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Abstract

Activities related to safety improvement of Kozloduy NPP units, started at the end of 1970s included seismic
resistance upgrading, fire safety improvement, reliable heat final absorber etc. During the last 10 years the
approach was systematized and improved. Units 1 to 4 are of great interest; therefore here we will discuss these
units only. As a result of studies and analyses performed at the end of the 1980s and the beginning of the 1990s,
problems related to the safety were identified and complex of technical measures was developed and planned. A
considerable part of these measures has already been implemented, and the rest will be performed during the
next years. Activities were performed by stages, and at the moment the last stage is under way. It shall be
finished by the year 2003. The number of the measures is quite large to describe them here in full scope —
during the first stage of the safety program (1991-1993) were developed and analyzed more than 4200
documents and more than 160 measures were executed. During the second and third stages more than
300 important improvements were realized. In the frame of the program, fin;inced by EBRD, 10 new systems
with great importance were implemented and 8 systems were significantly modified. The main measures are
described below.

1. PRIMARY CIRCUIT INTEGRITY

The main problem is reliability of primary circuit — RPV, main circuit piping and steam
generators. Only after proving the possibility for safe operation of this equipment, we can talk
for acceptable safety level.

1.1. RPV integrity

RPV integrity is of great importance. Problems related to the low temperature embrittlement
of RPV metal and welds are well known.

Analyses were performed by the support of OKB "Gidropress", Siemens and Westinghouse,
including analyses of RPV metal samples for defining the chemical composition of welds
metal, neutron fluence and critical temperatures. Annealing of the metal was performed.

Results definitely show, that all the RPVs have the necessary lifetime to be operated by the
end of their design lifetime; moreover they can be in operated after expiring of the design
lifetime.

Additionally preventive measures were taken: screen-cassettes were installed and low-leakage
refueling systems are adopted in order to reduce the fluence on the core periphery; boric water
temperature in the emergency storage tank is kept at 55 C; low temperature overpressure
protection is implemented; yearly an extended scope ultrasonic metal control is performed
according to the program agreed with BNSA. Modifications in the reactor emergency
protection system are executed.
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1.2. Primary circuit piping integrity

One of the main purposes was to prove applicability of LBB conception. Destructive testing
of metal samples was done. Also stress and fatigue analyses were performed, considering the
actual data for seismic impact in the KNPP site. These analyses show the expediency of
additional seismic reinforcement of equipment and piping, and reinforcement was executed
later on.

An extended scope ultrasonic metal control program is agreed with BNSA and adopted.

Operation manuals (instructions) were analysed and number of improvement was made.

At the moment, the probability for primary circuit piping break is evaluated on less than 1.x
10-5 y-1. The result shows, that SGs are in good condition.

A large scope of activities related with the SG RLT evaluation was performed. Criteria for SG
pipes plugging was defined. Special program for SG pipes status control is adopted and
performed.

Stainless pipes replaced SG blow-down pipes.

1.3. Overpressure protection

Cold overpressure protection was implemented within the program, financed jointly with
EBRD. It includes complex of valves and control system.

The complex of relief - isolation valves includes one relief valve and isolation valves. The
valves are qualified for all expected media and for the environmental conditions expected in
case of accidents. The control system follows the primary circuit parameters, compares their
values with the preliminary set initial values and in case of necessity produces a signal for
valves opening and closing correspondingly.

The system is multifunctional. The actuation levels of the pressurizer's main safety valves and
the complex of relief - isolation valves are set in such manner, so the last one can serve as a
relief control valve. Also feed and bleed procedure can be realized through this complex of
valves, if necessary.

2. LBB APPLICATION STATUS

Primary circuit large diameter piping break is not considered in the design of the units.
Therefore, it was of great importance to prove the applicability of LBB conception.

For that purpose, a number of studies and analyses were performed including metal samples
tests, and they proved the applicability of the LBB conception. As a result, acoustic leakage
control system ALUS was installed, covering also surge line DN 200 pipes, and the system
shows good results. Additionally for the same purpose, two new systems of that type are now
in process of qualification.

Another information system was installed on the surge line and database was created for real
time monitoring of pipe metal temperature to evaluate the possible effect of the fluid
stratification. It was proven that the stratification phenomenon does not create unacceptable
stresses on the pipe metal.
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The combination of stress analyses results, additional reinforcement and extended metal
control, guarantees the reliability of piping system.

3. DBA AND TRANSIENTS, SEVERE ACCIDENT ANALYSES

It is well known, that the original design of the units considers DN 32 mm piping break as a
DBA.

To evaluate the consequences of breaks of another diameters primary circuit pipes, a large
scope of activities was performed, by the help of IAEA (Regional Project RER 09/002)-
WANO (6-months program for KNPP), and Westinghouse (transfer of know-how).

Events were analyzed, such as:

• main steam line piping break;

• feed water line piping break;

• SG pipes break;

• Boron solution dilution;

• And number of others measures.

The results of analyses, performed during the first stage of work; showed that the units have
large reserves and in some defined conditions also leakages, larger that the considered by
DBA, can be controlled. At the same time, the necessity for realization of some technical
measures was defined. All necessary measures were implemented and now the units are in a
status, which allows them to overcome all the postulated initial events (design deviations,
abnormal conditions and accidents).

LOCA analyses were made in two stages. During the first stage, DBA was extended up to
LOCA DN 100 and several modifications were implemented to increase the ECCS capacity
and reliability.

The second stage started at the end of 1999, in order to prove that LOCA DN 200 mm can be
accepted as DBA, considering the current capacity of ECCS and Localization system. This
DBA provides significant overlapping with the pipe breaks, prevented by LBB.

The analyses were finished in the middle of year 2000, and show that the acceptance criteria
for DBA are met. These criteria are related to the fuel cooling and radiological consequences.
Now the results of analyses are in process of licensing by the regulatory body (BNSA).

Simultaneously with the design events analyses, considerable work was done to study the
severe accidents consequences. Models were created and computer codes were verified.
Analyses of different events were performed.

Based on the updated results, which were obtained, new accident instructions and new
emergency response plan were developed.

4. IMPROVEMENTS OF SAFETY AND SUPPORT SYSTEMS

During the first stage of the work number of improvements were performed for the systems,
important to safety. These improvements were directed to eliminate the most significant
insufficiencies and they did not completely solve the problems. Only during the second and
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third stages of the work a number of new systems were installed, which necessity and
effectiveness was proved by the performed analyses, described above. Generally, we can
affirm that the implemented measures allow reducing of the probability for core damage
accidents about ten times, which was shown by the PSA-level 1. Besides that there is some
not completely eliminated problems, the positive effect of the implemented measures is
obvious.

At the first stage, number of modifications of schemes was made, with the purpose to prevent
boron dilution in primary circuit, to reduce the single failure and common mode failure
probability. The effectiveness of primary circuit emergency supply systems and spring system
was increased. The reliability and effectiveness of the SG emergency feed water systems are
increased. Reliability of the emergency power supply systems and control systems is
increased.

The main part of the new systems were designed and implemented in the frame of the
program, financed by EBRD:

B.I - Installation of Fast Closing Main Steam Line Valves;

B.2 - Replacement of Steam Generators Safety Valves;

B.3 - Installation of Pressurizer Valves for Feed and Bleed;

B.4 - Installation of Steam Generators Leak Survey System-,

B.5 - Construction of Complementary Emergency Feed-water System;

B.6 - Implementation of Safety Parameters Display System;

B.8 - Installation of Generator Breakers;

B.9.1 - Second Fire Protection Pumping Station.

It should be emphasized, that all the measures, which were undertaken, are not separate. They
are mutually related and completed technical decisions, in frame of one general conception.

For example: Installation of Fast Closing Main Steam Line Valves ensures protection of RPV
against thermal shock; but in combination with measures for whip effect protection, it
provides SG isolation in case of common mode failure in turbine hall; replacement of SG
Safety valves protects primary circuit against overcooling, but at the same time ensures its
cooling through steam relief to the atmosphere with the simultaneous feeding to the SG from
CEFWS (primary circuit feed & bleed procedure) down to a temperature, which allows to
start water-water cooling by CEFWS. Installation of Pressurizer Feed & Bleed Valves
(relief-isolation complex of valves) provides primary circuit protection against cold
overpressure, but also allows implementation of primary circuit feed & bleeds procedure, if
necessary; and moreover, serving as a relief control valve it reduces the risk for opening and
no closing of Pressurizer main safety valve. SG leakage control system provides minimization
of radio-nuclide deposition to the environment, from one side, and from the other side,
reduces the risk of SG header break.

Probably, it will be more interesting to discuss the CEFWS. However, functioning of this
system should be examined taking into account the measures, performed on items B.I, B.2
and B.9.1 of the EBRD Project.

CEFWS is situated in two separate buildings. In each of the buildings two separate and equal
loops of the system are installed and each loop has 100% capacity for cooling of one unit.
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Pumps, heat exchangers, auxiliary systems and diesel-generators with the respective electrical
equipment, are located in the buildings. Unsalted water storage tanks are designed for each
building. Heat exchangers' cooling is made by the new fire protection pump station (item
B.9.1), and also possibility for cooling water feeding from the artesian pump stations is
provided. The same cooling water is fed to the spent fuel tanks heat exchangers of the units,
and cooling of the units' diesels generators can be provided if necessary.

The pumps, located in the buildings, are connected to each SG via independent piping system
(two systems are available working in parallel). These piping systems are designed and
installed in a manner to provide full reliability of feed water supply to the SGs. They are
completely separated from the units' feed water systems, originally designed.

In case of failure of all the systems in turbine hall, steam line are i solated by fast closing main
steam line valves, (item B.I), pumps in the CEFWS buildings are working to feed water from
the emergency water storage tanks to the SGs, and the generated steam is relieved through the
SG SV (item B.2). This way cooling of the reactor installation is executed down to
temperature, at which water-water cooling is started. The scheme is switched and SG cooling
is started through the CEWFS heat exchangers, reaching the reactor installation cold
condition, at which the installation can be kept during unlimited time. Emergency water
storage tanks can be fed with water from the fire protection systems or by service water, if
necessary.

Of course, execution of the described technical measures does not solve all the problems and
the work is gone. In 1997 Program for reconstruction (modernization) of the units (PRG'97)
was developed, and the bigger part of the program has already been implemented. The
program was upgraded in the year 2000, (PRG'97/A) and is planned to be finalized during the
next two years. Some of the most important measures are:

• instalation of new localization system of units 3 and 4 — through installation of jet
vortex condenser, low mass flow rate filter, in combination with filter venting system
and hydrogen detection and recombination (or burning) system;

• providing reliable core cooling in case of break of main primary circuit pipe
DN 500 mm;

• elaboration of full scope SAR for units 1 to 4 according to the TOR, approved by
NEK in 1998;

• performance of PSA-level 2 analyses for units 1 to 4;

• strength analysis of RPV internals in conditions of the new DBA LOCA DN 200,
according to the contemporary norms;

• determination of probability for RPV destruction;

• development of a program for control and management of RLT of equipment and
structures of units 3 and 4.

It can be affirmed, that the performed technical measures and those, which execution is
planned in the upgraded program PRG'97/A, will provide full conformance with the recent
norms for acceptable safety level.

Together with the described modernizations, a number of studies and improvements were
performed in the control & management systems and electrical power supply systems. Some
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of them were mentioned here. Because of the limited scope of this report (presentation), they
will not be discussed in details.

5. CONFINEMENT LEAK TIGHTNESS AND STRENGTH

It is necessary to discuss especially the problem, related to the confinement tightness and
effectiveness of localization systems.

The tests, performed in 1990-1991 revealed leakages from the confinement, more than
2000 volume%/day.

Study was performed according to a specially developed methodology, critical elements were
defined and measures for improvement of the tightness were established. As a result of the
implemented measures, the tests, repeated in 1995-1996, showed un-tightness about
350 volume%/day.

At the moment, new program is developing for new tests and studies, and this program shall
ensure better confinement tightness.

Simultaneously with the tightness improvement, structure integrity of civil constructions was
analyzed in case of extreme impacts, particularly under the maximum acceptable pressure in
the compartments (1996-1997). Civil constructions model was developed, and it was studied
using a modem methodology and advanced computer codes, and considering the impacts of
the results of the performed severe accidents analyses.

In the frame of the studies, related to the new DBA LOCA DN 200 mm, once again static and
dynamic structural analyses were performed, and they confirmed the existing civil
construction stability.

The central project in the modernization program is the new localization system of the units,
based on the jet vortex condenser. In parallel with this, series of new studies are planned for
defining the civil construction behaviour after installation of the new system's components.
The work is expected to be finished at the beginning of the year 2001 for unit 3), and in 2002
for unit 4.

6. SEISMIC SAFETY IMPROVEMENTS

After the earthquake in Vrancha in 1987, reassessment of the seismic impact was done, and
number of measures for improvement the seismic stability of civil constructions and
equipment was performed. After the year 1989, IAEA Project (BUL/9/012) was initiated.
Within this project additional investigations of the seismic impact on the site were executed,
considering also the effect of the local earthquakes. New seismic characteristics of the site
were defined SL — 1 = 0.1 g (10"2 y1) and SL — 2 = 0.2 g (10"4 y1). Using the new
characteristics, new response spectra were developed (defined) and behaviour of all the
components, important to safety, was analyzed under this impact.

Critical elements were defined and designs were elaborated for their anti-seismic
reinforcement.

Now, the implementation of these projects is almost finished.
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7. FUTURE PROJECTS

Based on the significant design modifications, implemented during the last decade, KNPP has
recently adopted and declared a project for upgrading of the design of units 3) and 4 to a new
model (WWER-440/B-209M), which satisfy the current international safety standards and
completely meets the safety standards in Bulgaria.

The original special safety features of these units (safety systems similar to the B-213 model -
3 -channel structure of the safety systems, system physical separation and redundancies of
ECCS, Emergency Control Room etc.) have an important role for achieving of this target.

This project is next step development of the Complex program for modernization and it will
be implemented by the year 2003. It is planning to apply for plant re-qualification procedure
in Bulgarian Safety Authority in 2002.
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