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Abstract

Many serious fires and incidents have occurred in the turbine halls of nuclear power plants,
resulting in serious damage and long shutdown outages. Some of these incidents have endangered the
safe shutdown of the plants because of the location of lack of vital fire protection safety systems. A
detailed analysis is necessary for all those plants that have equipment important for safe shutdown
located in the turbine hall or its vicinity without strict fire separation by fire rated barriers. A reduc-
tion in the fire frequencies of the turbine hall is an additional way of improving safety. This is pos-
sible by improving all aspects of turbine generator operation.

1 INTRODUCTION

It was earlier generally assumed that turbine generators are part of an NPP's conventional systems which an

not important to nuclear safety. However, operational experience has indicated that disturbances of turbiru

generator systems often affect overall plant safety. Many disturbances have led to accidents causing extensive

damage in turbine halls and in their vicinity. The worst consequences have been loss of habitability of the

control room, loss of residual heat removal or total loss of electrical power for a longer period.

Operational experience has also shown, that frequencies for events initiating from turbine generators arc

much higher than estimated in the design phase. The most serious consequences of turbine generator failures

seem to be fires, which also have a very high event frequency. Some disturbances and accidents have taken

place in Soviet-designed plants. In VVER-440-plants, turbine generator damage can lead to the loss of the

main feed water, emergency feed water and primary circuit residual heat removal functions because these

systems are located in the turbine hall.

This paper is based on extensive research, the goal of which has been to assess the operational safety of tur-

bine generators at WER-440 plants, especially at Loviisa NPP. In this paper, the operation, monitoring,

testing and inspections of the most significant turbine generator systems have been studied. Taking these

findings into consideration and by using operational data from Loviisa and other power plants, the most sig-

nificant safety issues of the turbine generator systems have been identified. The frequency of initiating events

and their possible consequences have been determined by using operational experience data and relevam

literature.
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VVER-440 TURBINE HALL FEATURES

2.1 Lay-out considerations

The original VVER-440 PWR plant concept consists typically of two reactors sharing a common turbine hall.

Steam generated by the six steam generators of the one reactor streams to two turbine generators, which are

located axially to ihe control (or intermediate) building. The turbine building is an open hall without any

walls or fire barriers between the turbine generators. The control rooms, relay and switchboard rooms as well

as cable rooms are situated inside the same building complex, in a so-called intermediate (or deaerator)

building.

The load bearing siructures and roof beams of the integrated turbine hall and intermediate building are made

of uninsulated stee! constructions. Thus, severe damage or even collapsing of the structures or roof in a big

turbine hall fire is possible in less than ten minutes, as fire analyses as well as accidents occurred at similarly

constructed Soviet-designed NPPs prove.

Many important components are located in the open space of the turbine hall e.g. the main and auxiliary feec

water pumps, pipelines and valves, power and control cables of these systems as well as condensate pumps.

Furthermore, many cable raceways that serve other safety-related systems are located in the open space of the

turbine hall. According to the original design, none of these systems is protected against fires or collapsing

structures. Fire may also spread to other compartments through inadequately sealed penetrations along the

cable raceways as well as inadequate, open or missing fire doors. In addition, smoke may spread to the inter-

mediate building and possibly jeopardize the habitability of the control rooms.

Loviisa NPP is modified and improved from the original VVER-440 plant concept (see the paper "Safety

improvements at Loviisa NPP to reduce fire risks originating from turbine generators")- The Loviisa reactors

are situated in independent reactor containment buildings and the turbine generators are located in a favour-

able position transversally to the reactor buildings thus reducing the danger of missile ejection from turbine.

Fire protection has been accounted for already in the original design and further significantly improved during

the plant's operation.

2.2 Description of turbine generator systems

This chapter describes mainly the turbine generator systems as constructed at Loviisa NPP. Some systems

differ substantially from other WER-440 plants e.g. hydrogen supply piping, fire valve in the governing oil

line etc. The turbine generators are also protected with local and area sprinkler systems.

The Loviisa turbines comprise of one high pressure (HP) turbine case and two low pressure (LP) cases. After

the HP turbine there are two superheaters next to each other. The generator and turbine are interconnected by

a common shaft. Their speed of rotation is 3000 1/min.
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Figure 1. Loviisa turbine hall.

The auxiliary of the turbine generators systems are:

turbine:

generator:

lubricating oil system (includes also lifting oil system)

governing and protection oil system

condensing system and ejectors

gland steam system

turbine drain system

excitation system

stator water cooling system

hydrogen cooling system

sealing oil system.

Considering fire risks, the most risk-significant auxiliary systems are oil systems and the hydrogen cooling

system. Lubricating oil is a big fire load (56m3 per turbine generator, corresponding to a thermal power of

190 MW with burn-out of three hours). Hydrogen's fire load is minor, but due to its sensitivity for explosion

the risks are also significant. Other notable fire loads are the lubricating oil of the pumps (for instance the

main feed water pumps) and the electrical components (cables, motors etc.) which are located everywhere in

the turbine hall.
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Lubricating system.

high pressure turbine
low pressure turbines
generator
main oil tank 56 m3

lifting oil pumps 2 100%
main oil pumps 2 • 100 9c
oil coolers 2 • 100%

2.2.1 Lubricating systems

Lubricating oil to a turbine generator's bearings flows from two upper oil tanks (gravity tanks), which are

situated on the turbine hall's inside wall. Lubricating oil is pumped from the main oil tank into the upper oil

tanks by main oil pumps (fig. 2). The main oil tank is located beside the generator, but on a lower level. The

upper oil tanks are dimensioned so that if the oil flow from the main oil pumps stops, bearings lubrication can

be maintained during turbine generator shut-down.

In shut-down or start-up phase, normal lubrication is insufficient due to low rotation speed. Therefore the

lifting oil system feeds oil to the lower coating of the bearings with a 5,0 MPa pressure for maintaining an oil

film between bearina and shaft babbitt metal surfaces.

2.2.2 Generator sealing oil and hydrogen cooling systems

The Generator rotor is cooled by hydrogen. Hydrogen, the pressure of which is about 0,4 MPa and volume

about 225m3
NTP, circulates inside the generator through the air gap and the stator's table packs. The flow is
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induced by two blowers, which are situated at the end of the generator's shaft (fig. 3). The hydrogen is cooled

by four coolers on the generator's top. The generator's shaft penetrations are sealed by sealing oil to prevent

hydrogen leaks from the generator to the turbine hall or the exciter cover.

2.2.3 Turbine generator's protection systems

A turbine trip is triggered by the following signals:

• protection signals from process

• insufficient vacuum in the condenser

• high water level in superheater collectors

• low pressure in the governing oil system (the pressure decreases also when the fire valve

actuates (fig. 2) due to a fire in HP turbine)

sea water
hydrogen
nitrogen
air
off-gas line
sampling line

-o
5 ITT
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hydrogen coolers
blowers
rotor
valve for hydrogen discharge
mechanical difference
air feed
automatic cut-off valves

8
9
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13

hydrogen bottles
liquid detectors
emergency nitrogen valve
hydrogen dryer
purity analyser
nitrogen feed

Figure 3. Hydrogen cooling system.
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• low steam pressure in HP turbine inlet

• high pressure in HP turbine regulating chamber

• high steam pressure in HP turbine outlet

• high water level in steam generators

• power difference between primary and secondary circuits

• other protection signals

• axial movement of turbine generator shaft

• operation of turbine's mechanical overspeed device

• failure of hydraulic speed governor

• closure of superheater's butterfly valves during power operation

• closure of at least two out of four stop valves

• manual trip from control room

• manual trip locally from turbine

• reactor shutdown

• signal from generator's protections

• signal from transformers' protections.

The majority of the generator protections will also cause a turbine trip signal. In a loss of off-site power

situation the aim is that the unit would remains in the house-load operation mode. Then the 400 kV main

circuit breaker will open due to the operation of generator protections but turbine protection will not get a

signal for turbine Dip.

3 MONITORING, TESTING AND INSPECTIONS OF TURBINE GENERATORS

3.1 Monitoring during power operation

The major monitoiing objects for operational safety are:

• temperature of turbine generator bearing babbitt metal and lubricating oil

• vibrations of re tor and bearings, especially rapid changes in vibration levels

• anomalous values and rapid changes of steam pressure and power output

• cleanliness of generator's carbon brush

• leak tightness of hydrogen and oil systems, the amount and location of the leak

• purity and humidity of hydrogen

• oil pressure in sealing oil system

• liquid leaks into generator.

Many of the measurements mentioned above can be performed by using plain temperature or pressure sen-

sors. More advanced systems have to be utilized when vibration levels, purity or humidity values and gas or

liquid leaks are rated.
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5. /• •/ Vibration monitoring

Vibration monitoring observes the condition of turbine generators extensively. The Loviisa NPP units have

some differences in monitoring systems. Loviisa-1 bearing vibrations are monitored by speed probes, which

measure horizontal vibrations from all bearings and axial vibration from one bearing. Shaft vibrations arc

monitored by eddy current probes. They give both horizontal and vertical vibration levels which are relativeh

compared to bearing vibrations. The overall level of bearing vibrations is presented on the process computer

display. The time delay between monitoring and display is rather long, about 20 minutes. In-situ values can

only be read from the monitoring system's central unit in the back of the control room. Values from the probe

are also led through the central unit to a condition monitoring system, which gives a report after 20 minutes'

delay.

Loviisa-2 vibration monitoring system sensors are more advanced than those in Loviisa-1. Bearing vibrations

are measured by accelerometers for all bearings in vertical direction and for two bearings in axial direction.

Shaft vibration sensors measure relative values from both sides of turbine cases and generator in horizontal

and vertical directions. Some improvements have been planned for vibration monitoring systems, especially at

Loviisa-1. The length of time delays, the small quantity of the measuring sensors and the lack of an automatic

turbine trip due to high vibration levels are the most severe drawbacks of the current-day vibration monitoring

system.

3.2 Testing

Testing is usually done before or after annual maintenance outage. A few tests are carried out also during

power operation (Table I). During shut-down or start-up the most important objects for testing are:

• action of the turbine generator protection system

• action of the mechanical overspeed device

• tightness and operation time of stop and regulating valves

• action of the hydraulic speed governing system

• action of turbine electrical-hydraulic governing system

• generator's tightness

• operability of generator emergency nitrogen feeding.

Table I. Tests during power operation at Loviisa NPP.

test interval [weeks]
movement of stop valves 1
action of mechanical overspeed device 4
vibration monitoring by portable equipment 4
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3.3 Surveillance inspections during annual maintenance outage

The most important objects of surveillance inspections are (testing intervals in brackets):

• HP turbine (5 years)

• LP turbines ( 10 years)

• generator (? years i

• turbine generator bearings i 2 years)

• generator seal bearings ( I yean

• turbine valves (1 years)

• components ol'nc governing and the protection systems (2 years)

• centrifugal clutch of mechanical overspeed device (6 years).

The integrity of tuibine blades is inspected every second year by endoscope through penetrations without

opening the cases. Because endoscope checking is quickly accomplished also rather short outages can be

utilized. A good example of the successful use of endoscope checking is the discovery of LP turbine blade

cracking at Loviisa NPP (fig. 4).

Figure 4. Cracked LP turbine blade on endoscope display a: Loviisa NPP.
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4 TYPICAL TURBINE GENERATOR ACCIDENTS

By studying turbine generator accidents at NPPs some typical root causes, failure modes and consequences

can be found out. Some examples of these accidents are presented in Appendix I.

The identified turbine failure modes, which have led to serious accidents are:

• breaking of blades and bearings

• leaks from oil systems.

The breaking of turbine blades can be a consequence of turbine overspeed or the blades can crack due to

shock action, fabrication defects or fatigue. The most hazardous part is the last zone of a LP turbine where the

blades are long and the steam is wet. Breaking may cause:

• missile ejection from turbine => component damage, fires, floods

• loose parts hitting the condenser => loss of condenser

• unbalance of rotor => (seal) bearings breaking => hydrogen and oil leaks => ignition due to friction of

heated bearing metal.

In governing oil system leaks the amount of leaked oil is small, but ignition is rather probable because of high

oil pressure and the vicinity of hot surfaces (HP turbine, steam pipes and valves). In lubricating oil leaks oil

flow can be very large, but immediate ignition is not so self-evident. On the other hand, oil soaked insulation

material can self-ignite in lower temperatures. Prime causes for an oil leak may be:

• pipe vibrations due to turbine rotor vibrations

• insufficient or wrong bracing of pipes

• turbine missiles

• hydrogen explosion.

At some VVER-440 plants, phosphate ester based lubricants are used instead of mineral oils to reduce fire

risks. Compared to mineral oils their flashpoint is somewhat higher but the fire point and autoignition tem-

peratures are remarkably higher. The ignition of these fire resistant lubricants is possible in the case of bear-

ing damage resulting to hot metal surfaces. The heat release rate will be about half of that of mineral oils.

Generator failure modes and consequences are:

• breaking of sea] bearings => hydrogen and oil leaks => fires and explosions

• leakage of the sealing oil system => hydrogen and oil leaks => fires and explosions

• hydrogen cooling system damage => hydrogen leaks => fires and explosions

• rotor's breaking => hydrogen and oil leaks, missiles => fires, explosions and component damage

• fouling or damaging of the carbon brush mechanism => carbon brush fires and component damage.
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Some rotor failures, which have been the consequence of a generator's incorrect connection to the electrical

grid (Appendix I) have occurred to generators made in the former Soviet Union. In the case of an incorrect

connection the generator begins to work like an electric motor and picks up speed to the rated speed in tens of

seconds. Due to rapid acceleration enormous electrical and mechanical forces will be exerted to the rotor,

which can lead to rotor unbalance. The result has usually been serious generator damage and a following fire.

5 EVENT FREQUENCIES OF TURBINE GENERATOR FAILURES

5.1 Event frequency of turbine missile accident

Traditionally, turbine generator systems risks have been assumed to originate from turbine missiles. The pri-

mary concern has been the situation where missiles .ejected from turbine hit the reactor building or other

places significant for safety and make safety systems inoperable. A research issued in the early 1970's [1]

brought out, that the event frequency for a turbine missile accident can be calculated by the equation (1).

(1)

where P\ is frequency at which turbine missile will penetrate its casing

P2 is probability that the missile will strike safety-related equipment

P3 is probability that the strike will make safety-related equipment inoperable

PA is frequency of missiles making safety-related equipment inoperable

10*

10"'

1
2 4 6 8

Time between turbine valve tests [months]

10 12

Figure 5. Estimate made by manufacturer for missile ejection frequency as a function of turbine valve
test interval. [2]
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As is recognised in reference [1], the frequency of missile ejection (P[) depends on the design of turbine rotor,

speed of rotation and thickness of turbine casing. Conservative estimate for P\ is 1CT* events per year. An

equally conservative estimate for P2 is 10'3. It is also conservative to estimate that a missile breaks its target.

If a turbine is oriented unfavourably towards safety-related systems, the frequency P2 may be 10"'. When

referred to the above estimates, the frequency for missiles making safety-related equipment inoperable (P4)

will be 10"7 per year for favourably oriented turbines and a maximum of 10'5 for unfavourably oriented tur-

bines.

The missile ejection frequency {Pi), based on operational experience, has a value as high as 1,25 • 10° per

year with a 90 percent confidence. The estimate has been gained by using operational data from Salem-2 and

other similar turbines manufactured by Westinghouse. Therefore the result is valid only for identical turbines.

According to [2] the ejection frequency P,, being between 10"9 - 10'\ depends not only on the turbine ">•

structure and speed of rotation, but also on operating practices, tests and inspections. How the missile pro-

duction is estimated to depend on the frequency of turbine valve tests at Salem NPP is brought out in figure 5.

The evaluation has been made before the accident at Salem-2 (see Appendix I).

In [3] the effect of turbine (low-pressure) casing inspection intervals on the missile ejection frequency Pi is

recognised. By increasing the inspection period from 4,5 to 9 years, P\ will quadruple. Inspections every 30

years increase the frequency of missile ejection over tenfold compared to a 4,5 years' checking interval.

Before the event the missile frequency of an individual plant or plant type can be estimated, the operational

history, monitoring, protection, tests and inspections of turbine generators must be studied in addition to tur-

bine generator plant features. Missile accidents or other rotational parts breaks have been rather unusual at

VVER-440 plants. Therefore the initial value for the missile ejection frequency Pi can be estimated to be 10

per year.

Hitting probability P2 at Loviisa-1 is examined in [4] and [5]. Studied targets located in turbine hall are

pumps and heat exchangers of the residual heat removal system and the conventional intermediate cooling

system's upper water tanks. Other targets, beside the turbine hall, are service water system's pumps and the

control room of the other unit, which are also in the range of the missile ejection angle. The order of magni-

tude of the probability is from 10^ to 10'3.

Referring to the information above, the frequency of the missile accident (P4) is low, a conservative assump

tion is 10'7 per year at Loviisa NPP.

At plants, where the turbines are situated unfavourably (like at an original WER-440 plant), turbine missik

risks are higher due to the fact that more safety related equipment are located along the trajectory of the mis

siles, thus the probability P2 is higher. Also, in the worst case scenario the heaviest missiles having an initia

velocity of several hundreds m/s may penetrate tens of centimeters of concrete constructions, thus possibh

striking also vital parts of the control building.
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It is also important to notice the significance of operational procedures, tests, checks and monitoring. By

performing these functions in an appropriate manner the missile accident risk may be decreased by several

decades.

5.2 Turbine generator fires

5.2.1 Event frequency

Fire frequencies of turbine generator systems at American NPPs are calculated in [6]. Event frequencies are

based on 22017 years of operational experience from conventional power plants and on 577 years operational

experience from nuclear power plants. The results are shown in Table II. As the frequencies show, the fire

risk is higher for large turbine generators than for smaller ones. High NPP fire values are explained partly by

large NPP turbine generators.

Table 11.

period

1940-1949
1950-1959
1960-1969
1970-1979
1980-1983
1940-1983

Event frequency of turbine

60 - 249
1,1 • 1 0 " 2

3,3 • 10"'
1,9- 10"'
3,4 • 10"'
5,4 • 10"'

3,4 • 10"'

generator fires [fires/year].

conventional plants [MW]
250-

-
2,5-
3 , 3 •

5 , 1 •

1,6-
8,0-

499

10"2

10"'
10"'
10"2

10"'

5 0 0 -
-
-

2,4 • 10"2

8,4 • 10"'

1,7- 10"2

12,7 • 10"'

[61

in all

1,1 • 10"2

3,6 • 10"'

2,5 • 10"'

4,3 • 10"3

9,7 10"'
4,8 • 10"'

NPPs in all

-
-
0

3.2- 10":

2,2- 10"2

2,6- 10":

The fire frequencies of various buildings at American NPPs have been presented in [7] from year 1994 (Table

III). Fire in the turbine hall seems to be the most common. The turbine building fire frequency is higher in

Table HI than in Table II. One reason is that the value in Table III includes also turbine building other fire

than turbine generator system fires.

Table III. Fire frequencies at American NPPs.

area fire frequencies [fires / year]
turbine building
auxiliary reactor building
diesel generator room
reactor building
control room
cable spreading room
service water building

1,1 • 10'
7,0 • 10"2

2,6 • 10"2

1,7- 10"2

7,2 • 10"'
4,3 • 10"'
2,0 • I0"3

According to insurance company statistics, the frequency of turbine generator system fires is 7,0 • 10° per

year. The frequency is calculated with data obtained by insurers (damages have exceeded the deductible). In

the case of economically serious fires (more than two million dollars reclamation) the frequency has a value

of 2,3 • 10"'per year.
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5.2.2 Distribution of combustible material

The most significant fires in [6] which have caused outages exceeding one day or economical losses of more

than 100000 dollars are collected in Table IV. According to [6] a fire has been significant in a fourth part of

the cases. The frequencies of different material fires can be estimated by accenting the turbine building fire

frequency presented in Table III with the distribution of combustible material. It is also assumed that the fire

has been significant in a fourth part of cases.

Table IV. Distribution and fire frequency of combustible material at significant fires. [6]

combustible material percentage [%] frequency [fires/year]
oil 72,7 2,1 • 10"2

hydrogen and oil 9,1 2,6 • 103

electrical components 9,1 2,6 • 10'3

hydrogen 7,3 2,1 • 10"3

wood 1,8 5.3 • 10"1

in all 100 2,9 • 10 '

5.2.3 Location of fires

The location of significant fires presented in [6] is shown in Table V. One can notice that a great portion of

the fires have occurred in turbine generator bearings. Also other oil system components and rooms below the

main operating floor are often the objects of fires. The frequency of fires by location is also shown in this

table.

Table V. Distribution of significant fires by location. [6]

location percentage [%] frequency [fires/year]
turbine generator bearings
rooms below operating floor
oil and steam pipes
valves
front standard
oil tanks
turbines of feed water pumps
exciter
generator
switchgears
turbine insulation
undetermined
in all

27,3
14,5
10,9
9,1
7,3
7,3
7,3
5,5
3,6
3,6
1,8
1,8
100

7,9 - 103

4,2 • 10"3

3,2 • 10°
2,6 • 103

2,1 • 10°
2,1 • 10"3

2,1 • 10'3

1,6- 10"3

1,1 • 10"3

1,1 • 1 0 - '
5,3 • 10J

5,3 • 10"4

2,9 • 10"2

5.2.4 Operating experience

At the Loviisa NPP all the four reported events, which have caused a fire alarm, have occurred at the turbine

generators: two generator carbon brush fires, one small hydrogen fire at the generator's liquid detectors and

one smouldering resistor in an exciter room. Turbine generators' combined operating time since the year 1996

maintenance outage was 61,4 years. So the turbine generator fire frequency is given the value 6,5-10'l per

year.
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In order to compare Loviisa's fire frequency to the value 1,1 • 10° taken from [7] we must assume, that the

value is the fire frequency of one reactor unit's turbine hall. In that case the corresponding value based on

operating experience from Loviisa will be 1,3 • 10"' fires per year. Then the frequencies are almost the same.

The first carbon brush fire in Loviisa can be considered significant in terms of [6] because the outage of this

turbine generator lasted over one month. So the allegation that a quarter of turbine generator fires is signifi-

cant seems to be in agreement with the Loviisa NPP operating experience.

The turbine generator systems of all Soviet-designed NPPs are essentially similar to each other. During their

operation history there have occurred at least three severe turbine hall fires (Armenia 1, 1982; Beloyarsk 2.

1978; Chernobyl 2, 1991) that required extraordinary and improvised recovery actions in order to prevent

core damage. Thus, according to normal PSA methodologies, the core damage frequency caused by severe

turbine hall fires in Soviet-designed NPPs could roughly be estimated to be of the order 3...5 • 10"3 per unit

year. However, design improvements and backfittings carried out at several plants as well as improved opera-

tion instructions can significantly reduce the risk figure.

6 SUMMARY

As the event frequencies presented earlier in this paper have proved, the most probable consequence of a

turbine generator failure is a fire. Because of large fire loads, mainly consisting of lubricating oil, the fire in a

turbine hall may grow very serious and may in the worst case make most of the systems situated in the turbine

hall inoperable. Other significant fire loads are the hydrogen used for the generator's cooling and the cables

and other electrical components, which are located everywhere in the turbine building. Due to high event

frequency and serious consequences it can be concluded that the risks of turbine generator failures are consid-

erable.

At a WER-440 nuclear power plant the risks induced by turbine generator systems are often more significant

than at Western NPPs, due to the location of some safety-related systems and the overall layout of the turbine

hall and the whole plant. The turbine hall is common for at least two units, and there are no walls or fire bar-

riers between the turbine generators and/or safety-related equipment. A turbine generator failure may thus

affect the operation of many systems, even the operation of the other unit. Also some other buildings, for

instance the control room building and the cooling water pumping plant, can be affected.

Large damages in a VVER-440 turbine hall may affect the primary circuit's residual heat removal from steam

generators. The most important safety-related systems located in the turbine hall are the main feed water sys-

tem, the emergency feed water system, the residual heat removal system and the steam lines from the steam

generators, including safety and isolation valves. Further details can be found in the paper "Safety improve-

ments at Loviisa NPP to reduce fire risks originating from turbine generators". As noted in that paper, an

independent back-up emergency feed water system and a fire barrier for protection of the control room

building and vital parts of the feed water and main steam lines are the most effective and also cost-beneficial

way to reduce the risks of turbine hall fires.
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APPENDIX I: TURBINE GENERATOR ACCIDENTS

Table I.I: Seme turbine generator accidents in NPPs.

plant, country,
type and date

event description

Armenia-1
Armenia
PWR, VVER-440
15.10.1982

A short circuit took place in a 6 kV power cable of a large boron make-up pump. Fire started in
several places along the cable and caused damage in many power and control cables, which caused
several malfunctions. Generators connected spuriously to the grid causing several short circuits.
Turbine generators failed due to electrical and mechanical overload. An oil leak set fire to TG2 and
ts oil tank. There was a total station black out. Feed water pumping to the steam generators was

stopped until the fire in the turbine hall was extinguished after two hours due to the fact that there
was only two emergency feed water pumps in the turbine hall.

Barseback-1 The retaining ring of a water-cooled generator broke up due to stress corrosion caused by a minor
Sweden water leak. The ring was blown into three pieces which caused extensive damage to the generator, the
BWR lurbine unit and the turbine hall, like a missile. The short circuit ignited leaking lubricating oil.
13.4.1979 causing a fire around the generator and destroying some cables.
Beloyarsk-2
Russia
LWGR
31.12.1978

A lubricating oil pipe broke in TG2. The oil ignited when it came into contact with hot surfaces on
ihe turbine or steam pipes. The fire spread to the cable tunnels and electrical rooms. This caused
several disturbances and failures and made it difficult to control the plant safety functions.

Chernobyl-2 TG4 was stopped for minor repairs and adjustment. The generator's excitation breaker and air-
Ukraine operated disconnect breakers were opened. When the turbine generator had nearly completed its
LWGR coast down one of the disconnect breakers closed spuriously and reconnected the generator to the
11.10.1991 grid again. The turbine generator accelerated to rated speed within 25 - 30 seconds. As a result, the j

generator rotor got into unbalance and its bearings were destroyed. Cooling hydrogen, sealing oil and
lubricating oil caught fire. All feed water and emergency feed water pumps were lost. Lining an
alternative make-up water supply and reduction of primary circuit pressure prevented serious conse-
quences.

Fermi-2 An ejected blades from an LP turbine caused damage to turbine building's water lines and to con-
United States denser tubes. The tube damage resulted in circulating cooling water from Lake Erie being pumped
BWR into the reactor cooling system. Water from the fire suppression system and the damaged water lines
25.12.1993 accumulated in the basement of the turbine building and the adjacent radioactive waste processing

building. There was also a hydrogen fire in the generator's exciter due to breakage of generator
sealings. Event caused significant damage to the turbine, generator and exciter.

Maanshan
Taiwan
PWR
7.7.1985

Due to torsional vibrations of generator's rotor some LP turbine's blades broke. Rotor got into un-
balance which caused break down of generator sealings. Hydrogen and an oil leak caught fire. Gen-
erator and exciter were damaged badly.

Narora-1 Cracking of LP turbine blades caused unbalance to turbine generator rotor, which led to the failure of
India bearings. A fire was caused by ignition of hydrogen escaping form the generator. The oil pipes con-
PHWR nected to turbine generator also snapped due to vibrations. Fire spread to cable trays in the turbine
31.3.1993 building and control equipment room, which brought about total station blackout. Secondary side

cooling was stopped until operators started up the diesel-driven fire pumps in order to feed the steam
venerators with fire water.

Rancho Seco-1
United States
PWR
19.3.1984

The loss of the hydrogen side sealing oil pump and other problems in the sealing oil system resulted
in the escape of hydrogen from the generator. Hydrogen escaped for several minutes before it ex-
ploded. Following a large explosion, the fire burned for five to eight minutes.

Salem-2 During turbine testing at 100 percent power a problem developed in the auto-stop trip system, which
United States ed to a turbine and reactor trip. The turbine stop valves closed as expected, but after closure they re-
PWR opened due to the fact that some solenoid-operated valves of the turbine protection system failed to
9.11.1991 open. Steam flow to the turbine led to an overspeed of about 160 percent of rated speed. The LP

turbine blades broke and penetrated the turbine shroud. A hydrogen explosion and fires and turbine
ubricating oil fires resulted. The damage in turbine generator systems was extensive, for instance the

turbine, the generator and the main condenser were damaged.
Vandellos-1 Mechanical failure in the HP turbine blades caused high vibrations in lubricating oil pipes. Some
Spain sipes broke off and the oil leak caught fire from hot surfaces. Also generator's hydrogen leaked out
GCGR and exploded. The fire caused the loss of control air and electrical power of several safety-related
19.10.1989 components. For instance, two turboblowers and main heat exchanges were inoperable. The fire also

affected a main circulation water pipe expansion joint causing outpouring of sea water which caused
:he flood of the lower levels of the turbine and reactor buildings.
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APPENDIX II: TECHNICAL DATA OF TURBINE GENERATORS

This Appendix presents the most important technical parameters of the Loviisa NPP turbine generators. All

WER-440 plants have essentially similar turbine generators.

Table ILL Technical data of turbines at Loviisa NPP.

manufacturer
type
speed of rotation
shaft power
power of HP turbine
power of LP turbines
pressure of fresh steam
temperature of fresh steam
flow of fresh steam
steam pressure after turbine
steam temperature after turbine
steam flow after turbine
flow to tapping

Harkov turbine factory
K-220-44-2
3000 1/min
235 MW
105 MW
130MW
4,3 MPa
252 °C
350 kg/s
2,5 kPa
21 °C
200 kg/s
150 kg/s

Table //.//. Technical data of generators at Loviisa NPP.

manufacturer
type
speed of rotation
terminal pair number
frequency
terminal voltage
terminal current
apparent power (cos® = 0,9)
active power (cos<p = 0.9)
reactive power (cos<p = 0,9)

efficiency (coscp = 0,9)

Elektrosila, Leningrad
TW-220-2A
3000 1/min
1
50 Hz
15,75 kV
8960 A
245 MVA
220 MW
108 MVAr
98,7 %
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