minimum rainfall during north-cast monsoon ( Oct,to Dec. )
The average rainfall in the area is "about 1305 mm per

year,



HS3AQVvYd VyHANY

KALLUVOD DUHALLA
PROJECT

FIG:11 LOCATION MAP



A TAGARTHI

LEGEND

A RAINGAUGE STATION
. —<& RIVER
KALLUYODDUHALLA .- --.CATCHMENT BOUNDARY -
PROJECT

4

w—— DAM SITE

_ . . -
= Lum .m..v.:u/\

_ RIVER
AMBLIGOLA RESERVOIR AMBLITOLA .

s~ PROJECT

FIG-12 INDEX MAP —_—



1.2.5 HYDgﬁﬁﬁcy”of the Project

Two rain gauge stations are available invside the
catchment, namely Guttanahalli, and Korlikoppa stations.
Shown in Fis., 1.2. Rainfall data for ¢ 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. f Rainfall data of Guttanahalli 1971-1979

3. Rainfall data of Korlikoppa 1971-1979 .

4, Rainfall data of Ambligaia 1950-~1969 and 1971~1979,

O Area capacity Table and curve,

6o Existing and Proposed cropping pattern

7. Monthwise crop water demand,

8t. 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.

Ambligola raingauge station shown in Fig.l1.2, is

situated in the adjacent eatchment and fairly lopgg term
rainfall record is available ghown in Table 1.2:

TSN

"Ratio of 1.196 is calculated by using the con-

current period rainfall data of catchment rainfall to that
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~Table:1,2 : Rainfall Data of Ambligola(Figures are in Inches)

s o b LR RTERAE M. e ey P L W L T A T AT A B ATSE e TR, WINPT WD

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

A s S WASETT R LRU RE B I 8 S L R I SRS U L U AT TSI N AL D W L3 LT LMl B R P e lMTg R ARV W €.

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 8.9 - 45,17
1952 - - 8.13 6,20 5400 6+62 - 25,95
1953 ‘= 16,70 6,60 16.9 - - - 40,20
1954 1.6l 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 3.14 065.06
1957 7.66 10438 14,53 7.47 3.29 10.94 5.0 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
1064 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.C0 2.90 4.10 - 1.30  44.30
1971 1.27 12.8% 10.79 3.74 4.60 1.73 - 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

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

R A A AR I B W Tl el S i Vi TR Y TR W SR SATIN S TTRL19 U, IO TIIDUR W L T A W T TS e AT TR T8
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of Ambligola rainfall, shovm in Table 1.3,

By using the ratio of 1.196, the catchment raine
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 Strangefs Table
Stream gauging data of the streom was not available.
The project authorities have finalised the runoff yield by

using strange's table . = ¢~ e i

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 had catchments. Use of
Strange$S Table requires careful classification® of catchment.
The project authorities have considered the catchment as
'Yaverage'! 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'' . lonthwise runoff yield calculated by Strange's

Table is shown in Table 1l.8.
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Table 1,4 : Catchment Rainfall-30 years

ST Vet~ Ralnfall ™ Catchnent ~ "

No. Data of
Ambligola

Lo 23

1 1950 61,80

2, 1951 43,17

3. 1952 25,95

4, 1953 40,20

5. 1954 43,838

6., 1955 47,24

7. 1956 65.06

8. 1957 59.25

9, 1938 58.65

10, 1959 77.80

11, 1960 50.67

12, 1961 79.40

13, 1962 66,37

14, 1963 40,14

15, 1964 46.99

16. 1965 38.14

17. 1966 42,97

18, 1967 46,05

19. 1968 44,30

20, 1969

21, 1970

22, 1971

23, 1972

24, 1973

25. 1974

26. 1975

27. 1976

28, 1977

29, 1978

30. 1979

SN

Rainfall

(Built up

1950.-1968)
Col.3 * 1,196

BT AR ST e W A a

4

504 Dependable Yield = 56,20'!' =

it

ALY RO M T AT T e -,

13

T A T O L W AT LYY M T TR TR © AT A A

Catchment
Rainfall in
Decending Order

T A Y W e e T AR L e 8

R e R et B T SR PPy

96420 50/ dependa-

73,93 94,96
54, 02 93,05
31,04 79,38
48,08 77.81
53, 46 74,38
56.50 73.98
77,81 70. 86
70. 86 70,15
70. 15 67,09
93,05 61.48
60. 60 60.60
94,96 58,46
79. 38 58,26
48.01 56.50
56,20 56,
45,62 5% . 58
51.39 54,02
55,68 53.90
54,95 53. 86
53,86 52,98
61.48 51,39
42, 45 49,55
53,90 48,08
58, 26 48,01
44,27 45,62
74,38 44,27
36,91 42.45
49.55 37.96
67. 09 36.91
37.96 31.04

54,565 * 15,81
862,67 Mcft.

24,42 Mm3

bility

LR T
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Table 1,5 ¢ Historical Flows (ALl figures in Mms)

L R e O T T e T Y L T R B B e T E LR e R P T A P REL R e

S1.  Month 1981 1082 1983
No,

R e o B T T T TR A I AR LA T e A PR Y I AR Rt

1. January 0.0 0.0 0.0
2.  February 0.0 0.0 0.0
3. March 0.0 0.0 0,0
4s April 0.0 0.0 0.0

5, May 0,12 0.0 0.0 -
6,> June 10,10 0,37 0,154
T July 0,876 1,163 64551
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

L e T R e i e Il N e . S L T P

Total 15,783 16,611 24,098

[ R I kT O e e T RR R T T SR N S AR N R L T L
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Table l46: Runofg Data Based on Strange's Table (All figures in ...
in Mm™)

No: Year  Jun, Jul. Aug. Sept, Oot. Nove. May Total

"l. 1950-51 0.28 17.11 8.20 1:60 1.34 0.71 0.1l 29.55

2¢ 1951252 1.08 6,54 2.67 356 8.54 - - 22.39
3¢ 1952-53 = 031 1.27 1.77 3.30 = -~ 6.6
4y 1953-B4 2.33 2486 12,31 = - - -~ 17.59
5, 1954-55 1.08 9.83 7.91 2.71 5.0 - 0.36 26498
6o 1955256 2,05 1,78 6,05 6.00 8.50 = - 24,38

Te 1996=57 2,55 12,53 11.24 1.29 1.89 1.77 026 31.53
8o 1957=58 2.56 8,21 64,27 3.20 4,68 2.82 - 27,74
¢ 195859 1,15 14.25 9.93 0.86 1.30 0.18 0.06 27.73
10+ 195960 3483 21.88 4435 5.85 0,62 1.83 ~. 38436
11s 1960-61 0,27 54,20 640 7.98 6.63 0.05 2,96 29.49
12, 1961-62 7.77 20614 5.19 2.09 1417 = 0+04 36,40
13, 1962-63 0.20 8417 18,14 1,30 3:96 0.19 0.10 32,06

14+ 1963-64 0,34 2.92 7.12 0.70 4,07 2.16 - 17,31
156 196465 0,18 2.22 12,05 3:03 4422 2476 0.0l 24.47
166 1965-66 0641 6.97 4497 1.61L 1.65 = 0.85 15.76
17 1966=67 0.16 5.64 0,76 3.73 5.84 3,92 0,02 20.07
18+ 1967-68 0459 10.51 9,57 1.68 1,07 = - 23.42
19. 1968-69 0.42 13.36 2,54 3,92 - 1.3 = 21.55
20s 1969-70 0404 6412 4462 4446 5,98 1.13  0.10 22,45
21le 197071 1.07 5.03 14,14 7.21 0.48 = - 27,93
224 197172 2443 5.64 2,76 1.88 0,55 0.10 0.05 13,41
23, 1972-73 2.11 9.8lL 5,97 2.27 1,51 0434 - 22,01
244 1973=74 2432 9,59 12,30 0469 1448 0405 = 26443
254 1974~75 0,09 3.12 5.91 3.00 251 - - 14.63
260 1975-76 2497 6:74 10498 5.85 1.55 1457 = 29,66
274 197677 1,48 2469 1,06 0.64 - 3,93 = - 9.80

28¢ 1977-78 0657 5.18 2,73 4.33 2,34 353 0.05 18,73
29. 1978-79 3.00 9.73 13,06 1.14 1.08 0.71 - 28.72
30¢ 1979~80 Q.75 2.0l 6.44 0646 0,22 Q.44 - 10.32

g . i
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1.2.7 Dependable Flow

The project is designed for 50/ dependability.
Usual practice of dependable flow is 75/ for major projects.
It is a tank irrigation project and hence the 504 depen-
dable flow is considercd for design purposcs 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 Mm3 shown in Table l.6.
50% dependable flow year working table enclosed in

Table 1.7.
1.,2,8 Evaporation Values

Daily cvaporation values: of the project area is
enclosed in Table 1.8, Total cvaporation for the 504
dependable flow year works out to 1,381 Mm3. shown in

Table 17 .
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1.2.9 Cropping Pattern
The existing crop pattern is cnclosed in Table 1.9,
The proposed cropping pattern is cenclosed in Table 1.10Q.
Monthly crop water requirement of the project is enclosed

in Table 1.11. Crop water demand works out to 17,549 Mms.

1.2.10 Reservoir Elevation-Arca Capacity Relations

The relation between Elevation—Area-Capacity
Table is enclosed in Table l.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 dommand arca is plain in most
part of the project area, but undulating in few placecs.,
General slope of the érealvaries from O to 34. . command
area survey is done by the State Agricultural Department and

has identified two soil series, shown in Table 1.13.

Amptckoppa Soil scrics are moderately fine to
fine textured soils with medium cepth and arc under-laid by

gravelly murrum and the land is quite suitable for irrigation.

Hagaravalli soil secries arc deep fine textured soils
with moderately slow to slow permeability and the land is

suitable for irrigation with care,
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Table 1,8 ¢ Existing Crop Pattern in the Command Area

7, AT, ¢ Py | o A W S WGP M S IRLAR LSRR N R S W TF At W e e il ATe

- - - IO N N

Si. Crop Session Present Crop
No. : in Percent

- - e AR TN A AR o . S ORI N L YW M Y ALY s TN A S il |

-, R e T RN e NN R

1. Paddy Khariff 83,60
2. Maize ~ Khariff 0.90
3. Ragi, Khariff 6.10
4, Pulses - Khariff | 0.10
3. Chillies Khariff 3,80
6. Groundnut - Khariff 0.60
T Seasamum Khariff 0460
8. Niger Khariff 0.60

T - TIPS TER o 0 AT e AT TN WP B T W S 1 W ML P 5 NS BN WP, A T BT s WY Ll L TR W (W T REYRD 6 SR meied omn e et

96.30

L S T

9.‘ Pulses Rabi 7.60

10, Cotton Two Scaso- 2.20
nal -

11,  Sugarcane Perennial 0.60

P s A At AR M. TR M A AR T AT WL M 3TN A VIR M WP W D6 kol L ASEI WY S ST OISR AP IS Sty . W Wt B

106.70

BN s A R AR T W et AN i AL S T St e, TR - e £ e St At I S =TT i 8
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Table 1.10 ¢ Proposed Crop Pattern

Percen- Crop Duration Yield in
Crop tage Tonnes per
Hectare
KHARIFF | |
1, Paddy .90 June II to Nov. I ’ 5
-0
RABI
2,  Paddy ) Octs I to Feb. I 6
3. Pulses 50 Nov. I to April II 1.5
4, Wheat 4 Nov., I to April II 1.8
5,  Groundnut 9 Nov. I to April II 2.9
63

L S R e

PERENNIALS

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

B e

160

A T Aty A,
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Table 1.12: Reservoir~Elevation Areca=Capacity Relations

S1. Elevation Reservoir  Reservoir Area
No., in m, Capacity in Hectare
in Mm
1. 614,17 - -~
2.  615.361 0,008 2.02
3, 617,495 0,114 8.50
4, 619.623 0.393 18
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, 635,762 16,197 210,43

—. L . FTRTIER, AN AL M TR AR P E L e TN T PO T4, 5 WL | AW, AW WIS e e PsCT )W e
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Table 1.13 : Statement Showing the Morphological Character-
istics of the Soils Coming Under the Command Area.

S1, Characteristics., Amtekopna Haragavalli
No, Series, Series,
a) Physiography Plain Plain
b) Slope 1 to 3« 0 to 1x
¢) Parent material Schist and Schist and
Quartzite Quartisties.
d) Colour Yellowish Yellowish
- brown to reddish brown to reddish

brown brown

e) Texture

i) Surface Silty loam
ii) Sub-surface Silty clay loam - Silty cday loanm
to gravelly clay clay to clay loam.
loam
f) Soil depth ' Deep Very deep
g) Lime status ~ -
i) Surface - -
ii) Sub-surface - -
h) Sub soil drainage Well drained Well drained
i) i) Land irrigability Class.I. Class-II
Class
j) Mapping Unit Ank-s=1-d4 Hgv-cl=d5
Be2 A=el

M TR R LTS LR CTRY MR IR Y P AT 8 SR R WMCTR LRI T o AR T TR TR 2. SR ek e i p W e e
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1.2,12 Salient Feature of the Scheme

1. Name of the Project Kalluvodduhalla Project
2. Name of the Stream Kalluvodduhalla
3. Location Latitude 14°-13%-0''

Longitude 75°-14¢-30¢"

4. Purpose Irrigation

5. Catchment Area 41 Sg.Km.

6. Rainfall 1305 mm (Mean Annual)

7. Yield at 50% 24,46 Mm>
Dependability

8. Lowest River bed level 614,17 m

9. Dead Stmprage level 621,76 m

'10. Full Reservoir level 633.495 m

11, Top of Dam - 637.155 m

12, Dead Storage capacity 0.874 Mm3

13. Minimum drawdown capacity 1,222 Mm3

14, Gross storage capacity 12,176 Nm>

15. Submersion Area 198,29 Hectares

16, Type of Dam Earthen Dam with flank
spillway

17. Height of dam(Maximum) 22,985 m
18, Gross command area 1882 Hectares

19, Culturable command area 1450 Hectares

20. Crop water requirement 17.549 Mm3

21. Length of left bank 19.80 Kms.
canal

22, Length of right bank 3.60 Kms
canal

23. Total cost of the Scheme Rs.484.8 Lakhs
24, Cost per Hectare Rs.33, 359

25. Cost per'M3 of water Rs.2.76
utilised., ‘



27

1.2,13 Reservoir Operation for 504 Dependable Year

In the report reservoir operation for 5 years have
been done which includes 504 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

3 and the

Dead storage capacity is fixed at 0,874 Mm
- 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_bf irrigation about 886 farming
families will be benefitted., 17,549 MM° 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

3802'766

3 4848 0000
Cost per m” of water =  =ewmmisv e cmm
17549 000

= 2,76
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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 Téble, runoff = yield is given for the catchment
as 'good!', Average! or 'bad!. The relationship between X
those classifications of catchment runoff is given by ratio
of 2 ¢ 1,5 3 1 respectively. Thus the estimates of runoff
will vary significantly depending on catchment claf$ification.
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 hionthly Flows by iodified Thomas-

Fiering i.odel.

In the present problem, zero discharges are observed
during dry season, Hence modified ThomasJiiering 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 Modified Thomas-Fiering hiodel.

A computer program is developed to generate flows.

These 30 years generated flows are further used in

reservoir operation studies,
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1.343 Curve Fitting for Area-Capacity Relation

In the reservoir opexation table, the relation
between Arec and capacity 1s 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,

(é) ?iéld of Runoff from Strangefs 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 754 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 VOLUMES BY RNGRESSION
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 é past recbrd of hydrologic¢ events interms of future
probabilities of occurrance. This problem arises in the
estimates of frequencies of flodds, droughts, storages,

rainfalls, and runoffs etc,

Hydrologic data can be treated as statistical
variables. 1In statistics the whole collection of objectsxm
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,
‘ - 3 0 f - .
The characteristics/ 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

.=
v v X
Vi ——

et Ay oSG

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
X = (xl*XQ*XS ® 6 c & 6080 b }(N)

g

The Harmonic mean 1s the reciprocal of the mean
value of the reciprocal of individual values., It can be
expressed as |

- N

Xh £(1/X)

The Median:-= It is the middle value of_or the variates
which devides the freguencies 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

M.D. = E.JX-xL.
N
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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

—-—-——-—-—-m-:~ 2
J £(X - X)

L e T

N

It represents for population.

An unbiased estimate of this parameter is

denoted by

- 2
J? X = X)
g =

N-1

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

which is dcnoted by 62.

The Ranges-~ 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 1s denoted by

C = el
v o B
Measures of Skewness:~ The lack of Symmetry

of a distribution is called Skewness and is denoted by

1 3
¢ = = T (X~ p)
N



This is for Population.

An unbiased estimate of this parameter is denoted

by
3

. LSS 1 ()( ,_“}-()
(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 contributidns 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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GENERATION OF MONTHLY FLOWS BY REGRESSION
ANALYSIS FOR NATURAL VALUES

The methodology for development of monthly fore- '

casting models when the historic¢ recoxd is short and is

described with following stages.

(a)

(b)

(c)

(a)

(e)

Provisional model is postulated, accompanied by

a clear statement of the assumptions made there in.

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.

The goodness of fit of the model is investigated,
for example by close examination of the residuals X
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.

If no evidance of invalidity in the assumption is

found, the model is adopted and used for forecasting.

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 rctained,
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Yle now considexr 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

Y, =« + By, Cos 2n t + y, Sin 2nt +€&

Where, Yt is the volume of flow in month t. ¢, Bl and Yy
are constants to be estimated g 4 is a random variable

about which the following assumptions are made.,

(1) It is distributed with zero mean, and constant

. 2
variance oOg

(i) £ ¢ 1s uncorrelated with € (for all k

except zera)

Four parameters must therefore be estinated in the

2
model. (a, By» Yy and og )

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

volume of discharge)

N
= =
B = § tzlYt Cos(2nt/12)

2 N .
Y1 = R tElYt Sin(2nt/12)
N 2
2 - > A
g = LI g =¥ - (8" - Ty ) /N/2]/(N-3)

It can then be shown that the variance of the forccast of °

volume of discharge at time T is
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e (L + 5/N)

So that if a third assumption is possible.

(iii) that the random variables € ¢ are normally distri-

- buted then confidence limits for the forecast given

= Y + 7, Cos(2mt/12) + vy, Sin 2wt/12

Ites % V(1 -+ 5/N)

Where,'tN;3 is the value, read from table of the
t -« statistie for the appropriate probability level,

and with N=3 degree of freedom.

If the 954 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 £ ¢ is large.

One means of circumventing this difficulty is
to work with the logorithm of volume of flow, instead of the

volume of flow,

Threec years Historical data is to be generated

to 30 years.
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2.3 COMPUTATION OF MONTHLY FLOWS BY REGRESSION ANALYSIS

FOR NATURAL VALUES
' — N -2
Step li- Calculate the over all mean Y and I (Y, - Y)
' t=1
' 2 N
Step 2:= Calculate B; = -3 I Y, Cost2nt/12)
t=1 '

N
and v, = 5% Y, Sin(27t/12)
t=1

-2

& o= [ (=Y - (87

- ¥, HIN/12]/(N=3)
and find ce

Step 3 t= Read the value of tN-B from t-statistics table
for the appropriate probability level with N=3

degrees of freedam, calculate

tyez g V(1 + 5/N)

Step 4 :~ Calculate Yt in the regression equation for each
month, with + random component and

with - random component.

Combuter 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 - GENERATIOW OF MONTHLY VOLUMES BY REGRESSION
ANALYSIS ~ LOGORITHMIC 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 € ¢ 1s
large, One means of circumvehting this difificulty is to
work with the logarithm of volume of flow, instead of A
volume of flow. Values are to transformed to logarithms

to base 10. Then the model becomes

Log Y, = a + _,BlCos(Qnt/lQ) + ylSin(Znt/l2) +& N

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

1) 3 Years Historical data amd to be generated to

30 years.,
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2,5  COMPUTATION CF MONTHLY FLOWS BY REGRESSION
ANALYSIS FOR LOGARITHMIC 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 indeterminent, Hence
for zero flows, it is assuped as 1 unit flows and all

monthly inflows are covemted into Log values,

Steps (1) to (4) same as (2.3)
Step (5) :~ Take antilog for all the generated

values,
Here also 3 years data is generated to 3C ycars.

Computer program is developed'to ccnerate monthly

flows as detailed above,
Computer program is enclosed in Appendix.]I,

Statement showing mean, standard deviation for

observed values and for generated values dre "to.ie calaulated.



CHAPTER 3

ENERATION OF MONTHLY FLOUS BY THO AS--
FIERING +.ODEL

3.1 GEWERAL

“ihen water resources project is planned, it is
usuallv not possible to determine the exact scequence of
hydrologic cvents for which the project must be designed.
Corrcect znd rcliable hydrologic cdata of a longer record are

very nuch useful for water resource planners,

Historical data of this project is very short,
Further the recorded valucs of high flow, low flow and
other chéracteristics of the record arc not likely to
occur during the future system., The exact patlern of flows
during this historical perioc is cXtremely unlikely to
occur during that pcriod 1n whichh the proposed raservoir

system will in operative,

The worst flood or drought in historical records

is not the worst possibel flood or drought.

The sc¢quencial-jeneration anproach makes it
possible to »nroduce as manv coubinations of hydrologic
sequences as designed for use in hydrologic analysis. This
is particularly useful in the study of resexvoir operation
and in design of complex water resourccs systoem.

The method of gecneration of monthly volume of dis~
charges depends on the tyve of cdata available. In the prescnt

‘ during <ry secson. Hence
study, zcro flows of discharges have hecn observed/i:odified
is useq
Thomas TFiering mOlO%{ln this study to genercte the monthly

volunes,.
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‘there, A is anv non-ncgative integer and B is one of the
nunbers from the sequence 3, 11, 13, 19, 21, 27, 37,

53, 59, 67, 69, 77, 83, 91. The starting valuc of

Y, should be 107F

divisible by 2 or 5 and such that O < R < 10%,

R, where 1 is any integer not

e =5
For cxample, if we sclect P = 5, then 10 p/2 = 10 5/2
= 0,00316 and .a possible choicc for C is aquired by
selecting A = 2, B = 69 so that C = 107°(400 - 69) = 107331

= 0,00331., Similarly for Selection of ¥y

Y, = 107°% 9 = 0,00009 (say R = 9) and starting
with Yo = 0.00009 further valucs of Y; can be calculated.
Further values can be calculated sequencially using

)

<5
<10” * 10™7 * 331 # y.>

¥i01 %

Generation of Normally Distributed Random Numbers

Itﬁis simple to generatc normal random nunbers
from zero mean and unit variance. If Xl anc X2 (two sets
of secuences) ave variates, rectangularly distributed over
the interval O and 1 then thesce cun be transformcd to
values Y, and Y, by the following ccuations.

/2
Y]_ = (~2L09e Al} 4

1/2
Yo = (~2 Log, Xy) * Sing(2nX,)

22

Cos(2n KQ)

there, Yl and Y, are normally and independently distributed

with zero mean and unit varlance,



3.2 GENERATION OF RANDGK. NULBERS

In generation of monthly stircam flow, of any model,
addition of random componentlis a must, This random compo--
nent will take care the probanility of high flow tend to
follow high flow anc 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 distributed number

(ii) Generation of nommally distributed random numbers.

Generation of (0,1) Rectangularly Distributed Numberss-

The sequencial algorithn for gencrating the uniformly
gistributed pseudo-Random numbers in the interval (O,l) is

given by

D)
Yitl < 10" C s >

where, <a> denotes the fractional part of a

Yi4pr Yi being the number at ith and (i+l)th
instants respectively.

P is the number of cigits in the Pseudo-Randon
nunber,

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

The choice of C is as follows:

¢ = 1077200 + B) = 10°F/2
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3.3 ALGORITIPY FOR THE THOMAS FIERING MODEL IS AS
FCLLOWIS

- . 2
== - i - . - el . Lo 5 . r -~ .
Qi+l QJ+l + DJ(Ql QJ) + /1°J+l vl Y5 )

where, Q, Q.

141 2T€ the aenerated volume of discharge during

ith and (i+1)th month respectively.

Qa and Qj+l arc the observed mean monthly discharges
during the jth and (j+1)th months mespectively

with in a annual cycle of 12 months.

bj is the roegression coefficicent For estimating
volune of discharce in the (j+1)th month
from the jth month
b: = Y: S_: ‘S
J "J J+l/ J

Y

Z. is a rando noximal Jdeviate with zoro mean and

i
unit variance,
SJ.+l is the standard deviation of discharge in the

(j+1) th month.
Yj is the correlation coefficient betwecn flows in
the jth and (j+l)th months.

Given N vears of data, the calculation for the
Y »

Thomas.-Fiering lodel is as follows

(1) For cach month j = 1,2......012
the plela] iy N ::.. == YA
(a) the mean flov 2 5 aJl/N

| e

(i == j, 12 T j, 24 "N j..ccqocc
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(b) Standard deviation

_ 2

(c) The Correlation Coefficient with flow in

the precceding month,

-

2 Q53 = 45)(Q4,5 = Y

- w - B R I DL TIF T S
Rt e e

e s W e we - v » mern o

L
B L

‘(i(jS = Q) 2 Q5 - Q)

The slope of the regression equation is

(d)

by = ¥ S5/5;
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3,4 GENERATION COF nIONTHLY FLOWS BY ;ODIFIED THOWMAS
FIERING MODiL

In the present problem the modified Thomas-Fiering
Model is uscd to gencerate nmonthly flow scduences is as

- follows,
Supposc we have N years of data

(1) Record, for cach month j( j = less.. 12) of the
vear, the number of years nj out of N for which
flow was recorded let Py = nj/N

(ii) Calculate the kiean Monthly flow, and the variance

of flows for each month j.

(iii) Fit a Thomas-Fiering iiodedl.

(iv) Generation of synthetic scqucnces of monthly flow
Y )

as follows:

(a) For wmonth j, choose a pscudo-randoir number,
rectanqularly distributecd over (0,1) if this
nunber is less than Pj( but grecatexr than zero)
then flow to occur in month j, otherwisc no

flovr is to occuzx.

(b) If no flow is to oeccur in month, j, repecat

for month j+1
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(c) If flow is to occur in month j, and it is

(d)

the first month of the year for which

flow is to occur, s2lect a Fseudo random
normal deviatce for a distribution with mcan
and variance cqual to the mean monthly flow
and variance of flows for month Jj.

If flow is to occur in month,j, and flow
also occured in month j—l, use the regre-
ssion ecuation of the Thomas--Fiering idodecl

to obtain the flow for month j.



3.5

COMPUTATION OF I:ONTHLY FLOWS BY MODIFIED
THOMAS FIERING RIODEL

The most modern model is proposed by Modified

Thomas~Fiering model parxticularly with respect to the

zero flows observed in some months,

In this study, 10 years data (3 vears Historical

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

to 30 years to study the rescrvoir operation.

Step li-

'Step 2%

Calculate dMean, Standard - Deviation of the

flows,

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 gencerate tﬁrough computer the sequence
of Pseudo random numbers, carefully constructcc

to mountain the important propertics of truely

random numbers

Step 3 i1~ Generation of stream flow by using Modified

Thomas Fiering liodel is applied to the problcm,
Using the 10 years data and calculating the
statistical paramcters like mean, stondard deviation

corrclation coefficient of the data used.
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Generate rectangularly distributed pscuco
random numbers and transform then into normally

distributed random numbers in the interyal(o,l)'

Step 4:~ The model may generate negative flows, ‘ihen
this occurs, the negative value is to calculate

the next flow afteoxr which it is set to zero,

Generate 30 ycars data using the lodcl in natural
serics computer program is prepared to generate random
numbers, to calculate the mean, standard deviation, corre-

lation coefficient and to qencrate the monthly flows.

Computer program is preparcd to gencerate monthly

flows is enclosed in Appendix.-III.

The statistical propertices such as mean, standard
deviation of the data used, and for the generated flows

arc to be carcalated,

s
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CHAPTER 4

RESERVOIR OPERATICN 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 projécts to provide irri-
gation facilities is rather limited, since most of the suitable
gites. . 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% cependable floys
both for harnessing and for utilising the river water

through storage reservoir.

7T

e i} T,

COUA v W
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One is, great poxrtion of surplus flows released in

all the Bood water years, which are great many in number,
go unutilised and there is the full utility value of the
schemes get reduced prvportionately in the bhad 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 g course of vears, such that they operate at following

dependabilities

(1) Water supply projects essees. 100/ cCepencability
(ii) Hydel project essssss 904 dependability
(iii) Irrigation projects T4 to 5@ dependability

¢

The project authorities of Kalluvodduhalla reservoir
have designed the project at 50y 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.l.

i) The basic operation criteria with conventional
method may be expressed in terms of simple
continuity equation

t t+1

here, St is the reservoie storage at the begining.
of the month t
St is the storage at the begining of the
month t+1
or
the reservoir storage at the end of month %
I, is the inflow into the reservoir during
the month
Et is the Evaporation from reservoir during

the month
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FiGAIFLOW CHART FOR CONVENTIONAL RESERVOIR OPERATION
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i N
(i) Constraint of the minimum storage and the
reservoir capacity Y are as follows

<

DS28, < Y

t
Where, DS is the Dead storage capacity of

reservoir, Y is the Reservoir Capacity.

(1ii) With the help of above staed operation equition,
the simplest operating rule is to supply all the
water demand, if available, This is expresged as
R - E

5 S + I

t t t t

The reservoir will 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 Appendig-IV.

Data used in Reservoir Operation.

The reservoir operation starts from June month.
1) Monthly Inflow into the Reservoir

2) lonthly Crop water demand

3) Monthly Lvaporation Values.

4) Reservoir Area - Capacity curve

5) Maximum Reservoir Capacity

6) Minimum Drawdown Capacity.
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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 cdone for 30
vears., The operation procedure is shown(in Fig. 4.1
for different dependabilities considered fdér-the:study,
Computer program based on the flow chart shown in Fig.
is prepared and appended in Appendix v . The
operation steps is as followss

(1) Inflow data for 30 years, Irrigationféduirement,.

available in the project report, are used in the
operation.

(ii) Minimum drawdown capacity is fixed at 1.222 Mm3 and-
used in ovweration. |

(111) 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,Jj and the
initial reservoir S(J) content minus Dead Storage
DS
TFLOW = S(J) + FLOW(I,J) -~ DS



(vi)

(vii)

(viii)

(ix)
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If the total flow (T FLOW) more than the monthly

irrigation requirement XREQ(J) release thefull
irrigation requirement and compute new reservoir

content S(J+1)
S(J+l) = 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+1) - Y

A counter is provided to count the number of times the

reservoir spilled.

If the total inflow TFLOW, is less than the monthly
irrigation XREQ(J) requiremenf, 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 ceunder is provided to count the number of

times the deficit is accounted

If the total inflow TELOW is equal to monthly

irrigation requirement XREQ(J) then release full

irrigation recquirement

S(J+1) = T FLOV «~ XREQ(J) + DS

Now compute Averace storage X which is required for
computation of monthly Evaporation, Values
EVAPO(J). Averace Storage X 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

(%) Compute area AREA(x) with reference to the storage X

with the polynomial Equation.

(i) ionthly evaporation values are EV(J) given in the
booket. Comput monthly Evaporation losses
EVAPO( J)

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

((x1ii) Thef final storage S{(J+1) is calculated as follows

S(J+1) = S{J+1) ~ 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 FROW(I,J)
6. Irrigation Release D(J)

7. Evaporation Losses : EvAPrO(J)

8. Reservoir Releasc Including Spill R(J)

9. Final Storage SFE(J)

10. Spill about the Crest Spill(J)

11, Number of Times 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. IEMPTY(J)
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4,3 FITTING A POLYNOMIAL CURVE FOR RESERVOIR AREA-
CAPACITY :

A polynomial curve for two variables (Area~Capacity)
is fitted by Least Square lethod. 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 lMethod,

For example, the fitting of a quadratic parabola
of the form

e

Y = a + bx + ¢ %

Normal Equations for the above

. 2
ZYi =a N+ b1 Ki + Cc % Xy
whAYd — 2 ' 3
394 2 _ 3 2 4 3 T 4
Lai Yi = a I Ai + b ki + c £ Xy

With the summations taken from i = 1 to N,

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

Computer programm for solving the above equation
by Least Square Method is developed and the ecuation
obtained for Relationship betwecn Area-Capacity, is used

in Reservoir operation program.
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A third degree polynomial curve is fitted with

maximum correlation coefficient as 0.9989.

Area = 0,2532318 E + Ol + 0.2978964 E + 02 X - 0,2116531 E -

2

+ Ol X% + 0.6622052 2 - Ol X°

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 vears are calcnlated., The computer program is given

given in Appendix - V .



60

4.4 PERFORIMANCE OF THE PROJECT - FROil 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 depencable flows are

calculated as described below

1)

ii)

L]
. .

11i)

60/ dependable yield is 22,45 Mm

75/ dependable yield is 17.31 Mm

Dependability = m/n+l
Dependability = Dependability under - consideration
m = Sl.No. of the order

n . = total no. of years considered.

For 50y dependability

504 = m/30+1 = 1/2
moo= 0%l 155

say lé6th year (1967)

507 dependable yield is 23.42 hm°

For 60/ dependability

604 = m/30+1 |
m = (30+1) ¥ 60% = (30+1) * 0.6
m = 18,6 , say 19th year (1969)

3

For 754 cependability
54 = m/ 3041

m = (30+1) * 764 = (30+1) ¥ 0.75
‘m = 23,25, say 24th year (1963)
3
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4.,4.2 Reservoir Operation for 504« Dependability

Fifty percent dependable flow works out to
23,42 Mm® minimum drawdown capacity is kept at 1,222
e
Mm~. Irrigation requirement is taken as 17.549 M

to irrigate 1450 Hectares,

Gross storage capacity is worked out by trial
and error for period of five years which includes the
504 dependable vyear 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 vears as per 4,2 and 4.2.1.
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4,4.3 Reservoir Operation for 60« Dependability

Sixty Percent dependablity flow works out to
22,45 Mm3 minimum Jdrawdown capacity is kept at 1.222
Mm3. Irrigation 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 60y 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. l.222 Mm3 is kept as
minimum draw down capacity 17.549 Mm3 is the irrigation

requirement considered to irrigate 1450 Hectares.

Gross storage capacity of 16.197 MmB is worked

out by trial and error for the 754 dependable vyear.

Reservoir operation is done by computerx

programme for a period of 30 years as per 4.2 zng 4.2.1.
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4.5 RESERVOIR OPERATION FOR GENERATED FLOWS FRO
MODIFIED THOMAS FIERING MODEL
From 10 years data, 30 years data are generated

from Modified Thomas Fiering Model.

These inflows are used to operate the Reservoir
for 30 years, The Dead Storage, Irrigation require-
ment 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,



65
CHAPTER 5

BENEFIT COST RATIO

5.0 GENERAL

The benefit cost-ratio analysis plays an important
role in project cevaluation. Benefit of water resources projcct
may be divided into direct benefit and indircct benefits.
Direct benefits are the immediate results of project, such
as assured water supply system, production of Agricultural
products, power supnly, prevention of flood damage and
navigation benefits, Indirect benefits are the production
of loss of life as a result of flood control measures, the
enhancement of scenic values due to stabilising the lake
levels, recrcation centre ancd improve the socio~ccononic

condition of the region.

The benefit cost ratios of 1l indicates feasibility
of the project. The higher the benefit cost ratio,'the more
the feasibility of project. DBut this can be relaxed in case
of projects taken up in the area such as drought affected

areas, backward and most needy areas.
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2.1 BENEFIT-COST RATIO OF THE PROJECT

Cost of the project for_SO% dependable flow was
calculated by project Authority. In the present problem
the project has been tested for 504, 60% and 75/ depen-
dability for 30 years. The costs estimates for 60% and
757 dependability have been now worked based on the cost
estimate of 50y% dependability. After working out cost
estimates, benefit cost have heen worked out and the

results obtained are as follows:

Dependability Benefit Cost Ratio at 1O¥
interest
1. 50y dependability 1,037
2. 604 dependability 1.013
3. 754 cdependability 0,992

The benefit cost ratio for 50#£ and 604 dependability
are more than 1, But 75/ dependability works out to 0.992

which is below one.

Benefit cost ratio of 50y dependability works out

1,087 and it is feasible.
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5.2 COST ESTIMATE (FOR 504« DEPENDABILITY)

ﬁé‘ Items : Cost in
1. Land Acquisition ' 23.40
2. Earth Dam and Appertinent Works 117.20
3. Spillway g 57.00
a, Approach Channel B
5. Energy Dicipating Arrangements
6. Buildings 2,50
Te Canals (Earth work + Structures) 62.70
8. Canal lining 30.00
9. Special Tools and Plant 20,50
10, a) Field Channel(60 F/Hectare) at 2.90
Rs.200/-~ Hectare o
11. b) Outlets 180 Number at Rs.lOOO/~each 1.80
12, a) Physical Contingencies at 104 of Dam 19.40
Works
b) Physical Contingencies at 204 of 19.20
Canal VWorks
¢) Engineering Supervision charges 58,00
at 154
d) Add for Escalation of Rates at 10x 59,70
13. Add catchment area protection works and 10.50
rounding

Total 484,80
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5.3 COST ESTIMATE (60% DEPENDABILITY)

él; .;z:gguw_wmwwumw — -m-,mw“w_wmzigzmigmtrlwwm,
No. : Lakhs
1. Land Acquisition 27,40
2. Earth Dam and Appertinent Works 124.90
3. Spillway
4 Approach Channel 57.00
5. Energy Piscipating Arrangements |
6.  Buildings ‘ 2,50
Te Canals (Earth Work + Structures) . 62,70
8. Canal lining - 30.00
e 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.1000/- Each 1.80
12, a) Physical Contingencies at 104 of 20.93
Dam Works
b) Physical Contingencies at 204 of 19.02
canal works :
c¢) Engineering Supcrvisdon Charges at 154 58.00
d) Add for Escalation of rates at 104 59.90
13. Add Catchment Area Protection Works 10.45
“and rounding

Total 498.00
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54 COST ESTIMATE (75% DEPENDABILITY)
Si: Items coi:kiz Rs.
l. 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. Ganals 4Eer 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
¢) 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 rkunding.

RERE L - - AT e

Total ' 509.00
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BENEFIT COST-RATIO (AT 50% DEPENDABILITY)

54
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
1I. (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 5% At 10%
"a) Interest on Capital on
Rs.48480000 2424000 4848000
b) Depreciation at 2% 696600 696600
c) Administrative Expenses 358830 358830
at Rs.24.,71/~ Hectare
on 1450 : a2 s
3479430 5903430
C - Benefit Cost Ratio 2HR29%. 415005
3479430 5903430
1.844 1.087
Cost Per Cubic Meters of 48480000 :
Water Utilised e e 2 24776

17548000
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I,

I1

III

a)

BENEFIT COST-RATIO (AT 60/ DEPENDABILITY)

A - Benefits (Direct)

(@) Value of Total Agricultural

Produce before advent of Irrigation

(b) Cost of Cultivation

(c) Net produce before Irrigation

(a) Value of Agricultural Production

after Irrigation

(b) Cost of cultivation

(c) Net production after Irrigation

Net Benefits (II - I)

B - Annual Costs - At 5%
In.terest on Capital

on Rs.49800000 2490000
Depreciation at 2% 99600

Administrative expenses 358830
at Bs.24.71/- Hectare

N S AT, T WY —

on 1450
3844830
G - Benefit Cost Ratio  ZMR002
3844830
1,668

71

4097379
2983429

1114550

RS B AT ke W msuewen

16416243

8886688

7529555

6415005

At 10%

4980000
996000
258830

B it o]

6334830

O I B AW 0T WM

415000
6334830

1.013



5.7

1l.

II1

BENEFIT COST-RATIO(AT 75% DEPENDABILITY)

A - Benefits (Direct)

(a) Value of Total Agricultural 4079979

Produce before advent of

Irrigation
(b) Cost of Cultivation 2983429
(c) Net Production before Irrigation 114550
(a) Value of Agricultural Production 16416243

after Irrigation
(b) Cost of Cultivation 8886688
(c} Net Production after Irrigation 7529555
Net Benefits(II-I) 6415005
B - Annual Costs At 5% At 10%
Interest on CGapital 2545000 5090000
on Rs.50900000
Depreciation at 2% 1018000 1018000
Administrative exXpen- 358830 358830
ses at Rs.24.71/~ e
Hectare on 1450 3921830 6466830

6415005 6415005

C - Benefit Cost-Ratio

S AN A T3y R i

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 availébility
~at the site. This was done by ssing various methods of river
flow generation and then comparing the water availability for
different dependabilities. For flow éeneration, strauge's
table, Regression analysis and Modified Thomas Fiering Model
were used. Water availabilities were compared for 50%, 60% and
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 . |

Monthlf 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
cbapter 5 «

6.2 DISCUSSION: For the design of Water Resources
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 résults 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 2 number of small catchments in Madha
Pradesh. Some two years later Strauge's develo-
pred his curves using data observed in Irrigat-
ion tanks in South India.

2. The critical Weakness of Strauge's Table app-
roach is that the rainfall runoff curve do not
reflect different incidences of rainfall. The
total rainfall is considered for monsoon period
onlye.

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'".
Accuracy of yield of Runoff depends on the “ree=
liability and a&ailability of longer period cat-
chment rainfall data. In the present problem the
catahment rainfall data available are only for

9 years.

Only monéoon 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 4,1 . It shows that the.

generated flows do not vary much as compared to the historical

flows.

6.3

6.3.1

GENERATION OF MONTHLY VOLUME OF FLOW BY REGRESSION

ANALYSIS MODEL:

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 HISTBRICAL FLOW

S1. Months STRANGE 'S TABLE HISTORICAL FLOW*¥

No. FLOW*
Megn in Stapda;d Mean in Stapdard
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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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 ”monthwdoeS'udtiappear 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 molel.
6.3.3 Assumptions:

The regression mocel is as below:

Y, = Y + BlCDs(Znt/l'2).+LyiS‘ip(2nt/:i'2} +&,

It is explainéd in chapter.?2,

Here Et is a random variable abkout which the follo-

wing assumptions are macle,

(1) It is distributed with zero mean and constant
variance.

(i1) £;t 18 uncorrelated with gt—k (fpr all K
except zero).

(iii) That the random variables Et are normally

distributed,

This model has particular adgantage as a by-pro-
duet of the produce for estimating model parameters, one less

than the forecast and one greater, such that there is a given
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probability that these walues 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 }] 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 standard 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 Ist 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 é:t is

1argé, One m~ans of circumventing this difficulty is to work
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6.2

TABLE

FLOW-STATISTICS OF HISTORICAL FLOW AND GENERATED BY REGRESION

ANALY

SIS

Sl. Months. HISTORICAL FLOW* GENERATED FLOWS**
No. " Natural values Logarithmic
Values.

Mean Standard Mean, Standard Mean Standard

inMm Deviation inMm™ Deviation 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. Mély. 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 10.5156 0.0318 18.2374 0.8125
8; Aug 12,4606 1.0155 10.9131 0.0012 35,2120 0.3463
9. Sep 1.132 0.104C 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 jsgenerated

thirty years.
6.4,1 Results:

Statement showing Mean and Standard deviation of the
generated data are enclosed in table 6.2 and Fig. 6.2 .

It indicates wide variation between observed and ge~
nerated flows.

The 95% confidance interval is more for the generated
flows. For July Ist year it is 16.9109 to 0.1035 LmS. . 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.
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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
operatfon studies,

Graph showing Time verses Mean of 10 years data and ge-
nerated data is shown in fig. 4,3 .

Table sho&ing 50%, 60% and 75% dependable flows are

shown in table 6.6

6.6 COMPARISION OF FLONS GENERATED FROM STRAUGE'S TABLE AND

MODIFIED THOMAS FIERING MODEL:

The 50%,60% and 75% dependable flows from the Strauge's
Table and Modified Thomas Fiering Model are given in_%able 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 methodsqflowfquratlon

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.
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TABLE 6.3

TEN YEARS DATA

(3 YEARS HISTORICAL + 7 YEARS STRANGEIS TABIE FLOW),IN Mm

Years May Jun-: o 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 10.59 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 G.551 11.288 1.188 3.210 1.707
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TABLE 6.5

COMPARISION OF 10 YEARS FLOW AND FLONS GENERATED FROM MODIFED

THOMAS FIERING MODEL !

Sl. Months 10 Years FElow Generated Flow

No. | Mean in Standard Me%n 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. 5.3160 4.4521 4.6225 3.2202

8. Aug. 8.7322 4.4311 8.1576 3.6099

5.  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. — w—— Lad -
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30 YEARS GENERATED FLOW

88

All figures in MmBH

28

Si. 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 19,0270
13 31.7126 18,4839
14  15.0479 17.9892
15 19.0270 17.8725
16 13.0168 15.9722 50%dependable
17 5.7995 15 0479 F1loW
18  15.9722 15,0285
19 27.4413 14.9507 60%dependable
20  18.4839 ] 14.8228 T1o¥
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
29,5102 9.2136
29 14.8228 8.4630
30 9.2136 5.7995
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Various Dependable Flows

All figures in Mm

3

Modified Thomas

Sle. Particulars Strange's
No. Flow. Fiering Model
Flow,.

1. 50% dependable 23.42 15.9722
flow.

2. 60% dependable 22,45 14.9507
flow.

3. 75% dependabge 17.31 12.9842

flow.
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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 s 4 0.02

IT  10.1-15 11 15 0.07

III  5.1-10 39 54 0.26

v 0-5 156 210 1.00

B.~GENERATED_FLONS

Class Class Nos Cumulative Probability

No. - Interval nos P(x)

I Above 15 2 2 . 0.01
I 10.1-15 6 A 8 0.04
IIT 5.1-10 31 33 0.19

Iv 0-5 171 210 1,00
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IN-FLOW IN Mm3

———=—STRANGE'S TABLE CURVE

——MODIFIED THOMAS FIERING MODEL CURYE
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6.7 RESERVOIR OQPERATION 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 resultsvobtained 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 marginai‘deficit. |

Gross std&%ge required for 50%,60% and 75% dépendable
flow are 12.176 MmB, 14.963 Mm3 and 16.197 Mm3 respecti-
vely for an 2Innuil irrigation requirement of 17.549 Mm3;
The'percentage of Gross-~Storage capacity for different dcw
pendabilities works out to 28%,34"5;4 and 375/ The increase
in capacity between 50% to 75% dependability is 2% hien
is considerably large. Increase in dependability, will
result in increased, storage capacity, Area of Submergence
and evaporation.loSSQS.'Percentage of crop water deficit
with total crop water demand ¢ . . .._.° for 50% to 75%
dependability )

[are 9.8% to 4%. These 2re within 10% limit. Hence percen-
tage of crop water deficit for 50% and 75% dependability
are with in marginal limit.

(Storage/Capacity) verses probabilityt?zteaialled'
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 6.9(b)

RESULTS»30 YEARS RESERVOIR OPERATION FROM STRAUQE'S TABLE FLOW
(All Figures in Mms)

Sle Particulars 50% depen= 60% depen~ 75% depene
No. | Aability cdability dability
1 Gross Storage Capacity 12.176. 14.9 3 16,197
2 Percentage of Storage 28 34,5 37.5
L capacity '
3 No.of Successful years 15 , - 19 A22A
~ No.of Deficit years‘_ _ 15 - 11 8
5. No.of years Snill 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 re-~ 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.
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- TABLE 6-10

STORAGE DURATION VALUES~ STRAUGE'S TABLE FLOW.

S1. Storage Wos Cumulative Probability
No. Capaclity Nos P(x)

| . 50% Dependability

11 0.26=0.5 73 270 0.75
IITI  .51-.75 - 82 197 0.55
IV )».75 : 115 115 | 0.32

60% Dependability

T 0-0.25 | 58 360 1.0

II = 0.26=0.5 82 302 0.84
ITI  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
IT 0.26-0.5 81 306 0.85
III  0.51=0,75 103 225 0.63

v Above 0.75 122 122 0,34
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of flow increases vide fig.5,5

Shortage Index: It is a measure of the number and

maignitude of annual shortages. Lower shortage index indi-

cates more adequately meeting the target requircecment.

100 X
Shortage Index= === 7y (
1

Annual Shortage )2

N 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 feasiblé.

6.8

1. Generally 60% dependability for irrigation
projects is not the design creteria.
2. The increase in reservoir capacity between 50%

to 75% dependability is . .9.95%.

3. Successful years for 50% and 75% dependability

are ds 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%.

RESERVOIR OPERATION STUDIES FOR.CHECKING FEASiBILITY
OF PROJECT FOR THE FLOWS 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
computétions are given in Table 6.12. Here also‘it reveals
that probability that a particular (storage/capacity) will
be equalled or cxceeded also increases as the dependability
of flbws increnses, fig. 6.5

On ﬁhé basis of successful years nonc 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 f£2rilure 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 Strouge's Table flow operat-
Tomoaw ———
M bk ugrmngy i /- b

SEEEPER '
From Fig. 6.5 it also shows that probability that a

ion.

particular (storage/capaéity) will be equalled or cxcceded
is less in case of Modified Thomas Fiering Model flows as
compared to Strauge'é Table flows.

These may ge due to the fact that the flows gener-
ated from the Modified Thomas Fiering Model are on the lo=

west side 2s compared with Strauge's Table flows. Secondly
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TABLE 6,11

RESULTS OF 30 YEARS RESERVOIR OPERATION FROM MODIFIED THOMAS

FIERING MODEL FLOW

Sl. Particulars 50% dependa 60% depen- 75%

NoO. bility dability depen-—

' : dabidgi-
ty “

i, Gross storage capacity 12,176 14.963 16.197

2. No.of Successfull years 11 179 -7

3. No.of deficit vears 9 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 43 a7

7.  Percentage of crop water 97 o7 97

requirement with inflow

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

9. Percentage of water loss T4 8.6 9
as evapcration

10, Percentage of water Spill— 13 9 '8
ed 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 creop 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

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

T 0-0,25 134 360 1

IT 0.26<0.50 73 - 226 0.63

ITI 0.51-0.75 78 153 0.43

v ... ¥®0.75_ 15 . Mo - 0.20
60% Dependability

I 0-~0.25 121 360 1

II 0.26-0.50 78 239 ' 0.66

IIT 0.51~0.75 85 161 0.45

IV - >0.75 76 76 - 0.21
75% Dependability

T . 0=0.25 118 360 1

II 0.26=0.50 87 240 0.67

ITT 0.51-0.75 76 153 0.43

v >0.75 79 79 0.22
TABLE 6.13

COMPARISION OF COST AND BENEFIT COST RATIO

Sl. Particulars ' Cost in Benefit cost
NOa , ' 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 resérvoir capacities for operation for the Thomas
Fiering Model were taken same 2s 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:

Bencfit Cost~Ratio for 50%,60% and 75% dependable
flow generated from Strauge's Table is worked cut 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% dependaki¢ 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 doﬁe 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. Cbmparative
graph showing mean versus time of three years

flow, generated flow with natural values and
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4,
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generated flows with 1ogarithmic values are shown

in fig. 62 « It reveals, that there is a
wide wvariation between historical flows and gene-
rated flows. It is due to the~reason that there is
no consideration in the regreséion equation for
the zero flows observed in any of the months,Hence
these flows are not considered for further study.
Flow generated by the Modified Thomas_Fiering
Model are of the smiller values as compared to
that of the generated flow by Straugeis Table.It
is due to fact that the historical flows are 2avai-
lable only for 3 years. Thomas Fiering Model ge~
nerally requires at least 10 years historical flow
data.

From flow duration curve it is found that the
probability of a particular flow will be equalled
or exccecded is less in case of the flows generated
by Modified Thomas Fiering Mbdel as comgarced to
that of Straugets Table generated flow,

From Strauge's Table genecrated flows, gross reser-

voir capacity required for 50%,60% and 75% depen—
3 3

Adable flows are 12.176 Mm~, 14.963 Mm~ and 16.197

3 . R . .
‘Mm~ respectively, for an annual irrigation requi-

rement of 17.549 Mm3. The increase in capacity

between 50% and 75% dependability is g'5v/3hich
considerably large. Increase in dependability will

result in increased, storage capacity,area of

Submergence and evaporation losses.
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From reservoir operation « - . results for

the capacities of 12.176 Mm3, 14.9683 Mm3

3

and

' 16,197 Mm~, the number of failure years number

of deficit months, percentage of water deficit
for crop index are more for the Modified Thomas
Fiering Mocel flow operation as compared with
Strauge's f£low operation.

From Storage-duration curve it reveals that the

- probability of a particular (Storage/Capacity)

will be equalied or cxcecded increases as the
dependability of flow increases. This is due

to the increase in reservoir capacity with the
increase of dependable.flow with the same
annual irrigation reduirement.

The storage duration curve also ??Pic?sthat the
probability of a particular (Storage/Capacity)
will be equalled or exceeded is less in case of
operation with modified Thomas—~Fiering Mndel
flows as compared to Strauge's Table flow.v
This may be firstly due to the fact that the
flows gencerated from the Modified Thomas

Fiering Mocdel are Smaller than the flows genee--

rated from Strauge's Table flow. Secondly, the

reservoir capacities for operation for the

Thomas Fiering Mocdel were taken same as obtaine
ed from Strauge's Table for different dependa-

bilitiese.
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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:
(@) 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.
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DIMENSION Y(1500),G6(1500),CGP(1500),CGM(1500)
OPEN(UNIT=1,DEVICE='DSK',FILE='K3.DAT')
YSMONTHLY FLOW DATA
G=GENERATED MONTHLY FLOW DATA
CGF=GENERATED MONTHLY FLOW UPPER CONFI LIMIT
CGM=GENERATED MONTHLY FLOW LOWER CONFI LIMIT
N=TOTAL NO OF DATA IN Y=-SERIES
NN=TQTAL NO OF GENERATED DATA
TN=FACTOR FROM T=TEST TABLE FOR N=3 DEGREE OF FREEDOM
BUMI=SIGMA(AY-AYBAR) ¥%2,0
GM1=GAMMAL
BM1=BETA1
VASQ=CONSTANT VARIANCE (SIGMA E SQUARE)
RADV=RANDOM COMPONENT
READ (1,2) N,NM
READ (1,4) TN
READ(1,4) (Y(J),J71,N)
PRINT 20
PRINT 21
PRINT#*,N,NN
PRINT*,TN
PRINT®, (Y(J),J=1,N)
CALL STAL(N,Y,YBAR,SUM1,STD)
PRINT 22
PRINT 23,YBAR,SUM1,STD
SUM 3=0.0
SuM4=0,0
PO30 J=1,N
Xi=Jd
X2=(2,0%3,14285%X1)/12,0
X3=SIN(X2)
XX1=C05(X2)

X4=Y () *¥X3

XX2=Y(J)*XX1
SUM3=SUM3+X4
SUM4=S5UM4+XX2
CONTINUE

X5=N
GM1=(2,0/X5)%5UM3
BM1=(2,0/X5)*5UM4
PRINT 31,GM1,BM{
X6=(BM{*BM1)+(GM1*¥GML)
X7=(X6%X5)/2,0



P § W - g v

VASQ=(SUM1~X7)/X8
PRINT 32,VAsSG
X9=SQRT(VASQ)
A1=1,0+(5,0/X5)
A2=SORT(AL)
A3=X9*A2
RADV=TN*A3
PRINT 33,RADYV
PO 40 J=1,NN
Bl=J
R2=(2,0%3,14285%81)/12,0
B3=C0S5(B2)
B4=SIN(B2)
G(J)SYBAR+BM1*B3+GM{*B4
CGP(J)=G(J)+RADV
CGM(J)=G(J)=RADV
40 CONTINUE
PRINT 42
PRINT 44,((J,G(J),CGP(J),CGM(J)) ,J=1,HN)
2 FORMAT(2I4)
4 FORMAT (8F10,3)
20 FORMAT(15X,'GENERATION OF FLOW')
21 FORMAT(5X,'DATA USED')
22 FORMAT(15X,'STATISTICAL PARAMETERS')
23 FORMAT(10X, 'MEAN=',E16,7,10X,'SUM1=',E16,7, 'STANDARD DEVIATION
1=',E16.7)
31 FORMAT(10X,'GAMAL=',E16,7,10X 'BETAL=',
1E16.7) |
32 FORMAT(10X, 'VARIANCE SQARE=',E16,7)
33 FORMAT(10X, 'RANDOM COMPONENT=',E16.7)
42 FORMAT(15X, 'GENERATED DATA')
44 FORMAT(5X,I3,10X,E16,7,E16.7,10X,E16,7)
STOP
END
SUBROUTINE STA1(K,AY,YBAR,SUM1,STD)
FOR COMPUTING MEAN AND STD=DEVIATION
DIMENSION AY(500)
SUM=0,0 '
DO 10 J=1,K
SUMz=SUM+AY (J)
10 CONTINUE
AN=K
YBAR=SUM/AN



08809
089¢9
0900y
09100
62203
093¢0
09409
09500
09609
09700
09869

StMi=0,0
DO 158 J=1,K
CX=AY(J)=YBAR
CX1=CX*CX
SUMI=SUML1+CX1
15 CONTINUE
BN=K=1
CX2=5UM/BN
STD=SQRT(CX2)
RETURN
END
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F N I TR S R TY TR S A F IV AN nrpENULA .Ll_

DI aT Y(1956),6(15%0.),C6PI1500),CGr(1500)
UPE: (1. 1T=1,povICE='DSKY , PILE='R2.DAT )
YEEOLTHLY Fube PATA '
G=GROKRAYLD PONTHLY FLOY DATA ,
CGP=hruunkATED SONTHLY FLOJ UPPER CONFL LIKIT
CG. =GRGFKAYCD MUNTHLY FLOs LOWER COMFI LIAIT
N=TOTAL «0 OF DATA I Y=SrkIES
NusTOTAL 10 OF GENFRATEO DATA : .
TH=FACTOR FRO® T-TEST TABLE FUR Ne3 DEGREE OF FREEDOM
SUml=8TIGrA(AY=AYBAR)#*¥ 0
Ghi=GAIth AL
Bhi=nETAL
VASU=CULSTART VARIABCE (SLGHA E SQUARE)
RADV=RALDUMN CRAPOHENT
READ (1,2) ivpun
READ (1,4) TH
READ(L,4) (YCI),d=1,4)

PRINTH, Y (J)

DO osw =1 ,b

Y(I)=Y (J) %100

CONTIHUR

PRI, (Y (J), =, 1)

DO 56 Jsi,l
CIFC Y(4)) 52,52,50

OICTI

COMTT 0

DU S5 J=i,

AZY (i) ,

Y(J)=ALOG1N(A)

CONTI Y

FRYIGTH, Y(J)
PRIFT 20
PrIaY 21

PRI I7E, 3, i

PRY 7%, T

PRL.T®, (Y (J),J=1, 1)
CALYL STAL(w,Y,YhAR,SUHL,S5TD)
PRY 7 22
PRI'N 23,Y8AR, SN, STD
St 3I=L,40

St ="
DI]‘;" \J:j.( i
Xi=J

e



046
047
048
Tas
050
051
052
053
054
055

056

057
458
659

661
062

463
664,

065
266

067

¢ed

G546,

870
071

072.

e

674

G75
076

77

g
079
Bul
D51
082
083
084
085
686

089

py8

o5

e

40

24

21

ALTU , mdat £dFFL)/ Az
K3=o1 (&7)

XXI=C 804 4)

K4=V (L) TA3

XX2=Y(J) #xX1

SU " 3=84134 44

SU. =50 W+XX2

COLTI uf

Xh='

Giiz(z.a/X5)%8Un3
B11=(2,0/X5) ¥51 .4
PRYLT 30,G0 ]
Fo=(r: 1 *8 1)+ (G 2Ga1)
AT=(Ru*X5)/2,0
X8z=Xs=3,)

VASOH= (SU1=XT) /X8

CPRY T 32,VASO

X9=SQRT(VASQ)
AL=1,5+(5,0/X5)
A2=5GAT(AL)

A3SRG#R2

RADV=TH¥a3

PRIIT 33, RADY

DO Y J=i, Ny

Bl=d _
B2=(2,0%3,14285%R1)/12.0
R3=COS(12)

Bez3T.(n2)

G(J)=VBAR+D (1XB34GH1¥R4
CGP (J)=6(.J)+RADY

CG/ ()=G () =RADY
COATTi-(r

PRI T 42

PRINT 44, ((J,G(J),C0P (), COMLIY Y, =1, 1)

U0 68 J=t, nM
GLaY= (U, 2 %G (D)) /100

CGPGI)S (LD, #%CGP(J)) /100

Chi (M)=(L N X¥CGH () ) /100

Con ey

Pel "ws, (00,6 (J),COP(U),CGMGIYY, =1, HN)
FUR 7 ¢(714)
FOR-AT (HF 16, 3)
FOR AT(LSX, 'GEsERATION OF FLO4')
FOR: A7 (58X, 'DATA Lorn!')

lo
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o9u
091
092
093
094

095

696

097 .
A
099 -

1
G2
.03

K

05

QA

AT
a8
69
10
L1t

213
14

- 15,

16

.18

19

22 FUR AT R, PSTATINTICAL pARAHLTERSY)
23 Fir AT(iux,'FCAuz',Elb.7,lﬂX,'SUM1=',Mlﬁ.?, 'STANDARD DEVIATION

. ‘:'(E.‘.ﬁq?)

31 FORVAT(Llua,'GANAL=',E15,7,10X 'BETAL=',

1E16.7)
32 FURTAT(LJX, '"VARIARCT SQARE=',£16,7)
33 FORGAT(LUX, "RANDON COMPONENTE! ,E16,7)
42 FOR‘AT(USK, 'GENERATED DATA')
44 FOR-AN(SX,T13,10X,816,7,810,7,10X,EL6.7)
STOP
END
SURPQUTTWE STAL(K,AY,YBAK,SUML,STD)
FOR Cat PUTTIWG MEAW AGD STO=DEVIATION
DIMEaSTUN AY(500) ‘
SUs=0, 4
DO lu J=i4K
SUNESLL+AY ()
10 CONTT Ui
AN=K
YBAR=SU/ 4
Slisl=u,u
DD 18 J=1,4
CX=AY(J)Y=YAAR
CX1=CX*CX
SUML=EI 140X
15 COnTIIuE
| BrizK={
CY2=8U"/R
STR=50RT(CX2)
RETHUR .

£ND

n
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004

Jos

¢o6
007
o8
09
010
0Ll
012
013
g14

815

g6
917 -
¢18
419

020 .

a21
022
223 .
024
025"
026.
027
028,

Q89 5

030
031
832

0633 ..
G34..

035
036 -
037.
038 -

039 .

040
04l
042

T
043 -
044

Y Y 0 Oy

(o ¢!

ULd S ;i URR OF Guue8HAMKARA IR THY o m , HYDRULUGY
PROGR.A  FIR  GEWERATION OF JUsTduY FLO4 .

BY Tie a8 FLIRIAG ZODEL (#ODIFIED)

CUMPUTA™ L. OF R0LTHLY STATISTICAL

CIPARA £7.P8

L

53

60

iT= 30 3 (8 JF anNnTHAS DISCHARGES
1ART AVATILABLE IN A YEAR
K=#U"3Fa OF YZARS OF DATA AVAILARLE
DLAFLSTAL EPSL1400) ,91 (10T ,13)
DIAfA48To.L AC53,12),QBAR(12),8TD(12),R(12),B(12)
COLQ " /RLKL/EPSL
COAdDa/BLK2/QRAR, 31D ,R,B,0
COM0L /BLK3/01
OPEfi (UdIT=1,DEVICE='DSK' , FILE='T",DAT")
READCL,2) MT,K,H4DATA

PRIMT2,5T,K, PDATA

PO 1y I=1,K
READC1, %) (Q(I,J),051,4T)
PRIIT 4, (0(I,d),d=1,87)
CONTT gl
FORMAT(315)
FORIAW(TFLU, 4)
CALL STal( K,nT)
PO 11 J=l,aT
PRIT 5,uBAR(J),STD(J),R(J),B()
CONTT 4G
FORYACC 8F10.,4)
CaLl, RAIDC(ieT, IDATA)
CALL TFCQDATA,NT,K) -
PRIV ,L(ui(l,d),d=1,NTJ,1:1,N9ATA)
DJ 53 1=1,iiDATA '
DO 53 J=1,NT
LI, d)=a1(1,J)
CALL STad (JIDATA,NT)
DO by Ji,ar |
PRLLT#,084aRCJY,STDCI) ,RCIY,B(J)
ConTy Iy
STOP
EiD
SUBROUTT 12 5Tat ( K,NT)

APPENDIX

DIATIALO. 2(54,12),28ARCL2), STD(12),R(12),Na{12),B(12)

CO 0./ BLK2/ ZBAR,STD,R,B ,2
DO {u AX=1,dT
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C
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C
C
C
12

A
TOoCACL paada 6T, 0, YN (KR ) =NR(KK) +1

COaT. i,

DO 5 GRzl, .t

suay=n,
A=
DO nl={,R
IF (20T, n<).GT.0.) SUMIZSU L+7 (I, KK)
conter 1
ALz [KK)
ZRAR(A)=SUNL/AL
FOLLO+J G STATEMEATS FORMCOIPUTING
STAnOalD DEVIATIORN OF DIFFREMT MONTHS
D2 1 &K=t pT
sU#2=q,
DO 8I=1,K
IF(Z0L,KK) .&G,0,) GO TO 8
IF (40T, KK) oGTa0.) A227 (T, KK)=ZBAR(KK)
A3=AZ%A2
PRIAT*,A3
SUu2=81-2+43
CONTYL iUk
AKZ TN (KK) =1
PRINT®, AK
SUM2=5U"2/ AK
STD(KK)=SQRT (SUA2)
COMPU'!"AT'IJ*' 0F CORRELATIUM COEFFICIELT
DA 15 K&=2,4T
SUti3=a,
SlUpd=,
Alhs=a,
DO12I=1,K
IFC7(1,KK),£0,0.)60 T0 12
ANI=Z(T,h&)=ZRAR(KK)
Al 2221, KK=1)=ZBAR(KK=1)
PRI :T%,4 11,42
AN3=A (#40]
PRIT#,. .3
A,H;}::A LY Y
SUL3I=SU" 344 [1¥412
SUI4=5 44413
SULS=SU. SHuad
COuUTI s
AnS=SLH4®SU;.5
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4923

294
095

{96
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096
099,

Q0

LOb

02
.03
e
05

06
1
=08

ERI
. 1(}
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PN A
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215

16

vl
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19

L20 -
CLzhe

:',:2 2
.23
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15
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Arb=o o, (v .9)
K{hGR)=5"::37ai16
PRI T¥, ZAaR(nK) ,STD(KK) , R(KK)

CC YT,

D4 13 KK=2, AT

R(EK)=h (KK)RSTD (KK )/STD(KK=1)
Pl 7%, (&K)

Ce TI Je

RETV

CEub

SUBRILTLIE RAUD(HY, ™) ‘
POUGR.. FOR GESERATION UFRANDOM NUKBERS
Uz LadR OF C00THS
FZ.0i0EK OF YEARS OF DATA TO BE GENERATED
~J52 .0 KR OF SETS OF RANDOM NUMBERS
PrETaLTIAL VALUE |
K1 Ao R2=HEW VALUES OF RO
U F(1)SAAIDON MINBERS
NoR.SDS.(0,1) BY BOX AULLER
DIAZWSTOY TC1450),EPSLIL400),X(1400),7(1400)
€0/ Lk /EPSL ’
RAAUCT, L6)HOS
PRI.T 104,H08
FAR AT(314).
DN 9y k=1,H08

Lis=

PI=3,1415936

READI(L, 12)RE,R2

PRI ¥ 12,R1,R2 ‘
FUR AT(2F10,8)

pag ridk=l,n
DT TS,
S dab]
ALL 1%adD(RL,R)
Ll=R
CaLi JRAsD (R2,R)
U=
X(.y=ut
10 . )=62
ARG P2l (¥PIX)D
TOR) = (=2 FALOGCUL) Y ¥ *G.S¥COS(ARGHT)
Cot 1 .Uk
PRT T106,( T(IY, I=1,.4)
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;-152{

63,
64

.66
&7

70:
71
72
73
7
75
.16

68.
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C

50
160

O GO SN O

O 50O

2 1

o

Doas e =i,
Li=il+] )
FPSL(LLY=T(J)
Pal..v#,2PSLILL)
Cao iy
COLf un
PRT «T1ys, (X(I),1=1,44)
PRI Tia3,CY(I),T=1,50)
Fok it (uFiz2,7)
ﬁﬁai['b&
FOR' 41 (3X4)
FORNAT(2FLULS)
Fur (rT(4F 1V, 4)
ReTdk
£ .0
SURROYTTIGE URAND(RU,R)
R=331.*k¢

SUBCOYY L TF(uDATA,NT,K)
GEiRaSRATIN OF AUMTHLY FLUs BY MODIFIED
TAG ks FIWRIsG AODEL
Q{I,J)=nSERVED FLOw DATA IN X 7TH
YEAR Altu J TH nONTH
Qlﬁl,d):GEMERATED FLO« 1d 1 TH
YEAR +0D J TH HOGTH _
OBAR(I)=AVARAGE FLOJ In J TH

400 TH

B(JI=REGRASBIOH CORFFICIENT
EPSL(L)=Rarp0A HUABERS
NDATAZ: U ang OF YEARS OF DATA
TU /F GT.SRAMAD

dT=.U"3ag GF 0 "THS DISCHARGES
AVATLARLA '

R(J)=CORRALATIO: COFFPICIENT

STH () =STYARDART DEVIATION
DIFEPSTu w(59,12),QBAR(12) ,8TD(12),8(12),R(12)
DI ENSTUy &PSL (1400) :
PINELSIv. ol (Lha ,13),P(12)
CoOL M faLkL/EPsL
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101
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103

51

Coe O/ uhd/upnr, 5T, K,8,0
¢ B /aLR3/010

FOR! AT(ST4)

PRINT 161,4T,K,"DATA

FDHaAf (7Fiu,4)

PRIVT 1672, 0(00T,0),d5L,.7),151,K)

READ(L,1u3)RO

FOR: aT(9F10,.8)

PRI -T%, (49%aAR(J) ,J=1,0T)

PRI. 7%, (STD(J),J=1,HT)

PRI 7%, (o (J),J=1,LT)

PRI T%, (R(J),J=1,1T)

PRLGTH, (SPSLJ),J=1,4T)

XK=K
DA sL J=t,aT

P(d)=
DO 51 I=1,K
IFCQ(T,d) 67,0, )P00)= PLI)+(L. /XK)
CORTY. UG
FRIZT*, (P(J),d=1,0T)
LLL=0 '
P 5ul=1,%DATA
DO Sed=1,07T
GLOY )= _
CALL LRaip (RU,RAIDA)
PRLLT®, (R0, RaHDH)
TF(RAIDN G LT, P (I L ANDLRAKDA GT . 0)GD T 52
GO 10 Su

LLLELLLL

i

IF (U, 1)l (T, D)=CBAR G +STR () *EPSLILLL) ,
TF(I,GT QLT J)=UaARCII+B (Y I*(ULLL,d~1)-QABARCGI=1) I4+STD(T)

¥QQKTLI=R(T )RR )FEPSL(LLL)
IFQO1(I,J),0T,6.)61(1,0)=0,

COLTI .U -

PRIV, ((QL(T,J) =) ,nT), 121, 8DATA)

RETUR"

EAL
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001 c Gotiwwrt o P okp LRTHT, . BYDROLOGY DISSEETIOL #ORK
002 C REARVOIR UPRRATION UF K.ABLLA
403 c WDaTAZ e, 2K OF YERRS OF DATA AVAILABLE
204 C §=i IvIsl LIV, STORAGE
005 c FLL-=T tLO - T RESERVUIR
006 c ARrUZTERTHATTON REQUIRE EMT
007 ¢ P ek Grar T0 " RELBASE
408 C SPILL=&C LG PR RESERVOIR
009 C R=1 NG RELCASE INCLUNLeG SPILL
010 C 26055 ke KVUIR CAPACLIY
011 C EVziVOFORATION CORFFLCLEYT FROM RESERVOIR
012 c EVAPLECVUPORATION FROY RESERVOIR
013 DI DLST0 §(13),FLO. (50,12),XREQ(12),0(22),
014 JPILLCL2),K(1D),EV(12),EVAPO(12) ,SF(12)
4145 . DI ResT M D¢F(12),Iawr(lz),15PILL(12),IEMpIY(12)
s 0Py (L 1r=i,nNVIC&=fv5K',FIL:='TOP.DAI')
616, READCL,30u) LDATA
217, 100 FORaAT(2V1S5)
618 REAOCL,10Y) S(1),Y, 125 \
8419 01 ?GRAAT(&F}J;B)
020 DO 12 I=1,nbATA |
021 RAANCL, % J(FLOWCL,J) ,J=1,12)
622 12 COuTIJUE
623 READ(1,101) (XREQ(J) ,J=1,12)
024 READ(L,102) (EV(J),J51,12)
425, 102 FOR. AV(OF10,8) )
0251 Do 16 WJ=1,12
252 JEF (J)=0, '
@53 CIDEF(J)I=w,
#2535 TSP ILLCJ) =0
2254 1EePTY(J) =0,
0255 i6 ConTivde
026 POt 1=1, 'OATA
027 pD1Y J=1,12
028, TRLOES (JI4FLOY (T, 0)=DS
029 IF(TFL0 L, LT XRER(J)) 60 TO 2
030 IF(TFLD WLOWXREQ(I)) GO TU 3
031 IF(PFL0-.GP.XREQ(I)) GO 10 4
032 2 D(J)=4FLO '
033 SPILL(J)=’
034 R(D)=D ()
035 SCI+1)=DS
036 GG TU §
037 3 DOJYSXREG(J)

APPEND!I X IV

I,



038 SEILL(I) =, . | | 14

039 RCJI=D(d)

040 8(u+1)=08

%i}' GO O S |

$a2 4 D(Y=XRANGD)

043 S(J+1)=TFLOw=XREQ () +05
Gud IF(S(TI+0)aGu, (Y Y) Gu TO$
G45 SPILis(J)=)

246 R(JY=N()

047 S+ 1)=0(J+1)

048 GU ¥ 5

049 6 SPLLL(M=S(J+1)=CY )

050 RCJI=ZSPILLCII+D ()

051 S(U41)=Y

052 . 5 X=(S(NHS(I+1)) /2,

Fs EVAPU(J)=EV (J)XARZA(X)

055 IF(SPILL(J).GT.N) GO TU 7
0555 Y x=seued)-ng |

05575 ' IF(X,GE,KVAPO(J))GO 10 19
056 PJI=D () = (EVAPD L) =X)
057 IF(D(ILGT,0) 60 TO 13
059 D{I=0

0607 13 RGdI=DCY)

0605 SI+1)=(NS-(KVAPQ(JI) X))
261 . GO U 9 |
0612 19 S(d+1)= DS+ (X=EVAPO(J))
§614 GO TG 9 '
D62 7 IF(SPILL(JYLGT.EVAPO(J)) GO TO §
w53 X=EVAPG(JY=SPILL(J)

064 . DCIY=N(U) v X

066 . : SCI+1)=8(a+1) =X

468 ~ SPILL(R)=.

069 R(JISDCJ)

076 GO 0 9

071 "B SPILL(I)=SPILL(JI)~EVAPT(J)
072 R()20 () +SPILL (1)

6713 .9 IF(O.00,12)81=8(J+1)

074 11 COJTT.IUE

075 DO Ly Jd=1,12

076 SF(JI)=s(dd+1)

077 10 COoL 0N

0771 D017 J=1,12

0777 R () EXREO(J) =D (J)

0773 IF (I (D) LGP, D) IDSE (JISIDEF () +1
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G775
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080
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g3
0832
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0836
DE38
0b4
¢85 -

9 LI

087
0875
484

b Ca) auTm o) Lo lu L) =38P TLL (U ) +),
LECor (1) o Lige DS TE P (Y (W) 2 IEAPTY (J) 41
17 LR CRIT
po 15 J=1,12 .
PRIVT 2%’,SCJ),FLOW(I,J)fp(J),EVAPO(J);R(d),SF(J),SPILL(J)
20t FORL A (TF12.8) |
15 CLai'l Ui
S(1)=a1
1 Ol st
DO 16 Jd=t,13
PRI ™ 201, IDEFCI)  ISPILLC) , IESPTY ()
201 FOR.LAT(316)
18 COnPLnlL
S0P
£.D
FileTIO. AREA(X)
ARFASG, 7283231 BE40140,29780R4E+02%{~0,2116331FE4+01
LEX2X4N 5622052801 ¥ X*X¥ )
RiIETUR.
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