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PRECERPAVACIA VODNA ELEKTRAREN
PUMPED STORAGE HYDRO POWER PLANT

CIERNY VAH

Prederpdvacia vodné elektréreri Cierny Véh bola vyprojektovana a vybudovand na za-
bezpedenie spolahlivej a kvalitnej dodédvky elektrickef energie a pokryvanie zmien zataZenia
elektrizacnej sustavy (ES). V nasich podmienkach si z ekologického, ekonomického, afe
hiavne z prevadzkového hiadiska zdrojmi, ktoré operativne pokryvajii nahle zmeny zataZenia
ES, prave preCerpavacie VE. Primarnym hiadiskom pritom nie je objem vyroby elektrickej
energie, ale najmd ich prevadzkové viastnosti pri plineni regulacnych funkcii v ES.

V dobe vystavby PVE Cierny Vah mala byt jej hlavnou Ufohou $pigkova prevédzka s den-
nou akumulaciou, iéast na requldcii frekvencie a vwkonu v ES a zdskokovd funkcia v ES. Po
uvedeni do prevadzky, ale hiavne po osamostatneni sa slovenskef ES v roku 1994 ustipifi
statické funkcie (vyroba energie z preGerpavania, bilanéné zalohy vykonu, dennd regulacia, ...)
a vacsi vznam nadobudli dynamické funkcie (reguldcia néhodnych zmien zataZenia ES,
okamZité krytie ¢asti denného diagramu zataZenia, regulacia frekvencie a odovzdavanych
vykonov v ES atd"). Po prepojeni nasej ES so zdpadoeurdpskym zdruZenim UCPTE, kde sd
okrem iného prisne kritérid na dodrZiavanie salda vykonov, st hlavnymi funkciami preGerpé-
vacich VE :

1. Dynamické sluZby pre ES

2. DispeCerska rezerva pre vypadok najvicSieho bloku ES

3. DodrZiavanie dohodnutého salda zahranicnej spoluprace

4. Pokryvanie Spiciek aj nahlych zniZeni DDZ.

Pritom v stidasnosti sa pre dynamické funkcie vyuZivajii mensie PVE a funkcia PVE Cierny Véh
spociva v dispecerskej rezerve pre vypadok najvdcSieho bloku v ES a v dodrZiavani salda
zahraniCnef spolupréce. Po uvedeni jadrovef elektrdrne Mochovee do prevddzky vyznam PVE
a hiavne Cierneho Viéhu dalej vzréstol

PVE Cierny Vih je naSou najvicSou prederpavacou a podia instalovaného vykonu aj
najvacSou vodnou elektrariiou. Bola vybudovand v Casti Ndrodného parku Nizke Tatry

v Narodnej prirodnej rezervécii Turkovd. Preto museli byt v priebehu vystavby i po jef ukonceni

dodrZané prisne podmienky Statnej sprévy ochrany prirody. Takymi boli napr. skrétenie doby
vystavby, zmena tvaru hornej nddrZe, aby sa zmen$il z4sah do terénu a wyrub lesnych
porastov, vylicenie vystavby bytov, socidinych zariadeni trvalého charakteru a staveniskovych
zariadeni z aredlu PVE, umiestnenie privédzaCov z hornej nddrZe do podzemia a sledoval sa
aj minimélny zéber pbdy a zaClenenie objektov PVE do tohoto prirodného prostredia.
Komplexné rie3enie dopadov vystavby i celého diela po jej ukonceni na fidru a faunu dotknutej
oblasti rieSil Lesobiotechnologicky projekt na tcet energetiky.

PozdfZny rez privadzaémi
1 1 - horna nadrz
2 - privadzace
3 - elektraren
4 - geologicka porucha
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Stavebne je celé dielo rozélenené na s‘tyr/' gasti :

Horna nadri je umela, bez prirodzeného pritoku vody, vybudovand vykopom a nasypom na

kote Nezndma v nadmorskej vyske viac jako 1150 m. Névodny svah so sklonom 1: 2 a dno

nadrZe su tesnené asfaltobeténovym plastom. V pate nadrZe je po cefom obvode vybudovana

Stlria na kontrolu priesakov. VyuZitefny objem nadrZe je 3,7 mil. n¥* a prevadzkové hiadiny

| NADRZE | RESERVOIRS hornéd/upper dolnd/fower

' prevédzkové hiadina maximéina fm n.m. 8pv} 11600 733,45
operating level maximum [above sea fevel]
miniméina [m n.m. Bov] 1135,0 726,0
) minimum f{above sea level]
- objem/volume celkovy/total [mil. n7’] 37 51
g dZitkovy/utilizable fmil. m*} 37 37
di¥ka vzdutia / length of backwater [km] 2,0
df¥ka hrédze / length of dam  [m] 375

A Cierny Vah pumped storage hydro power plant (PSP) has been designed and built for
providing the reliable and quality electric energy supply and for covering load changes of an
electrification system (ES). It is mainly the pumped storage hydro power plants which in our
conditions are the sources operatively covering the sudden changes of the ES load from the
ecological, economic but mainly from the operational point of view. The electric energy
generation volume is niot the primary stanapoint but especially their control functions in the
ES.

During the building of the Cierny Véh PSP the peak operation with the daily accumulation,
participation in frequency control and output in ES and the compensation function in ES were
to be its main tasks. After putting it into operation but especially after its becoming
independent of the Slovak ES in 1994 the static functions (energy generation from pumping,
balance output reserves, daily control,...) gave way to dynamic functions which gained greater
importance (sudden load changes control of ES, immediate meeting of the daily load
diagram, frequency control and outputs given in ES, etc.) After interconnection of our ES with
the UCPTE West European- association in which there are besides other things, the strict
criteria for observing balance of outputs, the main functions of PSPs are as folfows:

1. Dynamic services for ES

2. Dispatching reserve for the fall out of the greatest ES block

3. Observing the foreign cooperation balance agreed

4. Compensation of peaks and also of sudden daily load diagram reductions.

While at present smaller PSPs are utilized for dynamic functions and the function of the
Cierny V&h PSP consists in the dispatching reserve for the fall out of the greatest block in ES
and in observing the foreign cooperation balance. The importance of the PSP and mainly of
Cierny Vish has increased after putting a Mochovce atomic power station into operation.

The Cierny Vé&h PSP is our biggest pumped storage hydro power plant and our biggest
hydro-plant according to installed capacity. It was built in the part of the Nizke Tatry National
Park in the Turkovd National Natural Reservation. Therefore, the strict conditions of the Nature
Protection State Administration had to be observed during its building and after its finishing.



Situacia PVE Cierny Vah
1 - horna nadrz

2 - doina nadrz

3 - privadzace

4 - elektraren

These conditions included e.g. reduction of the building period, the change of the upper
reservoir shape in order to reduce intervention into terrain and overbreaks of forests, excluding
of building flats, permanent amenities and site facilities from the PSP area, placing of the
penstocks from the upper reservoir into underground and also the minimum soil catch was
observed and inclusion of the PSP objects into this natural environment. The complex
solution of building impacts and of the whole work after its finishing on flora and fauna was
solved by a Forest and Biotechnological Project to the account of power engineering.
All the work Is divided into four parts from the building point of view:

The upper reservoir is an artificial one without the natural water inflow, built by excavation and
slope on an Unknown elevation more than 1 150 m above Sea level. A leading slope with a
gradient 1: 2 and a bottom of the reservoir are sealed by a bituminous and cement coat. In
a footing of the reservoir along its perimeter there is a tunnel for leakage water controlling.
The utilizable reservoir volume represents 3,7 mil m* and operating levels fluctuate by 25 m
between the elevations 1 160 and 1 135 m above sea fevel. An inflow object is incorporated
into the perimeter of a dam for three intake pipes and the communication tunnel exit with an
inclined lift. An approach from Svarin is 7,5 km long utilizing the former forest roads.

Underground conduits and the communication tunnel. There are three intake pipes with
diameter of 3,8 m respectively, each of them in front of the hydro power plant is ended in

meazi kétami 1160 a 1135 m n.m. Bpv kolisu 0 25 m. Do obvodu hrddze je vCleneny viokovy
objekt pre trf privddzace a vydstenie komunikacného tunelu so Sikmym vytahom. Prijazdové
komunikécia zo Svarina je dihd 7,5 km a vyuZiva byvalé lesné cesty.

Podzemné privadzace a komunikaCny tunel. Privadzace priemeru 3,8 m st tri, kazdy je pred
elektrériiou ukongeny gulovou odbodnicou, ktord privadzad rozvetvi na dve turbiny a dve
Gerpadla. Pred turbinou a Gerpadiom si gulové uzdvery. Hribka ocelového panciera privédza-
dov je od 12 do 43 mm. Pozdine sa privadzade delia na vodorovné Sasti (spodnd a vrchnd)
a Sikmu Gast so sklonom 45°. Vedia privddzaCov je situovany samostatny komunikaény tunel
v Sikmej Gasti s vytahom Fy Alimak.

Elektrareii tvorf Cast telesa doinej nadrze. Je v nej Sest vertikalnych preCerpdvacich agregétov
v trojstrojovom usporiadani : motorgenerator - turbina - Cerpadio. Medzi turbinou a Cerpadiom
je hydraulicky oviddana zubova spojka zastvate/nd za kludu a vysdvatelna aj pocas chodu
agregdtu. Turbina je podas Cerpania zavzdu$nend. Turbiny typu Francis maju priemer
obeZného kolesa 2600 mm. Cerpadlé st jednonatokové, dvojstupiiové. Povodne indtalovany
vykon 6 x 111,6 MW bol v roku 1985 po overeni a skuskach s dodavatelom technolGgie
zvySeny pri prehiteni turbiny na 6 x 1224 MW. Na prevedenie prirodzenych prietokov
Cierneho Vahu je v budove elektrérne instalovany agregét TG7 s Kaplanovou turbinou s inta-
Jovanym vykonom 0,768 MW a hitnostou 4,5 - 8 ms".

a spherical distributor branching out the pipeline into two turbines and two pumps. There are
Sspherical valves in front of the turbine and the pump. The steel armour thickness of the intake
pipes ranges from 12 to 43 mm. The intake pipes can be longitudinally divided into horizontal
parts (lower and upper) and an inclined part with inclination 45° An independent
communication tunnel with the Alimak lift in the inclined part is placed by the conduits.

The hydro power plant is a body part of the lower reservoir, In it there are six vertical pumping
aggregates in the threemachine layout: the motor-generator - the turbine - the pump. Between
the turbine and the pump there is a hydraulicly controlled claw clutch engaging at rest and
disengaging also during the aggregate operation. During pumping air is involved inside the
turbine. The Francis turbines have the diameter of a runner 2 600 mm. The pumps are single-
inlet, two-stage. In 1985 the originally installed capacity 6 x 111,6 MW was increased in
absorption capacity of the turbine to 6 x 122,4 MW after verification and tests by a supplier
of technology. A Kaplan turbine TG7 set with installed capacity 0,768 MW and absorption
capacity from 4,5 to 8 m*s" is installed for performing the natural flows of Cierny Vah in
a building of the hydro power plant.

The lower reservoir with relaying of the road. The dam of the lower reservoir into which the
building of the hydro-plant is included is concrele, gravitational. There is a Jevee on the aerial
side for implanting greens and thus including it into surroundings. The side slopes have
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Dolng nédrZ s preloZkou cesty. Hradza doinef nddrZe, do ktorej je vilenend budova elektrarne,
je beténovd, gravitatnd. Na vzdusnej strane fe prisyp na ozelenenie a tym zaclenenie do okolia.
Bocné svahy majd filtraénd vrstvu z geotextilie Tatratex, maji sklon 1. 5 a st opevnené
kamenivom. ViyuZiteIny objem nddrZe je 3,7 mil. m* pri kolisani hiadiny 7,45 m medzi kétami
733,45 - 726,0 m n.m. Bpv. Prelozka pdvodnej cesty tidolim Cierneho Vahu je vedend po lavej
strane nddrZe.

Wkon elektrérne je vyvedeny cez blokové jednofézové transformétory s troma vinutiami
15,75/420 kV do rozvodne 400 kV Liptovskd Mara vzduSnym vedenim. Vlastnd spotreba je
popri zabezpedeni zo zéskokového zdroja, ktorym je TG7, zaistend 22 kV linkami z Krélovej
Lehoty a z Tatranskej Strby.
zdroja. PVE Cierny Viah je dispeGermi vysoko hodnotend, pretoZe rozbeh z kfisdu na piny vykon
v turbinovej prevadzke trvé len 70 sek. a z kludu do Cerpadiovej prevddzky asi 120 sek. Pritom
prevadzka agregdtov je plne automatickd a PVE je priamo riadené Slovenskym energetickym
dispecingom Zilina.

Prietoky Cierneho Vahu nad 8 m*s’ sa prepustaji najalovo, pretoZe na PVE Cierny Véh,
na rozdiel od vSetkych ostatnych VE na Véhu, prevadzkuje energeticki i vodohospodérsku
Cast’ energetika, pricom podmignkou spravy povodia bolo nezasahoval do vodohospo-
déarskeho reZimu rieky.

a filtration layer of a Tatratex geofabric, they have their inclination 1: 5, and are protected by
aggregates. The utilizable reservoir volume is 3,7 mil m* in level fluctuation 7,45 m between
the elevations 733,45 - 726,0 m above sea level. The relaying of the original road in the Cierny
Vah valley is led along the left side of the reservoir.

Power plant output is led through the block single-phase transformers with three windings
15,75/420 kV into a Liptovska Mara 400 kV switching station through the aerfal line. Internal
consumption is besides providing from the compensation source which is TG7, provided by
22 KV lines from Kréfova Lehota and from Tatransk4 Strba.

Operativeness of engaging the source is the most important standpoint in dispatching
control of £S. The PSP Cierny Vah is highly evaluated by dispatchers because the start from
rest into full capacity in the turbine operation takes only 70 s, and from rest into the pump
operation about 120 s. While the operation of the sets is fully automatic and the PSP is
directly controlied by the Slovak Power Engineering Dispatching Centre in Zilina,

The flows of Giemy Véh over 8 mi.s” are discharged at idle because at the Cierny Vih PSP
in contrast to all other hydro power plants on the river Vah, the power engineering and water
economic parls are operated by power engineering, while non-interference into the water
economic regime of the river was the condition of the riverside administration.

The great attention is paid to environment protection. All the leaked waters from the area

Vel'kd pozornost fe venovand ochrane Zivolného prostredia. Vietky presiaknuté vody
z priestorov elektrarne, ale aj vody zo stanovist vonkajsich transformétorov a z nédvoria
elektrarne sa pred vypustenim Cistia tak, aby vyhovovali prisnym vodohospodarskym
predpisom. Prispevkom k ochrane Zivotného prostredia je vyuZitie stratového tepla blokovych
transformétorov, ktorym sa cez vymenniky olej - voda vykiri strojoviia elektrérne a prilahi4
budova aZ do vonkajej teploty -15°C. NajpodstatnejSim prispevkom je v3ak pohotovy vykon
PVE, pretoZe ak sa musi v tepelnych elektrériiach udrZiavat v pohotovosti turboagregét, spali
sa pri tom na kaZdy 1 intalovany megawatt rocne zhruba 1000 ton energetického uhlia. PVE
Cierny Véh tak zachréni roéne 735 tis. ton energetického uhlia.

:VODNA ELEKTRAREN/HYDRO POWER PLANT 67-6 167
{inStalovany vykon / podet agregétov [MW /-] 735,16 6 1

. installed capacity / number of sets [MW/-]

 projektovand rocné vjroba z precerpévania [GWh] 1285

* annual generation planned from repumping {GWh]

‘ Z prigtokov / from flows [GWh] 22
:Spasob prevadzky: aufomatickd turbinové, turbinové
: Cerpadlovd, kompenzadné

- mode of operation:  automatic turbine, turbine
: pumping, compensation

:rok uvedenia do prevadzky 1980 - 1982 1982
- years of putting into operation

of the power plant but also the waters from the places of the outer transformers and from
the power plant courtyard are before discharging cleaned in stch a way so that they must
meet the strict watereconomic regulations. A contribution fo environment protection is the

‘utifization of after-heat from the block transformers by which a machine room of the power

plant and an adjacent building can be heated up to outer temperature - 15° C through the oif-
water exchangers. However, available power of the PSP is the most important contribution
because if in thermal power stations a turboset must be kept in emergency, about 1 000 tons
of power engineering coal is annually burnt in it for each 1 megawatt installed. Thus, the
Cierny V4h PSP saves 735 thous. tons of power engineering coal annually.
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PVE Cierny Vih bola uvddzané do prevédzky v rokoch 1980 az 1982. Do konca roka
Prieény rez preéerpavacim sdstrojenstvom 1998 za 18 rokov prevadzky vyrobila celkom 5648 GWh elektrickej energie, z toho z preder-
pania 5609 GWh a spotrebovala pri tom 7532 GWh. Z toho vychadza Gdinnost preCerpéva-
cieho cyklu 74,5%. Jef agregdty odpracovali za tuto dobu spolu zhruba 157 tis. prevédzko-

vych hodin. Na turbinovd, Cerpadiovd a kompenzaénu prevddzku boli spustené viac ako
82 tis. krat.
Délezitejsie viak je, 7e za tito dobu bola PVF Cierny Véh pripravend a v Gase potreby posluzia
na vyrieSenie problémov a mimoriadnych stavov v ES. A vdaka ddslednej starostlivosti
technologické zariadenie siGZi ndm vsetkym i nadalej.
- TURBINA | TURBINE G1- 67
wyrobca / producer CKD Blansko 7
typ / priemer obeZného kolesa [ - / mm ] F 10/2600 4.K-69/1100
type / runner diameter  [-/mm ]
spad maximalny - minimalny [ m ] 428 - 391 20,9-116
maximum - minimum head [m ]
priefok / rate of flow [ m’s'] 30 45-8
inStalovany vykon/installed capacity [ MW ] 1224 0,768
otacky / speed, revolutions [ s' (min.") ] 8,33 (500) 8,33 (500)
CERPADLO/PUMP
vyrobca / producer CKD Blansko
typ Jjednongtokové dvojstupfiové
. lype single-inlet two-stage
- priemer obeZného kolesa / impeller diameter [mm] 2620
- dopravné mnodstvo / operating rate of flow [mPs']  20-22
prikon / input [ MW ] 100
: ot4Cky / speed, revolutions [ 7 (min') ] 8,33 (500)
MDTORGENERATOR | MOTOR-GENERATOR
* wrobca / producer Skoda Plzert Skoda Plzes
“menovité napétie / nominal volfage [ kV ] 15,75 6,3
i TRANSFORMATOR | TRANSFORMER
- vyrobca / producer Skoda Plzers BEZ Bratislava
vykon / power [MVA] 250 1
- napétie / volage [kV] 15,75 /420 63/22 .
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Péddorys strojovne




The Cierny Véh PSP has been putting into operation in the years 1980 - 1982, By the end of
the year 1998, for the period of 18 years of operation it generated in total 5648 GWh of
electric energy out of it from repumping 5609 GWh and consurmed 7532 GWh. Qut of it
efficiency of the repumping cycle is 74,5%. Its sets worked approximately in total 157 thous.
operating hours for this period. They were started over 82 thous. times for the turbine, -
pumping and compensaton operations. '
However, it fs more important that the Cierny Véh PSP was prepared during this period and
in time of need it served for the solution of the problems and emergency states in £S. And, .
thanks to consistent care of the technological equipment it serves to all of us alsp at present.

Zakladna elektrickd schéma elektrarne




