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MABEL| Yaupa
Chaira PSHPP

MABEL, YANPA

lMomneHo-akymynupalaTta BOAHOENEKTPUYECKa
ueHTpana Yampa (MABEL, Yaupa) e nsrpageHa B Puna
nnaHuHa Ha okono 100 km toron3touHo ot Codus.

C reHepatopHa moLuHocT 864 MBT n nomneHa 788 MBT
[TABEL, Yampa e Haii-ronsamara nomneHo-akymynmpatia
LileHTpana B toromstoyHa Espona.

B LieHTpanata ca MOHTUPaHN YEeTUPU ENHOCTbMANHN
xuppoarperata no 216 MBT B reHepaTopeH pexum
1 no 197 MBT B MOMMEH PeXMM.

[TbpBY 1 BTOPM Xuapoarperar Ha LieHTpanara

ca B ekcnnoaraums o1 1995 r. Kbm T0311 MOMEHT
[MABEL| Yaunpa e n Homep eaHo B cBeTa Kato MABEL,
C Hali-BUCOK Hanop Ha xuapoarperatute — 690 m

B reHepaTopeH pexum n 701 M B MOMNEH PEXUM.
TpeTun 1 YeTBbPTU XMAPOArperaT ca B ekcrnoaraums
ot 1999 r.

[omno-TypGuHUTE 1 MOTOP-TEHEPATOPUTE Ca AOCTABKa
Ha Townba — AnoHNs, KaTo TPU OT TSX Ca MPOM3BEAEHN
B bbnrapns nopg anoHcka cynepeusus.

[opHuaT n3pasHuTen g3. benvekeH e cebp3aH ¢ MABELL
Yampa upe3 gBa HanopHu TyHena ¢ anametsp 4.20 m

11 ABa HamopHM TpPb6ONPOBOAA C AuameTbp oT 4.40 m,
Hamanasady go 4.20 m.

CHAIRA PSHPP

The Chaira pumped storage hydro power plant
(Chaira PSHPP) was built in the Rila mountains, about
100 km southeast of the capital city, Sofia.

Chaira has a generating capacity of 864 MW
and a pumping capacity of 788 MW, and is thus
the largest pumped-storage plant in southeast Europe.

The power plant is equipped with four reversible Francis
pump-turbines, each rated at 216 MW in the generating
mode, and 197 MW in the pumping mode.

Units 1 and 2 have been in operation since 1995,
and at that time Chaira was still first in the world

as regards the highest head for a single-stage pump
turbine (690 m generating and 701 m pumping).
Units 3 and 4 came online in 1999.

The pump-turbines and motor-generators were
supplied by Toshiba (Japan), and three of them were
manufactured under Japanese supervision in Bulgaria.

The upper compensating basin for Chaira is the
Belmeken reservoir that is connected to the Chaira
pumped storage hydro power plant by two headrace
tunnels with a diameter of 4.20 m and two penstocks
with a diameter of 4.40 m, reducing to 4.20 m.
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Mawunna 3ana na [TABEL] Yaupa
Chaira machine hall

Bpbakara mexay IMABELL Yanpa n nonHus napasHuten
A3. Yampa ce oCbLLEeCTBABA Ype3 ABA HAMOPHN TyHena
¢ anameTbp 4.50 m.

MABELL Yanpa e noasemHa enekTpoLeHTpana.
KaBepHarta Ha [MABEL, Yanpa e Ha okono 350 m

Mop 3eMsTa 1 Ha 0KOMOo 1 KM OT I30BUPHOTO €3ep0

Ha oonHus uapasHuTen. Pasmepute it ca 22.5/111.5 m
C MakcumanHa BucouynHa 43 m. B no-manka cbcegHa
KaBepHa ca MHcTanupann TpaHcdopmaropute 19/400 kB.

A306up Yaupa

Chaira dam

Chaira PSHPP and the lower compensating basin are
linked by two tailrace tunnels with a diameter of 4.50 m.

Chaira is an underground facility. The powerhouse
cavern is about 350 m below the ground surface,
and almost 1 km from the lower compensating basin.
Itis 22.5 m wide, 111.5 m long, and has a maximum
height of 43 m. The 19/400 kV transformers

are installed in a smaller adjacent cavern.

1 — MawnHua crpapa
Powerhouse
1a - Momno-Typ6unn
Pump-turbines
1b — Mortop-rexepatopn
Motor-generators
2 — TpanchopmaTtopHo nomeLeHne
Transformer hall
3 — lonuu BoaHN Kynn
r— Lower surge shafts

4 — TyHen Ha rnaBeH BXop,
Access tunnel

5 — Llnkxa ranepus
s — E Busbar gallery
i 6 — Hanopen Tpb6onpoBog,
7o @ 10.00
1 @ 7 - Oonun Bagu

Tailraces
7a — llonun 3atBopn
Downstream gates
8 — Ka6enua ranepus
Cable gallery
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TMABEL Yaupa. HanpeueH pa3spe3
Chaira PSHPP. Cross section



PaGoTHu xapaKTepucTukm Makc. Hanop Mun. Hanop
Performance Data Max Head Min Head
Hanop leHepaTtopeH pexum
Head Generating m 677.0 578.0
Momnen pexum
Pumping m 701.0 613.4
MowHoct TeHepaTopeH pexum
Capacity Generating MW 216.0 171.0
Momnex pexum
Pumping MW 197.0 169.4
BopHo konuuecTBo T'eHepaTopeH pexum
Discharge Generating md/s 36.0 34.3
MomneHx pexum
Pumping m3/s 21.0 29.5
KoeduuumeHt Ha nonesHo peiictene  F'eHepaTopeH pexum
Pump/Turbine Efficiency Generating % cpeaHo average 89.8
Momnen pexum
Pumping % cpepHo average 89.3

MeTop Ha nyckaHe B MOMMEH PeXum
Starting Method in Pumping Mode

['pb6 B rpb6, CbC CTaTMUHA NyckoBa cuctema (CraTmk-craprep)

Back to Back, Static Frequency Converter

Tpaucdopmaropn

Transformers

T'enepatop/motop Hom. mowHocT
Generator/Motor Nominal Rating
Homuxanhno nanpexenne

235 MVA renepatopeH pexum generating, coso = 0.90
224 MW nomneH pexum pumping, cose = 0.95

2x(3x158 MVA) moHodasun 19/400 kV
single phase

Nominal Voltage 19 kV
FenepaTtop/nomneHo o6opynBaHe Momna/Typ6unHa Mortop/lenepatop
Generating/Pumping Equipment Pump/Turbine Motor/Generator
bpoin

Number 4 4

Tun

Type
Mpoussognten

O6patnma PpaHcuc Ha BepTMKanHa oc
Vertical shaft, reversible Francis

CunHXpOHEH, BepTnKaneH
Vertical shaft, synchronous

Manufacturer Toshiba Toshiba
JunameTbp, M Potop Rotor = 4.076
Diameter, m 3600 Crarop Stator = 6.850
06opoTtu, 06/MuH

Speed, rpm 600 600
CBpbxo6opoTu, 06/MUH

Overspeed, rpm 816 816

Average daily operation of Chaira, which is limited
by the volume of the lower compensating basin,
can reach 8.5 hours at full load in the generating
mode and 11 hours in the pumping mode.

Chaira can also optimize the operation of the thermal
and nuclear base load plants, and improve key technical
parameters of the Bulgarian grid system, including:

* operation control flexibility and reliable handling
of peak loads (daily and weekly);

* reliable source of quick replacement capacity
for any lost generating capacity;

* voltage control.

With its flexibility, rapid response and dependability,
the Chaira pumped storage hydro power plant
has a key role to play in the control and security

of the electric grid system of Bulgaria.



TMABEL| beanmekeH
Belmeken PSHPP

XNAPOBb3E/]
AOEHNLA

3HAuUTENHO HapacTBaHe Ha OnepaTuBHUTE
Bb3MOXHOCTN Ha [MABEL, Yanpa wwe ce nonyun cnen
YBENNYaBaHe Ha KanauuTeta Ha JONHNS U3paBHUTEN
3. Yanpa. naHnpaHo e n3rpaxpaHeTo B cbcenHa
LONMHA Ha 93. AfeHnua, KoTo upe3 peBepcuBeH
TYHen Lie 6bae cBbp3aH ¢ 93. Yaupa. Mo TakbB HaunH
KanauuTeTbT Ha [ONHNS N3PABHUTEN LU ObAe YBeNnYeH
TPUKPATHO W LLie OCUrypsiBa HempeKbcHaTa paboTa

Ha LigHTpanara npu MbiHa reHepaTopHa MOLIHOCT

C NpoAbMKMTENHOCT 24 yaca. ToBa Le No3BonsBa
CENMWUYHO U3PaBHSIBaHE Ha BOHUTE MacK

1 LU pasLumpn Bb3MOXHOCTUATE Ha LieHTpanarta

KaTo aBapueH peseps.

Pa3wimpsiBaHeTo Ha [0NHMS U3PaBHUTEN € 0COOEHO
Ba)XHO BbB BPb3Ka C N3rPaXaaHeTo Ha BTopara
aTtomHa enektpoueHtpana — AELL benexe, kakTo

11 HA 3HAUYUTESIHI MO MOLLHOCT BATbPHM NapKoBe

B CTpaHara.

BEL| Momuna kaucypa
Momina Klissura HPP

YADENITSA
RESERVOIR

The operating capability of Chaira will increase

with the future increase in capacity of the lower
compensating basin. The new Yadenitsa reservoir
project, which is now planned for construction

in the adjacent valley, will be connected through

a reversible tunnel to the existing Chaira reservoir.
As a result of the three-fold increase in the capacity
of the lower compensating basin, Chaira's continuous
operation will increase to 24 hours in the generating
mode at full load. This arrangement will provide for
weekly regulation and will also increase the operating
potential of the power plant as an emergency reserve
facility.

The increase in capacity of the lower reservoir will
be especially important for the new Belene nuclear
power plant and for the wind farms planned

for installation in the country.
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Belmeken dam

XIPOEHEPTNHA
KACKALA BEJIMEKEH
— GECTPUMO

Kackana benmekeH — Cectpumo 3aenHo ¢ MABELL Yanpa
(hopmupar Hain-ronemms XuapoeHeprueH KOMMIeKe

B bbnrapus ¢ o6wa mowHoct 1600 MBT B reHepatopeH
pexxum 1 892 MBT B nOMMNEH pexum.

[opHUAT n3paBHUTEN 3. benMekeH € MHOroroauLLIeH

I3PABHMTEN 1 32 TPUTE LIEHTPaNK OT eHepruinHaTa

Kackapga benmekeH — Cectpumo:

* [TABEL, benmekeH — 375 MBT B reHepaTopeH pexum
1 104 MBT B nOMMNeH pexum.

* BEL| Cectpumo — 240 MBT.

 BEL, MomuHa Knucypa — 120 MBT.

O6uata reHepaTtopHa MOLLHOCT Ha TPUTE LiEHTpanu
e 735 MBT. Kackapara e npoekTupaHa 1 usrpageHa
3a MOKPMBAHE Ha BbPXOB AedULMT HA MOLLHOCTH

B EHepruitHaTa cuctema.

CbC cBOUTE KPYMHW MOLLHOCTI XUAPOEHEPTUAHNAT
komnnekc benmeken — Cectpumo — Yaupa rapaHtupa
BUCOKA CUTYPHOCT, MAaHEBPEHOCT 1 UKOHOMUYHOCT

Ha yMpaBneHMeTo Ha 6brapckara enekTpOeHepriiHa
CUCTEMA, FrapaHTIpa i TEXHNYECKN KauecTBa 1
Bb3MOXXHOCTW, KOWUTO S MPaBAT HAAEXAEH 1 MpeanoymnTaH
MapTHbOP 3a CbBMECTHA paboTa C enekTpoeHepruiH1TE
CUCTEMM HA CbCEAHUTE GANKAHCKM CTPaHN.

BEL| Cecmpunio
Sestrimo HPP

BELMEKEN —
SESTRIMO HYDRO
POWER CASCADE

The Belmeken — Sestrimo cascade, together with

the Chaira pumped storage hydro power plant,

is the largest hydro power development in Bulgaria.
The total capacity of the complex is 1600 MW in the
generating mode and 892 MW in the pumping mode.

The Belmeken reservoir serves as a multiyear

compensating basin for the three power plants

in the Belmeken — Sestrimo cascade:

* Belmeken pumped storage hydro power plant
— 375 MW in the generating mode and 104 MW
in the pumping mode.

e Sestrimo hydro power plant — 240 MW.

* Momina Klissura hydro power plant — 120 MW.

This cascade (735 MW total capacity of the three
hydropower plants) was designed and built to cover
peak loads in the grid system.

With its generating potential, the Belmeken — Sestrimo —
Chaira hydro power complex can guarantee high technical
reliability, flexibility and efficiency of the Bulgarian grid
system making it a preferred partner for joint operation
with the grid systems of the neighbouring Balkan
countries.
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