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ABSTRACT

Analyses of events in VVER operation as a part of safety experience feedback provide a valuable
source of lessons for reactor physics. Examples of events from Bohunice operation will be shown
such as events with inadequate approach to criticality, positive reactivity insertions, expulsion of
a control rod from shut-down reactor, problems with reactor protection system and control rods.

INTRODUCTION

The feedback of operational experience in Slovakia is provided at various levels to maintain and
permanently improve the safety level. The Nuclear Regulatory Authority (UJD SR) operates
national feedback system and provides interface with the Incident Reporting System (IRS) run
jointly by the IAEA and NEA/OECD. At Bohunice and Mochovce, there are plant feedback
systems to analyze events and take appropriate corrective measures to prevent their reoccurrence.
The Nuclear Power Plant Research Institute (VUJE) supports both the regulators and operators
by carrying out independent analyses of operating events, assessing the level of operational safety
and proposing corrective measures.
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REACTIVITY INSERTIONS

In the course of approaching criticality during reactor start-up, inadequate reactivity insertions
can occur with potential power excursions. Such events should be analyzed in details with all
conservative assumptions made as appropriate for shutdown or low power conditions. The issue
of safety requirements for approaching critical conditions with regards to the possibility of
resulting design basis accidents during reactor start-up should be included in operator training.

The most significant event occurred at EBO-4 in 1988. In the course of approaching criticality,
operators forgot to withdraw all groups of control assemblies prior to reducing boric acid
concentration into the critical regioa When they realized their omission, they started to withdraw
rapidly all groups one after another. Even though no safety significant parameter was violated
and the reactor was in controlled conditions, the analysis of root causes of the operator error
revealed a number of weaknesses in operating procedures and in the Limits and Conditions.

When analyzing potential consequences of such events in case of other independent failures, an
insufficiently conservative safety limit for negative shutdown margin in three groups of control
assemblies withdrawn from the core at critical conditions was found. The limiting condition was
then modified such that it now requires four groups of control rods to be withdrawn from the core
prior to start approaching criticality by decreasing boron concentration in reactor coolant. The
need to elaborate accident analysis with positive reactivity insertion was emphasized.

Another event occurred EBO-4 in 1990 when the critical region of boric acid concentration was
calculated erroneously in a non-conservative way, and in the course of decreasing the
concentration the reactor went critical unexpectedly which resulted in an actuation of the slow
reactor scram AO-3 from period (positive rate of neutron flux rate) of 20 sec. There had been two
other events with incorrect calculations of critical'boron concentration at another plant from
which a decision was made to calculate the critical concentration by two independent methods in
order to prevent such mistakes.

The approach to criticality was strongly dependent on the accuracy of determination of the boric
acid concentration, and in turn on human factor, and there was an absence of an independent
check of the reactor conditions in the course of attaining critical conditions by water replacement
inside a fuel cycle.

In 1995 at a V-213 unit in the course of approaching criticality in the source range using boric
acid replacement in RCS by clean water (the so called water replacement mode), slow reactor
scram AO-3 actuated from a signal of neutron flux exceeding the setpoint in the intermediate
range, due to actual exceeding of the setpoint because operators were observing the average
indication signal from ionization chambers which was lower than the actual flux due to the fact
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that one ionization chamber was misplaced outside its range of maximum sensitiveness, with
overlapping of the source and intermediate ranges in line with the design.

In 1992 at a V-213 reactor the power continued to rise even after reaching critical conditions due
to a coast-down in water replacement. AO-3 slow protection actuated from the overpower
setpoint in the intermediate range, and was automatically transferred into AO-2 medium
protection after 10 seconds in line with design. During a following check of the RPS circuitry, the
warning power level was again indicated at the subcriticality of 2.5%.

The specific cause of the event could not be found. The following possible causes of the
protection actuation from intermediate range prior to reaching the setpoint "9H in power source
range were identified:
• Overlapping of the source and intermediate ranges by 2 decades, as given by the setting of the

apparatus for neutron flux measurement (which did not comply with the values of the setpoint
in reactor power percentage as given in the appropriate operating procedure), enables the
actuation at the setpoint T in the intermediate range even prior to switching the
measurement into the intermediate range. The indication "increase the setpoint" for the
intermediate range should be given as a precautionary measure.

• Disagreement in the amplification factor of modules in the source and intermediate ranges
which could result in source and intermediate range overlapping by more than 2 decades
could not be found. In this case, the alarm indication "increase the setpoint" in the
intermediate range has a preventive effect.

• Switching the setpoint in the intermediate range from " 1" to "0H prior to reaching the end of
the source range and the setpoint "9" in the source range.

• Deformation of neutron flux in opposite core locations following the insertion of control
assemblies (in the course of "weighting" the control assembly reactivity worth close to the
upper boundary of the range in the same way as in the event considered) which may not be
indicated by the total signal from three ionization chambers, from which the indication
"Increase the setpoint" is derived, but which can result in the actuation of two intermediate
range channels with ionization chambers in locations with increased neutron flux, and
following the majority voting scheme 2 out of 3 also from the associated RPS train. Similar
neutron flux deformation and local overpower might not be reflected in the total summary
signal that proceeds to the neutron flux registration.

In 1993 at a V-230 reactor, AO-3 actuated from the setpoint of "Warning power in power range"
at the power level of 2% due to a relatively slow power increase from unspecified cause.

In 1990 at a V-213 reactor, AO-3 actuated from a signal of period again due to reactivity
insertion during water replacement.

The recurrent character of problems with reactivity insertions in the course of approaching
criticality provided indication of insufficient instrumentation in the main control room for reliable
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control of these conditions, of inadequate knowledge of operators how to check reactor
conditions (in addition to boric acid concentration), and also of ineffective implementation of
measures taken past previous events.

EBO-2 1988 Uncontrolled power increase by reactor controller

At the power level of 80% with the operation of five reactor coolant pumps only, the ARM
reactor control system was switched from manual mode into automatic mode at an increased
steam pressure, by which the setpoint of the required steam pressure for the ARM was reset at
this higher value, and ARM thus started to withdraw HRK bank No. 6 of control assemblies as
designed to achieve the higher steam pressure. However, the higher steam pressure setpoint could
not be achieved as turbine steam bypass valves to main condenser TVER were already open. The
power exceeded 102% and was then reduced manually as the overpower protection was not
adjusted to the operation of five RCPs.

EBO-2 1993 - Expulsion of a control assembly from shutdown reactor

During a scram at EBO-2, a significantly long drop time of a control assembly was found. As a
gas bubble in its drive was suspected, venting of the reactor was carried out cautiously using a
newly installed line of emergency gas venting from central control assembly at the reactor in hot
stand-by. However, during this a slow expulsion of the central control assembly from the core
occurred within 203 seconds. The cause was an inappropriate design of the venting line because
the assembly was expelled by full coolant pressure from below on the piston of the drive
following the depressurization of the space above the piston. The reactivity insertion of 1.6%
from a highly subcritical reactor of-12% did not challenge safety.

A chial consequences
Neither the amount and rate of reactivity insertion during the event could affect the safety of the
reactor with regard to its large subcriticality of-12% prior to the event. The reactivity insertion
by the expulsion of the central control assembly from the bank VI from lower up to upper end
switches was 1.6%. The resulting subcriticality-10.4% provided a sufficient margin for all types
of design basis accidents.

In the course of the even, no local changes of main core parameters were found in the process
computer so that the fuel assembly coolant temperature did not change more than 3.5 degC and
RCS pressure more than 0.05 MPa, or a possible larger change did not last more than 4 seconds.

The duration of the control assembly expulsion was 203 sec. Even though the assembly was not
moving with a constant rate, the expulsion was not an extreme rapid one and no coolant leak
from control assembly drive occurred, so that the event was not a case of a control rod ejection.
The drive was not damaged mechanically and neither was the mechanical stop of the drive. The
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drop time of the control assembly increased slightly up to 13.67 sec in the subsequent testing,
however, following an adjustment the control assembly behaved as usually.

In the course of reactor venting, the locking mechanism of the hydraulic stop of the central
control assembly, which is designed to lock the rod and allow its withdrawal by 40 mm only in
case of a rupture of the control assembly drive casing, could not actuate because a ball valve,
which closes at a higher flow rate and in this way limits the pressure difference at the control
assembly drive at 0.05-0.1 MPa, had to be removed from the venting line of the central control
assembly due to the venting function. Due to the overpressure of 2.0 MPa at the piston, the
assembly was expelled.

Potential consequences
An expulsion of the central control assembly in the course of using emergency venting line
during an accident situation would result in a comparable reactivity insertion as during this event.
A step reactivity insertion of 1.6% in some accident situations with the assumption of a failure to
insert one most effective control rod, would result in an unacceptable reduction or a loss of
reactivity margin. According to Limits and Conditions, at least 2% is required as the reactivity
margin, and this minimum value is thus comparable with the estimated insertion in case of a
drive expulsion.

PROBLEMS WITH REACTOR CONTROL AND PROTECTION SYSTEM

The possibility of a failure of the AO-1 fast scram actuation from the signal of the trip of the
last operating turbine was found at Dukovany in 1987 when the signal was led through non-
safety related DIAMO instrumentation in turbine protective system.
Procedures enable to interlock the AO-1 scram signal from the trip of the last operating
turbine when reactor power is lower than 35%. However, it was shown by computer analyses
that the reactor control system ARM would be able to cope with the trip of the last operating
turbine even from the power level of 55% coincident with unavailable turbine steam bypass
valves without opening of SG relief valves. From the rated power level, the ARM would be
able to cope with the trip of the last operating TG on the condition that turbine steam bypass
valves are available for at least 30 sec into the transient. A number of reactor scrams AO-1
from 55% with the-operation of one turbine only were thus unnecessary.
The signal for the medium AO-2 reactor scram from the coolant pressure drop below
11.3 MPa is unnecessary as it always results in the AO-1 fast scram from pressurizer level
drop, also with the possibility of ESFAS actuation from the signal of small leak. Not a single
event with the actuation of AO-2 during the whole operational history of Czech and Slovak
units was needed, a number of spurious AO-2 actuation from the setpoint of 11.3 MPa were
thus unnecessary. Within the V-l Bohunice safety upgrading, the AO-2 reactor protection is
being canceled.
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At V-2 in 1989, a failure to transfer the sequence of the insertion of the groups of control rods
into the core was found during a test in the course of a start-up. It was caused by a number of
defects in the logic circuits of rod control. A detailed analysis of potential consequences of
failures of this type revealed that there is a possibility of a failure in the transfer of control rod
group insertion during activation of either AO-3 slow scram or AO-2 medium scram, or
during manual insertion. The function of the AO-1 fast scram would not be jeopardized by
such defects.

EBO-4 1997-Power limitation due to exceeding the authorized assembly heat-up

Due to an indication of increased temperature difference at a fuel assembly, reactor power
ascension was suspended. However, no actual increase occurred, but an improper coefficient of
core bypass flow was used for power calculation.

EBO-1 1998- Increase of neutron flux signal during ARM test

In the course of a test of reactor control system ARM, data from reactor power recorder, of
margin in reactor power protection, and from AKNTINEJ indication devices increased
spuriously without any actual change in neutron flux. It was caused by a non-optimum
adjustment of ionization chamber chain for a non-standard core fuel pattern with increased flux at
core periphery. The problem occurred following a power reduction down to 90% a month after
the start-up following refueling. A similar event occurred 2 days later during ARM check.

EBO-2 1998 - AO-1 actuation from emergency period in source range

In the course of an outage, AO-1 actuated from emergency period signals in both AO trains. It
was caused by a step signal change from all ionization chambers with exceeding the setpoint. The
caused could not be revealed, however, there was no actual reactivity insertion.

EBO-2 1997-AO-l from a signal of loss of source range beginning at criticality

A long-term decrease in reactor power in intermediate range without feedback at criticality was
obviously caused by insufficient flushing of make-up lines with insufficient flushing as
evidenced by the change of decrease rate of neutron flux on operating records at the time of a
make-up pump start.

EBO-1 1997- Shorter drop time of two control rods during restart after refueling

In the course of unit start-up after refueling, shorter drop times of two control rods HRK were
recorded than specified by LaC. It was obviously caused by insufficient leaktightness of sealing
rings. With regard to the negative reactivity inserted during AO-1, faster control rod drop does
not challenge nuclear safety. By measurements on the unit shut down, the shorter drop time of
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7.8 sec was confirmed for one control rod, however, it met the exception from LaC (7,5-13 s)
approved by regulators.

EBO-1 1997 - Partial blockage of a fuel channel inlet orifice

On April 10, 1997 at the Bohunice V-l Unit 1 with VVER-440/V-230 reactor, in the course of a
refueling outage with fuel discharged from the core for in-reactor inspections, during a TV check
of upper plate in the bottom part of reactor downcomer, a foreign object was found in an inlet
orifice. A deformed plate with the dimensions 20x60x0.5 mm was blocking about 50% of the
cross section and had been there for one fuel cycle at least. Subsequent fuel cladding integrity
check did not reveal any indication of failure. Investigations on the origin of the stainless steel
plate were not successful. Other two unreported objects were found in the vessel. Drops of
foreign materials into open reactor vessels have been a recurrent problem at Bohunice. According
to conservative calculations, coolant boiling occurred in the affected channel, however, without
overheating of fuel element cladding because of a large departure from nucleate boiling ratio.
However, best-estimate calculations accounting for coolant cross flow into the channel through
perforation openings in fuel assembly hexagonal shroud indicate that such boiling could have
been avoided.

CONCLUSIONS

Analyses of events within the feedback of safety operating experience provide lessens learned for
reactor physics as well. Bases on the knowledge obtained, similar measured should be
implemented at other W E R reactor as a prevention to prevent a recurrence of similar events at
other reactors. The feedback should be carried out either during informal meetings of piers such
as this 9lh AER conference, or through forma] systems such as WANO or IAEA IRS.

LIST OF NOMENCLATURE

AO reactor protection actuation (scram)
ARM automatic reactor power control system
AKNT automatic control of neutron flux
HRK control assembly
LaC limits and conditions for safety operation
PNCI' low frequency power supply module for HRK
EBO Bohunice nuclear power plant
RCS reactor coolant system
RPS reactor protection system
ESFAS emergency safety features actuation system
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