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DESIGN OF IRRIGATION WORKS IN METRIC SYSTEM

BY
* THIRU P. S. NAGENDRIAH, B.E., A.M.LE.,

In the Madras Public Works Department,
the design of irrigation works is mainly based
on the rules, formulae and tables given in
the Manual on Irrigation by Ellis. Since the
Manual is in FPS system, it is now proposed
to enumerate the rules, formulae and tables
given in the Manual in metric system as it
will be useful in the design of irrigation works
in metric system.

The order of the subject is taken as given
in the Manual.

1. Water-supplies required for Irrigation—
Duty of water—Expressed in Hectares per
cumecs.

The flow averaging one cubic metre per
gecond is called a cumec. Duty is the number
. of hectares of cultivation of any kind irrigated

<. by a flow of one cumec for the whole crop season.

Duty in terms of depth of water over the
area:

Duty is also expressed in terms of the
depth of water in metres over the irrigated
area.

Relation between different expressions for
duty of water.

1 cumec flowing for one day
-0864 million cumecs.

= 8-64 Hectare metre.

1 Hectare = 10,000 sq. metres.
1 million cublc]' = 100 Hectare metre.
metre.

If d is duty in hectares/cumec, A is equi-
valent depth of water in metres and B is the
base period in days.

864 B
then a =
A

Proof—
Let A be the area in Hectares

Total volume of water required = A A
hectare metres.

Since d is the duty, the flow required is

A
— cumecs.
d

Total volume that will flow in the base
period

A
= B x24 X 60 x60 X — cubic metre
d
BA
= 864 —— Hectare metre
d
BA
d
864 B
. A = e————
d

2. Water-supplies available for Irrigation—
The Strange’s table is suitable for estimating

= 11-574 cumecs flowing run off from rainfall in the plains in South

for one day.

India.

* Ascistant Engineer, P.W.D., Metric Cell Unit, Chepauk, Madras-5.
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TABLE OF TOTAL MONSOON RAINFALL AND ESTIMATED RUNOFF
KILOMETRE FROM CATCHMEMT AREAS.

= Total monsoon rainfall in

Good ca.ichmant. Average c:tchnwnt.
8 8 £9 . :
s ] “33 % i ; E :2 g
g v SE 2 = X
2 - . = g 3 o R
- EE: R R 583
3 55 =.8 3 3e 2 a_§
e i e gi Sy o £ 8¢
£E °3 5y s® % SEg
IR S 1 T - R £
& 2" z & g 5 °
2) (3) (1) (5) (6) (M
0-1 0-0025 0-0025 0-1 0-0025 0-:0025
0-2 0-01 0-01 0-15 0-0075 0-0075
04 0-03 0-03 0-3 0-0225 0-0225
0-7 0-07 0-07 05 0-05 0-05
1-0 0125 0-125 D7 0-0875 0-0875
15 0-225 0-225 1-1 0-165 0-165
2-1 0-3675 0-3675 1-5 0-2625 0-2625
2-8 0-56 0-56 2-1 0-42 042
35 0-7875 07875 2-6 0-585 0-585
4-3 1-075 1-075 32 0-800 0-800
52 1-43 1-43 39 1-:0726 1-0725
6-2 1-86 1-86 4-6 1-380 1-380
72 2:34 2-34 54 1755 1755
83 2:90 2-90 6-2 2:170 2-170
9-4 3-525 3:525 7-0 2-625 2:625
10-5 420 4-20 7-8 3-120 3-120
11-6 193 $-93 87 3:6975 3:6975
12:8 576 5-76 9-6 4-32 4-32
139 6-60 6-60 10-4 494 4-94
15-0 7-50 7-50 11-25 5625 5-625
16-1 8-45 8-45 12-0 6-30 8-30
17-3 9-51 9-51 129 7-095 7-095
184 10:58 10-58 138 7-93 7-93
19-5 11-70 11-70 14-6 876 876
20-8 12-87 12-87 154 9-625 9-625
21-8 14-17 14-17 16-3 10-595 10-595
292:9 15-46 15-46 171 11543  11-543
24-0 16-80 16-80 180 12-60 12-60
25-1 18-197 18-197 18-8 13-63 13-63
26-3 19725 19-725 19-7 14-775 14-775
274 21-195 21-195 20-5 15-895 15-875
28-6 22-80 22-80 21-3 17-04 17-04
29-6 24-42 24-42 222 18-31 18-31

Bad oca‘chment.

rainfall.

Percentage of runoff to

8)

S
= &
[=

0-20
0-30

0-7
1-0
1-4
17
21
2-6
31
3-6
41
47
52
58
64
69
76
80
8-6
9-2
97
10-3
10-9
114
12:0
12-5
131
137
14-2
14-8

AND YIELD PER SQUARE

—~ Depth of runoff due to
2 rainfall in oms.

0-00125
0-005
0-015
0-03
0-0625
0-105
0-175
0-28
0-3825
0525
0715
0-93
1-17
1-435
1-762
2-08
2:47
2-88
3277
375
4-20
473
529
5-82
8-4375
7-085
7-695
840
9-0625
9-825
10-617
11-40
12-21

of runoff frf.‘lm

catchmeont por sq. kilo
meter in heotare metre.

Yield

(10)

0-00125
0-005
0-015
0-03
0:0625
0-105
0175
0-28
0-3825
0525
0-716
0-93
1-17
1-435
1-762
2:08
2-47
2-88
3-277
375
4-20
473
5-29
582
6-4376
7:085
7-695
8-40
9-0625
9-826
10-617
11-40
12:21

A ——— a——

OF TOTAL MONSOON
TABLE

oms.

Total monsoon rainfall in

—
[*3
e

850
875
90-0
92:5
95-0
97-5
100-0
102-5
105-0
107-5
110-0
112:5
115-0
117-5
120-0
122-5
1250
127-5
130-0
132:5
1350
137-3
140-00
1425
145-0
147:5
150-0

Estimating runoff from total monsoon rain-

fall.

In estimating th
a catchment, the actua i
years and not the mean rat
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Good catchment.

Average catchment,

e runoff available frpm
1 rainfall of successive
nfall should form

— o r -‘;— 3 N
TR
E =% & g ‘2
5 A g8 e © L
é = &5‘ . £ g 83 . S "g
5 £ 2 - 58 §&¢
. E ; oy “-é : . :5 [ ‘é;
A RS A - B R 1
3.8 52 ot oF a.g 253
§ ﬁ o i‘; g o E 5 ) 2
A & Sy & Q >
2) 3 (4) (6) (6) (N
30-8 26-18 26-18 231 19-63 19-63
319 27-91 27-91 23-90 20-91 20-91
33-0 29-70 29-70 247 22-23 22-23
34-1 31-542 31-542 255 23-58 23-58
353 33-535 33-535 26-4 25-08 25-08
36-4 35-49 35-49 27-3 26-617 26-617
375 37:50 37-50 28:1 28-10 28-10
38-6 39-565 39-565 28-9 29-622 29-622
39-8 41-79 4179 29-8 31-29 31-29
109 13-967 43-967 30-6 32-895 32-895
42-0 16-20 46-20 31-50 34-65 34-65
131 418-487 48-487 32-3 36-337 36-337
+4-3 50-945 50-945 33-2 38-18 38-18
15-4 53-345 53-345 340 39-95 39:95
46-5 35-80 55-80 348 41-76 41-76
47-6 38-31 58-31 357 43-732 43-732
i8-8 61-00 61-00 36-6 4575 4575
19-9 63-62 63-62 37-4 47-68b 47-685
31-0 66-30 66-30 38-2 49-66 49-66
321 69-032 69-03 39-0 51-675 51-675
53-3 71955 7195 399 53-865 53865
54-4 74-80 74-80 40-8 56-10 56-10
555 7770 77-70 41-6 58-24 58-24
56-6 80-655 80-655 42-4 60-42 60-42
578 83-81 83-81 43-3 62-78 62-78
589 86-877 86-877 44-4 65-49 65-49
60-0 90-00 90-00 450 67-50 67-50

RAINFALL AND ESTIMATED RUNOFF AND YIELD PER SQUARE
METRE FROM CATCHMENT AREAS—con!.

Bad oawh:nem.

(i.? 8 Bo ., ;
& 3 £xg
g ® « §8
H U S, B
o g8 EE3

] L] 8 % 5':

¥ 5 582

i $ 0 33

& A S

(8) (9) (10)
15-4 13-:09 13-09
159 13-9125 13-9125
16-5 14-85 14-85
17-0 15-725 15-725
17-6 16-72 16-72
18-2 17-745 17-746
187 18-70 18-70
193 19-782 19-782
19-9 20-895 20-895
20-4 21-93 21-93
21-0 23-10 93.10
21-5 241875 24.187
221 25-415 25-415
22-7 26-67 26-67
232 27-84 27-84
23-8 28-15 2815
24-4 30-50 30-50
24-9 3174 3174
255 33:15 3315
26-0 34-45 34.45
26-6 35-91 35-91
21-2 37-40 37-40
271 38:78 38-78
28-3 40-32 4032
289 4190 41-90
29-4 43-36 43-36
30-0 4500 4500

the basis of computation. But when a suffj-
cient nuraber of year’s annual rainfall is not
available, the yield of 2/3 or 3/4 mean rainfall
may be taken as the basis for computing the
runoff.
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3. Flood discharge—

The two formulae generally used in South
India for computing the maximum flood
discharge are those of Dickens and Ryves and
are both in the general form Q=CM?*

Where Q is the maximum flood discharge in
cumecs.

M is the area of catchment in square kilo-
metres.
P is the power less than unity and

C is the coefficient fixed with reference to
the nature of the catchment and the intensity
of recorded rainfall and any records of actual

floods i “
ments.m parts of the same or in similar catch-

The formulae referred to are :
Q =CM #__ Ryves
Q =CM # _ Dickens
The coefficient C to be g lied
considered in each case on it%p meri:;mtng

following values of C will be suitable f
ing in the Ryve’s Formula in Madras Sotlz;.t?e(? opt

C=7-5 in flat tracts along the coast.

C=9-0 in tracts with greate
160 kilometres from coast. Erester slope 25 to

C=10-5 in limited areas near the hills,

Ryve’s formula is that
used in South India. most generally

TABLE OF FLOOD DISCHARGE IN CUMECS,

Formula Q = CM#

Q=Cumecs.

M=8quare Kilometers.

Area n For the value of C.
Square  — A
K 8. 3-00 4-50 6-00 7:50 9-00 10-50 12-0 13-50 150 "
(1) @) 3) 4) (6) (6) Q) 8) (9) (10)
1-00 3-00 4-50 6-00 7-50 9-00 10-50 12-0 13-50 15-00
2-50 5-53 8-29 11-06 13-81 16-58 19-34 2210 24.87 2763
10-00 13-92 20-88 27-84 34-80 4176 4872 55-68 6264 69-60
25-00 25-65 38-47 51-29 64-12 76-94 89-76 102-59 115-41 128-23
50-00 40-71 61-06 81-42 101-77 122-12 14248 162-84 183-19 203-54
100-00 64-62 9693 12924  161-55 19386 226117 25848  290-79 323-10
250-00 119-04 178-56 238-08 297-60 357-12 416-64 476-16 535-68 595-20
500-00 188-99 283-48 377-98 472-47 566-96 661-46 755-96 850-45 954-94
1,000-00 300-00 450-00 600-00 750-00 90000  1,06000 1,200-00 1235000 1,500-00
25,000-:00 2,564-70 3,847-10 5,129-40 6,411-80 7,60420 8,976:50 10,2588 1164120 12,823-60
50,000-00 4,071-00 6,108-50 8,142-00 10,177-50 12,213-00 34,248-50 16,2840 18,319-50  20,555-00
1,00,000-00 646200 9,693-00 12,924-00 16,165-00 19,386-00 22,617-00 258480 29,079-00 34,310-00
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4. Design of canals—

The following statement gives for various

Kennedy’s Formula for critical Velocity values of d in metres, the critical velocity Vo

is

Vo= -5476 d-* where L
Vo=velocity in metres/sec. Formula :
and d=depth in metres.
Depth in metres.  0-25 05 10 15 2.0 2: 30 35 40 45
Critical velocity ~ 0-225 -3506 5476 “1099 -8538 9845 1106 1221 1320 1434
in metres/
Seo.
Kennedy made no correlation between Formulae
the water surface slope and the mean velocity V = -639 o/fR
or vertical depth. He assigned, the slope to his A — 141.24 V5
channels by employing Kutter’s equation. P — 4825 /Q
g 1
The design of canals is also done by Lacey’s V = 10-8R 3§8°®
Formulae, Lacey treated the Hydraulic mean® 3100 RS
depth as the fundamental variable and derived V = _ 07
the following formulae :— P )/\
Lacey’s Formulae : q £3
Notations : - T
[3
V =Velocity of flow in metres per second. ;)’216 Q
f —Lacey’s silt factor 1:76  4/md. S —
. 523 R}
Where md is the mean diameter of Non-regime formula—
spheres equivalent to Oblate spheroidal par-
ticles of bed material in mm. v_ j I L

Na

R=Hydraulic Mean Depth in metres. .
R = 0-47247 ( Q ):r

A — Area of section in square metres.

f

— imeter in metres.
P — Wetted perimeter in me V — 0-4382 (Qf")
8

Q = Discharge in cubic metres. Q5
S = Slope of hydraulic gradient. A =28
N a= absolute coefficient of rugosity. £3

R, = depth of scour in metres.

The Table below gives trapezoidel sections with § : 1 side slopes and for silt factor of 0-9.

Discharge in cumees .. .. e 300 200 100 50 25 10 5
Woetted perimeter in metres .. .. 8356 6822 4825 3416 2412 1531 1079
Velocity in metres per second .. 1-07 1-04 092 0°82 074 063 0-53
Hydraulic mean depth in metres .. 3-34 2:93 2-30 1-83 148 1-09 0-92
Breadth in metres .. .. .. 754 60-9 42-3 294 20-3 12-3 83
Depth in metres . .. . 346 3-08 2:50 2:00 1-60 1-30 1-10
Blope in oms. per kilometre .. . 8 10 12 13 15 17 20

q

Scour depth R, = 1-356 (-—

)

f

1
k)

10
483
0-44
0-52

3-2
0-68

30

in metres/sec. obtained from the Kennedy’s

1-634

0-26
2-41
0-35
0-34
1-35
0-45
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ECONOMICS OF IRRIGATION

BY

*Taru P. V. RAJKUMAR, M.A., m.LITT,,

The operational significance of irrigation
in India developmental effort derives from
the fact that the average rainfall for most of
Indiais inadequate and uneven and this con -
sequently accounts for recurrent crop failures
in many areas and desert conditions in a i:eW
regions. 'To be picturesque agriculture which
is India’s greatest Industry is“ a gamble in
monsoon ”’, which has ¢all the provierbial
caprice of an eastern potentate ”. Irrigation
is the obvious means of making our agriculture
relatively independent of the rains and of putting
the agricultural economy of the nation on a
more secure footing.

Trrigation has been practised in India since
time immemorial. In the South, rainyva,t-er
was stored in tanks of various sizes and in the
North lift irrigation from wells and rivers

rovided the water. It was, however, dupng
the British regime that extensive major 1rmi-
gation works like diversion canals and storage
dams were constructed by the State and irri-
gation facilities extended to vast areas. Al-
though the area under irrigation is larger in
India than in any other country, it consti-
tutes only a fifth of the total cultivated area.
Again the area irrigated by minor works,
such as wells and tanks is still in excess of that
irrigated by major works. A vigorous policy
of constructing major irrigation works is being
pursued by the Government of India since
the First Five-Year Plan. Multi-purpose river-
valley projects involving huge outlay are now
constructed.  Multi-purpose projects are so
called because of the variety of purposes they
fulfill. Apart from providing irrigation faci-
lities the main benefits are control of floods,
generation of hydro-electric power, develop-
ment of inland navigation, soil conservation,
afforestation, pisciculture, provision of drinking
water and recreation facilities. A long range
and lasting solution to the problems of food
shortage and economic development lies in
the speedy completion of multi-purpose river
valley projects.

River valley projects are major public capital
investments. The commonly accepted criterion

in free-market economics for evaluating invest-
ment projects is the estimated yield on capital
investment. The higher the yield the greater is
the productivity of investment. In India the con.
ventional test of productivity in regard to irriga-
tion and electricity schemes has been that there
must be a return of at least 4-5 per cent on the
investment within ten years of their completion.
If the rate of return is less, it has to be seen
whether it operates in a famine area and deserves
some concession in view of the direct or
indirect saving in famine relief expenditure or
there has to be special pleading on wider social
and political considerations.  But according
to the Planning Commission both during the
First and Second Five-Year Plans a large
number of irrigation projects did not satisfy
the traditional yardstick of direct financial
return to the Government. An analysis
of such projects indicated that the financial
return on full development of some 92 new
irrigation projects under the Second plan might
be of the order of 3-3 per cent, falling short by
about 1-2 per cent in relation to the current
productivity test of 45 per cent. The financial
yield on investment capital is however, an
unsatisfactory guide to investment decisions
in public utilities. ~The financial yield depends
largely on the pricing policies followed and it
may be necessary from the social point of
view to adopt price policies which result in
curtailment of return on the capital invested.
Again there are limitations in applying this
criterion to investment decisions in under-
developed economics. In a highly developed
economy social productivity of an investment
might more often approximate to its producti-
vity from the point of view of the firm, that is,
of the return on the capital. In that case,
the price machanism alone may be regarded
as safe guide to investment. But in an under
developed economy there is apt to be considera.-
able divergence between private and social
returns. The financial yield on invested
capital measures onlfy the former and hence
might prove by itself an inadequate and even

misleading criterion to go by in investment.
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decisions. Hence it follows that there must
be a set of suitable criteria which will provide

. a reasonably good measure of the social returns

as well as from particular investments. The
Planning Commission is well aware of this
dimension of the problem and emphasized
that in recent planning the financial yardstick

" has been used in practice to assist in the selection

of projects.inter se. So without the yardstick
itself being regarded as a decisive criterion
besides the direct financial return, these are
indirect financial returns as well.  Further,
in any plan of economic development the
impact of irrigation project on agricultural
and general growth assumes a greater signi-
ficance than productivity in a narrow financial
source. In an economic assessment of an
irrigation project it is proper to calculate the
value of tangible benefits by tracing the primary,
secondary and tertiary benefits or benefits of
a further range. Such a comprehensive
economic study of the irrigation projects could
be more useful in the allocation of limited
investible resources available.

In recent years a technique called ‘‘benefit-cost
analysis” has been evolved to evaluate invest-
ment projects. Benefit-cost analysis is closely

. Analogous to the methods used by businessmen

to appraise investment projects. Economists
nowadays contend that the benefits of govern-
ment projects can be appraised objectively
and even quantitatively by applying benefit-
cost analysis. The major difference is that
estimates of social value are used in places of
estimates of sale value when appropriate. In
fact benefit-cost analysis had 1its origin and
highest development in the field of water
resources.

The traditional yardstick of financial return
measures financial feasibility while the benefit-
cost criterion measures economic feasibility.
The direct financial return may be symbolically
represented by ‘r’ and the benefit-cost criterion
by ‘B’.

For the application of cost-benefit analysis
there are atleast four possible criteria of invest-
ment, namely,

1. B=B—C
2. B=(B—C)I

467-4—2

3. B=B/C
4, B=4B/AC

In the above notations B as mentioned
earlier refers to benefit-cost criterion of project
evaluation, ‘2B’ to benefits, ‘C’ to costs, ‘2B’
and = ‘C’ to marginal benefits and marginal
costs and ‘I’ to direct investment for the project.
The result will be different with the adoption
of each criteria mentioned above.

If we adopt ‘B-C’ and proceed to maximise it,
the result will be that large projects would be
favoured over small.

Regarding determination of scale of investment
for each project it is laid down that the rule is
the ratio of marginal benefit to marginal cost

should be unity i.e. ?—E = 1. It is not

however, a formula for selecting a project out of
the many but a criterion for determining the
size of the project that has already qualified
for investment.

We are now left with two alternative criteria
Le. B/C and (B-C)/I. The latter is a formula for
determining the total annual return on a
particular investment to the economy as a whole
irrespective of to whom these accrue. ‘I’ refers
to only direct investment on a project and not,
the private or associated investments. Ag
such an irrigation project with a higher (B-C)/I
may actually be less beneficial to the econom
than another while has a lower value. So the
sub-committee on benefits and costs in the
United States has recommended the formula of
B/C in favour of others. A project with the
highest value for B/C is obviously the one which
would come best on the principle of maximising
economic welfare. This principle is adopted

in cost-benefit analysis in India in the Sarada
Canal System.

For example in the case of Sarada, Canal B/C =
2'@1'; (B-C)./I=49'16 per cent on the ba.s{sC;f
original capital cost, and 13-3 per cent on the

basis of replacement cost of the o
is 402 per cent. canal and ‘7
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In India pioneering work in this direction
has been that of Professor Gadgil in a study
of the economic effects of the Godavari and
Pravara Canal System in the Bombay Deccan.
Then at the instance of Planning Commission
a number of investigations has been carried out
in recent years with reference to major irrigation
projects. Mention may be made of ‘*Some
Economic Aspects of the Bhakra Nangal
Project 7 by Dr. K. N. Raj of the University
of Delhi, “Economics of a Multipurpose River
Dam (Hirakud Dam) ” by N. V. Savani and
N. Rath of the Gokhale Institute of Politics
and Economics, ¢ Benefit-cost Analysis of the
Sarada Canal System >~ by Baljit Singh and
S. Mishra of the Lucknow University, <Criterion
for Fixation of Water-rates and Selection of Irri-
gation Projects’ by the National Council of
Applied Economics Research, * Evaluation of
Damodar Canals 7 by S. K. Basu and S. B.
Mukherjee of the TUniversity of Calcutta,
and ¢ Benefit-cost evaluation of Cauvery-
Mettur Project ” by K. S. Sonachalam of
Annamalai University.

The evaluation of the costs and benefits of
river valley projects belongs to one of the
most difficult problems in both theoretical and
applied economics.  Despite a rapidly increas-
ing literature on the subject there are shortcom-
ings. The benefit-cost criterion has recently
been the subject of a number of critical studies
in the United States. In this context mention
should be made of, “Water Resources Develop-
ment ; the Economics of Project. Evaluation ”
by O. Eckstein, * Efficiency in Government
Through System Analysis with emphasis on
Water Resources Development ” by R. N.
Mckean and the critical article ¢ The Economic
Evaluation of Federal Water Resource Develop-
ment”’ by J. Mangalis in the American Economic
Review, March 1959. A few economists
doubt the accuracy and the usefulness of benefit-
cost analysis. They question whether the
most important social effects of Government
investment can be appraised quantitatively
by any formalised method. By the process
oiY making the benefits of irrigation projects the
subject of market valuations and assigning
monetary values to them the benefit-oost ratios

166

would seem to have persistently under estimated
both costs and benefits. ¢ Indeed no amount
of additional energy and ingenuity spent on
attempts either to quantity and add together
the tangible benefits (such as irrigation facilities,
flood control, navigation and power) or to find
monetary equivalent for the less tangible
benefits and ‘‘external economics” (such as
equalisation of economic and cultural opportuni-
ties through balanced regional development,
public health, soil conservation, etc.), can alter
the fact that we are confronted with social
benefits and social costs which call for social
judgments and social choices.  One skeptical
view cited in_Brookings Research Report on
“ Measuring Benefits of Government Invest-
ments > compare this problem of measure-
ment to the appraisal of a horse-and-rabbit
stew, the rabbit being cast as the consequences
that can be measured and evaluated numerically
and the horse on the amalgam of external effects
that can be adjudged only roughly and subjec-
tively.  Since the horse dominates the flavour
of the stew, meticulous evaluation of the rabbit
is hardly worthwhile.

The advocates of benefit-cost analysis recog-
nise that their technique is largely an under{ 1
developed art and do realise that some signifi-
cant consequence of public investment must
elude the craft of the quantifier. Nevertheless
in the field of water resources public decision
have been made apparently more rational and
consistent by submitting project proposals to

the discipline of comparing measurable cost,
with measurable benefits.

On account of these limitations benefit-cost
criterion should not be regarded as a decisive
criterion. It would however, serve as additional
data for arriving at a decision with regard to a
particular project. The traditional yardstick of
financial return and the benefit-cost criterion
should be taken into account together before
a project is selected for execution and when
the two are in conflict it may be desirable to
give greater weightage to the latter. Evaluation
of an irrigation project is a fascinating but a
difficult task and we have to draw to
consolation from the ancient Greek adage that:
beautiful things are difficult to get.
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HYDRAULICS AND IRRIGATION FORMULAE IN METRIC UNITS.
\NTRODUCTION,

467-4—24

8108 acre feet.

1 Hectare metre

1 Cumec flowing per day

Cumec == Cubic metre per second.

1 Hectare = 2'47] acres;

0-0864 million cubic metre.

8-64 Hectare metre.

--11-574 cumecs flowing per day.

1 cusec = 0'028 cumec.

1 M. cubic metre

0'06997 acre/cuseo.

1 Hectare = 10,000 sq. metres or 0-01 sq. km.

1 Hectare/cumec

FORMULE USED IN IRRIGATION ENGINEERING AND HYDRAULICS.

Romarks,

Formulae in F.P.8. Units. Formulae in Metrie Units (Exact

Serial number and description.

oquivalent),

(4

3)

(2)

(n

Catchment area in square kilo-

Maximum discharge in cumecs.
metres.

omd

Q
Q
M

Maximum discharge in cusecs.

M=catchment area in sq. miles

q=cm?

Q
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28
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S
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28
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Maximum discharge in cumecs.

pending upon the

Catchment area in sq. kilo metres.

Constant de
nature of area (Normally the value

of C will vary from 6-76 to 40-60).

Q
M
C

Maximum discharge in cusecs.
M=area in 8q. miles

Q:

—ec32 /A

Q max.

Q max. —ocl800 VA

2 Formula of Kreanik

0564+ A/A
Q max,=Maximum run off in cumecs.

—

0:314 /A .
Q max. =Maximum run off in

a value of

drainage area in a 8q. kilo metres.
co-efficient having
about 0-02 for flat valley lands and
0-1 to 0-2 for the slopes.

A

lue of eoe

about 0-02 for flat valley lands and

0:1 to 0-2 for the slopes.

ving & va

ocusecs.

A=drainage area in sq. miles.
oc=Co-efficient ha
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EARTHFILL DAM IS RESORT WASHOUT

A 43ft. high earthfill dam near Mercer, Pa,.

failed in October 1966 leaving the Lake Latonka
_espesort area with only half its 30 acres lake”. A
" Qofferdam built upstream while the main dam
was under construction held back about half
the lake’s water.

Except for two cows, two horses and a sheep

* which drowned, there were no injuries. Police
 evacuated 30 families in a low lying section of

F

"Mercer about 3 .miles downstream. One
factory’s power was shorted out.

' The 2,300 ft. long embankment is a homoge-
neous fill of corrosive clay. A 60 ft. piece of a 380
ft. long concrete ogee spillway at the dam’s

" right end collapsed when water began pipi
~ through the embankment near the crest I:::g

b
-
-

next to the spillway’s left wing wall.

¢ There was no failure connected with the
spillway  says Philip Schaefer, Chief design
Engineer for Ralph L. Woolpert Engineering

~ Co., of Dayton, Ohio, designers of the dam.

!

¢«“When the clay washed out, it undermined
the spillway and dropped it down. The
embankment failed and then the spillway went »,
. The dam, completed last March, is part of
a 2-million, 1,300 acre development owned and

B
: operated by the American Realty Service

i

>

W
|-

Corporation of Mercer. The company

i reportedly has sold all but five of 1,500 building

lots, and 60 homes are under construction.
Hackney construction Co., of Willington, Ohio,

 was the contractor of the dam.

Although Schaefer would not say for sue
there was piping through the embankment, he
did say, * It was a failure of the earth embank-
ment. Once the embankment washed down so

NEWS FROM ABROAD

far and a hole developed, wate bega ashmg"
;1;1; the fines and ﬁngfly unde:minedntl:: spill-

The reservoir was at normal i

a8 pool, accord
t?_ Schaefer, and spilling only slightly at the t&
of the failure. Although no actual damage
estimate has been made, he said the figures it

,000 .
and spillway. to repair the embankment

E N R Oct. 1966.

ELECTRICALLY

CRETE PILES, PRESTRESSED CON-

A note on the electro thermal method of
ti‘n:lllomng reinforcement for the ma.nufa.(l:lturing
% e prestressed concrete piles appears in the
Rebrna;y 1966 issue of the Na Stroykakah

ossii in the U.SS.R.  The author. Chief

Engineer of the Novokunetzk

i No. I Factory for
reinforced Co ractory
the method delxlrgg;; roducts, describes briefly

for the production of 30 ft.

20 50 ft. long (10 m. to 15 m.) prestressed

box.mre’r,e piles, the cross-section of the pile
emng about 14” x 14" (35 cm x 35 cm).

The bar is elongated b i ith
electric current ang fixed iyn gﬁzf::rg blo“cnks-

qt_transverse reinforcement is next laced in
E(());lll lon and after arranging for form work the

?.rete 18 poured.  Thermal curing is next
applied and when the concrete reaches 70 per
cent ofits working strength the ends of ten-

8i : i
dli(;;n;ln 3:(11‘8 are cut off and the form work 8

—Civil  Engineering Aug. 1966.

NEWS ROUND UP :

NARRATIVE REPORT ON THE

INAUGURATION OF THE SECOND PHASE OF

THE PARAMBIKULAM-ALIYAR PROJECT HELD AT PARAMBIKULAM DAM

SITE ON JANUARY 12, 1967.
1. The second phase of the P. A. P. which is

.a multi-purpose and multi-valley scheme under-

taken by the Government of Madras at a cost of
Rs. 58:85 crores was inaugurated at Parambi-
kulam Dam-site on January 12, 1967. The
Project will ultimately irrigate 2-4 lakh acres
.and generate 185 M.W. of power.

2. Two Union Ministers—Thiru C. Subl:a,-
meniam, Dr. K. L. Rao, the Madras Chief
Minister Thiru M. Bhakthavatsalam and two
Ministers of Madras State Thiru V. Ramiah,
Minister for Food and Works and. Thiru
R. Venkataraman, Minister for Industnes took

art jn the inaugural function which was
attended by a large gathering.

3. Parambikulam Dam-site, where the func-
tion was held wore a festival look on the inaugura
tion day. A tastefully decorated and illuminated
pandal was crected for the cccasion.  The
inaucural function commenced by 11-00 a.m.
Thira P. Balakrishnan, Superintending Engi-
neer, Headworks Circle of P.A.P. reat.i the mes-
sages received from Dr. S. Radhakrishnan, Dr,
Zakir Hussain, Thirumathi Indira Gandhi,
Thiru Ujjal Singh, Thiru Bhagavan Sahey and
others. ThiruJ. G. Abraham, Chief Engineer,
P.A.P., welcomed the Chief guests. In his
‘welcome address the Chief Engineer while
explaining the salient features of the project
stated, that the P.A.P. is the _only multi-
valley and multi-purpose project in the Sonth
and is a fine example of inter-State Co-operation
between the States of Madras and Kerala where
the available water resources have been har-
nessed for the mutual benefit of both the
States as well as on outstanding examples of
perfect co-ordination and  co-operation
between various departments oi: the State
jteelf. The Chief Engineer paid tributes to the
Engineers and other p_ersonnel yvho_ were
asgociated with the detailed investigation and
execution of the project. .

4. 'The Chairman of the Madras State Electri-
city Board, Thiru V.P. Appadurai said that the
Sarkarpathy Power House which would be

commissioned on the day, would generate 30
M.W. and that this would feed the grid at
Pollachi and Udumalpet through 110 K.V.
Lines. Referring to the 4th Plan at Madras
State, he said on the generation side emphasis
would be made on the Thermal schemes.

5. Next Thiru V. Ramiah, Minister for Food
and Works, Government of Madras addressed
the gathering. The Minister hailing the project
as a new chapter in the history of Irrigation
schemes in the whole of India, said Madras can
justly be proud of the fact thatit has pioneered
the most difficult task of harnessing eight jungle
streams in a single Project for Irrigation and
Power Development. The Minister, further,
said that Madras which has taken lead in the -
utilisation of irrigation projects side by side
with the execution of works has also given
assistance to the farmers to reclaim their lands
and make them suitable for irrigation and that
the Government have appointed an implemen-
tation committee representing the Agriculture,
Irrgiation and Revenue Departments for the
development of the ayacut under the scheme.

6. Next to address the gathering was
Thiru C. Subramaniam, Union Minister for Food
and Agriculture who presided over the function.
The Minister highly commended the Kerala
Government, for their consent in taking up the
scheme for execution. Reiterating his view
that the centre should intervene and settle
disputes between the States in regard to utlisa-
tion of river waters he said that the Madras
Government should continue its negotiations
with the Kerala Government to secure the
latter’s concurrence for the construction of Nirar
and other dams in the Project.

7. At the stroke of 12:00 the Ministers
unveiled the marble tablets commemorating
the commissioning of the completed component
works of the P.A.P. as furnished below :—

(i) Thirumurthi Reservoir and Parambi-

kulaz.n Main Canal—Thiru C. Subra-
maniam.
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(ii) Parambikulam Reservoir and Tunnel
—Thiru M. Bakthavatsalam.

(iii) Tunacadava Reservoir and Sarkar-
pathy Tunnel—Dr. K.L. Rao.

(iv) Sarkarpathy Power House-—Thiru
R. Venkataraman.

(v) Contour canal—Thiru V. Ramiah.

8. After unveiling the marble tablets Thiru
M. Bhakthavatsalam, Chief Minister expressed
his appreciation for the Kerala Government
for their co-operation in this Project. He
also requested the Union Government Ministers
resent on the day for the centre’s help in
settling the disputes between two States for the
atilisation of water of Nirar and Annamalaiar.

9. Dr. K. L. Rao, Union Minister for
Trrigation and Power, who addressed the gather-
:ne next, described the project as the third
milestone in the history of irrigation schemes
in regard to Madras State (the first being the
Grand Anicut across the Cauvery and the second
the Periyar Dam). He said that he would
rank P.A.P.first in the history of Madras State
for here water has been created so to say right
out of the rock by combining the waters of eight
rivers which is one of the most difficult work of
engineering. He said that it has some
special features and hailed it as in unique
project in our country. Congratulating the

Madras State which had an enviable record

of development and how engi
' : ) gineers under

Chief Engin eers U. Ananda Rao :l!::
then Chief Engincer, PAP. Thirs J. &
Abmhant}, Chief Engineer (General and P.A..P.i
and Thiru V., P. Appadurai, Chairman of the
Madras State Elqctnclty Board, he said that the
prosperity of this region wag mainly on account
of power and human activity.  Referring to
the expectation that the per capita consugm
tion of power in Madras State would be "go
units in the Fourth Five.Year Plan peri:)d
the Union Minister said that the civilised
countries in the modern world hav

. r which i
foremost in power generation in India woullg

achieve this as early as possible.

10. Thiru R. Venkataraman, t Minis
for Industries who spoke last said lziat in ve?;
of the rapid growth of the State its demand for
power outstripped production despite the three
fold increase in production during the lasg 10
years. The Minister pleaded for approval b
the centre, of all the schemeg proposed b thy
State Government during the Fourth yPla:
period.

11. The function came to a conclusj
12-30 p.m. after the vote of thankzonwz

proposed by Thiru S.P. Ambrose, Co
Coimbatore. Hleotor of
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