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~FOREWORD ~

Performed using data transmitted by EDF to ASN and
IRSN after each minor and major event, our analysis
helps further safety by drawing lessons from the most
significant events and noting trends that help guide

| RSN6s studies and research.

Jacques Repussard
IRSN Director-General

IRSN devotes considerable resources to its ongoing technical safety monitoring of France's

58 nuclear power plants.

After working a year to consolidate the data, IRSN is once again publishing an annual summary of its
monitoring effort and providing its independent point of view on all progress and problems
concerning safety and radiation protection encountered in the French nuclear power plant fleet in

2012.

There was a noteworthy increase in the number of signific ant events, the great majority of which
had only a slight impact on facility safety. IRSN notes however that the constantly increasing
number of EDF teams involved in detecting deviations contributes to this increase and the
maintenance of a high level of safety in the French nuclear power plant fleet during a period of

rapid transition to a new generation of engineers and operations and maintenance technicians.

In this report, IRSN is committed to providing its analysis of several events that it found to b e the
most noteworthy and of "generalised" anomalies, i.e., found in several reactors in the same series

or across several series.

Nuclear power reactors in France are regularly modified to improve safety, particularly during ten -
year safety reviews, which  include new safety requirements and related changes. The March 2011
accident at the Fukushima Daiichi nuclear power plant in Japan led to a reassessment of the
robustness of nuclear facilities in France and of preparedness for extreme situations that are highly
unlikely but plausible and not taken into account in the design of facilities. In this context, IRSN
presents the results of its analysis in 2012 of EDF's proposed "hardened safety core" measures for

equipment and organisation.

We hope you find this report useful and look forward to your feedback to help us improve it for the

future .
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INTRODUCTION AND OVERVIEW

This report presents | RSNds overall a s s eperformancet of aurfently he r ad
operating EDF nuclear power plants for the year 2012. The report consists of three parts. As in previous years, it

does not aim to be exhaustive, but rather to focus on those aspects that IRSN considers most significant for the

year 2012.

The first part of the report presents the main trends that emerge from IRSN's overall assessment of the radiation
protection and safety performance of currently operating nuclear power plants for the year 2012. The second part
presents a number of events, incidents or faults reported in 2012, among those deemed particularly significant by
IRSN. The third part of the report focuses on safety -related issues which have been the subject of extensive
analysis and review by IRSN, including significant changes or modifications in NPP design or operation to address

safety concerns and, in some cases, economic concerns.

Achieving optimal safety and radiation protection performance requires constant vigilance on the part of all those
involved and must remain an absolute priority, with the operator assuming full responsibility for continuously
improving the safety of its facilities. IRSN considers that such continuous improvement is achieved first and
foremost through careful analysis and consideration of nation al and international operating experience, along with
new scientific knowledge gained from research .

IRSN notes the absence in 2012 of incidents with a potentially significant impact on nuclear power plant safety,
the surrounding environment or nearby comm unities. However, the year 2012 has witnessed an increase in the
total number of significant safety -related events. One of the main trends observed is an increased percentage of
reported events associated with the detection of nonconformances affecting sev eral types of reactors. This
increase can mainly be explained by EDF's implementation of an improved nonconformance detection and handling
procedure (presented in the last part of this report) which led to the identification, in 2012, of various
nonconformances presumably present for several years but previously undetected. It is also worth noting that
inconsistencies among the number of significant safety -related events reported per nuclear power plant have

decreased progressively between 2009 and 2012.

The number of events associated with periodic testing remains stable since 2011, whereas the number associated
with inadequate equipment maintenance or modification actions has steadily increased over the past several years
(308 reported in 2011, 395 in 2012), in a context of large -scale personnel renewal. Since the majority of
maintenance activities are subcontracted, in 2012 EDF undertook an overhaul of its subcontractor monitoring

procedures, with operational implementation in the various sites scheduled f or completion by 2013.

With regard to radiation protection, IRSN notes that the effective dose received by the majority of exposed
workers over a period of 12 consecutive months is below the annual public radiation dose limit (1 mSv). No
individual worker received a radiation dose of 16 to 20 mSv (regulatory dose limit) over a period of 12 consecutive
months (as opposed to 2 workers in 2011, 3 in 2010, and 10 in 2009). This could be a beneficial effect of lowering
the early -warning threshold level from 16 t o 14 mSv, but this assumption has yet to be confirmed for the year
2013. The annual collective dose to workers has slightly decreased and is close to the 2010 value (0.67 H.Sv per
reactor in 2012, as opposed to 0.71 H.Sv per reactor in 2011 and 0.62 H.Sv per reactor in 2010). The year 2012 has
“"TRSI IRSMDG Report 2013-00005 5
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also witnessed an increase in the number of significant radiation protection -related events reported for EDF
nuclear power plants. This increase mainly concerns events associated with gamma radiography inspections and
failure to comply with dosimeter badge -wearing requirements or periodic inspection deadlines for mobile radiation
protection devices. Further progress therefore remains to be achieved in these areas. On the other hand, the

number of events associated with risk assessment errors during work preparation remains stable since 2010.

Faults may occur with nuclear power plant equipment or reactor monitoring systems. Given the standardisation of
EDF nuclear power plant reactors, such faults may affect an entire re actor series or even the entire reactor fleet.
Certain types of faults may have a significant or potentially significant adverse impact on reactor safety and are
therefore subject to analysis and follow -up action by IRSN. A few examples deemed particularly significant by IRSN
are presented in the second part of this report, including a discussion of several incidents reported in 2012

involving the detection of migrating foreign bodies inside equipment.

French nuclear reactors are subject to modifications th roughout their operating lives, particularly with a view to
ensuring continuous safety improvement. Most of these modifications are the result of studies conducted within
the framework of ten -yearly safety reviews, leading to the definition and implementat ion of new safety
requirements and associated changes. Certain issues analysed in parallel with said safety reviews may also lead to
changes. This is the case, for example, with the new guidelines document for the protection of basic nuclear
installations against external flooding (prepared as part of the response to a nationwide storm that caused partial
flooding of the Blayais site in late 1999) or the intense heatwave baseline requirements document (based on
lessons learned from the drought period of 200 3). The relevance of such an approach has been clearly
demonstrated during the definition of NPP protection measures against natural hazards exceeding design -basis
levels (‘hardened safety core'), as part of the post -FUKUSHIMA review processThese issueshave been the subject
of detailed analysis by IRSN in 2012

“TRS[I IRSNDG Report 2013-00005 6
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OVERALL ASSESSMENT GGAFETY AND
RADIATION PROTECTION PERFORMANCE OF
EDF NUCLEAR POWER PLANTN OPERATION

The way to manage reactor s6 0 p e risd detrmining factor for ensuring continuously optimal radiation
protection and safety perf or maafetyand radidt®iNgosectianspsrfermanceeoin t o f t
currently operating EDF nuclear power plant s is based on the analysis of various data obtained through

continuous monitoring of reactor operation. Data obtained from events and incidents affecting national as

well as foreign nuclear facilities constitute one of the main sources of applicable operating experience. In

order to produce a n overall assessment of the safety and radiation protection performance of currently

operating nuclear power plants, IRSN has developed a number of operating experience analysis tools, methods

and indicators (see IRSN public report 2007, in French, page 10). These techniques significantly contribute to

the identification of  both general and reactor -specific trends and deviations in safety and radiation protection
performance. The two sections that follow present the main lessons to be drawn from IRSN's overall
assessment of safety and radiation protection performance for the year 2012

“TRS[I IRSNDG Report 2013-00005 7
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Safety performance:
Main trends

Although the year 2012 has witnessed an increase in the number of significant safety
related events (approximately +13% as compared to 2011), the vast majority of events
reported had a very low effective impact on nuclear power plant safety and were handled
without issues. The ever -increasing efforts of EDF teams to detect nonconformances at

both the site -specific and national level may partly explain the observed increase.

To be noted in particular is the increasing number of significant safety -related events
associated wit h transient operating conditions (on average, approximately 1 per reactor

in 2012, as compared to 0.8 in 201 1), despite an observed decrease in the number of
deviations from plant operating parameters. This trend, together with the increasing
number of ina dequate maintenance actions, shows the difficulties faced by EDF in
maintaining the optimal level of technical expertise needed to perform and monitor
maintenance activities in a context of large  -scale personnel renewal.

Significant safety -related events

Operators of nuclear installations must report all safety, radiation protection, environmental and transport -related
events to the Nuclear Safety Authority (ASN) within 48 hours after detection. The term 'significant safety  -related
events' (ESS) is used heein to refer to events with a potentially significant impact on nuclear power plant safety.
The term 'significant radiation protection -related events' (ESR) is used herein to refer to ionising radiation
exposure events posing a potential threat to the hea Ith of exposed workers. Significant environmental -related
events (ESE) and transportrelated events (EST) are beyond the scope of this report.

Significant events are investigated as part of the general review of operating experience from currently operatin g
nuclear power plants. Such events are subject to detailed analysis by the operator upon detection, leading to the
definition and subsequent implementation of appropriate measures to prevent them from reoccurring. Significant
events are reported for reaso ns of transparency, and also to allow operating experience to be shared among
nuclear entities and organisations. They are therefore subject to review by IRSN for the purpose of identifying

valuable lessons at the national or even international level
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Significant safety -related event (ESS) reporting criteria
ESS 1 Automatic reactor scram
ESS 2 Activation of safeguard system
ESS 3 Non-compliance with technical operating specifications
ESS 4 Internal or external hazard
ESS 5 Malicious act (or attempt) potentially affecting nuclear power plant safety
e Transition to fallback state as per technical operating specifications or emergency operating procedures in response
to unexpected operating behaviour
ESS 7 Event causing or with the potential to cau se multiple failures
Event or fault specific to the main primary or secondary cooling system (or pressure vessel components connected
ESS 8 thereto), resulting or potentially resulting in operating conditions not included in the design basis or existing
operating procedures
Design, manufacturing, installation or operating fault concerning functional systems and equipment not covered by
ESS 9 criterion 8, resulting or possibly resulting in operating conditions not included in the design basis or existing  operating
procedures
. Any other event potentially impacting nuclear power plant safety and deemed significant by the operator or nuclear
safety authority (ASN)

The year 2012 has been marked by an increase in the
number of significant safety -related events reported by
French nuclear power plant operators. On average,
approximately 13 significant safety -related events were
reported per reactor in 2012, as compared to 11 in 2010
and 2011, and 13 in 2009. This increase amounts to
approximately 40% for Level 1 events, and
approximately 10% for Level O events. The main factors
possibly responsible for this increase are discussed
below. In 2012, a total of 103 significant safety -related
events were reported as Level 1 events, and only one of
these events was reclassified as Level 2 by the Nuclear

Safety Authority (ASN).

700 o 632

600 - 558 576

500 4 mNumber of
Level O events

400 - Number of
Level 1 events

300 - ‘Number of
Level 2 events

200 -

99
84
100 - 73
2 1 1
0 - T T T
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Figure 1: Evolution in the number of significant  safety-
related events reported between 2009 and 2012

The significant safety -related event reclassified as Level 2 corresponds to the reported absence of siphon breakers

in the spent fuel pool cooling system piping of two
Cattenom NPP reactors. It is addressed in detail in the

present report (see page 32).

It should be noted that inconsistencies among the
number of significant safety -related events reported per
reactor have decreased progressively between 2009 and
2012. However, the Civaux nuclear power plant, which is
the most recent among those currently operating, shows
since 2 009), with

18 significant safety -related events reported for each of

a different trend (observed
its two reactors in 2012. As a result, in 2013, ASN chose
the Civaux site to conduct a thorough review of good

operating practices, with technical support from IRSN

e The International Nuclear Event Scale (INES) is used to
classify safety-related events in nuclear power plants
according to 7 levels, with Level O events corresponding to
deviations.

e Relevance of number of significant safety -related
events reported: For IRSN, the number of significant
safety-related events reported does not serve as a
guantifying measure of good operating practices, and
variations in this number cannot be directly as sociated
with a variation in safety level. These events are
indicative of issues to be interpreted and investigated

with a view to identifying relevant strategies for

improving plant safety and operation.
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On the other hand, i n 2012, the operators of the Penly and Saint -Laurent B nuclear power plants reported the
lowest number of events (on average, approximately 7.5 significant safety -related events per reactor, which

represents a significant decrease compared to 2011).

One of the main trends observed in 2012 is the increasing share of significant
e A nonconformance is a

deviation from plant safety
design-basis requirements. amounted to 13% of all significant safety -related events reported in 2012, as

safety-related events associated with the detection of nonconformances, which

compared to 7% in 2011. Mo s t of these eve
involved common-mode faults affecting several reactors. This increase can mainly be explained by the recent
implementation of the improved nonconformance detection and handling procedure prese nted in this report (see
page 71). For example, in 2012, this procedure led to the identification of various nonconformances that had

previously remained undetected for several years .

Decrease in number of deviations from authorised operating conditions

e Authorised operating conditions

Authorised operating conditions include various operating states ranging from power operation to shutdown, each associated
with a set of technical specificatio ns defining all applicable operating requirements and parameters (pressure, temperature,
boron concentration, water level, etc.) and all essential equipment needed to maintain the reactor in a safe state as per
safety demonstration criteria. It is strictly  forbidden for operators to voluntarily deviate from authorised operating
parameters without meeting applicable requirements for changing the reactor state. In the event of inadvertent deviation,
the operator must take all necessary measures to return the reactor to its initial state (or to achieve a correct state) as
early as possible.

In 2012, 30 significant safety -related events concerned 70

unintentional  deviations from  authorised  operating &0 /—\
50 §

parameters (as compared to 50 in 2011), which amounts to
40 \

an average of 0.55 per reactor. The observed decrease is a
g p o ~
clear indication of the increased Vvigilance exercised by 2
nuclear power plant operators in monitoring and controlling 10
plant operating parameters. 0
2009 2010 2011 2012
Indeed, the year 2012 has witnessed the lowest number of
reported events of this type since 2009. Another trend worth [Figure 2. Evolution in the number of inadvertent
deviations from authorised operating conditions between
noting is the steady decre ase in the duration of deviations 2009 and 2012

from authorised operating parameters. In 2012, 90% of such
deviations were detected and corrected in less than 15 minutes, which is indicative of an improved responsiveness

on the part of operating teams since 2010.

In most cases, these deviations correspond to a brief overshoot/undershoot of primary coolant pressure and
temperature limits. Temperature & svershoots remain very limited (approximately 2°C) and occur for the most part
when the reactor is in power operation. Pr essure overshoots occur for the most part during delicate reactor

shutdown procedures involving manual pressure control.
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High number of significant safety -related events during management of transient operating conditions

) ) - The management of transient operating conditions poses a high risk of
e Transient operating conditio ns are

managed in a procedure through the
implementation of specific systems and knowledge of equipment availability.
procedures designed to modify plant

operating parameters such as primary
coolant pressure/temperature or neutron associated with the management of transient op erating conditions

deviation from authorised operating parameters and requires good

In 2012, the number of significant safety -related events directly

power( known as ol.oad ch amounted to an average of one per reactor (as compared to 0.8 in
2011). This mainly concerns delicate restart procedures, particularly power buildup sequences to return the

reactor to power operation state after a scheduled maintenance o utage.

The analysis of significant safety -related events experienced during management of transient operating conditions

reveals organisational insufficiencies in three main areas:

e proper understanding of relevant physical phenomena and associated operatin g principles. Specific
measures such as the implementation of improved preparation procedures, the constant presence of
experienced operators among shift personnel or the organisation of simulator training sessions should
contribute to ensuring good unders tanding of relevant physical phenomena and proper implementation of
associated operating procedures. Certain operating contingencies and work schedule constraints (for
example, during holiday periods) may prevent the implementation of such measures. Nevert heless,
particular note should be given to the significant efforts currently planned to improve operating practices

within the scope of the annual training plan for 2014 ;

e proper preparation and implementation of operating manuals. The operating manuals av ailable in the
control room must provide operating teams with proper guidance, risk -related warnings and rapid
diagnostic procedures. However, in certain cases, these documents may not serve their intended purpose,

either due to incompleteness or due to im proper interpretation by operating teams

e robust and efficient organisation of operating teams under all circumstances. In practice, the distribution
of work tasks among operating personnel may sometimes be adjusted on a real -time basis in response to
operating contingencies or significant workloads, particularly during maintenance outages. Under such
circumstances, plant monitoring personnel may lack the necessary perspective for effective team

supervision and plant management.

In most cases, it is the co mbination of several factors which leads to the occurrence of a significant safety -related

event during management of transient operating conditions.
Example of deviation from authorised operating parameters during transient operating conditions

On 23 Decanber 2012, the Cruas NPP Unit 3 operating team initiated a power buildup sequence as per the power
grid load management plan. Two successive primary coolant dilution actions were implemented to ensure slow
power buildup. This resulted in a deviation of in -core power distribution parameters from specified values, which

was corrected in less than 10 minutes through implementation of additional actions.

In this example, as in many others, transient operating conditions were particularly unfavourable, with powe r
build up strongly anticipated by the power grid. During the transient, operators in the main control room lost
access to the computerised plant control system (system to help the operating team) . Moreover, they failed to
correctly interpret observed phys ical phenomena and were unable to anticipate the imminent deviation from

authorised operating conditions prior to initial alarm activation.

This event has been presented to all EDF operating teams during plant control training sessions organised as part of

the operating experience review programme.
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Monitoring of equipment performance

Increase in number of equipment  malfunctions

The year 2012 has been marked by an increase in the |g

m2011

number of reported equipment malfunctions. 50

m2012

The number of electrical equipment malfunctions has

steadily increased over the past several years. IRSN has

therefore carried out a power source performance and

reliability analysis whose conclusions will be presented
to ASN experts in 2014. Also to be noted is the increase

in the number of auxiliary feedwater system

malfunctions.

Safety Auxiliary Containment  Chemical & Heat Sink Redundant
Injection feedwater ~ Spray System Volume Control Electrical
System system System System

Effectiveness of nonconformance detection methods

Figure 3: Evolution in the number malfunctions reported for
safety-related systems between 2011 and 2012

The percentage breakdown of methods used to detect
nonconformances leading to significant safety -related
events has remained stable between 2011 and 2012.
Operating teams play an essential role by performin g
alarm acknowledgement tasks, daily monitoring of plant

operating parameters and routine plant inspection rounds.

Alarm activation is the most important detection method.

1% mAlarms

6%

mlnspection rounds and
control room monitoring

“Level 2 inspections
"I .
Vigilance actions
"Level 1 inspections
HPeriodic testing
Maintenance

Other

Figure 4: Percentage breakdown of methods used to detect
nonconformances leading to significant safety -related events
reported in 2012

Operator inspections of equipment -related tasks are classified by IRSN according to two independent levels:

e Level 1 corresponds to inspections

e Level 1 and Level 2 inspections

performed during execution of

equipment-related tasks (personnel self-
check, technical inspection, etc.)
Level

2 corresponds to inspections

performed after execution of
equipment-related tasks (documentation

reviews, etc.)

All equipment is subject to th e degradation of certain physical
properties, even when used as intended by design. However, in
addition to this inevitable degradation, damage may be caused by
non-compliant use or intrusive/inadequate actions. All activities
involving nuclear power plant equipment are therefore subject to a
series of independent Level 1 and Level 2 inspections to ensure
rapid detection and correction of malfunctions.

BLEIN
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The share of Level 2 inspections in the detection of honconformances exceeds that of Level 1 inspections, since
nonconformances which are rapidly detected and immediately corrected (Level 1) do not need to be
systematically reported as significant safety -related events. As a result, such nonconformances are not considered

in detail during operatin g experience reviews.

The nonnegl i gi bl e share of 6vigilance actions?® in the
effectiveness of this detection method (independent of organisational structure) is indicative of the safety culture

of plant pe rsonnel (e.g. daily reporting of observed nonconformances, regardless of direct responsibility). This
leads to considering the complementarity of organised monitoring activities, on the one hand, and vigilance

actions performed individually by all plant pe rsonnel, on the other hand.

Decrease in number of significant safety -related events due to non -compliance with periodic testing

requirements

Periodic tests are conducted to regularly monitor the . o . . . .
@ Periodic tests are intended to monitor the in -service

availability of safety -related equipment . The definition  5yqjjapility of safety -related systems or equipment,

of a periodic test plan (including individual test criteria, including all essential equipment needed to ensure proper

conditions and frequency as per general operating MPlementation of emergency operating procedures.
) ) ) ) A system or equipment is reported as available when all
rules) is absolutely essential, as is full and effective associated tests have been completed in a timely manner

compliance on the part of operators. with satisfactory results.

The period from 2009 to 2012 has witnessed a decrease

in the number of significant safety -related events due to 0

errors in the preparation of test rul es and procedures Ssk

contained in operating manuals. Prior to 2007, the \

preparation of these documents was left up to the : ‘\ L./

initiative of individual sites. Since 2007, new standard N / \—
operating procedures are prepared by a pilot site ® ~

(operating procedure standardi sation process) so as to | T i beriodic teating hecandiaaee
reduce site-specific workloads and risks of inconsistent 10 o Number of events due to non-compliance
documentation among sites. These documents are ° with periodic test rules -
validated (by a site other than the pilot site) prior to 02007 2008 2009 2010 2011 2012

distribution to all sites equipped with the same type of

Figure 5: Evolution in the number of significant safety -
related events due to non -compliance with periodic test rules
possible errors prior to implementation in all relevant or testing frequencies

reactor. This validation process is intended to detect

sites. After an initial period of preparation and implementation of new operating procedures (2008  -2009), this new

organisational structure began to bear frui tin 2010.

Moreover, given the significant number of periodic tests to be performed on a nuclear reactor (several tens of
thousands), with testing frequencies ranging from daily to ten -yearly, the new organisational structure shows a
certain robustness in terms of timely completion of periodic tests (see figure 5), although there is still room for

improvement (particularly with regard to risks of schedule drifts further to unexpected events).

Like any equipment-related activity, periodic testing poses a ris k of equipment degradation due to inadequate
action by relevant personnel. A decrease in the number of such inadequate actions has been observed between

2011 and 2012, which is indicative of improved control of periodic test rules and procedures.
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Steady increase in number of inadequate equipment maintenance or modification actions

Like previous years, the year 2012 has been marked by a very large increase in the number of significant safety -
related events associated with inadequate equipment maintenance o r modification actions (308 in 2011, 395 in
2012).

These signicifant safety-related events

€ Maintenance activities comprise all actions needed to maintain or

_ _ | _ mainly concern preventive maintenance ,
restore equipment in or to a specified state so as to perform a given

which involves planned repetitive/scheduled

function.

Preventive maintenance comprises all actions performed on available activities (as opposed to corrective
equipment to prevent or reduce the probability of subsequent maintenance). It should also be noted that,
malfunction. These actions are planned and scheduled in maintenance .

plans. for several years now, valve maintenance
Corrective maintenance comprises all actions needed to restore  activiti es have resulted in the highest number
correct operation of malfunctioning equipmen t. of significant safety -related events.

Analyses of these events frequently note a lack of competence. Faced with the retirement of large numbers of
experienced personnel, operators need to train new personnel.

In this context, site managers should increase their efforts to monitor maintenance activities during scheduling,
preparation or execution phases, particularly in cases where real -time detection of inadequate maintenance
actions is not possible. Since the majorit y of maintenance activities are subcontracted, in 2012 EDF undertook an
overhaul of its subcontractor monitoring procedures, with operational implementation in the various sites
scheduled for completion by late 2013 .

Example of inadequate action during pre  ventive maintenance

On 28 May 2012, during a scheduled refuelling outage of the Cruas NPP Unit 4 reactor, the operator conducted an
internal inspection of a safety injection valve as per the preventive maintenance plan. In accordance with
standard post-maintenance practices, this valve underwent both intrinsic requalification (verification of non -
modification of equipment performance) and functional requalification (verification of proper equipment

operation in current configuration).

Intrinsicrequal i fi cation test results demonstrated the valveds co
functional requalification test results led to the identification of valve leakage due to an assembly error not

detected during intrinsic requalification tes ting. The analysis of this event revealed a lack of knowledge of valve -

specific technology (not widely implemented in currently operating plants) on the part of subcontractor personnel,

not compensated by the requalification test procedure. Moreover, Level 1 and Level 2 inspections were equally

ineffective in detecting the nonconformance. In order to prevent such nonconformances from reoccurring, the

operator has undertaken a modification of the requalification test procedure and has requested that the

subcontractor improve s its level of competence.
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Fault recovery performance

Faults detected in nuclear installations need to be handled very quickly so as to minimise their impact.

In certain cases, fault recovery is performed

automatically, with t hreshold overshoot events . )
e Fault recovery actions are intended to return the reactor to a

(e.g. high feedwater level in steam generators) : L .
safe state as per safety demonstration criteria . For this purpose,

or specific reactor operating conditions (e.g. the operator may either perform direct actions to restore

turbine shutdown when nuclear power output equipment availability (maintenance or operating actions) or bring
exceeds rated output by 30%) automatically the reactor to an operating state where equipment availability is
triggering reactor protection functions (turbine not required for maintaining a safe state as per safety
trip, reactor scram) . demonstration criteria (fallback mode, reactor scram).

Since 2011, approximately 7% of significant

safety-related events are associated with

. 45%
reactor scrams. Although a reactor scram is an 20%

expected automatic response to bring the

reactor to a safe shutdown state, it should be

noted that when it occurs while the reactor is

m2011
in power operation, it can cause significant 2012
: : o' = = 32 8m § 30 9o "

mechanical stresses on certain reactor 3 2 3 85 8L g g8 S
g & 3 g5 23 & 2§ 8
components and generate large amounts of ég B = g5 & 3 §§ z
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implemented specific corrective actions that g g < : 3 &
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have significantly reduced the number of . ) .
Figure 6: Percentage breakdown of fault -recovery actions in 2011

reactor scrams. and 2012

Faults that do not automatically trigger reactor protection functions need to be handled by the operator. As soon
as a fault has been clearly identified, its severity level is evaluated. In the vast majority of cases, the operator
disposes of a certain amount of time to address the fault (amount of time specified as per general operating rules
or determined directly by the operator). The fault -recovery actions most fre quently implemented in nuclear
installations are corrective maintenance or operating actions performed by operating teams to restore compliant
operation. Unlike operating actions (which can be completed in a few hours), equipment maintenance actions
require extensive preparation and may take several days to complete. The number of significant safety -related
events requiring the implementation of maintenance actions to return the reactor to a safe state has increased
significantly between 2011 and 2012, wher eas the number requiring the implementation of operating actions has
decreased over the same period.

It should be noted that, in cases where the fault handling time specified by general operating rules cannot be
observed, these same rules may require the beginning of reactor shutdown (i.e. transition from one operating

state to another). Fallback mode procedures amounted to 3 to 4% of fault -recovery actions in 2012.
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Radiation protection performance:
Main trends

The year 2012 has witnessed an increase in t he number of significant radiation
protection -related events reported for EDF nuclear power plants. In particular, the
assessment conducted by IRSN indicates an increase in the number of events assoc iated
with gamma radiography inspections and personal and collective dosimetry management.
Despite the encouraging results of EDF efforts for ensuring improved personal and
collective dosimetry management, the implementation of best radiation protection
practices by all relevant personnel remains a major area fo r improvement.

Significant radiation protection -related events

Regulations regarding the protection of workers exposed to ionising radiation require basic nuclear installation
operators to report significant radiation protection -related events to the Nuclear Safety Authority (ASN) as per

reporting criteria (see table below).

Significant radiation protection _ -related event (ESR) reporting criteria

Non-compliance with regulatory annual individual dose limit  requirements, or unexpected situation with potential to
ESR 1 | cause such noncompliance under reasonably representative conditions, regardless of exposure type (including
bodily exposure).

Unexpected situation leading to a 25% overshoot of a regulatory annual individual dose limit value, regardless of

ESR 2
exposure type (including bodily exposure).

Any significant non-compliance with radiological cleanliness standards, e.g. presence of radiation sources exceeding
ESR 3 | 1 MBq outside radiation-controlled areas, or detection of radiation -contaminated clothing (> 10 kBq) by site
entrance/exit radiation monitors or in the course of whole-body radiometric examinations .

Any activity (operation, task, modification, inspection, etc.) posing a significant radiological risk, conducted without
ESR 4 | radiation protection assessment (justification, optimisation, mitigation) or without exhaustive consideration of such
assessment.

ESR 5 | Malicious act (or attempt) with potential impact on radiation protection of workers or members of the public.

ESR 6 | Abnormal situation involving a sealed or unsealed radiation source exceeding exemption limits.

Signalling fault or non -compliance with technical conditions for access to restricted or prohibited areas (orange/red
areas or X-ray inspection areas).

ESR 7 - - .
7a Inadequate marking or signalling .

7 b Other non-compliances.

ESR 8 | Non-compensated malfunction of collective radiation monitoring systems.

Failure to meet inspection deadline s for radiation monitoring equipment, by more than a month in case of fixed
collective radiation monitoring systems (1 -month inspection frequency as per applicable regulations) and more than
three months for other type of equipment (12 to 18 -month inspectio n frequency as per applicable regulations and
general operating rules).

ESR 9

ESR 10 | Any other non-compliance deemed significant by ASN or operator.
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EDF examines the context, causes and radiological impact of all reported events and implements corrective

actions to prevent such events from reoccurring. The results of these analyses are submitted to ASN and IRSN

experts. IRSN uses this information to assess proposed measures, follow-up on reported events and identify overall

trends for currently operating p lants.

The year 2012 has witnessed an increase in the number of significant radiation protection -related events reported
by EDF(112" in 2012, as opposed to 97 in 2011 and 86 in 2010). These events are classified according to event type
in the chart shown below. The main lessons learned are described further below .
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Figure 1: Typology of significant radiation protection

Operations conducted at the bottom of the refuelling cavity

¢ Effective and equivalent doses

The effective dose is used to estimate whole -body radiation
exposure based on body tissue sensitvity and exposure type (alpha,
beta, gamma, and neutron). The equivalent dose is used to
estimate the radiation exposure of individual organs. Effective and
equivalent doses are expressed in Sieverts (Sv).

Regulatory dose limits:

Effective dose Ilimit for members of the public :
(excluding natural and medical radiation exposure).
Regulatory dose limits for exposed workers (over a period of

12 consecutive months):

1 mSv/year

Effective dose (whole body ) 20 mSv
Equivalent dose | Extremities (hands, forearms, | 500 mSv
feet and ankles)
Skin 500 mSv
Cystalline 150 mSv

-related events

Among the significant radiation protection -
related events reported in 2012, two have been
classified as Level 1 according to INES criteria.
These events involved localised head-region
exposure to radiation levels exceeding 50%of the
regulatory annual dose limit ( 500 mSy). They
occurred during removal of sealed, ventilated

protective clothing used to perform ac tivities at

the bottom of the refuelling cavity . The first case
concerned a worker directly exposed during

removal of protective clothing . The second case
involved indirect exposure to a non-radiation
protected phone located near the changing room
area and used by subcontractor personnel after
radiation

exposure. Exposed workers were

immediately admitted by medical services to remove radioactive particles. Degowning operations pose a high risk

of contamination transfer and must be carried out in well

-delimited areas as per specific procedures. The analysis

of these two events revealed inadequate degowning conditions (cramped spaces with insufficient radiation

shielding).

* IRSN data
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Decrease in number of unauthorised access events in radiation -controlled areas

In accordance with applicable regulations, nuclear power plant
Radiation source
radiation  protection personnel are responsible for
implementing a radiological zoning scheme based on measured
dose equivalent rates and a three -colour classification system .
The largest share of unauthorised access events corresponds to
PROHIBITED ACCESS . 6 or an g e (radiatienacerfirolled areas with dose equivalent

REGULATED ACCESS \ \

rates possibly exceeding 2 mSv/h), despite the decrease

REGULATED ACCESS

observed in 2012. Such events may result in worker exposure,
annual dose limit overshoots or unauthorised access to orange

MONITORED AREA

areas.

PUBLIC AREA

Fixed-term and temporary workers are assigned a specific status . According to Article D.4154-1 of the French
Labour Code, such workers are not authorised to work in orange areas. A number of significant radiation
protection -related events are due to non -compliance with this regulation for various reasons (inadequate work

preparation, non -identification of orange areas near workstations, etc.)

EDFhas identified two main areas for possible improvement : on the one hand, the implementation of an overall
strategy for improved identificati om,t smiott @ theadthalnhand,rthe
reinforcement of preparatory work for activities potentially leading to radiation exposure of temporary workers . In
addition, EDF has implemented a number of measures to deny such workers access to orange areas (in particular,

since early 2010, the alarm threshold of dosimeters worn by such workers has been reduced from 2 to 1.6 mSv/h).

Moreover, r equi rements associated with exceptional working

accordance with applicable regulations. Events involving non -compliance with such requirements (potentially
causing significant impact) remain limited in number, although not completely eliminated (less than 5 events

recorded per year since 2008).

New increase in number of events associated with gamma radiography inspections

Gamma radiography requires the use of strong radiation sources. Nonconformances may therefore result in
significant worker exposure .
IRSN notes that the number of events associated with gamma radiography inspections has increased in 2012,

whereas it appeared to remain stable during previous years.
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The largest share corresponds to gamma radiograph : : .
9 P 9 graphy e Gamma radiography inspections _ are performed

inspections in turbine hall areas. The potential for using mobile lead-shielded equipment containing a

interference with other onsite activities is extremely high, sealed gamma radiation source (iridium -192, cobalt-60
or possibly cesium-137). Once in position, the

_ radiation source exposes a radiographic film in a
procedures with on-the-fly update of work schedules . For  manner similar to a medical X -ray radiography system.

particularly in a context of nonconformance handling

example, in one event, ultrasonic testing personnel  This highly effective technique is used very frequently
for nondestructive onsite testing. It is also used in
conventional industry to check for weld defects or
pipe material loss.

inadvertently entered a restricted area reserved for X -ray
inspections. Following the identification of valve weld
defects, a series of inspections were conducted, each
scheduled on-the-fly to save time . Due to the limited preparation time  requir ed, established inspection procedures
were not fully observed, all personnel were not correctly notified, and the restricted area was extended
excessively, making it more difficult to monitor . Collateral activities were not detected and exposed personnel
were not alerted by audio signals, as they were wearing ear plugs . This example illustrates the need to remain

attentive to established work schedules and to the coordination of collateral activities in case of contingencies.

Absence of variation in the num ber of events associated with inadequate radiation protection assessment

The number of significant radiation protection -related events associated with risk assessment errors during work
preparation remains stable since 2010 and amounts to approximately 13% of reported events .

Prior to work execution, a forecast dosimetry assessment is prepared in order to identify potential risks and
implement suitable operational measures . This rigorous preparation process is formalised in a radiation work
procedure document intended for relevant personnel . Nevertheless, several cases of inconsistencies between said
document and actual radiological conditions have been reported in 2012 . Such inconsistencies can lead to
underestimation of radiological risks and subsequent im plementation of insufficient or inadequate radiation
protection measures. The assessment therefore needs to be conducted in a rigorous manner (to detect potential
hotspots), taking into account the same configuration as during work execution (to ensure con sistency with actual
radiological conditions) .

Worker dosimetry monitoring

Individual dosimetry monitoring is essential for ensuring effective radiation protection of workers exposed to
ionising radiation . It provides whole-body exposure measurements usedto demonstrate compliance with regulatory
dose limits and actively contributes to the implementation of ALARA principles by monitoring individual and

collective doses so as to detect non -compliances as early as possible during work execution.

All workers accessing radiation-controlled areas are required to wear passive and operational dosimeters . The year
2012 has been marked by an increase in the number of non-compliances with this basic rule . Nevertheless, most
individuals quickly notice the omission on their own .

Mobile radiation protection devices are also very useful for measuring plant and equipment exposure levels during
and after work execution . These devices are periodically inspected to ensure proper operation . The year 2012 has
witnessed a significant increase in the number of events associated with failure to comply with periodic inspection
deadlines. One site operator detected a total of 54 such non -compliances in 2012. This is indicative of a lack of
organisation in the local management of radi ation protection and measurement systems needed to protect

personnel from abnormal exposure to ionising radiation .
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Every year, EDF carries out an assessment of radiation doses to EDF and subcontractor personnel based on
operational dosimetry results . The year 2011 had been marked by an increase in the annual collective dose,

whereas 2012 has witnessed a decrease back to the level observed in 2010 (0.67 H.Sv per reactor in 2012, as

opposed to 0.71 H.Sv per reactor in 2011 and 0.62
H.Sv per reactor in 2010), attributable to a
decrease in number of maintenance operations as

compared to 2011.

Regarding individual doses, IRSN notesthat the
effective dose received by the majority of exposed

workers over a period of 12 consecutive months is
below the annual public radiation dose limit

(1 mSv). Moreover, no individual worker received a
radiation dose of 16 to 20 mSv (regulatory dose
limit) over a period of 12 consecutive months (as
opposed to 2 workers in 2011). This could be a
beneficial effect of lowering the early -warning
threshold level from 16 to 14 mSv, but this has yet

to be confirmed for the year 2013.

e Personal external and internal
dosimetry.

*External dosimetry involves measuring the doses received by a
person exposed to a field of radiation (X -rays, gamma, beta,
neutrons) generated by a source outside the person. The
dosimeters worn by workers are designed to show the dose to
the whole body, either later, after reading at an approved

|l aboratory (O0pasosri vien droedImet ir m
d o s i me tOpeyatiohal dosimeters have an audio and visual
alarm that alerts workers if they are in a field of radiation that
exceeds certain thresholds.

*Internal dosimetry measures the dose received as a result of
incorporating (inhaling or ingesting) radioactive substances . This
type of dosimetry involves whole body radiation measurements
(direct measurement of internal contamination) and

radiotoxicological tests .

dosimetry  comprises

The analysis of passive dosimetry results for the year 2012 shows that 90% of EDF personnel received individual

doses below 1 mSv, with the average individual dose amounting to 0.29 m Sv(as compared to 0.30 mSvin 2011).

The internal radiation exposure incurred by nuclear power

plant employees is mainly monitored by whole -body

radiometric examinations . The number of EDF and subcontractor employees who underwent whole-body

radiometric examinations in 2012 has increased by 13% (as compared to 2011), with a total

examinations conducted within the scope of routine medical surveillance procedures, and

of 174270
6309 for individual

follow -up purposes A total of 0. 3%o0f these examinations confirmed internal exposure .
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EVENTS, INCIDENTS AND ANOMALIES

No incident that occurred in 2012  in an EDF reactor represented a serious risk for the
facility, the environment or people. This chapter presents events and anomalies that IRSN

judges significant and which concern the discovery of loose parts inside the coolant
systems, the detection of de viations relating to equipment fixings, non  -compliance dating
from the facilitiesd-upemmi ssioning, and | ine

Despite the actions that EDF has taken for some years, several events linked with the

presence of loose parts in the systems occurred in ~ 2012.

A screw head belonging to a reactor coolant pump component in Chooz B2 was discovered

under a fuel assembly when the reactor core was unloaded, and this screw damage

caused a generic event for the 1450 MWe reactors.

At Cruas 3, the reactor coolantsys t em6s acoustic detection system
of two SG nozzle dam fixing parts that could have reached the reactor core and blocked

the movement of the control rod assemblies.

Lastly, a piece of piping jammed in the discharge line of a turbine -driven pump at Bugey 4

could have resulted in insufficient water reaching the steam generators.

Following the Fukushima accident, the international WANO (World Association of Nuclear
Operators) association has recommended checking the compliance of siphon bre akers in
the discharge lines of pool cooling systems. It was during these inspections that the
Cattenom plantds o0 p etwa bfoits facilibes ihave devert Ha@ siphon
breakers since they were constructed and had to report the only incident class ified as an
INES level 2 eventin 2012.

In a reactor core, the chain reaction must be controlled at all times. For this, the neutron

flux in the core is constantly monitored by the measuring systems installed near to the

cor e. The ofi el d eosfstemsiissrelaiively limitedd, howevers sometimes

preventing a representative flux measurement in some core zones, as was the case when

a fuel |l oading error occurred at Dampierre. E I
measuring system of a different des ign on a coolant system will provide a direct and rapid

measur ement of the reactor cool ant systemds bor
robust measure for preventing a criticality accident occurring.

Insufficient torquing of an oil system flange fixing screw in a Penly 2 reactor coolant pump
caused an oil leak followed by fire outbreaks that damaged the pump.
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The combination of a valve being incorrectly positioned following maintenance work and
a second valve resulted in 140 m? of reactor coolant being discharged inside the Cruas 4
reactor building, although none reached the outside.

During inspections conducted in Belgium 3oand t he I
the Tihange nucl ear Ronve summédra h20062sdefects averd found

in both reactor vessel sd wadeteceed mahufiaetwirg defests.e pr ev
This discovery naturally led IRSN to consider the possibility of similar defects existing in

the reactor vessel walls of French nuclear power plants.
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Presence of loose parts inside the systems

The presence of a | oose part inside equipment
safety and radiation protection. Despite the actions taken by EDF, several events of this

type still occurred in 2012. As a result of its analysis, IRSN has specified the associated

risks and shown the need for EDF to step up its action plan.

The presence of |l oose parts or foreign material inside

including damage to the following:

e the first or second containment barrier with, for example, the

_ _ _ a Activation - ial .
appearance of leaktightness defects in the fuel cladding or € Activation : any material recelving a

neutron flux captures neutrons,
damage to steam generator (SG) tubes; ) )
making part of its nucleuses

e the control of reactivity with the blocking of a control rod radioactive. This phenomenon is called

assembly; oOneutron activation

e the radiological cleanliness of the systems, due to the

activation of particles from the foreign material.

Feedback has shown that, as soon as reactors have been commissioned, foreign material from various sources and
of all types (solid or liquid) and forms have been accidentally introduced into the systems.

The foreign material identified to date accidentally entered the systems:

e during maintenance and operation:
0 process waste (metal shavings, welding rods, joint compound, turnings, etc.)
0 maintenance waste (adhesive tape, vinyl, cable sheaths, cloths, pieces of pipe, etc.)
o fixing elements (screws, washers, bolts, rivets, pins, screw heads, etc.)
0 tools (spanners, screwdrivers, etc.)
0 resins, lubricants and liquids representing a potential chemical hazard;

e during fuel handling: pieces of fins or grid assemblies;

o following equipment failures resulting in parts breaking or becoming loose (ball bearings, floodlight

fragments, etc.);

e due to human negligence: miscellaneous forgotten or dropped objects (badges, pens, t orches,

dosimeters, camera batteries, etc.).

Measures such as antidebris meshes have been designed to trap certain loose parts; in addition, acoustic systems
simplify their detection.
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EDF conducted an action plan in 2008, reinforcing its requirements in terms of equipment and system cleanliness
in order to avoid the ent ry of loose parts. These requirements have been stated in an internal directive enacting

the OFMES® initiative i mpl ementing counter measures based o
@ FME = Foreign Material Exclusion
. Like the international FME ini]'gative, EDF

0

i s a matter .
has taken preventive measures to avoid

prevention, early detection and retrieval of foreign material.
According to this directive, a loose part 6 s retri eval
priority even if it is difficult to reach. If extracting the part is found s mEErEl o el et e

to be impossible, the resulting level of danger is analysed in order to equipment or systems.
determine the acceptability of the reactor operating when the

foreign material is present.

By implementing the directive, EDF has been able to reduce the number of events linked with the presence of
loose parts. EDF has therefore integrated measures intended to limit the risk of foreign material entering the
systems into its working pr actices. EDF has also increased its integration of feedback and its organisation and
supervision of risky maintenance work. Despite this initiative, several important events including the three
described below occurred in 2012.

Screw head discovered under a fuel assembly foot (Chooz B2 i 26 February 2012)

During operations to unload the fuel from the Chooz B2 reactor in order to shut it down for maintenance, a suction
adapter screw head from a reactor coolant pump and debris consisting of locking cup fragme nts were found under
an assembly leg. As the event is described elsewhere in this report (see page 28 of this report), only the safety

issues posed by the presence of this loose part are discussed below.

The screw head and its cup moved through the reactor coolant system. They caused impacts in the reactor coolant

pumps and on the reactor vessel as well as on the reactor
showed impact marks on a reactor coolant pump impeller vane i , on the impeller ring ¢ and on a bottom head

penetration flange £ (see Figure 1, below).

Figure 1: Locations of impacts on the equipment

The screw headds i mpact mar ks, which can be seen in the
performance of the reactor coola nt pumps was unaffected and EDF did not judge that the impacts had harmed the

reactor vessel and its internal structures.
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Consi

dering the size and | ocation of the | oose parts found,

a reactor coolant pu mp rotor is unlikely to be blocked due to the presence of a reactor coolant pump
screw;

ast he reactor vesselds stainless steel l'iner has been
perhaps spreading during the operating cycle cannot be excluded. The same is true of the vessel bottom
head penetrations and their welds.

The analysis conducted by IRSN showed that the corrective actions (extracting the foreign material and replacing

al |

of the reactor cool ant pumps® suction adapter and hy

introduced by EDF were inadequate. This is because neither monitoring of the reactor coolant pumps for vibrations

nor

monitoring of the reactor cool ant systemds flow rate

monitoring of the coolant systems did not detect the loose parts passing through the r  eactor coolant system or the

reactor vessel. Sample screws will therefore be inspected in the 900 MWe and1300MWe r eactorsd reacto
pumps. EDF will modify the design of the 1450 MWe r eactorsd cool ant p2&Bp IRNuct i on
considers that the periodic maintenance program should also be revised.

Passive-seal plug i or SG nozzle dam fi fixing elements discovered in the reactor coolant system (Cruas 3

14 September 2012)

During the reactor restart phase after a maintenance outage, the acou stic and vibratory detection system

detected a significant noise in the channelheadof t he steam generatords howhed eg in

reactor coolant pump 1 was commissioned.

P

Manholes on the reactor coolant system side I \
| .
. ! i \
I X
E I
N
% | (
‘ ,H_I_,.\G,//j
\1\‘\
4 -,&%Reactor coolant lines

P

General view of a SG channel head

Ring integral with the channel head, at a

reactor coolant line

SG channel
head

'\outlet

Cross-section of an SG channel head

Figure 2: Steam generator (SG) channel heads
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After interrupting the reactor 60<chamel beads(ton the wpeéeadsr Ooop
ooutletd sides) of t hd anslfoend two martshaeongng  a fixinghassenobty for a passive -
seal plug (SG nozzle dam). This nozzle dam had been fitted then removed during the outage.

Figure 3: Diagram of a passive-seal plug and detailed view of the fixing assemblies

Both parts found, a convex washer and a bolt head, were used to ident ify the defective plug. Upon examination,

four fixing elements were found to be missing: despite a search,

OFEESEs © A | plugs (or :¢ the other two missing elements fi a bolt and a screw f could not

installed in the steam generators during unit
be found.
outages to ensure leaktightness between the
SG plena and the reactor coolant system and
allow maintenance work to be carried out in
the plena. Each plug consists of a central
part fitted with the passive seal and two side
parts held in place by 18 fixing assemblies.
These fixings are automatically torqued by
means of a torquing and de-torquing bar
positioned on t he n
threads.
(For further details of these new SG nozzle

dams, see page 72 o f I RSN

report, in French).

Figure 4: Convex washer Figure 5: Bolt head

EDF then assessed the level é danger on the basis of the following information:
e the detailed description of the missing elements, their initial locations and their origins;
e the possible route of these elements inside the systems;
e the possible consequences of their passage through or presence in the equipment;
e the possibilities of detecting these elements by the acoustic detection systems.

IRSN considers that these parts are unlikely to be in the systems connected to the reactor coolant system.
Nevertheless, in order to cover this poss ibility and avoid the presence of loose parts in the reactor core and the
bl ocking of a control rod assemblyds movement, the assembl
the first two months of operation after reloading as well as undergoin g a mid-cycle control rod drop test. No

problems were detected during these tests. EDF also introduced corrective actions to avoid SG nozzle dam fixing
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parts failing, such as inventorying these parts after the dams are removed. IRSN judged that the actions introduced

by EDF were satisfactory and the new passive-seal plug model could be used.

Piece of tubing found in the di schaurbpe-drivanailiafy feedmatet he st e a

pump (Bugey 4 ii 16 November 2012)

An analysis of the results of t he pauxiliarp edwatert system (ASG) o f t h
revealed flow rate imbalances. Various investigations (valve adjustments, draining of sensors, etc.), combined

with radiographic inspections of the lines, revealed the presence of a loose part jammed in an elbow of steam
generator26s water supply |line at t he driden-pump.dahigfereigh matamnal wase ASG
extracted from the system and seems to match a piece of tubing used in th e assembly or maintenance of the

systems.
The extracted tubingds di mensi on

- diameter =60 mm

- length =312 mm

The foreign materialés size anc
remained jammed near to the place in which it was

forgotten. The operatorexam i ned t he el bowds i
wall in order to detect any possible damage. The three

steam gener ataoxiisyd linew avere ralso

inspected internally as far as the ASG adjustment

valves to ensure that no other foreign material was

present. These investigations did not reveal any other

damage. Subsequent tests showed that the flow rates

in the steam generatorsé l'ines

stable again.

Figure 6: Piece of tubing found

Nevertheless, such an event can have significant consequences: IRSN comiders that it would be difficult to
guarantee an adequate water flow to the steam generators in the event of prolonged use of the ASG system if an

accident occurs, due to the foreign material ds presence anoct
Conclusion
The introduction in 2008 of the measures specified by EDF

initiative, has helped to greatly reduce the number of events involving foreign material.

Despite this initiative, several important events  mainly due to equipment failures occurred in  2012.
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Damage in the reactor coolant pump fixing
screws of the 1450 MWe reactors

Various forms of damage have been observed in the internal component fixing screws of
the 1450 MWe r eact or s 0 c oo lassatiated piskangorsist in Thie ereation of
foreign material in the reactor coolant system of the reactor concerned and reactor
coolant pump damage. These findings led EDF to question the design of these screws,
their torquing method and the corrosion resi  stance of the materials used for all screws.
As a result, the screw design has been modified, a screw replacement programme has
been carried out and monitoring has been increased.

Origin of the reactor coolant pump fixing screw damage found in 2012

In February 2012, EDF discovered a screw

head and locking-cup fragments in the
protective anti -debris mesh at the leg of a
core fuel assembly during a scheduled
outage of the ChoozB pl ant 6 <

€ A locking cup is a thin metal part surrounding a screw head. Notches
are made in the screw head and the housing (machined) into which the
screw is inserted. Once the screw has been torqued, the cup is deformed
by torquing so that it matches the shape of the n otches. This prevents

the screw from becoming loose and is referred to as a locking measure or

(Figure 1). a locking method.

These loose parts (Figure 2) have been
identified as coming from a reactor coolant
pumpds suction adapte
adapter is an internal pump component
designed to channel the water towards the

i mpeller (inlet chan

volute (see page 24 of this report for the

article on OLoose parf Anti-rotation locking of the cup (example: screw no. 2, Civaux1)

Blue arrows: crimping points in the machining
Red arrows: crimping points in the screw head
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STEAM GENERATOR

Screw head

REACTOR

VESSEL
REACTOR
CORE COOLANT

PUMP
REACTOR COOLANT
SYSTEM
Figure 1: Screw head present under a fuel assembly Figure 2: Route of loose parts from the

reactor coolant pump to the reactor vessel

In the case of the reactor coolant pumps of the 1450 MWe reactors, there are five screw - or stud-fixed internal

equipment connect ions per pump (Figure 3), including that of the suction adapter.

5 screw or stud connections between a N4
UHDFWRU FRRODQW SXPSTV

24 studs (in A 286 steel)
fixing the flow nozzle onto the thermal barrier

flange K Flow nozz!e
12 screws (in A 286 steel)
fixing the thermal ring to the impeller = b Impeller

12 peripheral studs and 1 central stud (in

A 286 steel) fixing the impeller to the shaft Hydrostatic bearing )

16 screws (in cold-rolled 316 steel) )
Suction adapter

fixing the fixed part of the hydrostatic bearing -

to the flow nozzle

12 screws (in cold-rolled 316 steel) -

fixing the suction adapter to the volute

Figure 3: Screw and stud connections between the internal components ofa 1450 MWw r eactor 6s reactor
pump

Given the potentially generic nature of this event, IRSN

. . e A hydrostatic bearing is a system for positioning a
recommended that the inspection be extended to cover the Y 2 4 2 ¢
rotating shaft; the shaft is positioned by the presence of

condition of screws and studs in the reactor coolant pumps
of all 1450 MWe reactors (ChoozB and Civaux), that all

a film of fluid injected under pressure through

symmetrical nozzles around the shaft, thereby
plenum screws be replaced and that a sample of the screws preventing it from moving off -centre.

be assessed.

This recommendation has also been extended to the screws e
constructed from the same material as the suction adapter d:
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