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SUMMARY

On the basis of the performed analyses were made useful conclusions and
recommendations about measurements for increasing the safety and the ability of the
equipments for better task performance.
After the overview of the full volumo of the information in the accident protocols of NPP
"Kozloduy"-units 1-4 we can make the conclusion, that in the NPP "Kozloduy" in this period
there were not occurrences of accidents wilh consequences for the fuel integrity or
radioactive releases outsides of the plant.
The percent of human-caused errors is relative big, .Tiore than 20%, but we can make the
conclusion, that the personnel of the plant works good and with competence as in more
simple so in more complex situations, is gut educated and high professionally, that
prevented till now occurrences of heavy accidents in the NPP "Kozloduy".
The reliability characteristics of the equipment or events of NPP "Kozloduy" are similar or
identical with these of plants with pressure water reactors.
With not much effort could be increased the reliability of the systems with reduction of the
human-caused errors and of the occurrences of error signals.
Much more invest is necessary for eventually reconstruction and modernisation because
of the needed variation reliability analyses, new projects, tests and proving the
compatibility of the new projects with all other systems of the NPP "Kozloduy"

1. Introduction

Between 1992 and 1994 our team researched the reliability of different equipments of some
safety related systems in the NPP "Kozloduy". We analysed on different ways also all
recorded protocols about occurred events (serious failures, incidents and accidents)
about frequencies, reliability characteristics and qualitative/quantitative relationships
[9,10]. Some conclusions from these analyses we try to expose in this paper. Because of
the great value of the analysed information, we will explain only restricted part from the
made analyses and conclusions, based on the exploitation data from the NPP "Kozloduy".

2. Overview of the reliability of the equipments from some safety related systems
in the NPP "Kozloduy". Service water system, Feed water system, Emergency
power supply -category 2, Emergency high pressure ejection system, Spray
system.

We received exploitation data from these systems about failures of some equipments as
pumps and valves. The data about the failures of the equipments concerns the period after
1987 and the involved reliability characteristics are typical for this period.

2.1. Conclusions concerning some reliability characteristics of the pumps of the
service water system.

The relation between electrical and mechanical initiators for failures is around 1:28. The
most frequent causes for failures are wearing, contamination and other similar mechanical
causes. The defects of the equipments , caused failures, in our failure data bank are not
very heavy. By the overview of the accident protocols we detected six abnormal
exploitation conditions because of loss of service water system's functionality with failure
rateX=4.8.10-5, 1/h[10].
The distribution functions of the failures of the service water pumps have exponential
character that indicates the independence between the failures.
The failure rate for occurrence of a failure on a service water pump is in the area
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Xe(3.0.10-4--4.0.10-4), 1/h, assessed as pessimistically value that means - there are token
into account also the small defects that are repaired lather and the equipment was not
stopped immediately.
For the other pumps in the NPP "Kozloduy" is typical a X value like 1 = 2.0.10-4, 1/h. Based
on the analyses we made the conclusion that it is necessary to be used more clear water
for the service water system.
For the group service water pumps from unit 2 were registered two time worse reliability
characteristics for the period after 1991. The worse characteristics of this pumps may
depend from the bad characteristic of service water pump N5, where we suppose some
ageing processes. We can give the followed values of \ for a service water pump from
units 1 and 2 as

-for unit 1: Xe (4.0.10-4-5.0.10-4), 1/h;
-for unit 2: TIG (3.0.10-4-4.0.10-4), 1/h.

2.2. Some data from the analysis of the emergency feed water system: feed water
pumps and some other components.

Higher frequency of the failures of the emergency feed water pumps was observed by the
pumps from units 1 and 3 , but assessed on restricted number of data, related to the
period after 1988.
The relation between the failures root causes electrical:mechanical is 1:20. The most
frequency causes for failures of these pumps are vibrations, wearing, leaks from sealings
and so on.
The human-caused failures are around 14% in the collected data in our information
system. The mean repair time for emergency feed water pump is around 16.47 h. and this
value is relative big, if we take into account that a failure of a feed water pump decreases
the safety of the unit.
The characteristic X for a emergency feed water pump is between

Xe(1.6.10-4--2.4.10-4),1/h.
The distribution functions of the failures of this kind of pumps are exponential, that is the
best case from the view point of the reliability. For the emergency feed water pump N1 was
detected some increasing of the failure rate during the time, but assessed on not enough
data.
Concerning other components of the feed water system: some regulators and control
valves we can make also some conclusions. We observed some qualitative and
quantitative arguments that points to presence of ageing processes.
The human-caused failures take around 20% in our failure data bank.
The data about the different valves is not enough for calculation of the reliability
characteristics for every valve. But for example the failure rate for the level regulator in the
steam generator is calculated as X=2.5.10-5, 1/h on the basis of the failure data in our data
bank.

2.3. Emergency power supply AC - category 2.

The conclusions about the reliability were made on the basis of the received by us data
about the diesel-generators.
Here the relation between electrical:mechanical causes for failures is around 1:1. The root
causes with most frequency are:

- vibrations;
• defects of the used material;
- contamination;
- ageing and wearing of elements.

The human-caused rate is around 28%. The human-caused failure rate for the diesel
generator is

X=4.27.10-5, 1/h.
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Here was also made the conclusion that the elements with bad construction must be
changed a"nd the cooling water must be more clear.
Based on the received data about the failures we can made also the conclusion, that the
failures of the diesel-generators are not very heavy and the mean repairing time is not big:
around 4 h.
The pessimistic assessment of the failure rate for a DG lies between

Xe(1.0.10-4--3.0.10-4), 1/h.
The reliability characteristics of the mechanical caused failures are worse comparing to
the electrical caused. The failure rate X is worst for the DG from unit N3 comparing to units
1 and 2.
The most often recommendations to the Diesel-generator system are:

- on time changing of the old elements;
- eliminating the elements with bad construction;
- maintenance optimisation.

2.4. Emergency high pressure ejection system-units 1 and 2, NPP "Kozloduy".

The failures of the equipments of this system are mostly mechanical caused- with greatest
frequency- wearing of sealings.
The human-caused failures of the high pressure ejection pumps take around 15%. The
data about the failure of the pumps from this system concerns the period 1989-1992.
If we ignore the common-caused failures, we calculated the following failure rates for
pumps from this system:

- Failure rate for high pressure ejection pump from unit 1: X=4.54.10-5, 1/h;
- Failure rate for high pressure ejection pump from unit 2: X=2.31.10-5, 1/h.

The emergency high pressure ejection pumps are different for unit 1 and 2. The pumps
from unit 1 are type Efl-50 and from unit 2 -UH 65-130. As we can see from the failure rate
value >., the pumps from unit 1 have around two time worse reliability comparing to the
pumps from this system from unit 2. Also the mean repairing times for the HPEP pumps
from unit 1 Is much more greater than for the HPEP pumps from unit 2.
Here is very interesting the fact, that the failure rates we calculated for this kind of pumps is
practically identical with the X values for the same characteristics of the pumps from NPP
"Greifswald".
These failure rates are pessimistic assessment of the failures of the HPEP.
On the basis, that the pessimistic assessed failure rate is one degree worse comparing to
the optimistically one (takes into account only the heavy failures), we can make the
conclusion, that our assessment of the X is similar to the values, given in [ 14] about the X
fortheU.S.'sPWR.

2.5. Spray system.

The data we received is not enough for complete assessment of the reliability
characteristics of the equipments of the spray system. There were analysed some pumps
from the spray system on the basis of data about the period 1989-1992.
The received data about the failures of the spray system's pumps includes most
mechanical caused failuresiwearing, contamination, leaks from sealings. This type of
failures are not very heavy and the calculated reliability characteristics are pessimistic.
The mean repairing time is around 1 h., that confirms our conclusion given above.
The failure rate for spray system's pups is X*5.10-4, 1/h. This value is one degree worse
comparing to the HPEP (boration pumps) probably because of very big rate small defects
token into account by the calculation of the reliability characteristics.

3. Experiance based on the analyses of the accident protocols of units 1 -4 of NPP
-Kozloduy".

These analyses are based on the information in all accident protocols for units 1-4, NPP
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"Kozloduy" for the period 1974-1993.
There were overviewed [10] also different documents and conclusions of some
international missions [1,12], other information from papers and publications (2, 3. 4, 5]
It was performed a list with 59 initiating events: transients, accidents and defects in some
systems with help functions [10]. For such kind of events were calculated frequencies of
occurrences, some reliability characteristics and qualitative/quantitative relationships
Typical initiators for accidents/incidents were researched. We performed also a list with
the 39 most often root causes for accident situations. There were calculated their
frequencies and percent rate [10]. We made two-step structuring on the basis of each
protocol with the goal: easier and better analysis of the events. At the first, we created for
each protocol a table-structured representation and after that the event tree for the events
sequences in each protocol.

The most frequent human-independent root causes for accidents/incidents are:
- bad isolation-19;
- error signals-19;
- bad electrical contacts-21;
- breaks and leaks from bearings-13;
- Failures during tests or repairing works by the full power of the unit-24 /here not all

occurred failures are objective/;
- short circuits caused switch on/off of protections-29;
- variation of the frequency of the electrical energetic system-8;

Main root human-caused initiators for accident situations:
-bad assembling-13;
-incorrect opened or closed valves-31;
-bad marked contacts or incorrect connected contacts-11;
-error by switch on/off of a equipment instead of another from the same type -11.

When such events occur on the higher level of the accident sequence, they influence the
situation to the worse end state.
In the 27% from all protocol accident situations there are present human-caused errors or
failures. This percent rate is near to the percent rate, calculated for the failures of the
equipments of the safety related systems we spoke about. We can make the conclusion,
that this value of the human-caused errors is typical for NPP "Kozloduy"- around
20%.There is here a big potential for decreasing of the number of failure and accidents
occurrences. But here are included also bad maintenance and repairing, bad assembling.
bad project and design performance, that increases this percent rate.

The failure rate X for accident situation occurrence because of human-caused error or
failure is assessed as

^=5.0.10-4, 1/h.

Common-cause initiators for accident situations.

- loss of power supply for equipments or systems;
- loss of service air;
- loss of greasing water;
- loss of service water;
- loss of onshore pump station;

In the report [10] is researched the influence of the given common-cause initiators to the
frequency of the occurrences of accident situations in the NPP "Kozloduy".

The failure rate for accident/incident occurrence during the years from 1974 till 1993 vanes
without any trend around the mean value of X, assessed for this period for units 1-4.
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X = 1.5.10-3, 1/h. Increasing of the X value is observed one or two years after a start of a
new unit to work, because of a normal process of synchronising of the systems and the
personnel in the new unit.

Accidents/incidents overview of the different units.

There are not big differences between the value of a failure rate for accidents X for the
different units 1-4. These values are in the interval

XG (5.0.10-4-6.8.10-4), 1/h.
The most high value X=6.85.10-4, 1/h , is calculated for unit 3 of the NPP "Kozloduy".

Accidents characteristics, because of mechanical causes.
X = 7.47.10-4, 1/h;

The mechanical caused events are 36% from the number of all described in the accident
protocols events on NPP "Kozloduy".

Electrical caused accident events.
X=8.31.10-4, 1/h;

The electrical caused accident events are 60.8% from all protocol events.

We can see that the two time greater percent rate of the electrical caused accidents,
compared to the mechanical caused, has no influence to the failure rate's relation. The
both values of X are similar. This fact does not contradict the theoretical laws and we
recommend the X values as more representative.
As we wrote, the relation of the failures of the equipments because of electrical:mechanical
causes varies between 1:20 for the emergency feed water pumps till 1:1 for the diesel
generators and these relations are not valid for the reliability characteristics.

Accidents occurrences because of error signal. Reliability characteristics.

X = 3.7.10-4, 1/h. This is a relative big value and it could be strony reduced with
measurements concerning gut testing and regulation of equipments or elements with
protection functions.
Generally we can make the conclusion, that in the more of a half accident situations were
present human-caused and/or error signal caused failures in the sequence of the accident
process. Here we see a great area for measurements for reducing the accident/incident
events in the NPP "Kozloduy" with not much investigations.

For all 59 initiating events (IE) from the list of IE [10] were calculated reliability
characteristics and frequencies:

- failure rate for each accident/incident from the IE list: X, 1/h;
- expected period without accident events T=1/X, h.;
- percent rate of the occurrences for every accident/incident from the IE list, %;
- mean period without occurrences for every accident/incident from the IE list, h.;
- relative number of occurrences for every IE , 1/reactor-year.

The reliability characteristics X, calculated for every initiating event on the basis of all
protocols (1974-1993), are with small difference and are in the interval

Xe (3.0.10-5-6.0.10-4),1/h.
The most possible accident event is turbine trip with X=6.2.10-4, 1/h;
Events with the least possible occurrence are inadvertent fell down of control rods and loss
of power supply DC with X=3.7.10-5, 1/h. These characteristics are calculated only for IE,
occurred more often than 4 times during the period 1974-1993.

Assessment of some reliability characteristics for rarely events.
There are different methods for assessment of the reliability characteristics of events with
small frequency. These methods include expert opinion, event and fault tree analyses and
other indirect methods. In our analyses, based on exploitation data, we have calculated
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the quantitative characteristic: number of initiating events/reactor-year, 1/reactor-year, for
events with small frequency of occurrence (1-4 times). The value of this characteristic is
between 0.0167 and 0.0668, 1/reactor-year. For events for which \ is calculated, we
recommend this characteristic instead of the relative frequencies as more representative.
Our assessment of the reliability characteristics were compared with similar data,
published in [1]-an IAEA document-where are given reliability characteristics for some
similar or identical IE for NPP with reactors WWER or PWR. The reliability characteristics,
assessed for our reactors, are most similar to the characteristics from NPP "Loviisa"[ 1] and
practically identical to these for NPP "Kozloduy", given in [ 1]. In [ 10] we commented some
big differences in the degree of the characteristics by some of the ten IE, given in [1],
comparing to the characteristics in our assessment [10].
Because of the full volume of data about the accident situations we assessed, overviewed
and analysed, and after the performed check of the results and of the conclusions on
different methods and ways, we can assert, that the reliability characteristics, calculated in
our reports, are very correct.

Characteristics of events with more heavy consequences. Shut down of a reactor.
Quantitative and qualitative characteristics for some relationships between some initiating
events.

Shut downs of a reactor on the different units.

The shut down failure rate for the reactors of units 14, NPP "KozJoduy" are between (1.14.104-3.08.10-4),
1/h. The worst value of Is calculated for unit 3 and the best value- for unit 1. As we said, also by the analyses
of the reliability of the equipments from some safety related systems, we obtained worse characteristics for the
equipments from unit 3[9].
Great frequency can be seen by the accident's sequences with end state shut down of a
reactor, caused from the followed direct causes:
-error signals from ionisation chambers;
-by switch-on of redundant power supply often the start voltage of sections 6kV is only 4kV
and some times occurs loss of main coolant pumps (for example). By loss of 3 or more
main coolant pumps follows shut down of the reactor.
X=2.4.10-4, 1/h.- falure rate for shut down of any reactor from units 1-4 because of an
occurred error signal.
X=6.0.10-5,1/h.- failure rate for shut down of any reactor from units 1-4 because of direct
error signal for shut down.
X= 1.02.10-4, 1/h.-failure rate for shut down of any reactor from units 1-4 because of
variations of the electrical parameters of the electrical energy system.
X=3.57.10-4, 1/h.failure rate for shut down of any reactor from units 1-4 because of turbine
trip of last working turbine.
\=A.3.10-5, 1/h.-failure rate for shut down of any reactor from units 1-4 because of loss of
external power supply.
X= 1.28.10-4, 1/h-failure rate for shut down of any reactor from units 1-4 because of human-
error.
\=4.8.10-4, 1/h.-failure rate for shut down of any reactor from units 1-4 because of loss of
3 or more main coolant pumps.
X= 1.3.10-4, 1/h.-failure rate for shut down of any reactor from units 14 because of
generator trip.
X=8.2.10-5, 1/h.failure rate for shut down of any reactor from units 14 because of
unpossibility of the regulator for the level in a steam generator BFI-12 to keep the level by
big transients. This process usually goes through turbine trip till shut down of a reactor.
Our conclusion and also the opinion of the personnel in NPP "Kozloduy "are, that the
regulators for the level in the steam generators can't keep the level by big transients.
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\=6.5.10-5,1/h.-turbine trip because of overfeed or low level in a steam generator;
\=6.6.10-5, 1/h.-loss of both external and internal power supply AC at the same time.
There occurred one case with full loss of normal and redundant power supply AC and DC
at the same time, because the Principe for divide the sources of power supply for the
different redundant systems was not kept. This case was finished quickly with switch-on of
an external power supply.

X=3.3.10-5, 1/h.-radioactive releases or detected radioactivity. During the period 1974-
1993 was not any accident or incident with radioactive releases outsides of the plant.

4. Conclusion.

In this paper we gave some data and characteristics about the failures of equipments of
some safety related systems and conclusions, based on the reliability analyses of these
equipments. Also we gave some qualitative and quantitative reliability characteristics,
involved from the analyses of the accident protocols 1974-1993. If we compare the both
types of analyses, we can see similarities, but also some incompatible sides of the both
types of analyses. The accident situation includes complex sequence of failures or loss of
functionality of equipments or systems because of dependent failures or protections
switch off/on by big transients of the parameters. The most important differences are:

- the failures by demand by accident situations often are caused not from defect of
an equipment but from loss of functions of other equipments or from common-cause
initiators, safety or protection signals from relays and so on.

- in the accident protocols are not included all failures of the equipments, because
the most number of failures haven't caused accident process and were not a part from
such process.

But they exist also similarities and we can give some recommendations, based on the both
type of analyses:

- there is necessary to be stooped the ageing and wearing processes with on-time
changing or repairing of the equipments. The new elements must be as defined in the
project standards;

- optimisation of the maintenance;
- periodical tests and inspection of the equipments, that normal are in stand-by state

or are redundant, for on-time detection of defects with the goal to prevent accident
processes;

-the Principe for dividing of the logical and physical, schemes of different supply,
safety or protection elements must be kept;

- bettering and increasing the level of competence of the personnel of the NPP;
- reduction of the common-cause initiators for failures;
- modernisation of the element base and testing the new decisions from the point of

view of reliability and compatibility with the system as unit;

There exist also similarities in the quantitative and qualitative characteristics in the both
types of analyses:

- type of the root cause:
-electrical;
-mechanical;
-human-caused errors;

On the basis of the performed analyses were made useful conclusions and
recommendations about measurements for increasing the safety and the ability of the
equipments for better task performance.
After the overview of the full volume of the information in the accident protocols of NPP
"Kozloduy"-units 1-4 we can make the conclusion, that in the NPP "Kozloduy" in this period
there were not occurrences of accidents with consequences for the fuel integrity or
radioactive releases outsides of the plant.
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The percent of human-caused errors is relative big, more than 20%, but we can say. that
the personnel of the plant works good and with competence as in more simple also in
more complex situations, is gut educated and high professionally, that prevented till now
occurrences of heavy accidents in the NPP "Kozloduy".
The reliability characteristics of the equipments or events of NPP "Kozloduy" are similar or
identical with these of plants with pressure water reactors.
With not much effort could be increased the reliability of the systems with reduction of the
human-caused errors and of the occurrences of error signals.
Much more invest is necessary for eventually reconstruction and modernisation because
of the needed variation reliability analyses, new projects, tests and proving the
compatibility of the new projects with all other systems of the NPP "Kozloduy"
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