
IAEA-SM-345/8

SAFETY IMPROVEMENTS MADE AT THE LOVIISA
NUCLEAR POWER PLANT TO REDUCE FIRE RISKS
ORIGINATING FROM THE TURBINE GENERATORS XA9847530

T. VIROLAINEN, J. MARTTILA, H. AULAMO
Radiation and Nucler Safety Authority,
Helsinki, Finland

Abstract

Comprehensive upgrading measures have been completed for the Loviisa Nuclear Power Plant
(modified VVER440/V213). These were carried out from the start of the design phase and during
operation to ensure safe plant shutdown in the event of a large turbine generator oil fire. These
modifications were made mainly on a deterministic basis according to specific risk studies and fire
analyses. As part of the probabilistic safety assessment, a fire risk analysis was made that confirmed
the importance of these upgrading measures. In fact, they should be considered as design basis
modifications for all VVER440 plants.

1. INTRODUCTION

Operational experience has proved that disturbances of turbine generator systems often affect
overall plant safety. Many disturbances have led to accidents causing accidents and extensive
damage in turbine halls and in their vicinity. The most severe consequences have been loss of
habitability of the control room, loss of residual heat removal and total loss of electrical power
for a longer period.

The frequency of events originating from the turbine generator is much higher than initially
estimated. The most serious consequences of turbine generator failures seem to be fires, which
have a very high occurrence rate. For instance in VVER-440 plants, turbine generator damage
can lead to loss of main feed water, emergency feed water and the primary circuit residual
heat removal systems which are situated in the turbine hall.

This paper is based on experiences of the fire and risk analyses conducted by STUK and the
PSA analysis conducted by IVO as well as the safety improvements implemented at Loviisa
NPP. In this paper implemented improvements are presented and also new potential proposals
are considered.

2. THE RISKS OF TURBINE GENERATOR SYSTEMS

In the turbine hall of a VVER-440 nuclear power plant the following safety-related systems
are typically located:

• main feed water system
• emergency feed water system
• residual heat removal system
• steam lines including safety and isolation valves.
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At the original VVER-440 plant, loss of these systems causes the loss of heat removal via the
secondary circuit which is needed for the primary circuit cooling. Many improvements
have been carried out to ensure heat removal from steam generators.

At Loviisa NPP (a modified VVER-440/V213 plant) buildings connected to the turbine hall
are (fig. 1):

• control building
• sea water pumping plant of Loviisa-1
• demineralisation plant.

Especially the control building is important for plant safety. Electrical rooms (I&C, accumu-
lators, switchgears) and cable rooms are situated inside the same building (fig. 2). The main
steam and feed water pipes and valves are located on the top of the control building. In
anticipated transients heat removal by the turbine condenser and the main feed water system
may be lost. In this situation the residual heat can be removed from the primary circuit by the
feed and bleed functions of the steam generators:

• feed by the available emergency feed water system
• bleed by the controlled main steam valve blow
• isolation of the main steam and main feed water lines to maintain the pressure and the

water level in the steam generators.

The equipment needed for these feed and bleed functions are vital for the plant's safety and
they should be separated from the turbine hall.
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Figure 1. Power plant area of Loviisa NPP. Thicker line between turbine hall
and control room building is fire wall.

Almost all of the plant safety systems are cooled by the service water system which is located
in the sea water pumping plant together with the turbine condenser cooling water pumps (big
sea water pumps). Of these safety systems, the residual heat removal system for unit cold shut
down and the conventional intermediate cooling system for cooling of the feed water and
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emergency feed water pumps are situated in the turbine hall. If the turbine condenser cooling
is not operable, the conventional intermediate cooling system can also be cooled by service
water pumps.
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Figure 2. Cross-profile of the turbine building.
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The most significant turbine generator failures are missiles ejected from turbine and fires
which lead to severe consequences. Turbine generator failure modes, frequencies and risks
have been studied more in the paper "Risks of turbine generators at VVER-440 nuclear power
plants". In this connection it is important to notice that a large oil fire in the turbine hall is a
potential risk for all safety-related systems situated in the turbine hall or in its vicinity and
therefore a reason for serious concern.

3. IMPLEMENTED PLANT MODIFICATIONS

Deficiencies in many plant sections have been identified especially in the original lay-out
design of VVER-440 plants. Insufficient fire compartmentation and component separation as
well as poor fire resistance of structures can be considered as the biggest problems. To im-
prove the deficiencies of basic design, many modifications have been already implemented
starting from the design phase and early stages of plant operation. The most significant
modifications have been:

• Installation of sprinkler systems to protect the turbine hall, as a whole area sprinklers for
different levels and local sprinklers for oil systems.

• Fire insulation of the load bearing steel structures of the turbine hall and the control build-
ing.

• Installation of a fire valve to the governing oil line. The valve will close automatically
when the fin; detection system detects a fire in an HP turbine. The closure will trigger a
turbine trip due to a pressure drop of the regulating oil.

• Adding the option of feeding water to the steam generators from the primary circuit make-
up water pumps.

• Relocation of the generator hydrogen cooling system's hydrogen station and lines to a
more safe place.

• Construction of a fire wall (F180) between the turbine hall and the control building (so
called B line wall, fig. 2). The fire wall separates the steam and feed water lines and valves
from the turbine hall into an individual fire compartment to protect them against turbine
hall fires. The wall is constructed to withstand the potential collapsing of the roof. Also,
smoke and heat removal hatches were added.

• Setting up a new back-up emergency feed water system. The system is totally independent
of the feed water and emergency feed water systems in the turbine hall. The system's
pumps are diesel-driven and they are able to supply water directly to the bottom of the
steam generators (to four of six).

• The cooling and ventilation systems of the control building were improved (also against
fires in the turbine hall).

• Relocation and compartmentation of safety-related cables and equipment in the turbine
hall.

• Fire protection improvements at the governing oil system of the turbine by-pass valves (on
the top of the control building).

• Building up a new, separate fire water pumping station, which consists of three diesel
driven water pumps, water tanks, supply lines and valve stations.

• Replacement of primary circuit safety valves with new type Power Operated Relief Valves
(PORVs), which make the primary circuit feed and bleed function possible.

• Improvements in the generator's hydrogen cooling and sealing oil systems.
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All the improvements mentioned above have been reported widely in STUK's quarterly
reports, "Operation of Finnish nuclear power plants".

The latest improvements concern the hydrogen cooling and sealing oil systems, which have
been modified in the annual maintenance outages in 1996 and 1997. The main aim has been to
improve the operational safety of these systems and also to modify the systems to meet the
current standards. One reason for the modifications was also the small hydrogen fire at unit
two on 17 January, 1996. The fire resulted from a leaking liquid detector. The implemented
modifications during the year 1996 were:

changing of liquid detectors and respective valves
potential equalisation of sealing oil system pipes.

During the 1997 maintenance outage a lot of changes were made in the hydrogen cooling
system of Loviisa-1. Because of the changes the system had to be redesigned and built up
almost from the beginning. Mostly due to the lack of time modifications were made only for
one generator. The objectives of the changes were:

• to move the valve cabinet of the cooling system to adequate distance, as also required by
new safety standards, from the generator's electric systems

• to simplify the system and thus enhance its operability by deleting unnecessary valves and
pipes

• to replace the flanged joints of pipes and valves with welded joints where possible
• to facilitate nitrogen feeding to the generator during the hydrogen dryer's regeneration.

4. PROPOSALS TO DECREASE THE RISK RESULTING FROM TG FAILURES
IN FUTURE

Proposals are divided into three groups. Division has been made by figuring out, how de-
manding the improvements are and how much the planning and the implementation would
take time. The purpose has been to evoke discussion between the utility and the authority
about possibilities to improve safety of turbine generator system. Most of the proposals are
aimed to decrease the frequency of turbine generator failures or their consequences.

4.1. Short term improvements

Short term improvements concern the plant's instructions, tests and staff training. Despite
their easy implementation, the improvements may be significant for the systems' operational
safety. The most important subjects are:

• operational instructions
• instructions for disturbances and emergency situations
• tests and instructions for testing
• simulator training of operators

The applicability of the plant's instructions has been proven in the course of time. Mistakes
and shortcomings in the instructions have been handled with the operation group manager.

The simulator training programs have not contained enough turbine generator events consid-
ering their frequencies and significance.
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4.2. Medium term improvements

Medium term proposals concern mainly the construction and instrumentation of the turbine
generator systems. Modifications can be performed within a rather short time period and with
reasonable economical investments. The most important subjects for proposals are:

• vibration monitoring system
• hydrogen cooling system.

4.2.1. Vibration monitoring system

The length of time delays, the small quantity of measurement sensors and the lack of auto-
matic turbine trip due to high vibration levels are the biggest drawbacks of the present-day
vibration monitoring system. To improve the situation a modernisation project has already
been started at the plant. It has been found out that modern monitoring systems with versatile
and fast analysing resources are very good instruments for the surveillance of the turbine
generators. However, the automatic trip function has not been included in the plans in this
phase.

The attitude against the automatic trip function is not based on operational experience. Such a
function is generally used all over the world. In Finland, Olkiluoto NPP has very good experi-
ence from it. Any problems, such as false trips, have not occurred. It is important to notice the
enormous benefits of an automatic trip function: it is almost the only way to drive the turbine
generator down quickly and safely in case a sudden unbalance due to the breakage of the
rotating parts occurs.

4.2.2. Hydrogen cooling system

The hydrogen cooling system modifications have obviously improved the system's safety.
The most significant weaknesses that were not covered by the modification plans are those
connected to the: hydrogen dryer, the analysers of purity and humidity and the lay-out of the
components.

The problem of the silica gel dryer is its inefficiency. It is impossible to attain the recom-
mended level of hydrogen humidity set by the generator's manufacturer by using the present
dryer. Especially after the maintenance shut-down, the humidity may exceed the permitted
value considerably. The key to the humidity problems would be to replace the dryer with a
more efficient model.

The humidity of the hydrogen is controlled by laboratory analysis once a month. If the hu-
midity increases for instance due a water leak from the hydrogen cooler into the generator, the
observation may fail for a long time. Therefore an on-line humidity analyser should be
installed in the cooling system.
The best alternative when safety is concerned is that the hydrogen dryer and valves are
situated in a place resistant against fires and explosions, protected with leak monitoring and
extinguishing systems. This has proved difficult to be achieved in practice. After all, the
monitoring of the hydrogen leaks in the vicinity of the hydrogen dryer and the valves should
be the target of the modifications.
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4.3. Long term improvements

Long term improvement needs consist of very extensive changes in the systems, which will
require further system and risk studies. A lot of effort has been put forward to find the areas in
which large modifications would be reasonable for improving safety e.g.:

• improving operational safety of the oil systems
• protection of the safety-related systems situated in the turbine hall.

4.3.1. Oil systems

Subjects still unaddressed are:

• vibration monitoring of the oil pipes
• supervision of the oil pipes
• drainage areas of the oil-leaks
• lay-out of systems pipes and components.

4.3.2. Protection of the safety-related systems

Safety-related components situated in the turbine hall have been planned to be protected by
using sprinkler systems and barriers. However, some components are still without adequate
protection. It is important that the protection of the components will be examined under the
light of probabilistic risk analysis.

5. CONCLUSIONS

Many improvements have been carried out at Loviisa NPP (chapter 3). The improvements
have decreased the risk of turbine generator failures considerably. The independent back-up
emergency feed water system, the fire separation wall of the turbine hall and other fire safety
improvements decrease the total core damage risk at Loviisa NPP roughly by a factor 100
according to the present PSA model of the plant. The risk of turbine hall fires seems to be on
the same scale of magnitude as the influences of many other initiating events. This argument
is supported by a fire risk analysis, which has been completed by the utility and delivered to
STUK for inspection. A fire in the turbine hall, especially when resulting from a turbine
generator mechanical breaking, is still one of the most considerable contributors to core
damage. There are still some areas where changes are necessary and cost-efficient. Such areas
would be e.g. the turbine generator vibration monitoring, the generator hydrogen cooling, the
short term proposals indicated above and the protection of safety-related systems.
At some other VVER-440 plants the situation is much worse. First of all, the lay-out is
usually weaker than at Loviisa. The most important weakness is the unfavourable location of
turbine generators. Lay-out modifications are mostly impossible to carry out, but with some
improvements the situation could improve significantly. The most effective improvements
reducing core damage risk are:

• building up an independent back up emergency feed water system
• construction of a fire wall (F180) between the turbine hall and the control building and

valve gallery
• insulation of load bearing steel structures of the turbine hall and the steam and feed water

valve gallery
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• installation of sprinkler systems to protect the turbine hall
• building up a modern fire water pumping station.

At least the first two improvements are extremely important for reactor residual heat removal
and these systems can be recommended for all VVER-440 plants. Without improvements the
core damage risk may be two decades higher than in Loviisa and the significance of the
turbine hall is emphasised accordingly. After these basic design improvements have been
made, safety can be further improved by utilising the proposals presented in chapter 4.
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