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EDITORIAL.

The Report of the Irrigation Commission brought out in 1972 favours
a8 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 individuslly considered, keeping
in view the potential available, the facilities required and existing commitmenta.



PONNANIAR RESERVOIR PROJECT.

by

THIRU M. BALASUBRAMANIAM, B.E., (HOns.)@

1. River Ponnaniar :—-The River Pounnaniar, a
tributory of the main River, Ariyar (which has two
other tributories of its own namely Therkumalayar
and Kanuuthu 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) castwards, 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 mentioned above, are not perannial but
they carry enormous quantity of water during the
monsoon period.

2. Scope of the Project —-The Project eontemplates
on the formation of a reservoir 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 yield available at the proposed
site is about 10.2 M, cum (362 M. Cft.), the catchment
area being 87'02 3q. Km. (3360 s\, miles) and the yield
from the catchment hbeing 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 oxisting in the river is found
to be in the order of 3398 M. Cum.
(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 ovaporation 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 Sekkanam Korambu on the
right and Muthalmedai Korambu on the left and
through an anicut, namely Karungulam Anicut, all
of them being situated within 2 K.M. downstream
of the proposed site of reservoir. By letting down
regular rupplies of water from the Reservoir, through
the river course this ayacut of 110 hectares (271 acres)
will also get stablised. The requirement 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 yield for Irrigation purposes
after allowing for the evaporation losses is 9-91 M.Cum.
(350 M.Cft.). Tt is assumed that the storage of
9-91 M. Cum.(360 M.Cft.) will be realised in two fillings
and hence a reservoir with an effective storage of
4-83 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 483 M. Cum. (176 M.Cft.) is obtainable with an
effective hight of about 15545 m. (61 feet) of the
reservoir i.e., between contours 23470 m (770-00),

and 258-24 m (821-0'), After meeting the requirements
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 8-2236
hectares per M.Cum, (6 acres per M.Cft.) a new ayacus
of about 740-57 hectares (1830 acres,) is proposed 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 ryots 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 hijll 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 Secretary in 1970. The staff of the 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
general foliation trend of the gneisses in the area.
The rock of this area according to them have been
subjected to Plutonic metamorphism and  have
suffered considerable folding etc., which are bleh.tly‘
brought out by the changes in the trend. of the quert-
zites in the area. The quartzites in the area are huff
to pale yellow in colour, coarse grained and highly
laminated. In. order to locate the existance of more
reliable rock extensive exploratory drilling operation
were conducted at the site of the alignment especially
below the proposed spillway and non spillway (Bulk
head) section which is essentially to be of Masonry.
The rock cores obtained by drilling operation, revealed
that the gneissic rock available below the general
ground level was also not a Continuous one, being
intercepted with numerous fractures ;.and. ; jointe.
The rock even at great depths, was found to be > eonth; -
ered to some extent though the core recovery waeiin -
the odrer of 809,. Tests were oconducted in ‘the Soil -
Machanics Laboratory; Madras on. the Toék' samples -

@ Executive Engineer, P.W.D., Ponnaniar Project Division, Manapparai, Trichirappalli Distric

for durability ete., it was apprehended i that -the.
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- - (v) Downstream side slope. 2:1 with  3-048 m (10")
14 Masonry diwm wide bermsg  at
(i) Tength T N .. 5182 m (170). 6:096 (20') hoights,
ngt

Sy M 3 at 2316 m (76°). (vi) Upstream side slope. 2-5 : 1 From top up to
(ii) A\‘Iﬁl’.\:l.ll‘ll\l(l‘l height (a 316 m (767) I KL 244 14 m (801')
river bed). 3.1 Below
(iii) Spillway .. 975-2Nos. 195 m Kl -|-244-14 m (801").

g 3 ..

(32" ,.2 Nos... .64).

17 New ayacut proposed .. 74057 hectares at

(iv) Number of vents .. 2 Nos. 8:224  hectares por
M.Cums. (1.830 acre ;
(v) Size of cach vent .. 975 m < 3;0“ m {or) at 6 acres/M,('ft.).
(32" >0 10°). 18 Stabilisation of ayacut .. 110 hectares(271 acros)
(vi) Crest level .. - 2ATI9m B, 5. Financial Aspects of the Projecl-—
. .62 m (25 . )
(vii) Thickness of 762 m (257). The financial aspects of the Project are abstracted
(entral pier. below —
(viii) Top lovel of 25329 (831) A. Direct Charges—- RS.
roadd way.
- , I. Head Works .. 81,22 540
(ix) Width of road 3-66m (12°). =
way ab top. II. Main  Canal and 210,000
Branches.
soation-cum-River sluice. II1. Distributoxrics and 4,03,260
15 Trrigatior field bothies.
. ill level .. .. 23470 m (770-0)
(i) Sillle IV. Spl. Tools and Plants, 1,65,000
.. : At the central picr.
T.ocation, . .o . i
(_") Establishment charges in- 10,86,200
(iii) Number of vents .. 1 No. cluding Pensionary and
audit charges suspense
(iv) Size of vent .. oo 182 mx183 m and Receipts and reco-
(5" x6"). veries.
(v) Size of sluice Barrel, 132 m »x 1'83 m 99,87,000
~ (5" < 67). B. Indirect Charges—-
(vi) Discharge (Max.) .. 284'3 S}umecs (1,040 Capitalise abatement of ' 10,000
cusecs). land revenue.
(vii) Discharge required .. 1-18 c(i:;gl;?;?"‘ (42 Total . 99,97,000

16 Earth Dam. The percentage return from this Project is 3-7 or
- 4 a8 per the original Scheme Estimate. However due

(i) Length . .. 19507 m (640'). to lining of the Main Canal and Distributory the
: . o Maintenance cost is likely to go down very much,

(i) Max. Height at River 24-39 m (807) i.e. (751" and hence the percentage return is likely to incroao

v bed. ' to 831'). by 20 per cent to 30 per cent. The rate

per tonne i
. . brought down from Rs. 5,077 to Rs. 4,725, by having
(iii) Top width of 7-62 m (25). the lined section of canal.
earth 'dam.
R ’ _ The Project works are in advanced stage of construc:
(iv) Road way on 6-096 m (20). tion and is programmed to be completed in all respect:
top of earth dam. ’

_ by the end of Fobruary 1974,

Y (Comments on the desigp and other aspects of the Project are welcome from readers.) -
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GLIMPSES OF PALAR BASIN

By
Tuirv (. S. Xurpuray,

Preamble .

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

“ i Quinsaigy S1QFGL 21 ibBTEHD,
oo QUL D é&Te) @ eF LB, !

An assessment of the irrigation supplies and Town
water supplies drawn from this apparently 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 people could
imagine that this river of white sand sustains an
irrigated area of thousands of acres and feeds more
than twenty 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 mainly
in, the North Arcot and Chingleput districts of Tamil
Nadu. This basin is replete with palces of historical
importance religious and literary importance and
in recent times of industrial and technological impor-
tance. For example India’s third Nuclear Power
Station and the First Reactor Research Centre are
drawing their entire fresh water requirements from the
sandy beds of this underground 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. (45 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
depth is even now called «TIPPU ROCK ”. It is

B.E., AM.I.E. (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
Queen 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 a 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 miles) in
Mysore State, and a short length in Andhra Pradesh the
river Palar enters Tamil Nadu limit near Pullur Vills,
in Vaniyambadi taluk of North Arcot district and 16
Kms. (10 miles) further on, it falls through the gorges
of the Kastern Ghats into the Vaniyambadi Valley.
The Palar then winds its way Eastwards - through
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, runs in a South:East
direction and finally empties itself into the Bay ef
Bengal near Sadras, the old Dutch settlement, which
is abouit 64 Kms. (40 miles) south of Madras. =~ .’

The meandering length of the river Palar is 363 Kmis .
(230 miles) from its origin up to its confluencs ‘with
Bay of Bengal. The flows in the river are sporadis -
and short lived especially in the recent decades.” ==

* Suparintending Engineer, P.W.D., Chingleput-North Arcot Circls, Vellore-1.
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Tributgries :

'The major tributories of viver Palar are («) Malatar;
(b) Koundanya Nadhi; (¢) Poiney river; (d) Cheyyar.

(@) The river Malatar originates from the Nandhi
Hills near Mulhagal 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 viver. The legend goes that this tank was
formed by a Pallava King. The very name Palamaner
scems to be distortion of Pallavan-Eri.

(¢) The chict affluent Poiney river starts irom 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 her
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 hefore 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 Arvcot is about 24 kms. (15 miles) from
Vellore. 'There is a dilapidated ¥ort inside the town.
The history of the Fort dates hack to British and
French scttlement. 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 ewpire. This town was specially
mentioned in the ancient lores viz.,Porumbanarrupadai
Manimegalai,  Kalingathubarani, X
and Periyapuranam. The town
beauty aud leading temples, which attract large
npmber of tourists. Now, Kaneheepuram is the
district headquarters of Chingleput district.

Dandialangaram
is famous for its

- ’,l‘hv.r_c are records to prove that much importance was
given for the irrigation by the anicient kings who were
the pioneers in the construction of tanks. ?I‘here we:ro
a number of tanks in this basin even before the British
put their mind for according irrigation f'ao.ilit,ie; in tl;is
basin.  But all the irrigation works were at tl;(- mere
of Nature. The tanks thus formed wera receivin X
supply through the open head channel takine off from
the river Palar. It was customary to form ab!{ora,mb}i
at the head of open head channel across the river to
draw supply of water. The fact, that the tanks were
already in cxistonce can be very well understood from
the reports of Lt. Col. R. Baird Smith F.(:.8.. Director
of Ganges (anal Works who inspected the jrrigation
works in South India in 1856 «. ... .. . the Wl%ole of
this gigantic machinery of irrigation is of purely native
ornigm, 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 greab

many fine works of the kind have heen alllowed to fall

mto utter disrepair and uselessness .

iving their

For readers,

and supposed to have been in existance 400 v i
to British settlement are given hereunder - years priot

1. Kaveripauk Tank :—~Constr®ted b i-
varam III the Pallava King. This is 84};1 efta:rlxgihvle
tank having a bund about 6-4 kms. (4 miles) long.

2. Mahendravadi Tank :—This was constructed b

Mahendravarman who reigned about t A
the 7th century. & ut the first-half of

3. Parameswara Tataka Tank :—This tank i
situated in the village of Kuram 14-4 kms. (; rI‘nileg
North West of Kancheepuram. It was constructed by

Parameswaravarman, a great grandson of king
Mahendravarman I.

4. Thenneri Tank :(—This tank was built by Pall
King named Thirayan in the first half of eightg oe:t::;:
It was originally called as Thiryaneri. Subsequently
the name has been changed to Thenneri. '

5. Vinnamangalam Tank :—The tank w ]
ted by Udayendran, the Great, in 920 A.D‘,LS congtrue

As stated above, these tanks were prone to the
vagaries 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 on;
among them is the construction of anicut across
tributories and the main river Palar.

some of the tanks of great antiquity °
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If at all it is said thut North Arcot stands next to
Thanjavur with regard to food productlon, it is because
of the construction of the anicut across nver Pal.a,t
near Wallajapet and the high ground water potential
of the basin. Statistics reveal tl‘lat 'thel_'e ‘are more
than one lakh pump-sets installed for lift irrigation in
North Arcot. We are proud to say tha_t qowheye in
India so many pump-sets are installed within a single
district 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, e
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
wag in existance. In the year 1903, there were heavy

The particulars

fHows 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 o portion of the anicubd

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

The anicut as it stands now is 800-9 m. (2,628') long
andi1-52 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") decp 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. (5’0" x4'0") and
20 of size 1-52 m. X 1-22 m. (6’0" X4'0") on the righd
flank. A portion of the anicut measuring 91-44 .

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

There are four channels taking off from the anicus,

two on either side with their head sluices built im
continuation of the anicut.

are as below :—

Length 8ill level
of of head
Nume of chunnel. channel eluice in
) " meires|
KM a./ feet,
M. F
Left side channel—
398 148-8
dravadi

Mahendra e pr

oz 17-¢ 148-8

! ipauk —
Kaveripa o e
Right side channel—

326 149-10
allur .. e e
Sakkaram 20-3 489-33
37:0 149-40
i or Tennambattu .. —
Dust 0 o o

Designed ~ Number Designed
Number and carrying of ayacué
size of capacity in tanks n
vents. cumecs) Jed. Aectare/
cugecs. acres.
3 Nos. 1563 1,962
1-62 m. X 1-52 m. 38
(5' % 5") 552 4,849
18 Nos. 97-50 20,668
1-562 m. X1-52 m. 159 e
(8" x5 3,443 51,059
3 Nos. 17-56 2,070
1-82 m. x1-52 m. - 21 —
(6’ x5') 624 5,105
15 Nos. 45-25 8,054
162 m. X1:562 m. 09—
(6' x5 1,508 19,908

lus course of Kaveripauk Tank is Courtaliyar
’?t]:‘:c;ur?eeds, 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
Res. 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
lined with sand cement blocks.

In North Arcot and Chingleput districts where
perennia.l river sources are not in existencs, the Palar

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
fssues to come we hope to present to the reader more

detailed accounts on the following aspects of the
basin :—

. Growth of Irrigation in Pala? Basin.
. Growth of Industries in Palar Basin.
. Water-supply schemes 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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NAME OF BASING

1. PALAR BASIN

2. PONNAIAR BASIN
B VELLAR BASIN

4. CAUVERY BASIN
K{) BHAVAN! BASIN
1INOVIL. BASIN

il J AMARAVATHI BASIN
8. VAIGA! BASIN

6. TAMBARAPARAN! BASIN
7. KODAYAR BASIN
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SMALL AND LARGE ORIFICES

By

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

SYNOPSIS

This paper presents the theorctical investigations
carried out to classify small and large orifices on the
basis of errors of discharge computed by the use of &
small orifice formula instead of a large orifice formula.
It is shown that thn orientation of orifices affects these
errors of discharge in the smaller ranges of the ratio of
head to the height of the orifices and does not signi-
ficantly affect in the higher ranges. It is also estab-
lished that the orifices function as large orifices when
the ratio of head to the height of the orifices is iesser
than unity and as small orifices for larger values of this
ratio. A discharge formula has also beea presented
for large circular orifices which is an extension of the
formula derived for the flow through circular weirs by
Stevens. The numerical tabular values given for
discharge computation by Stevens were found to be
* incorrect and the correct valies are proseated in this

paper.
INTRODUCTION.

Orifices are well known devices for metering flows.
They are invariably classified into small and large
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 the 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 be 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 section and the total dis-
charge is computed by integrating the discharges
shrough elementary strips. The classification 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 formulae. To compute these errors, for orifices
of different shapes, & discharge formula for large oir-
ocular orifice is lacking. '

DISCHARGE FORMULA FOR LARGE CIRCULAR
ORIFICE.

For large circular orifice, 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 dig-
charge is given by

%

vy
Q=2 jOJZSV(d-v)( H-y) dy
e (1)

Where Q = the discharge, d -~ the diameter of the
circle, g = the acceleration due to gravity, y == the
he}ght of elementary area of the section and dy = the
thickness of the elementary area. Equation (1) has
been evaluated by Stevens (2) as

Q=& Zid™ A(H)....(2)

Where

A@)=E{-2+3(-¢)? ]
-2 ’F {- 1 y@.) ..(.x. f’ },- “8ers Q)

in whioch

S
E:‘-L(O—IS'WPO) de and

r 2
=l (1-% Sinte) 2 de

0

are the complete elliptic integrals of the first and

kinds respectively. For the case of orifice ﬂo::cm
depth of flow 18 maintained above the top of the olw-
cular section (Fig. 1) and the discharge is given by

d
Q IQ’J v2gy( H‘Y)(‘i"v)d(z)

te s o

*Hydraulice and Water Resources Department, Oollege of Enginecring, Guindy, Madras.

467-2—2A

i e R et S



TRIANGUL =2 CRIFICES.

-
S

FiG- 5. PARABOLIC ORIFICES.

FIG.

.somparison 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) as

Q=% /ZgH7 D (&)

In equation (5), A (d/H) may be obtained from
equation (3) by replacing (H/d) with (d/H). To use
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 either case
of the flow, the numerical values of A  will be the
same for different values of (H/d) or (d/H). Stevens
(2) has incorrectly tabulated the values of A to be
used for weir flow computations. Equation (5) when
used to compute the discharge through a typical
orifice with the tabular values of A a8 given by him
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 computer 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).

16

Equation (7) can be simplified as

- "rﬁsﬂm
=g

The percentage errvors of discharge for rect ar
(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,

}too'---(a)

X = ogy’® Where o = a parameter. x=: half

width, and y = height of any point on the parabola,
The following value of h/d=1/2, 13, 2/3 8.5/1.5, 4/T'5,
1/2.5, 1'6/2.5 and 1/2 respectively correspond to the
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
mdg at the bottom, with shorter side at the top, para-
bqhg 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
percentage 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. orifices
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 sections and
dependent only on the values of (h/d). As may be
seen from the table 2, the percentage errors at smaller

i
()
FIG-4. TRAPEZOIWAL ORIFICES.

2. RECTANGA £ 5
CEiriCE

1G. 2

ERRORS OF DISCHARGE FOR DIFFERENT
ORIFICES.

(DU S —

Since the large orifices formulas are more rigorous

w values of (h/d) are negative indicati
5 . gative indicating that th
%: than the small orifice fo;'mula%,h the formef? dqneﬁ 8%®  orifice formulae give larger values gf o a:gzmi%llr
g taken as standard formulae. o errors of discharge }000 values of (h/d). Howevers no such conclusio
#hat will be introduced with small orifice formulae are  o4n 16 drawn for hi gher values of (h/d) since th usion
a T olxlpressed as percentage of discharges computed by centage error varies in a random manner. F(:;' se:t}:)e;;
< “ll" o " - b 9151'39 orfice formulae. with centres of gravity situated at comparatively
e o | ¢ e The discharge throguh a circular orifice computed i)ai'rﬁ?:c}l::;gg?:sﬁgg itrlll:hl;ost;o:l‘i’erth: Peme;ltl‘:%e errors
Ry y 3 . 3 . H1n e8 O
% __L with small orifice formula is given by columns (4) snd (5), (6) and (7), a.n%i 8) én (/1 ()9[)%1‘::
IL: T ) ] more for the same depth of flow measured above the
_i G 2 o— top of the orifices.
: “
& a=0dlpmr 1@

Thus the orientations of the orifices affect the errors
of discharge in the smaller ranges of (h/d) angedo not
materially affect in the larger ranges. For (b/d) grater
than 1, the percentage errors of discharge for th
different orifices are less than unity which may be tak n
a3 the allowable limit. - Hence, it may be congl dell
that for h/d grater than 1, all orifices behave ag ﬂmn edan
orifices and only for (h/d) less than or equal to 1 the
bohave a3 large orifices with the affect of their orien y
tion on discharge being pronounced., ’ h’

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

SR R
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CONCLUSIONS.

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

2. The basis as to whoen exactly an orvifice can be
classified as small or large has been theoretically
established.

3. The orifices of orientations having centres of
gravity at compearatively smaller heights from the
bottom: introduce lesser errors of discharge in
large orifice range.

APPENDIX 1.

To get the computerised solution for the values of
£. (d/H) from equation (3), the complete elliptic

integrals of the first kind, I and the second kind T
can be written as polynoimials as follows (4 ).

E - (o -k -Fa k2 a3 --ak)4) (Do - bk -
b k;2--b.k,*--b ki4) In (1/k;)
Where, k; = (1 — d/H),  a = 1-38629 436112,
&, = 0-09666 344259, & = 0:03590 092383,
a, = 0-03742 563713,  a, — 0-01451 196212,

by = 05, b; = 0-12498 593597,
b, = 0-06880 248576

by == 0-03328 355346, b, = 0-00441 787012
and F - (l + & kl -+ v, klz - l,;kls—{—a‘kﬁ) -}~
(b1 ki + b, k2 4 b k® + b, ky*) In (1/ky)

Where, a; = 044325 141463,
a = 006260 601220,

a; == 0:04757 383546, a, = 0-01736 506461,
by = 0:24998 368310, b = 0-09200 180037

b, = 0-04069 697526, b, = 0-00526 449639

407-2—3

These polynomials for E and F introduce in their
computations as small errors as less than or equal to
2% 10-5. The values of A computed using these
polynomials are given in Appendix 2.
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NOTATIONS.

Top width of the orifice

Bottom width of the orifice

Height of the orifice

Elliptio integrals

Acceleration due to gravity .. .
Depth of flow from the bottom of the orifice.

Depth of flow from the centro of gravity
of the orifice.

Half width of the orifice at any heighty
Discharge through the orifice
Discharge function for circular orifice

> oM

Paremeter for the profile of parabolic orifice

Semi apex angle of triangular orifice



21

20

180 .

093120 FOTIL-0 89608-0 £1802-0 099030 9T20E-0 $8€05:0 882080 960050 ¥9661:0
318610 1L961-0 0£961-0 068610 09361-0 1I161:0 BL6ST-0 868810 96981-0 899810 950
125810 $8381-0 8PI8I-0 £1081-0 LLBLTO - SPLLY-O 800LT-0 PLPLI-O 1¥ELY-0 803LI-0 3..9
SLOLY-O £7601-0 218910 18991-0 199910 037910 16201-0 29191-0 $£001-0 20691-0 v,«.o
LLLYT-0 099910 £3991-0 LBEST-0 1L291-0 9FILI-0 13091-0 LESPI-0 SLLFI-O 679¥1-0 »u.o
939710 FOPF1-0 288¥1-0 091F1-0 0F0FI-0 616€1-0 66.81-0 6.921-0 09961-0 BYEL0 %0
€3EE1-0 902€1-0 880€1-0 3L6Z1-0 998310 0PLB1-0 939310 01931-0 96€31-0 882310 13-0
691310 99021-0 $¥B11-0 ZESII-0 13LIT-0 019110 009110 08E11-0 18311-0 3LITLO0 030
$9011-0 996010 658010 ZHLOT-0 9£901-0 9629010 ¥3¥01-0 61£01-0 912010 1T101-0 oro
80001-0 20660-0 £0860'0 00L60-0 669600 66¥60-0 86£60-0 863600 661600 001600 81-0
20060-0 $0680-0 L0880-0 014800 $1980-0 819800 £5¥80-0 82€80-0 $£380-0 0%180-0 L1o
9%080-0 ¥96L0-0 %08L0-0 OLLLO-0 61900 889L0+0 86¥L0-0 80%L0-0 818L0-0 0£3L0-0 910
1400 $90L0-0 L96900 18890-0 264900 60490-0 $2990-0 0%990-0 99¥00-0 8L£90-0 -0
68290-0 L0290-0 93190-0 €9090-0 £0690-0 £8890-0 £0820-0 £2L90-0 $920-0 99290-0 $1-0
88%20-0 11900 $£850-0 89290-0 381900 £0120-0 ££090-0 69670-0 988%0-0 F18%0-0 §1-0
0¥vLP0-0 899%0-0 969%0-0 929%0-0 953500 988700 81£%0:0 L¥TPO-0 6LIF0-0 T11%0-0 310
%0%0-0 8L6£0-0 Z16£0°0 9%820-0 18L£0-0 91L£0-0 £99£0-0 882£0-0 929€0-0 ¥99€0°0 o
20%£0-0 1$£€0-0 082£0-0 02280-0 091£0-0 101€0-0 £5080-0 98630-0 L36%0-0 0L8%0°0 010
F18%0:0 89L300 20L20-0 8¥9%0-0 $6930-0 0%930-0 L8¥30-0 9E¥%30-0 £8€500 1££50-0 600
082200 083200 081200 1€130-0 28030-0 $£030-0 986100 826100 268100 LY8100 800
10810-0 99L10-0 C1L100 89910-0 93910-0 £8910-0 192100 66¥10-0 89%10+0 L1¥10-0 L00
8LET00 SEL10:G 00€10-0 293100 ¥3310-0 98110-0 091100 ¥1110-0 8L010-0 30100 900
010100 9L600-0 £5600-0 11600-0 6L800°0 L¥800-0 91800-0 98000 99200-0 LZL0O0 200
86900-0 0L900-0 £$900-0 918000 06200-0 $0200-0 6£900-0 $1900-0 06%00-0 L9¥00-0 00
#5000 125000 86£00-0 8L£00-0 89£00-0 LEL00-0 81£00-0 663000 08%00-0 £83000 €00
2%200-0 622000 £1300-0 86100-0 $8100°0 691000 &:86. TH100-0 63100-0 L1100-0 %0-0
901000 €6000-0 £8000-0 9L000-0 99000-0 L9000-0 08000-0 3$000-0 9£000-0 83000-0 10-0
$2000-0 610000 $1000-0 110000 L0000-0 90000-0 £0000-0 10000-0 00000-0 000000 000
6000 8000 L00-0 900-0 900-0 $00-0 £00-0 300-0 1000 000-0 X
va. X0 m. =Y JOsen|vA tuerepIp 403 UV JO seTipR4
H |
‘¢ XIANIJIV
.- - - v - -
765%0-9 ¥£700:0 FLL000 — 10910-0 998200 SLLL¥0 0985€-6 — 990000 — 0-001 [ 1
568010 968000 16100-0 29£30-0 °2Ez0-0 0CLI0 — 66311-0 090000 — 0-06 82z
0E¥IT-0 $ETO0-0 €L00U-u 60800 - SLYEO 0 91910 =~ £65910 — 760000 — 0-08 L3
182L06 <1004 1£005-0 $2900-0 LEG00-0 -~ £89£00 161300 — 800000 — 0-0L 9
908000 ZE100°0 ZL000-0 - 698100 L¥LOO-0 — 186810 916£0-0 — 620000 — 0-09 €5
19L%0-0 £L000-0 £1000+0 ¢TF000 — LE000-0 @SFE0-0 — 68100-0 — 8%000-0 — 0-08 <4
818000 LL0O000 €5000-0 - - SL100-0 $6000-0 ~— €8910-0 00L00-0 — ¥2000:0 — 0-0¥ -
$HLI00 ¥8000-0 £80000 - CEFO0-0  — 0EE00-0 $8800-0 cO810:0 — L8000-0 — 0-0¥% zz
$6700-0° S1000:0 £8000-0 9F000+0 ¥7000-0 — 699100 ¢F600-0 — 68000-0 — 0-¢ 1
28C10-0 GTO0G-0 -~ LLOGY-0 SE100-0 - F0000:0 98800-0 — F6L00°0 — $1100:0 — 0.0t 08
691100 S01000 - GEI00:0 - - LLTO00 -~ €€000:0 — 618000 — 96¥00:0 — £L1000 — 0-98 61
660000 - F3100-0 eI50G:0 86£00-0 105000 — ¥5000:0 — $81000 — ¥9200-0 — 0-02 31
28100-0 £5200-0 0R200+0 008000 ~— 6€300-0 — £8000-0 — 65¥00:0 — 69%00:0 — 0-91 LI
FCoen - - 9¥SG00 - GE8OU0 - ¥E010:0 — 250100 — 06500-0 — £6L00-0 ~— €010-0 — 001 oI
10600°¢ - SE010+0 09010 LETTu) — £1310:0 — S0600-0 — 9L800:0 ~— 063100 — 06 cI
9CTI00 - 8¢€100 - 5€810-0 c19iny — 60910-0 -— SEIL00 — CL010:0 ~— 969100 — 08 ¥I
182100 €eL10:0 EFLIOO - 180600 ~- 60120:0 — 96810-0 — LLETO0 — 161300 — 0L £1
FE1C0-0 L58E00 - - (815060 168300 ~— 89820-0 — TE6L0:0 63610:0 — 00630-0 — 09 21
QLOLO-0 09¥E00 ~ SOTEO0 - - 0LF0 — 8E1F0:0 — 138600 — 18L20:0 ~— gLI¥0:0 — 0-g It
968F00 - - PEFCO0 - cI8E00 — 0T790:0 - SLFHO-0 T FI5%00 — eogF0-0 -~ 98590-0 — 0¥ or
§2L800 - 12L66-0 BETLO-Y - - $IFIL-0 - - 692110 <= TE6L0:0 — 662L00 — 6%911°:0 — 0 6
FOLET0 - - $1EGS0 - 128150 - LGSGE0 - 6€£93:0 — LLIST-0 — 086910 — PEPOZ0 — 0§ $
181880 T8E60 - FC195-0 L0890-1 —~ 01811 — FELOLO — TOLLO0 — 88LOT-T — 01 L
St S 168061 - O80LO-T - - aLeaey - SFLOFI — ¥£966-0 — 13680 — 0L688 1T — 80 9
0GFTE-1 - Leere-r - 166981 GAZEL T -~ [OCZES-T 182081 — qeegO-1 - €9008-1 — 80 [
TLORLT —— SOLOHIT 05T -~ 96186 OFFOSG 6FLT8 T — TLEOFT — 190¥%8 — L0 ¥y
CLOCe T - GO6ITE €05CCE — 80128 s DLE0OLE -— . 018861 — £965¥e — 9:0 £
§OeLF - - o £9506-8 — T 8918Z-L — o 688L8-¢ 109809 — g0 z
$6S9¢€-L -~ . . . 08808y — .. »0 1
(o) (6) (8) ) (9) () {¥) (g) (@) (n
{1 ) (gg Br7 (vg “Bur) (o B (o3 ) (g8 :Brr) (0g "B3.1) (& 20)
"o dep g wonsg oy “doj “wcp0q ?
sy w0 wilio i o webug 02,93 LG D 3p18 102004 o1 10 2od P oY1 10 zody i - “4oquinmg
e wnbuveg y Mg

.3%93 AU

S,

“ —

VY

J

*203f140 01j0G0ID

- Y
223140 poprozedou];

THDYVHOISIA 40 SY0UYH TOVINIOUII—E ATIVE

YT
200 LombuDLL],

407-1—3A



23

22

689991 30%99-1 ¥1199-1 93859-1 189991 633991 196791 £LIFI-I ¥86¥01 960791 . ) 180
L08EY T 819691 082891 196291 299291 .,»onac; L0291 98L19-1 96y19-1 LOBIOT 98-0
£1609-1 833091 68£09-1 69009-1 09891 0L¥69-T 181691 168891 20986°1 318881 u‘m..c‘
320891 88LLS1 $¥PLO-1 2GTLG T 898941 £L999-1 £8299-1 866991 ¥0L99-1 Rdic - .,qd.w
¥319¢1 $E8YS-1 £Pare-1 £92%¢-1 £9689-1 £L98¢81 £8889-1 £608S-1 808%9.1 £1982-1 . &89
£352¢8°1 2€61¢-1 £¥918-1 29e19-1 290191 3LLOS T 38%0%-L 361091 5066¥-1 S106%-1 &80
2386%1 1806¥-1 157231 1978%-1 1918%-I 118L%-1 189L¥-1 163L%1 100L%1 T1L8% 1 189
12%9%1 ZEI9¥-1 Z%85¥1 7999%-1 3939P-1 TLEFP T Z89FP-1 £62%¥-1 801531 SI8E¥1 080
¥396%1 ¥EZEP-1 996351 S098%-1 9983%-1 9L0T% 1 L8LI¥1 86%1%-1 802131 0Z60%1 6.0
0890%1 1¥80%1 2200%-1 £926€1 FL¥6E-1 g8168°1 96888-1 209881 616861 08088'1 840
PLLE-1 29%LE 1 ¥91LE°1 9289¢-1 8899¢-1 6639¢°1 1109¢°1 £8L98 1 aepge-1 L1981 L0
698%¢-1 TL8%8-T ¥82YE-1 96688 I 80LEE-T 127861 PEI8E 1 9¥858-1 6992¢-1 ZL33e 1 9.0
g8618 1 8691¢1 119161 ¥IIIE1 868081 1990¢-1 95081 816631 869631 90631 U0
611631 £€883-1 L3881 202851 9L6L3-1 069221 Q0¥LE-T 611LZ T ¥£8951 6%99%1 Y40
$9292-1 646531 $69531 60%92-1 9319531 0¥8¥3 1 909%2 L LIS $8683-1 ¥0LEZ T 8L-0
0ZPE3 1 9€163-1 39833-1 699321 982331 200531 61L1E 1 9EPIZ-T 891131 018031 L0
8850%1 20803 1 £3008-1 192611 65¥61-1 LLIBY-T 968811 219811 2€881-1 09081-1 L0
69LLT 1 |8FLI-1 LOZLTT 926911 9%991-1 996911 98091-1 g0891-1 93991-1 9¥391-1 oL-0
CY6F1-1 eRO¥1-T 90¥¥1-1 LBTPT-1 gI8ET 1 699811 083811 110811 SELELT ywerr 69-0
9LITT I 86RT1-1 0%911-1 £PEIT-1 990111 88L0T-1 119011 $8501-1 L9660-1 08960-1 89-0
$0¥60-1 821601 ¢880-1 SLI80 1 008801 720801 8¥LLOT eLYLOT 861L0-1 82690-T 190
6%990-T ¥LE90T 00190-1 92890-1 £SO 1 8L260'T F0090-1 18L%0°T 897%0-1 981501 99-0
z1880-1 6£980-1 L98€0-1 26080°1 $3820-1 19930°1 6L880-1 $00Z0-1 98L10°1 99%10-1 990
¥6110-1 FE60O-T £9900-1 £8£00-T 21100+ 1 £¥866-0 £L966-0 ¥0£66-0 9£066-0 99.86-0 ¥9-0
LE¥86:0 8EER6+0 096L6-0 769L6-0 ¥37.6-0 991L6-0 88896-0 139960 $9€96-0 L8096-0 £9-0
028€6:0 $2CCH-0 88396-0 32086-0 99L¥6:0 06%%6-0 983580 09686-0 26986-0 08%€6-0 290
991€6:0 306560 829260 $L3T6-0 01126°0 L¥816:0 ¥8916-0 188160 890160 961060 19-0
$£206-0 212060 01006-0 69680 $8%68-0 L2%68-0 99688-0 S0L88-0 9¥588-0 98188-0 09°0
926180 999L8-0 LGFLS-0 SF1L8-0 688980 029980 3LEYR-0 F1198-0 99898-0 669980 89-0
€980 ¥8098-0 838%8-0 129%8-0 91€%8-0 850%8-0 £08E8-0 8¥2£8-0 363£8-0 L£0€8:0 890
£8L28-0 822280 $L328:0 020280 99L18-0 €1918:0 092180 L0018-0 $9L08-0 309080 L9-0
093080 866640 9¥L6L-0 96%6.-0 ¥56L-0 €668L0 €PLBL0 T6¥8L-0 THI8L0 266LL-0 9390
eFLLLO yOFLL: *HZLL® L689LO FLIL0 1099L-0 £889L-0 9009L-0 $9L8L-0 T199L-0 29.0
2979L-0 ST0CL-0 BLLYLO LBIPL-O 182¥L:0 980¥L-0 164§L:0 9%9EL-0 goe8L0 $90€4°0 ¥20
FIREL0 1L€2L0 8EEGL0 S80%L0 SFB1L0 0091L-0 89EIL-0 9IT1L:0 9L80L-0 #€90L-0 890
£680L-0 ZCI0L-0 516690 3L969-0 TE¥69-0 £6169-0 $9639-0 91L89-0 LLF89-0 6£289-0 390
100890 £92L9-0 92SL9-0 683L9-0 £90L9-0 918990 089990 9%£99-0 60199-0 FL899-0 190
0%929-0 co¥CH-0 TL199-0 ££6%9-0 $0LF9-0 1L9%9-0 863%9-0 €00%9-0 £LLED-0 1$9€9-0 090
60££9-0 RLOES-0 1¥839-0 919390 98£29-0 991290 926190 L6919-0 89919-0 6£319-:0 650
11019-0 C8L09-0 £9209-0 83£09-0 00109-0 $1869-0 87969-0, 12769-0 961690 0L689-0 850
€820 02982-0 963890 5L089-0 8F8LS-0 eZ9LE-0 30PLG-0 6L1L8-0 99699-0 PEL99-0 L¥0
£1992-0 16292-0 0L098-0 6$899-0 629950 60%99-0 68199-0 L6520 19L%9-0 BE9F2-0 9%-0
PIEFCD 960%9-0 818€S-0 199€5-0 PHEG-0 L3%£9:0 110£9:0 96L2-0 089390 $0€39-0 %0
091ze0 <L612-0 152120 109190 $6319-0 18019-0 89809-0 999090 £9%05-0 8£209-0 5.0
12008-0 0186%-0 6696%-0 68£6¥-0 6L16%-0 6968%-0 09L8¥0 299850 £FE8H-0 9E18%-0 €50
1361F-0 0ZLLF-0 £192%-0 LOELF-0 001L¥-0 $689%-0 6899%-0 $8%97:0 6L39%0 9L09%-0 0
1L89%-0 199¢%-0 2325 2 192¢%-0 8909%-0 998550 $00%9-0 L9550 59250 190%5-0 %0
198€%-0 199¢%-0 29PEF-0 £938%-0 $90£%-0 99830 L992F-0 09¥2¥%-0 £923%-0 990390 0%0
6981%-0 $L91¥-0 8LE1¥-0 Z831%-0 L801%-0 £680%-0 6690%-0 £997%-0 11€0¥%-0 ST10%-0 680
9Z66€-0 FELBE-O TPL6E-0 02€6€-0 691680 696850 8LL8E-0- 095350 66£8€-0 0178€-0 8€-9
120880 CE/LE-0 9F9LE-0 S9FLE-0 TLZLEO $ROLE-0 86898-0 FILYS: 9299¢€-0 I7£98-0 LE-0
99190 zLege- 88L9€-0 20988-0 aTree-0 6£29€-0 LS0SE-0 eL8PE0 £69%€-0 Z19%€-0 980
FEEPE-0 1S1¥E-0 1LBEE-0 ZBLEL-0 £19€5-0 PEHEE0 993£€-0 60660 106380 ¥ZL3E-0 9€-0
SPOTE-0 ZLETED 961260 0203¢-0 9¥818-0 1L9T€-0 LOFIE-0 CTE1E-0 0911€:0 LLBOE-O $8-0
G0808-0 ££908-0 199080 063080 02108-0 656620 6LL6Z-0 019620 135620 3L282-0 £€-0
$0162-0 LEBBT-0 69L83-0 Z09RT -0 987820 0.282:0 $0182-0 6€6LT-0 PLLLEO 019L3-0 260
9P¥LT-0 £8ZLE-0 021LZ-0 126950 €690 £€992-0 ZLPIT0 11892-0 0919%-0 066920 1£0
1689%-0 219920 £1922-0 ¢e€92-0 L6193-0 070930 £88%3-0 9ZLFZ0 0L9%3-0 PIHPZ-0 0g-0
897520 90T¥3:0 096€5-0 96LET-0 EHIEZ-0 06¥%£5-0 LEEET0 981€3-0 $£0£30 288230 620
2ELTT0 389250 7ePaz 0 €820 ¥€153-0 986120 LE81Z-0 68912-0 gPQI1Z-0 96£13-0 82:0
600-0 8000 L00-0 900-0 200-0 $00:0 £00-0 €000 1000 000-0 : u_l
AW 20) B
H P =3 josenmA JuciefIp oy YV Josen[ep

'3 XIAONAJIAV



»

0009
1:69568
1-72424
1-75278
1-78105
1-80918
1-83710
1-86476
1-89214
1-91917
1-94580

1-97196
1-99749

6:008 -
1:89276
1-72180
1.74989
1-77822
1-80633
1-83432
1-86201
1-88941
1-91648
1-94316
1-96937
1-09498

¥

v

0007
1.68989
171853
1-74704
1-77540
1-803
1.83158
1-85925
1-88669
1-91879
1-94051
1-96677
1-99245

0-006
1.68‘702
171567
1-74420
177257
1-80076
1-82875
1:85649

1-88396
1-91110
1-93786
1-96417

1-989901

0005
168415
171281
174185
1-76974
1-79795
1-82596
1-85378
: 1.88123
1-90840
. 1-93520
1-96156
198787

)

H
d

or —
0-004
1-68127
1-70995
173850
176691
179514
1-82317
1-85096
187849
;::'1'90570 _
1-93254
1-95895
1-98482

"(

Values of A for different Values of k= —

APPENDIX 2.

H

0:003
1-687840
1-70709
1-73566
1-76408
1-79233
1-82038
1:84820

1.87576
1-00299
1-92988
1-95633

1.98226

0002
1-67552
1-70422
1-78280
1-78124
1-78951
1-81758
1-84548
1.87801
1-90028
1-92720
1-95371
1-97969

0-001
1-67265
1-70186
1.72995
1-75841
1-78669
1.-81478
1-842656
1-87026
1-89757
1-92453
1-05108
197718

1-66977
1-69849
1-78710
175557
1-78887
1-81198
1-83088
1-86751
1-89486
1-92185
1-97454

2-00000

1-948¢4

0:000

0-88
0-89
0-90
091
0-02
093
094
095
0-98
0-97
0-98
099
100

NOTE ON TECHNIQUES OF HYDRAULIC MODEL STU
By Thiru P. Kumaraswamy*

1.0 Introductson—

1.1, Hydraulics is yet to become. an oxact spienqe and
its methodology is necessarily empirical especxally in the
fields of river and coastal hydraulics. Rigorous theo-
ries of flow of water and of other phenomena to be
vseful in field application do not exist. Most of the
designs relating to hydraulic structures are based on a
fow basiclaws, and a large amount of judgement gaqu
by field experionce. In this context the hydraulic
model has filled up the knowledge gap to some extent.
Nowhere in the world to day is a major hydrquho strue-
ture designed and built withont prior analysis through
mode] experiments.

1.2. 'The hydraulic laboratory if; primarily a service
organisation and most of the work is done at the request
of the design department. Prehmma.ry Eie&gns are
usually submitted to the laboratory with the request
that specified features be studied from thp standpomt
of hydraulic performance. In some instance: the
request is in general rather than specific terms. In
either case, the studies, especially when a model is
involved, are conducted in such a way that the maxi-
mum. amount of pertinent information is obtained.

1.3. Model studies are conducted according to esta-
blished rules of hydraulic similitude whereby there is a
definite known rolationship between performance of
the model and that of the corresponding field structure.
Comparison of model and prototype has clea.rly demons-
trated that, with few exceptions, there is a corres-
pondence of behaviour within and usually well beyond,
expected limitations. In many cases agreement between
model and prototype performance has exceeded ex-
pectations. In some cases where agresment at first
appeared to be lacking, it was found that failure to
recognise or interpret model results correctly was cause
for tie disagreement . Correspondence between the
model and prototype has been especially complete for
overfall spillway crests, V&].V(‘l:i, gates, outlet fea,tur.es,
and energy dissipators. It is customary to provide
calibration ourves based on model results in he.u'of
field calibration. Energy dissipators, including stilling

basins and buckets of various types, designed on the
* basis of model findings, have been successful.ly qperfxted
in substantial agreement with model indications.
River improvement plans of tremepdous mag;ut.ude
have worked out successtully accor@mg to predictions
based on model tests. The high efficiencies and smooth
operating characteristics of the large m0d6131 lt',urbme.za
and pumps can also be attnbutfad to model experi-
ments. In practically all cases it will be found that
improvements indicated by models have been substan-
tiated when the prototype structures have been cons-

tniczedThm note stresses the necessity for under-

standing the view point of the designer of hydraulie -

structures snd equipment, and thus gives prominence

‘ T
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to the conviction that the
«Ppriciate the eritoria.  nd limi
designer’s work. Familiarity with dest erations
is essential also to the proper conduct of field studies.
Field studios are considered to be an extension of the
Hydraulic Laboratory investigations to the prototype
level.

2.0. Principles of Hydraulic Similitude—
2.1. Laws of Similitude—

2.L.1. Hydraulic Laboratory practice is based om
the application of a set of relationships which are
known as the laws of hydraulic similitude. These
laws, which are developed from the basic relations
of fluid mechanies, express the inter relations of the
various fluid parameters such as velocity, pressure,
shear, cte., under similay boundary conditions. A
knowledge of hydraulic similitude is essential to an
enlightened use of hydraulic models.

2.1.2. Similitude, us applied to hydraulio models,
goes considerably beyond the superficial aspects of
geometric similarity with which it is sometimes errone-
ously identified. Similitude canbe defined as & known
~nd usually limited ¢ srrespondones beasweon the beha-
viour of a model and  that of its prototype, with or
without geometric similarity, The correspondence is
usually limited because it is impracticable to construct
and operate a model in which all the conditions required
for complete similitude (geometric, kinematic and
dynamic similarity) are satisfied, eventhough these -
conditions are known . The term  similitude » should
be qualificd to indicate the general limits of corres-
pondence, or, one might speak of several similitudes,
each of which has a definite set up limitations.

2.1.3. The application of similitude in hydraulie
model testing is based on recognition of the fact tha
although complete similitude is impracticable, there
are several imperfect similitudes which can be exploited
as required. Experience has demonstrated that any
given problem can be simplified into the interplay of
two major forces. It is therefore possible to develop
the pertinent similitude by theoretical means. Each
similitude consists of a set of transference ratios which

may be applied to model findings in predicting pro- -
to type behaviour. '

2.1.4. Inaddition to similitudes having an analytical
basis, there are others which gre developed, by experi-
ment with the model, for application in special cages, .
such as the prediction of changes in bed conﬁgnmtiox;.'
in erodible channels. Although attempts are bei
made to develop a more rational bagis for transference
of experin}ental results in such eases, the ourrens
procedure is based empirical relations,
predicting prototype
ents is one compounded

*Director, Irrigation Researoh Btation—FPoondy.

sense. The techniqm
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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, tho value of a model depends on the degree
of accuracy with which it demonstrates that phase
of the behaviour of its prototype being investigateid.

2.2, (feamelric Similarity.

2.2.1. Two objects or systems are geometrically
similar it the ratios of all corresponding lineur dimen-
sions are equal. Th's is independent ol motion of
any kind and involves only simiarity in form. Simi-
lar:ty of length can he expressed as follows :

L =
el

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

Then

. E'.'.f 2
Avea vatio Ae= -é}ﬂ = Ly
P

oy, By 3
Volume vmm\/?—tﬁ- =Ly
P

and the hydiauiic va dius ratio

R?: %&:Lm["? ZEE-:L
P L L;; Lp r

where D’ represents wetted perimeter. The scale ratio
will then read 1/50, 1/100, etc.

9.3. Kinematic Similarity and Dynamic Similarily.—

9.3.1. Kinematic similarity is similarity of motion.
Whon the ratios of the components of velocity at
homologous points in two related or geometrically
gimilar 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. Dynamic 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
written :

via=Vector ssmE 2Ry +Fyt Ft:fe

where

Ma = Mass reaction to the forces 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 represent' d by its weight.

Fv = viscous shear force.
't == force duce Lo surfuce tension, and

Fe = forces produced by clastic 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.

QOr
%@ﬁﬂ :m# Fu+Fe+ Fg)m
Mgpa‘p (FP+F'+FV*E!- +FQ)P

... (1a).

where the subsecripts m and p represent medel and
prototype, respectively. Perfest simibtuda requires
in addition that

Mmﬂ ) =(r?,}m :(E-:a)m -
Mpa P (Fp)gw (FQ)P -

=Bon - (Bm _FOm &
=z e redB | G
(Fyde Fop Fedp )

_ All but one of these ratics may be regarded as
independent, that one being fully determined once
the others are established. The pressure ratio is
usually regarded as the dependent quantity, and
therefore it does not play 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  elastic
modulus to satisfy the conditions of Equation (1b.)
Moreover, hidden in the term for viscous forces 1:8
the effect of boundary roughness which is e uall
difficult to adjust for complete similitude. ey

2.3.4. Experience has shown that it i
difficult to apply Equation (la,) ag it v;zulls ;lt? tﬁ S(;
appear, because one or more of the forces ma, I'St
act in the flow occurrence in question whileys me
may act only to a‘negligible amount or m;y be rel:i):,n 3
to the most prominent force. In fact, for all practi y 1
purposes, a particular state of ﬂui:i motiIc)m ° :3(:1
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nsuslly be simulated in the model by considering
only one of the forces on the right of Equation (la.)
[n at least 90 percent of all hydraulic model studies,
she forces connected with surface tension and elastic
sompression are relatively small and can be neglected
safely. From a practical standpoint, a particular
Auid motion can be represented in au model by
considering that either gravity forces or viscous
forces predominate.

2.4, The Froude Law.,

2.4.1. When gravitational effects predominate, 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 Liquation (1) will be expressed in dimensional terms

. s
Since mass -_--?— or YU

where ¥ is the specific weight of the liquid, and

acceleration -=

< | o

3 4
Ma = YL YL

o

T TR gt?

Subgtituting p for]g_and\l fov_l{_ Ma = P12v2

Where P is density of fluid, I is length, and V is

velocity.
=y

Dimensionally, the gravity force is Fs

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

) 2. 2 3
Ma=Fg= 107 PLV = I

Substituting Pq for Y in the right-hand member

PL’-V"‘ =f ng Fxpressing this in model prototyps
ratios as suggested in Equation. (1a)

2.2

LoVm = fmba
L,:?V?i' bﬂr Ly

2.2 3
ov L'V' peed ’YLY

2 .
and Yr_ =1, ort-z1..(2)
h‘-r 4
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The expression X applied to  either the
viL »

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

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 Kquation (la.)

By defintion Fv =MLV Where . M is the

coefficient of viscosity of the fluid.

FxomEquation(y Ma= MLV,

Iixpressing the above in model-prototype ratios,

2.2
P'L'V' =hLvi
and

Alv% 4
- “sves s
p 3

which is usually written

L Yy
Y = 2ere e
VV 1 (3a)

Where) is the kinematic Vigcogity
definedas }/p

The Reynoldsnumber is Simply ':)}‘L

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 Caucky 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 of inertial forces. .  In the case .of snrfaee
tension forces, one obtains the Weber law. ...,

AR

2 . .
PetyViy o g o @),
Where ¢ S
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is a measure of surface tension. In the case
of elastic forces one obtains the Cauchy or, as it is
gometimes known, the Mach law :

Py 21 e
Ey

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

_[E
c=lr

and defining the Mach number as :

-_v___’..\i‘ ......
M—C-rE (59)

2.7, Other Similitude Aids.

97.1. Two additional parameterg pseful in
hydraulic model testing are the ca,V{tat}on number
and the Karman number. The cawtatgon number
gerves as an index by whiqh the experimenter can
predict the effects of cavitation prototypeg. The
Karman number offers a means of estabilishing ?}he
game type of turbulent flow in the modfal as exists
in the prototype and is useful in the design of river

models.

9.8, Alernative Methods for Developing Similitude
Relationships.

281. A somewhat different approach to the
development of the dimensionless parameters such
as the Froude and Reynolds numbers, while not
new, has been increagsing 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. Tt 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 lerfg.th
yach as pipe diameter, channel depth, etc. Velocities
may be expressed by their ratios to a known velocity
such as the mean velocity of transport (discharge

divided by arca 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 condition
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 mneglecting one or
more of the terms in the fundamental equations as
the situation permits. For example, the neglect of
all terms except 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 LV

6o,

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. Bince the physical properties of practical
testing fluid are such that only one similitude law
can be satisfied in a 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 caso
of turbulent flow with a free water surface, sinoe the

ravity outweigh those of viscosity, surface
:gr?scit(?n(,:n%l vla,jt'icity. H%wever, since the viscous f(:;;cees
are neglected, cvery effort should be made to mzmm[zlze 11m
by using large models and smooth boundar:ies]. susS yai
when the Reynolds number of the mode (;n?ceeL >
value of 10,000 and depth of f}ow is substitute ;)rt. ;
the Reynolds number, the viscous forces Mf)e rela n[rgg
unimportant. If viscous effects car):n01t; tlgngmcé
it is possible to make comppnsatmg adjus m;)n S. Since
most hydraulic problems involve free sl;url ace If) ono-
mena in one form or another, the Froude av:lo szh,
litude is used more frequently than any or the other
laws. .

2.0.4. Steady flow in a pressurc conduit, or ﬂt?lw
around a deeply submerged bpdy, approxulndat(las (1;
conditions assumed in forrpulatmg the Reynolds awted
similitude. Since there is no free surface qonx;:;;'d
directly with the flow p’a.ttern and t.hfa ow 19 ?’m' ni,
the forces of surface tension and elasticity a‘re. te lf i
ted. Further, it can be proven that the gravity (;ces
balance out and therefore do not affect the flow pat rni
The Reynolds number in the model rarely hc'an.equat
that of the prototype, but fortunately t 13 l].s r}:h
necessary. 1f the Reynolds number of & nio el wi A
smooth boundaries exceeds 1,090,000 for al pe}x:; nen
test flows, the boundry resistance forcesbe c'(l)‘r}?'e
essentially independent_of the Reyntzlds.num T. 1 is
can be shown by referr%ng to Mooil‘y s,(,hz_;gmms lv)v here
the dimensionless friction factor < f,”” in the Darcy

V2 4
Weisback formula hf =f LV _ s plotted  with
D 24
respect to the Reynolds number for flow in pipes with
various relative roughness co-efficients, denoted as

ol

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

mna.

becomes nearly constant when the Reynolds number is
greater than 1,000,000 and the rat10 of resistance forces,
model to prototype, depends only on the ratio of
relative roughnesses. To obtain a 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 s the predominating
factor in a problem to be studied, the other three forces
are usually insignificant and the Weber law applies.
In engineering, surface tension ig mayqust in capillary
waves on & water surface, capillarity in monometer
tubes, capillary wetting action in filter beds and earth
dams, tendency of a jet from an orifice to assume &
ciroular oross seotion regardless of shape of orifice, and
definite changes in flow over weirs at low heads.
Surface tension seldom plays an important role but its
effects are ever present and troublesome in model
testing.

467-2—4A
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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. Simalitude 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 Froude law

applies, the model prototype relationships are obtained
directly from Equation 2.

Vy :-‘irt—r Since

9= Jﬁ the velacity ratio can also
} - (E\L\Y2
pe writtenVy _( b )r

Other kinematic yelationships
are as follows: "
i iotpetrobtr (L
Time ratio tp= Ve —(!L)W{Y r

Pr
acceleration ratio
A §
r —Tf-;_ "(P r
B sy
discharge ratio Qr = ~{!;=L:.Z(F),

The dynamic relationships are
obtained in the same manney

MQSSTI“O‘ Mf = E‘. P'

Force ratio Fp = Myap =

(Ce)e (1), =C 0y

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

prototype is the same, both frond . become unity.

2.10.2. Even though the model boundary surfaces
are made as smooth as possible to minimize viseous
effects, auch as resistance, it is orten necessary to make
adjustments in the model design or operating technigue
to compensate for them. There are several methods
by which such compensations are effected and they - .
will be discussed in conneotion with the type of model -
to which each is applicable. - - -
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Tablel
Charac tevistic Dimension |_2C2'e ratios for the Laws of
Froude | Reynolds
Qeometric properties
Length L Ly L,
2 2
A?ea L L?‘ \.'.lr
Volume L® R4 >
r
Kingmatic Praperties
. ) 2
Time t LPY2
m (T)\r (l;p,; )r g
. |
Velocity Li-1 Lyyz
( P‘)r ('%P)r
Acceleration L2 g?’
. 3 s e—)" (P‘L)"
Discharge L L2(d '&]
T) T ('LPE')V
Dynamic properties
Mass M (e (’p),
FovcE MLy-2 Cor (1;3 ),
Density ML Pr P
»
Specific weight Mrty2 £ _r_‘:_'_
(Lf)?
Pressure intensity M-1-2 Li)r (__f:::)
p)r
Impuise and momentum MLt-1 [l-_,h(xf)&]v (l? P*)’
Energy and work M\}‘\-J (qu)r (\_._t?')
P /e
Power M2 -3 [Chlh [ Ps
Pl Jr Lp? ] v
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2.10.3. ITn closed conduit problems. .where the
R ynolds law applies, another set of similitude ratios
may he developrd from Equation 3 as fol ows.

Velocity ratioc W =(-E'p)'

L L
Time vatio ty = vr; ‘—'(’T;T_Tf):

-,

acceleratlon vatio 3, = {;i.
Y

2
:(LL
L?Pz r

3
. P T 1%
discharge ratio Qr_...{;_( F/»

These and other relationships for flow in which
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. F(_)r
example, in a hydraulic model having a scz}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 exceed 5 fest 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
procedure is to recognise the applicability of the
Reynolds law of similitude and epproximate 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 doveloped from Equations 4 and 5, respectively.

9.11. Distorted Models

2.11.1. Models of river channels, estuaries, flood-
ways, and canal structures are often distored geome-
trically when the length is great in proportion to width
and depth, otherwise the channels would be of insuffi-
cient cross section to obtain representative flow con-
ditions unless the model were extremely large. In a
distorted model, the depth scale ratio is not the same a8
the length and width scale ratios, and in an occasional
model different scale ratios are used for length, width,
and depth. This necessitates revision of the foregoing
gimilitude relationships. The principal limitation,

when considering a distorted model, is that the model
should be proportioned so that conversions of kinetic
to potential encrgy, or vice versa, 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 modek
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 lec 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 belmoulded in sand or erodible materi-
al and (4) there is an unfavourable psychological effect
on the observer who views distorted models.

2.11.4. The similitude ratios for distorted models
haged on the Froude law are :

Horizowntal Jengthratio= L,
Depth ratio = Dy.

3
Hovizon tal avea ratio= Ly
Vertical area ratio =L, Dy
Slope ratio = Dy/L,

Velocity ratio = D2

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 be
related to the velocity by means of the well-known
Manning formula. '

velk !ﬂﬂ% Syz

n
where 8’ =the resistance slope
 Rehydmalioradius
n =roughnees soefficient
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[n oder that the resistanco slope equal the channel
slope

then
D niv’ n’D

[t SUSRRLLY AR S Shed

5(— Lr RA/!' R‘,S ’
v v

then R%
Ny = 'V ar Ny =Np er

Lt Le

The value of the hydraulic radius ratio (Rr) does
not bear any fixed relation to the length and depth
scales bub varies with the shape of the cross section.
Then, for any given reach,the Rr and the Lr are known
and ur. can be computed, and applied to the prototype
11 to obtain the required value of n for the model.Usually
the required value of n in the model must be obtained-
by artificially roughening the model channels. Unless
basic data on the values of n for different types of
roughness are available the appropriate roughuess
must be ohtained by trial and error. The n10§el “:'lth
yough ness adjusted for a particular depth will yield
dependable results for flow at or near that depth. If
sroblems of several depths oceur, mod‘el _roughnegs
should be adjusted to give an average friction that is
approximately right for each depth, or the ropghn.ess
may be varied with depth for a closer approximation
at all depths. The fact shou}d nqt be overlooked
however, that the Manning n is sﬁuctly a rughngss
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.

9-11-5. Generally spoaking, distorted models are
not adopted to .gituations where curvatures in the
water surface are involved. For'example, thg flow
through spillways or between. bridge piers will not
be correctly represented in a distorted river models.

9.12. 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 vgloeity 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 Grenoble, France,
goes a step further and undertakes to insure that the
proper type of turbulent flow will be established ;
that is, o flow that may be described as the “‘rough
well type’” or “rough turbulent type . This type
is required in models for all cases except for very
sluggish rivers. It is claimed thut the Reynolds
number, in the usual application, has never heen
a completely satisfactory parameter for open channel
flow, and is not an adequate criterion for river model
turbulence. In place of the Reynolds number the
following parameter is proposed and called the
‘ roughness Reynolds number” or the < Karman
number, "’ in honour of Professor von Karman of the
California  Institute of Technology:

K = 51}’ Where Kis the karman
numbey, K istheroughness

pavametey propor tional tothe
S5and grain size and

V,=Shear velocity = VRS9

3-0. DESIGN CONSTRUCTION AND
OPERATION OF MODELS.

3.1. General considerations—

3.L.1. If the prototype structure is in the design
stage the laboratory investigation includes only
analytical and model studies and there are definite
limitations. The theory of fluid mechanics is far
from complete and models possess definite scale
effects which are not always predictable. No it ig
essential that an early descision be reached regarding
the nature of the basic hydraulic problem. At tnis
stage the problem should be throughly examined
and discussed by design and laboratory 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 limitations of a model study of
the problem.

3.1.2. Althoughit is desirable to define the problems
involved in any study, it is not always possible to do
80 in advance of the actual construction of a model.
In such cases it is necessary to proceed with the selec.
tion of a model scale, and with actual construction,
on the basis of experience with similar problems.
The designer’s roquest for study may specify an
over-all check of hydraulic performance of a design
which may be stimulated more by uncertain'ty
with respect to general arrangement than by recogni-
tion of specific sources of malfunctioning. bperati()n
of the model will generally disclose, to a  tra'ned
model operator. the need for design changes.
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3.1.3. Before starting construction of a 1odel,
account must be taken of fimitations imposed by
funds, time, and availability of personnel, in relation
to 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
small spillway model may be used to determine ?he
effect of upstream or downstream river flow or erosion
tendencies but establishment of discharge 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 Jarge model of a river system can be tested satis-
factorily only in the larger laboratories. However,
it may be possible to construct and test a section at
a time if a satisfactory method of combining the results
can be devised.

3.1.4. It is well to remember that, no matte_r hqw
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
similitude law which is seldom satisfied. Thus, any
direct translation of results must be carried out with
understanding and restraint.

3.2. Prototype Information required.

3.2.1. Information for use in planning a model
should include an over-all plan and section of the
proposed or existing structure, 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 hydraulic features)
may be necessary. Knowledge of the type and current
state of material composing the riverbed and the
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, sufzh as discharge,
water stage, tide salinity, cross seqtlons 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
should be available.

3.2.2. Problems relating to & 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 hydm.uhc
performance will often save considerable work and time.
The importance of becoming thoroughly familiar with
design requirements early in the study cannot be over-
.,emphaagized. . e e e e T

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-
gsome 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
aguide. 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. Outlet 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 studies. Individual models of valves, gates, or
conduits are specified to be equivalent to at least ¢
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 posgibility of introducing similitude defects. Model
valves and gates for use in development work or for
rating of protatype 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
mode! scale, which may affect the entire study, is
dgpendent on many factors and should be cai'efully
chosen, R

3.34. A model need not be m)adel'stﬁctly— hlgethe
prototype. - If the surfaces over which, the water
flows are _reproduced .in- shape and the ro el
of the surfaces is approximately to:scale, the model &": Wﬂl !
wsually serve ite purpose. , Models: uf. spillways. ars
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commonly construeted of sheet mut‘ull soldered to metal-
ribbed framing, or they are made of smooth (50119@&
mortar, sereeded to a rigid frame of nmt‘:%l ribs,  Spill-
wan crests have also been constructed of \?food. Wood
ex{vusod to the water is not recommendecl fm" tl}e nbn(n.(;
permanent portions of models, b(‘umm(? of s}'n'mkmg #¢
swelling.  Well oiled wood, however, ix satisfactory for
piers and training walls of spill»yeyvs. as these parts are
usually subjected to many revisions.

3.3.5. Models representing tunnels or closed condunts
are constructed  of  sheet metal or sheet plastic.
Sheel metal is less expensive and can 1')'(‘ used .\\ih(..‘x:c it is
not necessary to observe the flow. Where vns.ﬂulxty of
How i= desired or where warped suyhums are involved,
plastic conduits ave much to be preferred.

3.4.6. Valves and gates of the smaller sizes may be
fabricated of plastic. However, for development work,,?
where high heads are involved, they ave constructe(.l 0"
pronze.  Models of open canal structures are cons_;t‘l.u(,v«
ted of wood, or of wood cm.'exted with f;he()t metal lx‘nfr}g.
Whiere wood only is used, it is well oiled and the joints

calked with white lead.

3.3.7. Models of the stable portions ‘or‘ riverb‘o:di
often consist of a ceme‘,nt. and sand n_wrtal, glast(gle.
over brick masonry. Sand or gravel is [.).1840(.7(. oxtl nls
mortar to represent the loose or movable llVf:l (xinafel 1al.
Models of river systems may be gonstrl?ct? t‘ol 10911}
crete, where a fixed bed 1s employed,fm L{Il uAc t) 0
sand or coal dust where movement of sediment 18

to be studied.

3.3.8. A head tray and a tail box are usually built
for cach model. The head tray serves as th(? %ake,.or
reservoir, ahead of tah'e structure and msxlu e} qm(ejt,
approach conditions. 1t may be co'nstructci; obvs((l)to {"
lined with sheet metal, or may cqnsm’c of a .QX ui ]o
hrick or masonry block_s. Tn either case, it m;uslt ()o,
watertight, so that the discharge through the moc (;) -Cf?in
be measured accumtgly. The head tray fzontams a baffle
arrangement, consisting of gravel, a sories of screens, or
a set of vaues, to still the flow before 1t en.ters.the model.
The trav contains the head gauge which is usfad t0
measum' the elevation of the water surface in the

feservoir.

3.9.9. The tail box is at the down stream end of the
model. Tt contains a gate, or O_ther ‘devxce,
by which the tail water level can be vur_le(?. Sand or
gravel is often placed in the tail 'bf)x to aid in the study
of scour patterns and designs are ]udged 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 the head 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 e.ssen.tial in {nodel testing.
The importance of their proper mstal_lahon and use is
s trongly emphasized, because comparison olf: measure-
ment is the deciding factor in many hvdraulic designs,

Provision should be made for suitable instrumentation
while the model is in the design stage. Instrument
connections and piezometers are relatively casy to
install early in the construction, whereas their instaila-
tion may be very difficult after the model is completed.
Sufficient piezometers should be placed in the more
critical portions of the model that wmeasurements
from them will completely define the local action.
Piezometers are velatively cheap; they should be
provided in generous numbers to offset any oversight
in defining the critieal 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 mode! 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 thuat are
new in concept, should be detailed completely. Work-
ing drawings should include all information necessary
for installation of instrunients, such as piezometers,
pressure cells, velocity measuring devices, ete., and
thereby obviate the necessity for cxtensive 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 sce that the required tolerances
are met, particularly in the critical parts. Greatest
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 sufticiently 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 be
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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meets the operation requirements. For an underis-
torted model, the operating program can be divided
into two phases ; adjusting, and testing. In the case
of a distorted, movable-bed model, a third phase,
verification, must also be considered. Adjustments
in the model consist of preliminary trials to reveal
defects and inadequacies. This phase should not be
hurried ; it is important and ecomomical, in the long
run, to spend the time required to make certain that

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, includi i
the model behaves as intended and that the instru- Dates may be of special signi?icarlllz(e: ui(rilmtghea fg(l;ure.

mentation is satisfactory. Often, minor alterations Negative as well as positi

. ' ) positive results should be recorded
in design are suggested by these tests, such as partial A complete photographi i ,
re design or revision or the shifting of some measurin spensablo : 3 often et (LLFortant tests

is indispensable ; it often eliminates the necessity of
instrument. It is during the adjustment phase that re eating tests. The i iy s
the experimenter becomes acquainted with the pecu- : > - Crganiged. and wa soting 8

he e th clear, concise, well organized, and well illust
ltl'amles of the model and becomes adept in its opera- account of the experimentation can best be a.pprecli‘:bt:g
ion,

by attempting to assimilate tests of a few existing

) reports on subjects unfamili
3.4.2. When the model is of the movable-bed type, P ! nmamiliar to the reader.

the adjustment phase involves verification tests in
which past recorded action of the prototype must be 4.0, River Models —
duplicated in the model, otherwise, reliable quanti-
tative results cannot be obtained. Because such tests
are often the only basis for similitude, verification is
an extremely important part of the operation of mova-
ble-bed 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 usuelly involve studies of flow
_ Ppatterns or movements of sediment and can be classified

3.4.3. Testing should consist of systematically examin- in two types: fixed bed models and movable-bed
ing each proposed design with regard to possibili- models.
ties for improvement, reduction in cost of construction,
and reduction in maintenance costs for the prototype.  4:0:2. Typical problems studied with river models
The experimenter must exercise patience, imagina. include (1) effects of closing or opening certain channels
tion, and ingenuity and be capable of interpreting, in a multiple channel river, (2) hydraulio losses af
the model results correctly. We should work in cloge Constructions such ag bridge piers or cofferdams
co-operation with the designing engineers, since they (3) probable erosion around cofferdams or other
should be continually informed as to progress and Structures, (4) characteristics of flow in and around
consulted concerning future testing. Data should be diversion schemes, (5) effects of currents and waves
analysed concurrently with the testing to prevent On river navigation, and (6) tidal and estuary problems
accumulation of unnecessary data. When possible, )
functional relationships among the different varia- 41 Fized-bed models.
bles shouli be applied to the data to aid in detection of

erroneous measurments. 41-1. Problems involving

relativel - orr.
of a cana'l or river, wherein actual Zh?%:tﬁttﬁﬁ
. . . configuration are not critical, are usually studied with-
3.4.4. In addition to the regular testing, the experi- the aid of fixed-bed models. § h Y svadied with-
menter should be alert to obtain general information study of backwater effects in z;.rivurc d problems inclyde:
which ~ will be of value eventually (for or the changes in backwater con£t‘ e 30 Obmct’."ml
compilation), even though it is not of interest to the improvements, flood routin t d;o_ns ne to chanriel
designers at the time. Results of experiments on ; g stu

AT €8, determinati
of flow distribut; nation
many models are usually required in assembling general the Froud:;1 11;, v of St chann:is, ste. Although

design information, and it is a waste of time and money attention mustw o Smilitude & applicable, gpecial
t7 oconstruct models and not obtain all the useful; resistance, which is of major i
i.nformati.on. _For example, the following general be ignored or adjusted w]h‘en th ults anno¢.
qurmatl_on is .desh:ed on spillway and.outlet works preted. In the cagse of g, large mog ﬁ;ults‘ are - Inter-

design : (1) calibration curves for all spillway crests; be high enough to insure tu%bu] te ® velocity §
(2) complete calibration curves for all types of gates mum model roughness ma ot Sow and the minis
(3) water surface profiles through gate sections of boundaries to represent tl{ gve smooth, enoygh °
spillwave and other open channel structnres; (4)informa~ Then g geometrically si ° P’°°°WP9-J Properly.
tionl on the sl;reading of jets in flat chutes ; (5) stilling imilar mode} may be wsed, <
pool actions for various types of sloping aprons and 412 U . ‘
bafle pier arrangements ; and (8) effects of negative tortion in dl;l;siathme mjmdm';' unusually Jarge, 5 gig

pressures on the stability and discharge of overfall tionately high resi o:t’(tli:o ﬁm% i "
dams. * Some of these data are obtained in routine (2) to obtsin. a suffiviently, m} ivrien :
testing, but constant vigilance will be necessary _to. number to insure tmm o
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4-1-3. Distortion in slope required to satisfy
condition (1) can be computed with suflicient precision
by the Manning formula.

v = L42 R¥ck

Since the Froude law required that /p = \ﬁj]

formula may be written.

Substituting D/L for S results in the expression :

o RO
¢ “Tm,

This expression may be re-arranged to the following :

2
Ny Dr
o (8)
Ry

Dr/ Ly =
If roughness co-efficient n is known for model and

prototype, n¢ known and the distortion D,
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.

o

"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 distributin

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 is not available, the processis
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
giould be adjusted togive an average resistance
which is approximately correct over the desired range
or the roughness may be varied with depth for a closel"
approximation.

416, 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.. :
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42, Movable-bed models.

_ 421 There are many open channel problems
mvolving 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
eﬁ‘ec.ts 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.

_ 423, 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 17, 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.
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4.2:5. Although vertical exaggeration is usually
necessary from the standpoint of obtaining sufficient
bed movement, it does introduce certain ur}desl-
rable effocts, sone of which have .b.een @etloqed
previously but which warrant additional discussion
at this point. The exaggeration may Increase the
slopes of the model banks beyond their angle of repose
go that they will no longer stand. Distortion also
increases the longitudinal slope of the stream, thus
tending to upset the flow regimen to a point whe}'e
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 compr‘orpis.ing resistance
and bed movement have been minimized by using
various model bed materials of lower specific gravity,
so that less scale distortion 1s required to produce
proper movement. Among such materials are coal,
pumice, sawdust, ground plastics, etc.

427. A bed load feeding apparatus is usually
desirable for a movable-bed model. It is provided
at the channel entrance to supply bed load 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 model
is an intricate, cut and try process of progresswgly
adjusting the various hydraulic forces and varying
the model operating technique until the model will
repreduce, with acceptable accuracy, changes in be_d
configuration which are known to have occured in
the prototype between certain dates. In this way,
the accuracy of the functioning of the model is esta-
blished, and certain of the sca.le' ratios, suc_h a8 time
and discharge ratios, are determined experimentally.
Their verification procedure may consist of the follow-

ing steys:—

Two prototype bed surveys of past dates are
selecig()i. (T}?e time between these two dates being
known as the verification period). The model bed
is molded to conform to the earlier survey.

The hydraulic phenomenon which occured inthe
pro(tz)type d\}lrring t',hep 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 that period
are reproduced in the model at the proper time.

(6) The model bed is surveyed at the end of the
period, and the model is considered to be satisfactorily
verified only when this survey checks the prototype
survey with acceptable accuracy.

43-2. During the cut and try verification process,
it may be found necessary to manipulate the time
goale, discharge gcale, rate and manner of bed load
foeding, 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 & 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 bave 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 dynamie
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 on general judgment and ressoning,
the basis on such reasoning being the verification of
the model, a knowledge of the prototype, and familia-
rity with the general characteristics of such models.

5.0. CoasTAL MODELS.

5-1. Models of Waves.

5:1-1. If the phenomenon to be studied is the
form, pattern, and travel of waves, for instanoce,
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 travek
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 type of model
be constructed depends almost entirely uposxlxm:lh‘:
absolute magnitude of the prototype waves and the
accuracy of me.suring equipment on the model.

52. Models of Tidal Areas.

5-2-1. Models for the study henomer
most accurate when mdnwtedo{omm are

However if the prototype is reasonably wido Qnd
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shallow, 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. Beaches.—Models of this type combine
the characteristics of the movable-bed type with
those of the tidal type.  Since they almost invariably
wnvolve the action of waves on the heaches, the models
mast be constructed with little or no geometric dislortion.—
The amount of permissible distortion depends upon

two factors-—the slope of the beach, and the amount
of bending of the waves ag they approach the problem
area. The distortion must not be so great as to cause
the beach fo be steep, if the prolotype beach is relatively

flat 5 otherwise the point of breaking of the waves will

be misplaced. 1f the waves approach the beach
without much change of direction, a small distortion
might not affect their dircction of approach.

On the other hand, if the waves bend appreciably
as they approach the beaches, geometric distortion
would a’ter the wave pattern, tending to cause the
waves to travel in a straight line without bending.

KOSI PROJECT—FLOOD CONTROL IN BIHAR.

By

Tuirv R. GHOSH, B.E, *

1.0 The River Kost.

1.1 Kosi is one of the important rivers coming

from the Himalayan range. Emerging from the

Tibetan Plateau, it crosses the Himalayan range
and flows through hill gorges of Nepal up to Chatra,
where it debouches into the sandy plains of Nepal.
Passing through the Saptari district of Nepal, and
Saharsa, Darbhanga and Purnea districts of North
Bihar, it falls into Ganga, near Kursela, after traversing
a distance of about 190 miles from Chatra. In 1731,
Kosi used to flow by the side of Purnea town and mect
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 from east to west,
covering 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
covering a distance of about 16 miles, the slope drops
down to about 2:35 ft. per mile. Thereafter, over a
distance of 41 miles up to Bhaluahi, the slope further
reduces itself to 1-48 ft. per mile. Beyond Bhaluahi,
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, Irrigation 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 lakhs 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 3-87 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 the flood
embankments have been designed for a maximum
flood discharge of 950,000 cusecs against the flood
discharge of 850,000 cusecs observed during 1954
floods, The distance between the embankments
varies between four to ten miles, depending upon a

number of factors mostly relating to the topographical
features of the area. The river was visited with s
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.

24 The construction of the barrage at Bhimnagar
has provided stability to the river courses up to fow
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 Barrage,
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 about
six lakhs acres on the countryside on both banks of
the river has been rendered flood-free.

3:0. Problems encountered in maintenance o ood
embankments. /£

3'1 The Kosi is a meandering river and real
problem of this river is its inherent tendency to
change its course frequently. This is attributed
largely due to its excessive course silt 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 food
embankments from the fury of the river has been
one of the major problems engaging the attention
of the project Engineers.

3.2. In order to appreciate the stupend
of the upkeep of these flood emba.nkmlzanrs::”ilt;s wgﬁg
be relevant to observe the channel characteristios of
river Kosi vis-a-vis the marginal flood embankments
The concept of embankments was evolved in the;
case of the Kosi with a two-fold obiective. One
was to prevent spills and the otter to arrest the
lateral movement of the river and confine the sam
to flow into & central channel. While it mg be
reasonable to expect the embankments to przven:
spills fairly, satisfactorily subject to certain limit
tions, the same thing cannot be said of the Iat;r:i
movement, particularly of a river like the Kosi
Confinement of flond flow between the embank o
is ikely to introduce changes in channel ohmmﬁ?t
in regard to width, depth, slope and veloeit s.tl;
consequent mcdifications into  river se)(:{';n
Naturally, therefore, the relationship between by
ment load and channel characteristics pamo.;:dl )
slope, would get altered resultin, in positi ﬁy
changes of bends and meanders, which inturn ;g!‘:ﬂ'

* Chief Engineer, River Valley Projocts, Patns, Bihar,

—
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i our or fill. The scour will exhibit itself
gisléilbe 1:h:;e of sets due to ul}dercutting and the
fill in shoal or island cogpled with a general and
gradual raising of the river bed. Thugs the effect
of the embankment will be to produce river gets on
the one hand and a gra@ual rise in the river bed
levels with a corresponding rise In the river flood
levels on the other. In as mnch as the emba.nl;men’os
in the Kosi have been bu§lt far apart, the distance
varying from about 4 miles in the upper 'rea.ch to
some 10 miles down below, the rate of rise in levels
will be greatly retarded. Suph a rise however small
it may bo will naturally bring about a progressive
encroachment on the freeboard. Whﬂe’the dgslgnod
froeboard is 6 feet, its gradual reduction will tend
to reduce the safety of Fhe enl?ar}kments, until the
reduction reaches the optimum hr.mt .of,. say : 3 fee_t
freeboard. Reduction beyond this _hmlt will consi-
derably enhance the eloment of risk. At such 'a,
stage, would arise the necessity to raise enbankm nts
if thc;y are to servo another period of usefulness
Zmd their life extended thereby.

. e the problem of rise in the bed level ' ig
cox:il;wrzzil:’jtl:lay eager to solve from an engineering

int of view, the problem of scour 9a.used by under-

tltling and formation of kets 1s deﬁ(?ult to tackle.
(IT i also not possible to predict the points of attack,
although it may not be unrea.sona.blg to anticipate
the minor valloy crossings as the possible vulnerable
gpots, where tho river may be expected to take a
p;) "A number of permeable spurs are required to be
oon tructed at such vulnerable points along the
oons kment and at the most critical sites a battery
er{]'a ﬁﬁ and short impermeable spurs with‘ length
O Eyin from 1,500’ to 300’ have to be provided to
var{leng the embankments from the river attack.
%li(l)e cncose of impermeable spurs are provided as
launching aprons comprising of boulder crates. In
the case of lingering danger to the er'nbanl_iment at
gome such vulnerable points, even ret{re(l lines may
have to be provided to act as secor_xd line of defence.
For formulating suitable protection measures for
the safety of the embankments against t}}e 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 Stat19n, Poong
for model tests. Permanent model of river Kosi
is maintained at the Research Station and the river
conditions 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 averago, 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 flood events.

be interesting in this context to briefly
en{;n:av;.uttd the significant flood events during which
the Kosi flood embankments were attacked by the
megndering river. In the flood of 1961, a channel
developed about four miles downstream of tke barrage

site, which touched the eastern embankment near
15 k.om. and flowed parallel to it up to 28 k.m.
A severe attack on the eastern embankment was
again experiencod during the flood of 1962, which
was successfully met. On the western bank, erosion
was oxperienced 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 oxtent of 1,500 ft. opposite village Dalwn
in Nopal 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 cusecs which was close to
the designed discharge of 9:6 lakhs cusecs. The
catern and western XKosi flood embankment
withstood the danger posed by the high flood, save
and except some minor breaches at the tail end of
the 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. {0 30 km. 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 is under serious consi-
deration of the Government.

5:00 Necessity of construction of a Second Control
Structure on river Kosi.

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
Barro ge to Dagmara o 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 rver 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 ocon-
struction of a second control structure as an effective
and long-term check of the fury of the meandering

4.

iver c¢n hard-y be over emphasized, oslf)ecligéliy

:lo in view of the oxprienco of the ﬁood: 2n o

&heu the reach 10 K.M. It,o Sobﬁr.Mé ;);0]2:; eto ood
snkment was vuinoerad :

?)rr?:l);rl‘ght of the eastern swing of the river courso.

i d
ssently model tests are being conducte
at5gen£‘:lseWa}1,;er and Power 1.{esea,rch eg‘gazloz%
Poong with a view to examining thefthocriver
Dagmara Barrage in the gradient qontrol 1:)1-39
and subsequent stability to the river course.

60 Concluston.

The Kosi Project was conceived essentia,llz ::Sna.
flood control schemo. Sinco & barrage lwa.s rk: thge
up a3 g componont of the flood control WOrks,

incidental works of irrigation were also added
subsequently. For all practical purposes, it s u&;.ln
experimental scheme, designed to serve as a full -
scalo model for determining suitable measures to
control the vagaries of this unique river. It is also
not yet complete in itself. The main problem bgmg
the heavy silt charge carried by the river, the idea
as envisaged originally, as an integral part ‘of th?
present scheme, was to construct a series O
check-dams in the upper catchment of the river and
also to introduce soil conservation measures 1in that
area after completion of flood embankments and
the Barrage. But, for various Treasons, those
schemes could not materialise and as a result problgm
of siltation in the Canals has assumed & menacing
dimension. :



ADDRESS DELIVERED BY THIRU S. P. NAMASIVAYAM, 8.e, v.ri.r. CHIEF ENGINEER (GENERAL

AND IRRIGATION),

TAMILNADU AT THE 1ita 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 chooso. 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 casual one because it is to be given before an
audience of experts. Secondly, the subject which I
have chosen, that is, * The 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 Engincers
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 Tamil Nadu
is about 6 million hectares net. Of this, about 2-5
million hectares net are under irrigation by canals,
tanks, wells, etc. The extent irrigated by canal
systems alone, which only can be deemed to be depen-
dable, is just about a million hecteres net, out of
which 0-5 million hectares lie in the Thanjavur Delta
area. Such a large extent of lands irrigated by a
single river system, in a compact block, is not avai-
lable any where else in our State. We have, therefore
to get the best out of the Thanjavur Delta in order
to progressively increase our food produ.ton. We
have to see that we get the maximum out of every
unit of water. And we have to get the maximum
out of every unit of land. Such a dual problem
is rarely met with on such a scale any where else
in our 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 peroont and also increase the yield per hectare.
Increase in irrigation intensity requires additional
water supplies, which, on the surface of it, so to say
are simply Dot available, ’

The constraints, which now stands in the way of
in roase in the Irrigation intensity in tho delta, are
more particulatly : (1) commencement of Kuruvai
cultivation depends upon a fairly firm sotting of the
South-West monsoon later the commencement, lessor
the second crop area and thus the intensitv.’ And
(i) tho «xtent of Kuruvai cultivation depends upon
tho availability of irrigation water in the rivers during
June-September  period. Though the anticipated
Cauvery waters sharing among the riparian States
is not likely to diminish the supplics to tho delta
neither can we hope for any palpable increase in thenlf
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 arca too. Firstly, tho 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 cstimated to be
only about 20 TMC. How inadequate this quantity
18, to meet the Kuruvai cultivation demands will be
evident from the fact that 48 TMC of water is
issued to theso two sub basins during tho 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 oven 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 releasod over the delts for Irrigation. 'The
recharge component through irrigated prddy 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 scepage immediately
after the surface water is released for irrigation.
The recharge of the aquifor is thus the firat charge
on Mettur waters. In other words, the more you
exploit the aquifer, the more you have to draw from
Mettur. Ro, ground water can, at test, be utilised
only 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 cultivation
on the largest extent possible ? Tn othe words
how to improve the efficiency of the system—at least
in favourable years ? Thisis the problem that is facing
the irrigation Engineersin the deltar 1t oertainly
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is a challenging problem as the efficiency of the
system is already at a high level—5v percent. The
depth of delta (of irrigation water) at the river head
i only 42 ft. compared to 4-2 to 4-8 ft. and 3-8 to 4.0 ft.
obtaining in the more modern Godavari and Krishna
delta systems respectively. The delta obtained in
the Cauvery system is all the more efficient if we
consider the fact that rainfall is well distributed
through both the irrigation seasons in the Gudavari
and Krishna deltas compared to the uneven distri-
bution in the Cauvery delta area—nieagre during
the first crop period and copious during the north-
east monsoon per‘od.

To achieve maximum production out of every unit
of water, irrigation efficiency has 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 mentioned above.
Achivement of maximum production out of every
unit 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, ete., 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, (ili) flood
control measures like construction of a barrage
across the Cauvery arm at the Upper Anicut, diver-
sion 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 of ground water to
enable raising of early kuruvai nurseries and to
supplement surface irrigation in the last 2 or 3 critical

weeks of Thaladi cultivation, this item aimed as
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, ete., for better land management.
The last item aimed at increasing the yield per hectare.
The Modernisation proposals had & few more items
also like village communications, to improve market-
ing facilities, etc. The modernisation proposals are
in main expected to ensure timely water suppliers
and better water and land management and thereby
increase 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 a 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 ocan be
no higher tributes to your work.

I wish you all success in your endeavours to meet
glei challenge that is waiting you in the Thanjavur
elta.



HE PROCEEDINGS OF SILVER JUBILEE CELEI}RATIONS or IRRIGATION RESE-
SUM?I?(%IY SQI'FA'%‘ION , POONDI. INSTITUTION OF SRI M. VISWESVARAYYA I}IEMORIAL ENDOW-
MENT LECTURE AND INAUGURATION OF 42xp ANN UAL RESEARCH SESSION OF CENTRAL

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.

QA : f

his year, the 42nd Annual Research Session o0

th:f (llin{ral Board of Irrigation and Power was a_,lso

inaugurated at Poondi, along with the Silver Jubilee
Celebrations.

During the celebrations, an Apnual 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, _hyd}'al_lhc struc-
tures and other matters connected with irrigation.

The proceedings of the celebrations are briefly
reported here :

about 400 delegates from all over t.;he
coun'tl;'};rerewvljgreattended the cglebrati.ons including
members of the Central Bqard of Irxilgatlon and PoYver,
Directors of Research Stations, Engineers from various
States and the centre engaged in the design, construc(i
tion and maintenance of Irrigation Structures an
representatives of public and private undertakings
and Educational Institutions.

. . o ,
_ P. Namasivayam, Chief Engineer (Genera
fl]rirfigation),welcomed the Honourable guestg and
Enle ates. In his Welcome Address 'he mentlon.ed
tﬁatg'ra,mil Nadu is entering into a perlod of scarcity
of water resources at present, but with every hope to
tide over this difficulty.

tion was presided over by His Excellancy
Th'li‘xl-llf Igurigl Shah, Governor of Tamil Nadu.  The
celebrations were inaugurated by Hon9urab1e Dr.
M. Karunanidhi, Chief Minister of Tamil Nadu. -

ble Thiru S. J. Sadiq Pasha, Minister for
nggotlllig:ributed the gold medals for the staff mem-
bers who had put in twenty years a'nd more of service at
Poondi, in recognition of their meritorious a,nfl _lengthy
service. Honourable Thiru O. P. Ba.m&n, Mlmster for
Electricity, released the I.R.S. Silver Jubilee Souve-

nir.'

Honourable Dr. K. L. Rao, Union M.inisfier for
Irrigation and Power, Government of. India, inaugu-
rated the Sir M. Viswesvarayya Memorial Endowment.
Er. K. V. Sirinivasa Rao, President, Central Board
of Trrigation 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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Honourable Dr. M. Karunanidhi, in his Inaugursl
Address hopod that tho Annual Resvarch  Sossion
would create a good climate for co-operation between
Tamil Nadu and its neighbouring States in solving
irrigation problems. He pointed out that 95 percent
of surface water resources of Tamil Nadu had already
been exploited. He appealed to engineers to submit
new techniques for tapping water for irrigation. He
pointed out how in ancient times in Tamil Nadu,
Irrigation system was perfected by means of Anicuts
and Tanks. He also announced that the Project
Report to upgrade the Poondi Research Station,
into an Institute of Hydraulics and Hydrology had
been approved by the State Government and action

would be taken to implement the recommendations
in the Project Report.

His Excellency Thiru K.K. Shah, in his Presidential
Address said that if the waters of the major rivers in
the country were harnessed to the benefit of the entire
country, anew wave would sweep the country binding
its various parts closer. If this effort was combined
with an efficient water transport system, a new band
of unity would be forged. The Governor said that
the Central Board of Irrigation and Power, had been
acting as a unifying factor. He commended the

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

Honourable Thiru S. J. Sadiq Pasha, Minister for
Works, while distributing the gold medals to those
who have put in long service at Poondi, mentioned
that I.R.S. Poondi had done very useful work in
the fields of Hydraulics and Hydrology. He also
briefly mentioned the events that led to the proposal
to establish a higher Institute of Hydraulics and
Hydrology. The new institute for which approval
has been announced by Chief Minister, earlier will
conduct research in weather modification, ground
water exploration, new techniques of drilling wells,
desalination of sea water and brackish water, ete.

Honourable Thiru O.P. Raman, Minister for Electri-
city, released the I.R.S. Silver Jubilee Souvenir
and commended the studies conducted at Poondi,
for the projects undertaken by the Tamil Nadu Electri-
city Board. He pointed out that I.R.S. Poondi
has developed the first Direct Simulation Continuous
Resistance Electronic Analogue Computer in the
world for ground water studies.

Er. K. V. Srinivasa Rao, President, Central Board
of Trrigation and Power, in his Address suggested
water budget for each basin and urged supervision
and control by a single authority of the inter-related
activities of the two sources-surface water and ground
water. He also briefly mentioned the contributions
to research made by all Research Stations and other
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i i y i d the
nisations during the preceding year an
gzlg: 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 resourc;as
belonged to the entire community and the aim shou
be their optmium utilisation bepeﬁtmg all .re{g{oné;
He said that <Regional Passions and rivalries
should be eschewed in the utilisation of natural reso:
arces. He said, that because of inter-state rlva}ry,
there were 50 river water disputes pepdnclg be o}xl'e
him. It was engineers rather than .pohtl.cu'ms w (;
were parochial. In one dispute while ministers o
contending States accepted the compromise suggest}ed
by the Centre, Engineers did not agree to that, he

pointed out.

i f water manage-
leaded for new techniques o ‘
me}lll(z g)ne recharging the ground watezi{ for con::erva,(i
i in ti ity. e mentione
and use in times of scarci '

:ifaﬁ; such a techinique was being adopted in U.K(i
He called upon the Central Board of Irrigation an
Power and its allied institutions to devote their
attention to applied research instead of abstract

research.

as given to all the delegates and guests
inih:amll)cel;i;;r 1§ark. After lunch in the afte;' %oon_,l
Er. J. 1. Coilpillai, Retired Chief Engmeea (:—,h %I;-ut
Nadu, Public Works Department, delivere k) et )
Sir M. Viswesvarayya Memorial Endowmenf; ec urg.
In his lecture he highlighted the contributions ma (la
by Sir M. Viswesvarayya for the country in geneg
agd the engineering profession particular. He
traced the history of development of hydg‘aulhc t::-
gearch in Tamil Nadu and at 1.R.S., Poondi :n e
contribution made by it during the last twenty seven
years of existence.

i llowed by two Symposia on the follovz-
i Ttxl:b;‘(,:::sf? (i) ResZarch on Water resources ; (ii)
lllllgesearch and Education, After the Welcome Address
by Er. P. Kumaraswamy, Director, Irrigation Rese-
azoh étation, Poondi, the Symposium, Rg;ea_.rch on
Water Resources” coramenced under the Chairman-
ship of Dr. G. Rangaswamy, Vice-Chancellor,
Agricultural University, Coimbatore. Th?.re v;fre ;o)wo
papers for this symposium from S. Banerji, Member,
Secretary for the Indian National Committee ];)f Ithle
Tnternational Hydrological Decade and V].) B. aé
Soientist, 1.H.D, Institute, C.8.LR., New Delr , am
Er. D. Doddiah, Advisor, Central Board of Irrigation
am.l Power. The General Report: for this symposium

by Dr.-B.- Sekthivadivelu, Assistant ‘Pro-
}::o:'e?)% Hg'dmulic Engineering, Cpllege of Engineer-
iz Madras. The two papers invited lot of discus-
:g;; from the delegates. The delegates actively
participated in the discussion and mentioned the
contributions made by their states in- the develop-
ment of water resouroces. The Chairman, in his

concluding remarks euggested. for .a co-ordinated

rescarch work between Agronomist and Irrigation
467-2~=7

“with efficiency and enthiisiasm,

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-
sity. There were three papers for this symp sium from
Dr. Malcolm S. Adiseshiah, Director, Madras Institute
of Development Studies, Er. P. Sivalingam, B. E.
(Homs.), 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 prepared
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 faces
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 the
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 study
any course he wants at any time instead of the
present procedure which does not admit people to
enter the college at a time they want to prosecute
their studies. =~ He compared this to going in an

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

Er. P. Kumaraswamy proposed the Vote of Thanka

An exhibition was organised by Messrs. Misorotek
Instruments, Madras at the time of Silver Jubileg

Celebrations.  Various types of measuring and
indicating instruments, mannfactured by gfeaan.
Philips (India) Limited and a closed Cirouit—TV were
some of the important equipments exhibited for the
benefit of delegates. Honourable Dr. K. L. Rao
visited the exhibition and wgs very much impresaed:
In the evening a dance performance by Selvi Sasikala
Devi, was arranged for the delegates. The dele

left Poondi to Madras after a sumptuous dinner served
within the laboratory precinote. . . . . -

In spite of the unusually heavy 4 L
Silver Jubilee day, omw?; ngsm%wng?w on‘thy

Research Station, Poondi, managed he celebrafing,




KERALA-TAMIL NADU HYDROLOGICAL LINK

bBY

P. KUMARASWAMY*.

A rational method to assess the pczssibi}ities of
hydrological interlinking Kerala and Tamil Nadu

is outlined in this report.

ccording to a Report on the Kera.lu Wat_er‘
Reéources ;repared by Er. T.P. Kuttiammu, Cll:teli
Engineer, Irrigation and General, Kerala, non Ofl
‘Jult;r 1958 and published by the Kerala Government,
a total of 42-6 billion-cun_x. is the available “.ra”telr’
potential of the Kerala Rivers South of Kattiy (L](l
River. Since it may not be po.ss1b1-e to utilise the
waters of rivers north of Kauttiyadi, River f’orht'h’(f
benefit of Tamil Nadu for_geographlcal reasons, those
rivers have not been considered.

' ious rainfall in Kerala and large values
of %?fncf%—gg—l:gicient of the hilly forested catchmehnts:
the Kerala rivers yield a runoff of one to tb rtc(i
‘metres. The percentage of irrigable land ;J‘OT;O q[
area of the State is smaller than the State of Tami
Nadu. Therefore, the surplus Wa}ters available in
Kzralla can be utilised in the following manner to the

betterment of both the States.

ir is to be formed on the Kerala

gidﬁ stoogagfe r\e?;eezgm Ghats Wh‘ich divides Kerala
d Tamil Nadu. Hydro-electric power will be
(aigveloped at this reservoir. A tunnel at an elevathn
slightly higher than the maximum water-level in
the reservoir will be dr.llled through thfa Western
Ghats at a suitable location, thus connecting Kerala

and Tamil Nadu.

' ography and economics permit, this
Zzgﬁfjvf;n tl())g egtferll) a§; a lower elevation than MWIL,
of the reservoir. Half th'e. power generp,ted ab tl}e
Kerala Reservoir will be ufthsed for pumping a cqrtam
percentage of the reservoir water through the inter-
connecting tunnel to Tamil Nadu. The waters
‘emerging through the tunnel will be stored up in a
‘regervoir to be formed on the Tamil Nadu Side. In
this manner, the power developed and thg water
‘potential are shared between Kerala and Tamil Nadu.

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

A dam of about 75 m.’hgight and 300 m.t llengtl;
" be formed across Periyaru approximately a
f:(:iltue%°23' Nand 77°19' E with F.R.L.at E1-1050 m.
above M.S.L. A tunnel of about 1 km. length can be
!drilled through the Western Ghats .Rldge leading
o Silangadai Aru on the Tamil Nadu side,

As a sccond example, ‘a 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.1..
and a tunnel of aboat 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.
Suggested 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 bed level of the dam at EI.
EB (MS.L.) metres. The annual inflow into the

reservoir is assumed to be Qma The following

further assumptions are made,

Minimum depth of water to be main- d..: ™
tained in the Kerala Reservoir. min ( )
Maximum depth in Kerala Reservoir c‘]m“ (m)

Average depth in Kerala Reservoir

dav (m) |

Kerala Share of water Q“ m:yyev |
i b , a
Tamil Nadu share of water Q7 'm/ year
Evaporation and other losses from 3
the Kerala Reservoir. Q"m / year
Q- QK"' Qy + QL """ 0]
Average flow through
the Keralg Power = s i Q e 3 ’
House S65x24,x3600 " /’“

Average power developed

= oK -
365224 %3600 dgv X9-8x g (Ku)

* Director, Irrigation Ressarch Station , Poond;,
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:Yhero ¢‘ is the gross efficiency of power genera-
ion. .
Let

P“ Vl ﬁ 1 X 9 8

X Q, . ----(2)
365%24 %3600 K day
Let half this power generated at the Kerala Power
House be utilised to pump water over the Western

Ghates in to Tamil Nadu. Let the inlet level of the
Kerala—Tamil Nadu Tunnel be at

El. Ey (m) MS.L.).

Average head through which pumping has to be dono—
Er -—@ at le)

Power required for pumping

a1 E:(Fard Ny 18
= 3524 73600 (57 %8 aj" &,

Where ¢2 is the gross efficiency of the

pumping system.
e A 9-8 _
T, 365:(24:3500“’ [év (gt davﬂ
=t x F,x9:8 Q.d

365 x24 xX3600 K av

i.6,Qy CET" (Eot dtV)J :f_l___;} . Q- dav

* £ dai4ema)
. Q'[Er-(ésf dav)+ z'iz, dav]

s __0;‘: dav (Q-Qu)

Qy - !4121 dav (@—Q,)

2t _—
(€7-€g)-dav E—(ﬂ;_})]

assuming @ = ?1 = 0-8 we have

Q= 032d,,(Q-Q,)
T(Ey ~€8)~ 0-68 day

4. 0-324d o
-l G e v e G )

we shall also assume for the sake of estimation

- 02

o|o

- Qr_ 0256 day
"Q (Ey-Eg)— 068 A av

e (4)

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

half. For example when \(E;-EB) is 100 m. and
dav=30m, QT /Q works out to 9-64 percent.

Based onthe above principle and assuming an avemge

value of Qr/Q 202 4y amount of about 8 billion
cu.m. of Kerala waters can be utilised in TamilNa&n
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NEWS ROUND UP

(a) Cyclone and Floods in December 1972

A Cyclone of severo intensity struck the Tamil
Nadu Coast necar Cuddalore on the morning of 6th
December 1972. Thereafter, it weakened into a deep
depression and moving, slowly across tlfe 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 aund experienced heavy rainfall pf . the
order of 300 mm. to 375 mm. (12" to 15”) within a
period of 36 hours. The rainfall in this area between
September and November 1972 had been above
normal, as a result of which, Irrigation Reservolrs
and tanks had received copious supplies, even bgfgre
ihe onset of the cyclone and were not in a position
to absorb further udyprecedented sudden inflows.
The fury of nature left in its trail heavy damages to
Trrigation 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 th:lB D.lstrl(tt were
damaged: While the century old.Tlrukotlur . anicut
was completely washed away, In Gomukhi Dam,
commissioned 3 yecars ago, the earthen da.rp was
over topped and breached. In all, 1600 Trrigation
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
immediately 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 Re. 4.00 crores for repairs
to Major Irrigation Sources.

(b) A Note ox Cooum Improvement scheme.

e commencement of Cooum Ix.nprovement
Schec@rmt; envisaged to remove the stinking smell of
the Cooum and to make it a pleasure resort to the
citizens of Tamil Nadu was ina.ugumted by the Lat_e
Chief Minister of Tamil Nadu Thiru C. N. Annadurai,

in the year 1967.
The scheme was taken up in three stages.

First stage of works consist of installatiop
of a regulator with two vents each of 10.67m (35°)

width and a jetty 76.81 m (2562') long. A sand pump
capable of moving on rails, along the jetty keeps the

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. (5 miles 2
fgrlongs) by channelising the river and protecting the
sides with cemeunt concrete slabs. A walkway 3.06 m
(10’) in width on either margin is an additional
protection during floods. The area reclaimed by
channelisation viz., about 20.23 Hectare (30 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 asan 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
0 m X 25 m set to international standards, a deep

diving pool of size 25 m X 16 m and 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 %
the basin above the Napier bridge is capable of
shooting 90 metres (about 270°) high is illuminated
by flood lights. This fountain with its illumination
will be an unique attraction.

The third stage envisages rehabilitation of slum
dwellers who have to be shifted from the margin of
river Cooum. 941 families are proposed to be rehabili
tated elsewhere.

The scheme was completed in  February 73 and
Dr. Kalaignar M. Karunanidhi Hon'ble Cheif Minister
of Tamil Nadu declared open the pleasure bhoat
gervice in Cooum on 4-—2—1978.
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Works Minister Presenting Gold Medal to a Worker in Irrigation Research Station Poondi.
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