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of p1ani..s ~tn:.1 ~ 1 \." r - - . 
!. • c. !lJl ll! p.::ncs 

By the> end of t!1e 1960's it I.las •:on~idereu ti.:it Je·,;~loping the 

remainir:t; liy<lrc pvwcr ,,.,"!:c; ::ct t!..:on~mi.,~~~!ly fr·asible because of 

the low fossil fuel co:-;ts ant! '-'•·c.n1se the mo$t advantageous 

hydro power sites ~ere already d~velnpcd. In a~dition there 

-was a groving resistance· t••wards the hy...!ro p•)t.rer because, 

it was claimcJ, it :>poile<1 the sc~ncrit•s , nd 1.}c~tr.1yc:cl the 

power pot('ntial is, afli:'r :ill. Jc:dr.fr·l-.:-. Hyliro powf'r is clc.'.in, 

pulluti~nfre~, an<l 2 ren~wJ~J~ ci~~c~tic resource. It has a~s~ 

costs is a~o:-·.:iys chc.Jper th:1:; any :._.t::L:r f."lr:;i •'f power presently 

known. Due to thi.~ :rn ~Y.t•~nsLve in'.'t'iltt:>ry of r>0tcn.-ial hydro 

power site& ha3 been made. r·h~- r~salts .:ire t:ot quit~ ready, 

but S•)me of. them ;ire .'.llre-1<;; nilw available: 

ln the whol~ country 2932 ~i tcs fer hydr,~ pl:mts ':.le!·t!. investigJted 

by the State W<1ter Board and the rwn-prol.it 1..H)>,an:ization SITRA. 

These 5ites had a pnt£>nti.:i!. ~-,[ SOS Ml.-1. On the :;itcs then• were 

371 power plants, il32 dam:>, r::i.! I;;, f"W r.iill·; etc. The rest of 

thf' si les 142'1 (317 mW) ha·u· n~ve:· bh-;i': use<l. rn addition it 

was cstimn::(•d th.:it sites having n ft'it<.'nt.ial of: .'">06 ?-fl..i "'1.JS n1.lt 

included in th•: inv·~ntory. The oil ~;de:. could be s.'.lv\.'d each year 

hy cunsi:!":.; ...•. 1n~ th.:: "forg,1tt·~n'' m1;11 !1Lrnt sit~'S i.s l..8millior. 

tons l"r at l'."urrenr pric~~ PS dc1l 1ars 250 mi 1 ! ion. In ;.! (('w yc.:irs 

the savin~~ W•>ul<l be much gr<'-"l!l·r cli.!<' to t.hc i;harply dsir.,: oil 

prices. In view of this tlH' f;11vcr:!ment h:is st;1rtcd t,1 rt'Consi.rJ<~r 

!ts P<>~•iti.n1 •md .'.lssists :1lri· dy th)\." in m;iny w:iy$ min~ hydro 

.. - - .. r ----

l 
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3 Hi~i Hydro in the Finnish Pov.er System 

ltJdro power has been used in Finland for industrial purposes 

long before the advent of the electric generator. In the early 

days the units were nor.nally connected to the mechanical drive 

shafts of the factories and, in those days this systea vorked 

reasonably well. As a matter of face some expert remarked that 

the large-scale industry was in no need of electric pover because 

the factories were located on the shores of rapids and turbines -

could drive all the necessary machinery directly. This attitude 

changed radically after the country became independent 1917 and 

the completion of the first stage of Imatra Power Plant in 1928. 

A further impetus towards electrification was given by the 110 kV 

power line which connected the major citie~: Helsink), Turku, 

Lappeenranta, and Viipuri in South Finland with the important 

Jmatra Power Plant. 'When the grid gradually expanded most of 

L~! old power plants of the industry and municipalities were 

tied to it~ Presently, for all pr~ctical purposes, the whole 

product_ion capacity of the country is tied to the so called 

super-grid which consists of 400, 220, 110, 45 and 20 k.V lines. 

The smaller. u~der 10 MW, plants are usually connected to the 

45 or 20 kV circuit , • The production. of the small plants is 

absorbed by the National grid when in excess of tbe local demand 

and compleaented by it when the discharge through tbe turbines 

is too low to satisfy local requirements. 

Frequently, however, th~ 9111all plants built during the 19SO's 

were constructed as peaking plants in order to improve the 

econcimy of power consumed frat~ the National Grid. This was 

achieved by the use reservoirs to ensure daily. weekly or 

yearly control. The large plants were base-load p1ants. 

Later when ~ost of the readily available hydro power was 

dt•reloped and the world oi 1 markets made thet;"lllal power 11uch 

more advantageous than ~ydro lar&e thcnn.al plants were built • 

. Also, a consiclerablP. amollnt of the wood and pulp industry 

----· 



constructed thd r C\.TI t!t('nrai b:ick ;:rcssurl.' po•Jcr ;>I ants to fill 

thci r r\!qui :-er.tents f 01· j)rt'•:cs:!E heat and c l(·ctric po,,.er. Accord­

ingly th•:cm~i power l:ecan:::-t? d~!l:inar.t ir: th~ system. The large hydrc 

pow.;:r p!311t~ whi~h hau ade~uatc restrvoirs began to he operat~d 

as pca~ing plants. '!"he thcrm3l st.;idons .and the mini hydros 

beca~c base-lo3d plants. 

Now that. the <>il prices are ?:ising at an ever increasing -:-ate 

the conscr>Jction of the rc~aining hydro resources h2s rapidly 

become more 2ttractivc de;;pite of the high initial {nvestmcnts. 

This is mainly due ~o tne long life of the equipment and their 

negiigible operating cost!;. The most re. nt mini hydro devel­

opments have faced severe criticis-lli due to ecological reasons. 

It has, however, been possible proc~ed wit~ these developments 

in connection .1ith general schemes to improve che use of the 

watercourses by implementing muitipurpose projects for flood 

protection and recreation~l use in co-operation with the 

National Board of Water. ~nfortunatcly lack cf capital prevcncs 

rapid expansion of the coun~ry's hydr.:> potential which in any 

case would not be sufficient to ?r.eet the ~ver increasir.g dcm.md 

for power. Full utilization of the re:uaining hydro resources 

can only ameliorate the n~ec fer thermal power, but it can never 

ob~iate the need for imported fuel or other energy. In ~977 

58% of the energy was of foreign origin, 28% hydro, 6% mini 

hydro, and a: from other domestic sourc~s. Today the situation 

is much the same. 

3.1 Mini Hydro Development 

Due to the high injtial capital requirPd for developing storages 

for mini hydro plant~ in a rather low and level terrain it has 

been f.:>und expedient to con.;tri;ct predominar.tly run-of-river 

plants. Frcque"cly the plants ~rr nevcrtteless operacjd as 

pea1dng plants b}· uti~izing availab~e pondag.~. The head of the 

plant becomes rather small and ways have co be found to utili?.e 

tlie avaihble heads as economic.ally as possible. One solution 

has been to construct the turbines wi~h horizontal shaft 

• 
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connected to a sy~chronous or asynchronous generator as the 

case may be. In addition the o~er3tion of the plants has bee~ 

completely automatized in order to reduce the daily running 

cos~s. These plants are mostly of the so called tubular design. 

U~ually the turbine shaft is connected to a gearbox in order to 

keep the generator reasonably saall and enable che turbine to 

be run at its 1D0st economical speed. Presently :~e limit for 

gearboxes is about 3 MW due to ec~uomical reasons. The turbine 

casings are no~lly built of fabricated fine grain plate steel. 

The wicket gate trunnions and shaft sleeves are normally wade 

of stainless steel. The runaer blades are always of stainless 

steel and S011etimes the runner chamber is alco made of stainless 

steel. 

Tbe turbine regulators, when used. are of the mechanical type. 

Only in cases when special attention bas to be paid to the speed 

regulation electro-mechanical regulators are used. 

The generator speeds chosen are usually 600, 750, 1 500 depending 

on the ~urbine output and its runaway speed. According to che 

local requireaents either induction generators or synchronous 

generators are used. The induction generators are in general 

m11ch cheaper than the syncnronous ones and have in addition ~ome 

advantages such as simpl~ connection to the grid and little 

sensitivity to runaway speeds. One major disadvantage is the 

capacitors which are required for the cQJDpen&ation of the 

magnetizing current. Also, it is not advisable, though possible, 

to use an induction generator separately specifically due to the 

accurate speed regulation required. If, however, the load is 

changing only slowly as in the case of heating or similar 

applications there should be no spe~ial problems in this respe=t, 

but despite of this induction generators are not normally used in 

isolated networks. 

3. 2 Selection of Machinery 

3.2.1 Turbine 

-t.lben the available head of a power plant site is less than 20 m 

a Kaplan tubular turbina i1 usually selected. 1! the flow is 



3.2.2 Generator 
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in the '1l3in steady a so-called half Ka.plan turbine is used. 

In thi:; turbine the guide vanes .:i.re not adjustable. This type 

of lli8chine is userl only where intermittent or continuous full­

load operation is possible. When flow variations are large a 

ttaptan turbine ·1ith fully adjustable wicket .gates and runner 

is used. This type has a very flat cff iciency curve for any 

flow between 15-110% of the design flow. 

· lf the head is aore than 20 a it is advisable to use F~ancis 

turbines in small plants. The Francis turbine is always 

equipped with a shut-off valve located before the turbine. If 

the penstocks are long, it is important to ensure sufficient 

governing characteristics to avoid water hanaer problems. It 

is.also frequently necessarj to use a surge tank or to include 

a flywheel with the rotating parts. Usually the Francis 

turbines behave well in runaway situations and due to this 

they are of ten chosen for plants hav.ing a low head but long 

penstocks. 

In mini power plants t"10 kinds of genera~ors are frequently 

used: 

1 

2 

Induction generators 

Synchronous generators 

The induction generator is often simply a standard squirrel-cage 
... 

asynchronous machine which is operated at a negative slip. 

In this mode of operation the machipe delivers power under 

certain conditions i.e. t;e machine must be magnetized from 

some source. Normally the source is £ synchronous generator. 

Ii is, however, p~ssible to dispense with the external.power 

source if a bank of capacitors are connected to the machine. 

In this case the initial voltage is generated by remanent 

•gnetism. 

Due to difficulties in re~ulatfog the ·.rnltage as well as 

frequency if the induction generator is operated autonomously 

t~.e economic gains of the initially cheap standard induction 

machine are lo~. Because of this autonomous operaLion of 

t 

• 
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im3m·t ! l !-.,.er~.:'.;-:n.~:-s shot!l<: b..:- 1i sn;:H-;tt;.:1.'J in fa\.-f•l&r of t.hl~ 

more cf fie.: ili.'nt ~:;n~hro'lt-.us g~ncrat·ors. 

In s11?2.; l plants the brushlc;ss sync.hron.fiusg~acr<..tor is nornlal ly 

used to av.:>id niaiate:lar.ce: proble1r.s a.ri:;iug frn!!' r:he rapid 

wear of the cua1 brushes. lo sm~ll gen·~nirors the voltage 

usually v;:ir ies bett.'•.!en 400-6&0 V. In large om.~s f?""Olll 3 tc 

10.5 kV. Th~ e:-r.citation rower iS t.aken fr.~lll a'l a/c exciter 

generator install~d .:m the gcnl!ratoc shaft throuJ;h a rotating 

rectifier bridge. The generator frame is normally fabricated 

and dimensioned to meet rhc prevailing runaw~y conditions. 

4 ICAARNI P~er Station - a case study 

4.1 Water conduits 

4.2 Machine Station 

Kearni Pow-er Station 1s l. 2 MW ~synchronous mini. hydro piant 

in which a number of simple, inexp;:•n:;h·e :?nJ yet reliable 

solutions have b~en employed. It ;,,;as .:o:np.1-eted in 1977. 

The station consists of :rn unregul;;ccd Fr·anc:is turbir,e equipµed 

with a simp!c: clappet valve, aa inducti<m gc?nerator, frequency 

reiay for synchronizatio;:;, overspecd protection and a clock 

activated starting and stoppi~g device. 

The water frnm the upstream side 1s conveyed approximately 

through a 1 km long open !!han;1el tu the penscock which is 

130 m long and 2 m irr dia;neter. The pens!:ock is fabricated 

from 6 nnn steel plates and ir.sullcd in 9 m long sections 

which connected by rubber scaled flang<:s. Corrosion p:-otection 

consists of 400-600 J.lm thidc t!pcxy paint. J.he penstock is 

buried in the irocnd withnut 3ny supp0rcs. It is in~talle<l 

as a syphon which Hffords ~J1itEonal rccawdv protection shou!d 

th~ ~lappet Vdlve fail. 

The pcnsto.:k is primed by pump::; :rnJ .fopd nu.~<i by a remote coTJ­

trolled air v~lvc. 

The m:1chi11~ nt:itior. is butlt ,;;i" Lon-·rl!t<:. fo1111<latL:n hll-,~:k 

on whicli tlw mnc:hincry i~; £11,,r al l•·t!. Thi- f:":it ion ·~cin~d:it11 ··f a 



4.3 Turbine 

4.4 Generator 
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steel fr6GI• .ilding vhich can be diSt .int!ed if any parts 'lf 

the machim.:~·y. must be removed for repairs. 

The turbine is a horizontal Francis without adjustable guide 

vanes. The spiral casing of the turbine is ma.de of rolled 

st~el sections of equal cr\lss-section throughout its length. 

Thi~ vas a simple solution and y~t efficien-. The flow through 

the turbine is controlled by means of the clapper valve only 

and due to this the turbine car.not be operated at partial load. 

The generator is a standard squirrel-cage motor vhich operates 

at 3 kV and 1000 rpm. It is designed to withstand the runaway 

speed of the turbine. The design pcwer of the generator is 

1250 kV. Because the excitation cannot be adjusted as :n a 

synchronous generator the shaft power of the turbin~ mu£t ~ot 

exceed the nominal power of the generator by more than lhe 

generator losses i.e., in this case,45 kW or about 3% of the 

guaranteed turbine power. The generator is connected to the turbine 

by means of a gearbox having a ratio of 382/1006 rpm. The generato1 

is connected to a 3/20 kV 1500 kVA transformer. 

4.S Operation and protection 

4.6 Startin& 

The p13nt is remote controlled and completely unmanned. The 

main protective devices are the following: 

"Non-fuse" compact circuit breakers 

Hain switch 

Starting and stopping relays 

Overspeed reby 

Oil pressure relay 

Back-power relay 

Earth leakage relay 

When the plant receives a start impulse f r"1D the control centre 

the clapper valve is opened and as the generator gains speed 

it is connected to the 1)!twork at 9~9% of theaynchronous speed 

because it was found that a slight positive slip wa1 more 

advantageous and resulted in a smoother increase ir. the power 

aelivered to the network. 

• 

r. 
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5 Cost ~ Labour . 

Plant No. 
size: 

5 MW '.H 

5-10 MW 8 

- ll -

current draw!l by the gt-ncratc!" is not c<Jm1wnsatt•d ?::-y cap::icitors. 

This ?:cciuces t->ffect (•f th(· gc;:1~rator on the net'.Jork voltage 

considc.?rably and t:! i.m;.nat.::s the p:Jssibi l ity of ~vervoltc;ges 

when the station is disccm1~ctcd from the network. 

In 1978 ST\"V (Sahk(intuottaj ien Yhtcisty~5v~1; iokunta) couduct~d 

a country wide en<!uiry entitled "Vesivoima j<? sen rakennu~mah: 

dcllisuudet Suomessa" (Hych«) Po\-12r and its constru~tion possi­

hilitie~. T:1c foil~1wing tabl.:- is ca1cuiated based on this 

investigation: 

Construction & Capital Cl·sts {USO, 5!.) yt:-.ars <lepreciatiClil, sz 
interE-st) 

Povet· lannual Avcrdge ~hn. Na.<. Av. Min. Max. 
MW Production Cost cost/ · cost/ cost/ cost/ cos ti 

GWh U~D/kW US!l/kt-! tJS!:?/kW kt,11 kWh kWh 

77 303 1225 710 2060 2.8 1.4 4.9 

58 15'· 875 520 l.:i23 2.4 1. 7 3.9 

It is of course difficult ti) assess the ex<'lct requirements of 

labour for the development of mini hydro since the variations 

are huge depending on whether the project re<iuires large 

storages, dams, or r.omp1.icated ;md e;-.pcnsive waterways. On 

the average the projects investigated had Jn annual produccio~ 

of 3270 GWh/a and required 31900 man-yea~ labour or by production 

unit about 10 man-ycars/GWh. Normally the actually required 

labour force was about 10! larger cl.an original Ly estimated 

during the de~ign. 

Organizations actively developing mini hydro 

1 Sahkontw..'ttaj icn Yhtcistyovaltuuskunt:1 (S1'YV) t'redrikinkatu 

48, SF-00100 Holsinki 10 

::;;::=:::i::J ' 
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