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HYDRO-ELECTRIC DEVELOPMENT

IN  TRAVANCORE

By R. L. CHANTRILL, BSc, MLEE. and W. H. THOMPSON

a range of hills known as the Western Ghats, termina-
‘ ting roughly at Cape Comorin, the southernmost point
of India. An approximately triangular area is enclosed between
these hills and the Arabian Sea with Cape Comorin as the apex.
This area of 7,800 square miles is known as the State of
Travancere, which has for many vears been known for its high

) ﬂ- LONG the Western seaboard of the Indian Peninsula runs

machinery, eivil works, ete., with transmission lines extending
as far as Alwaye, Alleppey and Quilon, with a genera-
ting plant capacity suitable for supplying the initial load
served by the transmission system. Orviginaily this scheme
comprised transmission lines from the generating station to the
switching station at Kothamangalam, with further lines branch-
ing off to Alwaye in the west and Pallam in the south. Later

literacy and enlightened administration. The
present capital is Trivandrum and the country
is well served by 2 number of ports. The State
has an exiensive system of inland waterways
and roads. Full use of these iransport facilities
has been made for the purpose of delivering to
site the electrical machinery, apparatus and
transmission line material for the Pallivassal
Hydro-Electric Project.

Mr. K. P. P. Menon, the present Chief Electri-
cal Engineer to the Government of His Highness
the Maharaja of Travancore, carried out a large
number of investigations on possibilities of
hydro-electric development within the State
boundaries. As a wresult His Highness the
Maharaja's Government came to the conclusion
that the development of a scheme utilising the
water resources of the High Range possessed
the most economic possibilities. In arriving at
this conclusion various economic factors were

taken into consideration to ensure that the
project becomes self-supporting in the shortest
space of time. The scheme now being developed is not neces-
sarily the largest of the potential water power resources in
the State.

The present scheme utilises the head available in the Munnar
River after it leaves the High Range hills to fall in a series
of cascades down to the Travancore plains below, This river
draws its water from the catchment area of the Kanan Devan
Hills of the High Range of the Western Ghats in Travancore.
These hills have areas in which occur the heaviest rainfalls
along the western seaboard of India, thereby ensuring a com-
paratively plentiful supply of water from a relatively small
catchment area.

The first stage comprises the installation of the necessary

Fig. 2.

Kothamangalam Substation, Pallivassal Hydro-Electric Scheme.

the Maharaja's Government sanctioned the extension of the
first siage of the project to include further transmission lines
south of Pallam to Mavelikara and Kundara with lower voltage
lines from Mavelikara to Alleppey and from Kundara to Quilon
and Punalur, Thus the first stage of the scheme covers a fairly
considerable portion of the State’s total area and it has been
designed so that transmission system extensions can be added
easily to distribute the supply of electricity to further areas,
as and when such extensions are justified by load. In addition
to the power potentialities in the ultimate development of the
existing site there are other sites within the State which can
be taken up and connected to the present system.

The first hydro-electric scheme takes its name from the
Pallivassal Tea Estate through which the Pipe
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View of Mavelikara Substation, Travancore.

Fig. 1.

line passes on its way from the forebay to the
power house. The maximum capacity to which
the present power station can be extended is
limited by the amount of water which can be
stored economically in the hills to supplement
the minimum flow of the river; this capacity will
be about 25,000 kW. The ultimate development
of this site will utilise the waters discharged
inte the present tailrace in a further drop of
the Munnar River downstream of the present
power house.

Hydraulic and Civil Works.—The off-take of
the Munnar River has been located to make use
of the largesi possible catchment ares from the
Kz}nan Devan Hills consistent with the economic
utilisation in the first stage of the maximul‘n
hea(; available in the fall of the river. This
catchment area comprises the wester s £
the Kanan Devan Hills, which haveﬂsr:)mlog(festgi
highest anrnual amosunts of rainfall of the
Western Ghats. Some of the various tributaries
of the Munnar River have suitable sites for Elam:




nserve the high monsoon run-off in the
will be built as and

lement the minimum

to impound and co 1
entchment area. Such storage reservoirs
when required by load conditions to supp
flow of the river during the dry months.

The water of the river is decanted by a weir and then passes
through a channel on its way to the tunnel and forebay. It
was found impracticable to run an open o protected chan_nel
alone the mountainside to the forebay because of the crumblmg
nature of the surface rock. For this resson a tunnel, approxi-
mately 10,000 feet long, has been built to connect the ta_kg:oﬂ
with f)ipe line forebay and surge shaft. A pipe line, consisting
of two separate pipes each 7,700 feet long in parallel for the
first installation, connects the tunnel exit with the power house.
Each pipe will supply the necessary water for one 6,000 b.h.p.

turbine.

The level of the weir erest in the Munnar River at the off-take
is about 4,760 feet above sea level, whilst the tailrace is approxi-
mately 2,000 feet below (2,750 feet above sea leve] approxi-
mately). This produces a net effective head of 1,877 feet at
each turbine nozzle. The power house is located on rock on
the banks of the Munnar River, with the tailrace arranged to
discharge into the river.

Generating Station.—The first stage of the generating station
comprises three 6,000 bh.p. Pelton-type waterwheels running
at 750 r.p.m. Each waterwheel is coupled directly to an alter-
nator rated at 4,500 kW at 11,000 volts with the bucket wheel
bolted to the overhung alternator shaft. The Pelion wheels
are connected to the twin pipe line through valves arranged
for two of the three machines to be operated from the tweo pipes
comprising the first stage of the installation. The rise of
pressure in the pipe line and the variations of speed of the
generating units are kept within reasonable limits by special
design of the governor and the provision of deflectors for the
jets of the waterwheels,

) In addition to ordinary load-carrying capacity, each alternator
is also designed to be capable of supplying line charging current
for the transmission system at the leading power factor usually
associated with such systems under no-load conditions.
%\iechanical]y operated triple-pole air-break isolators, suitably
interlecked, enable each aliernator to be connected direct to
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. ’I_‘rar}smission Lines.—The lay-out of the transmission system
is mg]lcated on the attached map, and comprises five double-
circuit 66 kV. lines totalling 185 miles, one double-circuit 33 kV
line, 26}4 miles long (one circuit being operated initially at
11 kV),_one_ double-circuit 11 kV line 2 miles long, and twelve
smgle—_mrcult: 11 kV lines with a total length of 102 miles,
while in addition there is 2}{ miles of 11 kV underground cable.

The 66,000 volt lines consist of stranded copper and cadmium
copper_condv_.lctors carried on double-circuit towers in vertical
formation w1th. a cireuit on each side. For a distance of approxi-
mately one mile outside each substation the configuration of
t.}}e conductors is changed to horizontal spacing with single
circuit towers and two earth wires per cirenit. The 33,000
volt line from Mavelikara to Alleppey has been built on 66,000
volt towers to permit the line voltage being raised at a later
date.  Ali the 11,000 volt transmission lines are carried on
teakwood poles extracted from the teak forests of Travancore.
A plant has been installed for treating the poles by the Ascu
process to make the poles resistant to the attack of termites.

f.In the _Hllls Section of -the 66,000 volt transmission lines
rom Pallivassal to Kothamangalam, the lines pass through
very dense jungles inhabited by roaming herds of wild elephant
;nkaddltlon to other game. Special precautions have been
axen to protect the lines from damage by elephants. These
precautions take one of two forms:-——

(a} Elephant trenches round the bases of the towers about
T ft. deep and 5 ft. wide in places where the ground
pel:mlts such trenches to be dug.
{b) Spikes grouted into the face of the rock where the
t(?WEI'S have been erected on sheet rock.
Su}l;statlons.—-—SWItching stations have been provided at:
OTHA%ANGALAM_ to control the 66 kV branch line to Alwaye
MAvgn the main 66 kV trunk line to Pallam;
BLIKARA o control the 66,000 volt trunk line and the
KUNDM3.nct ines at the lower voltages to Alleppey;
> A o control the present terminus of the 66 kV trunk
Each ozansréussmn line, . :
Laireh e of these switching stations is also provided with
ansiormers for supplying the requirements of the local load

Fig. 4. Siugle-phase Diagram of Main
Substations.,



through the lower voltage branch lines radiating from these
stations. In addition 66 kV transforming stations have been
provided at Pallam and Alwaye and a 33 kV station at Alleppey
with 11 kV transforming stations at Kottayam, Tiruvalla,
Changanachery, Sherthaliay, Quilon, four stations forming the
Alleppey distribution.

Thrze-phase transformers have been utilised throughout for
stepping down the voltage and the following capacities have
been provided:—

Kothamangalam.—Two 500 kVA units, ratio 66/11 kV.

Pallam & Alwaye.—Each with two 2,000 kVA units, ratio
66/11/11 kV.

Mavelikara.—Two 3,500 kVA units, ratio 66/11/33 %V,

Kundara.—Two 2,000 kVA units, ratio 66/11/11 kV.

Alleppey.—One 1,250 kVA unit, ratio 33/11 kV.

Quilon.—Two 250 kV A units, ratio 11/3.3 kV.

Tach of the 11 kV substations has either a 125 kVA or

. 250 kVA wunit, ratic 11,0008/415 volts.

In the case of three-winding transformers the 66 kV windings
are star conneeted with each neutral point solidly earthed.
Each 3,500 kVA transformer has a 33 kV winding star connec-
ted with the neutral point earthed through an arc suppression
coil; the 11 kV winding is eonnected in delta to suppress any
harmonics which may otherwise arise. This 11 kV tertiary
winding is connected through the substation switchgear to an
earthing transformer so as to provide the 11,000 volt system
with an earthed neutral point. In the case of the 2,000 kVA
" transformers each main 11 kV secondary winding is star con-
rected and earthed solid, whilst each tertiary 11,000 vt
winding is rated at

ensuring that the air immediately in contact with the
oil is at a temperature well above the dew point and
is therefore reasonably dry.

(d) A heater in each outdoor power transformer conserva-
tor oil tank to serve the same purpose as that deseribed
under (¢).

Correlation of Insulation—The transmission line varies con-
siderably in its height above ground. This has necessitated
insulating the line so as to prevent as far as possible flash-over
during thunder storms, and at the same time the insulation
level of the approach lines had to be correlated so as t» avoid
surges of exceptional magnitude reaching substation apparatus
with a magnitude likely to injure the insulation in the stations.
To take care of these conditions, both in the hills and plains,
outdoor switchgear and transformers have had their insulation
values carefully correlated, based on impulse strengths of the
various component parts forming each siation. The various typi-
cal posts, insulator strings and bushing insulators were tested
at the impulse generating station of the Metrapolitan-Vickers
High Voltage Research Laboratory. The wave shape used for
these tests was 1/50 and both poasitive and negative impulsas
were applied. The tests were carried out under the direction of
Messrs. Kennedy & Donkin, who acted as inspecting engineers
for the Government of Travancore.

Having these tests carried cut in one laboratory where each
piece of apparatus is subjected to impulse tests under exactly
the same conditions, it has been possible to arrive at correct
calibration curves from which these impulse insulation levels
of the various component parts of the system could be properly

correlated so as to

500 kVA and is
connected in delta;
this delta connee- .
ted winding carries . L

no load, With the T
exception of
Kothamangalam
station there are

ensure that:—

(a¢) The t rans-
former wind-
ings have the
highest insu-
lation level.

(b)) The trans-

66 kV neutral st former bush-
points solidly . Rlﬁ!%;-\}-‘%i ings have an
earthed at each one %ﬁ}h&gds}_ impulse
of the other 66 kV ' fia15 §§a R, strength l(-)\VEI'
stations. ;|fl¥""_’;§7ﬁ'; . than .thalt of
The 66 kV ,[1 P the windings.
switching and "J ' (c) The impulse
transforming stat- strength o f
" ions have all been the switchgear
laid out on the in the out-
mesh principle; in door stations
many cases only Fig. 5. View of Kothamangalam Substation, Travancore. is lowzr than
the minimum that of the

amount of equipment has been insialled and the mesh will he
completed at some later date when the stations are extended.
A complete mesh has been installed at Kothamangalam and
Mavelikara. .

Special Climatic Conditions.—In supplying apparatus for this
scheme, many points of special interest had to be provided for in
order to make the apparatus meet satisfactorily the exigencies
of the climate. During the south-west monsoon, which lasts
from May to September, the atmosphere possesses exceptional
humidily throughout the day and night. This humidity is
frequently at dew point for days on end. Special measures
had to be taken to preserve the insulation value of the dielectric
strength of materials used in the construction of the outdoor
apparatus. Outdoor insulation had to be arranged so that
the desired insulation values are maintained both duving con-
ditions of extreme humidity and during the dry period which
precedes the south-west monsoon when sun temperatures in
excess of 150 depg. F' have been recorded.

To protect the apparatus as far as possible from the vagaries
of the climate, the following special features were adepted:—

(a) A heater element inside each oil circuit-breaker
mechanism box to maintain the air temperature well
above dew point, even when the outside air has a
humidity approaching the dew point.

(b) A heater in each outdoor terminal box for the same
reasons as described under (a).

(¢) A heater in each outdoor oil eircuit-breaker tank to

maintain the top twe inches level of oil approximately
10 deg. C. above that of the surrounding air, thereby

transformer windings, but higher than that of the
approach lines.

(d} The strength of the insulation in the transmission lines,
apart from the approach lines, is as high as could
be reasonably obtained.

In order to ensure the attenuation of impulse waves which
may originate in the highly insulated overhead lines, the
conductors of the double circuit lines are changed in their
configuration from vertical spacing and are brought down to
horizontal spacing as near the ground as is reasonably possible;
these horizontally spaced lines are provided with two earth
wires per circuit as against a single earth wire carried on
the top of the double circuit towers,

66,000 Volt Switchgear.—The outdoor switchgear has been
laid out on the mesh principle. This form of connection employs
a ring type of busbar with oil circuit-breakers arranged in the
ring. Two oil circuit-breakers have to be operated for a trans-
mission line circuit or transformer to be either disconnested
or connected to the station. The feature of this arrangement
is that it provides complete accessibility to every insulatar
and piece of apparatus in the station without having to shut
down a complete station if a busbar insulator is to be cleaned
Similarly a breaker can be attended to without having to shu{:
down a particular circuit. From an operating and mn?nten-mce
point of view this provides many advantages and at the skam.e
time permits a layout, which is known as a low level arrange-
ment, maintaining the average height of the connections ;f a
comparatively low level above ground, instead of the h ix
galvanized steel latticed structures used elsewhere and d gl
oped originally in America. ' evel-



The breakers provided for these stations are Metrovxck ty‘pe]
G3C/66 with each breaker fitted with a cross jet are contro

- 0 ot S re tested by the Switchgear
device. The oil circuit-breakers were t _te }}l’en they saceess

it i acity wi 8-
Testing Co., Lid., for oterrup oot 500,000 KVA al 66,000
fully broke short c.rcuits In excess oY -
volts. The breakers are operated by centrifugal operating
mechanisms from 110 volt batiery supply. Curreni trans-
formers incorporated in the breakers have cores vontaining &
proportion of mu-metal which gives good sensiivity an'd
stability of the protective gear on heavy through-fault
currents, ]

The high voltage isolating switches are of the Metrovick type
AA2 which are particularly suitablz for the outdosr duty in
Travancere because of the type of high pressure conta_ct
embodied in their design. These switzhes are operated by suit-
able hand operating mechanisws and each mechanism is pro-
vided with auxiliary switches to provide indication on the con-
tro]l board. The line isolators are provided in addition with
earthing switches also mechanically operated. The operating
mechanism of the earthing switches is interlocked with that of
the line isolators so as to prevent any possibility of earthing the
line except when the line isolator is open.

i1 kV Switchgear.— The 11,000 wvolt switchgear al ihe
66 kV and 33 kV staiions, as well as in the four substations
in Alleppey, and the substation at Quilon, comprises small 11
kV metal-clad draw-out indoor equipments. This ensures that
the control of each station is under the direct and immediate
supervision of the operators, who are suitably protected from
the heavy monsoon weather. The various outdoor circuits are
connecied by means of paper insulated cables.

Protective Gear.—The double circuit 66 kV trinsmission lines
have been provided with parallel feeder prateciive gear. In
addition, each 66 kV ecireuit is provided with back-up over-
current protection. The 33 kV transmission line from Mavel -
kara t; Alleppey will be protected by an arec suppression coil
tuned in for the particular length of line in service. Th: arc
suppression coll is of non-resonating type; this permits azcurate
luning and ensures continuily of supply being ma'ntained 1o
Alleppey even in the event of earth fault trouble on the line.
AlI_oihgr circuits are provided with over-current protection
having inverse time limit features.

The prytect.ve gear for the overhead I'nes was subjected to
special tests by Messrs. Kennedy & Donkin. For these tests
a se;-}:p was made to represent as nearly as possible service
conditions, the relays being connected up with the actual bushing

type current transformers which would _bp used in service,
By these means the sensitivity and stability values obtained
can be taken as representalive for actual service and not simply
test conditions. The following relays were used:—

(@) The parallel feeder protective relays are of the
attracted armature pattern and are of the differential
directional type; these relays are used in conjunction
with a type “AK" escapement pattern relay for time
discrimination.

(b) For over-current protection and for standby protection
Metrovick type “ PB and “ NP " relays are used.

Control Cables.—To give the system the highest degree of
immunity from troubles caused due to failure of the insulation
of control eables, the following system has been adopiled:—

() Between each control panel and the corresponding high
tension oil cirenit-breaker one multi-core paper insu-
lated, lead covered cable has been run. This cable is
terminated in a multi-core sealing box mounted at ihe
bottom of the control panel. Tails are brought out
from the sealing compound to terminate the cable on
terminal boards suitably located at the bottom of the
panels. The outdoor end of each cable is terminated
by another sealing box which is housed in a special
weatherproof housing located adjacent to each oil
circuit breaker.

(b) From the outdoor terminal housing branch cables have
been run to the auxiliary switches of the isolator
operating mechanisms, the oil circuit-breaker operating
mechanisms and the oil circuit-breaker bushing
current transformers. These branch control cables are
multi-core varnished cambric insulated, lead covered,

. served overall. The end of each varnished cambric
cable is sealed by a special terminal device.

Control Boards.—The control boards have been located in
gmall control houses adjacent to the outdsor switchgear.
Special attention has been given to seal off all instruments and
meters so that insects cannot penetrate ints the cases. All
panel wiring has been carried out with cambric insulated, fire-
proof treated, single-core cable as this has been found particu-

larly suitable for the type of climate experienced in Travancore.
Main Contractors

GENERATING DPLANT.—Volkart Bros. supplied Bscher Wyss wnterwheels
and Brown Doveri plant.

36 kY SuBsTATIONS.—AILT,
gear and BJT.IL trangformers,

33 AND 11 KV SURSTATIONS.—G.E.C. (Indin), Ltd., supplied 33 kV sub.
at Alleppy and 11 kV rural subs. AL (India), Ltd., supplied 11 kY
BJLTL transformers and Ferguson I'ailin switchzenr at Quilon.

TraxsyIss108 Lixgs.—Callender’s Cable and C(fonstruction Co., Ltd.

Iiee Lixg—Farrison and Crossfield, aeting for Doving and (o, sup-
plied pipe line, made by Jerrum, Lid.

(Indin). Ltd.. supplied Metroviek switeh-
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