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EDITORIAL.

The Report of the Irrigation Commission brought out in 1972 favours
as a policy Irrigation Projects designed to utilise river flows on 75 percent

dependability basis. Its view on utilisation of flows of lower dependability is- ©*

reproduced below :—

“ The rainfall in various catchment areas varies from year to year and
so does the volume of water in rivers. Irrigation projects have to be so designed
that their full requirements are met in most years. At present, the practice
is to design the projects to utilise river flows of 75 percent dependability. It
means that in 75 years there is some surplus in the river and in 25 years some
shortage ranging from marginal to substantial. It is obvious that the higher
the dependability, the less the quantity of water available for utilisation.
Availability can however, be improved by providing an extra capacity in the
reservoir for carrying over supplies from surplus years to lean years. By
adopting this device, a project can be designed on river flows of lower dependa-
bility to provide a larger volume of water to irrigators, with the same degree
of assurance. But the provision of carry-over capacity in a reservoir entails
additional cost and it becomes a matter of evaluating the additional supply
against the additional cost. ”’

Planning of projects with 50 percent dependability is advocated by some
because of a few distinct advantages. Such projects lend themselves easy for
notifying a larger extent of area benefited by the scheme with consequent
increase in the number of beneficiaries. On the otherhand, when we give hopes
to many and also expect more revenue, we have to embark on a costly project
investing huge amounts. With 50 percent dependability, failures may be
more pronounced and large number of beneficiaries may doubt efficacy of plan-
ning and execution of irrigation works. This will lead to frustration. Those
who promise high, cannot take it easy on the basis that the beneficiary will
take the bad years philosophically and will feel no pain in parting with uniformly
higher rates of taxes and betterment levies which he is called upon to pay.

In many of the completed projects there is a heavy shortfall in utilisa-
tion in spite of creating a higher potential. This is an eye opener to the planner
to think more in terms of higher dependability and better utilisation. The
higher dependability projects will achieve quick development and also will
increase irrigation intensity, if the surplusses are used for the second crop.

Infine, no definite ruling can be given as to whether a new irrigation
project should be designed at 75 percent dependability basis or a little higher
or a little lower. Every project should be individually considered, keeping
in view the potential available, the facilities required and existing commitments.
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PONNANIAR RESERVOIR PROJECT.

by

THIRC M. BALASUBRAMANIAM, B.E,, (HONs.)@

1. River Pouananiar:--The River Ponnaniar, a
tributory of the main River, Ariyar (which has two
other tributories of its own namely Therkumalayar
and Kannnthu Odai) takes its origin in the Kadavur
Hill Ranges (the South West portion of Kulithalai
Taluk in Tiruchy District) and after flowing for a
distance of about 32 km. (20 miles) eastwards, it
finally joins the main River Ariyar, near Anvaiyur,
which is 4.8 Km. (3 miles) west of Manapparai. This
tributory namely Ponnaniar, as well as the other two
tributories meuntioned above, are not perannial but
they carry enormous quantity of water during the
monsoon period.

2. Scope of the Project —The Project contemplates
on the formation of a rescrvoir across the Ponnaniar
River in D. Edayapatti village limits by harnessing
monsoon flows and utilise the stored water for Irri-
gation purposes in the Mughavanur village down-
stream. The total vield available at the proposed
site is about 10.2 M. cum (362 M. Cft.), the catchment
area being 87°02 sq- Km. (33:60 sq. miles) and the yield
from the catchment being 0.7537 M. cum 'hectare
(10-77 M.Cft. acre) taking Manapparai as the nearest

rainfall station for this scheme. The surplus at the
last anicut now existing in the river is found
to be in  the order of 3398 M. Cun.

(1200 M. Cft.). Hence the reservoir across Ponnaniar
to utilise 991 M. Cum. (350 M. Cft.) of water
can be safely formed, leaving 0-34 M. Cum. (12 M. Cft.)
of water as evaporation losses. At present an extent
of about 110 hectares (271 acres) of wet land is under
cultivation from the water of Ponnaniar river, through
two Korambus. namely Nekkanam Korambu on the
right and Muthalmedai horambu on the left and
through an anicut. namely Karungulam Anicut, all
of them heing situated within 2 K .M. downstream
of the proposed site of reservoir. By letting down
regular :upplies of water from the Reservoir, through
the river course this avacut of 110 heetares (271 acres)
will also et stablised.  The reguirement of water
for this purpose works out to 1-274 M. Cum. (45 M.Cft.)
at the rate of 8-:2236 hectares per M. Cum. (6 acres per
M. Cft.). The available vield for Irrigation purposes
after allowing for the evaporation losses is 9-91 M.Cum.
(350 MOft). [t is assumed that the storage of
9-91 M. Curm.(350 M.Cft.) will be realised in two fillings
and hence o reservoir with an effective storage of
483 M. Cum. (175 M.Cft.) can be constructed. From
the detailed survey of the topography at the reservoir
gite it has been asertained that this effective storage
of 4-83 M. Cum. (175 M.Cft.) is obtainable with an
offective hicht of about 15545 m. (51 feet) of the
reservoir i, hetween contours 23470 m (770-00),

and 258-24 m (821-0). After meeting the requircments
of the existing ayacut (i.e.. 1-274 M.Cum. (45 M.Cft.)
with the balance available storage of 8-51 M.Cum.
(305 M.Cft) (i.e. 9-91 M.Cum. (350 M.Cft.) minus 1-274
M.Cum. (45 M.Cft) and at the same rate of 5-2236
Lectarves per M.Ctum, (6 acres per M.Cft.) a new ayacut
of about 740-57 hectares (1830 acres,) is proposcd to be
brought under wet cultivation,

The impounding of water in the reservoir will raise
the water table in the area, and in the wells in the
locality thus increasing the food production indirectly.
The Collector of Trichy while giving concurrence
to the Scheme has slso confirmed that the rights of
the lower down ryvots are not affected by this Scheme.

3. Selection of Dam Site.—The site for the Dam
selected for the reservoir lies in the narrow gorge formed
by two mountain ranges. namely Semmalai hill on the
the right and Perumal Malai Hills on the left in Kadavur
Basin. The site proposed for the Dam (which will
comprise mainly of Earth Dam covering the entire
right flank and the river portion with masonry spill-
way on left flank) and its general alignment were
inspected and approved by late Thiru U. Ananda
Rao, the then Consulting Engineer to Government
and Joint Secrctary in 1970, The staft of tle Geo-
logical Survey of India. Southern Region who also
inspected the site described the geology of the rock
in the area as to comprise of prominent bands of
quartzite of Archaean age conformable with the
acneral foliation  trend of the gneisses m the area.
The rock of this area according to them have bheen
subjected to Plutonic  metamorphism and  have
suffered considerable folding etc., which are clearly
brought out by the changes in the trend of the qx:arf-
zites in the area. The quartzites in the area are Lufl'
to pale yellow in colour, coarse grained and highty
laminated. In order to locate the existance of more
relizble rock extensive exploratory drilling operation
were conducted at the site of the alignment especially
below the proposed spillway and non spillway (Bulic
head) section which is essentially to be of Masonrv.
The rock cores obtained by drilling operation, revealed
that the gneissic rock available helow the
ground level was also not a Continnous one, being
intercepted with numerous fractures and 'joints
The rock even at great depths, was found to be weath
ered to some extent though the core recovery was in
the odrer of 809, Tests were conducted in the Soil
Machanics Laboratory, Madras on the rock samples
for durability etc., it was apprehended that the

general
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slightly weathered rock at present, may disintegrate
more in course of time due to alternate wet and dry
conditions of the reservoir.

Taking all these aspects about the nature of rock
available at this site, it was flnally decided to treat
the foundation for the Mosonry dam portion to be
Jocated in the left arm as a permeable one and to
design the structure to suit this kind of foundation
in order to ensure safety, instead of again trying to
shift the alignment with the hope of getting better foun-
dation material which is not at all likely to be met
within any portion in the region and in view of the
Geological report of the entire area.

4. Salient Feature of the Project—General.—The
existence of the steep rock facc and the entire
Ayacut to be benefitted on the left and more
gradual sloping ground on the right have
necessitated the location of the Masonry portion
of the Dam containing the spillway and Irrigation
Sluice on the left flank and Earth Dam on the right
fank and over the deep bed of the river. The total
length of the dam along the finalised alignment is
24689 m. (810 feet) of which the earth dam portion
is about 19507 m. (640 feet) and the masonry dam
portion is about 51-816 m. (170 feet).

Earth Dam.—The profile of the Earth Dam closely
follows the type design of Earth Dam for Manimutharu
Reservoir Project. The Upstream slope is 2:5:1,
from E1--25329 m. (831-'0) to 24414 m. (801-0) and
3:1 from E1 -- 244-14 m. (801) up to Ground level.
The down stream slope of the Earth Dam is uniform
ie., 2: 1 with a berm of 3-048 m. (10") width at vertical
heights of 6:1 m. (20'). At the rear side of the earth
dam, Zoned filter and rock toe for 1/5t1 height of earth
dam with sloping filter is provided along with a toe
drain at the downstream slope end.

The Upstream and Downstream slope of the Karth
Dam has been checked for seismic forces also, and
it is found that the factor of safety for both the slopes
even with seismic forces taken into account works
out to 1605 and 1-655 for Upstream and Downstream
slope respectively, and this is well within safe limits.

A Masonry core wall of about 20-117 m. (66') length
is constructed in continuation of the right abutment
of the spillway and the earthdam is formed over
this, to secure proper connection between earth
and masonry dam. The top of core wall is kept
at F.RL. i.e. EL.+25824 m. (821-0) ie., 3:048 m.
{(10’) below the T.B.L. The front slope of the Earth-
dam is protected against wave action by providing
0609 m. (2'—0") thick revetment upto 915 m.
(30') height of embankment and by providing 0-457 m.
(1'—6") thick revetment for the portion of embank-
ment of less than 9-15 m. (30’) height. The revet-
ment is taken well in to the ground for 1-52 m. (§')
depth, to act as a toe for the revetment. Gravel
backing is omitted since the earth dam is formed

with red gravelly earth in the front casing portion.
The rear slope of the earth dam is protected against
scouring by turfing the slope. /

Masonry Dam.—The Masonry dam consists of
a spillway portion of 27-127 m. (89') length, with
two spans of 9-75 m. (32') each and a central pier
of 7-62 m. (25') width containing the irrigation-cum-
river sluice of size 1-524 m.>(1-829 m. (5’ x6'). As
mentioned already the masonry portion of the dam had
been designed assuming the foundation stratum as per-
mgable due to metomorphised nature of rock
existing even at great depths. Hence the section
of the spillway is relatively large. An impervious
apron of concrete 0-457 m. (1’ 6”) thick in the upstream
15 necessary to increasc the length of percolation
as also a pressure relief zone made up of 0-914 m. (3')
cubes of solid concrete placed with open joints at
thfa Down stream end of the rear apron. The
spillway is of the solid gravity overflow type with
the crest and downstream face curved to conform
to the flow of water. The profile adopted was checked
for existence of any negative pressure on the slope,
in the Irrigation Research Station, Poondi and the
structure has been designed taking into account the
seismic forces also i.e., a horizontal seismic acceleration
of 0-04 g. and a vertical accelaration of 002 ¢. To
relieve the internal uplift pressure one dr:;inage
duct of size 0°3048 m. X 0457 m. (1.0"x1'6") is
provided in the spillway, with its floor at E1 +233'192
m. (76'50) and this drainage duct is kept 8t about
2-438 m. (8') downstream of the vertical face of the
spillway. The drainage duct is connected up to
the'top by means of 2032 cms. (8”) I.D. formed
drains, at regular intervals of 305 m. (10). The
Crest of the spillway is at 24719 m. (811-00) and
the vents carry lift type steel shuttors of effective

size 9:75 m. % 3-05 m. (32’ X 10’) to maintain the F.R.L.
at 258-24 m. (821-00).

On the right side of spillway vent, an abutment
with long wing walls and returns are provided, both
upstream and downstream. The top of the wing
walls follow the Earth dam slope and thus retain
the thrust from the Earth Dam. Proper bond between
the Earth Dam and the Masonry wing wall is secured
by providing a core wall of about 20-116 m. (66')
length extending from right abutment and cxtending
into earth dam. On the left side of spillway, the
abutment with return is taken right into the hill
slope. The left hill slope on the downstream side of
spillway is protected by a long wing wall with return
at end, and the vertical cut of the hill is- protected
by easing the slope and formation of berms at interval
and providing a masonry facing for eased slope and
berm. A« already stated, in the deep river bed
portion earth dam is raised and masonry dam, con-
taining irrigation-cum-river sluice and spillway is
located on the left flank. An approach leading
channel of about 9-144 m. (30") width is excavateﬁ
for a length of about 78:03 m. (256’) with bed level
at - 233-176 m. (765-0) to lead water from the river
bed to the Irrigation-cum-river slhuice whose sill is
is kept at -+234-70 m. (770-0)

The surplus flood fle
will be taken to the
a surplus channel of
about 213:364 m. (70
5958 m. (753-25) to be ¢
end of the stilling basi
river course. In rear
basin, with floor at-+-2:
blocks and drop wall
12368756 m. (77714
energy of the water {
Again in rear of the
basin with floors at-}
half and at +-228-91
with a divide wall at
is also provided, for
surplus flood water fa
it reaches the bed of -
dissipation arrangemer
after extensive mode
Research Station, P
foundation for the !
as a permeable one a
pressure, & pressure Te
of the rear apron, 1.e.,

The Head sluice a
Trrigation-cum-River
Pier of the spillway
required for the new a
will be drawn ard le
front of the drop we
existing ayacut will
provided at the left €
the river course thr
entire new ayacut lie
the water required fc
through a head sluic
wing wall, above the
characteristic feature
the left side hill rit
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wing wall will involv
enormously costiy, a
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14 Masonry dam-—

(i) Length

(i1) Maximum hoight (at

river hed).

(iii) Spiliway

(iv) Numbet of vents

(v) Size of cach vent

(vi) Crest lovel

(vii) Thickness of

Central pier.

(viti) Top level of

15 Irrigation-ciom-River

road way.

(ix) Width of road
way at top.

(i) Sill level

(ii) Location

(1i1) Number of vents

(iv) Size of vent ..

(v) Sizo of siuice Barrel,

(vi) Discharge (Max.)

(vii) Discharge required ..

16 Earth Dam.

{i) Length

(i1) Max. Height at River

bed.
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earth dam.

(iv) Road way on

——

top of earth dam.
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GLIMPSES OF PALAR BASIN

By

Tutry (. S. Kurrurayg,

Preamble .

The Palar river which is seen with its dry sandy bed
throughout the year, except perhaps for a week or
two in some vears only when some surface flow is
seen, is a classic example of the situation contemplated
by Avvaiyar, the Sangam poetess, when she sang.

“ pumits G hES T g BUGFED 5 BTEHL,
g I N T
w0y QUG D53 160 2.6 CEWD.

An assessment of the irrigation supplies and Town
water supplies drawn from this apparcntly dry river
makes us realise the greatness of this sub-surface river
which feeds the people in its basin and heralds their
prosperity like the real philanthropist who donates
without any publicity or fanfare. Few pcople' could
imagine that this river of white sand sustains an
irrigated area of thousands of acres and feeds more
than twonty towns with an aggreagate population
of approximately twenty lakhs. The Palar basin,
which extends into the three Southern States of
Mysore, Andhra Pradesh and Tamil Nadu. lies ma.inly
in the North Arcot and Chingleput districts of Tamil
Nadu. This basin is replete with palees of historical
importance religious and literary importance and
in recent times of industriaf and technological impor-
tance. For example India’s third Nuclear Power
Station and the First Reactor Research Centre are
drawing their entire fresh water requircments from tl}e
sandy beds of this undergiound river. An attempt is
made in this article to describe some of the less known
aspects of this great river.

Origin and Course :

The River Palar rises from the Nandhi hills of
Mysore Plateau in Chinthamani taluk of Kolar district.
Nandhi Hills which is 72 kms. (43 miles) from Bangalore
situated at an altitude of 1,478 m. (4.850') M.S.L. is
famous for its salubrious climate, the highest tempera-
ture of which has never gone over 85F. 'This is a
famous hill resort. This hill resort is very near
Devanahalli. There are records to show that this
place was used as summer resort by Tippu Sultan
the Great Emperor of Karnataka. The historic
standing rock in these hills about 304-8 m. (1,000°) in

207
B.E, AM.LE. (Ind.)*
said, that captives who were courtmartialled to
death by the Emperor were rolled down from the
top of the rock,

There are two temples constructed by the emperors
of Vijayanagaram. At the foot of the hills there is a
temple called Boganandeeswara, constructed by the
Quecn Rathnavathi, in the later half of eighth
century, subsequently remodelled, renovated by the
emperors of Cholas and Vijayanagaram and Palaya-
kars. The two famous towns, viz., Chickanahalli and
Dhottanahalli are situated at the foot of the Nandhi
Hills. One can understand how nice and a gifted place
it is when. the father of the Nation ‘Mahatma Gandhi’
has once selected this beautiful place with its splendrous
scenes as a summer resort. It is from this famous
Nandhi Hills, river Palar originates. The whole of
Palar Valley is studded with tanks numbering about
1500 within the Mysore territory. The factor which
deserves particular mention is that there is s series
of large tanks, viz. (1) Kannamangala, (2) Attur, (3)
Akkimangala, (4) Kalhalli, (5) Mailsandra, (6)
Kadagathur, (7) Byrandahalli, (8) Somabudi Agrahara,
(9) Jannaghatta, (10) Mudavadi, (11) Chillpalli, (12)
Jodi Holali, (13) Betamagala, (14) Ramasagara
constructed right across the main river Palar itself
within the boundary of Mysore State. It is worth
mentioning here that the last two but one of the tanks
in the series (items 12 and 13 the Jodiholali and Bita-
mangala tanks) are intended not for irrigation but for
water-supply to the Kolar Gold fields which claim to
be the only gold mine in India.

After traversing a length of 92-8 Kms, (58 miiles) in
Mysore State, and a short length in Andhra Pradesh the
river Palar enters Tamil Nadu limit near Pullur Village
in Vaniyambadi taluk of North Arcot district and 16
Kms. (10 miles) further on. it falls through the gorges
of the Eastern Ghats into the Vaniyambadi Valley
The Palar then winds its way HKastwards througl;
the whole length of North Arcot District. The course
of the river and the lie of the land on either side present
a very picturesque appearnce. The river Palar then
enters the Chingleput District, runsin a South-East
direction and finally empties itself into the Bay ot
Bengal near Sadras, the old Dutch settlement, which
is about 64 Kms. (40 miles) south of Madras.

The meandering length of the river Palar is 363 Kms
(230 miles) from its origin up to its confluence with.
Bay of Bengal. The flows in the river are sporad ic
and short lived especially in the recent decades.

depth is even now called <~TIPPU ROCK”. Tt is

* Suparintending Fagineor. P.W.D.. Chingleput-North Arcot Circle, Vellore-1.
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Tribuiaries :

The major tributories of river Palar are (a) Malatar;
(6) Koundanya Nadhi; () Poiney river; (d) Cheyyar.

(a) The river Malatar originates from the Nandhi
Hills near Mulbagal and joins Palar near Ambur, which
is situated on the right bank of river Palar.

(b) The tributory Koundanya Nadhi rises from
Punganuru forest in Andhra Pradesh, after traversing
through Palamaner joins Palar near Gudiyatham.
There is a tank called Pallavan-Eri at Palamaner, fed
by this river. The legend goes that this tank was
formed by a Pallava King. The very name Palamaner
seems to be distortion of Pallavan-Eri.

(c) The chief affluent Poiney river starts from the
southern slopes of the Eastern Ghats in Chandragiri
taluk of Chittoor district in Andhra Pradesh and joins
Palar near Tiruvalam which is about 9-6 kms. (6 miles)
from Ranipet. The town Ranipet on the left bank of
Palar was established by Nawab Sadullakhan in
memory of the queen of Raja Desingh who lost his
life in the battle. The story goes that soon after the
death of Raja Desingh, the queen put an end to }_1er
life by self-immolation. In praise of her chastity
and affection towards her husband, the Nawab formed
and named this town as Ranipet.

(d) The river Cheyyar emanates from Javadhi
Hills in Chengam taluk and traverses through Polur,
Arni and Cheyyar taluks of North Arcot district and
joins the Palar at Tirumukkudal at Wallajabad of
Chingleput district.

While we think of Palar Basin the historical events
that took place at Vellore, Arcot and Kancheepuram
stand before our eyes.

The Vellore town is situated on the bank of river
Palar. There is a famous fort in the heart of the
town. This fort was constructed by Bommireddi and
Thimmireddy of Badrachalam by engaging the sculp-
tors Badrikasi and Immam from Northern India. A
temple with an attractive Kalyanakudam inside the
fort attracts a large number of tourists. The Vellore
Mutiny of 1806 broke out owing to the infringement
of the religious sentiment of the Sepoys.

The town Arcot is about 24 kms. (15 miles) from
Veliore. There is a dilapidated Fort inside the town.,
The history of the Fort dates back to British and
French settlement. Robert Clive after defeating
Chandha Sahib, near Tiruchirappalli,captured the entire
Karnataka and Arcot Fort. This victory of Robert
Clive had laid the foundation for the establishment
of British Empire in India.

Kancheepuram :—

The town is located on the bank of Vegavathi river
which is a minor tributory of Palar. This town was
in existance even 2,000 years back. It was once the
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capital of Pallava empire. This town was specially
mentioned in the ancient lores viz.,Porumbanarrupadai,
Manimegalai, Kalingathubarani, Dandialangaram
and Periyapuranam. The town is famous for its
beauty and leading temples, which attract large
number of tourists. Now, Kancheepuram is the
district headquarters of Chingleput district.

There are records to
given for the irrigation by the anicient kings who were
the pioneers in the construction of tanks. There were
a number of tanks in this basin even bofore the British
put their mind for according irrigation facilities in this
basin. But all the irrigation works were at the mercy
of Nature. The tanks thus formed were receiving their
supply through the open head channel taking off from
the river Palar. Tt was customary to form a Korambu
at the head of open head channel across the river to
draw supply of water. The fact, that the tanks were
already in existence can be very well understood from
the reports of Lt. Col. R. Baird Smith F.G.S., Director
of Ganges Canal Works who inspected the irrigation
works in South India in 1856 ... . . .. the whole of
this gigantic machinery of irrigation is of purely native
origin, as it is a fact that not one new tank has ever
been made by us and the concurrent testimony of
those best informed on the subject shows that a great
many fine works of the kind have been alllowed to fall
into utter disrepair and uselessness .

For readers, some of the tanks of great antiquity
and supposed to have been in existance 400 Years prior
to British settlement are given hereunder

1. Kaveripauk Tank .—Constructed by
varam IIT the Pallava King. This is an cxtensive
tank having a bund about 6-4 kms. (4 miles) long.

Nandhi-

2. Mchendravadi Tank :-~This was constructed by
Mahendravarman who reigned about the first-half of
the 7th century.

3. Parameswara Tatakea Tank - This tank s
situated in the village of Kuram 14-4 kms. (9 miles)
North West of Kancheepuram. Tt was constructed by
Parameswaravarman, a great orandson  of king
Mahendravarman I.

4. Thenneri Tank :—This tank was built by Pallava
King named Thirayan in the first half of eighth century.
It was originally called as Thiryaneri. Subsequently,
the name has been changed to Thenneri.

5. Vinnamangalam Tank :— The tank was construc-
ted by Udayendran, the Great, in 920 A D).

As stated above, these tanks were prone to the
vagarics of nature. In order to have assured supply of
water to the tanks and improve the irrigation facilities,
several development works were taken up and one
among them is the construction of anicut

1 ) across
tributories and the main river Palar.

prove that much importance wasg -
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If at all it is said that North Arcot stands next to
Thanjavur with regard to food production, it is because
of the construction of the anicut across river Palar
near Wallajapet and the high ground water potential
of the basin. Statistics reveal that there are more
than one lakh pump-sets installed for lift irrigation in
North Arcot. We are proud to say that nowhere in
¥ndia so many pump-sets are installed within a single
4istrict to exploit the ground water potential.

fhe Palar Anicut.

The only anicut across Palar is near Wallajapet.
Prior to the construction of the above anicut, a
Korambu or temporary sand dam used to be con-
structed across the river to increase the supply in
the open head channels feeding the ayacut. This
temporary dam used to get seriously damaged after
each flash flood. Hence to have a permanent remedy
the anicut was constructed across river Palar during
the year 1855-1858 at the place where the Korambu
was in existance. In the year 1903, there were heavy

The particulars
Length Sill level

of of head
Name of channel. channel slusce in
n melres|
E.Ms.| Jee.
MF.
Left svde channel—
39-8 148-8
Mahendravadi —_—
24-7 488-18
o 174 148-8
Kaveripauk —_———
10-7 48818
Right side channel—
32-6 149-10
Sakkaramallur .. —
20-3 489-33
370 149-40
Dusi or Tennambattu .. -
23-1 490-18

The surplus course of Kaveripauk Tank is Courtaliyar
which feeds, through Poondi Reservoir, the Red
Hills tank from which water-supply is made to the
Madras City.

In the year 1961-62, certain improvements were
carried out to this anieut at an estimated cost of
Rs. 53-00 lakhs.

The main works carried out were in the form of
providing divide walls and curtain walls, upstream
of the head sluices of the left and right side channels
and providing stilling basins and curved trough
below anicut. The four main channels were also
linea with sand cement blocks.

In North Arcot and Chingleput districts where
perennial river sources are not in existen~:, the Palar

flows in river Palar. The water level recorded
then was 2-39 m. (7-85’) over the anicut crest. Due to
this sudden and unprecedent inflow the anicut was
extensively damaged and a portion of the anicud

was completely breached. The anicut was restored
in the year 1905.

The anicut as it stands now is 800-9 m. (2,628') long
and}1-52 m. (5') high with a base width of 2-44 m.
(8'0") and top width of 1-22 m. (4'0"). It is founded
on two rows of circular wells 2-44 m. (8°0") deep and
0-91 m. (3'0") inner diameter. There are 19 scour vents
on the left flank, 9 of size 1:52m.X1-06 m. (50" X
3'6") and 10 of size 1-52 m. X 1-22 m. (50" x4'0") and
20 of size 152 m. X 1-22 m. (5’0" x4'0") on the right
flank. A portion of the anicut measuring 91-44 m.

(300’) has been provided with 0-60 m, (2') falling shut-
ters on the crest.

There are four channels taking off from the anicut,
two on either side with their head sluices built im
continuation of the anicut.
are a3 below :—

Designed  Number Designed

Number and carrying of ayacut
size of capacity in tanks "
vents. cumecs} Jed. Aectare/

cusecs. acres.

3 Nos. 15-68 1,968

1:52 m. x1:562 m. a8
(6’ x5') 552 4,849
18 Nos. 97-50 20,668
1-52 m. x1-52 m. 159 -
(6 x 5') 3,443 51,059
3 Nos. 17:56 2,070
1-82 m. X1:52 m. 21
(8" X 5%) 624 5,105
15 Nos. 45-25 8,054
152 m. x1:62 m. 109 ———
(5' x5') 1,698 19,908

Anicut System plays an important part in the better-
ment of irrigation facilities.

A map showing the Palar Basin is appended.

In these few pages, we have attempted to give a
few general glimpses of the Palar Basin. In the
issues to come we hope to present to the reader more
detailed accounts on the following aspects of the

basin :—

Growth of Irrigation in Palar Basin.

. Growth of Industries in Palar Basin.

. Water-supply scheme~ in Palar Basin.
Places of Tourists interest in Palar Basin.
Growth of Religion in Palar Basin.
Historical battles fought in Palar Basin,
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SMALL AND LARGE ORIFICES

By

Dr. D. CHANDRASEKARAN AND Dg. R. SAKTHIVADIVEL. *

SYNOPSIS

This paper presents the theoretical investigations
carried out to classify small and large orifices on the
basis of errors of discharge computed by the usc of a
small orifice formula instead of a large orifice formula.
It i3 shown that th- corientation of orifices aTects thess
errors of discharge in the smaller ranges of the ratio of
head to the heirht of the orifices and does not signi-
ficantly affect in the higher ranges. It i3 z'll‘so estab-
lished that the orifices fuirction as large oriiiees }vhen
the ratio of head to the height of the orifices is ksser
than unity and as -mnail orifices for larger valucs of this
ratio. A discharg> formala has aiso been presented
for large circular orifices which is an extension of the
formula derived for the fow through circular weirs by
Stevens. The numerical tabular values given for
discharge computation by Stevens were found to be
incorrect and the corract values are preseated in this

paper.
INTRODUCTION.

Orifices are well known devices for metering flows.
They are invariably classified into sma.ll' and _la.rge
orifices. However. very little information is available
for the basis of such classification and the ranges of
head under which these classifications are valid. The
small orifice formula assumes that the average flow
velocity across the section of an orifice is equal to the
point velocity at the centre of gravity of tho section
and the discharge is given by the product of this poins
velocity and the area of the section.  This assumption
is valid as will b shown later for large depths of flow
when compared to the height of the orifice. The large
orificc formula explicitely takes into account the
velocity variation over the sect.ion. and the t.otal dis-
charge is computed by integrating the. discharges
through elementary strips. The classxﬁc.atxo‘n of small
and large orifices may be based on the ratio of the depth
of flow to the width, height or the area of the orifice.
However a rational parameter will be the one which
introduces least error in discharge computations when
the small orifice formulae are used instead of large
orifice formulac. To compute these errors, for orifices
of different shapes, a discharge formula for large oir-
cular orifice is lacking.

DISCHARGE FORMULA FOR LARGE CIRCULAR
ORIFICE.

For large circular oriiice, only an approximate
formula exists which is based on a series expansion (1).
However, a rigorous formula based on elliptic integrals

can be derived following the procedure as adopted by
Stevens (2) or deduced simply as below from the
discharge formula presented by him for.'flow
through a circular weir. For weir flow, the depth of
flow is limited below the top of the circle and the dis-
charge is given by

Q= i .
E G 29y (dey) (H-y) dy
° ee--(1)
Where Q - the discharge, d - the diameter of the

circle, g == the acceleration due to gravity, y -= the
height of elementary area of the section and dy = the
thickness of the elementary area. Equation {1) has
been evaluated hy Stevens (2) as

Q=2 ma™ acy..... )
Where

A G203~

-2 F{- 1 +(.E.) ..(gf' } - ... (3)
in which

2 L =%
E=J:) (l—;S'sz) de and

v

s

o

e : (:1 - Sin"o) b de
Ty

are the complete elliptic integrals of the first and second
kinds respectively.  For the case of orifice flow, the
depth of flow is maintained above the top of the cir-
cular section (Fig. 1) and the discharge is given by

d

G ___«,'{ v 29y (H~y)(d—y)dy
A0 T e o @

*Hydraulics and Water Resources Deparimens, College of Engineering, Guindy, Madrac:-“ *

467-2-—24



14

TRIANCUL 4R ORIFICES.

-
. 3.

F!

RCCTANGUL AR

CRIFICE.

FIG. 2.

CIPCULAR ORIFICE.

FiG.I.

,
e

ac(d-y)

-

]
|

;
|

—o X

(b)
FiG- 5. PARABOLIC ORFICES.

@

Q)

FIG-4. TRAPEZOIDAL ORIFICES.

()

16

<omparison of equations (1) and (4) shows that H in
equation (1) is replaced by d in equation (4) and vioe
versa, and hence, equation (4) can be evaluated with
she help of equation (2) a8

Q= _'}5\/'5-9' HMA(%)""G)

In equation (5), A (d/H) may be Obt&ine(r}gr‘(;:el

equation (3) by replacing (H/d) with (d/H). )

equation (2) for weir flow, or equation (5) for orifice
flow, the values of A for different values of H/d or
d/H may be evaluated taking the values of E and F

from tables on elliptic integrals (3). In eif,her case
of the flow, the numerical values of £ will be the

same for different values of (H/d) or (d/H). Stevens

(2) has incorrectly tabulated the values of A tobe

used for weir flow computations. Equation (5) when

used to compute the discharge through a typical
orifice with the tabular values of 7. as given by !nm
yielded a very low value of 0.45 for the co-efficient

of discharge for H/d equal to or greater than 30 as

against a value of 0.62 obtained for H/d less than 30
and this was the nucleus for noticing the incorrectness
of the tabular values. The correct values of A
eomputed using an IBM 1620 digital computoer are
given in the appendix and when these values were
used for the particular orifice, a co-efficient of discharge
of about 0.62 was obtained throughout the range of

(H/d).

ERRORS OF DISCHARGE FOR DIFFERENT
ORIFICES.

Since the large or.fices formulae are more rigorous
shan the small orifice formulas, the former ones are
taken as standard formulae. The errors of discharge
shat will be introduced with small orifice formulae are
expressed as percentage of discharges computed by
the large orfice formulae.

The discharge throguh a circular orifice computed
with small orifice formula is given by

z e
Q=gd,ﬁﬂﬁ ........6)
Where h = (H — 0.5d) is the depth of flow measured

from the centre of gravity of the section as in Fig. 1.
The percentage error E of discharge is then given by

E_{@”aﬁ;é;a-‘% «W}m
Az 8 (=)

@))

Equation (7) can be simplified as

s:{:—%“l:%‘;dyg }loo....(a)

The percentage errors of discharge for rect

(Fig. 2), triangular (Fig. 3), trapezoidal (Fig. 4) and
parabolic (Fig. 5) orifices are similarly written down
as shown in Table 1. In the table, h = the depth of
flow measured from the centres of gravity of the
different sections, d ==- the height of the orifices, b — the
bottom width and a = the top width of the orifices.
The parabolic orifice is defined by the equation,

o= ""Y& where o =- a parameter. x:: half

width, and y = height of any point on the parabola

The following value of h/d=1/2, 1/3, 2;3 3.5/7.5, 4)75.,
1/2.5, 1'5/2.5 and 1/2 respectively correspond to th(;
top of the orifices in the cases of rectangular shape

triangular shape with apex at the bottom, with
apex at the top, trapezoidal shape with shorter
side at the bottom, with shorter side at the top, para-
bolic shape with the origin at the bottom, with the
origin at the top and the circular shape. The per-
centage errors for trapezoidal orifices are simplified for
two sets of typical values of a, b and d. The values of
percenta:gg errors, E [column(5),table 1] were computed
on the digital computer for different values of (h/d) and
they are given in Table 2. The first values of the per-
centage error shown in Table 2 for the different orifli)eces
correspond to the aforementioned values of (h/d) for
the top of the orifices. From column (5) of table 1 it
may be seen that the percentage errors for different
orifices are independent of the area of scctions and
dependent only on the values of (h/d). As ma xll)e
seen from the table 2, the percentage errors at sm);.ll

va.lues of (h/d) are negative indicating that the sm el;
orifice formulae give larger values of dischar e f?

these values of (h/d). Howevery no such concﬁu*ir? .
can be drawn for‘ higher values of (h/d) since th per.
centage error varies in a random manner. For segt'per-
with ceqtres of gravity situated at com au-at"lmllls
larger heights from the bottom, the percentg e rrons
of discharge as seen in the smaller ranges of ( h/%i) (E?Om
columns (4) and (5), (6) and (7), and (8) and (9)]1‘:;!;l

more for the same depth of
top of the orifices. pth of flow measured above the

Thus the orientations of the orific
of dlsgharge in the smaller ranges o?s(f?%cgrtgedenom
materially affect in the larger ranges. For (h/d rator
than 1, the percentage errors of dischar e }gra.ter
different orifices are less than unity which mag b rabee
a8 the allowable limit. Hence, it may be et
thg.t for h/d grater than 1, all orifices behavgo :Sclu@ed
orifices and only for (h/d) less than or equal to lsallall
behave a8 large orifices with the affect of their op; o
tion on discharge being pronounced. orienta-
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CONCLUSIONS.

1. A discharge formula for large circular orifices
has been deduced.

2. The basis as to when exactly an orifice can be
classified as small or large has heen theoretically
established.

3. The orifices of orientations having centres of
gravity at comparatively smaller heights from the
bottom introduce le-vc: errors of discharge in
large orifice range.

APPENDIX 1.

To get the computerised solution for the values of

Z. (d/H) from equation (3), the complete elliptic

integrals of the first kind. E and the second kind F
oan he written as polynomials as follows ( 4).

E:(a -~k --a k? akd —-a,kd) -+ (by -+ bk, +
b k.24 bl k) In (1ky)
Where, k; - (1 —- d’H),  a, — 1-38629 436112,
a;, = 0-09666 344259, a == 003590 092383,
&, = 0:03742 563713,  a, = 0-01451 196212,

b, = 05, b, == 0-124958 593597,
b -- 006880 248576

by = 003328 355346, b, = 000441 787012
and ¥ - (1 --a; k - skdia kit
(by k; — b, k2 - by kP = b, k) In (1'k))

Where, a, = 044325 141463,
a = (008260 601220,

a; - 0:04757 383546, a, == 0-01736 506451,
b, == 0-24998 368310, b - 009200 180037
by == 0:04069 697526, b, - - 0-00526 449639

1(12 e
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These polynomials for E and F introduce in their
computations as small errors as less than or equal to
2x10-°. The values of » computed using these
polynomials are given in A1,pendix 2.
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NOTATIONS.

Top width of the orifice a
Bottom width of the orifice b
Height of the orifice d
Elliptic integrals E F
Acceleration duo to gravit:- .. g
Depth of flow from the bot 011 of the ovifice. H
Depth of flow from the centre of gravity h

of the orifice.
Half widbh of the orifice b any heighty x
Discharge through the orifice Q
Discharge function for cicsular orifice o
Paramcter for the poftile of parabolic orifice -
Semi apex angle of triangular orifice 0
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Values of A for differsnt Values of Kw —

H

0-009

0-008

0:007

0:008

0005

0'004

0008

0002

0-001

0000

1-69568
1-72424
1-75378
1-78105
1-80918

169276
1.7218¢

1-68989
1-71858

1.68702
1.71567
1-74420

1-772587
1-80076
1.82876
1-85649

1-68415
1.71281
1.74185

1.68127

1-67840
1-70709
1-78566
1-76408
1.79238
1-82088
1-84820

1-87875

1-90299

1.67552
1:70492
178280
1-76124

1-67265
1-70186
1-78995
1-76841

1-78669
1-81478
1-84266

1-66977

0-88
0-89

0-90

1-70995

1-69849

1-74089
1-77822

174704
1-77540
1-80357
1-83158

1-73850

1-73710

1:76074
1-79796

1-760691
1-79514
1.82317

1-76857
1-78387

001
008

1-80688
1-83432
1-86201
1-88941
1-91648
1-94816
1-96037
1-09498

1-789051

1-83710
1-86476
1-89214
1-91017

1-94580

1-82596

1-81768
1-84548

1-87301
1-00028
1.92720
1-93371
1-07989

1-81108
1-83988
1.86761
1-89486
1-92185

194844

1-97454

093
004

005

1-85925

1-85373
. 1-88122
1-90840
1-93520
1-96186
1:98787

1-85006

1-88669

1-88396
1-91110

1-87849
- 1-90570
‘ ‘1 -93254
1-93895
1-984882

1-87026

1-01879

1-897567
1-92458
1-95108

0-98
097
098

0-909

1-94051

1-03786

1-06417
1-08001

1.92988

1.95638
1.98226

1-97196

1-96677
1-99245

1-09749

1-97718
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NOTE ON TECHNIQUES OF HYDRAULIC MODEL STUDIES.
By Thiru P. Kumaraswamy*

1.0 Iniroducison—

1.1, Hydraulios is yet to become an exact science and
its methodology is necessarily empirical especially in the
fields of river and coastal hydraulies. Rigorous theo-
ries of flow of water and of other phenomena to be
useful in field application do not exist. Most of the
designs rolating to hydraulic structures are based on a
fow bagiclaws, and a large amount of judgement game'd
by field experience. In this context the hydraulic
model has filled up the knowledge gap to some extent.
Nowhere in the world to day is a major hydraulic struc-
ture designed and built without prior analysis through
model experiments.

1.2. The hydraulic luboratory is primarily a service
organisation and most of the work is Qone at thq request
of the desiyn cepartnient. I’rchn';um.ry (1‘05‘1:.'1]3 are
usually submittea to the Lrb‘ﬂ,_r:‘ Fary “'l‘ﬁh fhe reuest
that spevified features be studied froin the stesndpoint
of hydraulic 1\.r-z'ﬂ)1~m:‘»n><'e. In some ‘mst:mce‘ the
request 1s i conioral atney 11;.1.1;!‘ specifie terms. lp
either case, the stualcs, espoaniy \';'}:o‘n a model i8
involved, are conducted in suchy & way that ﬂ]e maxi-
mum amount of pertinent information 13.obhtained.

1.3. Model s udies are condueted aceording fo esta-
blished rules of hydraulie similitude wlmr(-‘.?;)' there is o
definite known seletionship be’::r‘.'v.‘e(‘;n performance of
tho mod-l and *hit of the eorrespond ng fizld atructure.
Comparison of mcidel and prototipe ha: (‘!ozljfly demons-
trated thot, with few cxeriiioas. Teve nCOTTeS-
pondence of Pohaviur within and vsaxlly x\w;}‘l be ond,
expectca iiritation . In many cases agreemfznu llj‘c,m'rv.'(wn
model and prototype performance has exeecdod ex-
pectations. In some cases v:hcr? agreement at first
appeered to he lacking, 1t was vnurnd fh;}t’ f{,“l,m,ﬁ (-‘()
pecounise or int et vodel resulis correetn was couse
for tho disagieont (‘orn,sp;s‘.dc_mf;e Tyt,»r.z'mx the
model and prototypie hes heen cxpecially frn:\.;no‘gc for
overfall spillwgy crests, vaI\‘(A:';. gites, oml(lt fomm:os,
and encrgy dissipators. . Tt is customnaiy to pl.‘ovxdo
calibration eurves basea on nodel rc.sults in 11(31‘1'0,{‘
ficld ealibration.  Fnerzy dissipetors, including stiling
basins and buckets of various types, desizmed on the
basis of model findings, have licen suceessf ul}y operated
in substantial agreement with  model 1]’1({1(’3‘{.101‘.8.
River improvement plans of trwmc-pdous mocmnitude
have worked out Sucocssf'ull}' ‘wmr(.hng. to predictions
bosed on melel tests. The hich e ficiencies and smooth
operating characteastios of t}_m large modern turbme.s
and pumps can also be ntt-rxbut.ed m moiflel gxp;n-
ments. In practically all cases 1t ‘}: ill bg oun . ; at
improvements indicated by models av;v1 eer{) 31; 8 a.n_
tiated when the prototype structures have been cons

sructed. o dor.
i stresses the necessity Ior under
L4 Tb t of the designer of hydraulie

. oW oin ', .
:::‘!11((’1‘1‘111&:1;;1 :Quigment, and thus gives prominence

to the conviction that the laboratory worker must
appri ciate the eriteria, .n.llimitation which affect the
designer’s work. Familiarity with design considerations
is essential also to the proper conduct of field studies.
Field studies are considered to be an extension of the
Hydraulic Laboratory investigations to the prototyvpe
lovel.

2.0. Principles of Hydraulic Similitude—

2.1, Laws of Similitude—

2.1.1. Hydraulic Laboratory practice is based om
the application of a sct of relationships which are
knowrt as the laws of hydraulic similitude. These
laws, which ure developed from the basio relations
of Huid mechanics, express the inter relations of the
various fluid parameters such as velocity, pressure,
shear, cte., undor similar boundary conditions. A
knowledge of hydraulic similitude is essential to an

]

enlizhtencd wse of hydraulic models.

2. L2 Staitituce, us spplied to hydrawlic models,
goes considerably beyond the superficial wspects of
geometrie similarity with which it is sometimes errone-
ously identified.  Himilitude canbe defined s 8 known
s wsnelly o be oope Cene belveon the beh -
viosraico ol wnd o that of its protobype,  with or
without geomelric simil rity, The correspondence  is
usuadly liricd heeause it is impracticable to construos
and vperate a model in which all the conditions required
for coraplete similitude (ccometrie, kinematio and
dymamie simi’seity) nie satisficd. eventhoucrh these
conditionsare known . The term ¢ sizilitude ” should
: ate  tho gencral Gmits of corres-

pondence, o, one miohd speak of sover

o, ¢ several similitudes,
each of which has a definite eot wp Euiit tions.

e .
1)0 Gulatiitbe b ey,

213 The a

L0 id R .
nedos tosting

polication of similitude hydranlie
e Y 140

i3 based oniecoenition of the fack that
t ? 3 s ‘
sIthousty cones sumificude is imoreetien] b

It} Lo nlete suniiuce Is impeeticsl ) thers
are geveral imiperfoet similitudes v Lich can T ex1loited
as requiced.  Exncorienco has Jemo od

&5 e OG- Lxperencs has demonstyated tlat any
civen problem can he ¢ unlifind i.1to the iuterpl&y of
two mejor foices. Tt is therefive cossible to develon
the pestine nt nimibiitude by theeretical menns l*‘av;x
asimilibde coreists of o sot of transforence ratios \"hiéh
may be applied to noede] findings in predicting pro-
to type behaviour. )

214, Inadditica tosinilitudes he
basis, thore arc otliers which are
ment with the model, for applic
such as the prediction of change
in erodible channels. Although attempts are bein
made to develop a more rational basis for t‘r:xnefercnog
of experimental results in such ecageg the kcurr J(:
procedure .8 hased primarily on empx’r;'cn,l rulatiozn
In other'cases, the only basis for predicting éotot -
behaviour from model experiments is ono corgpounglrgg
of experience and hydraulic sense. The techniques

wing on analytieal
developed, by eﬁcperi-
ation in special cases,
8 in bed configucation
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which have been mastered by engineers experienced
in this field permit them, by adjusting and applying
model results in a nonformalized manner, to arrive
at reasonably accurate predictions of prototype action.
In general, the value of a model depends on the degree
of accuracy with which it demonstrates that phase
of the behaviour of its prototype being investigated.

2.2. Geomelric Similarity.

2.2.1. Two objects or systems are geometrically
similar if the ratios of all corresponding line.r dimen-
sions are equal. This is independent of motion of
any kind and involves only similarity in form. Simi-
larity of length can he expressed as follows :

L
=X =
L, L

Where Lin and L, are corresponding linear dimen-
sions in model and prototype, respectively, and Lr
is the length ratio or simply scale ratio.

Then

: 2
Avea vatic Ap= L G

3
Volume ratio 2‘-?1 =%

and the hydiaglic radis ratio
R*: A'R,\PE__‘;(!\LP __Lm _L
LA _’&){} Lm ‘;_;n— LP r
where P represents wetted perimeter. The scale ratio
will then read 1/50, 1/100, ete.

2.3. Kinematic Similarity and Dynamic Similarity.—

2.3.1. Kinemat.c similarity is similarity of motion.
When the ratios of the components of velocity at
homologous points in two related or geometrically
similar systems are equal, the two states of motion
are kinematically similar, and the paths of homologous
particles will also be geometrically similar.

2.3.2. Dvnamic similarity between two geometrically
and kinematically similar systems requires that the
ratios of all homologous forces (including the force
of inertia) in the two systems be the same. This
follows Newton’s second law of motion which can be
wricten :

ia=Vector sun £ +Fy v ¢ R iR
N
PECEER ,’{“‘_j

where

Ma = Mass reaction to the foroes acting, considered
herein as the inertial force.

Fp = pressure force connected with, or resulting
from, the motion.

Fg = force imposed on the liquid mass by gravity,
as representcd by its weight.

Fv = viscous shear force.
Ft = force due to surface tension, and

Fe = forces produced by elastic compression
of the fluid.

For over-all similarity in two fluid motion occur-
rences, the ratio of the inertia forces, model to pro-
totype, must eqaul the ratio of the vector sum of the
active forces, model to prototype.

Or

Mol <Co+ Pt Py 4R + B)nn

- (a).

where the subscripts m and p represent medel and
protatype, respectively. Periewt similtude requires
in addition that

-
[AVE I Lo RETEEEN
Wigs, Ui il

W.‘Pa | 4 - (FP)P “<F’g)r\

_ All but one of these ratics may be regarded as
independent, that onc being fully determined once
the others are established. The pressure ratio is
usually regarded as the dependent quantity, and
therefore it does not plav a controlling part in the
following discussion of similitude techniques.

2.3.3. No model fluid is known which has the
requisite viscosity, surface tension, and
modulus to satisfy the conditions of Equation (1b.)
Moreover, hidden in the term for viscous forces 1:3
tl.m effoct of boundary roughness which is 7
difficult to adjust for complete similitude.

clastic

equally

2.3.4. Expericnce has shown that
difficult to apply Equation (1a,) as it
appear, because one or more of
act in the flow occurrence in q
may act only to a negligible amoy
to the most prominent force.
purposes, a particular state

it is not so
would at first
the forces may not
uestion, while some
nt or may be related
In fact, for all practical
of fluid motion can
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asually be simulated in the model by considering
only one of the forces on the right of Equation (la.)
In st least 90 percent of all hydraulic model studies,
the forces connected with surface tension and elastic
compression are relatively small and can be neglected
safely. From a practical standpoint, a particular
fluid_ motion can be represented in a model by
considering that either gravity forces or viscous
forces predominate.

2.4. The Froude Law.

2.4.1. When gravitational effects predorr_xinate, a
practical basis for similitude can be established by
equating the ratio of gravitational forces to that
of inertia forces and neglecting the other forces
in Equation (1a.). Before doing so, the inertia force
of Equation (1) will be expressed in dimensional terms

3
Since mass =-"'“- or !%-

¥ is the specific weight of the liquid, and

where
L
ascoeleration = —,
“2
3, 4
Ma = Y-———-Ll; = —Y—L;z
| gt

Subsatituting p fov_}and v ior_l_.‘E Ma = P22

Whete P is density of fluid, L is length, and V is
velocity.
: 3
Dimensionally, the gravity force is F‘ = YU

Considering only the gravity force on the right of
Equation (1).

s 2,2 g3
Ma= by 10 7 PEVEE IL
Substituting Pg for Y in the richt-hand member

?LQ_V’L =f EL5 Kxpressing this in model prototype

. . K}
ratios as suggested in Bquation.  (la):

2 2
Ve trlp

22 3
or LeVi = 4, Ly

~

“ A"/
and Vr =1, or——X_-1..(2)
%yly T gl
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The expression X applied to either the
75

model or the prototype, is known as the Froude
number. The equality of the number in model and
prototype as expressed by Equation (2) is known as
the Froudelaw,

2.5. The Reynolds Law,

2.5.1. When viscous forces predominate, the basis
for similitude is obtained by equating the ratio of
viscous forces to that of inertia forces and
neglecting the other forces in Equation (la.)

By defintion Fv = LV Where ‘M is the
coeflicient of viscosity of the fluid.

Fyom Equation(i® Ma = MLV

lixpressing the above in model-prototype ratios,

2 2
FILYVV :r*'L'V'
and

H

which is usually written

"Moo Ga
Yy

Where)) is the kinemtlic Viscosity
defined as e

The Reynoldsnumber is Simply %

Equation
(3a) states that for complete similarity with respect
to viscous effects the Ryenolds numbers should be
equal in model and prototype.

2.6. The Cauchy or Mach Law.

2.6.1. In those special cases where either surface
tension forces or forces resulting from elastic compres-
sion predominate, the basis for similitude is obtained
in a similar manner by equating the ratio of surface
tension forces or the ratio of elastic forces to the
ratio ol inertial forces. In the case of surfaee
tension forces, one obtains the Weber law.
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is & measure of surface tension. In the case
of elastic forces one obtains the Cauchy or, as it is
sometimes known, the Mach law :

Prvy _4 e (B)

Ey

where E is the bulk modulus of the fluid. An alter-
native form of this expression is  obtained by
introducing the celerity or velocity of a pressure wave:

2.7. Other Similitude Aids.

2.7.1. Two additional parameters useful in
hydraulic model testing are the cavitation number
and the Karman number. The cavitation number
serves a8 an index by which the experimenter can
predict the effects of cavitation in prototypes. The
Karman number offers a means of estabilishing the
same type of turbulent flow in the model as exists
in the prototype and is useful in the design of river
models.

2.8. Alernative Methods for Developing Similitude
lationships.

28.1. A somewhat different approach to the
development of the dimensionless parameters such
as the Froude and Reynolds numbers, while not
new, has been increasing in popularity in recent
years. The method appears to be more difficult
in a mathematical sense then the one presented and
for this reason it is not given in detail. It will be
sketched, however, for those who may be interested
because it is held to be a more fundamental and
general method. It consists in general of the following
procedure.—

2.8.2. The fundamental equations of the fluid
motion are written first. Then the variables are
replaced by dimensionless variables formed by
relating each variable to the value of the variable
at some reference point in the system under
consideration. For example, linear variables may be
expressed by their ratios to some reference length
tuch as pipe diameter, channel depth, ete. Velocities
may be expressed by their ratios to a known velocity
such as the mean velocity of transport (discharge

divided by area of section). The fundamental equa-
tions are restated in terms of the dimensionless
variables. The transformed equations can be shown
to be identical with the original equations except
for the insertion of one or more coefficients. These

coefficients are the Froude, Reynolds, Mach. and
Weber numbers.

2.8.3. When the values of the coefficients are the
same for two flow occurrences, the details of flow
are determined by the same equations. Although in
the usual case the equations cannot be solved, the
conditions required to establish the applicability of
the equations to the two flow occurrences also establish
the conditions for similitude. The concept of similitude
used here differs slightly from that previously
discussed. Instead of defining similitude as equal
ratios of flow variables at corresponding points in
model and prototype. it is defined as the ocondition
wherein the ratio between the variables at two
locations in the model is equal to the corresponding
ratio in the prototype. One concept can be derived
from the other by an algebraic transformation.
Partial similitude is obtained by neglecting one or
more of the terms in the fundamental equations as
the situation permits. For example, the neglect of
all terms execpt those for the gravity forces results
in the Froude law as the basis for the similitude.

2.9. Significance and Application of Similitude Laws.

2.9.1. To satisfy more than one law in any given
case would require that the physical properties of
the testing fluid be variable over rather broad limits.
For example, to satisfy the Froude and Reynolds
laws simultaneously it would be necessary that:

Ve oL

[

Since the gravitational constant is nearly always the
same in model and prototype, that is gr=1, the
kinematic viscosity ratio would have to be related
to the length scale as follows :

Satisfaction of this criterion for a hydraulic structure
model with a length scale of 1 to 25 would require
& testing fluid with a kinematic viscosity 1/125 that
of water. Such a fluid is not available and if water
is used as the testing fluid as is customary, the
kinematic viscosity ratio is nearly unity.

2.9.2. Since the physical properties of practical
testing fluid are such that only one similitude law
can be satisfied in o given instance, the accepted
procedure for applying similitude relations consists
of selecting and applying the dominant law.

2.9.3. The conditions assumed in formulating the

Froude law (Equation 2) are approximated in the case
of turbulent flow with a free water surface, since the

+ outweigh thoso of viscosity, surface
eteﬁri.:it:nvaf.n%lrt‘l’:szicity. ngever. since the vz:sqou:s forces
are negl‘ected, every effort should be made to minimize them

ing large models and smooth boundaries. Ususlly,
byl g;t nghe Reynolds number of the model exceeds a
wa.llue of 10,000 and depth of flow is substituted for _L n
t‘;rhe Reynoid.s number, the viscous forces are relatively
unimportant. If viscous effects cannot be ignored,
it is possible to make compensating adjustments. Since
most hydraulic problems involve free surface ?hgnq-
mena in one form or another, the Froude law of simi-
litude is used more frequently than any or the other

laws. '
2.9.4. Steady flow in a pressure conduit, or ﬂ(iw
around a deeply submerged bpdy, approxn;\iatel: tu;‘
conditions assumed in formulating the Reynolds law e(:l
similitude. Since there 1s no free surface connect
directly with the flow pattern and the flow is steady,
the forces of surface tension and elasticity are elimina-
ted. Further, it can be proven that the gravity forces
balz.mce out and therefore do not affect the flow pattern.
The Reynolds number in the model rarely can equal
that of the prototype, but fortunately this is not
necessary. 1f the Reynolds number of & model .w1th
smooth boundaries exceeds 1,000,000 for all pert nent
test flows, the boundry resistance forces becom_e
essentially independent of the Reyn(:lds'number. This
can be shown by referring to Moody s’('hz}grams where
the dimensionless friction factor * f,”’ in the Darcy

V2 |
Weisback formula hf =f l_—D___Z — is plotted with

respect to the Reynolds number for flow in pipes with
various relative roughness co-efficients, denoted as

€

D

For values of € less than 0-001 the friction factor

becomes nearly constant when the Reyno_lds number is
greater than 1,000,000 and the ratio of resistance fgrces,
model to prototype, depends .only on the Tatio of
relative roughnesses. To obtain 2 satisfactorily large
Reynolds number in the model, it is often necessary to
increase the velocity by using exaggerated heads.

2.9.5. When surface tension is the predominating
factor in a problem to be studied, the other three for.ces
are usually insignificant and the Weber law  applies.
In engineering, surface tension ia m&}mf(tst in capillary
waves on a water surface. Ca]_nllz}rxty in monometer
tubes, capillary wetting action in hlt(jr beds and earth
dams, tendency of a jet from an orifice to assume a
cireular cross section regardless of shape of orifice, and
definite changes in flow over weirs at low hea(‘is.
Surface tension seldom plays an important rqle but its
offects are ever present and troublesome in model

testing.
467-2--44
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2.9.6. Except for cases of unsteady flow, especially
water-hammer problems, the similitude based on the
Mach number has little application in hydraulic model
testing. Since most water-hammer problems yield
readily to analytical methods, model studies are
rarely needed. On the other hand, aerodynamic
testing has led to an extensive development of the use
of the Mach law to deal with problems involving the
flow of gases at velocities exceeding the speed of sound,
and water entry problems of ballistics have recently
brought the analysis of liquid flow to the same stage.

2.10. Similitude Ratios

2.10.1. On deciding which of the four dimensionless
parameters is relevant to the problem at hand, the
similitude ratios can be developed from that parameter.
For a case of open channel flow where the ¥roude law
applies, the model prototype relationships are obtained
directly from Equation 2.

Ve :-“r\—r Since

9= % the velocity ratio can also
i - (IW\\Y2
pe written Ve -( P )r

Other kinematic velationships
are as follows:
. . Ly L LAY
i

Flr

acceleration ratio
A |
ar =4 =(3),

B3 ek
discharge ratio Qr = -{%=L:Z(F),
The dynamic relationships are

obtained in the same manner
Mass ratio My = G, Py

force vatio Fp = Mya, =

(©P) (&), =)y

These and additional relationships are listed for
reference in Table 1. When the fluid in model and

prototype is the <ame, both Trond fr become unity.

2.10.2. Even though the model boundary surfaces
are made as smooth as possible to minimize viscous
effgcts, such as resistance, it is orten necessary to make
adjustments in the model design or operating technique
to compensate for them. There are several methods
by which such compensations are effected and they

will be discussed in connection with the type of model
to which each is applicable. .
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Tablel

Charac tevistic Dimension Scale ratios for the Laws of
Froude | Reynolds
Qeometric properties
Length L Ly L,
Avea 2 3 Lzr
Voiume L3 3 S
Kimematic Praverties
i t LPY? P
Time (T)r (T‘: .
Velocity Li-2 LY 3
(T r (’EP)\'
Acceleration L2 t:jl
Dischar Ce ’/z% % (P >
e
L @) | &,
Dynamic properties
Mass M (2p)e (CP),
Fovce MLy-? o) (2 )
P v
Density ML-> Py e,
. g . ML“?‘{_'I- ’-
Specific weight , Ve _rs_
( Ll’)\r
Pressure intensity Mi-tt-2 (Li)r ( p )
Zp)r
tmpel MLt-1 =¥ @
pulse and momentum L L P~)'
Enevgy and work MUy ) ( __Lﬁ')
[ *
Power M2y -3 [C”t ] [p’
ph lr W

o
(¥}

2.10.3. In closed conduit problems where the
Reynolds law applies, another set of similitude ratios
moy be developcd fiom Equation 3 as fol cws,

Velocity ratio W4 {tﬁ
v

L L
Time ratio ty = v't = F‘;Lf’)r

5
™~ NLl»r
-'

-l

acceleration ratio 3, =

(¥
-(fPi)r

3
. LM
discharge vatio Qy =\:{';=(—P—>r
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ati i v in which
These and other relationships for flow in w
viscous forces predominate are tabulated for ready

reference in Table 1.

2.10.4. Except for problems dealing with lubrication
and a very limited number of hydraulic structure and
equipment problems for which the prototype Reynolds
number is low, these ratios cannot be used. For
example, in a hydraulic model having a scg.le ratio
of 1 to 20 it would be required that the velocity ratio
be 20 to 1 to satisfy the Reynolds law. _In most
problems the prototype velocity will cxceed 5 feet per
second and model velocity of over 100 feet per second
would be required. Such velocities are beyond the
capacity of most hydraulic lahoratories. Usual
proccdl;re is to recognise the applicability of the
Reynolds law of similitude and approximate it by
operating the models at the highest velocity attainable

in the laboratory. :

2.10.5. In a similar manner. the similitude rela-
tionships governed by the Weber and Mach parameters
can be developed from Equations 4 and 3, respectively.

2.11. Distorted Models

2 11.1. Models of river channels. ogtuarries, flood-
ways, and canil structures are pften dlst(.)red geome-
trically when the length is great in proportion to width
and d;-/pt,h. otherwise the ('-I.mnnels would_be of ".mm'
cient cross section to obtain representative flow Icon-
ditions unless the model were cxtrr:expely large. In a
distorted model, the depth sca.l_e ratio 1.<‘n0t« the saf{le aa;
the length and width scale ratios, and in an O}?ca\%gltl}?
model different scale ratios are used for ler;‘gtf, width,
and depth. This necessxtat(:s revxsn'on'of;l t (; o;:gto.:)x:lg
gimilitude relationships. The princip imitation,

when considering a distorted model, is that the model
should be proportioned so that conversions of kinetic
to potential energy, or vice ve <a, will not be distorted
beyond a tolerable degree. When a model is distorted
the distortion is planned to accomplish a definite
objective. The results obtaned fron: such a model
are definitely limited to this objective.

2.11.2. The advantages of distorted models are
(1) sufficient tractive force can be developed to produce
bed load movement with a reasonably small model and
available model sediment ; (2) water surface slopes
are exaggerated and therefore easier to determine,
(3) the width and length of the model can be held
within economical limits for the required depth : and
(4) operation is simplified by use of a smaller model.

2.11.3. Several disadvantages are: (1) velocities

‘are not necessarily correctly reproduced in magnitude

and direction ; (2) some of the flow details are not
correctly reproduced ; (3) slopes of cuts and fills are
often too steep to begmoulded in sand or erodible materi-
al wnd (4) there is an unfavourable psychological effect
on the observer who views distorted models.

2.11.4. The similitude ratios for distorted models

hased on the Froude law are :

Horizontal fength ratio = Ly

Depth ratio = Dr_

3
Hovizon tal ayea ratio= Ly
Vertical area ratio =, D,
Slope ratio = De/L,

Velocity vatig = D,Vz

In problems requiring the use on distorted models
resistance often plays a significant part. Then the ratio
of model to prototype resistance must be made the sam e
as the ratio of gravity forces. The resistance may he

related to the veloeity by means of the well-know n
Manning formula.

v - "ASRZI: Syz

n

where S =the resistance!slope
R=hydraulic radius

D =roughness coefficient
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In oder that the resistance slope equal the channel
slope

then
5 - Dy _ n"'xv"; n,' Dy
- a4 -
Lr RT‘ ".’a Rrﬁs )
then 2%
“r = v or ".‘ = “P R\'
Ly Lr

The value of the hydraulic radius ratio (Rr) does
not bear any fixed relation to the length and depth
scales but varies with the shape of the cross section.
Then, for any given reach,the Rr and the Lr are known
and nr. can be computed, and applied to the prototype
n to obtain the required value of n for the model.Usu.;lly
the required value of nin the model must be obtiined-
by artificially roughening the model channels. Unless
basic data on the values of n for different types of
roughness are available the appropriate roughness
musb be obtained by trial and error. The model with
rough ness adjusted for a particular depth will yield
dependable results for flow at or near that depth. If
problems of several depths occur, model roughneﬂs
should be adjusted to give an average friction that is
approximately right for each depth, or the roughness
may be varied with depth tor a closer approximation
at all depths. The fact should not be overlooked
however, that the Manning n is strictly a rughness
characteristic, and that the manning formula applies
only at sufficiently high values of Reynolds number
where resistence forces are proportional to the square
of the velocity.

2-11'5. Generally speaking, distorted models are
not adopted to situations where curvatures in the
water surface are involved. For example, the flow
through spillways or between bridge piers will not
be correctly represented in a distorted river models.

2:12, The Karman Number—

2.12.1. An important precaution in testing dis-
torted river models is to be sure that flow in the model
is of the same type as that in the prototype. Flow
is invariably turbulent in rivers and, as friction forces
predominate, it appears that a criterion for model
design would be the Reynolds parameter or some
variation of the factors which constitute this number.,
A practice in some laboratories has been to adjust
the scales in the model so that when the hydraulic
radius is substituted for length in the Reynolds number,
the value will be not less than 2,500. The Water-
ways Experiment Station of the U.S. Corps of Engi-
neers has used the criterion VR = 0:02 to insure
turbulent flow, where V is average velocity in the
channel and R is hydraulic radius. This corresponds
to a limiting value of 1,800 for the Reynolds number
for a temperature of 66°F.

2.12.2. The Neyrpic laboratory at Gre

goes a step further and undertaies to i:s(ﬂ,,tﬁﬂﬁ;
proper type of turbulent fiow will be established -
that is, a,”ﬁow that may be described as the *‘rough
well type * or “rough turbulent type . This tug)e
18 required in models for all cases except for v?

sluggish rivers. It is claimed that the Re ol:lys
number, in the usual application, has neverynbeen
a completgly satisfactory parameter for open channel
flow, and is not an adequate criterion for river model
turbu[ence. In place of the Reynolds number th

following parameter is proposed and called the
‘ roughness Reynolds number’ or the “Karm;l
nmpber, " in honour of Professor von Karman of t}

California  Institute of Technology: *°

B = 1%3 Where K is the karman
number, k isthevoughness

parawmetey proportional tothe
Sand grain size and

V,=Shear velacity = VRS

3:0. DESIGN CONSTRUCTION AND
OPERATION OF MODELS.

3.1. General considerations—

3.L1. If the prototype structure is in the design
stage _the laboratory investigation includes only
a'na.lytl.ca,l and model studies and there are definite
limjtations. The theory of fluid mechanics i~ far
from complete and models possess definite scale
eﬂ"ects. which are not always predictable. o it is
essential that an early descision be reached regarding
the nature of the basic hydraulic problem. At tais
stage the problem should be throughly examined
and discussed by design and lahoratory engineers.
The laboratory engineer will thus acquire a familiarity
with design considerations and construction limi-

tations which will aid in the selection of the appro- .

priate technique and will generally assure the develop-
ment of a practical solution. The discussion will
also serve to familiarize the designer with the poten-

tialities as well as the limitatior
¥ , ions of a model st
the problem. el study of

~ 3.1.2. Although it is desirable
involved in any study, it is not always possible to do
80 in advance of the actual const ruction of a model
f.n such cases it is necessar Y to proceed with the svl('c:
ox;lmu(;f ab mpdvl scale, e}n(l witl} actual construction,
o e 'asm‘nf experience with simjlar problems
ngr ;ll?sn%]nerl'\ 8 ;e}(‘{u((ist Ifor study may specify un'
r-all check of hydraulic perfy s “desi
whxch may he stimulate(lI 11\(»1:(?‘}‘1?\("(' lz)xfx‘c:rt(']a('.:%n
:’lth r;m{pect; to general arrangement than by ro(‘-ogni)-'
0:;)1:}0 specific sources of malfumvtiuning. ‘()perat'on
of 1‘[0 m(v“(lol 'wnll generally disclose, to a tra'xied
wel operator. the need for design changes

Lo define the problems
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3.1.3. Before starting construction of a model,
acoount must be taken of limitations imposed by
fands, time, and availability of persor):nel, in relation
4o the size or type of model. The desirable accuracy
of final results will materially affect the type or extent
of the investigation. For example, an extremely
gmall spillway model may be used to determine the
effeot, of upstream or downstream river flow or erosion
tendencies but establishment of discha:rge co-efficients
for gates or an overflow crest requires one many
times as large. Limitations of space or pumping
facilities are often controlling factors. For example,
a large model of a river system can be tested satis-
factorily only in the larger laboratories. However,
jt may be possible to construct and test a section at
a time if & satisfactory method of combining the results

can be devised.

3.1.4. It is well to remember that, no matter ho.w
carefully a model is designed or constructed it will
not contribute an automatic solution. It does provide
information which must be interpreted in the light
of a knowledge of basic mechanics and hydraulics, as
well as experience. Although a model serves to
demonstrate fundamental principles that apply equally
well to the prototype, it is operated according to a
gimilitude law which is seldom satisfied. Thus, any
direct translation of results must be carr.ed out with
understanding and restraint.

3.2. Prototype Information required.

3 9.1. Information for use in planning a model
should include an over-all plan and section of the
proposed or existing strucute. with sufficient detail
to determine the shapes and characters of all surfaces
over which the flow will passin some cases, topography
of the site and surrounding area. results of
foundation test boring, and details of any other
related structures (particularly the hvdraulic features)
may be necessary. Knowledge of the type and current
gtate of material composing the' riverbed and ’?he
canyon walls may be useful. A reliable curve showing
water stage with respect to discharge for the river
downstream is important. In the case of river or
estuary problems, historical data. such as discharge,
water stage, tide salinity. cross sections of channels,
and soundings are essential. For spillways and outlet
works, acomplete description of proposed operating
conditions and the range of discharges to be expected
ghould be available.

3.2.2. Problems relating to a model study should be
discussed with the designers or other responsible persons
familiar with the project. Full knowledge of local and
general design conditions that may affect hydraulic

performance will often save considerable work and time.

The importance of becoming thoroughly familiar with
design requirements early in the study cannot be over-

emphasized.

3.3. Design and Construction of Model.

3.3.1. Success or failure in achieving desired
results with least work and cost depends largely on the
design of the model. The first step is to select
such a scale that similarity of the occurrence being
studied will be preserved in the model. The model
should be made as large as practicable, considering cost
and benefits that may be derived. Increasing a model
size may desirably enhance its usefulness and improve
accuracy of results. At some point, however, depen-
ding on the type, the increase in cost and difficulty in
operation will offset the advantage in size. Economy
would dictate that the model be as small as possible
and still yield valid results. But proving that the
results from the small model are valid can be trouble-
some and time-consuming. Current practice is to
follow precedent when available and to err on the side
of largeness so far as this is permitted by limitations
of available space and water-supply.

3.3.2. The following scales have been used success-
fully in model studies in the past and may be useful as
a guide. Spillways forlarge dams have been constructed
on scales ranging from 1:30 to  1:100. For medium
size spillways, the model usually should not be smaller
than that determined by a scale of 1:60. OQutlet works
having gates and valves are constructed to scale ratios
from 1:5 to 1:30. Canal structures, such as chutes and
drops, are usually constructed on scales from 1:3 to1:20.
The range of horizontal scales for river models is usually
between 1:100 and 1:1000. The vertical scale for
distorted river models is usually between 1:20 and
1:1000.

3.3.3. Minimum sizes have been set for certain types
of studivs. Individual models of valves, gates, or
conduits are specified to be equivalent to at least 4
inches in diameter. The scale of an outlet model often
is determined from this minimum valve diameter.
Models of canal structures should exceed 4 inches in
bottom channel width, and spillway models should be
scaled so that normal heads over the crest exceed 3
inches. If models are constructed to dimensions
smaller than these they are difficult to build, and there
is a possibility of introducing similitude defects. Model
valves and gates for use in development work or for
rating of prot>type control devices should be equivalent
to atleast 6 inches in diameter. Time and expense may
also be saved by choosing the scale for tunnel or conduit
models to accommodate a standard pipe size or a piece
of pipe already on hand.  Also, advantageous use can be
made of the parts of previously tested models. The
model scale, which may affect the entire study, is

dependent on many factors and should be carefully
chosen,

3.3.4. A model need not be made strictly like the
prototype. If the surfaces over which the water
flows are reproduced in shape and the roughness
of the surfaces is approximately to scale, the model will
usually serve its purpose. Models of spillways are
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commonly constructed of sheet metal soldered to metal-
ribbed framing, or they are made of smooth concrete
mortar, screeded to a rigid frame of metal ribs. Spill-
way crests have also been constructed of wood. Wood
exi)osed to the water is not recommended for the more
permanent portions of models, because of shrinking and
swelling. Well oiled wood, however, is satisfactory for
piers and training walls of spillways, as these parts are
usually subjected to many revisions.

3.3.5. Models representing tunnels or closed conduits
are constructed of sheet metal or sheet plastic.
Sheet metal is less expensive and can be used where it ia
not necessary to obscrve the flow. Where visibility of
flow is desired or where warped surfaces arc involved,
plastic conduits are much to be preferred.

3.8.6. Valves and gates of the smaller sizes may be
fabricated of plastic.  However, for development work,
where high heads are involved, they are constructed of
bronze. Models of open canal structures are construc-
ted of wood. or of wood covered with sheet metal livnfng.
Where wood only is used, it is well oiled and the joints
calked with white lead.

$.9.7. Models of the stable portions or riverbeds
often consist of a cement and sand n}ortar, plastereﬁd
over brick masonry. Sand or gravel is placed on this
mortar to represent the loose or movable river material.
Models of river systems may be constructed of con-
crete, where a fixed bed is  employed, or cntirely of
sand or coal dust where  movement of sediment is
to be studied.

3.3.8. A head tray and a tail box are usually built
for each model. The head tray serves as the lake, or
reservoir, ahead of the structure and insures quiet
approach conditions. It may be constructed of w:ood‘
lined with sheet metal, or may consist of a box built of
brick or masonry blocks. In either case, it must be
watertight, so that the discharge through the model can
be measured accurately. The head tray contains a baffle
arrangement, consisting of gravel, a series of screens, or
a set of vanes. to still the flow before it enters the model.
The trav contains the head gauge which is used to
measure the elevation of the water surface in the
feservoir.

3.3.9. The tail box ix at the down stream end of the
model. Tt contains a gate, or other device,
by which the tail water level can be varied. Sand or
gravel is often placed in the tail box to aid in the study
?)f scour patterns and designs are judged to some exent
by their scouring tendencies. The tail box need not be
watertight but time and tropble are often saved by
making it that way. For this reason the fabrication
of the tail box usually resembles that of th(: he:a(l tray.
The tail box contains a tail water gauge to indicate the
water stage in the river downstream from the structure.

3.3.10. Instruments are essen'tial in model testing.
The importance of their proper mstal}atxon and use is
s trongly emphasized, becau.se comparison oi: measura-
ment is the deciding factor in many hydraulic designs.

Provision should be made for suitable instrumentation
while the model is in the design stage. Instrument
connections and piezometers are relatively easy to
install early in the construction, whereas their installa-
tion may be very difficult after the model is completed.
Sufficient piezometers should be placed in the more
critical portions of the model that measurements
from them will completely define the local action.
Piezometers are relatively cheap : they should be

provided in generous numbers to offset any oversight
in defining the critical points.

3.3.11. Accurate and clear model drawings prevent
time-consuming errors in construction. Drawings
should contain sufficient information to cnable the
model makers to build a structure which conforms to
the designer’s specifications. Where model makers
are experienced in hydraulic model construction,
many drawing details may be omitted, and much of the
method of construction may be left to the shop fore-
man. Important part which will affect the perfor-
mance of the structure, or special features that are
new in concept, should be detailed completely. Work-
ing drawings should include all information necessary
for installation of instruments, such as piezometers,
pressure cells, velocity measuring devices, cte., and
theroby obviate the necessity for extensive changes
after the model is completed. Since it is necessary
to obtain greater accuracy in building a model than
that to which most craftsmen are accustomed, care
should be taken to see that the required tolerances
are met, particularly in the critical parts. (ireatest
accuracy should be maintained where there will be
rapid changes in direction of flow and were high
velocities will prevail. The stage of the testing pro-
gram will affect the type and accuracy of construction.
In early tests, where many schemes are tried to deter-
mine their overall feasibility, the construction need not
be as carefully finished as in the final stages of testing
where the data required are to be used for operating
the prototype structures.

3.3.12. There are many short cuts and tricks of
the trade to be learned in the construction and testing
of models. These can best be learned by experience.
For example, the construction of the model should he
made sufficiently flexible to allow considerable modifi-
cation with a,minimum of rebuilding. A model with
a spillway stilling basin set on or close to the laboratory
floor will require extensive rebuilding if the basin is
to be lowered. Provision in the original plan to keep
the model sufficiently high to permit the basin to he
lowered without major rebuilding will make this
revision comparable to a routine adjustment.

3.4. Operation of Model.

3.4.1. The operating program should be carefully
planned to evaluate the worth of the design under

study. In general, the evaluation consists of proving,
by qualitative and quantitative tests, that the design
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the operation requirements. For an underis-
aer::z modelI:ethe operating program can be divided
into two phases ; adjusting, and testing. In thehca,se
of a distorted, movable-bed mpdel, a thll.'d phase,
verification, must also be considered. ‘Ad]ustment?
in the model consist of preliminary trials to revez
defects and inadequacies. This phase shpuldh mit e
hurried ; it is important and. ecomomical, in t e (;:1gt
run, to spend the time required to make certain tha
the model behaves as intended and that the instru-
mentation is satisfactory. Often, minor alteratxopsl
in design are suggested by these tests, such as partia
re design or revision or the shifting of some }I)Bea,sutr}llné
instrument. It is during the adjustment p ﬁse a
the experimenter becomes acquainted with the pecu-
liarities of the model and becomes adept in its opera-
tion.

3.4.2. When the model is of the movable-bed type,
the ndjustment phase involves verification tests in
which past recorded action of the prototype must be
duplicated in the model, o§herwxse, reliable quanti-
tative results cannot be obtrmn.ed.. ' Because such tests
are often the only basis for similitude, v?nﬁcanon is
an extremely important part of the operation of mova-
ble-bed models.

3.4.3. Testing should consist qf systematically examin.
ing each proposed design .thl.\ regard to possxl;xh-
ties for improvement, reduction in cost of construction,
and reduction in maintenance costs for the prototype.
The experimenter must exercise patience, imagina.
tion, and ingenuity and be capable of interpreting,
the model results correctly. '\Ve shquld w0r1.< in close
co-operation with the designing engineers, since they
should be continually informed as to progress and
consulted concerninz future testing. Data should be
analysed concurrently with the testing to prevent
accumulation of unnecessary data. When posmb_le,
functional relationships among the‘ d}f’ferent varia-
bles should be applied to the data to aid in detection of
erroneous measurments.

3.4.4. Tn addition to the regular testing, the experi-
menter should be alert to obtain general information
which will be of value eventually  (for
compilation), even though it is not of interest to the
designers at the time. Pesultg'of experiments on
maﬁv models are usually required in asse.mblmg general
design information. and it is a waste of time and money
t7 construct molels and  not obtan all-the useful;
information. For cxample. the following general
information i3 desired on spi!ls‘vay and'outleb works
design : (1) calibration curves for all spillway crests ;
{2) complete calibration curves for all tvpes of.' gates
(3) water sarface profiles through gate secpl(;ns of
spillwa - sand othe open channel struct ires; (4)-1n<0'rrpa.
tion on the spreading of jets in flat chqbes ; (3) stilling
pool actions for varions types of sloping aprons and
baffle pier arrangem~:ts: and (6). effects of negative
pressurcs on the stability and dnsch@rge qf overf"all
dams. Some of these data are qbtamed in routine
testing, but constant vigilance will be necessary to
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assure that the remainder of the information is obtained
where possible. Such information can be very valuable
in connection with verification studies by actual
field measurements.

3.4.5. Since the end product of any model study
is the report which transmits the findings and recom-
mendations, the experimenter must maintain a com-
plete and accurate set of notes, including a diary.
Dates may be of special significance in the future.
Negative as well as positive results should be recorded.
A complete photographic record of all important tests
is indispensable ; it often eliminates the necessity of
repeating tests. The importance of presenting a
clear, concise, well organized, and well illustrated
account of the experimentation can best be appreciated
by attempting to assimilate tests of a few existing
reports on subjects unfamiliar to the reader.

4.0. Riwver Models :—

4.0-1. The term *river model ” is used in a broad -
sense, and applies to all models in which the sloPe of
the water surface throughout the model is relatively
flat. These models usually involve studies of flow
patterns or movements of sediment and can be classified
in two types: fixed bed models and movable-bed
models.

4-0-2. Typical problems studied with riyer models
include (1) effects of closing or opening certain channels
in a multiple channel river, (2) hydraulic losses at
constructions such as bridge piers or cofferdams,
(3) probable erosion around cofferdams or other
structures, (4) characteristics of flow in and around
diversion schemes, (5) effects of currents and waves
on river navigation, and (6) tidal and estuary problems.

4-1 Fixed-bed models.

4-1-1. Problems involving relatively long stretches
of a canal or river, wherein actual changes in bed
configuration are not critical, are usually studied with
the aid of fixed-bed models. Such problems include
study of backwater effects in a river due to obstructions
or the changes in backwater conditions due to channel
improvements, flood routing studies, determination
of flow distribution in estuary channels, ete. Although
the Froude law of similitude is applicable, special
attention must be given to the similarity of boundary
resistance, which is of major importance and cannot
be ignored or adjusted when the results are inter-
preted. In the case of a large model the velocity may
be high enough to insure turbulent flow and the minj.
mum model roughness may give smooth enough
boundaries to represent the prototype properly.
Then a geometrically similar model may be used.

4-1-2. Unless the model is unusrall
tortion in slope is required (1) to offset
tionately high resistance of the model b
(2) to obtain a sufficiently high valu
number to insure turbulent flow.

y lm‘ge, a dig
the disproPor
oundaries and
e of Reynolds
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.4-1-3. Distortion in slope required to satisfy
condition (1) can be computed with sufficient precision
by the Manning formula.

V = 148 R¥55k

Since the Froude law required that Vy :Jb—r

formula may be written.

Vs
___R’s
Ve = VB, = n:

Substituting D/L for S results in the expression :

o ReJDr
v ﬂrm’

This expression may be re-arranged to the following :

2
_Nr Dy
Or/ir ==
Ry

If roughness co-efficient n is known for model and

... (8)

prototype, "¢ known and the distortion QL!

r
can be computed for the hydraulic radius ratio of the
mean section.

4-1-4. When the slope distortion required to satisfy
condition (2) is greater than that required for condition
(1) the model must be made rougher by artificial
means to compensate for the exaggerated slope.

4-1-5. The required model roughness can be com-
puted from Equation (8) if the distortion and the
prototype n are known. Then the model boundaries
are roughened by various means such as distributing
bits of mortar, grains of sand or gravel wuntil the
required value of n is obtained. When general data
regarding the equivalent roughners k of various
devices such as screens or expanded metal lath are
available the model roughness can be designed.
If such information i3 not available, the process is
one of cut and try. The model with roughness
adjusted for a particular depth will yield dependable
results for flow at or near this depth. When a pro-
blem involves several depths, the model roughness
ghould be adjusted to give an average resistance
which is approximately correct over the desired range,
or the roughness may be varied with depth for a closer
approximation.

4-1:6. In many problems the roughness of the
prototype is not known and therefore cannot be
reproduced in the model. In such cases studies are
made for a range of resistance which is estimated to
ncompass the prototype resistance.

4.2, Movable-bed models.

4-2:1. There are many open channel problems
involving scouring, deposition, and transportation of
channel-bed material. Such problems are studied
by means of movable bed models. In some cases,
however, limited studies of problems of this type
can be made by investigating current direction and
velocity in fixed-bed models. Despite the limitations
of the similitude obtainable with movable-bed models,
they have proved to be a valuable aid in the solving
of complex problems involving the shifting of stream
bed materials. Similitude in movable bed models
defies the mathematical analysis which can be applied
to models involving hydraulic structures or other
fixed boundary studies. Instead of arranging the
various hydraulic forces involved to meet definite
requirements laid down in any law of similitude, the
successful prosecution of a movable-bed model
study requires that the combined action of the
hydraulic forces bring about similitude with respect
to the all-important phenomenon of bed movement,
the essence of this type of model study.

4-2.2, The general design approach is that of
select-in scales and bed material which will result in
bed movement of a nature generally similar to that
in the prototype, taking into account the relative
effects of the various discharges from minimum to
maximum. There are two prerequisites to such
a design approach : first, thorough knowledge of the
characteristics of the prototype based on the collection
and study of hydraulic and hydrographic data; and
second, experience in the field of movable-bed
hydraulic models.

4-2-3. When the dimensions of a water course,
including the particle size of the bed material, are
scaled down to model size a discontinuity is encoun-
tered. The usual model scales result in sediment
particles which are so small that they no longer act
like bed material, but tend to,become either suspended
or compacted into an unyielding bed. The necessity
for using bed material of particle sizes greater than
required on a dynamic basis necessitates the use of
geometrical distortion in order to obtain the essential
movement of the bed material.  Their vertical scale
ratio is therefore made larger than the horizontal
scale ratio. Thus, all slopes in the model are exagge-
rated. The distortion (vertical scale divided by
horizontal scale) may vary from 2 or less, to as high
as 7, or even more in special cases. Generally speak-
ing, distortion should be kept as low as possible without
reducing bed movement appreciably.

4-2-4. In problems involving the study of sediment
action relating to a structure such as the canal intake
and sluiceway of a diversion dam. distortion which
would include the structure, is not advisable. In
such cases, the, model must be large enough to insure
movement of available model sediment.

31

.2 ough  vertical exaggeration is usually
net:siry%rlf)}r‘n tghe standpoint of obtaining sufficient
bed movement, it does introduce certain undesi-
rable effects, sowe of which have been metioned
preyiously but which warrant addltlona:l discussion
at this point. The exaggeration may Icrease the
slopes of the model banks beyond their a.ggle qf repose
so that they will no _longer stand. Distortion also
increases the longitudinal slqpe of the stream, thus
tending to upset the flow regimen to a point whepe
artificial model roughness is required to restore it
The vertical exaggeration also causes distortion of
the lateral distribution of velocity and kinetic energy.

4.2.6. The difficulties of compromising resistance
and bed movement have been mimmngd by using
various model bed materials of lower specifie gravity,
so that less scale distortion 18 requlred‘ to produce
proper movement. Among such materials are coal,
pumice, sawdust, ground plastics, ete.

4.277. A bed load feeding apparatus is usqally
desirable for a movable-bed model. Tt is provided
at the channcl entrance to supply bed Ioad. to the
model. The rate of feeding should be adjustable
so that it can be varied.

4-3-. Verification of river models.

4.3.1. The verification of a movable-bed n?odel
is an intricate, cut and try process of progressxvply
adjusting the various hydx_'aullc for.ces and varying
the model operating technique until the modfal will
reproduce, with acceptable accuracy, changes in bed
configuration which are knox_vn to have occgred in
the prototype between certain dates. In this way,
the accuracy of the functioning of t}le model is e§ta-
blished, and certain of the sca.le' ratios, suc_h as time
and discharge ratios, are determined ) experimentally.
Their verification procedure may consist of the follow-

ing ste; 8:—

(a) Two prototype bed surveys of past dates are
selected  (The time between these two dates being
known as the verification period). The model bed
is molded to conform to the earlier survey.

(b) The hydraulic phenpmon'on whi.ch 0.0('.111.'0d inthe
prototype during the verification period is simulated
in the model to the proper time scale (which is esti-
mated to begin with), to see that all of the regulative
measures undertaken by nature during t.ha.t period
are rvpm(luced in the model at the proper time.

(¢) The model bed is surveyed at the end of the

riod, and the model is considered to be satisf. ctorily

verified only when this survey checks the prototype
survey with acceptable accuracy.

4-3-2. During the cut and try vex:iﬁcation process,
it may be found necessary to manipulate the time
scale, discharge scale, rate and manner of bed load
feeding, or the slope scale of the water surface, and
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perhaps the gradation of the bed materials. Often,
it is necessary to use scales for time and discharge
which vary with stage so.that each model stage
will effect its proper share of movement. It is evident,
therefore, that the verification phase of a movable-
bed model calls for an intimate knowledge of the
prototype as well as experience with this type of
model study. . :

4-3-.3. After a satisfactory verification of a river
model, the degree of similitude attained remains largely
a matter of judgment. The similitude is based on
this general reasoning: if the model accurately
reproduces changes which are known to have occured
in the bed of the prototype, it can be relied on in
predicting changes of similar nature which can be
expected to occur in the future. These dynamic
distortions inherent in the verification of a movable-
bed model place an important limitation on the type
of tests which can be made and thus on the type of
results which can be obtained from the study. Since
the verification is achieved on the basis of an adjusted
simulation of recorded prototype phenomena, the
model cannot be expected to respond accurately to
conditions which involve a drastic departure from
those involved in its verification. In the final analysis,
the validity of the results of a movable-bed river
model study and the interpretation of its results are
largely dependent oun general judgment and reasoning,
the basis on such reasoning being the verification of
the model, « knowledge of the prototype, and familia-
rity with the general characteristics of such models.

5-0. CoAasTAL MODELS,

51. Models of Wauves.

5-1-1. If the phenomenon to be studied is the
form, pattern, and travel of waves, for instance
in a study involving breakwater location for the
purpose of reducing wave height, an undistorted
model is required. This type of model is designed
in strict accordance with the scale relations based
upon the Froude law. Ordinarily, models with fixed
surfaces (usually concrete) are used for this type of
study. It may be necessary to. adjust the roughness
of the model-bed to insure correct velocity of travel
of the waves. However, it is usually found that the

surface roughness has only a small affect, if any, on
the wave simulation. ’

5'1:2. The scale to which this ty
be constructed depends almost entirel
absolute magnitude of the prototype wa)\’resu I:::i :te
accuracy of me suring equipment on the model. °

pe of model should

5-2. Models of Tidal Areas.

5:2:-1.  Models for the study
most accurate when constructed
However if the prototype

of these phenomena are
6 to undistorted scales —
18 reasonably wide ang
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M?v!, or if the study is more concerned with average
velocities than with precise velocity distributions,
models of small goemetric distortion, say eight or
ten, may be used. Scale relations are determined
in accordance with principles already described for
distorted or undistorted models, respectively.

5-2-2, Beaqhef.—l[odels of this type combine

two factors-—the sl
of bending of the waves as they

. sstortion must not
the beach to be steep,
flat ; otherunse the poi
be misplaced. If the
without much change
might not affect their

ope of the beach, and the amount
approach the problem
o he be 80 great as to cause
if the prototype beack is relativel
of breaking of the waves
waves approach the beach .
of direction, a small distortion
direction of approach.

On the other hand, if the waves bend a
a3 they approach the beaches,
would alter the wave pattern,
waves to travel in a straight 1

ppreciably
geometric distortion
tending to cause the
ine without. bending.

KOSI PROJECT—FLOOD CONTROL IN BIHAR.
By

Tamrv R. GHOSH, »B.E. *

1.0 The River Koss.

1-1 Kosi is one of the important rvers coming
from the Himalayan range. Emerging from the
Tibetan Plateau, it crosses the Himalayan range
and flows through hill gorges of Nepal up tofChatm,
where it debouches into the sandy plains of Nepal.
Passing through the Sasptari district of Nepal, and
Saharsa, Darbhangs and Purnea districts of North
Bihar it falls into Gangs, near Kursela, after traversing
» distance of about 180 miles from Chatra. In 1731,
Kosi used to flow by the side of Purnea town and meet
the Ganga near Manihari Ghat, on the south of Purnea.
By the time the work for controlling the river was
started in 1955, it had moved frqm east to west,
oovering a distance of about 70 miles from Purnea
to Supaul in the district of Saharsa. From Chatra
down to a distance of about 26 miles, the slope is as
steep as 4-54 ft. per mile and from there up to Dagmara
oovering a distance of about 16 miles, the slope drops
down to about 2-35 ft. per mile. 'Therea.fter, over a
distance of 41 miles up to Bhaluahi, the slope further
reduoces iteelf to 1-48 ft. per mile. Beyond Bhalua_hl,
the slope gradually flattens to about 0-34 ft. per mile.

2:0 Kosi Project.

2:-1 The Kosi Project is a multipurpose scheme
comprising Flood Control, Irrigatioz_l and Power_. The
present scheme consists of the following three units :—

(i) A barrage across the river at Bhimnagar with
appurtenant works.

(ii) Embankments on either side of the river for
a length of 168 miles protecting an area of about
six lakh acresin the districts of Darbhanga, Madhu-
bani and Saharsa of Bihar.

(iii) Eastern Kosi Canal System, envisaged to
irrigate an area of 14-05 lakh. acres annually.

2:2 Subsequently Rajpur Canal System taking-off
from the Eastern Kosi Main Canal was sanctioned to
provide annual irrigation to an area of 3-97 lakhs acres
in the district of Saharsa. A Power House with an
installed capacity of 20,000 k.w. in the Eastern Kosi
Main Canal to utilise a fall of 13'-0” was also sanctioned.

2.3 The barrage on the river Kosi and t.he.ﬂ00d
smbankments have been designed for. a maximum
lood discharge of 950,000 cusecs against the ﬂo?d
jischarge of 850.000 cusecs observed during 1954
loods. The distance between the ombankments
varies between four to ten miles, depending upon a

number of factors mostly relating to the topographioal
features of the area. The river was visited with a
discharge of 913,000 cusecs in October 1968 and the bar-
rage and the flood embankment stood safe. Thus the
barrage and the embankments have already withstood
virtually the onslaught of the designed flood.

2-4 The construction of the barrage at Bhim nagar
has provided stability to the river courses up to few
miles upstream of the barrage and few miles on the
downstream by effecting control of the river gradient
in the reach from Chatra to Bhimnagar ,
about 26 miles long. With the construction of the
embankments, the river has been confined within the
embankments and the vast area to the tune of abous
six lakhs acres on the countryside on both banks of
the river has been rendered flood-free.

3:0. Problems encountered in maintenance of flood
embankments. A

31 The Kosi is a meandering river and real
problem of this river is it inherent tendency to
change its course frequently. This is attributed
largely due to its exocessive course s;lt content, which
the deficient river slope in the lower reaches is not
able to carry. After construction of the embankments,
the river has been confined within the embankments
but the shifting of the course and formation of new
channel, locally known as dhars are constantly
going on and the river configuration changes every
year after the floods. The protection of the flood
embankments from the fury of the river hag been
one of the major problems engaging the attention
of the project Engineers.

3.2. In order to appreciate the stu endous
of the upkeep of these flood embankmlzams, it w;:::
be relevant to observe the channel characteristics of
river Kosi vis-a-vis the marginal flood embankmentg
The concept of embankments wag evolved in the.
case of the Kosi with a two-fold obiective. Qpe
was to prevent spills and the other to arrest the
lateral movement of the river and confine the same
to flow into a central channe!. While it may be
reasonible to expect the embankments to prevent,
spills fairly, satisfactorily subject to certain limit
tions, the same thing cannot be sajq of the ]&ber;;
movement, particularly of a river like the Kosi
Confinement of flood flow botween the embankmesxt,
is .ikely to introduce changes in channe] characterj tn
in regard to width, depth, slope and velocity v:tlﬁ
consequent  mcdiications into river  gecfj 1t
Natur.lly, therefore, the relationship between s:ﬁ.
ment load and channel characteristicg Particular] .
slope, would get altered resulting in Positiong]
changes of bends and meanders, which inturn Wou?d

* Chief Engineer, River Valley Projects, Patna, Bihar,

——
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result in scour or fill. The scour will exhibit itself
in the shape of sete due to undercutting and the
Il in shoal or island coupled with a general and
gradual raising of the river bed. Thus the effect
of the embankment will be to produce river sets on
the one hand and a gradual rise in the river bed
levels with a corresponding rise in the river flood

levels on the other. In as mnch as the embankments -

in the Kosi have been built far apart, the distance
varying from about 4 miles in the upper reach to
gome 10 miles down below, the rate of rise in levels
will be greatly retarded. Such a rise however small
it may be will naturally bring about a progressive
enoroachment on the freeboard. While the designed
freeboard is 6 feet, its gradual reduction will tend
to reduce the safety of the enbankments, until the
reduetion reaches the optimum limit of, say a3 feet
freeboard. Reduction beyond this limit will consi-
derably enhance the eloment of risk. At such a
stage, would arise the necessity to raise enbankme-nts
if they are to serve another period of usefulness
and their life extended thereby.

3.3 While the problem of rise in the bed level is
comparatively easier to solve from an engineering

int, of view, the problem of scour caused by under-
cutting and formation of sets is diﬂiqult to tackle,
It is also not possible to predict the points of z}tjoack,
although it may not be unreasonable to anticipate
the minor valley crossings as the possible vulnerable
spots, where the river may be expected to take a
set. A number of permeable spurs are required to be
constructed at such vulnerable points along the
embankment and at the most critical sites a battery
of long and short impermeable spurs with length
varying from 1,500" to 300’ have to be provided to
protect the embankments from the river attack.
The nose of impermeable spurs are provided as
launching aprons comprising of boulder crates. In
the case of lingering danger to the embankment at
some such vulnerable points, even retired lines may
have to be provided to act as second line of defence.
For formulating suitable protection measures for
the safety of the embankments against the fury of
the river, every year post flood cross-sections of the
river are prepared after river survey and sent to
Central Water and Power Research Station, Poona
for model tests. Permanent model of river Kosi
is maintained at the Research Station and the river
oconditions are similuted in the model year to year.
and specific recommendations are given for protection
measures to be undertaken for the safety of the
embankments against the onslaught of the river
Roughly on an average, the annual cost of main-
tenance of the flood embankments has worked out
to the tune of 70 to 80 lakhs of rupees.

40 Review of important flocd events.

It would be interesting in this context to briefly
enumerate the significant flood events during which
the Kosi flood embankments were attacked by the
mesndering river. In the flood of 1961, a channel
developed about four miles downstream of the tarrage

site, which touched the eastern embankment near
15 km. and flowed parallel to it up to 28 k.m.
A severe attack on the eastern embankment was

. again experienced during the flood of 1962, which

was successfully met. On the western bank, erosion
‘was experienced for the first time during the flood
of 1962, when the river came as close as 120 ft. from
the toe of the embankment, by cutting the right
bank to the extent of 1,500 ft. opposite village Dalwa
in Nepal territory, eight miles drownstream of the
barrage site. The main river was diverted through
the barrage in March 1963. During the subsequent
flood of that year, the river renewed its attack on
the west bank n‘ar Dalwa. In 1964, the western
embankment near Kanauli about two miles below
Dalwa became the target of attack by the river. River
conditions at Kanauli remained normal up to -the
end of July 1964, when the river was about 1,000 ft.
away from the toe of the embankment. -During the
first week of October 1968, there was unprecedented
flood in the river Kosi when the maximum discharge
observed was of 9-13 lakhs cusees which was close to
the designed discharge of 9-5 lakhs cusecs. The
eastern and western XKoei flood embankment
withstood the danger posed by the high fiood, save
and except some minor breaches at tle tail end of
tho western embankment. During the floods of
1971, however the river Kosi developed an eastern
swing and the reach of the eastern embankment
from 10 k.m. to 30 k.m. has become seriously vul-
nerable to the onslaught of river Kosi. Special
protection measures are being undertaken with a view
to forestall the attack of the river to the embank-
ment in this reach. Over and above the schemes of
providing impermeable spurs, extension of the exist-
ing spurs and resectioning of the embankment section,
a proposal of providing a second line of defence by
raising the existing right bank of Supaul Branch
Canal to act as a retired line i8 under serious consi-
deration of the Government.

500 Necessity of construction of & Second Control
Structure on river Kost.

51 In view of the heavy recurring cost incurred
for the protection of the flood embankments against
the fury of the river, it is imperative that some
effective long term flood control measures are under-
taken. The reach from the present Bhimnagar
Barr: ge to Dagmara  a distance of 16 miles has been
vulnerably exposed to the hugging tendency of the
river from west to east all these years. The slope
of the river in this reach is as steep as 2-34 ft. per mile.
The construction of a second control structure i.e.
Dagmara Barrage would go a long way in controlling
the gradient of the r'ver in this reach and would
eventually pin down the river within the embank-
ments and cajole the same to flow more or less in &
centralized channel. The importance of early con-
struction of a second control structure as an effective
and long-term check of the fury of the meandering

4.

; an hard-y be over emphasized, especially
:lov ‘:1 v(i’ew of theyexprience of the floods of 1971
when the reach 10 K.M. to 30 K.M. of Eastern Flood
embankment was vulnerably exposed to the
onslaught of the eastern swing of the river course.

resently model tests are being conduqted
at5(%en11::'al Wa{er and Power Resea.rch Station,
Poona with a view t0 examining the effect of
Dagmara Barrage in the gradiont qontrol of the river
and subsequent stability to the river course.

60 Conclusion.
The Kosi Project was conceived essentially as a

flood control scheme. Since a barrage was coming
up a3 a component of the flood control works, the

incidental works of irrigation were also added
subsequently. For all practical purposes, it is an
experimental scheme, designed to serve as a full-
gcale model for determining suitable measures to
control the vagaries of this unique river. It is also
not yet complete in itself. The main problem being
the heavy silt charge carried by the river, the idea
as envisaged originally, as an integral part of the
present scheme, was to construct a series of
check-dams in the upper catchment of the river and
also to introduce soil conservation measures in that
area after completion of flood embankments and
the Barrage. But, for various reasons, those
schemes could not materialise and as a result problem
of siltation in the Canals has assumed a menacing
dimension.



ADDRESS DELIVERED BY THIRU 8. P. NAMASIVAYAM, 5.x., ¥.1.. CHIEF ENGINE

AND TRRIGATION),

ER (GENERAL

TAMILNADU AT THE 1lta CONVENTION OF THE INDIAN AGRI-

CULTURAL ENGINEERS HELD AT COIMBATORE IN JANUARY 1973.

I must first thank Mr. Sankaranarayana Reddy,
Convenor of this Convention for giving me this oppor-
tunity to be in your midst. He had asked me to
talk on any subject I choose. I must confess that
any subject which I choose in the present circumstances
‘of my pre-occupations would compulsively be connected

_ only with the Thanjavur delta. But my talk cannot
be a casuzl one hecause it is to be given before an

- audience of experts. Secondly, the subject which I
have chosen, that is, ¢ Thoe challenge that awaits the
Irrigation Engineers in the Thanjavur Delta *’ requires
respectful handling from any speaker.

When I say  Irrigation Engineers ’ I use the term
to include the Agricultural Engineers also. There
is already a small controversy about the question
“ Who should be called Irrigation Engineers-Agri-
cultural Engineers ? or the Engineers who now go
by the name of Irrigation Engineers ¢ Some say that
the latter class are really oniy Hydraulic Engineers
and it is the Agricultural Engineers who really should be
called Irrigation Engineers. I think this is all needless
controversy. Both the classes of Engineers are
interested in Irrigation and that is all there to it.

As you are all doubtless aware, the question of
sharing of the Cauvery Waters is likely to be taken
up shortly for negotiations among the riparian States.
There is every chance of the negotiations ending
in an equitable agreement. I shall now skip over the
forthcoming intervening period and go beyond
the point of time when an agreement would have
been reached.

The total area under cultivation in Temil Nadu
is about 6 million hectares net. Of this, about 2-5
million hectares net are under irrigation by canals,
tanks, wells, ete. The extent irrigated by canal
systems alone, which only can be deemed to he depen-
dable, is just about a million heecteres net, out of
which 0-5 million heetares lie in the Thanjavur Delta
area. Such a large extent of lands irrigated by a
single river system, in a compact block, i8 not avai-
lable any where else in our State. We have, therefore
to got the bost out of the Thanjavur Delta in order
to progressively increase our food produ t'on. We
have to see that we get the maximum out of every
unit of water. And weo have to get the maximum
out of every unit of land. Such a dunl problem
is rarcly met with on such a scale any where else
in ow country. This means we have to increase
the irrigation efficiency of the delta which is already
high at 56 percent. And we have to increase the
irrigation intensity ~ which now stands at a low
135 peio-a. and also increase the yield per hectare.
Increase o irrigation intensity requires additional
water topnhies, which, on the surface of it, so to say,
are sunply not available,

_ The constraints, which now stands in the way of
in:rease in the Irrigation intensity in the delta, are
more particularly: (i) commencement of Kuruvai
cultivation depends upon a fairly firm setting of the
South-West monsoon later the commencement, lesser
the second crop area and thus the intensity. And
(ii) the extent of Kuruvai cultivation depends upon
the availability of irrigation water in the rivers during
June-September period. Though the anticipsted
Cauvery waters sharing among the riparian States
is not likely to diminish the supplies to the delta,
neither can we hope for any palpable increase in them.
However, it might be though that the constraints
I have mentioned could be overcome by resort to
large-scale exploitation of ground water of which
the delta is popularly believed to abound in. But
recent investigations have disclosed certain difficul-
ties in this area too. Firstly, the availability of
exploitable ground water is not that much as one
was ordinarily led to believe. In the Cauvery and
Vennar sub-basins put together it is estimated to be
only about 20 TMC. How inadequate this quantity
is, to meet the Kuruvai cultivation demands will be
evident from tho fact that 48 TMC of water is
issued to these two sub basins during the first month
of the season itself. Another factor which rules
out ground water being used as a substitute tor the
surface water even partly in the delta is that it is
not a new resource; there are only ground water
reservoir facilities and not resources. When these
underground reservoirs are emptied even partially,
they are quickly filled in by the surface waters flowing
in the delta irrigation channels and rivers. The
shallow aquifer is almost fully recharged within
about two months after the water from Mettur Dem
is released over the deltsa for Irrigation. The
recharge component through irrigated paddy fields
is negligible in the Cauvery sub-basin because of the
high clay content of the soil in the irrigated tract
with a small infiltration rate. Since most river channels
cut through the semi-confining layer, they recharge
the aquifer directly by lateral seepage irmediately
after the surface water is released for irrigation.
The recharge of the aquifer is thus the first charge
on Mettur waters. In other words, the more vou
exploit the aquifer, the more you have to drow from
Mettur. So, ground water can, at best, Le utilised
ouly to supplement Mettur water temporarily to be
recouped by it later and not substitute it once for all,

How then to utilise the ground water without
having to draw any additional supplies from Mettur
to enable early commencement of kuruvai eultivationi
on the largest extent possible ? In othe words
how to improve the efficiency of the system—at leasé
in favourable years ? Thisis the problem that is fa cing
the irrigation Engineersin the deltas 1t certainly

ia i roblem as the efficiency of the
e :ex;h;?z:ﬁz(glypat a high level—50 percent. The
depth of delta (of irrigation water) at the river head
dopt O o ft. compsred o 4-2 to 4-8 ft. and 3-8 to 4.0 ft.
mb%aiiing in. the more modern Godavari and Knshga
g.elta gystems respectively. The delta obtained in
the Cauvery system is all the more efficient if we
oonsider the fact that rainfall is vyell d.lstrlbqu
through both the irrigation seasons in the Godg.va.x:l
and Krishna deltas compared to the uneven distri-
bution in the Cauvery delt-.a. area—Tieagre during
¢he first crop period and copious during the north-
east monsoon period. i .

To achieve maximum production out of every unit
of water, irrigation efficiency las to be increased.
To achieve maximum production out of every unit
of land, irrigation intensity has to be maximised
which also in turn requires increase in irrigation
efficiency for the rea-ons I have 1'nent10ned above.
Achivement of maximum productloq out of every
uanit of land requires also increase in yield per hectare
which demands the most productive agronomic and
land management practices.

The modernisation proposals for the delta framed
in 1969 was a package consisting of (i) construction
of regulators, irrigation sluices, etc., on irrigation
rivers and canals, to exercise full control over the
irrigation waters. (ii) lining of those reaches of irri-
gation rivers and channe's where seepage was heavy,
to reduce percolation losses in transit, (iii) flood
control measures like construction of a barrage
across the Cauvery arm at the Upper Anicut, diver-
gion of upland drainages which were entering Vennar
into Coleroon, etc., to exclude floods from the delta,
(iv) straight cuts of drainage rivers to the sea to reduce
drainage congestion in tail end areas of the delta
during heavy north-east monsoon falls, these 4
items aimed at improving the irrigation efficiency
in the delta and (v) exploitation ol ground water to
enable raising of early kuruvai nurseries and to
supplement surface irrigation in the last 2 or 3 critical
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weoks of Thaladi oultivation, this item aimed at
increasing the irrigation intensity in the delta;
Finally item (vi) land improvement works like pro-
viding irrigation inlets and drainage outlets for indi-
vidual fields, reducing field bund sizes, regrouping
of field boundaries, etec., for better land management.
The last item aimed at increasing the yield per hectare.
The Modernisation proposals had a few more items
also like village communications, to improve market-
ing facilities, etc. The modernisation proposals are
in main expected to emsure timely water suppliers
and better water and land management and thereby
inorease agricultural production per hectare from
2,460 kg. to 3,160 kg. paddy. The present average
for the State is about 2,500 kg. of paddy per hectare.
In addition, in favourable years an increased second
crop extent was also expected.

The Agricultural Branch of Irrigation Engineers
has a great part to play in the work that is awaiting
them in the delta. The Agricultural Irrigation
Engineers, if I may call them so and in which term
I include for the present purposes Agronomists also
would be dealing with a very important part of the
modernisation scheme, that is, land development
and management works. It is & very complex work
too. But you have already shown that it can be
done. Your work at Siddamalli has been highly
praised by the Irrigation Commission who inspected
this development activity in 1971. They have noted
in their report that by this development the yield
per hectare has increased by 0-6 tonnes and have
recommended that effective steps be taken to gradually
replace field to field irrigation of rice by the system
of field channels with separate drains serving indi-
vidual drains as in Siddamalli. There can be
no higher tributes to your work.

I wish you all success in your endeavours to meet

the challenge that is waiting you in the Thanjavur
Delta.



SUMMARY OF THE PROCEEDINGS OF SILVER JUBILEE CELEBRAT
ARCH STATION, POONDI. INSTITUTION OF SRI M. VISWESVA&QA%XF Ty

GATION RESE-

MENT LECTURE AND INAUGURATION OF d2xp ANNUAL RESEARCH SEgorpar ik ENDOW-

BOARD OF IRRIGATION AND POWER.

The Irrigation Research Station, Poondi, after its
twenty-seven years of useful, successful and merito-
rious service, celebrated its Silver Jubilee on 22nd
June 1972 at Poondi.

This year, the 42nd Annual Research Session of
the Central Board of Irrigation and Power was also
inaugurated at Poondi, along with the Silver Jubilee
Celebrations.

During the celebrations, an Annual Endowment
Lecture in memory of Sir M. Viswesvarayya, was
instituted. This lecture will be held annually at
Poondi, delivered by eminent engineers and will
pertain to problems connected with Hydrology and
Hydraulics including Ground Water, hydraulic struc-
tures and other matters connected with irrigation.

The proceedings of the celebrations are briefly
reported here :

There were about 400 delegates from all over the
country who attended the celebrations including
members of the Central Board of Irrigation and Power,
Directors of Research Stations, Engineers from various
States and the centre engaged in the design, construc-
tion and maintenance of Irrigation Structures and
representatives of public and private undertakings
and Educational Institutions.

Er. S. P. Namasivayam, Chief Engineer (General
and Irrigation), welcomed the Honourable gucsts and
delegates. In his Welcome Address he mentioned
that Tamil Nadu is entering into a period of scarcity
of water resources at present, but with every hope to
tide over this difficulty.

The function was presided over by His Excellancy
Thira K. K. Shah, Governor of Tamil Nadu. The
celebrations were inaugurated by Honourable Dr.
M. Karunanidhi, Chief Minister of Tamil Nadu.

Honourable Thiru S. J. Sadiq Pasha, Minister for
Works distributed the gold medals for the staff mem-
bers who had put in twenty years and more of service at
Poondi, in recognition of their meritorious and lengthy
gervice. Honourable Thiru O. P. Raman, Minister for
Electricity, released the I.R.S. Silver Jubilee Souve-
nir.

Honourable Dr. K. L. Rao, Union Minister for
Irrigation and Power, Government of India, inaugu-
rated the Sir M. Viswesvarayya Memorial Endowment.
Er. K. V. Sirinivasa Rao, President, Central Board
of Irrigation and Power, delivered the annual address
of the 42nd Annual Research Session of the Central
Board of the Irrigation And Power.
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ESSION OF CENTRA,

Honourable Dr. M. Karunanidhi in h-

Address hopod that the An:\l::llhll{’e:-la};éi Inasu gu.ml
woulfl create a good climate for co~opt;ratio b bwoen
’.ra.mll. Nadu and its neighbouring Sta.tesr'l ctwe}en
irrigation problems. He pointed out that 91:51 oring
of surface water resources of Tamil Nady had mt

. y
new techniques for tapping water fgrm gt it

pointed out how in ancient ti in o o
Irrigation system was perfectedm;)e; ;lear'xrsm:anEj&du'
and Tanks. He also announced that the Pro({uts
Report to upgrade the Poondi Research Sta oy
Into an Institute of Hydraulics and Hydrol ti?:i
been approved by the State Government anggzction

would be taken to implement t i
i the Project Remmrr P he recommendations

His Excellency Thiru K.K. Shah. in hi i i
Address said that if the waters otl'1 ’t}:s llxlll:jf:e:'lie:::lpl
the country were harnessed to the benefit of the ent'm
country, a new wave would sweep the country bin ing
1ts various parts closer. If this effort was g’omb(ii:;g
with an efficient water transport system, a new band
of unity would be forged. 'The Governor said that
the Central Boar_d of Irrigation and Power, had been
acting as a unifying factor. He commended the

high standards of research work isati
Station, Poondi. at Irrigation Research

Honourable Thiru S. J. Sadig Pash. ini
Works, while distributing the gold lnzaa:\limtl(s)te:hggg
who have put in long service at Poondj mentioned
that LR.S. Poondi had done very useful work i
the fields of Hydraulics and Hydrology. He als
briefly mentioned the events that led to the ropos:ﬁ
to establish a higher Institute of Hydraull)ics and
Hydrology. The new institute for which approval
has been announced by Chief Minister earliel; will
conduct resear_ch in weather modiﬁcati’on ground
water ex‘ploratlon, new techniques of drill’iml well
desalination of sea water and brackish water h(.tc o
' Honourable Thiru O.P. Raman, Minister for Electri
city, released the I.R.S. Silver Jubileo ﬂ‘.oduvo.r‘-
and commended the studies conducted at‘- i

for the projects undertaken by ti i Poondi,
. L% v the Ta’ | N MNect vl
city Board. He pointed out that " I\Ra:ll 1‘1)1(()‘;;!31

has developed the first Direct Simul
Resistance Electronic Analow
world for ground water studies.

ation (‘ontinuous
v ! M
e Computer in the

Er. K. V. Srinivasa Rao, Presi
R ’ , President. (‘¢
of Irrigation and Power, in his Addrc;:t::,l Board
water budget for each basin ang urged su wﬂgw
anq control by a single authority of the intl relaton
activities of the two sources-sy , Inter-related

water. He also briefly mentirface water and ground

to research made by all Rese;)ned the contributions

rch Stations and other
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isations during the preceding year and the
sole played by the Central Board of Irrigation and

Power.

The Union Minister for Irrigation and Power,Honour-
able Dr. K. L. Rao, who inaugurated the Sir M. Viswes-
varayya Endowment pointed out that natural resources
belonged to the entire community and the aim should
be their optmium utilisation benefiting all regions.
He said that “Regional Passions and rivalries”’
should be eschewed in the utilisation of natural reso-
urces. He said, that because of inter-state rivalry,
there were 50 river water disputes pending before
him. It was engineers rather than politicians who
were parochial. In one dispute while ministers of
contending States accepted the compromise suggested
by the Centre, Engineers did not agree to that, he
pointed out.

He pleaded for new techniques of water manage-
ment on recharging the ground water fcr conserva-
tion and use in times of scarcity. He mentioned
that such a techinique was being adopted in U.K.
He called upon the Central Board of Irrigation and
Power and its allied institutions to devote their
attention to applied research instead of abstract

research.

A lunch was given to all the delegates and guests
in the Periyar Park. After lunch in the after noon,
Er. J. 1. Coilpillai, Retired Chief Engineer of Tamil
Nadu, Public Works Department, delivered the first
Sir M. Viswesvarayya Memorial Endowment Lecture.
In his lecture he highlighted the contributions made
by Sir M. Viswesvarayya for the country in general
and the engineering profession in particular. He
traced the history of development of hydraulic re-
gearch in Tamil Nadu and at LR.S., Poondi and the
contribution made by it during the last twenty seven

years of existence.

This was followed by two Sympoiia on the follow-
ing subjects: (i) Research on Water resources ; (ii)
Research and Education. After the Welcome Address
by Er. P. Kumaraswamy, Director, Irrigation Rese-
arch Station, Poondi, the Symposium, * Research on
Water Resources” commenced under the Chairman-
ship of Dr. G. Rangiswamy, Vice-Chancellor,
Agricultural University, Coimbatore. There were two
papers for this symposium from S. Banerji, Member,
Secretary for the Indian National Committee of the
International Hydrological Decade and V. B. Lal,
Scientist, I.H.D. Institute, C.S.IR.,, New Delhi, and
Er. D. Doddish, Advisor, Central Board of Irrigation
and Power. The General Report for this symposium
was read by Dr. R. Sakthivadivelu, Assistant Pro-
fessor of Hydrsulic Engineering, College of Engineer-
ing, Madras. The two papers invited lot of discus-
aion from the delegates. The delegates actively
participated in the discussion and mentioned the
contributions made by vheir states in the devolop-
ment of water resouroes. The Chairman, in his
ooncluding remarks for a co-ordinated
research work between Agronomist and Irrigation
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Engineers to harness and conserve the rain water.
He called for continuous research work in that
direction.

After the introductory remarks by Er. P. Kumara-
swamy, Director, Irrigation Research Station, Poondi,
the symposium, ‘ Research and Education ”
commenced under the Chairmanship of Thiru N. D:
Sundarav.divelu, Vice-Chancellor «f Madras Univer-
gity. There were three papers for this symp sium from
Dr. Malcolm S. Adiseshiah. Director, Madras Institute
of Development Studies, Er. P. Sivalingam, B. E.
(Hons.), MS (Calif), MIE (Ind.) Director of Technical
Education, Tamil Nadu and Dr. V. C. Kulandaiswamy
Dean, Post-Graduate Studies, College of Engineering:
Guindy, Madras. The General Report was pre
and read by Prof. A. Mohana Krishnan, Professor of
Civil Engineering, College of Engineering, Madras.

During the discussion that followed the presentation
of the General Report, Dr. V. C. Kulandaiswamy
pointed out that the most important fact that faoea’
engineering education today is the responsibility of
developing men who will often realise, understand
and comprehend the important aspect of interdiscipli-
nary approach which has to be promoted consciously
and that this was one of the most important respon:
sibilities of our educational institution. The delegates
who took part in the discussion wanted a proper
dialogue between man in the field and man in the
laboratory and there should be a constant exchange
of ideas. They also stressed for more co-ordination
between the two. Padmashri N.D. Sundaravadivelu
Chairman, in his concluding remarks deplored tht;
tendency of present day student population depending
on the ‘“ notes ” available in the market for their
text books. He opined that this does not make the
student self confident in his life. He also pointed
out that it should be possible for anyone to stud
any course he wants at any time instead of th{
present procedure which does not admit people to
enter the college at a time they want to proIs)ecute
their studies. He compared this to going in an

escalator where people get into the
get out only at the end. escalator and

Er. P. Kumaraswamy proposed the Vote of Thanks

An exhibition was organised by M. i
Instruments, Madras at the timi oi?sgx:ls\"e?h;crﬁ'tfk
Celebrations. Various types of measurin and
indicating instruments, manufactured b fd and
Philips (India') Limited and a closed CircuitZ—TVessm
some of the important equipments exhibited forw:hl:
ng}eﬁt of delegates. Honourable Dr K. L. Rao
vigited the exhibition and wgs very mlich ;mp.resaed'

In the evening a dance performance i Sasi
Devi, was arranged for the delega.tes.by'ls‘glzldsulk&l‘

left Poondi to Madras after a sumpt i elesega"te.
within the laboratory precinctsr.) tous dinnor o

In spite of the unusually hea
Silver Jubilee' day, oﬁicer); angy S&Oﬁ'wrz)};ogr 9!;;110
R?,search. Station, Poondi, managed the oelerll)':'it' e
with efficiency and enthusiasm. one
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KERALA-TAMIL NADU HYDROLOGICAL LINK

BY

P. KUMARASWAMY*.

A rational method to assess the possibilities of
hydrological interlinking Kerala and Tamil Nadu
is outlined in this report.

" According to a Report on the Kerala Water
Resources prepared by Er. T.P. Kuttiammu, Chief
Engineer, Irrigation and General, Kerala, on 5th
July 1958 and published by the Kerala Government,
a total of 42.6 billion-cum. is the available water
potential of the Kerala Rivers South of Kuttiyadi
River. Since it may not be possible to utilise the
waters of rivers north of Kuttiyadi River for the
benefit of Tamil Nadu for geographical reasons, those
rivers have not been considered.

Due to copious rainfall in Kerala and large values
of runoff-co-efficient of the hilly forested catchments,
the Kerala rivers yield a runoff of one to three
metres. The percentage of irrigable land to total
area of the State is smaller than the State of Tamil
Nadu. Therefore, the surplus waters available in
Kerala can be utilised in the following manner to the
:betterment of both the States.

A storage reservoir is to be formed on the Kerala
side of the Western Ghats which divides Kerala
and Tamil Nadu. Hydro-electric power will be
developed at this reservoir. A tunnel at an elevation
glightly higher than the maximum water-level in
the reservoir will be drilled through the Western
‘Ghats at a suitable location, thus connecting Kerala
.and Tamil Nadu.

"Wherever topography and economics permit, this
tunnel can be even at a lower elevation than MWL
of the reservoir. Half the power generated at the
‘Kerala Reservoir will be utilised for pumping a certain
percentage of the reservoir water through the inter-
seonnecting tunnel to Tamil Nadu. The waters
‘emerging through the tunnel will be stored up in a
‘reservoir to be formed on the Tamil Nadu Side. In
-this manner, the power developed and the water
+potential are shared between Kerala and Tamil Nadu.

Two examplés of such reservoirs that can be formed
are given below for purposes of illustration.

A dam of about 756 m. height and 300 m. length
.can be formed across Periyaru approximately at
latitue 9°28' Nand 77°19’ E with F.R.L.at E1-1050 m.
.ahove M.S.L. A tunnel of about 1 km. length can be

‘drilled through the Western Ghats Ridge leading -

‘tq Silangadai Aru on the Tamil Nadu side.

As a second example, & dam can be built across
the Kakkiaru at about 9°15' N and 77° 13’ E forming
a reservoir with F.R.L. at E1-—1050 m. above M.S.L.
and a tunnel of about 3 km. length can be drilled
through the Ghats to lead waters to Kottamalaiaru
on the Tamil Nadu Side.

Before embarking on such schemes a policy decision
has to be taken on the question of the fraction of the
water and power potential to be shared between
the States of Kerala and Tamil Nadu. A formula

for sharing these assests has been developed in the
next paragraph.

Suggt_asteq Formula relevant to Formation of
Irrigation-cum-Power Reservoirs in Kerala . for

Interlinking Kerala and Tamil Nadu Water-
sheds. ‘

Let us assume that there is a possibility of forming
a reservoir in Kerala (West of the Western Ghats
Ridge line), with the bedlevel of the dam at EI.
EB (MS.L.) metres. The annual inflow info the

reservoir is assumed to be Qma The following

further assumptions are made.

Minimum depth of water to be main- d m™in(m)
tained in the Kerala Reservoir.
Maximum depth in Kerala Reservoir d max (m)

Average depth in Kerala Reservoir

dav (m)
Qe
Qy ma/)fetv

Q,_ma/ year

Kerala Share of water

Tamil Nadu share of water

Evaporation and other losses from
the Kerala Reservoir,

Q: QK+ Qv + QL""'(')

Average flow through Q 3 g
the Kerala Power = K_ m / $¢c
House 365x2.X3600

Average power developed

- o
365x24 x3600

xdavX 9-8x g, (Ku)

* Director, Irrigation Research Station' , Poondi. - . ‘ol

tion.
Let

P“!g ‘x9'8

b 4 a [} """2)
365x24 %3600 X lay

" Let half this power generated at the Kerala Power
House be utilisgd to pump water over the Western
Ghates in to Tamil Nadu. Let the inlet level of the

Kerala—Tamil Nadu Tunnel be at .

El.E€y (M) (MSL).

Avefa,ge head through which pumping has to be done—
| Er—(Es+dn)
Power required for pumping

ar - (Egrd Ax 18
= 365x24x3600[ r(Cg &,

is the gross efficiency of the
pumping system.

. 9-8 _
. "'51‘ 365xuxssoo°7 E:T (€g* "av)J

- Q x9-8 .
2 X 3é5x24 %3600 Q"da"

Where (bz

l.vO.,QT [E'«r"' (%4 d.v)] =_&2£2 - Q- dav
* D1 i (T &q)

‘ QifEr-(Esrdan)+ Zgilﬁ dav)

= __'_;! dav (@-Qu)

Whero @, is the gross efficiency of power genera-
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Q- 222 dav (60D .
(s1-€e)-dav [I-(2.22))

assuming ¢, = #,= 0'8 wehave

. 032d,,(Q-Q,)

Q‘(e, “Eg)- 0-68day

Q. 0-32dav " - _Q
f.e.,—é— (E;-Ea-o-ggfd” (v T)

N

we shall also assume for the sake of estimation

3’- =02
Q
. Qr_ 0-256 day .o 9)

Q@ (er-Em)— 068 dav

The fraction of waters to be shared between Kerala
and Tamil Nadu thus works out Qr / Q on the
bagis that the power developed is shared half and

half. For example when ‘ET*EB) is 100 m. and
dav=30m, QT | Q works out to 9-64 percent.

Based onthe above principle and assuming an average

value of Qr/Q 2 02 anamount of about 8 billion

cu.m, of Kerala waters can be utilised in Tamil Nadu
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NEWS ROUND UP

(a) Cyclone and Floods in December 1972

A Cyclone of severe intensity struck the Tamil
Nadu Coast near Cuddalore on the morning of 6th
December 1972. Thereafter, it weakened into a deep
depression and moving, slowly across the penisula
along a trail touching Kalrayan, Jawadi, Sheveroy
Hills, the Nilgiris, emerged into the Arabian Sea on
the morning of 8th December. For full 48 hours the
entire area was under the influence of the deep
depression and experienced heavy rainfall of the
order of 300 mm. to 375 mm. (13" to 15”) within a
period of 36 hours. The rainfall in this area between
September and November 1972 had been above
normal, as & result of which Irrigation Reservoirs
and tanks had received copious supplies, even before
the onset of the cyclone and were not in & position
to absorb further uskprecedented sudden inflows.
The fury of nature left in its trail heavy damages to
Irrigation sources structures, and none of the northern
districts of Tamil Nadu were spared. South Arcot
District bore the brunt of the Cyclone and & few
important irrigation structures in this District were
damaged. While the century old Tirukoilur anicut
was completely washed away, in Gomukhi Dam,
commissioned 3 years ago, the earthen dam was
over topped and bresched. In all, 18600 Irrigation
sources/stucture in the State were damaged the
estimated cost of repairs being about Rs. 7.00 crores.

A special circle and four Divisions were formed
jmmediately for attending to the flood repair works
in South Arcot and Thanjavur Districts. The Central
Government have indicated assistance, in the nature
of subsidy, to the tune of Rs. 4.00 crores for repairs
to Major Irrigation Sources.

(b) A Note on Cooum Improvement scheme.

The commencement of Cooum Improvement
Scheme envisaged to remove the stinking smell of
the Cooum and to make it a pleasure resort to the
citizens of Tamil Nadu was inaugurated by the Late
Chief Minister of Tamil Nadu Thiru C. N. Annadurai,
in the year 1967.

The scheme was taken up in tbree stages.

First stage of works consist of installation
of a regulator with two vents each of 10.67m (35’

width and a jetty 76.81 m (252') long. A sand pum
capable of moving on rails, along the jetty keepe t.hg

approach channel and the regulator free from sand
accumulations,

The second stage contemplates on the improve-
ments to the river from Chetpet Railway Bridge
upto Napier Bridge, a length of 8.2 k.m. (6 miles 2
furlongs) by channelising the river and protecting the
sides with cement concrets slabs. A walkway 3.05 m
(10°) in width on either margin is an additional
protection during floods. The ares reclaimed by
channelisation viz., about 20.23 Heoctare (50 acres)
will be put to various uses. With this channelisation
the Cooum could be used for pleasure boating which
would be an added attraction to the City. Seven
boat jetties have been constructed along the margin
of Cooum to facilitate boating. As an added facility
snack bars are proposed as an experimental measures
at afew boat jetty sites.

The area available ‘east of North Beach Road
and lying between Anna Samadhi and Cooum mouth
is developed by providing public attractions and
utility services. These include a swimming pool
50 m X 25 m set to international standards, a deep
diving pool of size 25 m X 15 mand a boat club-
cum canteen.

As an added tourist attraction, parks and lawns
are being developed on the south arm of the river
Cooum and at the site of boat jetties. Shady trees
and ornamental plants have been already planted
and zig zag pathways, children’s playgrounds, etc.,
laid.

A jet fountain operated from a trough in b
the basin above the Napier bridge is capable of
shooting 90 metres (about 270’) high is illum'inat:od
by flood lights. This fountain with its illumination
will be an unique attraction.

The third stage envisages rehabilits:iOn of .slun}
dwellers who have to be ghifted from the margin o
river Cooum. 941 families are proposed to be rehabil
tated elsewhere.

The scheme was completed in February 73 anc
Dr. Kalaignar M. Karunanidhi Hon’'ble Cheif Ministe
of Tamil Nadu declared open the pleasure boa
service in Cooum on 4-—2—1973.

Bwagpeiev Bialweb,
aluart: Of & fafanser, J. Q. *

g @ue erstigun Goned Ferouusfu  Sifleiulus  wren, Fanss UM, Bl pEXEL 9116w S um R
GG, @S, Boeyeielnsé @b Beool upfu  wn pEG ANBBGLsIsE. sneinE, pD BEcUG

S,  (Qeuenwe, B 2fewern@n. B efdlu  safey FCriLLgensl umd Sicman, 100G 8T,
657, Qesdlwelles 61602y auwlerd) @fuyn. seul, owea, o580 5P, GED, BITHLE,
@sde, B walwedss  eadea wesowpssLULBEToNg. Gueh, Fhg eeuue LEnpaen or. Revalm

ENEI(ME, .LOH&L-GD.@UJGC.G&I sIeeNTS  GEDDEEHD, B weriGeyi  Benouum Bujib, Biwes  uDPuyp
Brodwelien unpulLaeee. Ggib, Brodue  HepbudpCsnt aeigy By pLésngun  sflanedss
OGS SIaIS SEODEGL LUWGHILIBHD e usiyalos upflu  sedevemierws BALI  LNSUDIGEG, 6163 D JALSEY G T
goevw.  Biw  (Quev, semaaten  Hdellueve . @ueneILD, FOoUdoD  @pIBaL@  (LpeenSy  &Lig,
aQeneley, Qaugise U BELLPTDE QewpuGs SbyfmgSent Bl UNses S GGG &GT 61657
BOVEGT 2.6, e10Ba, g duwin  aemiug s By pallg @llimes. e,  eueTenail GUERH
wpeg aofsay. Gavsfe 201800, Bin  S@EYD, LSLES Qeon aensssBe Ul wemerws
Quiw uppl, “ @@ Bies usTIL&ES, U@, FwHs EpuSsg, WS PUUIGEGD @D ST0GILOTSENH
(Circulation) paeSLmaUpEIL  UNTE  Sgb.  PEDBENTONE,  Qines &muy ", eretm 21 QEnTs 50
SriaLwns, B e LILS g, weEngys umquenaint. @l ? psw8senssSCatu Qe pad,
@@T@HLD, gl @renen  EHLINETDEGET@BLD, aen  “epand”, eaagw, Opdlewl umml, ‘el
Gaaiufl gyLd, eeten  Bemgl upBug ; GPouns OQumhsLed”, aengw, &®, oaap Gsemens
e eV, wep GuTSSR (P SECILETTEL HenmL Qﬁ 58wl Qunmims sty Qsfung puen &S5
u,rb;ﬂ?wgl,” T8y @jujﬂLWgé ‘fjfu_o@?iu_)é;, &lend STLIQUETOTTA,
o GOEPETT & 6BT, 16T § 1HOLD, S, ; . . . . N
e uiadbuputi e, sppoons B Bosepels, Ao oty upds efu
oy Bllesr (Queyy wamp, e wllehEonLe 19eworiiLy ;?L?rm;{;(mf o DLLING, }5”“’-’"5“7“ GU"ﬂﬂ“{’Tm"&‘@T?
W seuiaper Il LD prrcalwe ST Sé&, poay , ng)@ ungluneniser, anefitn puniESwneni
oenn [EliGh (PUp QITLDEMS QIR HETDULD @GTETLEGLD,” s (ppaluniie, angpai Cumssms, Qe
e gid QB GeTeneiT, Qewwes,  Biweler o/g;ﬁglm ‘5‘“@")"‘ @6'6_57‘5?7, Ul § Ge1onan - e163LIE
Bosies FraiensBen pevLopon B Dlewins sen ;gom L%)uém,” - we  Qendes srosma Peo Qenhselsd
enioemLs LD m@ﬁu@lﬁg%@m mmpu'é@;u ST LIGY al;w. ° :

i @i eten@uatr, " Biwadhwe, ) . . . )
:fgg:vm, dorrs umuSlesr B aergBe asey, Geee) 5@5@;?@7?;0 LDSLy rrgfﬂm '@@5.&@@ & iU
sofics Qewn um@alan upps amiiug. Gugiw, }%555% Biwed) wippn, BisGsssnscr, wemngy

G, werdaeldale, Beu uile Guw, e Gasahano, &.®, smvg selw Biweuels

e ben SBEGEESEIGL, Bhe Luem gy UpHug. spatos  upll puusCsep @petseiey aeiyms s

0 > . NS _Geren . LGN @DBED  OSLELGS A
S, i Swp FuHPle ued  slusln Lo . ) , 2 FWEILIB S 3uH
%‘;ﬂ ’5‘; s ,,;‘5 e HpBOLGTeTe. GDenatns snam@unLb.

Sulo @Guenp Hore HQBOLL S, wenyperws U Bluyid,  Bflesr Lwlers upPuyn LSGe

g%ﬂgw Q&n@g;%mmﬂ) Guplonts ug? @IMwn Uy @%Lunsgaﬂm UL Goangs. “ aumer piy ,’:@ﬂ@%
Baumid. (£S5 HET, Qes perlls Gsoas eenien ¢ ‘;‘ :’7”,5.3"‘) Usgs Gpasaic, wew @i, e.ostn
BLD pcLaifies IBF- LNt 1G] e Ganevng, Um0 él;_@b’ QJ@,%%‘HGD,‘ LSS a@nipid e ufesrigone 5
owl upBGw e1es pid uesen p iy unesflley (Restmid '9”55‘0‘2'?‘0 2 ADQQLO QU”G”",’D@,;?WC’D!L'O; 2GR I & &
FEUGanGauest ¢ o580 sl  Gss Swienguum; Ceos O ey Guenalo  e0nes 556 e Cans,

1GLeD S, s Geneveng el Gungaliddey,” u@(gmwm?&.@g STQUD S L EUNAUTE LD BIEOLDEH D
ity -pyEBGuw G g GUIETD  BIGFD, aueT@naL BEIDID Wwenp QUIWLTS  QUILLBLOT @YY, G

Gu s £ el uppls Ssplyctorens B PES  EFD  e@sons  @Qipgw, Ul eeGer
Ent%%bg v e, aiediss Buncen sancs, Gptig gﬁg @ e edisln aimsgio easg; weny
g Sl oni@Gmwr 2 sdeg, aenne g:;zm@@ g’@w’w aens @enrml el (U Bidsin
L s waens sLp pIsET,  aaern Qurgennd  ~ Q’L'@ wn@enala e mnggin ), 2 LOQUIBD o

gei  LTgyon, (@seN UTed Geers  eQuiGEn oo o P oLt STGH YLD QuiiunioBec
%@?@W@ "0 Gengy QSYSNINU  USDEFETOND S 28sn GunliEGar  Guns Qaerarssne amperars

o swenlown IS U (Ganemiasie) Zenobgl UM C5pss aden  wanyp ; LoenLLUIDVTIOR  @ieTih

g 2 ey @elgyrean U S@yssen o1 ﬁfﬁg@?g&iém{;;;@é(esm Qoveiten g gned  unPsary
b, & Semwni  gaianG &T1E5  as i
sonib. | o ' LOLLITGID  ETa8 D 3 '-‘””6"7,%5.@@'@57(/5!5@ msz;)w;vw@:g

gagfs, “UTESedp  nEue  eeuGs Spnsie eoonod, swssBe Lss ool s
o T e in,  Ueyw g LBW GUOWS T, ey snam o150 g6 mu mods G

; P ; . : ny > s wen Quiwmwoey Gu,
S b e, eravBa, T yBuw NosEmaen Tt QY LOT@HE, Qaioyevs & Sicv g L &
gnm@’&@wﬁ'm wgibale. Caishgy Q818 puamog Smalyonayn ;73@11@&'3@@,, '5,,;],"0;%5%’; EL(S@m
 Bumasopin. AP GIE GIpees, aert Oseno; wep Cuiddlaurees, | @b
B o, Biods (epelpsneT. USTaL prsfs Guiu esissBa Jpi Guieios Gt sreis
@en s paiviey slbifien g g, eas Qgmfitovs &S Gurbl@s Gigtu b Baaptd @a)éiv Snewapur,
seanGenr Guiey Guiphl aipgeni. e.LaiEs e DGl Bl SuopBew, Bipsns Guain 5,__@6)6‘5)@‘,_52“7 6:'
13

* Qanfe) GiLH Mgt (Boiy), Hlesuo  ghrounsen  Quiaglureni & gaevan, GElundsn Qoe51%m-5
467-2~8 ’ e




50

Qarcd &Jgsme’g(@Gsc ‘G;L{u‘;ul:rm;{o m?@mrr@s'v Qu;lﬂwi
sLguh SBT WA @fyg.uﬁ"C?uﬂ@\w - GTI YD
eTUuLQ_UULLanmZgu: m Szaqf\rm@ 2RF QUTLEEZS
BELEUDE TN, mgg@a?aun@erg .gb@j55@m
v Gums Buig: eTSTIUDS, * BRspeLewT g
2 ” GTSBIM WeSHIN &cr{rsmmmu z_{&/rrfsgan?ﬁyrfr”n,
Qupess Gumiig e, Gauhes \L.CG’;“,,L/(.L?’T&; 21533
weirg Gapp  e@mLenT Gur g ! QUTLLFNE S
&% pen T eTeuIER:D S B 31T5 BN, -
“ QainBoSTLT 6N Gssn@gm Ggq@@,%@amqr
QuiPuwzts Guumps wLedLp STSBT I &Ll
¢ .
ULBeT ATl
Faur GEwpend oL Guifars @b (perD ? ;ﬂn‘r@ggy,r
%my spyssrRwrT @alawT ¢ 6Ty gp)wé)un(_as .
erapuUng QUi WEEI(MEY  LOGRLL Ginir 2 5:5@ aj@;srgm
GTID  GTEMGRIL ST OGIEE" GT..)WJQJ(\ a;:s:;;m@
(pevp.  emndHD un?a'aj@g o (G50 B
€ USTUTDESTRIDDN mq;sfgm‘ﬂggjf,sp ¥ o Grswvrrrru
676551525‘.”;]_"5 ug/j‘jTLIGO’)L_WLEU)GU ?5%:7%.5@@5 .
@3, O BT, SFEIY QU‘T/J‘:‘H?‘ , wemipdst
onsiTenU, ¢ euyTAP AN ST T aps D H DML ( v ,,zelﬁ)T,\mj
GausmLd SLLUTB TTDTLG T D ;)Jrﬁ;__@-;w,aan
on@”) T AT EC S @gju{nﬁmor, gmg.l,
OasreTmh  HBWHDSTT LD DITWDIBL S"UG?;LD'T iy
LRl OSSO BT ‘gmzj:fgq Jﬂi\gwq@mmptu s,
« QenGsrsmaewst ‘el gl LS
o ” ST miL, WeLile ) UGFSSTL mn,xmg
“« Qai1Bia  Gsrsmeswpust T, FRU ST "BEDG
ahg”, eEQD, UBU LD gwgmm(g,ﬁ | pffm,rz
Gamig GONTF MTID G_suzusv g mm‘g’):?m_w qg?u
s @GRy, Moy BTG LIEST, GO .uugfrp(%w i
LgEsD.  BITR YD  SILTLOWUTGD. g Curssm

AILEHLOILITE) DiFD SN WIBD TFUSZ, U
gnieown  BoTe S . 7, G ' gmum;m .
GT6sTgILD 2PITSHN aBSZI STLLIE Bz uwers
F DD

&1 Qevsssn  etevien 2 ogefien,” B, Lcsy’!’ﬂ
Gurré,?) @g%ﬁ(@@m& Gassm@LD ﬂ@ug?@, “ oemfl BamD g
61651 DM @TIT T m,Tﬂjg,@aﬂm@] @u%@u_/@
WeLD, S@){g,@gg Qa16 £ wenll - Boirs @@5@1{)
sretTu ST PaumiD. 2ulgpid Beog8nh Ll g
BB BEET GMIEHLOEW @595@95{. Guguip, .H&‘l;&al,l
B pseiuapHED omsaigir, 5n@mquaaﬂ@m‘5@m
usne, B S GO @gﬁ)gm @wgamﬂ,g
wasereLy Bey, RasPss Fuenlar 2@LLSIED
aatn sG3SVE @sk aBsms 1L “ Bhmlemn
Q@sgnemin © GTGID a{@&nqg&,@gﬁ, _“gﬁ@g,@w‘w LITED
BIBABSHMGL ", eTETL FDluysTanmi.

Beors Gsés 2damzsn  Gaemanustevaum ? 2125
Werd B S Gsaser 2 s@IWHD BT B, erdiammy
Berrs Goss QuwiBsT  daIlp sHpge T oL
UL SQUET QITLLEEDBUNGT @GSTUIE&?@"H'Q' -Glgsxﬁ?f;ur,r,,
psiGan _apguid esusky, - Fopisiprels ”,
Peangony f£1 Bemssbp” ewsmini. g
sofey BT Beops Sl eanflad eafer Qesvarbai,
auAGurt  eTeTD unEUTYETH  eTeBanmh  BenTU
Luenps. GuarGn, U@ smsn anp
1 ) LoD uq@mn@tﬂ@ﬂ@ ”QJGI)Z:)‘J@LD LWFTLIBLD
ﬂmur‘s&m, “ suy_lqulﬁ"giﬁy@) ] mu@mﬂ '[gﬂ
Heopp 58D "> T FDBA@H.

e, St s mssiamallsn il Gup
wggjﬂg@;lﬁﬂgcﬂuﬁ]m %UL{:’SZSW &m‘_nggmv <« @@S
gon  Sifwrenosled » Coaucnan g g

(O
Gy, QueToTies Qupsgeunsers®  Bainss
. witghen eune, a@si Quieing 3
é‘- D& e wrs, 251 $51ENL LD uSev, Qauciten &
géfﬂu oot Lt TEBS(M.

BgBs ynsGs gd Bl sweney siGurensw
Comaias @opigaamGgsarmybes deog G ey,
Gsiy @icaBesGmb. @owtss Bgrsim g é;n@'m.,
esupp gy B .w%&mnses BaLézn, Qensl Gunewt gy
sh3d aHE dley smmd.  QaeyRTenoew,  seves ”
Wew, “ QBT SEI DD wemHGas”, s, §m
BILL T (QSTPlueouTs @ miysacaBy mat D (oS gy
Bi), m@mboufmn?w Qraens Braenmsln “5iE" STSiIgyILD
2Ps1158N  “ @bymenn wmits  waupn aum
YSTQD  QUOLVT@DILL B HE egiiy ",  etemn
eET M. Qonss Sevmy emgpn et  H%uw),
S%vaisst MBS BEGL Guipg, ST &M Grnevw
O 2PwTcey WDEs wenpés BELeTmg. TN S
Gurestgy ¢ Qevpuuaiss seapm B Seum  Gune ?
@8%xy uLi QuelsSrtan " aretgn 2155108 B,

“ weomiGuar wanunafisesn Grnenw  Renmuuamds
peupmy Bt Guiw B’ T gy & pRGM .

sLe v pafugy 3 Bs Culug eren e.amen,
GOa Uk  AUmEAl)  Fe Ul BT . smag s
ursded  us  apeen  &mcly aLerm  Lullser  sm
uGmarE. afues®, atlal upnfE s UL Genon
@ @penaln Wl  GOUSLL BTG, “Qisss
BB MG’ TEIEID HBITTSHV, (IO Lwes
BrLEsw oTeTm HITWIoe & 15 Gfig o gl
DGO QITUFSTR, 2FF Frian s
ey Quigreir, eTRIgIIND &KG.D,

“ pananie uwetTgnésnt  GFu S 2 sefl TBUWET
sni@en  sLoilh Guilg”  eosiim, sy e Quflu
G aTH DIGEGE  STRSGS SHATHI  UUTHILGE ST,
@550 SYGUEBLD, &L GUTED @?wuuu@@hmm 5y
2ies1s, C Opefley  eleyowmeno ¥ wlew, “mmw B
euullen ” ersim & pfwensian.  srHm,  Beeesey
ugall @mtsngs ¢ mereLenn U e,  “ aell aiom
(G 10GGEVLDIT (SHTED ", 6TEH My GO Gsnenai.

CumssLaumme Sms@maies, Brwsfwe eTeD
s%ulsr B 6n Hfsmrusaid eZisluLng, Biw
SAwessr  we s munGsln  Gpefer Lk BmwsSssment
GISST QY LEVIUBIL. N0 BT, 2 LB, SLG AL SEUILEH
UB BT GuTipEmas 6B BESLSTIST. 9 umBia
Qenlwenwcwrenn B Fwon®, Bher.ue Gsnipuser,
WPSWSTADDD  FFNME L GIGTHEENS Q povléset
Gurnssrgy wdBSBEsed. aen@, ucTanul  Quss
sy Qsfurs Moty smSIEI’  &lonE@WD
Guiy pms DsfBs widl, Bi, ase gpsaiw
euenm 618 FHd ST BENIEE OSWTENDOETENTI. SUGTHN
at) GuEssDs, S Fp dmollu DgeTelSd e
uings Hfw SN EESESHn @wss  aBSSTIL
TR S HISIMN BEEHT, Bg3s1m B LYY
spsowoL, “Pogls:60 Bfows  Iooisss
erenr D @weflsy, el QUBBESELST B
[BEUIZH  LJOUILIBLD.

¢ BilsimenonTg 2. " GTHTD (NEITER GUA 2.
awng., BmssTs  coerilimssiagun Gaiseslw
QUEULES LD AN,  BIBEBERBu paen  séETH
aon, awss, &1l Bhlemissul udsw Bl apwms,
e Frs asMGUIgsEs LY TS, QFwDens e
Qumlalss yrmie®, &6 BenT HIwWIED GQ B0
WwIHY HITLER  pFlwuDHBN P36 @edt
TRULY (BEGL  [BOGE, QUGTETAL GUFHSME, BonT
@afl “ uiBeped emong ” “ Ozl % g Snnw
wanHCaenl "ET, LCGDED HNHOEGLTHID, LOCHLHRUILI
“Ouw  er@mey  Quuuwwrgub ” Qeuupr  gyrmisd
sefgyn s Uelsefgnn  CMudLGLT uaid
Banmit a1 g Qansn® 2wt plewaln F18wHPsnan
VweTuDED SDTEE BB 1075

e1p Bweuti Y

(o Q. FavauTapts S,

Moen Panseled SLLLLGLD SLIGLLUEGST SEbE
Jaenoly  (pepasaiessy &l Guyeligest  srsu
zos Gseed Uaalgs Gosriagnd  HoNMNEGETDE.
ar i B Gy YBHBSNT &G Lwh OETETITHLOGTENE)

24Csgmacn  wien 2 Feaulm FRWE F0IG &

-, aguysen, swendmrs SLEISE0 B
Gunenip wwysen, Saugyiysst, CrInl3Es s
Bov @%pg e ussw emiFs CuTSE gBwera
sonmb. QesHZusley Symeny BpaTGID, B55608 5@,
FHELLUTEESB D @BH3@ BoOiLdIEEG o6
SLIGL LSS SRMGFLNEE SIEICTL.

1.1. Qunganss a&fed wow  Feces. T aub  (Black
Cotton Soils) &G T oS B haar gy SO
UG sLgLEEET  (DS8B  BLmusad®  onT
Beper.  &HLANE GTBSE ELGLIEDS UG SSoD
SUWEGRETS)  BEBS ALy ETALLL emnalons  Ses
LM & S SLD, Spuunes sesenils oFLISET I EE IS0
@b Aveninsct GUEHLEUTGID  @HUGESTDT.  © BGB
snewnaCa @580 Orélar Guifuneniselsn seues gams
FAGE UBZINETF. gl Gurddws  gemmuied
Bg H1C PBBpncn Suunen (pehGem Hpl SEIEETON S).
aflsqd ey Honseigid sefwsy Hevtsalain, (@eed
wens sligld Gamuysen ( Light weight structures )
arepLiLjey BHETEN G gallaunes @IquUeLlydeT, FhHaTe
QuphuSwsd LD EONEHS WRIEHTE) &ToNd BENL&E&T D,

oeasln  diflunsd FIgIIpETIeNT, SULQL  2uy
soigfa Gsmaad eehen eI SE sngaBairib.

2. AYSZMSH Cxmaas.

2.1. @35 OB SLYLSEE JY4FIENLD  Fupl
Gun@n squueLg Cseastn Reape Geucigni
Grés GaienBLo.

1. 2985850 e pSun BELUTBL, S FN
wanellesn snugw Pma (Bearing Capacity) wphmib
SIS LY ( Scttlement ) B Ewene st
QuipsB8s aarene.

2. gaGa ans 9B gssoepn CGupemlu 5
sweswg  Gaeask §31 Crugfa Fepe Gedw

CossmguIgm 2. eneng's

22. Q&Cosmasaficn dayic BTy :

J- i gt GogyIHI 2HPS 3586 Loetenficy
@ DUGBLD &g &My B% slovara s gn  (Shear
failure) Guiguw sy GG S 510U
2198 560TD CEgUSIU: SIS GBI e ed
_wgﬁ}f@g s §oauEs  (Allowable bearing
capacity) ®LULLFTE @@3&6@1&%?@@.

S gser  wEmEtE gTRED brews, s
song e angad BigSson LB TP BT (Soil
Profile) (oamemBiGEoRes Lo,  HIOG  eTeni,
spsliys B (Shear strength) fofi wic
awrn fueastis Cuipss ecnoig.

soflwedr donsale SL 9L SHIT Y SThS

5

Vs . " e,
el Y. }
T o | .,‘ N

v\

% B 4 f
B.E., MSc. (Engg.)* RN -

2. ey 8 sonn G)a@yrggmm i1 5 F6M
wrwsfey apuGn  Fobhp pugs¥(differential

settlement), ewr oUgans  (maximum settlement)
SIS UL GTEVESLEGLLULL  HENaNeT S8
Qmwas  Gausim@Lo. SarioeisT  Bev B B BNESEES
4 O&. 8. owr Fuppy  ugans (maximum  differ-
ential settlement) wewp) vmusnen e oy &sonm
aonaés 20 G, B ewr opp uged @iLHus aso
e B greuenin (1.8.1.) uflpmenss&enm g.

3. aumiuancy efleneyseliaen pib <ife) erpuL naensdsicy
Sug ssonn evwowg  Qsfley  Geuwyn  @epn
U aeHOILID  abmsns  QrdsGeanGLn. QST
ailmcysen wienas ¢ e Be B i 8 &mHmib
Présions @Qusscorin;  wemesle pRIULWL  2eviay
o7& QFEEEITLD } @l engews amellaonnaib
Caww eGuyserngid — oamelley Hawn Fr B
WTHPBEMISOUD (DEHSSOOTD.  &LGL  OEEEe  Hevi
Cugw ybuw & wre GCalwsenned g ssensE6
THUBL Blawpp gaesownseyn (QEEEeTLD.

2y sgons Cooasen @I GRS  (EET D
semGLnis @af), &siugLiseley 6flead @ pLGa s
&MeN  &Tyetiall PprmuGaunid, ’

3. dflsdvadr ghubusnster sryamusdr :

BNG wnss sligLEENE @HUGD diflseva@nd. s
&Y QUGG SNIXVBSST  &amEVTLD.

3.1 Quapungue g dsen  wemelen Qe
G’gq&@w 2y Bp Crrabu sceowg vdsens
betaalen sL191  afifisoscné@s snuamiwni e eneren,
eaupfu Qgnin sigemmsen aimwon gy :

1. sy gseon wamelsnr Guew Gpredu ey 8p
G’.mna;@tu' BETGYEST  (oasmessicit Qu@&&,s,@@@ym (g
wg 2UHsI@QID) FGEEEEDID  @pueSaen.

2. wamenletr QUSSP SFHESLL:  toerrealey
B2 10T hptiEen 160 elen@ettmen. e o oy

3. wemenlle FuBly wrhpiser, @

Bt 0@ aIgane) @yniiseheles crg;m@@@mm S

s, .m/@@@yehm B e ferssin mu@&aﬂ@‘?%jﬁw gjz
sar  GuraTpea  EER ggm)m e ey ' o oan

BConiL g B@@uio e mudLp.

3.2.Am@zm Cumdss B@ayc &msa -
u®Ld L liyae, 99 & s6ers Ben %’f&?%mgg
Cupds DipSssms oL wBBWNE @mie e
CupissPEn agLslhe eads Gesupn et
gaee.  H@EID QUEaINs 9ips st Been sz
Ber genwacr pgefueral wein QU S &men G&'as'z

D ETLWIGTLD.

Bog amss L9 N0 apUBL  Qangs :
& . &LDUJIEJ«{BM@ &L191 & Seyt 2194560 ﬂ%ﬁig&g
Sael i@ rFoGw  atoemuony e cengy ity
Qsos @gu u:szm @Ll@&?&uxlm_[_'sgl QaramGL -w@alrmo
HI@P SLgLseT Qg lysE eyornsonmn, e

* @or Pt Qunlunont, &N S0 HUaisPsRL0, CsULTESL, GOreils.5, '“

467-2—8A



52

P BLiiscldy umes SnemsesdGs S@BsTH Gure
pamefiey Bawd OB  wIbpBEET S S8
Gs BHIGEHEEGS STIFPLOTL L6 EET. wifié srevuaseies
ELQLEBNG o(FEB 2eTen FISST  eaBmATH
S SB0E SguD FID sFLN BH@STpg. Gsnan
sronseie) SLGLSDDG WHEEN LeToT LN 25
QurBeimg.  Siwg FB Ceiw 51_@_1_%:,,@;?@ 2ig.6)
DIGTOT  FOY CaalBufisosrsnC. Gmidang. @8
sovsu Papifaote wifls sTwgBe wsn Qumes
o Gsnen & ETRSB AT HFHESW 2T
Dettpesr, HS@O) WX SWTGYL LIGUAD QFwBsTmg.

wemala ewid@ad ugSl@ad  sLgL S B
uE Pa6hicv s (Tensile force | eamréasy
ur® sligLth elfiscoser ames @grruﬁ.@ﬁgpg. @5;4;
Ssdvsenr QenEssnsan BeLwursad aploNssTs
o @ue@n. GareLs snvgPer arams OsTLmBu
QaugLiyser wenpd STNSEN  BawB &L g QL
BL. 2@ wppagh HBUPNZ.  &TIIWLD,
SOHEBY  SoNeysE LOTH Bandn Qurpssty e
B2,  FmEED Guipd slqt g8 uen g
yfi8ng.  B@e T Qupds wenLujin  Gurpg
sl gBaT ugne Bhggney Qurss werLw Gausi
Bw. &L §F apop aifse s@me el bs
Qemsew OGunaip slgL. ey GQunmerser  ohfize
senEGeT PEds Qatenagne (Ehr elfleecasn o1
OWLTEE FHBUH SO LGEIIDS.

&Gt QaugLyEs FSMBTeT SLig1 meefes eurTHED
eussne OuEbuTgn @adifisaser GsnerL.  1om s
slSTGET STaV S SULSHETDE TSI S
UL@eTeTg. QS SOT Lwaneiic sLNNTS &S
sofl@ey ailaryls  FopHD) O UIQESENTEY ST
(Differential Settlement) QL § 5 QagLiy s
ahuGRsIpen et GUIBWNNA&EET STEGDeH DT,

QaneoLs snremsaled &UIQL  OIFEBED 6Tem  Losd
eoihg GuiBeimg. Qo ggger wemesTia
eorenr FOUpL el QUIE Sy sger il LGS
e oemer e HPswrsed FERIUGHSE  earer
wen GEpaiTsen SOBGESDE. Guand, 2ug.8sen
Qaefuym wIw  FOHEESESTER  WIRNILGSH  Wwen e
wih Criggy Y SPWsPeIng.  sgsser o
aefanguley emen WEN QEUTD FETUSTER) 2iq 66T
PlaiuG S BOILGHeowel. NBsw0TsL LU Faki
Sng. AYSSMSHI SO UGESMTE) SLIGLID
Nfcvsen &Tewls HUEGDETDS.

3.3. L FBNG SQYSSOND  HOWSS  LGHu
st @ SLQLSBDNS anubh GsgsPar amssen
g aBSL  UBUSHD  SLLUUCLG T SuD
Qurpsm edeng. HQSson W CUBESLEDL B
2 8 saU Gurilime@e FRuvl'ed s stemsal®n erupu
utLrL SLIgLAseT AGSH wmwn Caeflh stewgFew
My Fopp  sOEsEsAAE@® QaglyseT stams
SauniGBes DeT. wimes Gsierd &SP  w
F(HiED ST ZEen Bl eTEULLLCL.  &LIgL B&ET
205F VUBD WMPS STNGHD THUBL 919.$56T W53
Qu(5ES & ST SneaILGu ST dlflsdvser snemg Saks
a5 e, @9@96}) @'@UlﬁL;L. sLIgL safley  eliflgasvssn
GanesLllev  Ganery  elflaen Berper. Qe na S
s STEVEEGEY Ganetrg  elflauen Basperr.

34. aprPs & GE2aTRYSGT : 1969-0 gy smged
Qesider  Mm&IL, SIRD  GUOGUTPHD  SEIGITS
cupL O 519 HEULLLE. B ferd @i ,lf(?&i@u
UGBS S Bl sl swrfes  Caemellnss
ST ﬁﬁv i wirw  Haepn S P0pE@S L g.
2| SE0 HHYLOTT Bean sFemys sEE@0 CurilLg
Qs sau Sareum B4 LT F(H 83151 @)

SLQLD &1 apysE BHUD Hembsst et gyd §0
uggsn CrmBnhs sl nselvsmL alflswssr anuLd
SuBBe. 106N FEHEFWEIT THS  SLIQLUSTSY 6D
uB Gy ilasesss Qe 1y 456 §TF FaI(NBHLD.

4. CUBESWILUIL ST TUBS W Qassdh,

4'1. Quepburgun Busds WL SEhEL M TiBS
W UMESAND  SLLLLUGL  sLigLmsBor  Segyafos
@uiun@seris wMBsSiper. Ggnea LwWEGL R0
W eSSt Wieha T Jenasla siug.  Hpag ?
Bwena uH A Rold sneimBumib. i

4.2. B ewvips sefumeud OFHuSE axbSTN
sofwe so51 e sonadn GuTis mesLbm &TLH
wollug ssmam®. Qe s3w QU BEsLEL F60 6T HRBML.
B  aaloay wessit F1f2% wrhpusmie Garg
aefi@e urSésun B  BEss s Qussmin L
Bsper. Qdamsw safics aens AOLLBTLIG TCRT
STEIUGG  &NFe e ( 'Black Cotton Soil )
G0, Qs spuy  Amors Bisw.  OEns
vmsggssienw  Qupms 30 UKgs  Quowseiiey
&1 L. o

4.3. Qumaés LOGOLIYLD  FEOIDIL S1TUIH S LDSTT QISHEST
eremd BgB& Sonadivigs s » e wsraimi @5
GL. @QBSu s1sH FHSEIAGILYG @ULLET AUS
sor CH aoim s g®o sy s s@siimen. Boa erévdev
wi  ( Liquid limit ), S onasvg. & erendevuyLd
( Plastic Limit ) Qe sens 5 B 2Pswb.
Ol  Lws@EnL 106 euersule  (HMDES AT
B3 a15%: 40 550 sayn sy By, e sa0
20 53N a pp&EOYD FTFZTTIDTE DG . '

4.4. vamHfls  gafln Qumrdswn ( Free Swell )
50 salssgd@n CualBrsne LI QDESEGT
O 3162 aumisp gevascn e1en gy Quadunmiast Qghalld
Bsipar.  wemenlley  anpgonen sefwa SRILUSITET
(Clay minerals) woney, aes pRueasssn wsmefa
QupbELeTLUh 24Dy 4l o & 6/B61 D57
wreil Gerfs GoonZan’, P2l gfw @rane safiosty
safionsonn wsmeln (ol subwer @SS
ewkE &MU Quirds) HoLwd SBL  TSILSS
&5 UeReT e

4.5. wavfles gusagLe ooten  FISPET MeT
o Qurmsls wser B Qurssapd GUBELL
o  ofessuph  @réePerme  ereug  SINGUIIY E&U
U @snon . Gugin, safuanefiey sFrgher  ea®®
aGot ssvengy o BunrpBetr Baeyn OFTs HeoL

U miay BTGy 818,53 QUREELLEL &QUD, FHUEHBNSE
LOTGT BE RS IFEGHD STXW §F PIBW (M5 RTINS,

4.6. Guiyiucsigmens st Gelurssu, weanefluss
eSlwey piseys GarlLgBgun, CFOEGET%NG  FEHDUS
By  OEGohsny @Hies SLgDgb W  unEGUT®
&am  (8o0il classifications) wHpd sofwey GuEss
dpssi  (Swelling pressure  of clays) um B
B glsmas bL g SLLGDETDENT.

5. clllecvssr 1 HUGMS S SBESWD (LH DS,

5.1. Qudsoeiyy SN QKSR QDS
sofeir  Gued SULLUGL QNG wEE GLIGL RSN
apubl eifisvslng SGEGL weMEID TN LR
UMBEEFEGL  QuAGmRZLT Y @i angueswuy PP
owl  ufipgenr Qsuadgeaug QRuans geIMESGL:
UBUSTE WIDDEEST Louelied FuBooemul UTHESTH

2 £ £ & AAARAAELL

QEYPPLIGE
Hogpse -4

e Bouuped

$£94.343593 3% 33 5300 0 000000

......

._1
ol
: o o
o %’ ?
0.9
G,
)
o
&
v . q
° uLsd ...
T ————
LD
"”"”’,”',,"”’l,”r”"’l"’ FTIT PP 7772777
4% 088

&0 sai

Bleowor- 5 e Hp UEHHITO.

uLw.2.
uLs. £

.



PpaiaT
wy

ul
o

Bes > Oy
g

N‘Iwb"."-
BoexLre Ny alSiiy

Gens omga3h

, I 77 778

P,

L E)

A

a‘

’

1 74

ay

Ao A dfeaiuc L Hopgnon

/IR
Snmgy Qe o

epnonwnae

SpNON NS

sppbluy Bopus

Py : 457

9q : 30°

"-'_‘"'1

Spmp Nqdflesiuc,. Bopgre

& a-lo auspepsppd. (145 T

50 B WB. pyuymm spanaop
pmi hey Gigiss e

655

560 RNYFFOTEHME DMDES PLRVMLD, MG
gg ﬁr?nmmﬁ?wggmaémi# Roner Sl e S5
Qanoner qpweIGh, HQSsHTI UGBTI &ofycter
wamdans O FTTFIED SN (R B UL GFd
gl QiP5 GYSHID (PSS, DB T HLb.

f  gpeomal

5.2. efMflsvadmng  BOIUSZHETIN

Qefls sresmGuaibd :

5.2.1. &9SSoTD, NG5G WY DFE DFeNSHh
FWUNGTE MDD GLBESWEN D 65 EEaW
alé &Bas (AmssBusndin. 235 CBrsHe Mg s
sond QEgysgin Nesulsd THUBL W (P PSS @
amuytp  way  wgey 4 05l Guet @HEsEmLTE.
RasHBanmy euedasled  SLQLAML MY FSOTPD GG
auenngsliu_ CauasBi.

5.2.2.1. umas B2 wappusds Gy 2 0T
A%y LT HDNEGT 6T HUBEEST ST sremu gy et
FaMULILL . @merrébpmsm e GIuSi .o
a7y S THUGBSTDRT. B WTHD CUTES S
aomfiey Qurgasns 12 auq opeh uETS gy v on LoesT
&raT UG Bl WLTHDHEMIS L1 BEsILGRTTD .
A SFNSDS QABS HWSHSPS Bp 20T @ag
Sevalons SGUUB 1055 BDES LTEIUTGD.  4E)W
uroSw g D19 B FITHEN (Spread  footings)
Qesumpg B  ADWULG  HEESSTCHD (P DUTEGD.
. episBwley  2ETen wsBuw sl Qurddue iy
AnasmgPe  @RsiCsans  ySuBstr  sugeuemoliy
) g_@a/nmmuu@@hm@.. @u:y;ﬂ)uuﬂ}, @ur'rgn_'./
Ul g geopUssT  SLGL. LD;’{;(@MJ&.E ngu.g_f;}:av Byi0)F
Qenglenset  BLESIULE,  (Qoapeomul s o m S
un® e g9 Geuwiul Bener s.

L3R E o) SHunpE g
; D woseflesr  (Under reamed  piles)
gﬂjg,@ 'fufuﬁlem%ﬂ GPUUUUBRSIIM Y. @Bs Kag
gromsar 10 sy (PSE 15 2ug .90 @wor Qs
ST (In-situ  cons ruction) Q@
Baper. RBEHGS  AONNUCL LGNS EMETIBESE
G genannGLo. (48T SISO Qur gussll & gienmullesr
Grundsn stigL wEHws GarlLgHd eororer. (g
srgemser S sehest CarsserBCa T o%5F 01 HS
SBumuoner  @ITLESEEGD STOUGEETDST. (UL 1),

5.2.2.2. sailnssy

GTeVT B gﬂsﬁmm?mu@ ol BB LD{_'.L_;%'@@
(Plinth level) ‘9i gms@2ayiy g5 (Qlws
Bna. @B5 288158pED BN wisBHEn Qe
S 6" L_@G)_l@ﬂ GQUJLJ@@W'D@ @5‘5 9——,@,@75,@@7
GLoe) LG th GTEPUUULBRSTIDG. &5 LMY PS5 QuemG
Mg SLIQLBIEGT UeDT @Lb;’l,()ﬁ'm@:tﬂ@fl) BLLALD. @_/5@
aufwner  cepswley  SLLLUGW UILLHOUg. SIS
SOTBEETES T RS0 Qsavaler 40 s555  Grveysres
[BLY: oplley  Qewam@sing. CGugus (@uipmm
g;,;;_q_z.,s,%om o By HE e yPwalidsp .

5.2.2.3. s0p BILge UN PSSR Outgiussis

FOD Quapespeows  LWFUBSH  OuBEsLELLE
sy wILBS sefoay POUSHTS) SLQLTIN &G
wehTan gl. gooss  Bevmgafay gL SB35,

N_ET0  oTBES  onlamCuw

Loml

Elgmw@nf L?DJLQ_A;{T’;G@UTNLb Ut Ossient oL el saioy
Hevma@esTe. Q@ WBal QuBd FADBL. c?@i’LDSﬁ’?’T
eI SLLUUGED MGG FNESN GIEETIL (L5
G spfuyerer wimlems G sTbs Gs'n;nm}@%mi
Gl 0g. DIGSINE S1HBN BES (BB USIIPD 16'
2' 07 awer @e Ol Q@D sl L&

c“ff@‘) Ogramiu. GaiaaBL. sl EsTaflelT NGy

@resly. oy e BoUl) SIME BEIME SOHEG
Csiga @miaBw Seteni g ssoms s1E S o se0r
Guey  Quiiin Qeuesn®is. S Fsons  srer@fl B
uTUgl U senty L. pyhs Ueteri @en Guafisaien
wewiey Bl gt Corsgs G gquid g sBaesBiD.

5.2.24. 9y gsomé sTIBAGEE gl HewEs
UBD  wewisy  UBEME  wHGm  elssH b et
yfasipg.  ougsser wavelnEs &9l g8 55H
@IRD P SESEET QuEh ;g o 2IE  TOSSHS
Qanersugmed  g.sFe1 oaETElnGg @R NS S0
GFondsmg. GCueub wafls smevnseiey ewadiey Bi
AH0S  BouSTY 2AH SEPES @QrsosCu HevLsHE
CsnaEn® Sy sHer e 2LulaISNG (ALloefsBaTmg.
Goualh arevmsefgyd wawew  Frorsbear QEUUSTE
9J9.& FET LU F(HEG STV THUGL @ S0S LS
@é QeranBng. wsCu, GCstaillgyd wriléstass
Qb THUBLD G SSET  OGHTENGS  BETEYSLT  LOGEITE)
QrsirauGer sfldsligy IGBNH. (vt 2))

Quapenpulley  erpULCLG g & FerEselie)  igS
BoTs SN, e BUUBSSsUULL &AL Syeeyb
@masomd. ALLGUTpE Selss wL.gHev gra@emiy
2 5800 Gamaflidey. SR WLLSGHN @ SHE
ey ogHnd @muug Gurgwrerg.  Gugid,
s _sanellssr (Qm udsnsln Qumlyg g so CFuse
Ful erpiuTd. Qg 0D SésaTOHN AP STET.
Qrullgonn  sofls  prorenelley  wewBar® sHH
NBauens (QdFuT  sGEBng. Guauh eI W
Qursmasien Oseirgy alBumsyh Qg SBE86Dg.

5.3. wgwamelles mo Bluvews Erner H%vlley eveus
Briug sl SMewslng seUUSe Quiigd %
yf@ssiog. mg BHvemws Srrer BHaulled e s Pmeéss
wswirend pmpaln @Qefls arem@uath.

(1) styLdemss apfl dawgfis 11 6" ps
,@Q@d" g@w .6 Sy S 4 HWBVD  SITAHLD
?@1@ 35;)GUDT@LDL.[ STEHEBA. FH OIS ST HNEFNTED.
U 8.

(2) sl;uy_l_{g'sr@ﬁ)@u UEESSD LD . SIEGT Ui S &
Lozs GILQUIPGID FISFHL G UGB HEEDTL.

(3) .'rJFr'r BILAADLL WDIBEET SLUgL $Bh@E Lss s ey
QuoTIOL S SoNidsLUL Gaem@L, RuoioTsiser 2yig s
FISMG JPESIGUTE 2 NGHFLTSMTN wesenley Frid
FEIILY.  F(HEEBSET  THULEVTLN.

@) sLQLgPhE0 usssBy Bi Gand Boug selig
SULLBUGIBL. QU ETRSEFEGL LGS S S QL 9.8
FOTD HeBLUIL S FelTEs Gauss®id.

6. gpyarss ol s&m  sefwsr : o s
&L oflapbyGeumrt 1— parisater s
1. s w2l gieiren wamenflas LT amy

EG’:S‘UTL'@MJ. .Gajmv@tb. @s0@U  QurBlue @%@iﬁ

D oiaseniisst yBubmblar e seflew BILeT, !

2. wenellesr uTGUTE sRT_NBs ares .
& Plps QgL s Ligmug')’m) WQ%?;L‘%;
aé;@fn:jsavnm. )Lo@b‘réwﬂw&mﬂw@ QurBwmentasafies
(Soil Engineers) gCeonslavalans G) ;

wn 5 ST, Ugiaigh Qe fluemo



SILVER JUBILEE CLEBRATION IN IRRIGATION RESEARCH STATION-POONDI.

Works Minister Presenting Gold Medal to a Worker in Irrigation Research Station Poondi.
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