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1.Intrduction

&

Although the nuclear plant was designed for the purpose of the 30-year life
the early stages of construction, it also already has the plant abolished by
passing in 30 years.
There is a plant under operation and a plant that is employed variously,
extends the original life and continues operation now, and the plant that is
going to be abolished politically is before a life. By using a nuclear plant for a
long period of time, damage by the influence of irradiation, wear of slipping,
corrosion, etc. appears. When this degradation is left, the serious accident is
caused.
~In this lecture, refer to "Assessment and management of aigeing of major
nuclear power plant components important to safety, Oct. 1999" of IAEA.
A point of view from guide is introduced about management of the mechanism
in the secular degradation mode expected by operating for a long period of
time, the influence of secular degradation, and influence, monitoring
technology, periodical safe evaluation, and a periodic inspection.
And raises and explains the correspondence situation of secular degradation,
and the example of evaluation of PSR and ISI equipments.

2. Definition of Ageing Mechanism for RVI (Refer to IAEA TECDOC- 1119)
Ageing mechanisms are specific processes that gradually change characteristics of a
component with time and use. Ageing degradation are those cumulative changes that
can impair the ability of a component to function within acceptance criteria. Service
conditions outside prescribed limits, which are caused by design, fabrication,
installation, operation, and maintenance errors, can accelerate the rate of
degradation.
Evaluation of ageing mechanisms is based on PWR service experience, pertinent
laboratory data, and relevant experience from other industries. The following ageing
mechanisms will be reviewed and assessed for relevance to RVI:

-

Embrittlement;
Fatigue;
Corrosion;

-

Rdiation induced creep, relaxation and swelling;

-

Mechanical wear.

-
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2.1 Embrittlement
There are two types of embrittlement which could affect PWR vessel internal
components. These are irradiation embrittlement, which may affect core region internals,
and thermal ageing embrittlement, which may affect the cast stainless steel parts and
parts manufactured from marte nsitic stainless steel.
a. Description of irradiation embrittle me nt
Neutrons produce energetic primary recoil atoms which displace large numbers of atoms
from their crystal lattice positions by a chain of atomic collisions. The number of
neutrons bombarding a given location is traditionally measured by the flue nce (n/cM2
with E>1.0 MeV). A more recent neutron damage exposure measure is displacements
per atom (dpa), which accounts for a wider neutron energy spectrum than the fluence.
The fluence or dpa provide part of the information needed to assess irradiation
embrittlement.
Wrought austenitic stainless steels do not exhibit the sharp ductile to brittle transition
behaviour characteristic of low alloy and carbon steels. Rather, toughness losses due to
irradiation tend to accumulate with increasing fluence and saturate at levels>1 X1021
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n/cm 2 .

Until recently, there was little information available to quantify the effects of

irradiation embrittlement on RVI. Available information/data from the results of
fracture toughness studies performed on irradiated Type 304, 316 CW and 347 stainless
steel reactor internal material taken from operating PWRs with fluences as high as 2 X
1022 n/cm 2 (E> 0.1 MeV) shows high fracture toughness values for all fluences
considered and can be directly applied to the evaluation of highly irradiated RVI.
Although resistance to crack propagation in internals materials decreases with
increasing neutron fluence, integrity of stainless steel RVI can be effectively assessed
using fracture mechanics analyses. This will, however, require a detailed finite element
analysis and a material database that is sufficient to provide the crack growth rates and
the fracture toughness for the materials of interest.
b. Description of thermal ageing embrittlement
Thermal ageing embrittlement is a time and temperature dependent degradation
mechanism. It is caused by the thermally activated movement of lattice atoms over a
long time period, a process which can occur without external mechanical load. Changes
in material properties (e.g. a decrease in ductility and toughness and an increase in
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strength properties and hardness) are the consequence of these diffusion processes. The
significant parameters responsible for these ageing processes are:
-

temperature;

material state (microstructure);
-time.

Susceptible to this kind of mechanisms are cast stainless steels, to a lesser extent weld
metal and some Cr rich martensitic steels. Several research projects funded by the
USNRC, EPRI, George Fisher Limited of Switzerland, and a consortium of
Westinghouse, Framatome and EDF have evaluated mechanical property degradation
which results from thermal ageing embrittlement in typical cast duplex stainless steel
materials.
c. Significance of embrittlement
Embrittlement, either due to, irradiation or thermal effects, does not directly cause
cracking. However, the margin of a material to resist propagation of cracks due to other
causes such as fabrication, fatigue or SCC is reduced. The significance of embrittlement
for a given component depends on the probability of cracking, and the loading of the
component. For cracked components, a fracture mechanics evaluation of material that
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has been exposed to high neutron fluence should be performed to assure crack stability
on a component specific basis.
Thermal ageing embrittlement is not a significant degradation mechanism for RVI made
from wrought steel or Ni-Cr-Fe because these materials are not susceptible to the
mechanism or the stress levels are not of sufficient magnitude to cause cracking
irrespective of the delta ferrite content.
In the case of RVI component parts heat treated at 7000 C for stress relieving as
mentioned above, plant specific evaluations and irradiation surveillance programmes
have shown that there is no significant ageing effect to be considered for the plant life.
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2.2 FATIGUE
a. Description
Fatigue is defined as the structural deterioration that occurs as a result of repeated
stress/strain cycles caused by fluctuating loads and temperatures. After repeated cyclic
loading of sufficient magnitude microstructural damage can accumulate, leading to
macroscopic crack initiation at the most highly affected locations. Subsequent continued
cyclic loading can lead to the growth of the initiated crack.
Fatigue behaviour is related to a variety of parameters, such as stress range, mean
stress, cycling frequency, surface roughness and environmental conditions. Cracks
initiate at stress concentrations such as geometric notches and surface defects. Fatigue
crack initiation curves indicate how many stress cycles it takes to initiate fatigue cracks
in components. These curves are materials related and indicate the allowable number of
stress cycles for applied cyclic stress amplitudes. Design curves for RPV materials are
given in ASME Section 11, Appendix
or respective national standards.
Environment can significantly influence fatigue crack initiation. Environmentally
assisted fatigue, often referred to as corrosion fatigue, must be considered when dealing
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with components in the PWR environment.
There are three sources of fatigue significant to the PWR. These are system cycling,
thermal cycling and flow induced vibration.
(1) System cycling
System cycling refers to changes in the reactor system, which cause variations in
pressure and temperature. Examples of system cycling are startup, shutdown, scram
and safety/relief valve blowdown. System cycling was the best understood source of
fatigue during the time of vessel design.
Many vessel components were designed against system cycling fatigue crack initiation,
using conservative amplitudes and frequencies of normal and upset loading cycles,
together with the fatigue design curves of the ASME Code, Section Il, Appendix
Although the design process for internals considered system cycling fatigue in a less
formalized manner, operating experience to date demonstrates that consideration of
system cycling in the internals design process was adequate. The few documented cases
of RVI fatigue failures have been attributed to other fatigue sources.
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(2) Thermal cycling
Fatigue thermal cycling may occur due to temperature fluctuations. Temperature
transients during operation can cause local or global temperature gradients, resulting in
thermal cycling at the interface of material and environment. Smooth and sharp
temperature transients result in slow or rapid thermal cycling, both being a source for
accumulation of fatigue usage. Causes for smooth transients are generally start up and
shutdown procedures or load following operation modes. Connections and disconnection
of systems, ECCS water injection, and leaking of hot or cold water through untight
valves may result in rapid thermal cycling (e.g. thermal shock). The effect of both is
ageing of material in terms of low cycle fatigue (slow cycling), or high cycle fatigue (rapid
cycling).
(3) low induced vibration
Flow induced vibration is caused when coolant flowing past a component sheds vortices
which create cyclic loads. These loads generally occur in a frequency range up to about
20 Hz, leading to the expectation that flow induced vibration cycles accumulate early in
operation, probably during pre-operation tests. However, it is possible that some modes
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of flow induced vibration are associated with a particular operating mode, which occurs
infrequently.
b.

Significance of fatigue

Fatigue life estimates includes both crack initiation and crack propagation. Crack
initiation is estimated by determining the fatigue usage at a specific location that
results from either actual or design basis cyclic loads. Time to initiation can be predicted
only if the sequence of the applied loads and recurrence frequency is well known. Such
estimates are uncertain if the cyclic loading is random.
ASME Code Section 111 fatigue analyses are performed to satisfy design requirements
and are not normally the best estimate of actual fatigue usage. The conservatisms
applied to the laboratory fatigue data base and design-basis transients are substantial.
The effects of environment and high cycle thermal and mechanical loads may not have
been explicitly considered, so the service duty may be higher than reported.
Fatigue damage is significant for some RVI components (bolts and pins) based on
cracking incidents reported in service and because of the component design bases. Some
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internals were designed against fatigue crack initiation using conservative amplitudes
and recurrence frequencies for normal and upset loading cycles, together with the
fatigue design curves of the ASME Code, Section I111, Appendix
. Typically, fatigue
usage factors are less than 0.10. The number of loading cycles considered during design
and the conservatism of the cyclic amplitudes in combination with low fatigue usage
factors should be sufficient to justify continued operation.

In the case of most internals components the stress and cycling ranges are such that
cyclic analysis is not required per ASME Code Section MI NB-3200. This is confirmed by
design calculations, startup test measurements and service experience. Due to an
absence of significant cyclic stress, fatigue is not significant for other RVI components
important to safety.
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2.3 CORROSION
Corrosion is the reaction of a substance with its environment that causes a detectable
change which can lead to deterioration in the function of the component or structure. In
the present context, the material is steel and the reaction is usually an electrochemical
reaction.
The appearance of corrosion is governed by the so-called corrosion system consisting of
the metal and the corrosive medium (the environment) with all the participating
elements that can influence the electrochemical behaviour and the corrosion parameters.
The variety of possible chemical and physical variables leads to a large number of types
of corrosion:
(1) corrosion without mechanical loading (general corrosion and local corrosion attack,
selective corrosion attack as e.g. intergranular corrosion);
(2) corrosion with mechanical loading (stress corrosion cracking, corrosion fatigue) and
synergistic effects of neutron irradiation (irradiation assisted stress corrosion
cracking);
(3) flow induced corrosion attack (e.g. erosion corrosion).
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Alloys 600 and X-750 have suffered IGSCC in the PWR (e.g. steam generator tubes, RPV
head penetrations, split pins, etc.). In components other than RVI, Alloy 182 has also
experienced IGSCC in applications where weld residual stresses and fairly high applied
stresses were present. It must conservatively be assumed that Alloy 182 exposed to
normal coolant conditions is susceptible to IGSCC.

~.

a. Transgranular stress corrosion cracking
Austenitic stainless steels are particularly susceptible to SCC in chloride environment;
temperature and the presence of oxygen tend to aggravate chloride SCC of stainless
steels. Stress corrosion cracking occurring in these environments is typically
transgranular. Sensitivity to GSCC is not necessary for TGSCC to occur. There is
evidence that the combined effects of chlorides and oxygen promote TGSCC in solution
annealed austenitic stainless steels. Very high levels of chlorides do not result in stress
corrosion cracking in the absence of oxygen in the water. Furthermore as the oxygen
content of the environment is increased, the required concentration of chloride ions to
produce TGSCC becomes smaller.
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b. Significance of IGSCC and TGSCC
As primary water conditions are such that ECP values of-230 mV (SHE) are controlled,
which is generally the threshold value for the occurrence of IGSCC in austenitic
stainless steel material, there is no risk for this kind of cracking in 18/10 CrNi type of
steel even in the case of sensitized material condition.
Ni based alloys are susceptible for this cracking mechanism in high temperature water
environment.
TGSCC can occur in austenitic stainless steel if impurities such as chloride concentrate
in crevice locations under operational conditions. Attention should be paid for this
reason to maintenance and replacement work where lubricants are in use, to avoid any
contamination. The latter had been reported to be the root cause of cracking in some
replaced bolting. The use of chloride free and qualified lubricants and consumables is
mandatory.
c. Irradiation assisted stress corrosion cracking(IASCC)
IASCC is also characterized by intergranular crack initiation and propagation. Many of
the factors discussed for IGSCC also apply to IASCC (e.g., pH, conductivity, crevices,
etc.). However, there are subtle differences between the two phenomena. Austenitic
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stainless steels that undergo IASCC need not be thermally sensitized. Also IASCC is
highly dependent on neutron fluence exposure level. Annealed and irradiated austenitic
stainless steel becomes susceptible to IASCC when certain criteria (i.e., threshold
fluence levels as a function of stress level) are met or exceeded. Both stabilized and
non-stabilized stainless steels appear to be equally susceptible to IASCC.
Based on available field and laboratory data, a neutron fluence (E> 1 MeV) "threshold"
of -5 X 1020 ncM2 (approx. 0.8 dpa) appears to exist for annealed Type 304, 304L, 347,
and 348 stainless steels in highly stressed components, and -2 X1021 nlCM 2 (approx. 3.1
dpa) for lower stress components.
d. Significance of IASCC
Although IASCC of PWR internals has not been observed for structural component parts
globally so far, it may be a concern that increases with time. Some cracking that
occurred in the baffle bolts has been attributed to IASCC. IASCC has been observed in
PWR core internal components such as the control rod cladding. This indicates that
IASCC could become a significant ageing mechanism for RVI.
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2.4 Mechanical wear
(1) Description
This degradation type is broadly characterized as mechanically induced or aided
degradation mechanism. Degradation from small amplitude, oscillatory motion,
between continuously rubbing surfaces, is generally termed fretting. Vibration of
relatively large amplitude, resulting in intermittent sliding contact between two
parts, is termed sliding wear, or wear. Wear generally.results from concurrent effects
of vibration and corrosion.
The major stressor in fretting and wear is flow induced vibration. Initiation, stability,
and growth characteristics of damage by these mechanisms may be functions of a
large number of variables, including the local geometry, the stiffness of the
component, the gap size between the parts, flow velocities and directions, and oxide
layer characteristics. Wear is defined as the removal of material surface layers due to
relative motion between two surfaces or under the influence of hard.
(2) Significance of wear
Mechanical wear has been identified as degradation mechanism at specific locations
in the RVI due to flow induced vibrations. Today, as a result of monitoring systems
(vibration, loose parts), this degradation mechanism is of minor importance
concerning RVI capability to perform its safety function.
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a.

b.
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Wear of bottom instrumentation thimbles
Bottom instrumentation thimbles are present in reactors in the USA and France.
They are relatively long tubes having a small wall thickness (1.15 to 1.31 mm). The
water flow around them can generate vibrations and wear by local contact with their
guidsleading then to leakage. To date, thimble tube wear has been observed inat
least 20 plants. Replacement by a thicker thimble is sometimes performed when this
occurs.
Wear of control rod guides
In RVI components, wear between control rods and guide tubes results from the axial
sliding which occurs during insertions and withdrawals, and from the transverse
motions caused by flow induced vibration. This can be improved either by the use of
wear resistant deposit or by design modification, or both.
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3.

Expected aging effects
3.1 Selection of expected aging effects for components
(1) Neutron Irradiated Enbrittlement
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If irradiation of a neutron is received, into material, a minute defect
will1 produce generating and the decrease of toughness (resistance
tenacity to destruction). The grade of the irradiated embrrittlemet of
neutron has impurities, such as Cu in material, and it influences.
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(2) The phenomenon which material destroys by Definition of the Fatigue. Cyclic stress.
- Change of a system displacement. (Displacement).
- Temperature change
(transients conditions).
- Change of fluid load
(flow vibration).
b. The stress under cyclic stress with a material far lower than static intensity also
causes destruction.
2. Usage factor (Cumulative Usage Factor) UF.
It is the index which shows fatigue damage when how many kinds of those stress
combined and act, and it defines as follows and permissible value is one or less.
UF=
ni :
Ni

(ni/Ni) •-1
The actual number of times of a repetition.
The number of times of a permission repetition.
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(3) S C C (Stress Corrosion Cracking)
Destructive stress usual in the material which
receives tensile stress in the bottom of corrosion
environment. The phenomenon that produces a
crack by lower stress is called stress corrosion
cracking.
It generates, when material, environment, and
three persons of stress satisfy specific conditions.
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PLM

Plant Life Management
A troublesome view skillful [ after the middle age]1 is established.
(1) Please work for a long time without ruining your health. (Equipment
preservation planned decision)
(2) If there is illness, please inspect exactly. (Advancement of inspection)
(3) The expense after retirement should save money. (Target setup of an operation
period)

PLEX

Plant Life Extension
Retirement age (in the case of the U.S., it is 40 years) is extended and formed into
a long-life life.
(1) With what do judge whether it is healthy?
(2) Why do judge in what year retirement age will be extended?
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Phiase

1985
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Assessment

*
*

Countermeasure of Ageing
Selection of component to be evaluated
Verification Test

Phase

*

acquisition of the material data
Evaluation of degradation

* Development the methodology of expected degradation mode

Phase 111
*

Investigation of scenario for degradation

Plant Life Extension (PLM)
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Action plan

Reactor Containment

Reactor Vessel

Concrete Structure

Piary coolanioo

Reactor Internals

*~~~~Reactor

_______

PWR Components to be evaluated for ageing
3.2-6

Coolant Pm

Equipment and Components

inportan

Replaceabillt
easy or not?

No

Ys

Annual inspection

Inspectable, Mentenable
Ageing is not significant

evaluated components

Assessment Ageing event

Components
classifies into
parts

Ageing phenomenon to be
considered
1. Consideration by design
2. Latest knowledge
3. Generated in and outside

Evaluation

Selection Ageing
phenomenon to be evaluated

Evaluation flow for Ageing
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*Long-time reliability
*Priventive Maintenance
Development coutermeasures or
Inspection Technology
___________________

The example of an extraction result of a secular change phenomenon
Components

Ageing

Location of Evaluation
-

-

Stress corrosion cracking of fatigue,
the formation of neutron embrittlent

-

Coolant entrance nozzle etc.
Reactor core part.

-

nickel machine alloy

-

Head

-

Reactor vessel

Phenomenon

Upper core support column.
- Fatigue.
-Thimble
tube
of
- Wear.
instrumentation.
- Irradiation assisted stress corrosion - Baffle Former bolt.
cracking.
- Core barrel
Irradiated Enbrrittlement
-

Reactor internals

-Neutron

imary
Piping

Coolant

-

-Fatigue

-Heat

prescription

-
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Crossover leg etc.
Elbow etc.

4. Management of Ageing Effect
4.1 Key elements of PWR RVI ageing management programme (IAEA)
This section describes how these elements are integrated within a plant specific RVI
ageing management programme (utilizing a systematic ageing managament process,
which is an adaptation of Deming's "plan-do-check-act" cycle for ageing management,
Fig. 7. 1- 1).
For guidance on the organizational aspects of a plant ageing management
programme and interdisciplinary ageing management team, refer to AEA Safety
Report Series No.15, "Implementation and Review of Nuclear Power Plant Ageing
Management Programme"
A comprehensive understanding of RVI, their ageing degradation and the effect of the
degradation on the ability of the RVI to perform their design functions is a
fundamental basis for an ageing management programme. This understanding is
derived from the knowledge of the design basis (including the applicable codes and
regulatory requirements), the operationg and maintenance history (ncluding
survei'llance results), the pre-service and in-service inspection results, and generic
operating experience and research results.
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In order to maintain the integrity or fitness for service of RVI, it is necessary to
control within defined limits the aged related degradation of the RVI. Effective
degradation control is achieved through a systematic ageing management process
consisting of the following ageing management tasks, based on understanding of RVI
ageing:
operetion within specified operating conditions aimed at minimizing the rate of
degradation (managing ageing mechanisms);
inspection and monitoring consistent with requirements aimed at timely
detection and characterization of any degradation and validating the ageing
prediction;
- assessment of the expected or observed degradation in accordance with
appropriate guidelines to determine integrity and fitness for service;
maintenance, i.e. repair or replacement to correct or eliminate unacceptable
degradation (managing ageing effects).
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4.2 Policy on Safety Management of Ageing Effect in Japan
Here, refer to IAEA lecture material of Mr.Nakatomi (NUPEC) 1999. in china.
4.2.1 Regulatry Study
MITI performed a study for selected NPPs, and released a policy on safety regulation
for ageing.
* Plants examined:
Operated for 25 to 26 years.
Operation record shows that the annual occurrence of troubles does not increase
with the operation history.
• Approach to Aging Issues
Focused on major components and structures, and evaluated:
* Possibility of occurrence and progress of ageing effects such as fatigue and
corrosion
* Margins sufficient for securing the integrity during the extended operation
* Effectiveness of maintenance activities for periodic inspections
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findings
A further extension of plant operation beyond thirty or forty years is probable.
However, substantiation of the present conclusion requires a more reliable
technical assessment and developments for aging issues.
4.2.2
a.

(K~~

Basic Policy on Safety Regulation for Ageing
Technical Evaluation of Ageing Issues

(i) Continuation of safe operation is possible even for the aged NPPs by keeping the
current maintenance and further enhancing inspection and surveillance.
(2) It is recommended to identify items necessary for enhancing inspection and
surveillance, and to implement such items after certain years of operation.
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b.

Countermeasures for Ageing

(i) Sophistication of annual inspection etc.
For over 30 years-old NPPs, additional items of the legal annual inspection
and the utilities' inspection will be re-evaluated.
It is also recommended to sophisticate the on-going inspection items and
intervals, and to apply these to younger NPPs.
(2) Technical standards of structures
Refinement of the technical standards is necessary for structures taking
account of change in material properties with aging.
The review of the standards, which stipulate methods of inspection,
evaluation methods of inspection results and repair methods, will be
continued.
(3) Maintenance by utilities
It is necessary for utilities to evaluate the integrity of individual reactors and
to implement an appropriate maintenance with a comprehensive and
systematic facility management method through whole life of plant operation,
combining the technical evaluation in PSRs and a study on maintenance
plan.
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(4) Technology development for ageing
It is important to continue technical development further to implement more
reliable management.
The technological development items identified consist of inspection!
monitoring technology, repair/replacement technology and evaluation
technology of aging effects.
It is important for the government, utilities and other related organizations
to promote the technology development further necessitated.
It is important to collect material and operational data from aged NPPs.
4.2.3

Management and Countermeasures for Aging

1. Maintenance
It is necessary to implement an appropriate maintenance with a comprehensive
and systematic facility management method.
2. Technology Development
The technological development items identified consist of technology of inspection!
monitoring, repair/replacement and evaluation of aging effects.

4.2-4

5.

MONITORING METHODS

While monitoring techniques/systems cannot detect reactor internal materials
degradation, they are a useful tool to provide information on internals behavior during
plant operation. The following monitoring techniques are recommended for use during
plant operation:
-

loose parts monitoring;
neutron noise monitoring;
direct vibration monitoring;
on-line primary water chemistry monitoring.
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If the loose parts, neutron noise or vibration monitoring systems indicate that there is a
loose part in the reactor vessel or that the fuel or reactor internals are vibrating, the
information/data should be diagnosed. In the case of a loose part, the size or weight and
the location in the primary coolant system can be determined and a decision as to plant
shut down could be made based on safety and/or economic consideration. In the case of
neutron noise or direct vibration monitoring, if there is an indication that either the fuel
or a component of the reactor internals is vibrating, the information/data should be
diagnosed in accordance with the applicable code, such as the ASME Section on
Operation and Maintenance. Based upon the diagnosis of the information/data from the
vibration monitoring, a decision can be made to shut the plant down or continue
operating until the next outage.
If the on-line chemistry monitoring system detects that the primary coolant is out of
specifctos the source of the ingress of the impurities should be identified and
corrective actions taken to meet the chemical specifications. If halogens are detected out
of specifications, a clean or flushing operation will be required during the next outage.
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6. Periodic Safety Review (PSR)
6.1 Regulatory Policy
6.1.1 Purpose-Multiple:
Investigation of Operational History
Reflection of Operational Experiences and an Utilization of New Technical
Knowledge
Evaluation of Maintaining Safety Level in the light of New Regulatory Guides
and Technical Standards
6.1.2
-

-

History & Schedule:
MITI notified LWR utilities in 1992 to conduct PSRs and to report its results to
MITI.
In 1994 MITI started an activity of evaluating PSRs performed by the utilities.
-Utilities' PSR reports are to be reviewed for four to five NPPs annually, and
individual NPPs will be reviewed at ten year intervals.
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6.1.3

MTI's Evaluation of PSR Reports:

Viewpoint 1:
Comprehensive evaluation of operational experience:
* Frameworks/mechanisms to maintain/enhance plant safety and reliability
* Improvements in all operation-related areas
Viewpoint 2:
Reflection of the latest technical expertise:
feedback of newest safety-related information and technological development
Viewpoint 1 Comprehensive evaluation of operational experience
ZI~zzII~8 areas are reviewed:
(1) Operation history and records
Average capacity factors of individual plants:
Annual occurrence rates of unplanned outage at individual plants:
(2) Operation management
Study and feedback of domestic as well as foreign experiences on a timely basis
where appropriate.
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(3) Maintenance management
In addition to the legal annual inspections, self-imposed safety inspections by
utilities have been steadily implemented on a periodic basis.
(4) Reactor fuel management
Limiting conditions of operation have been properly set, and these conditions
have been strictly obeyed.
Improvements have been steadily implemented where appropriate.
(5) Radiation exposure control
Various means for reducing radiation exposure to plant workers have been
elaborated and are in place, for example,
* radiation shielding
* automation and remote control etc.
• pH control of coolant system (PWR)
* reduction of metallic impurities (BWR)
These have contributed much to the reduction of radiation exposure during the
annual inspection works.
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(6) Radioactive waste management
Various efforts have been undertaken appropriately to reduce release of gaseous
and liquid radioactive wastes and to minimize an amount of solid radioactive
wastes.
(7) On-site emergency response plan
On-site
emergency
response
plans,
emergency
organizations,
equipment-established and in place.
On-site emergency training-regularly implemented and improved where
appropriate.
(8) Feedback of incidents
Capabilities for collecting, analyzing and evaluating information, assessing its
applicability and realizing properly to the subject plant have been provided.
Lessons learned have been continually fed back to facility and operational
management.
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Viewpoint 2 : Reflection of the latest technical expertise:
from 3 aspects. -Reviewed

(1) Feedback of information obtained from safety research
Examples :
precise understanding of accident. phenomena, proper application etc.
Information from fuel failure behaviors
Information from LOCA-related tests etc.
(2) Feedback of field experience
Lesson learned from domestic and foreign incidents have been fed back to
enhancement of plant safety on a timely basis where appropriate.
Examples :
*Lessons from the TMI accident: improvement of man-machine interface
capabilities in control rooms, instrumentation, radiation monitoring system etc.
(3) Feedback of technological development
Improvements and Standardization Program led by the utilities and endorsed by
the government:
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Results have been steadily fed back to modifications and improvements to the
existing facilities, fuels design etc.
developments on radioactive waste treatment, radiation control,
and reliability improvement in such areas as fuel design and plant parameter
monitoring system have been steadily reflected.

-Technological

2J
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6.2 Example of PSR evaluation (Japan)
The ageing phenomenon was extracted paying attention to the function of the
structure in a reactor internals, and the operation experience was based on it and
evaluated. Moreover, the example of evaluation that also includes the influence of
an earthquake further is indicated to be the evaluation result of the phenomenon
by ageing, and the PSR evaluation outline in Japan is introduced.
6.2.1 Item required for functional achievement.
Followings required function of the reactor internals are considered to select the
ageing phenomenon for Periodic Safety Review of Japanese PWR plant over 25
years commercial operation.
o Support and positioning of a reactor core, i e., a fuel assembly.
o Positioning and guidance of a control rod cluster, and protection from cross
flow.
o Flow passage formation of primary coolant, and proper distribution of inlet
core flow distribution.
o Passage formation of the instrumentation in a internals, support, and
protection from cross flow.
o Neutron cover to a nuclear reactor container.
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6.2.2 Extraction of ageing phenomenon to be consider of PSR
(1)
-

-

The ageing phenomenon assumed was extracted about the parts shown in Fig.
6.2.2-1. The following item was consideration in extraction.
An item required to attain the functional required of the internals.
The structure of each part article, material, operating conditions (water
chemistry, pressure, temperature, etc.)
Operation Experience
a. A fatigue crack of a reactor core support structure.
of material is accumulated by the cyclic stress by temperature
fluctuation of the primary coolant generated at the time of starting and a
stop of a plant.
-Fatigue

b. A high cycle fatigue crack of the internals.
-Fatigue of material is accumulated by the cyclic stress by fluid vibration.

c. Wear of a control rod cluster guide tube at guide plate.
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-Usually, by the flow of the primary coolant at the time of operation, a
control rod carries out flow vibration within a control rod cluster guide
tube, and wear arises between a control rod and a control rod cluster
guide tube at guide plate.
d. Wear of the thimble tube for the instrumentation column.
- The reduced thickness of the thimble tube for the instrumentation by
Wear due to flow vibration with the system is accepted.
e. IASCC of a baffle-forma bolt.
- There is a trouble experience and the IASCC possibility of the stainless
steel of high stress in a high irradiation domain can be considered.
f. The stainless steel currently used for the reactor internals of neutron
embrittlement core barrel of reactor internals has the possibility of a
toughness reduce by neutron irradiation
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(2)
-

-

-

It was udged that the following phenomena were not significant agein'o
the measure against many years past although it is the ageing assumed.
A significant ageing tendency is not accepted from the operation experience
by present. What it is hard to consider that a tendency continues to change
clearly.
The easy prediction of the signs of the ageing by everyday check etc. can be
carried out. Moreover, restoring easily is possible.
What can be easily referred to as satisfactory in engineering by comparison
with operating condition or material-testing data etc.
a. Thermal embrittlement of the stainless steel for a internals.
-About the stainless steel currently used for the structure in a PWR
internals, the examination result that there is no change of the
significant material characteristic by heat prescription has been
obtained.
b. Stress corrosion cracking of a support pin and a bending pin.
-Although stress corrosion cracking is accepted about the support pin and
bending pin of the parrot flannel X-750, material change to improvement
heat treatment material and design change in stress reduction structure
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are already carried out for stress-corrosion-cracking susceptibility
reduction. In addition, soundness is checked also for subsequent check.
c. Stress corrosion cracking of the stainless steel of the reactor internals.
A possibility that will have managed the water quality of the primary
coolant of a PWR plant to 5 or less ppb of oxygen concentration, and the
stress corrosion cracking of stainless steel will occur is very low, and is
not a significant phenomenon on the measure against high many years
past.
d. Irradiation swelling of reactor core baffle.
-An irradiation swelling ring may produce reactor core baffle currently
used in the high irradiation domain. However, it is thought that the
amount of irradiation swelling in PWR is very small, and it does not
result in functional loss of the reactor core domain formation structure of
reactor core baffle.
e. Irradiation creep for core barrel
-Welding part the reactor core used under high irradiation environment - irradiation creep may arise for that load control type stress which comes
out. It is as minute as about

29

N/n

to plant operation.
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~:ilroblem

does not become

f. Wear of the instrumentation guide thimble tube.
-Wear produces the thimble tube for the instrumentation column between
the instrumentation guide tubes. Moreover, thickness of the thimble tube
for the instrumentation column. The thickness of instrumentation guide
sliding part in a internals is as thick as about 40 times, and generous
enough.
g. Holdown spring stress relaxation
-Stress relief of a control ring. Since the stainless steel (ASME SA182
Gr.F6b) currently used for the control ring is the material that cannot
produce stress relief easily, it is not a significant phenomenon on the
measure against high many years past.
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Fig.6.2.2-1

Location of ageing effect evaluation
for reactor internals
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6.2.3 Evaluation of ageing phenomenon
(1)
Fatigue damage on a reactor core support structure.
a. Analysis evaluation.
- The objective part of fatigue evaluation is shown in Fig. 6.2.3-1.
Comparison of the number of times for transients occurrence form start to
last-of 1994 fiscal year is shown in Table 6.2.3-1 to each evaluation part, and
the number of times presumption value of transients after an operation start
60 year was performed.
Consequently, a fatigue damage coefficient is one or less. A possibility that a
fatigue crack will occur from the above thing is small.
Present condition preservation check. About the fatigue crack of a reactor
core support structure, the structure in an upper internals and the structure
in a lower internals are taken out periodically, visual inspection by the
underwater TV camera is carried out about the range which can be checked,
respectively, and it is checking that there is no significant defect.
Comprehensive evaluation. Judging from a soundness evaluation result, it is
thought that a possibility that a fatigue crack of a reactor core support
structure will continue to occur is small. As correspondence to a raise in
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many years past, fatigue evaluation will carry out periodically evaluation
based on the number of times of real transient from now on in order to be
dependent on the number of times of real transient.
a. Heat prescription of the structure stainless steel in a furnace. About the
stainless steel currently used for the structure in a PWR internals. The
examination result that there is no change of the significant material
characteristic by heat prescription has been obtained.
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Upper Core Support Plte

Lower weld of core barrel

Fig.6.2.3-1 Location of fatigue evaluation
for core support structures
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Table 6.2.3-1(1/2) Fatigue evaluation of core support structure
Comparison number of transient(measured/design)
condition
Measured number of transient

'Transient

1994 end
Heat up
Cool down
Unit Loading
Unloading

Step Load Increase90%-

~)

100%

Large Step Decrease from 100%
Stedy State Fluctuation
Refueling
0% --- 15% Load Increase
15% --- 0O%Loar Decrease
Loop Out of service
) Shutdown
11) Startup
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Assumed 60years

Design number
______

condition

Table6.2.3-1(2/2)
transient

MauenmbrDesign
1994 end

Assumed 60years

number
_____

Loss of load
Black out
Partial Loss of flow
100%--Ractor T'rip
) case A
fl) Case B
III) Case c
01

61 Inadvertent RCS Depressurerization
-~Control

Rod Drop

Inadvertent Safety Injection Actuation
Inadvertent Startup of an Inactive Loop
Turbine Roll Test
Primary side Leak test

______
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Table 6.2.3-2

The fatigue crack evaluation result of a reactor core support structure
Tirednes
accumlationTiredness
Tiredess
acumultionaccumulation
coeficiet (oe orless
coefficient (one or less
prisbevle
permissible value)

Lower core support plate
Upper core support column

Smaller
Than

Upper core support plate

1.0

Core barrel Lower Weld
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(2) A high cycle fatigue crack of the internals
-The high cycle fatigue crack by fluid vibration of the structure in a furnace was
evaluated for the part that receives cross flow of primary cooling water.
The vibration measurement data in a system hot functional test of a first stage
type 2 loop plant. The vibration measurement data of a scale model examination
were used. The change value of the stress generated to each part is small.
In the scale model test, strain of a reactor core internals, a control rod cluster
guide tube, an upper reactor core support column, and bending money is
measured. Although the maximum fluctuation stress is generated with bending
money these results as shown in Fig. 6.2.3-2.
It is aboul,
and a possibility that a high cycle fatigue crack of the
structure in a furnace will occur compared with fatigue limit( in the highest use
temperature of 343 degrees C of SUS304 is 84 N/mmn2) of the material shown in
Fig. 6.2.3-3 since it is small enough is small.
- A present scheduled inspection.
About the high cycle fatigue crack of the structure in a furnace, the structure in an
up furnace and the structure in a lower internals are taken out periodically, visual
inspection by the underwater TV camera is carried out about the range which can
be checked, respectively, and it is checking that there is no significant defect.
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Comprehensive evaluation. Judging from a soundness evaluation result, it is
thought that a possibility that a high cycle fatigue crack of the structure in a
furnace will occur is small. It is judged that there is especially nothing that should
be regarded from the viewpoint of the correspondence to a raise in many years
past to a high cycle fatigue crack of the internals.
-
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ROCuideTube stress range
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Core Barrel

Fig.6.2.3-2 Location of Hi-cycle fatigue evaluation
due to fluid vibration for reactor internals
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Peak Stress Range ,,:below 94N/mm2

~ ~~~~

* -.

~

~

~

~

~

~

~

~

~ ~ ~

.

1

(3) ASCC of stainless steel
Three factors of material, stress, and environment can be considered as a
generating factor of IASCC of stainless steel.
The high portion of stress may be actualized as stress corrosion cracking, if
operation time passes and the amount of irradiation is accumulated by use
material.
evaluation.
Moreover, it is shown that the constant load ScC test result in the primary
PWRi system water chemistry environment using irradiation stainless steel
has so short that stress is high the time to crack generating. It is considered
to be a baffle former bolt to require cautions most to a possibility of
generating of stress corrosion cracking that neutron irradiation will
influence.
inspection.
It evaluated based on the low distortion speed tension test result in the
primary PWR system water quality environment using irradiation stainless
steel, and the result of electric power common research.
In the case of 325 degrees C, SCC susceptibility has occurred to the stainless
steel which received the neutron irradiation more than
-Soundness

-Scheduled
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a
nlcm2[E>0.1MeV] order.
Moreover, the amount threshold of neutron irradiation of the SCC
susceptibility generating is falling, so that temperature becomes high.

(3)

Wear of the ICIS thimble tube
a. Explanation of a phenomenon.
The thimble tube for the instrumentation in a furnace vibrates by the flow of
primary coolant around this, and the contact over the long period of time
with the passage of a fuel bundle lower nozzle or the structure in a lower
internals of reduced thickness by wear of the thimble tube for the
instrumentation column is the cause.
This phenomenon has the example generated in the past also in the
domestic plant. According to the check result, wear is produced in the
discontinuous part. (Fig. 6.2.3-4)
b. Analysis evaluation
thickness of the thimble tube for the instrumentation is checking

-Reduced
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-In

originating in the fluid vibration by the surrounding axial style etc. by the
mock-up test by the real scale.
order to check the integrity of thimble tube for the instrumentation
column which reduced thickness. Reduced thickness form in the system is
imitated, the Pressure destruction test by the external pressure is performed,
and it is asking for marginal thickness.

6.2 -20

Movable Detector
Fuel
~ Assembly
~
~

~

~

~

~

~

~

hibl

Bottom Nozzleeadictd(

xtial Flow
Lower Core Support.
ear ditected
Lower Support

Column
Tie plate

~~~~~~~Leackage
..

-

~BMI

Reactor Vessel
Seal table

Thimble Tube

Fig6.2.3-4

ICIS thimble tube wear evaluation
6.2-2 1

Thimble Tube

6.3 Seismic Safety Evaluation considering Ageing effect

-&

About the structure in a representation internals selected by 6.2 clauses, the ageing
phenomenon that should be taken into consideration on seismic safety evaluation
was arranged in consideration of the measure against preservation to the ageing
examined by "technical evaluation" as follows.
- The thing in which a phenomenon does not occur now and future does not have the
possibility of generating, either, and a very small thing. (x marked in a table)
- What the phenomenon having occurred or happening over the future now cannot
deny. (0 marked in a table)
In addition, it considered as the outside for seismic safety evaluation about the
ageing classified into (x marked in a table), and the reason was indicated all over
Table 6.3-1.
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(1) Extraction of the ageing phenomenon for seismic PSR evaluation

About the ageing phenomenon arranged by the 6.3rd clause (1), when these
phenomena actualized, it examined below whether influence is significant" or slight
or disregard" could be carried out on the vibration response characteristic of
representation internals, or structure and intensity.
The ageing phenomenon table that should be taken into consideration on seismic
safety evaluation is shown in Table 6.3-1.
a. The phenomenon to be considered
The ageing phenomenon which having generated now or happening over the future
as a result of arranging based on the examination which should be taken into
cosderation s as follows.
- Fatigue cracks
(upper reactor core support board etc.).
ASCC (reactor core right [that ] Baffle-former bolt, etc.)
- Irradiation embrittlement (core barrel)
- Wear (control rod cluster guide tube.)
- Wear (thimble tube for the instrumentation).
These ageing could not be said to be able to carry out "slight or disregard" of the
influence on the vibration response was evaluated. ( 0 marked in Table 6.3-1)
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The ageing phenomenon list which should be taken into consideration on seismic Oof
safety evaluation of the core internals
components

Ageing phenomenon

Representation
apparatus
Core internals

Upper core support plate

Fatigue cracking

X

Upper core support column

High cycle fatigue

Core barrel

IASCC

X

Core barrel

Enbrittlement

0

RCC rod guide tube

Wear

0

RCC rod guide tube

High cycle fatigue
IASCC

0

Thimble tube for ICIS

Wear

0

Flexure

High cycle fatigue

Thermal shild

IASCC

Baffle

-

former

O:this mark evaluated
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(2) Seismic safety evaluations to a fatigue crack (upper reactor core support plate etc.).
It asked for the generating stress in case of an earthquake (earthquake power is S2 ), and
seismic safety evaluation considered and estimated the fatigue evaluation result in
"technical evaluation."
A result is as being shown in Table 6.3-2
,the sum total of the tiredness accumulation coefficient in case of operation and an
earthquake is usually one or less, and a fatigue crack of an up reactor core support board
etc. is satisfactory on seismic safety evaluation.
Table 6.3 -2
fatigue analysis
Fatigue Limit
location

Seismic stress
2

(N/mm

)

*(allowable

(N/mm2 )

~~~~Steady

___________

Upper
core
support plate
Support column
Lower support
plate
Core barrel

state

Earthquake

total

_

84
Ls
sal84
small0

salsalTa
84

low er w eld
*Fatigue

UF
value 1.0)

_

_

_

_

_

_

_

for which it asked by the design tiredness diagram (exception figure 2nd) of a notification METI
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_

_

_

_

__

_

_

_

_

No. 501 is temperature-rectified.

_

(2) ASCC
Damage in the severest baffle former bolt on seismic safety evaluation of stainless steel
estimated by assuming stress-corrosion-cracking generating evaluation.
The damage pattern of a baffle former bolt assumed damage in the baffle former bolts
baffle former bolt of all the 2 or 3rd step positions from under being shown in Fig. 6.3-4 in
consideaino h
aag
xml
na
vrseas plant, and assumed S2 earthquake
force.
Evaluation applied regulation of the permission stress (bolt etc.) of the reactor core
support structure of JEAG 4601-1987, and the structure in a core support structure
A result is as being shown in Table 6.3-3, and the IASCC of stainless steel is satisfactory
on seisi safety evaluation, without the generating stress of the baffle former bolt at the
time of an earthquake exceeding permission stress.
Table 6.3-3
Evaluation result of stainless steel IASCC
Seismic stress
Allowable stress*
2
(N/mm )
(N/mm2 )
405
*:The

value calculated from the METI notification No. 501 attached tables 9 and 10.

6.3- 5

Former
~ (~~-

Baffle

~---Baffle Former

Evaluati

~
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Fig.6.3- 1 IASCC evaluation baffle former bolts
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(3) Neutorn embrittlement
It assumed that a significant defect existed in the core barrel welding part the
toughness fall of the material by the formation of neutron embrittlement is assumed to
be, and seismic safety evaluation estimated the existence of progress of the crack at the
time of the occurrence of S2 earthquake.
In the assumption defect, based on JEAC 4206-199 1, 1/4 of board thickness and length
assumed the surface defect of being 1.5 times many as board thickne ss for the depth in
the direction of a circumference. (Fig. 6.3-2) Since the stress expansion coefficient of an
in the result, this is less than maximum
assumption defect became
othdetructive toughness value of the neutron
minimum value (KIC)
~
irradiation material checked in the PLEX project and unstable destruction is not
produced, the formation of neutron embrittlement of stainless steel is satisfactory on
seismic safety evaluation.
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Fig.6.3-2

Neutorn embrittlement evaluation forecore barrel
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(4) Mechanical wear for RCC guide tube
The result that the life to the ligament 100% wear (Fig. 6.3-4) considered that a possibility
that a control rod cluster guide tube guide plate wear will affect the guidance function of a
control rod comes out is satisfactory for the time being is obtained.
Hdere, ligament 100% wear was assumed to the gide plate by way of precaution, and
insertion time analysis in case of S2 earthquake was performed.
The result is less than the regulation value as shown in Table 6.3-4, and control rod cluster
gide tube guide plate wear is satisfactory on seismic safety evaluation.
~1Table
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The evaluation result of control rod cluster guide tube middle-sized board wear
RCC drop time
During S 2

RCC drop time During S 2
with

Aloaeti*
Aloaeti*

RCC and guide tube wear

1.8s
*FSAR
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I

4~~~~~~~~~~~~~~~~~L

(5) Mechanical wear for ICIS thimble tube
The wear situation is checked by ECT inspection by the frequency for 1 time six years by
the thimble tube wear present condition for the instrumentation in a furnace, and
preservation. swear
of thickness
wear position change of the thimble tube for the intuetto
na furnace
--

-'

t carries out It exchanges with by wear thickness~ii

LiI~wear

equivalent to a replacement standard was assumed into the portion (Fig. 5.3-4)
that is not guided, and the generating stress in case of an earthquake (earthquake power is
S2 earthquake power) was computed and evaluated. A result is as being shown in Table
5.3-4, and the thimble tube wear for the instrumentation in a furnace is satisfactory on
seismic safe evaluation, without the generating stress of the thimble tube tube for the
instrumentation in a furnace in case of an earthquake exceeding permission stress.
Fig.6.3-4

The evaluation result of the thimble tube wear for the instrumentation in afur-nace
Seismic stress
(Nmm2')

Allowable*
(N/mm2 )
418

*The

notification attached table 2nd of No. 501, value calculated from 10.

6.3- 11

Thimble Tubfe

BMIl
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Fig. 6.3 -4

Wear evaluation point of ICIS thimble tube
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7.

Inspection

7.1 Objective of Inspection
RVI cmponents are inspected in accordance wth Section XI of the ASMVE Code) or
according to corresponding national standards as applied in other countries, such as ICTA
3204 in. Germany or the respective Rlussian standards. While monitoring is not a
Yreq~irement in all countries, most if not all plants utilize monitoring techniques,
Non-destructive examination is required by the regulatory agencies and code mnd
stanardsof each of the Member States. The objective of the visual examination is to
discover relevant conditions including distortion, cracking, loose or missing parts, wear'
or/and corrosion. Underwater TV is a reliable examination tool coupled with
photographic capabilities, enlargement, immediate printouts, and a permanent record.
Further enhancemnent is9 available with an underwater. conveyance system.
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Supplemented ultrasonic examini-ation is uiseful for the evaluation of components such as
gide tube support pins and baffle/former assembly bot whr
eeto
fidctos1
an essential part of reactor internals ageing managmet.Ultrasonic examinationl
techniques such as the cylindrically guidedc wave echiniqu-e can be used to detect flaws in
bolts and threaded rods using transducers which emit ultrasonic sound waves that travel
through solids and liquids at different velocities. Ultrasonic examination of reactor
Internal components can be an accurate and reliable technique for detecting flaws n
reactor, nternal components. Ultrasonic examination can be utilized to measure stress
relaxation in reactor internals bolting. Ultrasonic examination techniques mus be
customized for specific reactor internals components geometrical configuration, e. the
presence of locking devices to the fastener heads, and/or accessibility restrictions.
If aniy defect or degradation mechanism is observed by inspection or monitoring, it shiould
be assessed according to applicable national codes and standards. These are discussed in
Section 6.2 below.
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Fig.7. 1 - 1 Key elements of PWR R VI ageing management programme utilizing the' systematic ageing
managementprocess.
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7.2 Inspection tool
(1) In 1991 a leakage of primary coolant through a reactor vessel penetration was
detected during the start-up of a Foreign Pressurized Water Reactor (PWR). After
this leakage experience, the methods of inspection have been examined, and sensors
and inspection devices have been improved. As for the 23 PWRs in Japan, inspections
were carried out on 17 PWRs and the integrity of their penetrations was verified. The
other 6 did not require inspection because they have been operated for just a few
years.
However, a long term prevention program and countermeasures are required,
because stress corrosion cracking (S CC) is thought to be the cause of the leakage and
SCC is closely related to operating temperatures, operation time, materials etc. In
some Japanese PWRs, the reactor vessel head and control rod drive mechanisms
(CRDMs) have been replaced with new ones of an improved design.
(2) Development of Inspection Technologies
After the leakage event occurred in France, the action taken to solve head
penetration problems shown in Table7.2-1 were investigated as countermeasures
for similar type PWR plants in Japan. These included the development of a device for
inspecting welds, penetration inspection as a preventive action,' investigation of the
cause of the penetration cracking, design improvements of the penetrations, and
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improvements in the manufacturing and construction methods in addition, the action
of replacing the reactor vessel head has been taken for some plants.
Fig. 7.2 - 1 shows a CRDM for full length control rods which is one of the penetrations
of the reactor vessel head and the in-core instrumentation penetration of the reactor
bottom.
Fig.7.2-2 shows the inspection device for the reactor vessel head penetrations. The
radiation dose is high because the inner surface of the reactor vessel is in contact
with the primary coolant. It is difficult for personnel to enter underneath the head for
inspection, so a device which manipulates the sensor under the head has been
adopted.
The probe for inspecting penetrations is required to have a high accuracy enabling it
to detect small cracks, and Table7.2-2 summarizes the characteristics of various
types of probes. The development of suitable probe shapes and detection methods was
required.
(3) Inspection of Reactor Internals
Table7.2 -3 summarizes the inspection items for the reactor internals, the inspection
methods and their objective. The following items in the reactor are inspected:
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OThere

has been experience the baffle former bolts failures which are highly exposed
to radiation. The inspection device shown in Fig.7.2-3 was developed and whether it
is applied or not in are inspection, depends on how long the plant has been in
operation.
~DThere has been experience of failure to guide tube support pins as shown in Fig.7.24.
They are inspected as a preventive maintenance action.
There has been experience of thimble tube wear due to flow induced vibration, and
thimble remotely inspected as shown in Fig 7.2 -5, and replaced in case of deep wear.
OThe wear of a of control rod clusters due to flow induced vibration is considered as an
aging phenomena. The control rod clusters are systematically inspected monitoring
characteristics wear of the progress. If the wear is large, the replacement of the
cluster is considered.
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Table7.2- 1 Actions taken to solve Head Penetration Problems
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__ _

_ _ _ _ _ _ _ __

1992

1991

BUGEY-3

__

_

_

__

_

_

_

_

_

_

_

_

1993

_

_

_

_

_

_

_

1994

_

_

_

_

_

_

_
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_

1995

1996

Y

1. INSPECTIONS1SRON
2ND ROU

2. R &D FOR ROOT

~D

TEST:

___MATERIAL

CAUSE

:STRESS ANALYSIS AND MOCK UP TEST
ALLOY 690
FRBS

3. IMPROVEMENT
OF MATERIALS

METAL

=

ALLOY 690 F0i. WELD
METAL:
SHOT:PEENING

ATOMTIC J-ELDING

I£

4. IMPROVEMENT
U~i FOR J-WELD

MANUFACTURING
M ETH O D S

: ~INTEGRATED 1],ORGED HEAD
_

_

_

_

_

_

_

_

_

_
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_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

Table7.2-2

NDE
Method

ECT

Qualification Results for Flaw Detection

Probe type
-

Bore probe without
sleeve

-

Bore probe for air
vent

-

Annulus probe

-

Part-length CRDM
probe

Sensor type

Minimum flaw size of
detectable

Pancake coil

0.5 mm deep
> 1mm long
0.1 mm wide

3.0 mm deep
-

sleeve

coil

probe
withCross
Bore

15 mm long
0.1 mm wide
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Table 7.2-3
Parts

1. Baffle former
bolts

2.

Support Pins of
RCCA Guide
Tube

Methods

U

UT

Methods and Objectives of Inspection
Items of Inspection

Objectives and Actions

Failure or not due to highly
exposed to radiation

To detect the failure before the bolt
is broken.
If the bolt is failed, it will be
replaced.

Failure or not due to

SCC

To detect the failure before brake.
If the support pin is failed, it will be
rep~laced1.
To evaluate the trend of the wear

3.

Thimble Tubes
of Neutron
Detector Prove

ECT

Wear depth due to flow induced
vibration
v

de 1 )th.
If the wear depth is exceed the
allowable limit, the thimble tube
will be replaced.
To evaluate the trend of the wear

4.

RCCAs

ECT
(Sri'Gg)

Wear depth due to flow induced
vbratio

7 -9

dep)th.
If the wear depth is exceed the
allowable liit,
the RCCA will be
replaced.
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