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DESIGN OF IRRIGATION WORKS IN METRIC SYSTEM

BY
* Tarv. P. S. NAGENDRIAH, B.E., AM.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
second 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

uaao

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 a4 = —
A
Proof—
Let A be the area in Hectares -
Total volume of water required = A A

hectare metres.
Sinoe d is the duty, the flow required is
A
— cumecs.
d

Total volume that will flow in the base
period |
A
= B X 24 X 60 x60 Xx-— cubic metre

d
BA

Duty is also expressed in terms of the = 864 Hectare metre
depth of water in metres over the irrigated d
aros. BA
Relation between different expressions for AA = 864
duty of water. d
1 cumec flowing for one day 864 B
¢ = -0864 million cumecs. A =
= 8-64 Hectare metre. d
1 Hectare = 10,000 sq. metres. _ .
1 million oubic] _ 2. Water-supplies available for Irvigation—
= 100 Hectare metre. , ]
metre. 11-574 cumecs flowi Th;, Sﬁt?nge smt?:llle is suitable for estimating
= . um owing run o m rai in th . .
for one day. India. e plains in South

* Asistant Engineer, P.W.D., Metrio Coll Unis, Chepauk, Madras. 5.
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TABLE OF TOTAL MON

+~ Total monsoon reinfall in

)
25

7-5
100
1256
1590
17-6

225
250
275

326

350
376

725
75-0
716
82-5
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KILOMETRE ¥ROM CATCHMEMT AREAS.

SOON RAINFALL AND ESTIMATED RUNOFF AND YIELD PER SQUARE

Good ootthmant. Average Oiohment. Bad ca’ fhment.
co3 B Do H T B
ST TR SR Bt S s i
TR TR . PR
S DR BT L T

' 5= -§§ & %5 ;g.s ¥ gé “sg.s
EIE N U B 5 =l
& 8" pa £ 8 5 & & =
(2) (3) 1) (8) (6) (7) (8) 9 (10)

01 0-0025 0-0025 0-1 0-0025 0-0025 0-056 000125 0-00125
0-2 0-01 0-01 0-15 0-0075 0-0075 0-10 0-005 0-008
04 0-03 0-03 0-3 0:0225 0-0226 0-20 0-015 0-015
07 0-07 0-07 0-5 0-05 0-05 0-30 0-03 003
1-0 0-125 0-125 0-7 0-0875 0-0875 05 0-0625 0-0825
15 0-225 0-225 11 0-165 0165 0-7 0-105 0-105
2-1 0-3675 0-3675 1-5 0:2625 0:26256 10 0-175 0-175
28 0-56 0-56 2:1 0-42 0-42 14 0-28 0-28
35 07875 07875 26 0-585 0-585 17 0-3825 0-3825
43 1-075 1075 32 0800  0-800 2.1 0-525 0-525
52 143 143 39 10725 1072 26 0-715 0716
62 1-86 1-86 48 1-380 1-380 31 0-93 0-93
7.2 2.34 2-34 54 1-755 1755 36 1-17 1-17
83 2.90 2:90 6-2 2170 2170 41 1-435 1-435
94 3.525 3-525 7-0 2:625 2625 4.7 1-762 1-762
10°5 4-20 4-20 7-8 3-120 3:-120 52 208 2.08
11-6 4-93 493 87 3:69756 36975 58 247 2:47
12'8 576 576 9-6 4-32 4-32 64 2-88 2-88
130 6-60 6-60 10-4 4-94 4-94 69 3:277 3-277
15-0 7-50 7-50 11-26 5625 5-625 76 375 376
16-1 845 8-45 12-0 6-30 8-30 80 4-20 4-20
17-3 9-51 9-561 12-9 7-095 7-095 86 473 473
184 10-58 10-58 13-8 7-93 7-93 92 529 5-29
196 11-70 11-70 14-6 8:76 8:76 97 5-82 582
20-6 12-87 12-87 16-4 9625 9-626 10-3 68-4375 6-4375
218 14-17 14-17 16-3 10-595 10-595 10-9 7-085 7-085
29.0 15-46 15-48 171 11-543 11-543 114 7-695 7-695
24-0 16-80 16-80 18-0 12-60 12-60 12:0 8-40 8-40
25-1 18:197 18-197 188 13-63 13-63 12-6 9-0825 9-0825
26-3 19-725 19-725 197 14776 14-775 13-1 9-825 9-825
274 21-195 21-195 20-5 15-896 15-875 137 10-617 10-617
286 22-80 22-80 21-3 17-04 17-04 14-2 11-40 11-40
20-6 2442 2442 222 1831 1831 148 12:21 1221
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TABLE OF TOTAL MONSOON RAINFALL AND ESTIMATED RUNOFF AND YIELD

= Total monsoon rainfall in

)

85-0
876
90-0
92-6
950
97-6
100-0
102-56
105-0
107-5
1100
112:5
115-0
117-6
120:0
122-5
125-0
127-5
1300
1326
13560
1375
140-00
142-6
145-0
1476
150-0

Estimating runoff from total monsoon rain-

fall.

In estimating the run

KILOMETRE FROM CATCHMENT AREAS-—cont.

a catchment, the actual ra

off available from
infall of successive

years and not the mean rainfall should form

Good catchment. Average catchment.

o A Ty ~ A N
| . -1
y 2 i 5 ¢

IR I TR
3 ; g -3 s ; g g 4
T T YO - I T
0§ g3t Bo§ 0 g
& g. ] & ] 5
(2) (t]] 4) (8) (6) (7
30-8 2618 2618 231 1963 1063
319 2791 27-91 23-90 20-91 20-91
330 29-70 29-70 247 22-23 22-23
34-1 31-542 31-5642 25-5 23-58 23-58
353 33535 33535 264 2508 2508
36-4 35-49 35-49 27-3 26-617 26-617
376 37-50 37-50 281 28-10 28:10
38-6 39-565 39-5665 28-9 29-622 29-622
39-8 41-79 41-79 29-8 31-29 31-29
409 43-967 43-967 30-6 32:895 32-895
420 46-20 46-20 31-50 34-65 34-86
43-1 48-487 48-487 323 36-337 36-337
13 50045 50945 332 3818 3818
454 53-345 53-346 34-0 3995 39-95
46-5 55-80 55-80 348 4176 4178
47-6 58-31 58-31 35-7 43732 43732
48-8 61-00 61-00 36-6 45-75 4575
49-9 63-62 63-62 374 47-685 47-885
51-0 66-30 66-30 38-2 49-66 49-66
391 69032 6903 390 51675  51-675
533 71955 7185 399 53865  53-865
544 74-80 74-80 40-8 56-10 56-10
555 77170 1110 416 5824 5824
56-6 80-855  80-855 424 6042  60-42
578 8381 8381 433 6278 6278
589 86-877 86-877 444 85-49 65-49
600 9000 9000 450 6750 6750

the basis of com
cient number of
available, the yield of 2
may be taken as the b
runoff.

Bad catchmenmt.

A

PER SQUARE

.tﬂ‘aof runoff to

Peroen
rain{i

8

15-4
15-9
16-5
17-0
17-6
18-2
18-7
19-3
199
20-4
21-0
21-56
22-1
22-7
23-2
23-8
244
249
25-5
26-0
26-6
27-2
277
28-3
28-9
29-4
30-0

rainfall in cms,

Depth of runoff duwe to

9)

1309
139125
14-85
15725
16-72
17745
18:70
19-782
20-895
21-03
2310
24-1875
25-415
26-67
27-84
28:15
30-50
3174
3315
3445
3591
37-40
38.78
40-32
41-90
4336
45-00

(19)

1309

189145
485

15-725
16-72
17745
18-70
19-782
20-895
21-03
23-10
24-187
25-415
28-67
2784
28-15
30-50
3174
3315
3445
35-01
37-40
3878
40-32
41.90
43-36
45-00

putation. But when a gyff.
year’s annual ra

[

infall j
/3 or 3/4 mean rz.sih!ffli
agis for computing, the

161
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L THE NEW IRRIGATION ERA

3. Flood discharge—

The two formulae generally used in South
India for ocomputing 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 in of the same or in similar cagal.
poods. parts or in mmﬂarmr
The formulae referred to are :
Q =CM #_ Ryves
Q =CM % — Dickens
The coefficient C to be applied must be
oonsidered in each case on its merits. The
following values of C will be suitable for adopt-
ing in the Ryve’s Formula in Madras State.
C=7-b in flat tracts along the coast.
C=9-0 in tracts with greater slope 25 to
1680 kilometres from coast. pe
C=10-5 in limited areas near the hills.
Ryve’s formula is that most generally
used in South India.

TABLE OF FLOOD DISCHARGE IN CUMECS.

Formuls Q = CM} Q=Cumecs. M=8quare Kilometers.
Area in For the value of C.
.Square r— A an Y
Kilometers. 3-00 4-50 6-00 7-50 9-00 10-50 12:0 13-50 150

(1) 2 3 4) 6 (6) (7 (8) (9) (10)
1-00 300 4:50 6:00 7-50 900 1050 120 1350 1600
2-60 5-63 8-29 11-056 13-81 168-58 19-34 22:10 24-87 27-63
10-00 13-92 2088 2784 3480 41716 4872 5568 6264 69-60

2500 2565 3847 5129 6412
50-00 4071 6106 8142 10177
10000 6462 9693 12024 16165
250-00 11904 17856 23808  297-60
50000 18899 28348 37798 47247
1,00000 30000 45000 . 60000 75000
2500000 256470 384710 512040 641180
5000000 407100 610650 8,14200 10,7760
10000000 646200 969300 1292400 1615500

162

7694 89-76 102-59 115-41 128-23
122-12 142-48 162-84 183-19 203-54
193-86 226-17 258-48 290-79 323-10
357-12 416-64 476-16 535-68 595-20
566-96 661-46 766-96 850-45 054-94
90000 1,050-00 1,200-00 1,350-00  1,500-0¢
7,694-20 8,976:50 10,258-8 11,4120 12,823.60
12,213-00 34,248-50 16,284-0 18,319-50 20,555-00
19,388-00 22,617-00 25,8480 29,079.00 34 ,310-00

DRSIGN OF IBRIGATION WORKS IN METRIC SYSTEM 7

4. Design of canals—
Kennedy’s Formula for critical Velooity

is
Vo= 56476 d-*  where
Vo=velocity in metres/sec.
and d=depth in metres.

Depth in metres.  0-25 o5 10 15

Oritionl velocity 0228 -3508 5476 *7009
in metres/

Ses.
Kennedy made no correlation between
the water surface slope and the mean velocity
or vertical depth. He assigned the slope to his
channels by employing Kutter’s equation.

The design of canals is also done by Lacey’s
Formulae, Lacey treated the Hydraulic mean
depth as the fundamental variable and derived

the following formulae :—
Lacey’s Formulae :
Notations :
V=Velocity of flow in metres per second.

f —Lacey’s silt factor 1-76 4/md.

Where md is the mean diameter of
spheres equivalent to Oblate spheroidal par-
ticles of bed material in mm.

R=Hydraulic Mean Depth in metres.
A = Area of section in square metres.
P = Wetted perimeter in metres.

Q = Discharge in cubic metres.

S = Slope of hydraulic gradient.

N a= absolute coefficient of rugosity.
R, = depth of scour in metres.

The following statement gives for various

values of d in metres, the critical velocity Vo
in metres/sec. obtained from the Kennedy’s
Formula :—

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

Discharge in cumeos .. . . 300 200
Woetted perimeter in metres .. .. 8356 6822
Velocity in metres per second .. 107 1-04
Hydraulic mean depth in metres .. 334 293
Breadth in metree - .. . 154 609
Depth in metres . .. .. 3-46 308
8lope in oms. per kilometre .. . 8 10

2.0 25 30 35 40 45 50
8538 ‘9845 1-106 1-221 1-329 1434 1-004
Formulae
V = 630 4/fR
Af* = 141-24 V$
P —48254Q
1
V = 108R g%
3100 RS
V= —
p ,
£t AO &
S= —
3316 Q¥
£t
S =
523 R}
Non-regime formula—
1
V—_pgt gt
Na,
T
R = 0-47247 ( Q )’f
F
V = 04382 (Qf') ¥
Q 5/6
A =28 /
B
Scour depth R, = 1. 9"+
pthR, — 135 (1)
100 50 25 10 5 10
48-25 3416 24-12 15:31 ' . o
092 082 074 083 ogs 04d o8
230 183 148 100 092 053 g
42-3 29:4 203 12:3 83 33 1-
260 200 160 130 110 g.gg 3
12 13 15 17 20 30 o-:
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in India deve e from
the fact that the average rainfall for most of

India is inadequate and uneven and this oon -
Sequently acoounts for recurrent crop failures
in many areas and desert conditions in a fow

regions. To be picturesque agriculture which: ;

is India’s greatest Industry is* a ble in
monsoon ”, which has “all the ng;?jerbia]
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.

Irrigation has been practised in India since
time immemorial. In the South, rainwater
was stored in tanks of various sizes and in the
North lift irrigation from wells and rivers
provided the water. It was, however, during
the British regime that extensive major irri-
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.

ain the area irrigated by minor works,
such as wells and tanks is still in excess of tl.xa,t
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
ralley projects. .

_ River valley projects are major public capital

- capital measures onl

1 the rate of return is less, i X
whether it operatesin a fa iz, w&ntg dmaeen
some oomcession in' view of the direct or
indirect saving in famine relief ‘expenditure or
there has to be special pleading on wider ‘gocial
and political consi tions. But i
to the Planning Commission both i
First and Second Five-Year Plans 4.
number of irrigation projects did hot. s
the traditional yardstick of direct financial
return to the Government. An analysis
of such projects indicated that the fingnoi
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
about 1-2 per cent in relation to the ocurrent
productivity test of 4-5 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
the former and hence
might prove by itself an inadequate and even
misleading criterion to go by in investment

nvestments. The commonly accepted criterion

184

* Professor of Economics, Presidency College, Madras-5.
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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
‘a8 well as from particular investments. The
Planning Commission is well aware of this
dimension of the problem and emphasized
that in recent ing the financial yardstick
has been used in practice to assist in the selection
of projects inter se. So without the yardstick
iteelf 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 & 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 feamplhty.
The direct financial return may be symbtha):lly
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,
2. B=(B—C)[

467-4—2

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

In the above notations 8 as mentioned
earlier refers to benefit-cost criterion of project
evaluation, ‘AB’ to benefits, ‘C’ to costs, ‘2B’
and ‘C’ to marginal benefits and i
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 cos

should be unity i.e. /A:\% =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
i.e. B/C and (B-C)/I. The latter is a formula for
determining the total annual return on g
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 valye. 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 maximisin
economic welfare. This principle is adopted,
in cost-benefit analysis in India in the Sarada,

. Canal System.

For example in the case of Sarads, Canal B/C=
2'61; (B-C)[I=49'16 per cent on the ba.sff ;f
gng_ma,lf capital cost, and 133 per cent on the

asis of replacement cost of the - H
is 4'02 per cent. ° he’ cangl aad ‘r

485
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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 u'rl‘gatlon
projects. Mention may be made of ‘‘Some
Economic Aspects of the Bhakra Nangal
Project ” by Dr. K. N. Raj of the University
of Delhi, “Xconomics of a Multipurpose River
Dam (Hirakud Dam) by N. V. Savani .apd
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 > by S. K. Basu and S. B.
Mukherjee of the University 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
mnost 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 recent.,ly
been the subject of a number of critical studies
in the United States. In this context mention
' ghould be made of, ‘“Water Resources Dev.elog-’
- ment ; the Economics of Project: Evaluation
by O. Eckstein, * Eﬁici(_ancy. 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
' og making the benefits of irrigation projects the
of market valuations and assigning

bject
sus) to them the benefit-eost ratios

monetary values

‘168

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-
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

articular project. The traditional yardstick of
gna.ncial return and the benefit-oost 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.

HYDRAULICB AND 1RRIGATION FORMULAE IN METRIC UNITS

(4

Remarks,

0°0864 million cubic metre.
8:64 Hectare metre.

1 M. cubic metre — 11:574 cumecs flowing per day.

ving a value of

Q max., =o<324/A

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

A=drainage

value of oe

8)

aren in a-8q. kilo metres.

1 Hectare metre=_8108 acre feet.
equivalent),

1 Cumec flowing per day
Constant depending on the nature

of the area (or) C=11-45 for areas
Constant depending upen the
nature of area (Normally the value

Maximum discharge in cumecs.
Catchment area in sq. kilo metres.
of C will vary from 6-76 to 40-60).

of annual rainfall of 610 mm. to

1,270 mm.

Formulae in Metric Units (Exact

Maximum discharge in cumecs.

Catchment area in square kilo-
metres.

co-efficient ha:

about 0-02 for flat valley landsand
0-1 to 0-2 for the alopes. S

q=cm

q-cmt

M

Q
the C

Q
M
C

on

INTRODUCTION,

Q max. =o0c1800 /A

031+ #/A
Q max. =Maximam run off in

®

depending

t—— s " o———

FORMULZE USED IN IRRIGATION ENGINEERING AND HYDRAULICS.
Formulae in F.P.8. Unita.

1 ousec = 0028 cumec.
nature of the area.
ousecs.
A=drainage area in sq. miles.
about 0-02 for flat valley lands and
" 01 to 0-2 for the slopes. '

Q=Maximum discharge in cusecs.
oc==Co-efficient havi

Q=Maximum discharge in cusecs.
M=area in sq. miles

M=catchment area in 8q. miles

Q=cm ¢
C=constant
Q=cm?

(1

1 Flood discharges—

HYDRAULICS AND IRRIGATION FORMULAE IN METRIC UNITS.

1 Hectare = 10,000 sq. metres or 0:01 sq. km.
1 Heotare/cumec = 0-06997 acre/ouseo.

Cumec == Cubic metre per second.
1 Hectare = 2'471 aores ;
Serial number and description.

(a) Dicken’s formula
(6) Ryves formula

2 Formula of Kresnik
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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
“resort area with only half its 30 acres lake”. A
Cofferdam 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
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 piping
through the embankment near the crest and
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 Engineerin
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
operated by the American Realty  Service
Corporation of  Mercer. The  company
reportedly has sold all but five of 1,500 building
lots, and 60 homes are wunder' 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
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fa_r and a‘hole developed, watey began washing
out the fines and finally undermined the spill-
way l"

t STge rfg:servoir was at normal pool, according
o(t)' ti acf: 53;, and spilling only slightly at the tine

the ratlure. Although no actual damage
estimate has been made, he said the figures it

will cost about 50,000 to repair the embankment
and spillway.

E N R Oct. 1966,

ELECTRICALLY

PRESTRESS
CRETE PILES. B

(‘ON-

A note on the electro thermal method of
tensioning reinforcement for the manufac
of the prestressed concre
February 1966 issue o
Rossii in the U.S.S.R.
Engineer of the Novokune
reinforced Concrete products, describos briefl
the method developed for the production of 30 €t.

to 50 ft. long (10 m. to 15 m.) prestressed
concrete piles, the

: turing
te piles appears in the
f the Na Stroykakah

The author, Chief
tzk No. 1 Factory for

cross-section of the pile

. . "o, " qe D ¥ I }
being about 14" 14 (35 em 35 cw).

. :

The bar is eclongated by heating  with
electric current

and fixed in anchor blocks.
The_ transverse reinforcement is next laced in
position and after arranging for form work the
concrete is poured.  Thermal curing is next
applied and when the conerete reaches 70 per
cent of its working strength the ends of ten-

si.oned bars are cut off and the form work is
dismantled.

—Ciil  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.

second phase of the P. AP Wthh\lS
& mfx.lt'i]:‘girpose aug multi-vfgl{i:yd lsacshs?ls él;ls(ztgi‘
ment of Madras at ac )
%;{ e%SI-)g’Sﬂ:;(gg: e\?;% inaugurated at Paranr}jl;:-
kulam Dam-site on January 1'2:) i%l’i.kh acrez
Project will ultimately u'rlgatfe 24 la ,
and generate 185 M.W. of power. . .
2. Two Union Ministers—Thiru C. Su }11:3}
1:{am pr. K. L. Rao, the Madras Chie
I’;}? i t,er, Thiru M. Bhakthavatsgﬂam and two
; 'n?sters of Madras State Thiru V. Rannq.h,
M}n}st r for Food and Works and Thiru
Mm{? ekataraman, Minister -for Industyles took
R;;,rt e;:; the inaugural function which was

nded by a large gathering.

'att’e‘;“ Pam}mbikulum Da_m-site, where ‘ghe fgn;i-
-1 was held wore a festival look on tl.le inaugu ,3
tgon o A tastefully decorated and {llumlllatte
‘tlonddaiy.was m'm-tc(i for the cceasion. The
b :l ral function commenced by 1‘1»00 a.m.
ma_u‘guP Balakrishnan, Superintending Engﬂl-
T?"*uHee;deorks Circle of P.A.P. reagl the IDBS-
sagos received from Dr. S. Radha};mshnan, r,
Sag{e.b' Hussain, Thirumathi  Indira Gandhi,
z i Uijal Singh, Thiru Bhagava.n Sahey and
T J']l‘hiru f . Abraham, Chief Engmee?,
otl}\eg' welcomed the Chief guests. In h}'lis
P.‘lc.or'x’le address the Chief Engineer wi ”13;
Wel o the salient features of the projec
iy amm% { the P.AP. is the only multi-
stated,. t(llamulti-purpose project in the sogtll
Valieiz ;Ifl'me example of inter-State Co-operation
anc

between the States of Madras and Kerala where
(&

< been har-
: ater resources have

the avall?bget}:‘é mutual benefit of both the
nessed 10 ell as on outstanding examples of
States as wco-ordin&tio n and co-operation

between various depart nents of the State
1 . L
1 . € t

i ther rsonnel .Who' were
Eng;l:eters %;li?h t(l)le detsi(ied investigation and
888

. iect.
execution of the projec Madras State Electri-
4. TheCha}:g&{;.(I)f' 52%}‘)8‘ durai said that the

gykg;Zi%yT Power House which would be
r

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 that it has pioneered
the most difficult task of harnessing eight jungle
streams in a single Project for lirigation 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 €. Subramaniam, Union Minister for Food
and Agriculture who presided over the function.
The Minister highly cominended the Kerala
Government, for their consent in taking up the
scheme for ecxecution. 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 —

(1) Thirumurthi Reservoir and Parambi-

kulam Main Canal-—Thiru C, Subra-
maniam.
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APPENDIX A.
III. Bazin’s formula—cont.
Description of Channel Basin’s Cosf.

(7) Canals with rough stony beds, 0-030
weeds on banks and rivers in
fair condition.

(8) Canals in bad condition and 0-035
winding rivers.

(9) Rivers of irregular cross-section.  0-040 to 0-100

1. Mannings formula—
Pipe. Manning’'sn

(a) Brass and glass pipe 0-009 to 0-013
(b) Asbestos cement 0-010 to 0-012
(c) Wrought iron, welded steel and 0010 to 0-014

wooden stave. (10) Sewers 600 mm or less in dia- 0-015
One ipe-verv s tl 0-011 to 0-012 meters. o
23)) {‘g:::gttf II:II}I:: \‘\?trﬁ :rl)llll?'(})) jloints 0-016 to 0-017 (11) Se“;ell)‘s (;Ver 61(()0 mm in diameter 0-012
\ Vigifi " .. 0013 to 0-015 of best work.
zf)) \({:‘f:;&m::ol::g ;eel pipe 002 to 0-022 (12) Sewers over 600 mm in diameter 0-013
g r

0:013 to 0-017 under good ordinary condi-

(h) Rivetted steel pipe tions of work.

(13) Brick-sewers lined with vitrified 0-014
zon William’s formula— or reasonably smooth hand-
I1. Razon W . Value of ¢ burned brick and laid with
Pipe. : great carc and with close
e (T ipe .. . 140 joints.
2820“()&]:1 ]::Z:)i:lmp:d straight 140 (14) Bnckdwmk under ordinary 0-015
ixtremely s & e t conditions.
Cast iron new .. .. .. igg (15) Brick sewers, rough work 0-017 to 0-020
5 years old . x o Il
10 years old - e 10970 iOg V. Unwin’s formula—
20 years O{g - o - 75—90 a. b.
30 years o " " ' 120140 (1) Smooth iron pipe .. 0-00497 0-084
Cement lined or concrete .. .- = 120 (2) Encrusted iron pipe 0-00996 0-084
Welded steel - - . 110 (3) Smooth cement plaster and  0-00316 0-100
Rivetted st?el 120 planed wood.
Wood-stave .. . (4) Ashlar of brickwork .. 0-00401 0-230
{5) Rubble magonry or stone 0-00507 0-830
II{. Bazin's formula— pitching.
I 1. Bazin's  coef.
Description of "h‘mmd vod | 0109 VI. Values of K, for bends—
(a) Sm(r):;{th l(;e:lc]li:t cg};::new o 0-200 Diameter of pipe.
2:)) gf,abb]: m;son;'y 0-833 K, 013 014 016 0-21 0-29 0-44 0-66 0-98 1-401-98
d) Earth channels stone revetment. 1-540 Radius of 0-2 04 0-6 0-8 10 12 14 16 1.8 29
ge)) Earth channels ordinary condition. 2-360 bend.
(f) Earth channels very regular or 3170

weed OWn.
very rough or\ gr VII. Values of K, for fittings—

IV. Kutter's Formula— Globe val Pipe fittings. K2

’ . obe valve, completel .. "
Description of channel or pipe. Value of n. Angle valve, . .p y ‘ open. . - 1(5)88
(1) Smooth cement, planed timber (()) 811(1) gow -return bend .. .. - - 2.90
steel plate rainer .. .. .. .. .. 2.00
g; gg:g%rnmbeg smooth cOnCret,e 0-012 Standard Tee . .. .. .. . 1-80
(4) Earthern canals in best condi- 0-020 Foot valve . . . .. .. 1:50
tion. & 00225 %Ihe(c)irt radius e]b(l)l‘)v - .. .. . 0-90

in good condi- U lum 8weep elbow ., .. .. .. .
5) E&:t;(l)xgm canals in g Logng radius elbow .. .. .. .. 8;3
(8) Earthern and Gravel canals in fair 0-025 45° elbow .. .. - 0-42
condition and rivers in good Gate valve, completely open . .. 019
condition. Submerged discharge .. 100

- SU3Je ':_:
} u‘lﬂm (10;50

s
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(i) Parambikulam Reservoir and Tunnel
— _Thiru M. Bakthavatsalam.
(iii) Tunacadavu 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
gettling 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-
ing 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.AP.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 umque
project in our country. Congratulating the

192

Madras State which had an enviable record
of development and how engineers under the
Chief Engineers Thiru U. Ananda Rao, the
then Chief Engineer, P.A.P.,, Thiru J. G.
Abraham, Chief Engineer (General and P.A.P.)
and Thiru V. P. Appadurai, Chairman of the
Madras State Electricity Board, he said that the
prosperity of this region was mainly on account
of power and human activity. Referring to
the expectation that the per capita consump-
tion of power in Madras State would be 200
units in the Fourth Five-Year Plan period,
the Union Minister said that the civilised
countries in the modern world have a per
capital consumption of 400 units and he was
confident that the Madras State which is
foremost in power generation in India would
achieve this as early as possible.

10. Thira R. Venkataraman, the Minister
for Industries who spoke last said that in veiw
of the rapid growth of the State its demand for
power outstripped production despite the three
fold increase in production during the last 10
years. The Minister pleaded for approval by
the centre, of all the schemes proposed by the
State Government during the Fourth Plan
period.

11. The function came to a conclusion by
12-30 p.m. after the vote of thanks was
proposed by Thiru S.P. Ambrose, Collector of
Coimbatore.
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7 INVITATION TO,READERS

-~ Kind: atiention: of the -Engincers  of the ~Madras Public Works

- Department add readers of the journal elsewhere is drawn to the
meagre response to repeated requests for contribution of articles to
the journal.

May we once aguin emphasise the two-fold objective of the journal,
Viz., 10 promote the interest of engineers and aiding their specialised
work by placing before them the many problems of technical impor-
tance and ways and means of solving them, and secondly, opportunities
being scarce for engincers to express their own experience in solving
practical problems of design and execution, we wish to add that this
journal has been the only medium of expression for those in the field,
It is earnestly desired that the Engineering fraternity will come forward
in large numbers to utilise this medium to ity best advantage by
offering their valuable contribution.

The scope of the articles to the journal need not be rigorously
confined to the subjects on irrigation alone.  Articles which have a
direct bearing on subjects given below are also welcome:—

(1) Technical aspects of foundation soils and foundation
Engineering.

(2) Auxiliary works in the field of irrigation and other water-
retaining structures and works.

(3) Practical solution to hydraulic problems in canals and
distribution systems with reference to their maintenance.

(4) Problems of soil erosion and conservation and reclama-
tion of land.

(5) Practical silt problems in rivers and reservoirs.

(6) Problems of sanitation and public health and possibilities
of utilisation of sewage.

(7) Inland waterways and navigation, fishing schemes and
protection of land against sea erosion, etc.

(8) Problems of drainage in deltaic tracts and entrance of
rivers into the sea

(9) Run-off studies in catchments and evaporation studics
in reservoirs.

(10) All allied subjects.

The Executive Engincers of the Madras Public Works Department
are  speclally  requested 1o engourage their Subordinate Officers to
come forward with articles und enable’ the journal to flourish ang
serve the common cause of the Iingineers of the State.
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