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SYNOPSIS

The. reconstruction of an existing Norwegian mini hydro power plant
dating back from 1911 is now (1979) under way. With an installed
capacity of 1700 kVA the annual power production is estimated a-

6.7 GWh and the total cost of reconstruction at USS 1 mill. Sipce

the regulating r.;ervoir, the intake dam and the intake cznal already
exist, the required civil works are limited. Therefore the bulk of
the expenditures mainly pertains to the mechanical and electrical
equipment. The new asynchronous unit will feed into a large regional
grid.

INTRODUCTION

South-eastern Norway, where the plant is located, is reasomably flat,
with rolling hiils, partly forested and partly farmland, and with numer-
ous lakes and rivers. The privately owned power potencial of Andelven
river in the Municipality of Eidsvoll, 70 km froe Oslo, was early uti-
lised for industrial purposes; first sawmilling, later pulp production,
and today exclusively productioa of electricity. The Andelven is a minor
tributary of the Vorma river, ome of the two maio branches of Glomma,
Norway's largest river.
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Andelven river originates from the lake of Hurdalsjden with a drainage
area of 600 km® and a regulating reservoir 121 xill. a’. Normal ansuai
runoff at the power statiom site is 430 mill. .3' This corresponds o
2 mean flow of about 12 -313, utilised eatirely for industrial purposes.

In addition, short yearly floods reach about 30-50 :3/3.

The toctal head of 53 3 of this 10 km long river has beea developed :in
five pover stations, the heasd of each being in the range of 8 to 18 r.

In the latter half of the gineteenth century the wvater wvas used to run
vater-vheels, mills and sawmills, and later om, cellulose and papermills.
Around 1910 most of these factories vere extended and soderised ind new
turbines were put in. The power vas taken directly from the shaft using
Jelts. Later on, during the 1950s and 1960s the cellulose produczion
dropped - gemerators were put in - and the production of electzicity
took over completely.

The turbines are nowv 80-70 years old, the gencrators nearly 30, most of
the buildings are in a bad conditiom, and the overall efficiency is
dropping very low. The installs ions are designed for a smaller river
flow than is sow economically feasible.

The first power piant o be rehabilitaced was the statiom called HAGO C
(A.D.1898), which is aow equipped witl a 300 VA horizontal unit placed
in a aew powerhouse. This eaterprise took place in 1978, lasted for tem
sonths and cost 2 total of USS ! mill. The anrual jower production is
now approximately S5 Gwh.

The second plant to be modernised is MAGO D, located at the downstreas
end of the river. Jere th( larger of the two installed unmits bruke down
in September 1978. The fieldwork started in April 1979 aad tie aew unit
is expected to be on line by March 1980.

SACKGROUND DATA OF THE OLD MAGO D

The existing dam, inlet canal, gates, t 'sh rack, steel tube, powerhouse
a4 zwo turbines of 300 and 250 kW are Zzom 911, and were at first used
for the dizect :runming of griading stomes :n the 3roduc%iom 5f cellulose

puip and for the generation of local power. The factory was repburlt =3




anly produce electric power iz 1963, and two generators, together with
other mechanical and electrical equipment, were put in and coanected to the
existing turbines. The steel penstock was renewed only a couple of

vears ago.

Oo September 1Ist, 1978, the turbine shaft broke due to fatigue.

RECONSTRUCTIUN CONSIDERATIONS

A few days later the building and machinery were inspected by civil and
sechanical engineers and an assessment of tke damage, and of the plant's
general conditiof, was sade. The turbine proved to be in a bad condition.
The electrical equipment was also oldfashioned and worn. The draft cube

was inspected by a diver and Zound to be in a very bad state.

Due to the breakdown and to the poor gemeral condition of the piant the
turbine wvas not worth repairing. This takea into account, the Owmer
vanted to look into the possibility of installing a new turbine and new

electrical equipment in the existing building.

About one week after the breakdown the Consultant for mechanical engi-
neering obtained (from a turbine mapufacturer) an outline design ol a
new installation including turbine, gear, generator, e%c., %ogether

viol 3 rough cost estimate.

FEASIBILITY STUDY

The design of a nev arrangement started in September/October 1978. Old
drawings from 1911 showing the original features of the plant did in

fact exist, but did not show later structural and inventory changes.

It became immediately clear that if new machinery were to be installed,
- the manufacture znd delivery of this would be the governing time factor.
Consequently it was necessary first to establish the design criteria /

- for the new installation, i.e.:
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1) Upper and lower water levels and their variations
2) Flow and flood conditions

3) Production potertial (i.e. the functiom of flow,
turbine capacity, head, efficiency, power prices -

variable with time throughout the year)
4) Economy (i.e. cost/benefit, financing, etc.)
Some three veeks after che breakdown three turbize manufactursrs were
contacted ind asked to give binding offers of their particular @achinery
by October 1lth. They all answered and came uyp with three possibie
arrangesents:
1) & immersible propeller turbines with built-in generators

2} 1 vertical propeller turbine with scationary guide vanes

and adjustable propeller blades

3) 1 vertical Francis turbine with adjustable guide vanes.

A first comparison of costs appeared as follows
(approximate rate USS 1 = NKr 5.00):

Teader No. i 2 3
Turbines 392,000 331,000 266,000
Gear and

eiectrical equipment 158,000 163,000 238,300
Civil works estimates 145,000 175,000 155,000
Sum USS 695,000 669,000 659,000

Adding fees, aaministration, and intevest during comstruction, the tot:l
cost would increase to about US$ 800,000. Mean annual oroduction #:s
estimated at about 6.7 GWh, at preseut worth roughly

6.5 ~ 10° x Uss 0.02 = USs 128,000.
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Assuming a 40 years depreciation time, a 7 interest rate and 1% annuail

maintenance, the apmnual costs amount %o

8.5% x US$ 800,000 = USS 68,000.

The cost per kW is LSs 800,000 . Uss 0.12
6.7 - 10°

As the turbines vary in design and characteristics, the efficiencies

aisc vary. These factors must also be tiken into consideration.

CHOICE OF HYDRAULIC AND ELECTRICAL EQUIPMENT

Turbine

On this basis, and after having evaluated the advantages and disadvant-
ages of the three offers, conciract was negotiated with Company No. 3

offering a vertical Francis turbine.

One good reason for chorsing the Frameis turbine is the high suction
head (5.7 @) tolerated hy the rumner without suffsring cavitation. On
this particular site the downstream wvater ievel varies cormally about
4 or 5 m over the vear, with the passibility of extreme floods in
addition. Bv piacing the centre of the :turbine 5.5 @ over the lowest
wacer table (LWT) access to the turbine could always be secured oy
closing the inlet gate. Tailrace gate and drainage system with pumps

could therefore be waived.

Generator
Background for the choice of the 170G xVA generator is as follows:

MACO D is located in an area well covered with electric power from a
very reliable main grid. It therefore should not be required to consider
the station as a vital energy supplier. Hence it was possible to choose
an asynchronous generator and cheaper type of gosermor equipmeant than
would otherwise have been necessary if the power station were to deliver
to a separate system without connections to the main grid. Therefore

the turbine is aut fitted with spsed regulating devices, but orlv with
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a servo aotor aad 3 aydraulic czystem which permits automatic regulation
of the load as a funczion of the upstream water levei. An asvnchromous
generator vas chosen since this is chesper thanm 1 synchrogous zca:z-
ator of this size. In order to partly magnetise the asynchrcnous zener—
ator a shunt capacitor battery of approximately 250 «VAr is being
ingtalled. This will increase the power fictor from 0.38 to 0.9%4.

Tae gegerator is automatically conpected co the main grid vich the aid

of a speed registration device.

A gear is fitted between the turbine shaft and the generator :ia order
to increase the rotz-iag speed of the gemerator thereby reducing the
total cost. The vater-cooled gear is delivered cogether wich the els=c~
trical equipment. The cooler is placed in the turbine tank.

The items :iIncluded in the delivery are listed 1o Appeadix 2.

Transforaer

The generator will deli—ar 500 7 %o 1 2000 <VA -ransformer. The outgoing
voltage will be 17,500 V with the option of 22,200 V wiaica 94ill Se
required in 2 few years. The station will be coanected o an =xistizg

jign-voltage line with an underzround cable.

REHABILITATION OF THE OLD STATION VERSUS THE CONSTRUCTICON JF A NEW ONE

while neasuring up the old station it Lecame clear that there had deen
turbines (mill-wheels) and waterways in operaticn slsewhere on the site
before 191]1. Exis--ag buildings and cthe terrain itself also pointed to
this, and historical records confirmed it later on. It also became clear
that the existiaog station was in zwre need of repair thaa inizially
thought.

As an alternative %o rehabilitating the old jover station, the Consult-
ant now looked inco the pos3ibility of constructiag an eatirely agew
oower plant. Design sf 1 zew statisn w7as sutlized, and costs ind benefits

compared.




The alternatives now were:

A. Use of the existing building. Uncertain total estimate of
USS 870,000. (The aecessary extent of the cofferdarm outside
the draft tube was not easily predictable.)

B. New building and tailrace channel. A more reliable totai
estimate than 'A': US$S 970,(720.

Alternative 'B’ was recommended and decided upom as being the better
solution altogether. At times of very low uownstream wiater levei one
would also utilise a micor fail of about 0.3 m just downstream of the
old station. Besides, during the first few years of operation ome couid
possibly keep the remaining old unit running in prriods of sufficiemt
flow.

A preliminary time schedule was prepared as shown below, :tie limiting

factor being the turbine design and production.

Initial turbine drawings ready by 20th Feb., 1979
Tender documents ready (civil works) 15th Mar.n
Start comstruction Ist May

Start mechanical installations 3rd Dec.

Stast testing st Feb., 1980

STATION ARRANGEMENT

The station consists of a waterway and a house for mechanical and elec-

trical equipment.
The waterway:

1) Trash rack, constructed of flar, galvanised steel bars spanning
from top to bottom and inclined at 2:1. The inclination, and the
narrow footpath not more than 0.3 m above the water at the top,
have by experience been found to give the best performance with
regard to cleaniang of ice and trasa. The water velocity through

the rack is less thaan | m/s.




2) Road bridge, designed %o take any regular trariiic ioad. This will

be the only access o the duilding dousing the oid unmit.

3) Inlet gate with hydraulic hoist. An air inlect duct for emptying
and a vater pipe with valve for filling of the turbine tank :is
also included. Attached to the water pipe is a pressure-seter,
which seases the upstream water level.

4) Turbine tank. [nspection possibility of the underside of the ruaner
through a small zsnhoie with hacch.

5) Draft tube, witd steel lining of the upper part. it tie outlet
thare is a possibility of closing the tube by placing vertical stop
logs ('needles’) between the top and bottom. An e=arthing-mesh,
connected to all embedded steel, is distributed over zhe station

s
area befoie concretiag. It is made 2f 70 mm™ Cu wire.

5) Turbine. Runner, shaft, bearing, vater-cooled gear and air-veat:-
laced generator. Over head runs an 3 tom capacity crane or a siagle
track beam.

7)  Machipe hall. The Iloor i3 under water pressure and sust be imper-

geable. Draigs ire carried to the downstream side.

3) Main transformer room, separately veatilited and equipped with oil
ditch in case of leakage.

3} Hdigh-voltage room.

10) The roof is made of pre-cast iigat-weight concrete beams, grouted
together to form a slab and pliaced or cthe supports on continuous
rubber bearings. On top is ,lued aan aspnaltic sembrane covered by
sheet metal.

FINAL COSTS OF MECHANICAL AND ELECTRICAL ZQUIPMENT

The equipment was supplied by a joint veature of a mamrfacturer of +lec-
s trical squipment and a turdine producer, with cie turdine oroducsr ais

jponsor.




The final cost of the equipment was USS$S 490,000, approximately equally

divided between mechanical and electrical equipment.

The total delivery included in this price is listed in det»il in Appen-
dices i1 aad 2. It consists of a Francis turbine, asynchrcnous geuerator,

.m=ar and e.ectrical components.

Auxiliary Ecuipment not :included in the Yain Delivery

(approximare prices)

Trash rack : USs 14,000
Inlet gate with guides, sill aod lintel. ~_c.: Uss 23,000
Hydraulic aggregate and cylinder for the gate: uss 9,000

8 tom capacity electric crane om a single
track beam : CSS 10,040

Total USS 36.000

COST OF CIVIL WORKS

Six tenders were received at the expiration date, 29th March. The gap

between the highest and the lowest was 33%.

Various limitations and reservations in the ‘owest tender made the
seccnd lowest the most attractive one, and the contract was awarded to

the tenderer of this.

TOTAL COSTS

The total costs nov seemed to be:

Mechanical and electrical equipment : Us§ 490,000
Other installations : uss 36 .000
Civil werks : uss 310,000
Channel outlet, excavated before coatract : £ss 10,000
Administration, fees, interest, etc. : ¢SS 134,000

Sum USs 1,000,000

—_——




APPRCVAL FROM NATIONAL AND ZOCAL AUTHORITIES

Since the work actually was a reconditioming of «m Jid plaat and s:ince
no new water regulatioas ware establisned or new vaterfails utilised,

oo public approval was required according to jorwegian law.

However, approval by the Norweji.n water Resources and Zlectricity

Board of the elect.ical parts was mandatory sipnce the voltage exceeds
1000 V. The appiication iacluded a technical and economical presentation
of the project and was subaitted by the Consultant on be3alf of tae
Owner.

The Owner himself applied for a "building approval' by the local

authority. The required permits were issued in a week's time.

FTELDWORK AND PLANNING

Shortly after the breakdown of the old 300 kW turbine the existing
buildings vere inspected, detailed measurements taken and arzangzement
drawings made. when the switch to the other site was conceived 2v aid-
wiater, the ground wvas covered with smow and ice, and very litlle was
cnown of the geniogy of the site. Trial pits 2ad to be dug aiong the
lige of the tail:ace channel in order to iavestigate the soil properties
and te Zind the depth of overpurden. The amount of rack %o be dlasted
and soil to be removed would of course affect the feasibility of zhe

plan.

A set of trial pits were dug in mid-February, using a large hydraulic

excavator. Samples were taken from the trial pits and analysed in the

Consultant's laboratory. The soil varied widely over the site, from

coarse gravel and stones near the proposed station site, to hard clay

1n the middle and soft muc at tne outle: of the river. Th. pud was so

soft and deep that the excavator had to rely cn the bearing capacity

of the thick ice sheet and the frozem ground. Still, it was impossible .
to reach the 2nd of the nroposeda channel. It became obvious zhat the

outlet parr of .ue channe. had to be excavated as quickly as possible, -
w“Olle 12 was still winter. The 1d2a was to excavate usiag the ice and

irozen ground as a platform. The altermative would de o dredge out




the chaonel .1 the summer, using a drag-line, a more costly and uncer-
tain procedure. However, the success of a drag-line seemed dubious,

since the mud was filled with sunkenm timber, ropes, chains, etc.

The work had to be done before the tenders were due, and the Owner hi:-d
a local contractor to excavate the outlet part of the chaunel. Still, by
the time he got started, the winier had culminated and the ice and the
frozen ground had become weaker. Ice and ground alone could not carry
the excavator. The problem was overcome by piacing thick 1 yers of bark
on the ground, and by using large wooden rafts to drive on. As a further

safety measure the excavator was anchored to a 30 ton standby bulldozer.

THE MAIN CONTRACT

The tender documents were distributed to the tanderers on the 8th of
March. The tendering contractors attended a site visit oo the 13th, and
the tenders were received on the 29th. The Contractor was selected a
few days later and started work the following week -~ even prior to the

scheduled starting date (13th April).

Regular meetings are arranged on site, where both the Contractor, the
Owner and the Consultant sre present. When necessary, the turbine manu-
facturer or other suppliers of hardware attend. Meeting, bhave been held
every fortnight, but with extraordinary meetings and site visits whea-

ever necessary.

All (t= reinforcement comes 'pre-cut' aad 'veady-bent’ from the Con-
tractor's supplier. This means that reinforcement drawings have to be

ready by an earlier date than normally, due to the procuring time.

Retrospactively, this system seems to be impractical, especially for the
bottom parts of the construction, where the reinforcement has to be bent
according to the actual shape of the blasted rock. The usual procedure
is to have the reinforcing bars delivered on site in lengths of 12 m,
and to do the cutting and bending there. Thereby one can easily adjust

the lengths, number of bars, etc., whenever required.




Riggiag

The OQwier suppiied electric power, vater and :elephome on the site, and
lodging quarters aear by. An area at the site vas reserved for Che Con-
tractor's rig (barracks, etc.).

The Contractor startad by clearing the site and building up his own rig
and aznpower. At the same time excavatiom started at the station site
in order te clear the rock surface for the drilling £ig as soon as pos-
sible.

Floods

A critical date was supposed to be around ls: May, vhen e downstream
#ater level would aormally begia to rise quickly agd it would Se impera-~

tive to have a cofferdam in place.

This year's flood turned out to be the largest in a great sany years.
The. cofferdam vas just high enough and held tignt, except for a few
small local breacies wiich vere easily dealt with. The leakage was small.

Spoil Deposits

The excavated aaterials vere placed on both sides of the chanpel, the
soft sud Irom the downstresm end in a depressioca (anc:ieat caaanel) to
tae south, and the {irmer soil and rock om the river bagk to the north.
The rock was discributed to form a closed wall retaiaing cthe soil and
preventing it f{rom erosion by the river. The chagnel sides weze also

covered with a 0.3 @ layer of rock riprap as erosion protection.

The Consultaat performed vane tests on the outer channel sides and in

the spoil deposit area, and the soil coaditions were Zound to be safe.

Rock Blasting

All the blascing had to be done carefully since the site is located very
close to existing buildings and other stzuctures. The contractor was
required o pilace 1 'shock--ecorder’ om the wall of ihe iatake chaaznel.

A Daxizum ailowable ampi:iude was ilecided on (2C0 .m) iad 1 cable spow-
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ing the recommenied amount of expiocsives versus distance from the chapnel

was inocluded in the teuder documents. Shock records were taken from the

very beginning.

The channel sides were pre-split prior to the actual biasting, using

holes at approximately 0.6 m intervals.

However, the rock was split by crossing faults and cracks and some large
rocks seeged to be loosening. The Consultait visited the site and pre-
scribed safety measures' i.e. rock bolts and anchors. Deteriorated rock
on one side of the pit made it necessary to comstruct a concrete
supporting vall above the roof of the draft tube.

inlet Cofierdam

The inlet channel was to be draized by the Ownmer ia August, after the
flood season. The Contractor wanted this doge prior to the spring flood.
This would be an advantage for the Contractor in the job planaing and
execution and would also bepefit the Owner since the small turbine in
the old station could be running continuously during the whole construc-
tion process. i ~offerdam in the inlet channel was then built as a joint

venture between the Owner and the Contractor.

Due to thne limited space, this dam, a steel rrame support with vertical
timber stop logs, had to be plared so ciose to the new intake that it

became necessary to move the s:ation 0.25 @ in zhe downstream direction.

Breakthrough in the Channel Wall

The old inlet channel wall was not reinforced. Careful blasting wvas pre-
scribed using a 'seam' of holes at 100 mm intervals, and small amouats
of explosives in every second hole. A few cracks developed 1n the side

walls, but these can easily be grouted.

Installatina of the Draft Tube Lining

Using 2 mobile crane, the draft tube steel lining was instailed only a
few days after the initially scheduled dacte. Concretiag operations

started 1mmediately afterwards.
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Jesizn of Comcreze Mix, Jelivery, Conccetiog

The concrete was to be delivered from a comcrete factory some 18 m away.
Since the draft tube lining vas tc be wholly embedded in sass concrete,
it would be of importance to keep the cement content as iow as possible
to avoid heat and shrinkage cracking. The following mix was used, based
on the experience gained f{roa the comstruction of MAGO C a 7ear ago:

Cement 280 «g

Water 140 kg (5% vater in sand inciuded)

Sand 930 kg

Gravel 920 kg

Admizture (LP) 2-3 kg (air-eatraining and plasticising effec:)

This zives a vater/cemeat ratis of 0.3.

The steel lining was sprinkled with water to zeep it cool and to avoid
increase in circumference of the steel liaxing due to temperature rise
during the hydration of the cement. The lining aight otherwise shziok

and loosen under zormal working conditions at lower temperatures.

Construction ?lanzing

Accoruing ta his productiua plan the Jomtractor will fimisa the riprap
ia the tailrace chaanel by the end sf Yovember. At tae same cime, all
the main concreting operations will be completed.

Iostailation of trash rack, islet gace, single-trick crane, governing
ring (turbine), roof elements, etc., will take place during Oczober and
November.

Installation of che @ain aachinery is scheduled to start on 3rd December.
The installation period is planned to last about 9 weeks uncil the
scheduled starting date, i.e. llth February 1980. After trial rusning

the statioa will formally be taken over Ly the Owner on 23rd March, 1980,
less zhan 15 months after the decision to rehuild vas cakea.
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SPECIFICATION, HYDRAULIC EQUIPMENT

1. Vertical Fraccis turbige, arranged in a concrete tapk.
Head Discharge Max. output

(m) @/s) (kW)

6 11.2 610

7 12.9 825

8 1000

14.9 121
10 16.0 1390
10.5 17.0 1500

Efficiency (Load 1.7 = 1000 kW)

Load 0.5 0.6 0.7 0.8 0.9 1.0
Efficieacy 81.6 84.9 87.6 90.3 93.1 91.4
Haxioum efficiency is 93.5%, obtained at a load of 0.93.
The cturbine -onsists of:

1.1 Running wheel with stainless steel blades of 126 Cr Ni, stati-
cally balanced and connected to the axle flange with bolts.

1.2 Inside mount'.d guide vanes of cast iron @ounted on stainless steel

bolts. The vanes are regulated through a congection between the
vanes and the regulating ring. The ring is seated on the upper

turbine lids, and is moved by a hydraulic servomotor.

1.3 Upper aad iower turbipe lids, made as monolithyc plate constryc-

tions in mild steel.
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Turdine shaft ir rolled mild steel.

Spherical axial roller bearing designed zo take all axial forces
from the turbine.

Wacer lubricated rubber bearing for the positioning of the turbine
shaft.

Conical draft tube in welded mild steel plates, with laid-in 9Srass
ring against the stainless steel part of the tunning vheel.

Jarious steei plates, embedded stee! fundameats, 7alves, spare

parts aad zaskets, scc.

+*~-— - -




SPECIFICATION, ELECTRICAL EQUIPMENT

&

w

3-phase synchronous generator.
Rated output 1700 kVA at 660 V, SO Hz.
Efficiency 95.7%, 765/1721 rpu, weight about 6.3 tonnes.

Gear, running effect 1500 kW.
Efficiency 99%, vater cooled, 150/765 (315/1721) rpm,
weight about 5.0 tonnes.

Main trapsformer, 3-phase, ocii-immersed, self-cooled,
rated output about 2000 kVA. Voltage ratio 660/22,000 (17,507

* 2 x 3.1%, 30 Hz, weight about 4.9 tonnes.

Local transformer, 3-phase, cil-immersed, rated output 30 kVA.
Volcage ratio 22,000 (17,300) * 3%/250 V, 30 Hz, weight 375 kg.

High-voltage equipment comsisting of 3 cubicles:

Cubicle 1: For outgoing cable
1 earthing switch
3 voltage transformers connected to the busbars

] voltmeters showing voltage on the busbars

Cubicle 2: For power transformer
1 disconnecting switch 630 A, Fuse 400 A

Cubicle 3: For plant transformer

1 disconnecting switch with fuses, Fuse 4 A.
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Geaerator pamel ‘-quipped with the followiang iastzumeats:

1 pc.
3
1"
1
1o

1-'

Reiays:

voltmeter 0-300 Vv
amperemeters 0-4000 A
vattmeter 100-0-2000 W

frequencymeter 46-30-33 Az
obm-meter for control of isolation
cWh-meter

control relays for temperature protectiocn of
generaztor and gear

overvoltage relay

cunaway indicatiomn celays
insulacion evel indication reiay
signal relays, turbine side
signal relays, generator side

Discounrecting switch:

transiormers Zor :ipstruments and guard.

Turbine panel incorporating ail slectrical equipment for che

turbine, i.e. 3ain and reserve pump for tie urbise zegulator,

gecessary relays, push-buttons, ecc.

1 pc.
1 "

1"
1 "

rpa-neter J-2500 rpm,
sarked red at 765 rpa
water head zeter 0-12 2

turbine gate opeming 0-100%
hour counter 4 digics.

In chis panel the 230 V, 5C Hz distribution 1s also incorporated,

i.e.,

?c.

[ ]

voltaeter 0-250 ¥

3ain disconnecting switch
3 x 33 A fuse courses

3 x 15 A 2lement automats

2% 10 A 2lement automats




6.2

10.

-

Batteries

24 V batteries for signal governing, comsistiag of:

battery Jith accessories
battery charger
battery watch with signal for sinimum voltage.

Shunt capacitor for increasing the power factor from 0.88 to 0.94.

Water level and turbine regulating

Leve)] indicator, seasures upstream vater level by pressure,
and indicates this om an instrument in the

turbine pagel

Regulator, regulates the turbine gate opening to keep a

constant water level.

All cables and iccessories necessary for 2 complete assembly are

also included.

The complete electrical erection and assembly of machines deiiv-
ered are included. Necessary extra maopower must be supplied by
the Owner. Local t:ansport-and handling are the respomsibility of
the Owner.

Earthing.
It is assumed that the station is equipped with negative earth

which must be available in several places.

Engineering.
The supplier of hardware also supplies detailed drawings and plans
for fundaments of his equipment. The supplier puts the station

into operatioct.
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TURBINE EFFICIENCY

80%s

MAGO D.

MINI HYDRO POWER PLANT

TURBINE EFFICIENCY AT NET HEAD 8m BY:

@ 4 no. of propeller turbine units.

@ Kapland turbine with fixed guide vanes.

@ Francis turbine

|

!
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75 100 %o
TURBINE DISCHARGE
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