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SYNOPSIS 

Tht. reconstruction of an existing Norwegian aini hydro power plant 

~tine back from 1911 is aov (1979) under way. With an ias~lled 

capacity of 1700 kVA the a111UUl power production is estiaated a· 

6.i GWh and the to~l cost of reconstruction at USS 1 aill. Since 

the reculating r.~ervoir, the in~.ke dall and the in~.ke c&n.al already 

exist, the required civil works are !iaited. Therefore the bulk of 

the expenditures a.inly per~ins to the mechanical and electrical 

equipment. The new asynchronous unit will feed into a large regional 
grid. 

INTRODUCTION 

South-e~stera Norway, where the plant is located, is reason.ably flat, 

with rolling hiils, partly forested and partly far:mland, and with numer­

ous lakes and rivers. The privately owned power poten,ial of Andelven 

river in the nuaicipality of Eidsvoll, 70 la! froa Oslo, waa early uti­

lised for industrial purpo•es; first sawailling, later pulp production, 

and today exclusively production of electricity. The Aadelvea is a minor 

tributary of the Vorma river, one of the tvo maia branches of Gloaaa, 
Norway's largest river. 
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ADdelven river orisi.Dates from the au of ilu.rdalsjoen llitll • dni.D.age 

uea of 600 11112 uul a rephUq resenoir t=l :aill. :a3 . !fomal &JlAU.i. 

nmaff .it tJle power SUtiOA site i.I 430 :aill. • 3 . This correspoada to 

a mu flow of aboat U • 3/s, 11tilued atirely for illdustrial purposes. 

ill •dditioa, slaort yearly flooda ruc!l about )0-50 s 3/s. 

Tha total bead of 53 a of ~ 10 1111 loa1 river !las '!leen deoreloped in 

fin pcwer statioa.s, t.be bud of each bei.As i.A the raqe of 8 to 18 r. 

Ia tJle latU!r Wf of w lliaeteath century tJle water :.raa used to :::a 

wau~, ml~ uul sa.m.lls, uul later oa, cellulose uul paremi!.ls. 

Aroulld 1910 mat of t.Jaese factories van uUllded md 90denised uul uv 

tuni.us "re pt i.A. n. power vas tabn dinely from the shaft uiq 

'Jelts. Later oa, dur.-Jll the 1950s uul 1960s t.be cellulose produc-:.:..111 

dropped - sen.ernors were put lJl - aad t!1e produc::.011 of elect:icic.7 

took o•er c099letely. 

Tha turbi.Des are aov 60-iO years old, :he seacrators aearly 30, aost of 

the buildings are in a bad coaditioa, and w OTerall efficiency is 

droppiD1 very low. The i.Astall, ioa.s are designed for a suller :iver 

flnv ~ is aov ecoaomi.cally feasible. 

The fint i:>OWer jJlmt :o l>e reluoiliuted ·o1as the sutio11 called :1AGO C 

(A.D.1898), wilic!l is Clov equi-ppff lli::.!l a ~00 cl/A llor-'..zoaul wti.t placed 

i.A a aev pover!louse. !his enterprise c.ook place in 1978, last.eJ for :en 
ao11w and cost a total of USS l all. The U111ual ~over procluctio11 is 

aov approximac.ely 5 G°•'h. 

Tha second plant to be aoderD.ised is ~ D, located at the doV11Streaa 

end of the r:'.ver. !lere tht. lar1er of the two wulled wlits bruke down 

i.A Septellber t978. The fieldwork surr:.ed i.A Aeril l9i9 lld tile aev wiit 

is expected to be 011 li.De by ~rch 1980. 

B.\CIGaOmlD OAT.\ OF TllE OLD l!AGO D 

The existing daa, ~nlet c~iul, gates, t 'sh rack, st.eel c.ube, pov~rhouse 

a:,1 :1o10 t:.ur!:anes of aoo and 2.50 icli are f:.Jm :911, and >1ere ac. first. used 

:or tte j~:!c:~ :unllin, .Jf ir111din~ stones ~n :he ?roduc~ioa .Jf cellulose 

?Ulp and !or t:.ne ge~er3tion of local power. -:be !ac~ory >1as :ebui:c. :~ 

.. 



only ?roduce electric power in 1963, and two generators, together wit.h 

other mech.anical and electrical equipment, were put in and coDDected to ~e 

existing turbines. The steel ?enstock vas renewed only a coupl~ of 

years ago. 

On September 1st, 1978, the turbine shaft broke due to fatigue. 

RECONSTRUCTiuK COKSIDERATIOYS 

A few cays later the building and machinery were inspected by civil and 

m.!chani.cal engineers and an assesslll!Dt of t.~e damage, and of the plant's 

general conditio4, was made. The turbine proved to be in a bad condition. 

The electrical equipeent was also oldfashioned and worn. !he draft tube 

was illSpect.ed by a diver and found to ~e in a ve-:y bad state. 

Due to the breakdown and to the poor general condition of the plant tile 

turbine was not worth repairinc. This taken into account, the Owner. 

wanted to look into the possibility of i11Stalling a new turbine and aew 

electrical equipment in the existing building. 

About one week after the breakdown the Consultant for mec~anical en!i­

aeering obtained (from a tur~ine manufacturer) an outline design o~ a 

aew installation including turbine, gear, gener3tor, etc., toget.her 

~·'-....:.. :i rough cost estimate. 

FEASIBILITY STt.'DY 

The design of a new arrangement started 1.11 September/October 1978. Old 

drawings from 1911 showing the origin.al features of the plant did in 

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

It became i.mlediately clear that if new machinery were to be installed, 

the manufacture •nd delivery of this would be the aoverning time factor. 

Consequently it was necessary first to establish the design c~iteria 

for the new installation, i.e.: 
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l) Upper and ~ower water levels and their variations 

2) Flow and flood conditions 

3) Production poter.tial (i.e. the function of flo~, 

turbiile capacity, head, efficiency, power prices -

variable with time throughout the year) 

4) Economy (i.e. cost/benefit, f~cing, etc.) 

Some three weeks after die breakdown three turb~ ~nufactur~rs were 

contacted ind asked to give binding offers of their particular 111achinery 

by October llt.h. They all a.aswered and came up with three possibLe 

arrangements: 

l) 4 ilmersible propeller turbiiles with built-in generators 

Z) vertical propeller turbine with stationary guide vanes 

and adjustable propeller blades 

3) l vertical Francis turbine with adjustable iUide vanes. 

A first coarrarison of costs appeared as follows 

(approxim.ate rate USS l = ~r 5.00); 

:'ender Yo. 

7ud>ines 392,000 

Gear and 
electrical equipment l5B,OOO 

Civil works esti.mat~s 145,000 

z 

331,JOO 

163,000 

175 ,000 

Sum USS 695,000 669,000 

3 

266,000 

238,000 

155,000 

659,0C'l 

Adding fees, aellliinistration, and lnte~est during construction, the tot~! 

cost would increase to about USS 300,000. ~ean annual oroduction .1:.s 

estimated at about 6.7 G\ih, at preseut worth rou4-hly 

6.5 . 106 x USS 0.02 = USS 128,000. 



= 

Assuming a :.0 years depreciation t:une, a i~ ~nterest rate and l~ an.nual 

:nainten..ance, the annual costs amount. t:o 

8.5~ x USS 800,000 = USS 68,000. 

The cost per kW is 
l!SS 800,000 _ 

6 - USS 0.12 
6.7 . 10 

As the turbines va~ in design and characteristics, the efficiencies 

als~ va~. !'hese fact.ors must also be t;~en into consideration. 

CHOICE OF KYDRAULIC AND ELECTRICAL !:QUIP~ 

Turbine 

On this basis, and after having evaluatec the advantages and disadvant­

ages of the three offers, con;rac~ was negotiated with Company ~o. 3 

offering a ve~ical fr,ncis turbine. 

One good reason for chor•ing the Franc~s turbu.e is the high suction 

bead (5.7 m) tolerated ~y the runner w1~nout suff~ring cavitation. On 

this particular site the downstream water level varies normally about 

~ or 5 mover the year, with the p~ssibility of extreme zloods in 

addition. Bv placing the centre of the turbine 5.5 mover the lowest 

wa,;er table (Lw1") access to the turbine could •lways 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 170C ~VA generator is as follows: 

:i!CO D is located ~n an area well covered •ith electric power ~rom a 

ve~ reliable main grid. It therefore should not be req~ired to consider 

the station as ~ vital energy supplier. Hence it was possiole to choose 

an asynchronous generator and cheaper type of go1ernor equipment than 

would ot.her.iise have been necessa~ if the power station were to deli~~r 

to a separate system without con.nect.10~; to the ma1n grid. Therefore 

the ~urb1ne u :iut fitted with sp~ed regulating dev-~ces, but. or.lv with 



a servo ~otor and ~ aydraulic :ys~ ;rluch ?ei:mi:..s aut~tic :egulat.ion 

of :he load as a function ~f the upst::eam water Level. :\n async~ronous 

senentor w•s chosen since this is cheaper ~ ~ s1-ac:!lronous gc!l•!r­

ator of tJUs si%e. Ui order to partly usnetise :he asyuc:!lronous ~e!ler­

atar a shwlt capacitor batury of approxiaauly !SO 'l.VAr is being 

i.Ast.alled. !his will increase the paver fact.or froa 0.38 to 0.94. 

nie 1enerator is aut011&tically coimec~ to :he ll&in irid ;rit!J. the aid 

oi a speed ~gist.ration device. 

A gear is fitted betwern the OJ.ri>ille shaft and ::lie genentar i:1 order 

to increase t!1e rotri.:1g speed of the genencar ::hereby :educ:--ng ::lie 

tot.al cost. !he water-cooled gear is delivered together Wic.h the e!~c­

trical equipment. !he cooler is ,raced i.a. the t~ine UDJt. 

1' rans f o r.ne r 

!he genentar will del1-er 600 7 ~ ~ 2000 ~VA ~:ansformer. :'he outioillg 

?alt.age "1.ll be li ,500 V "'l.t!t ::lie option of :?.:,000 V wiu.c:!l <1111 !::e 

r~uired ill a few 7ears. :'he st.lt~on 1o11.ll be coimected :o ~n ~x1sti=lg 

:Ugil-vol~ge line ;ri:.!1 an :uideriroWld cable. 

~II.lT..\T!ON Of ~ OI.;l STAT!OK 'IE..':lSUS 7m: COYSTRUc:':ON uF A mi ·JNE 

Alti.le :neasuring up the old s~tion it ~ecame clear t:.!i.at there !lad Jeen 

turbines (mill-.,heels) and waterways in opecati~n elsewhere on :he site 

before 1911. EJcis•".ng buildings and the terrain itself also pointed to 

tJUs, and ~istoric~l records confi?ltl!d it later on. It ~lso became clear 

Ui.at t:.!ie existing st.ation was i.a. :iwre aeed ~f rep•ir til.an initially 

t!tou¢t. 

As an alternative :.o rehabilitating the ol.d ;iower station, t!le Consult­

JJ?t aow looked into the pos31bilit7 of construct~ng an ent1rel7 aew 

9ower ?iant. Design ?( 1 3ev stati1n ~as ?utl1~ed, and costs 1nd Jenefits 

:1rapared. 



The alternatives now were: 

A. Ose of the existing builJing. Uncertain total estimate of 

USS 870,000. (The necessary extent of the cofferaar: outside 

the draft tube was not easily predictab:e.) 

B. Yew building and ta~lrace channel. A more reli~ble total 

estilllate than 'A': USS 9i0,C10. 

Alternative 'B' was recoaaended and decided upon as being the better 

solution altogether. At times of very low uowustrea.m W!ter level one 

would also utilise a minoL fail of about 0.3 • just downstream of the 

old station. Sesides, during the first few years of operation one could 

possibly keep the remaining old unit running in pr:dods of sufficient 

flow. 

A preliminary tl.llle schedule was prepared as sho~"!l below, toe limiting 

factor being the turbine design and production. 

Initial turbine drawings ready by 20th Feb., 1979 
Tender documents ready (civil works) 15th ~r~n 
Start construction lst 11.ay 

~t•-·rt mechanical installations 3rd Dec. 

Sta:t testing l.;;r. Feb., 1980 

~he station consists of a waterway and a house for mechanical and elec­

trical equipment. 

The waterway: 

1) Trash rack, constructed of fla~. galvanised steel bars spanning 

from top to bottom and inclined at 2:1. The inclination, and the 

narrow footpath not more than O.S m above the water at the top, 

have by exper1ence been found to give the best performance with 

regard to cleaning of ice and trash. The water velocity through 

the rack is Less thaa 1 m/s. 



2) Road bridge, designed :.o ~ke any regular traif5c Load. 7lu.s will 

oe :he o!.lly access :o i:.he ouilding 3ousing :!le old Wlit. 

3) rJJ..let gate with ~ydraulic hoist. AD air ~et duct for empt7ing 

and a wat.er pipe Vl.th valve for fillin1 of c:!le t.urbine UAJt is 

also included. AtUc:hed t.o the water tJipe is a pressure-.et.t!r, 

which senses the upst.reaa water level. 

,.) !urbine t.ank. fospe<:tion ;>ossibility oi c:!le UDderside of the :iumer 

t.hrouch a small :unbole ..,it!l l:tat.cil. 

5) Draft. :ube, wit!l s~l liD.ina of the UlJper part.. At i::.!1e out.let 

th.are is a possibility of closing the tub~ by ;>~cina vertical stop 

logs ('needles') beOH!en the t.op and bot.toa. AD ea~..Jti.ng-mesh, 

comiected t.o all embedded s~l. is distrib~te<i over :he sution 
~ 

area befoLe concreti;lg. It is sade ~i iO aa- Ca wire. 

') Turb"..ne. iunner, slait, bearing, water-cooled gear and 1ir-vent~­

l.ated ge?ll!rator. Over !lead runs an 3 t.on capacity i:=a.ne or. a si.ngle 

track beaa. 

i) :iadline ~ll. ~e floor i4 UDder water tiressure and 111USt be imper-

111eable. Drains ire carried to :he down.stream side. 

3) :iain :.ransformer room, separat.el7 ve:itil.lt.ed and equ1;>ped •icll oil 

ditch in case of lea~ge. 

1) ~igil-voltage room. 

10) !he roof is 111ade of pre-cast li&Dt-veight concrete beams, grouted 

together to form a slab and placed on t.he supports on continuous 

rubber bearings. On top is 0lued an aaplaltic sembrane covered by 

sheet 111eul. 

FINAL COSTS OF !'fEClWIICAL .urn ::ucnm:.u. E:QUIP?U:.'IT 

The equipment •Jas suppli-=d by a joint vent:i.re of a ~n1·iacturer of '!lec­

~:ical equipment and a ::i.ro1ne ~coducer, ~1~~ :~e ~uroine ?reducer JS 

3ponsor. 

' ' 



The final ~ost of ::.be equipment was USS ~90,000, lpproxilllately equally 

divided between mechanical lnd electrical equipment. 

Tl::e total delivery included in this price is listed in det?il in Appen­

dices i •~d 2. It consists of a Francis turbine, asyncb.r~nous geuerator, 

~~ar and e_ectrical components. 

Auxiliary Ecuipment not :ncluded in the ~ain Delivery 

(approxiaa~e nrices) 

Trash ::ack 

Inlet gate with guides, sill and lintel. . -C-: 

Hydraulic aggre~ate and cylinder for the gate: 

8 ton capacity electric crane on a single 
track: beam 

!otal 

COST OF CIVIL WORKS 

USS 14,000 

USS 23,000 

USS 9 ,000 

i.:ss 10.uJO 

USS 56.aoo 

Six tenders were received at the expiration date, 29th ~arci. 7he 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 c~ntract was awarded to 

the tenderer of this. 

TOTAL COSTS 

The total costs now seemed to be: 

~echanical and electr~cal equipment U!>S 490,000 

Other tnstallations USS 56 000 

Civil wcrlts USS 310,000 

Channel outlet, excavated before contrJct USS 10,000 

Adm1nistrat1on, fees, interest, etc. ;_;55 :34100Q 

Sum USS 11000 .000 

l 
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.\PPR.CV.\!. FROH ~Ar!ON.U.. .;hu :.oc.u. AL'7HOR17:ts 

Since ~e •ors ac~ual:y ~as a recondit~oIUng of ~n aid ?lant and s~nce 

ao a~ •ater regulations w~r~ establisned or n~ vater:ai:s ~tilised, 

no ?ublic approval was required according to ~orvegi.ui :aw. 

However, approval by the Norve~iJn #ater Resources and Electr1cit7 

:aoard of the elect~ical parts was ~dat.ory since t.he voltage ~ceeds 

1000 v. The application i~cluded a technical and economical ?resent.at.~on 

of the tiroje~ and vas submitted by t.he Consul:ant on bc..alf of till! 

Ownt-r. 

!he Owner llillself applied !or a 'bui:din~ approval' by :.he local 

aut.horit.y. !he :equired permits were issue<! in a wee.It's t.ime. 

Shortly aft.er the bre2.ltdown of t.he old 800 .ltw turbine the existl.llg 

buildings 11ere inspected, d~tailed measurement.$ t.aiten and arrangement 

drawings 111ade. #hen t.!le switch to :.ne other site was conceived ~y 1111d­

•1~ter, the ground was covered 1r..t.h snow .and ice, .and very lit.t.le was 

itnown of t.he gc~logy of t.!le site. :riai ?it.s i.ad to be dug along the 

line of t.he :ail:ace cna.nnel in order t.o ~vest.igate :.he soi: properties 

and t.c :ind t.he dept.h of overburd£n. :'he amount of :~ck to be olast.ed 

and soil to be removed wo~ld of course affect. t.he feasibi~it.7 ~t t.he 

?!.an. 

A set. of trial pits were dug ln mid-February, using a lar~e hydraul;c 

excavator. Sa.mpleJ were taken from the trial pit.s and analysed in the 

Consult.ant's laboratory. !he soil varied ~idely over the site, from 

coarse gravel and stones near t.he proposed station site, t.o b..ard cl•Y 

in the middl~ and sof\ muG at ':.Ile out.le~ of the river. Th~ ~ud was so 

soft a~d deep that the excavator had to rely en t.he beac~ng capacit7 

of the t.!Uc.lt ice sheet and the frozen ground. Still, it was i.mpossible 

to reach the ~d of the ~ropo,ec c!lan.~el. It became obvious ~hat. the 

outlet pan of ~ue channe.L ~d to be excavated as quickly as pos:nble, 

•n1ie ~t. •as still ~int.e:. ·ae ld~a was t.o excavate using thL •ce and 

::ozen ground .is a ;-1.itfor::i. :'he alter:1at1;,e ·.iould ·:ie ~o dredge out 

l 
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the channel . 1 the summer, using l drag-line, a more costly and uncer­

tain procedu~e. However, the success of a drag-line seemed dubious, 

since the muc was filled with !unken timber, ropes, ctiains, etc. 

The work had to be done before the tenders were due, and the Owner hi:;.-d 

a local contr?.ctor to excavate the outlet part of the cha.inel. Still, by 

the time he got started, the win~er 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 placing thick l yers of bark 

on the ground, lnd by using large wooden rafts to drive on. As a further 

safety measure the excavator was anchored to a 30 ton standby bulldoz~r. 

THE ?1AIN CONTR...CT 

The tender documents were distributed to the tenderers on the 8th of 

~arch. The tendering contractors attended a site visit on the 13th, and 

the tenders were received on the 29th. The Contractor was selected a 

few days later and st4rted 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 are present. :..'hen necessary, the turbine manu­

facturer or other suppliers of hardwar~ attend. ~eeting~ have been held 

every fortnight, but with extraordinary ~eet1ngs and site visits ~hen­

ever necessary. 

All ~~~ reinforceme~t co~es 'pre-cut' and ·~eady-bent' from the Con­

tractor'~ sup?lier. This means that reinforcement drawings have to be 

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

Retroap~ctively, 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 rocx. 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, nWDber of bars, etc., whenever required. 

I 
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The Owner supplied electric power. water and :elepnone on t.lle site, and 

lodging qu.aners :iear by. AA uea at t.l1e si::.e was n!Served for t!l.e Con­

tra~r' s ri& (barradt.t, etc.). 

The Contractor surtad by during t.l1e site and buildi.n1 up !Us own rig 

md unpower. At t.he s.ame time excavation surted at :he sution site 

i.A order· to clur t.l1e rock surface for t.l1e drilling rig as soon as pos­
sible . 

. \ cntical date was supposed to be uowid lst ~ay, wti.en ::.!le downstream 

•Jater level would :1.ormally begi..:i. to nse quickly uid ~::. •ould !le impera­

tive to ~ve a ~of!erdam ~ pl~ce. 

This 1ear's flood tur:M!d out to be t.l1e laraest ~n a ireat aany years. 

The. cofferdam was just lli&ii enoup and held ti&ilt, except for a fev 

small local breadles wilich 11ere easily dealt •1th. 7he lea.icace was saall. 

Sooil !Jet1011ts 

!he excavated :a.atet'1als •ere ?laced on bocil sides of ::.!le :haanel, ::.!le 

soft !llUd from t.he downst=e1m end in a depression (ancient cil.allnel) :o 

t!le sout.11, and t.l1e fi:mer soil .and roc!t •ln ::.!le river bank ::.o t!l.e aort!l. 

!he rock was distributed co form a closed wall re~iJli.ng ::.!le soil and 

preventing it froa erosion by t.l1e river. The c~a.a.el sides we~e also 

covered lorith a 0.3 ~ layer of rock riprap as erosion protection. 

The Coa.sul~nt ;ierformed vane ::.ests on t.l1e outer c!l.ana.el sides and in 

t.l1e spoil deposit area, and the soil conditions were :owid ::.o be safe. 

Rock 3hstin5 

All the bla~t.i.ng tad to be done carefully since the site is located very 

close to existing bulldio5~ and other structilres. :'he .:.,ntractor •a:s 

required :o ;ii.ace 1 'sb.oclt-=-ecorder' oo c.!le ·.1all of. :he ~:lt.Jic:e c!lan::.el. 

A :uxuiwa a::o<./abi.I!! ~~i:.:!!ae ·.1as -lec:.ded oa \3CO ,.mJ 1nd 1 r:~i:>le saow-

I I 
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ing the recoaaen~ed amount of expiosives versus distance from the channel 

was included in the teuder doc•lllents. Shock records were taken from the 

very beguming. 

The c~nnel sides were ?re-split prior to the actual blasting, using 

holes at approx1.11ately 0.6 m l.lltervals. 

Hnwever, the rock was split. by crossing fa1ilts and cracks and some l.arge 

rocks seeged to be loosening. The Consul~1t 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 const:::'llct a conc:-etr 

supporting wall above t!le roof of t.he draft tube. 

Inlet Cofferdam 

The inlet c~nnel was to be drained by the Owner in August, after the 

flood season. The Contractor wanted this done prior to the spring flood. 

:his would be an advantage for the Contractor in the job planning and 

execution and would also benefit the Ovner since the small turbi.Jle in 

the old station could be running contin~ously during the whole construc­

tion process. A ~offerdam in the inlet c~nnel was then built as a joint 

venture between the Owner and the Contractor. 

Due to the limited space, this dam, a steel frame support with vertical 
timber stop logs, had to be plared so close to the new intalr:e that lt 
became necessary to move the s.:atioi:;, o.zs II in tb.e downstream directi.on. 

Breakthrough in the Channel Wall 

The old inlet channel wall was not reinforced. Careful blasting was pre­

scribed using a 'seam' of holes at 100 aa intervals, and small amounts 

of explosives in every second hole. A few cracks developed in the side 

wai:s, but these can easily be grouted. 

Installati~n of the Draft Tube Lining 

Using a mobile crane, the draft tube steel lining was installed only a 

few 1ays after the initiall7 scheduled date. Concreting operations 

started i11111e1iately afterwards. 
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!he concrete waa to be delivered frOll a concre~ factory soae 18 GI away. 

Since th.e draft tube li.D.ing was :.o be wholly '9l>edded ill uss concreu, 

it wollld be of ~o~nce to keep tbe cellellt con~t. as low as ~ossible 

to avoid lleat and s.b.::inb,e craclciJll. 1'Ji. follovi.A& llix was 1Ued, based 

on th.e aperieuce gained froa tlle coa.at.runion of !fl.GO C a '!Ur ago: 

Cement 180 ,, 
lilater 140 ~, CS: water. ill sand included) 

Sand 930 "' 
Gravel 920 ks 

!dminure (LP) 2-3 ,, 

:'he steel lia.i.ag was sprinkled llit!l water to U:ep lt cool nid to avoid 

increase in circ-.mierence of t!le st.eel l~g due to ~euture rise 

dur..ng the llydration of tile cement. ~ liJli.ng E.pt otherwise sh:'..Dk 

ind loosen under oa~ woriting condit:.ons .it. lover temperatures. 

Accor~i:lg t~ ~s ?roducti~n ?l~ :.!le Contractor will !iiusa :.!1e ::.?rap 

~a t!le tail:ace dlannel by th.e end ~f ~ovemeer. At t!le same time, all 

the iaai:i concret.uia operations will be completed. 

rnsul!ation of trash rack, lnlet. 1ate, si.ngle-trick crane, iove~g 

ring ( ~bine), roof elemenu, et.c., will take ;ibce during October and 
lfovember. 

rnsulht.ion of t..b.e ui.n aachinery is scbeduled to st.an 011 3rd December. 

The ins~llat.ion period is ;ila.nned to l'st about 9 wee.lu witil the 

sc:heduled startin& date, i.e. llt.b. :ebruary 1980. After trial running 

the sut.ion will formally be taken over lJy the Owner on 23rd ~rch, 1980, 

less t!i.la 15 months after the decision to rehu1ld was taken. 
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SPEC!FlCAT!ON, HYDRAu"I.IC EQUIP?'IE..'fI' 

I. Vertic~l Fra~cxs turbine, arranged in • concrete tank. 

Head Discharge ~lt. output 
(11) (11 3 /s) (kw) 

6 11.2 610 
i 12.9 825 
8 

1000 
9 14.9 12!0 

10 16.0 1390 
10.5 17.0 1500 

Efficiency (Load I.') = 1000 kW) 

1oad 0.5 0.6 0.7 0.8 0.9 LO 

Efficie!lcy 81.6 84.9 37.6 90.5 93.1 91. 4 

Maximum efficiency is 93.s:, obtained •t • load of 0.93. 

The tur~ine ~onsists of: 

1.1 Running ~heel with stainless steel blades of i;'6 Cr Ni, stati­

c~lly balanced and connected to the axle flangt with bolts. 

l. 2 Inside mount•cd guide vanes of cast iron mounted on stainless steel 

bolts. The vanes •re regulated through a connection between the 

VAnes and the regulating ring. The ring is seated on the upper 

turbine lids, and is moved by • hydraulic iervomotor. 

!.3 Gpper and ~ower turb1a~ lids, made as monol1th1c plate construc­
t1oas in mild steel. 
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l. _. :°llrbiJle siuit. i.r rolled :nld su:el. 

1.5 Spherical cti.al roller beariAg desisnecf ~o ~ke •ll ~al forces 
f roe tl&e t.urln.ne. 

1. o Wat.er llli>ricaced :ubbe:- besrillc for :!le i'OSit.iollil11 of t.he t.urlli.ne 

suft.. 

I. 7 Colli cal draft. t.llbe iJl welded aild suel pl.at.es. wit.A bid-a :>rus 

tine api.Ast. t.he suiA.lesa suel !)art. of t.he rwmiDI wheel. 

l.3 7ar~ollS st.eel ?lat.es, esbedded st.eel fwidameut.s, 7alles. spare 

;iart.s .uid iasket.s, et.c. 

I 
' 



--..-

SPECIFICATION, !LECTRIC..:U. EQUIPMENT 

l. 3-p~se synchrono11S generator. 

Ra~d output liOO kVA at 660 V, 50 Hz. 

Efficiency 95.~, 765/1721 rpm, weight about 6.3 toDDes. 

2. Gear, I'llDDins effect 1500 kW. 

Efficiency 99i, water cooled, 150/765 (315/li21) rpm, 

weight about S.O tonnes. 

3. !iaio transfor.ner, 3-phase, oil-i.Jnersed, se::.f-cooled, 

rated output about 2000 kVA. Voltage ratio 660/22,000 (17 ,5\:~.1 

? 2 x 3.:~. 50 Hz, weight about 4.9 tonnes. 

4. Local transformer, 3-p~se, oil-i-.ersed, rated output 30 xVA. 

Voltage ratio 22,000 (17,500) ~ 5~2.00 \", 50 Hz, weight 375 kg. 

5. Higb-vol~ge equipment consisting of 3 cubicles: 

5. l Cubicle l: 

Cubicle 2: 

Cubicle 3: 

For outgoing caole 

l earthing switch 

3 voltage transformers connected to the busbars 

3 volt.meters shovi.og voltagr oo the busbars 

For power transformer 

1 disconnecting switch 630 A, Fuse :.00 A 

For plant transformer 

1 disconnecting switch with fuses, .r·use 4 A. 
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l pc. 

3 " 
l .. 

voltlleter 

~ere.ten 

wat"tmeter 

0-500 v 

0-4000 A 

ioo~o-2000 aw 
l .. frequenc:,.eter 46-50-53 3% 

! " oO.--ter for control of isoluion 

3 ;ic. 

l " 

CODtrol reuys for ~nture ?rGteCtiOll of 
seaen tor llld iur 

overrol~ge relay 

:unavay indication :elays 

l " insulat!oll ~evel iAdic~tion =elay 

iO " sipial relays, turbine side 

iO " sicnal relays, senerator side 

Disco~~ svitcil: 

3 ::auformers :or i..llst:umenu n1d 1U1rd. 

5.3 Turb:uie ;ianel incorporating •ll electrical eq_uipment !or :.!le 

:urbi.Ae, i.e. :uin ..ad C'l!Serve pump for t.:ie ::irbine =egul•tor, 

a.ecessary relays, push-butto11:1, etc. 

;ic. rpa-.eter il-2500 ~. 
:urited red •t i'65 rvm 

l .• water l:iead :aeter 0-12 :a 
l ., turbi.Ae sate opening 0-100-: 

l .. b.our c:owiter -4 digics. 

I.a tllis ;ianel Clle 230 V, SC il% distribution is 1lso incorporated, 
i.e., 

;ic . volt.meter 0·250 'I 

l .. :uin disconAectug switcll 

2 . 3 x oJ :\ fuse courses 

3 l ~5 A ~lement •uto:iia ts 

:o .. ' ;( :o A ~lement autoauc.s -

I ' . 
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6. Batteries 

6.1 24 V batteries for si&JlAl governing, consistiJlg of: 

battery Jith accessorie~ 

battery charger 

battery watch with si&DAl for min:imwl voltzge. 

6.2 Shunt. capacitor for increasing the power fact.or froa 0.88 to 0.94. 

7. Water level .111d turbine resulatin& 

8. 

9. 

Level indicator, 

Regulator, 

measures upst.reaa vat.er level by pressure, 

;ind indicates this on an instrument. in t.he 

t.urbiJle panel 

regulates the turbine gate Qpening t.o keep a 

cons~nt. water level. 

All cables and •ccessories necessary for a complete assembly are 

also included. 

The complete electrical erection and assembly of iaachines deiiv­

ered are included. Necessary extra manpower must. be supplied by 

the Owner. Local t:ansport. and handling are t.he responsibility oi 

the Owner. 

10. Earthing. 

It is asawaed tlult. the st.at.ion is equipped with negative earth 

wbich must be available in severai places. 

11. Engineering. 

The supplier of hardware also supplies detailed drawings and plans 

for fundallents of his equipment.. The sup?lier puts the station 

into operatiot:. 
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MAGO 0. 

MINI HYDRO POWER PLANT. 

TURBINE EFFICIENCY AT NET HEAD 8m BY: 

(D 4 no. of propeller turbine units. 

G) Kap land turbine with fixed guide vanes. 

G) Francis turbine 
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TURBINE DISCHARGE 
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