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NPP LIFE MANAGEMENT in HUNGARY
by
Ferenc Gillemot
Atomic Energy Research Institute, Budapest

1.

Introduction.

When NPP Paks was built (during the end of the 70-s) -like everywhere- the basic idea in
Hungary was to build a power plant, which is able to be operated safely for 30 years.
Although no life management plan wasnot elaborated during the construction period, the
investors, the Hungarian electricity board and the co-operating research institutes took many
steps forming the basis of the Life Management of NPP Paks.
After the start-up of the 4th Unit of the plant, the research organisations in Hungary started
to concentrate their resources on increasing the level of safety and on dealing with the
problems of life extension [1-4].
2. Present developments and actions
The present developments in the field of Life Management and Safety can be divided into
four groups:
•

Governmental actions

•

Regulatory actions

•

Utility actions

•

R&D

2. 1. Governmental actions
•

New law on peaceful use of nuclear energy was accepted by the parliament (it
requires to present a new periodic safety report for every nuclear units in each 10
years period of operation. On evaluation of these reports the authority can extend
the operational licenses for the next 10 years period)

•

The Nuclear Regulatory Body and the National Committee of Atomic Energy had
been reorganised
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2.2. Nuclear Regulatory Committee actions
•

New national Code of Safety had been issued (it based on the ASME and on the
present issue of the Russian Code PNAE. Finnish experience is widely used during
elaborating of it.)

•

The first periodic safety reports were evaluated and the licences of the Paks unit 1
and 2 were issued for the next 10 years

•

The Regulatory Committee initiated and sponsoring the elaboration of a serie of
studies and guides on ageing evaluation and management.

2.3. Utility actions.
NPP Paks elaborated and presented the first periodic safety reports to the authority
•

Life management program was started

•

Several safety enhance actions started (Fire insulation's of cables, updating the
computer systems, inserting safety valves for automatic protection against cold
over-pressurising etc.)

•

Enhanced condensers were built into secondary circuits to increase the efficiency

•

Revision of the operation instructions according to the enhanced safety
requirements of the new national Code

•

Enhancements ofthelSI equipment's

•

Surveillance program extensions

•

Built up a new training centre

2.4 Research actions
•

study of thermal ageing of 15H2MFA steel and of the cladding properties

•

development of the PTS methodology

•

participation in the IAEA co-ordinated research programmes on use of Master
curve

•

study of the properties of the welding of WWER-440 reactors

•

Round-Robin on the use of the new IAEA PTS guide

•

elaboration of FM method for crack arrest measurement on small size specimens

•

elaboration of national database on RPV materials and management of the IAEA
RPV database

The short description of some utility and research actions are given below.

National report of Hungary 1997
TCM IAEA IWG LMNPP

-6-

3. Overview of PTS methodology used at NPP Paks
The PTS assessment includes several separated actions as shown in FIG. 1.
System analysis

Material properties

RPV geometry

PTS selection

ISI results

Surveillance results
One dimensional determinsitic
analysis.

Hypotethical defect selection

End
Stage

3D finite element analysis
Sf>1.0

End

a<0.75w

End

Stage II

Crack arrest calculation

Stage I

Probabilistic approach
p<5*10"6year

Stage IV

End

FIG. 1. The flowchart of the PTS assessment in the frame of the AGNES project.
These actions were performed by different groups of engineers and scientists, and were
co-ordinated by the manager of the AGNES project. The main actions are further discussed
below:
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3.1. Transients selection
The selection of the transients to be analysed is the most difficult part of the analysis.
The selection needs good knowledge of the reactor system, and analysis of the plant specific
behaviour upon in view of the transients. Many transients are plant specific, that is they can
occur at one plant, but are not typical for another similar plant operated in a different way, or
located at another site, where the weather conditions are different. Generally the so called
similar plants only mean plant specific equipment, and during operation the operational mode
and maintenance history are very often different even in case of the units of the same plant. In
the frame of the AGNES project the PTS transient pressure, temperature data are always
based on thermohydraulic transient simulation, which incorporates the unit specific
characteristics. The calculations not only contain the effect of the overcoolingdepressurization event, but repressurisation-reheating situations are also considered.
Altogether 7 transients with 18 cases were analysed. Case means here different operator
actions after the same transient event started or variations of the transient according to
random behaviour of the damaged equipment. (E.g. after the inadvertent opening of the safety
valve it automatically closes again after a certain time.) The selected transients are given in
table 1.
TABLE 1. The tested transients.
Transient name

Cases

Inadvertent Opening of the Pressuriser Safety Valve
Opening of Steam Generator Cover.

4
3

Line break 0 233

1

Line break 0 73
Cold leg large break LOCA

3
3

Inadvertent Operation of the Emergency Core Cooling System

2

Steam line break

2
Total: 7 transients

18

3.2 RPV geometry
Paks units 1-4 are WWER-440 V-213 pressure vessels. The main characteristics of the
V-213 vessels are:
• the vessel is welded from forged rings, it has an inside cladding made by
submerged arc strip welding. Inner diameter: 3542 mm.
• the base material is 140 mm thick against the core zone, and 190 mm at the nozzle
zone. The material is 15H2MFA. The cladding is 9 mm thick welded 18/8 type
stainless steel.: 08H18N12B.
• The most critical parts of the pressure vessels (because of the highest neutron flux)
are the welds 5/6, 3/5 and the forged ring against the core. Optionally the nozzle
zone may be considered for analysis.
3.3 Thermohydraulic calculations
Most of the thermohydraulic analyses were performed by RELAP 5 code. The code had
been modified to model the 6 loop WWER-440 design. The water mixing in the downcommer
had also been considered in several cases using REMIX code.
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3.4 Material database
All four units of NPP Paks have complete manufacturer documentation including
material properties, production technology and quality assurance. These data were validated
by the NPP owner during installation. Surveillance testing of the vessel material including
surveillance of radiation embrittlement and thermal ageing were performed parallel with I SI
testing. The operational parameters has been also monitored. These databases and the
knowledge of 15H2MFA steel properties gained from international co-operation and from the
research performed in Hungary make a reliable integrity assessment during any possible PTS.
During the different stages of the fracture mechanical integrity analysis of the RPV
different material characteristics are used. For the analysis of crack stability (no initiation) the
K lc reference curve is used, for calculation of arrest of a propagating crack the crack arrest
reference (K la or K^) curve is needed.
Klc reference curve
In case of the Paks units both the forged material and the welding satisfies the updated
requirements of 15H2MFA steel, and this verifies the use of the new reference curves for PTS
events given in the Russian Normative Documents [8]:
Klc= 35+ 45*exp(.02*(T-TK) [Mpam05] 15H2MFA forging
and
Klc= 35+ 53*exp(.0217*(T-TK) [MPam05] 15H2MFA weld.
where TK is the transition temperature measured by Charpy impact testing belonging to
unirradiated (Tk0) or irradiated (T^) values. The TK0 values are given by the producer, and the
Tjy values are calculated from the unit surveillance results. The reference curves were
compared with the results obtained on Charpy size TBP specimens of the surveillance
program as it shown on FIG.2.

FIG. 2. Comparison of the
K1c reference curves and
surveillance results
obtained on weldment
samples.
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Crack arrest (KQ reference curve
For the 15H2MFA steel and weldment no Ku reference curves are available in the Rules
or in the Russian Normative Documents. Instead of it the ASME KIR (Reference Fracture
Toughness) curve was used . The KIR curve represents the lower bound critical stress intensity
factors determined from static, dynamic and crack arrest curves. According to the ASME
Code the KIR is a function of temperature and RTNDT (Nil-ductility temperature obtained by
drop-weight test). The RTNDT values can also be calculated from the surveillance impact
testing results. The RTNDTO value (belonging to as received material) is TKO-33 °C where TKo
is determined using 68 J criteria. The RTNDTJ (belonging to irradiated material) value is
RTNDTO+ ATTKV41, where ATTKV41 is the irradiation caused temperature shift measured with
41J criteria.
KIR=29.4

+ 13.44*exp{0.0261[T-(RTNDTi - 88.89)]} [MPam 05 ]

To verify the use of the ASME KIR curve the instrumented impact diagrams measured
during the surveillance testing of NPP Paks on 15H2MFA steel were analysed and compared
with the results obtained. Ki a values on 15H2MFA forging were measured in the frame of the
OMFB (National Committee on R&D) financed research project "Radiation damage of
15H2MFA steel" (91-97-42-0339).
3.5 Selection of hypotethycal defects
According to the Russian Code which was valid at the beginning of the AGNES project,
and international studies [4,5] the following three models were selected for study.
Model 1.:Axial semielliptical surface crack a/c=2/3, depth is 1/4T = 35 mm. Location: the
forging against the middle of the core.
Model 2.: Underclad axial crack in the ferritic welds, 4 mm deep and 50 mm long
touching the interface of the clad, which is in complete contact with the vessel wall, and
free of defects. Location: weld 5/6; weld 3/5.
Model 3.: Elliptical circumferential surface crack with a depth of 4 mm in the 15H2MFA
weldment, and the clad is postulated broken (i.e. Sdepth=13 mm), a/c=2/3. Location:
weld 5/6; weld 3/5.
3.6 Organisation of the FM (fracture mechanics) analysis
The selected 18 cases multiplied with three crack models result in 54 FM analyses to be
performed. Even if the temperature and stress distribution is common in some cases the
number of the FM analyses is large. To reduce the calculation time a working process has
been elaborated as shown in FIG. 1.
In phase 1 of the calculation a one dimensional fast analytical code was used to evaluate
the effect of the transient on the vessel integrity. If the results had shown that the safety factor
during the transient event can go below 1.1 a more detailed analysis would have followed the
first guess. If it was necessary crack arrest calculation or probabilistic analysis would have
been used in the continuation.
Phase I. is a deterministic analysis evaluation of whether crack initiation can occur or
not during PTS events. The stress and temperature distribution in the function of time is
calculated by a fast analytical code ACIB-RPV (Advanced Calculation of Integrity of the
Beltline of RPV). The K,c value belonging to the time scale and crack tip temperature divided
by the actual K, value gives the safety factor. ( Sf = Klc/K,). The safety criterion is that this
factor must be higher than 1 plus 0.1 as safety margin for the ACIB-RPV program during the
whole transient.
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Phase II. If the calculated value in Phase I. had been less than 1.1 the whole calculation
would have been repeated by a 3 dimensional finite element code. If the resulting safety factor
is higher than 1.0, the assessment is finished, otherwise crack initiation may occur (the
calculation is based on very conservative assumptions, and a calculated safety factor below
1.0 means only a low probability of crack initiation, not a vessel failure) and the calculation is
continued according to Phase III with an analysis based on crack arrest assumption.
Phase III. If a crack is initiated during a PTS it generally runs into a hotter location
where the material toughness is higher and it is arrested. If the crack is arrested before
reaching 70% of the wall thickness the vessel is still considered safe. The calculation method
is the same as in Phase I. but Kla (crack arrest toughness) is used instead of Klc. If the crack is
arrested the evaluation continues according to Phase I, because during the remaining time of
the PTS event crack initiation may occur again. If the crack becomes stable before reaching
70% of the wall thickness the vessel integrity is not affected by the tested PTS case.
Phase IV. The deterministic evaluation is based on very conservative assumptions. If
the results of the assessment in Phase II do not prove the vessel to be safe, probabilistic
analyses can be used. The acceptance criterion for probabilistic calculation is that the overall
probability of through wall crack penetration (not the brittle fracture of the vessel) must be
<5*10"6 event per reactor year (the probabilistic approach is presently not accepted by the
existing codes and rules).
3.7. Summary of the PTS analysis results:
The rather conservative PTS calculations performed in the frame of the AGNES project
have shown that NPP Paks units 1-4 can be safely operated at least until the 24th operational
year, or more.
To evaluate the real lifetime and to run a life management program further study and
research are necessary . Some of them have already been started, some others are still planned.
A short list of the life management actions performed, planned or under consideration at
Paks NPP.
1. Use of low leakage core
2. Extension of the surveillance program
3. Heating up the ECCS water to 50 °C
4. Revising the operational regulations
5. Measuring the real Klc and K,a values of 15H2MFA material and its weldments
6. Study of the thermal ageing effect.
7. Development of the calculation by considering the effects of:
• The material properties distribution in the RPV wall
• Cladding effect
• Low-leakage core
• Use of the extended surveillance results
• Following the operational changes
According to preliminary calculations - after the suggested life management actions are
done- the recalculated lifetime will reach 40-60 years of safety operation life for all NPP Paks
units.
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4. Ageing of the cladding
The cladding of the WWER-440 reactors was produced with strip electrode submerged arc
welding. The cladding is welded in three layers. The first layer is slightly overalloyed to get
austenitic structure after mixing with the base material. The different chemical compositions
of the strip electrodes are given in Table 2. and the standard mechanical properties are given
in Table 3.
Table 2. The chemical composition of the electrodes used for cladding of WWER-440 reactor
vessels.
C
[%}

Si
[%]

Pmax

Smax

Cr

l%]

[%]

[%]

I%]

Ni
[%]

Nb
[%]

[%]

SZv08H19N10G2
B

0.1

1.5

1.0

0.03

0.02

18.0

10.0

0.9

0.05

SZvO8H25N13

0.09

1.5

1.2

0.03

0.02

24.0

13.0

-

0.05

Electrode

Mn

COmax

Table 3. The standard mechanical properties of the welded cladding
Rpo.2

Rm

As

Z

KCU

[MPa]

[MPa]

[%]

[%l

M

SZv08H19N10G2B

343

539

20

30

20

SZvO8H25N13

284

422

18

25

29

Material

Very little information is available on the ageing behaviour of the cladding materials. In
case of thin claddings (2-3 mm) the effect of the properties of the cladding on the structural
integrity assessment may be negligible. In case of thick (9 mm) cladding the cladding
properties must be considered during PTS assessment. If any was crack initiated and started to
propagate through the cladding it must be arrested in the base material. Considering the high
thermal stresses at the transition zone an 9-10 mm deep propagating crack can be dangerous
during a PTS event. In order to obtain better knowledge of the mechanical properties of the
cladding some tests have been performed on original and differently aged clad material.
One set of specimens was thermally aged at 350 C for 2000 hours (this accelerated
laboratory ageing is modelling about 80-100 000 service hours).
To study the effect of radiation embrittlement on the properties of the cladding another set
of specimens has been irradiated in the Budapest Research Reactor with a fluence of 2*1019
n/cm2 E>0.5 MeV.
After an irradiation tensile test on round and notched bars and impact testing was
performed.
Fig.3. summarises the effects of the irradiation and thermal ageing on the tested cladding
material. The transition temperature is practically not changed by irradiation and thermal
ageing, but the Charpy upper shelf energy is seriously reduced by the irradiation. Considering
that the irradiation fluence during this test was only 2*1019 n/cm2 (practically 1/10 of the EOL
fluence of a WWER reactor) it can be supposed that at higher irradiation fluence the transition
temperature will be markedly shifted up.
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Fig. 3. Comparison of the
measured impact energy values
in the function of temperature
a.) as received
b.) after 2000 hours of
thermal ageing at 350
°C.(equal to 80 000
operational hours.)
c.) after 2*10 19 n/cm 2
E>0.5 MeV irradiation
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The tensile results give a
somewhat more optimistic
picture. The specimens show
300
-100
-50
50
100
150
high tensile values, but no
Temperature [°C]
notch effect. This is typical
behaviour of stainless steels,
and proves that the material is tough against crack initiation even in irradiated or thermally
aged condition. Due to the low irradiation fluence further tests are planned to study the EOL
properties of the WWER 440 cladding.
The thermal ageing does not affect the results. The high yield and tensile values of the
cladding show that during normal start and shut down the thermal stresses caused by the
different thermal expansion coefficients the base material yields more easily than the
cladding. Consequently the probability of the appearance of underclad cracks caused by low
cycle fatigue is higher than that of crack initiation in the cladding.
5. Sum of the ageing effects
The transition temperature in the function of the wall thickness of the thermally aged
15H2MFA steel has been summed with the function characterising the radiation
embrittlement. Finally the clad properties have been included into the figure. The result is
shown in Fig.4.
Fig.4. Realistic transition
temperature distribution in
the function of the wall
thickness. This example is
calculated from the data
obtained on
laboratory
aged
15H2MFA
steel
(2000 hours 350 C) and
irradiation data obtained on
NPP
surveillance
specimens (2*1019 n/cm2
E>0,5 MeV).

O
O
O

7

D

on temperature [*C]

ftn

s
'oi
c
ro

1

•

\

1- -20-40-

(
)

\

20

40

60

80

100

120

14 0

Thickness [mm]

National report of Hungary 1997
TCM IAEA IWG LMNPP

-13-

Realistic transition temperature distribution in the function of wall thickness can be
calculated by summing the transition temperature function measured on thermally aged wall
material and the function characterising the irradiation effect in the function of the wall
thickness. Due to the good surface properties of the forging the max. transition temperature of
the material is considerably less than using only one value measured at 1/4 wall thickness.
Application of the realistic embrittlement function increases the lifetime calculated at PTS
assessment.
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Background

Current Issues

O Demand for further enhanced safety

O Quantitative evaluation method of plant aging is
not complete.
O Guideline on maintenance method relying on above
evaluation is not yet available.
i
(Lack of objective (transparent) decision making).

T t
O Increased aged plants

«—» O Accumulation of
operating experiences

1
O Increasing the importance * - O Accumulation of
of adequate operation
technology
management and maintenance

Orientation of Efforts

Expected Achievement
O Establishment of more consistent safety
evaluation methods and systems for aged
plants

Institutional Approach
O Execution of periodical safety review
O Refinement of facility maintenance standard
(1) Enhancement of (periodical) test / inspection system
reflecting aging status
(2) Establishment of safety evaluation method reflecting
aging status
(3) Standardization of maintenance technology

i
O Assuring transparency of judgment and
procedures
related
to
inspection,
maintenance, etc.

i
O Upgrading social trust on aged nuclear
power plants

Technology (Development) Support
O Development / support of new inspection technology
• Detection of aging degradation
• Consistent inspection method (condition monitoring
maintenance, etc.)
O Development / reliability verification of methods for
evaluation of component/system aging degradation and
remaining life
O Development / verification of repair/replacement technology;
• development and automation of repair weld technology

O Establishment of comprehensive facility management method applicable to the whole
plant life

Specific Actions / Executors
O Periodical Safety Review (Electric Utility Companies)
O Facility Maintenance Standards
* Nuclear Power Generation Technical Advisors' Council [Aging Countermeasure Study Group]

(Government)

- Japan Power Engineering and Inspection Corporation: [Nuclear Plant Operation and Maintenance Standards]
(Government)
[Periodical Inspection Enhancement Committee] (Government)
O Development and reliability verification of method to evaluate component/material aging degradation and
remaining life
(Government, Utilities, Manufacturers)
O Development of inspection technology
(Government, Utilities, Manufacturers)
O Maintenance technology development
(Government, Utilities, Manufacturers)
— Classification of development themes
— Clarification of targets and achievements
— Development of consistent maintenance system
O Establishment of comprehensive facility management Strategy for the whole plant life
(Utilities)

Figure :

Measures for the Aged Nuclear Power Plants
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1996

2000

Evaluation of Nuclear Power Plants with Long Operating Period

Basic Concept to Deal with the
Aged Nuclear Power plants

Evaluation of All Components
and Structures in Nuclear
Power Plants

^-^
\

Application to Other
Nuclear Power Plants

Power Company: Study & Analysis
National Government: Review

Evaluation of Major

Adequate Maintenance /

Components and Structures in
[Review in this study]

i

Establishing Long Term

Management of Aged

Maintenance Program

Nuclear Power Plants

Enhanced Periodical Inspection
Structural Standard Dealing with Aging of Plant Component Structure and Strength
Technology Development (Inspection/Diagnosis, Repair/Replacement and Evaluation Technology)

Figure :

Approach and Measures for the aging Nuclear Power Plans

Evaluated Nuclear Power Plants
NPPs with Longer Operational Time in Japan
OTsuruga-1: BWR (JAPCO)
Commissioned on March 1970 (26 years)
OMihama-1: PWR (KEPCO)
Commissioned on Nov. 1970 (25 years)
OFukushima Daiichi-1: BWR (TEPCO)
Commissioned on March 1971 (25 years)

All Structures and Components

Significant Ones

in Safety aspects

Easy Repair and/ or
Replacement

Common Inspection is available regardless to aging.

If necessary, after the Inspection, repair or
replacement can be adopted and therefor the
structures and components is not dominant for getting
foresight of long term operation possibility.

Structures and Components for Evaluation
BWR: 6 Components and 1 Structure
PWR: 8 Components and 1 Structure

Identification of Aging Degradation Phenomena

Development
parts
level
components
structures

into
of
and

1. Aging degradation phenomena in design process.
2. Aging degradation phenomena having been known
recently.
3. Aging
Degradation
phenomena
experienced
domestically and/or overseas in the past.
—

t
At the parts level,
• Structures
• Materials
• Using conditions (water quality, stress,
temperature etc.)

Combination, to be
considered of aging
degradation
phenomena
and
subject position

Evaluation
Long Term Integrity Evaluation
Evaluation of Present Maintenance Program
Identification of Future Technology Development Items

Figure:

The Flow of Technical Evaluation

Table :

Major components and structure for Evaluation
PWR ( 9 CSs)

BWR ( 7 CSs)
•
•
•
•
•
•
•

Reactor Vessel
Reactor Internals
Main Coolant Piping
Primary Loop Recirculation Pump
Primary Containment Vessel
Cable
Concrete Structure

•
•
•
•
•
•
•
•
•

Reactor Vessel
Reactor Internals
Main Coolant Piping
Reactor Coolant Pump
Pressurizer
Steam Generator
Containment Vessel
Cable
Concrete Structure

Table:

Combination of Aging issues and Structure and Components (BWR)

Major Structure and Components
Aging Issues

Fatigue
Irradiation
Embrittlement

Reactor

Reactor

Vessel

Internals

O

O

0

O

o

0

Main
Coolant

Primary Loop

Primary

Recirculation Containment

Piping

Pump

O

o

Cable

Concrete
Structure

Vessel

Stress
Corrosion
Cracking
Thermal Aging

0

Wearing
Corrosion
Degradation of
Insulation
Degradation of
Concrete

0

0

O
O

0

Table:

Combination of Aging Issues and Structure and Components (PWR)

Major Structure and Components
Aging Issues

Fatigue
Irradiation
Embrittlement
Stress Corrosion
Cracking

Reactor

Reactor

Vessel

Internals

O

O

O

O

o

0

Reactor

Coolant

Coolant

Piping

Pump

0

0

Pressurizer

0

Steam

Contain-

Genera-

ment.

tor

Vessel

Cable

Concrete
Structure

0

(N

O

Thermal Aging

0

0

Wearing

0

Corrosion
Degradation

Main

of

0
O

Insulation
Degradation
Concrete

of

0

Table
Structure &
Component
Reactor
Pressure
Vessel

Aging Issues
Fatigue

Neutron
Irradiation
Embrittlement
Corrosion

Reactor
Internals

Stress
Corrosion
Cracking
Fatigue

Neutron
Irradiation
Embrittlement

Stress
Corrosion
Cracking
Reactor
Coolant
Piping

Evaluation of Major Structures and Components (BWR)

Integrity Evaluation
Methods
Fatigue analysis
- cumulative usage factor
(CUF)

Evaluated using the
surveillance data.

The CUF satisfies the
tolerance value.
There is no problem for
integrity despite long-term
operation.
There is no problems in
operation and maintenance.

Evaluated based on the
records

The required wall thickness
is ensured for the evaluation
period.
Studied the influence factor. The occurrence of the SCC
Evaluated the experienced
of austenitic stainless steel
incidents.
is possible.
Fatigue analysis
The CUF satisfies the
tolerance value.
- cumulative usage factor
There is no problem for
(CUF)
integrity despite long-term
operation.
The toughness degradation There is no problems in
is possible in response to a operation and maintenance.
Without significant defect of
60-year operation
the reactor internals, there
equivalent neutron
is no possibility of brittle
irradiation.
fracture due to the
embrittlement of materials.
Studied the influence factor. The occurrence of the SCC
of austenitic stainless steel
Evaluated the experienced
is possible.
incidents.

Fatigue

Fatigue analysis
• cumulative usage factor
(CUF)

Corrosion

Calculated the time to reach
the required wall thickness
from the wall thickness
measurement.
Evaluation of the current
preventive maintenance.

Stress
Corrosion
Cracking

Results

The CUF satisfies the
tolerance value.
There is no problem for
integrity despite long-term
operation.
The required wall thickness
may be reached after an
approximately 50 year
operation.
The integrity has been
confirmed as of today by
inspection.

Maintenance Program
Conduct the regular
evaluation based on the
actual transient number.

Tech. Development Themes
Establishment of the fatigue
evaluation method
considering the LWR
environment

Confirm the embrittlement
degree by taking out
surveillance test pieces in
future.

Continue regular
Inspection and checking.
Conduct the regular
evaluation based on the
actual transient number.

Establishment of the fatigue
evaluation method
considering the LWR
environment

The integrity of the core
shroud was confirmed
through the inspections.
Conduct deliberate
inspection and examination
in the future with regard to
the core shroud and other
components which are
exposed to high levels of
neutron irradiation.

Demonstration of repair and
replacement technology for
reactor internals.
Verification of effectiveness
of surface refining
technology.

Conduct the regular
evaluation based on the
actual transient number.

Establishment of the fatigue
evaluation method
considering the LWR
environment

Regularly measure the wall
thickness and replace the
piping as required.
Continue regular
inspection and checking.
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Table
Structure &
Component
Reactor
Vessel

Aging Issues
Fatigue

Neutron
Irradiation
Embrittlement

Reactor
Internals

Main
Coolant
Piping

Evaluation of Major Structures and Components (PWR)

Integrity Evaluation
Methods
Fatigue analysis
• cumulative usage factor
• comparison of the
transient number
Fracture mechanics
-Transition region
- Upper shelf region

Evaluated based on the
Stress
Corrosion
temperature, the stress
Cracking (SCC) conditions at the parts
where the materials are
used, and the inspection
result to date
Fatigue
Fatigue analysis
- cumulative usage factor
- comparison of the
transient number
The toughness degradation
Neutron
Irradiation
is possible in response to
Embrittlement
60-year operation equivalent
neutron irradiation.
Stress
Susceptibility to SCC due to
the neutron irradiation.
Corrosion
Cracking (SCC) Evaluated based on
neutron irradiation, stress
and temperature.

Results
The actual transient number
is sufficiently low.

Conduct the regular
evaluation based on the
actual transient number.

The fracture resistance of
the transient region and
upper shelf region
exceeded the fracture force.
The possibility of
occurrence of SCC of alloy
600 cannot denied.

Conform the degree of
embrittlement by taking out
surveillance test pieces in
future.
Perform the regular
inspection in the future with
regard parts exposed to
high stress and high
temperature.

The actual transient number
is sufficiently low.

Conduct the regular
evaluation based on the
actual transient number.

With no significant defect,
there is no possibility of
brittle fracture due to
embrittlement of materials.
The possibility of that the
SCC influenced by neutron
irradiation occurs cannot
denied.

Continue deliberate
inspections and
examinations where the
neutron irradiation is high
and where the stress/
temperature conditions are
severe.

The integrity can be
maintained by conducting
activities such as Inspection,
examination, and
replacement In the future.
Conduct the regular
evaluation based on the
actual transient number.

Wearing

Predicted thinning rate
based on the results of a real
plant inspection.

The wearing thinning rate
was gentle.

Fatigue

Fatigue analysis
- cumulative usage factor
- comparison of the
transient number
Evaluated by the elasticplastic fracture mechanics.

The actual transient number
is sufficiently low.

Thermal Aging

Maintenance Program

The integrity can be
maintained without causing
unstable fracture even
under long-term thermal
aging conditions.

Determine the aging degree
by sampling the material at
the actual primary coolant
piping renovation.

Tech. Development Themes
Establishment of the fatigue
evaluation method
considering the LWR
environment
Preparation of evaluation
method for neutron
irradiation embrittlement at
upper shelf region

Establishment of the fatigue
evaluation method
considering the LWR
environment

i

Establishment of the fatigue
evaluation method
considering the LWR
environment
Development of monitoring
technology for thermally
aged materials. Completion
of the evaluation method for
thermal aging.

Conclusion of Technical Evaluation
(Phase I)
O Major SCs provide sufficient tolerance against most
aging phenomena during a 60-year operation.
O Need continuous plant maintenance efforts with the
current level.
O Intensify periodic inspection practice and activities.

•

o

Measures for Aged NPPs
1) Periodic Inspections and Related Matters
• Review and extend the items and contents of the periodic
inspections
2) Structural Standards
• Refine and prepare the structural standards corresponding
to the change in the structure and material properties
3) Maintenance Activities by Utilities
• Detailed technical assessment of integrity on each SCs
• Review the results by the government
4) Technology Development
• Inspection and Monitoring Technology
• Preventive Maintenance and Repair Technology
• Aging Evaluation Technology

Technology Development (Examples)
1) Inspection and Monitoring Technology
• Monitoring technology for thermally aged materials
• Non-destructive deterioration diagnosis technology for cable and
concrete structure

2) Preventive Maintenance and Repair Technology
• Repair and replacement technology of rector internals
• Verification of effectiveness of surface refining technology

3) Aging Evaluation Technology
• Evaluation methodology for neutron irradiation embrittlement (at
Upper Shelf Region)
• Evaluation methodology for thermal aging
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Table
Technology
Category
Inspection
and
Monitoring

Preventive
Maintenance
and Repair

Plant Aging-related Major Research and Development Programs in JAPEIC and NUPEC (1/2)

Research & Development Projects

Period
(JFY)

Outline
Technology development to reduce the number of incidents and failures at NPPs by
monitoring the components under their operating condition, thereby enabling rational
repair planning and safe, long-term continuous operation to improve the NPP reliability
and availability (IOI).
Study to examine the applicability of a probabilistic method (probability informed
inspection management method) to inspection at NPPs in Japan
Technology to detect thermal embrittlement of duplex stainless steels, neutron irradiation
embrittlement and fatigue damage by non-destructive tests .

In-Operation Inspection
Technology Development (IOI)

19852000

Study of Optimum Periodical
Inspection (OPI)

19911997

Aging General Evaluation (AGE) Material Aging Detection
Technology
Eddy Current Test for Steam
Generator (ECT)

19911997
19921998

Improved ECT inspection technology for detection of defects of SG tubes.

Steam Generator Fatigue (SGF)

19922003

Development of non-destructive inspection technology for fretting fatigue cracks of steam
generator tubes.
Establishment of "standards unified for non-destructive inspection of welded
components".
Reconstitution of RV/RPV surveillance test pieces.

Nuclear Power Plant Life
Management Technology (PLIM)
Steam Generator Tube Reliability
Verification Test (SGR)

19962005
19891993

AGE - Repair Technology for Aged
Materials (RT)

19911997

Reliability Test for Reactor Vessel
and Internals Repair and
Replacement
(conducted by NUPEC)
Nuclear Power Plant Maintenance
Technology (PMT)

1995-

19962002

Various measures were applied to prevent the inter-granular attack (IGA) of steam
generator tubes in pressurized water type nuclear power plants. The effectiveness of
these measures was verified in order to assess the reliability of the tubes.
Repair welding for thermally embrittled materials and irradiation embrittled materials.
Repair welding by temper bead method.
Underwater welding to reduce radiation exposure.
Objective is to establish countermeasures for aging of reactor vessel and internals. Test
contents include to verify reliability of replacement for in-core monitoring housing (PWR,
BWR), core shroud (PWR, BWR), control rod drive housing stub/tube (BWR), and jet pump
riser brace.
Purpose is to verify the effectiveness of surface treatment processes such as Laser.
treatment to improve its corrosion resistance. Verification test items include the surface
modification technology for reactor pressre vessel internals, the surface modification
technology for primary coolant pressure boundary equipment, and the overall evaluation
for surface modification technology.
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Table
Technology
Category
Aging /
Degradation
Evaluation

Plant Aging-related Major Research and Development Programs in JAPEIC and NUPEC (2/2)

Research & Development Projects

Period

Pressurized Thermal Shock Test
for Nuclear Reactor Pressure
Vessel (PTS)

19831991

Evaluation methodology for neutron irradiation embrittlement at transition region (PTS).

Plant Life Extension Technology
Development (PLEX)

19851997

Structural Assessment of Flawed
Equipment (SAF)

19912000

Environmental Fatigue Tests of
Nuclear Power Plants Materials for
Reliability Verification (EFT)

19942006

Material property of thermally aged materials and irradiated stainless steels in air and
under simulated LWR water environment.
Development of prediction model of embrittlement of thermally aged duplex stainless
steels and development of evaluation methodology for thermal embrittlement of duplex
stainless steel components.
Development of the prediction model for embrittlement of irradiated stainless steels.
Development of the prediction model for crack growth rate due to IASCC. And,
Understanding susceptibility of IASCC under the PWR water environment.
Development of methodology for evaluation of the Integrity / life of major structures and
components.
Project to conduct fracture mechanics experiments and analysis concerning hypothesized
small flaws on power plant structures and to prove the integrity of nuclear power plant
equipment and piping during their service life.
Project to establish the environmental fatigue evaluation method for the LWR plant
components.

Nuclear Power Plant Life
Management Technology
(PLIM)

19962005

Outline

(JFY)

Verification of evaluation methodology for thermal embrittlement of duplex stainless steel
components by using large-scale piping model.
Verification of evaluation methodology for neutron irradiation embrittlement at upper shelf
region.

©JPIPEIC

Table
Technology
Inspection
and
Monitoring

Preventive
Maintenance
and Repair /
Replacement

Aging /Life
Evaluation

Technology Development to Deal with Aging Plants under the Utility Own Funds (BWR)

Research Items

Period
(JFY)

Outline
High accuracy estimation of irradiation level of core internals is essential in degradation prediction
and life evaluation of plant components and in formulation of the preventive maintenance program.
The objective of the study is to establish high accuracy neutron flux calculation methodology and to
contribute to the maintenance program, based on the measurement of the neutron flux In
commercial reactors. (In Phase 1, detailed plans for measurement of the flux level of the commercial
plant was established.)
As plants age, it is required to accurately measure the in-vessel irradiation for the sake of stable
operation of plants. Currently, the radiation flux inside reactor vessel is being determined by twodimensional transport calculation, but its analytical accuracy is limited. In this research, the
analytical accuracy of existing method will be evaluated, and a more sophisticated method will be
developed.
Post Irradiation Examinations (PIE) on the currently used materials and improved stainless steels
irradiated in the foreign operating reactor are conducted. Based on the comparison of the PIE
results between different materials, the promising alternative materials for the next generation
plants are selected.

Study on Irradiation Monitoring at
Reactor (Phase 1)

199S

Study on Irradiation Monitoring at
Reactor (Phase 2)

19972000

Foreign In-reactor Irradiation Test
for Evaluation of Corrosion
Resistance on Reactor Internal
Materials

19881997

Study on Property Evaluation of
Materials Irradiated in Operating
Reactor

19872002

Study on Repair Welding Method
and Welded Joint Property
Evaluation for Irradiated Austenitic
Stainless Steels

19951997

Study on Evaluation of Crack
Propagation due to IASCC on
reactor Internal Materials

19951999

Study on Effect of Neutron
Irradiation on Corrosion Resistance
of In-core Materials

19881991

Study on Effect of Neutron Irradiation on. Corrosion Resistance of Incore Materials (Phase 2)

19901993

PIEs were conducted on irradiated stainless steels. The effects of neutron fluence (high fluence
levels) and applied stress on IASCC susceptibility have been evaluated. The correlation of applied
stress and IASCC susceptibility has been clarified.

Evaluation of IASCC Crack Growth
of In-core Materials

19952000

Although efforts for various evaluation on IASCC have been conducted, sufficient research has not
been conducted on quantitative margin and residual life evaluation. In this research, the crack
growth data of stainless steels irradiated in BWR water environment will be acquired and classified
to contribute to the crack growth prediction system based on SCC mechanisms.

The materials which have turned out to be promising in the research item of 'Foreign In-reactor
Irradiation Test for Evaluation of Corrosion Resistance on Reactor Internal Materials' will be
irradiated in the domestic operating plants for a certain period of time. Various PIE tests, including
SSRT, will be conducted to evaluate the resistance to IASCC and the effect of irradiation on material
property. The alternative materials of reactor internals for the next generation plants will be
selected.
Reactor internal material properties would be changed, especially in core region, due to neutron
irradiation. The He bubbles appear in the materials and it cause the difficulty of welding. The most
suitable welding technology for irradiated stainless steels will be developed in order to apply
rational maintenance program and repair methods to aged plants.
In view of the current situation where the development of structural integrity standard is being
studied, the IASCC crack propagation tests using materials irradiated in the domestic operating
reactors for a certain period of time will be conducted to acquire the crack growth rate data of
Irradiated materials.
PIEs were conducted on irradiated stainless steels. The effects of neutron fluence (low fluence and
medium fluence levels) and dissolved oxygen on IASCC susceptibility have been evaluated.

Table
Technology
Inspection
and
Monitoring

Preventive
Maintenance
and Repair/
Replacement

Aging
Evaluation
(Life
Evaluation)

Technology Development to Deal with Aging Plants under the Utility Own Funds (PWR)

Research Items

Period

Outline

|JFY|

Research for Enhancement of
Accuracy of ECT Signal Evaluation

19951997

Basic studies on the next generation inspection technology having higher accuracy and higher
speed will be conducted .

Research of Non-destructive Cable
Degradation Diagnosis Technology

19971998

Research for Establishment of
Degradation Evaluation Technology
by Means of micro-sampling

19971998

Data for non-destructive aging degradation parameters of cables having different degrees of
deterioration for insulation materials of safety system cables will be accumulated to obtain high
accuracy correlation between the parameters and the aging deterioration, with the final objective of
developing the non-destructive degradation diagnosis technology.
By establishing the micro-sampling technology, it will be made feasible to diagnose degradation by
simple procedures taking only a short time, and to improve the toughness prediction accuracy.

Research on Applicability of Stress
Improvement Technology for In-core
Instrumentation Tube

1996

Verification tests for applicability of stress improvement technology using pulse laser for Inconel
materials in commercial plants are conducted, and Its applicability to in-core instrumentation tubes
in commercial reactors are evaluated.

Research on Repair Technology for
Parts Employing Alloy 600

19961997

Applicability of the repairing and replacing process of in-core instrumentation tubes in reactor
vessel to commercial plants will be verified.

Research on Establishment of
Replacement -.Method for Core
Internals
Research of Oxygen Type SCC
(Data Enhancement)

19971998

Preparatory to degradation of baffle - former bolts, method of core internals replacement will be
verified.

19971998

Research of Effect of Irradiation on
core internal materials

19971998

Research on Establishment of
Evaluation Methodology for Upper
Shelf Region of Reactor Vessel

19971998

Data on the occurrence susceptibility and crack growth rate of O2 SCC will be acquired, to contribute
to formulate the maintenance program including the optimization of inspection and replacement
scopes.
The (He + H) ions simulating neutron irradiation will be irradiated, to evaluate the irradiation damage
susceptibility of bolt materials of core internals and candidate alternative materials, and the effect of
irradiation on bolt materials of core internals under long term utilization will be studied.
The evaluation with elastic-plastic fracture mechanics under operation states III and IV will be
conducted to confirm the integrity in upper shelf energy region and to establish the tentative
domestic evaluation methodology.

Research of Evaluation on Long Term Reliability of Parts Using Alloy
600 materials in RCS Pressure
Boundary

19961999

The SCC resistance characteristics of the parts using Alloy 600 materials in RCS pressure boundary
will be evaluated.

Research on Life Prediction of
against Stress Corrosion Cracking
of Steam Generator Heat Transfer
Tube

19961998

The long-term integrity data of TT 690 materials will be mainly obtained by acceleration test at high
temperature and with addition of high LiOH content. Also, the methodology for measuring SCC
growth of MA600 materials and others will be studied.
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First Experience of Core Shroud Replacement
in Japan (BWR)
(under replacement)

Plant:

Fukushima-Daiichi Unit 3 (TEPCO)
(BWR4, 760MWe)

Replaced Components :
• Core Shroud
• Top Guide
• Core Plate
• Core Spray Spargers
• Feed Water Spargers
• Jet Pumps
• DP/LC Pipes
• ICM Guide Tubes
• Internal pipes and nozzle safe ends connected
to these components
Material:

304 SS

=>

316LSS

©JRPEIC

Experience of SG Replacement in Japan (PWR)
1993

Ohi-1

1996

1995

1997

mm

Takahama-2
Mi ha ma-2

1994

mftfffittHmBffift

••1

en

Mihama-1
Takahama-1
•

Mi ha ma-3
Ohi-2
(KEPCO Case)

Schedule of Reactor Vessel Head Replacement
in Japan (PWR)
1996

1997

1998

1999

2000

Mihama-1
Mihama-2
Mihama-3

CO
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Takahama-1
Takahama-2
Ohi-1
Ohi-2
(KEPCO Case)
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Summary
1. LWRs are considered to continue growing in Japan into the 21st Century.
Life management for aged NPPs is recognized to be important to the safe
and reliable operation.
2. In April 1996, the MITI published the first report regarding the measures to
cope with the aged NPPs.
3. Two BWRs and one PWR were evaluated as aged NPPs in Phase-I Technical
Evaluation, which concluded that safe operation is possible with correct and
adequate maintenance despite operation having exceeded 30 years.
4. The technology development items toward attaining further highly reliable
management were indicated including the inspection/monitoring technology,
the preventive maintenance/repair technology and the aging evaluation
technology.
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Nuclear Power Plants in Korea
Capacity

Plant
Kori#l
Kori #2
Wolsong #1
Kori #3
Kori #4
Yonggwang
Yonggwang
Ulchinjl
Ulchin #2
Yonggwang
Yonggwang

(MW)

#1
#2
#3
#4

Wolsong #2

Operat'n

Type

1978, 4
1983.7
1983.4
1985.9
1986.4
1986.8
1987.6
1988.9
1989,9
1995,3
1996. 1
1997, 6

PWR
PWR
PHWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PHWR

578
650
700
950
950
950
950
950
950
1000
1000
700

Supplier
Reactor
W
W
AECL
W
W
W
W
Framatome
Hanjung/KAERI

T/G

Construction

Remark

Turn Key
GEC
GEC
Parsons
Non-Turn Key
GEC
GEC
W
W
Alstome Hanjung/GE

Localized

Hanjung/AECL

Korean Standard
Korean Standard
Standard;
i Korean Standard >

Ulchin #5
Ulchin #6
New PWR #1
New PWR #2

1000
1000
1000
1000

2003.
2004.
2005.
2006.

6
6
6
6

PWR
PWR
PWR
PWR

Korean
Korean
Korean
Korean

Abbreviations
W: Westinghouse, GEC: General Electric Corp. (U.K), AECL: Atomic Energy Canada Limited
KHIC: Korea Heavy Industry Co.(now HANJOONG), KAERI: Korea Atomic Energy Research Institute
under operation

under construction

under schedule

K E P R I

Standard
Standard
Standard
Standard

INTRODUCTION

O 19 Years Operation of Kori Unit 1 Since 1978
O Need PLIM (Plant Lifetime Management) Program
O PLIM Study Since 1993
O Finished Phase I Program, Planning Phase II Program

K E P R I

Objectives

O For Effective Management of NPPs, Technically and Economically
O Extended Operation of NPPs Beyond Their Licensed (Design) Lives
O Develop Technology for Long-Term Aging Management of NPPs
O Apply Developed Technology to Kori Unit 1

K E P R I

PLIM Schedule of Kori Unit 1

[•••1978
Start of
Commercial
Operation

1993

1996

1997 1998

2000

2008

2001

Phase I
Feasibility Study

Phase II
Detailed Evaluation
•
Plant Specific PTS
Analysis

Feasibility Study of
Life Extension of
Kori Unit 1

o Detailed Evaluation
o Proper Aging
Management Program
o License Renewal
Application
o Implementation Plan

Extended
Operation

Phase III
Implementation

o Obtain LR Permit
o Implementation of
Aging Management
Program
o Repair, Refurbishment,
Replacement

Extended
Operation
Beyond Current
Licensed Period

K E P RI

Three Phases of PLIM Program
Phase

Period

Work Scope

I

1993 ~ 1996
(3 Years)

- Development of PLIM Technologies
- Feasibility of Kori Unit 1 Life
Extension

II

1998 ~ 2001
(4 Years)

III

2001 ~ 2008
(8 Years)

- Detailed Evaluation of Kori Unit 1
- Preparation of LR Application
Documents
-.Devolpment of Aging Management
Program
- Implementation of Aging
Management Program
- Repair, Refurbishment, and
Replacement for Life Extension
KEPRI

PLIM Phase I Program
O Major SSCs Screening of Kori Unit 1
O Design, Manufacturing, Operation, and Maintenance Database
O 13 Major Components Evaluation
00

O Economic Evaluation

KEPRI

Major SSCs Screening Results
Rank

Kori Unit 1
Reactor Pressure
Vessel
Containment(Liner,
Basemat, and Shield
Bldg.)

Another U.S. Plant
NRC
Reactor Pressure
Reactor Pressure
Vessel
Vessel

YNPS
Reactor Pressure
Vessel

Containment and
Basement

Containment and
Basement

Reactor Internals

3

Steam Generators

RPV Supports

Reactor Coolant
Piping

Neutron Shield
Tank

4

RCS Piping(Cat. 1
and 2)

Steam Generators

HP Turbine

Steam Generators

RCS Pump Bodies

LP Turbines

6

RCS Piping, Large
Valves, Nozzles
Reactor Coolant
Pump Casing
Pressurizer(Nozzles,
Surge, Spray Piping)

7

RPV Internals

8

Cables
(in Containment)

9

CRDMs

1

2

5

10 MS Piping
11 HP & LP Turbines

Emergency Diesel
Pressurizer
Generators
RPV Intemals(Upper
CRDMs
and Lower)
Cables and
RCS Pump Body
Connectors
Emergency Diesel
Pressurizer
Generators

Generator

Neutron Shield Tank RPV Internals
RPV Supports &
CRDMs
Biological Shield

Condenser
Service Water
System

Steam Generators
Pressurizer
CRDMs

K E P R I

Summary of Evaluation Procedure for RPV
Sub
-components

Specific ISI

Degradation Evaluation

Recommendations

Radiation Embrittlement
o If RTpts Z 300°F during
o Verify with surveillance Coupon Test Result :2 criteria lifetime, perform Plant Specific
PTS
- Revise P - T Limit Curve with the Test Result
o Reevaluate RTPTS with revised
o RTPTS Transition
PTS rule & additional
- RTFTS = initial RTNOT- + shift of RTNOT + Margin
surveillance test
- below 300 F during plant operation
o Flux reduction
o Upper Shelf Energy(USE)
- Unless satisfy 50 ft-lb, perform fracture mechanics o Archive material test plan
o Survey RPV thermal annealing
analysis
trend
o Low fracture toughness test & elastic/plastic analysis
o Environmental fatigue analysis
- Verified safety up to 34EFPY
o Under clad cracking review
Fatigue : simple method
o Analyze cumulative usage Factor (CUF) using SALT-,
Nt design transient m of design stress report(DRS) &
actual operating transient count nk
o PSI found a crack at welding Fatigue : simple method
o For the point where UC,NEW^
point at outlet nozzle to shell o Analyze CUF using SALT, Nf, design transient n, of
Outlet/Inlet
0.67, detailed fatigue analysis
o Confirm it as geometric by
Nozzle
DSR and actual operating transient counts nk
o Fatigue transient monitoring
the 8th ISI
o Advanced ultrasonic technique
Fatigue : Negligible CUF of 0.02 & 0.00 in DSR, no
o Detail inspection & analysis
Instrumentation o No crack found
and CRDM
fatigue analysis required
Housing Nozzles
PWSCC : Inspection, No PWSCC reported yet
Fatigue : Analyze CUF using SALT, Nf. design transient o Replace
Flange Closure o No crack found
m of DSR & actual operating transient counts nk
Studs
Beltline Region

o No crack found
o Pressure Vessel : SA508 C1.2
low alloy steel
o Weld Material: Linde 80 Flux
Mn-Mo-Ni filler wire
o Beltline Welding : Linde 80
WF-233 (Cu 0.29 wt%)

K E P R I

Summary of Major Components Life Evaluation
Component
RPV

Deg. Mechanisms
Irradiation Embrittlement, Fatigue

Irradiation Embrittlement, Fatigue,
SCC, IASCC, Stress Relaxation,
Wear
Thermal Embrittlement, Fatigue,
Freting, Wear, Insulation Breakdown,
CRDM
Electrical Shorting
Pressurizer
Fatigue, Crack Growth, SCC
Embrittlement, Fatigue,
RCS Piping Thermal
SCC
Thermal Embrittlement,
RCP
Fatigue, Corrosion
Embrittlement, SCC,
RPV Supports Irradiation
Corrosion, Fatigue
PZR Nozzle Fatigue, Thermal Embrittlement
RCS Nozzle Fatigue
Turbine
SCC, Fatigue
Thermal
Aging, Radiation Aging,
Cable
Moisture Aging
Containment Corrosion, SCC, Fatigue
RPV
Internals

Lifetime Evaluation
Q PTS Criteria RTFTS=300 °F @ about 27.4 EFPY
0 Upper Shelf Energy Criteria Safe to 34EFPY
O Fatigue, O.K.
O Low cycle fatigue, O.K.
O Total stepping No., O.K. to 60 years
O
Q
O
Q
O

Detailed life eval. of high CUF upper head & shell, seismic lug
Fatigue, O.K.
Thermal Embrittlement after 40 years
Thermal Embrittlement O.K. to 40 years
ASME III fatigue waiver calculation to 40 years, it's O.K.

O Support Brackets Fatigue, O.K.
O
O
O
O

Fatigue, O.K.
Fatigue, O.K.
LP rotor disk SCC life exhausted
Low voltage power cable thermal aging evaluation, arrhenius
method, card residual life=98 yrs
O About 43 yrs residual life by corrosion life evaluation

K E P RI

Major Component Replacement Program
(Cost: Million $)
Replacement
Year

Cost (M$)

1985

3.4

1988

16.9

1995

0.25

LP Turbine Rotor

1997

19.5

2 Rotors

Steam Generator

1998

103.4

2 S/Gs

Electric I&C

1996-1999

37.5

Components

to

Moisture
Seperator/Reheater
Feedwater Heater,
Condensor Tube
RCP Motor Parts

Remark

I

Total

181

K EP RI

Economic Evaluation
Existing NPP (Kori-1)

Replacement Power
(Nuclear/Fossil)

U)

Extended Operation (Kori-1)

K E P R I
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Estimation of PLEX Investment Cost
(Unit: Million $)
Components

Repl. Cost of
K-l

Repl. Prob., %

WEPCO P(10yr)

Prob. Repl. Cost

P(30yr)

10 year

30 year

Primary System
Containment Basemat Liner

50

1

1

0.5

0.5

Steam Generator

103.7

50

0

100

0.0

103.7

RPV Head

12.5

37.5

20

50

2.5

6.3

12.5

30

50

3.7

6.3

50

20

20

10

10

RPV
RPV Internals

98 Replaced
PTS+Annealing Cost

Service Water System

6.2

50

50

100

3.1

6.3

Carbon Steel for PB, Concrete for K-l

Circulating System

2.5

20

50

100

1.25

2.5

Excluding Pumps

20

1

30

0.2

6

PLIM(I) Results, Field Est=30%@10yr

10

1

100

0.09

8.7

PLIM(I) Results, Field Est=70%@10yr

70

100

4.4

6.25

RCS Piping
RCP

8.7

RCP mtr

6.25

Pressurizer

10

1

50

0.1

5

Pressurizer Surge Line

2.5

10

10

2.5

2.5

LP Turbine Rotors

19.5

18

0

30

0.0

5.8

HP Turbine

18.7

4

30

100

5.6

18.7

5

5

100

100

5

5

EDG

PLIM(I) Results, Field Est.=50%@10yr
97 Replaced
Need Extra Capacity

K E P R I

Result of Economic Evaluation
(Unit: Million $)

os

Extended
Period

Repl.
Power

10 yrs

PLEX
Invest. Cost

Benefit

Net Benefit

B/C
Ratio

'96
Value

'09
Value

'96
Value

'09
Value

'96
Value

'09
Value

Nucl.

99

287

241

695

141

408

2.42

20 yrs

Nucl.

157

454

352

1017

195

561

2.23

30 yrs

Nucl.

216

624

402

1160

186

535

1.86

K E P R I

Conclusions of Phase I Program
O Major SSCs Life Evaluation
- For Most of the Major SSCs, Operation Over 40 Years Possible
- Detailed PTS Analysis Needed for RPV
- Need Replacement of S/Gs and T/B
O Economic Evaluation
- Life Extension Is Economically Very Feasible
- Implementation of Backfitting Requirement May Affect Economic
Feasibility
O Life Extension of Kori Unit 1 Will Lessen The Burden Of
- Securing Sites For Replacement Power
- Financing Huge Capital Investment For Replacement Power
O Phase II Program For Detailed Evaluation Is Needed.
K E P R I

PHASE II PROGRAM
O Objectives

00

- Detailed Evaluation of All The Relevant SSCs to Life Extension of
Kori Unit 1
- Implementation Plan for Aging Management
* Time-Limited Aging Analysis(TLAA)
* Testing, Inspection, Monitoring, Diagnosis
* Repair Refurbishment, Replacement
- Preparation of License Renewal Application Documents
O Period
- 1998. 1 - 2001. 6
K E P R I

Strategy
O Basically Follow U.S. Procedure
- 10CFR54, DG-1047, NEI 95-10, EPRI TR-105090
O Primarily Utilize Domestic Manpower
O Cooperation With
- Calvert Cliffs NPP (BG&E)
- Other Consulting Companies
O Close Cooperation With Korean Regulatory Body

KEPRI

Major T a s k s

O

O Database
O IPA (Integrated Plant Assessment)
- SSCs Screening
- AMR Methodology
- TLAA Methodology
O SSCs Detailed Evaluation
O Inspection And Monitoring
O Economic Evaluation
O Licensing

K E P RI

Work Flow Chart
Phase

System. Structure. &
Components (SSCs)

Eeonomi c
Eva1uat i on

Life Evaluation &
Recommendation

Plan for- Phase
II Program

Screening &
P r i o r it i z a t i o n

elevant to

Phase

I I
Detailed Life
Eva1uation

O\
Sy stem
Mod i f i c a t i on
,
Reanalysis

Plant
Mod i f i c a t i on
Plan

eplacable.
epai r ab1e?

Mi t igat ion?

Kep l acemen t <st
Refurbishment

Ma i nt enance

Plan

Sep. Life
rget

Li f e

Monlt o r l n g
Inspect ion

Program

Imp 1 ement a t ion of
Replacement & Refurbishment,
Ma i nt enence.
Mon it or-ins and Inspection
^
Programs .

Phase

K EPR I

>I I

List of Expected Products

ON

to

O Reports
- SSCs Detailed Evaluation Reports (for about 30 SSCs)
- IPA Report, TLAA Report
- FSAR & Tech. Spec. Revision
- Environmental Impact Evaluation
O Database
- Operation & Maintenance Record
- Design Data & Documents
- Technical Report
O Monitoring System

KE P R i

SUMMARY
O Phase I Feasibility Analysis of Kori Unit 1 Completed
- Life Extension Is Feasible Option in Technical and Economic Aspects
- Detailed Analysis of RPV Is Underway
- Plan For Phase II Program Has Been Worked Out
O Phase II Detailed Life Evaluation Is Planned
- Screening And Prioritization of All The Relevant SSCs
- Detailed Life Evaluation of SSCs
- Aging Management Program
- Documentation For License Renewal Application

K E P R I

XA9949581

THE MAIN OBJECTIVES OF WORKS ON LIFETIME
MANAGEMENT
OF REACTOR UNIT COMPONENTS

Y.DRAGUNOV
CHIEF DESIGNER-HEAD OF DIVISION OF OKB "GIDROPRESS"
142103 PODOLSK, MOSCOW DISTRICT, RUSSIA
Y.KURAKOV
HEAD OF DEPARTMENT, RUSSIAN FEDERATION MINISTRY OF
ATOMIC ENERGY

TO BE PRESENTED AT THE MEETING OF THE INTERNATIONAL
WORKING GROUP ON NPP LIFETIME MANAGEMENT

VIENNA, AUSTRIA
OCTOBER 6-8, 1997
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THE MAIN OBJECTIVES OF WORKS

1. DEVELOPMENT OF REGULATIONS IN THE FIELD OF NPP
COMPONENTS AGEING AND LIFETIME MANAGEMENT

2.

INVESTIGATIONS OF AGEING PROCESSES

3.

RESIDUAL LIFE EVALUATION TAKING INTO ACCOUNT
THE ACTUAL STATE OF NPP SYSTEMS, REAL LOADING
CONDITIONS AND NUMBER OF LOAD CYCLES, RESULTS
OF IN-SERVICE INSPECTIONS.

4.

DEVELOPMENT AND IMPLEMENTATION OF MEASURES
FOR MAINTAINING/ENHANCING THE NPP SAFETY LEVEL.
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INVESTIGATIONS CONNECTED WITH THE NPP
COMPONENTS LIFETIME MANAGEMENT IN RUSSIA ARE
CARRIED OUT IN ACCORDANCE WITH THE PROGRAMMES
AS FOLLOWS:

1. INTEGRATED R&D PROGRAMME FOR WORKS ON
STRUCTURAL MATERIALS OF WWER TO BE PERFORMED
IN 1996-2000, APPROVED BY MINATOM OF RUSSIA IN
APRIL 17, 1997.
2.

R&D PROGRAMME FOR WORKS ON STRUCTURAL
MATERIALS OF WWER INTERNALS, APPROVED BY
MINATOM OF RUSSIA IN APRIL, 1997.

3.

BRANCH R&D PROGRAMMES FOR SOLUTION OF
PROBLEMS OF OPERATION, MODERNISATION, AND
LIFETIME ENSURANCE OF NPP WITH WWER, APPROVED
BY THE ROSENERGOATOM BUSINESS CONCERN.

4.

STANDARD PROGRAMME FOR MECHANICAL PROPERTIES
INSPECTION OF METAL OF NPP WITH WWER-1000
PIPELINES AFTER 100 THOUSAND HOURS OF OPERATION.
APPROVED BY THE ROSENERGOATOM BUSINESS
CONCERN
AND
AGREED
WITH
RUSSIAN
GOSATOMNADZOR.

5.

PROGRAMMES FOR WORKS ON STEAMGENERATORS.

6.

PROJECTS WITHIN THE FRAMES OF TACIS PROGRAMMES.
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1.

INTEGRATED R&D PROGRAMME FOR WORKS ON
STRUCTURAL MATERIALS OF WWER TO BE
PERFORMED IN 1996-2000

1.1. DEGRADATION OF MATERIAL PROPERTIES UNDER THE
PLANT OPERATING CONDITIONS:
-

IRRADIATION;

-

RE-EMBRITTLEMENT AFTER ANNEALING;

-

THERMAL AGEING;

-

CYCLE LOADING;

-

CORROSION-MECHANICAL STRENGTH.

1.2. VERIFICATION OF REGULATORY APPROACHES TO THE
INTEGRITY EVALUATION:
-

CORRELATION BETWEEN THE IMPACT STRENGTH
AND FRACTURE TOUGHNESS;

-

CT-8 TYPE SPECIMENS TESTING;

-

Ki a ;

-

LONG-TERM PREDICTION OF THE METAL PROPERTY
DEGRADATION;

-

WARM PRESTRESSING.

1.3. DATA ACQUISITION AND STATISTICAL ANALYSIS OF
LOCATIONS OF FLAWS, MATERIAL PROPERTIES, AND
FRACTURE PARAMETERS (FOR TO PERFORM A
PROBABILISTIC SAFETY ANALYSIS).
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2.

R&D PROGRAMME FOR WORKS ON STRUCTURAL
MATERIALS OF WWER INTERNALS.

2.1. INVESTIGATION OF THE REACTOR INTERNALS MATERIAL
(STEEL GRADE 18-10) PROPERTIES DEGRADATION UNDER
OPERATING CONDITIONS.

2.2. VISUAL INSPECTION AND STATUS MEASUREMENT OF
THE INTERNALS AT ONE OF THE WWER-1000 PLANTS.

2.3. DEVELOPMENT OF THE FOLLOWING PROCEDURES:
-

2D AND 3D STRESS-STRAIN ANALYSIS (ALLOWING
FOR NONUNIFORM POWER DISTRIBUTION, COOLING
CONDITIONS, DEGRADATION OF PROPERTIES DUE TO
IRRADIATION);

-

FATIGUE STRENGTH AND
STRENGTH ANALYSES;

-

REVISION OF
PROCEDURE.

THE

BRITTLE

NEUTON

FLUX

FRACTURE
ANALYSIS

2.4. CORRECTION OF THE "PROVISIONAL REGULATIONS FOR
STRENGTH ANALYSIS OF WWER INTERNALS".
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3.

BRANCH PROGRAMMES, APPROVED BY THE
ROSENERGOATOM BUSINESS CONCERN.

DEVELOPMENT OF PROCEDURE FOR NPP LIFETIME
EVALUATION DURING OPERATION.

LIFETIME EVALUATION OF PRINCIPAL NPP COMPONENTS TAKING INTO ACCOUNT THE IN-SERVICE
INSPECTION RESULTS.

REACTOR PRESSURE VESSELS LIFETIME SUBSTANTIATION OF NOVOVORONEZH NPP UNITS III-IV.

REACTOR PRESSURE VESSELS LIFETIME SUBSTANTIATION OF KOLA NPP UNITS I-II.

REACTOR PRESSURE VESSELS LIFETIME SUBSTANTIATION OF BALAKOVO NPP.

DEVELOPMENT OF A CONCEPT OF THE OLD DESIGN
NPP LIFETIME PROLONGATION.
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4.

STANDARD PROGRAMME FOR MECHANICAL
PROPERTIES INSPECTION OF METAL OF NPP WITH
WWER-1000 PIPELINES AFTER 100 THOUSAND HOURS
OF OPERATION.

-

A LIST OF
PIPELINES.

THE

SAFETY

IMPORTANT

SYSTEMS

A LIST OF PIPELINES TO BE INSPECTED AFTER 100
THOUSAND HOURS OF OPERATION.

REQUIREMENTS
TO
THE
INITIAL
DATA
(DOCUMENTATION, IN-SERVICE INSPECTION RESULTS,
DESCRIPTION OF TRANSIENTS, REPAIR INFORMATION,
WATER CHEMISTRY).

REQUIREMENTS TO THE INSPECTION FACILITIES,
REGULATIONS FOR RESULTS EVALUATION.

REQUIREMENTS TO THE STRENGTH ANALYSIS OF
PIPELINES.
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5.

PROGRAMME FOR WORKS ON STEAMGENERATORS.

-

THERMOCYCLIC TESTS OF A FULL-SCALE STEAM
GENERATOR PRIMARY COLLECTOR MODEL.

-

IMPROVEMENT OF SEALS.

-

WATER CHEMISTRY OPTIMISATION.

-

BLOWDOWN SYSTEM OPTIMISATION.

-

CORROSION INVESTIGATION.

-

METAL INVESTIGATION IN THE AREA OF EXPANSION.

-

IMPROVEMENT OF THE IN-SERVICE INSPECTION.

DEVELOPMENT OF PROCEDURES FOR LIFETIME
EVALUATION OF THE STEAM GENERATOR PRIMARY
COLLECTOR.
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6.

PROJECTS WITHIN THE FRAMES OF TACIS
PROGRAMMES CONNECTED WITH THE LIFETIME
MANAGEMENT.

TACIS-91

1.1.

REACTOR VESSEL EMBRITTLEMENT

TACIS-91

1.2.

PRIMARY CIRCUIT INTEGRITY - LBB

TACIS-91

1.14.

RESIDUAL LIFE EVALUATION

TACIS-91

3.4.

DEVELOPMENT OF RESIDUAL LIFETIME
DIAGNOSTIC SYSTEM

TACIS-94

2.09.

INTEGRITY ASSESSMENT OF THE WWER1000 RPV'S INCLUDING EMBRITTLEMENT
ASPECTS

TACIS-95

2.02.

ASSESSMENT OF RPV'S RESIDUAL LIFE

TACIS-96

2.09.

LBB APPLICABILITY REWIEV FOR WWER1000

TACIS-96

2.10.

CABLE AGEING MONITORING

TACIS-96

2.06.

SURVEILLANCE PROGRAMM OF WWER-1000
RPV

TACIS-96

2.04.

GUIDELINE FOR RESIDUAL LIFETIME
ASSESSMENT OF MECHANICAL
COMPONENTS
-72-
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INVESTIGATION OF METAL CUT OUT OF NPP
COMPONENTS

INVESTIGATION
OF
TREPANS
CUT
OUT
OF
NOVOVORONEZH NPP UNIT I RPV AFTER 20 YEARS OF
OPERATION.

INVESTIGATION
OF
TREPANS
NOVOVORONEZH NPP UNIT II RPV.

CUT

CUTTING THE TEMPLETS, INVESTIGATION
EMBRITTLEMENT AFTER ANNEALING;

OUT

OF

OF

RE-

INVESTIGATION OF TEMPLETS CUT OUT OF PRIMARY
CIRCULATION LINE (WWER-440).

INVESTIGATION OF TEMPLETS CUT OUT OF THE STEAM
GENERATOR PRIMARY COLLECTORS.
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BLOCK DIAGRAM OF THE REACTOR PRESSURE VESSEL
LIFETIME ASSESSMENT

SELECTION OF PTS
TRANSIENTS
CONSIDERED IN THE RPV
LIFETIME ASSESSMENT
THERMAL HYDRAULIC
ANALYSES

DATA ON RPV
DEFECTS
(WITH REGARD
FOR
SENSITIVITY
OF
MONITORING
SYSTEMS)

POSTULATED
DEFECT; SAFETY
FACTORS

DETERMINATION OF
BOUNDARY CONDITIONS
ON THE REACTOR
VESSEL WALL.
CALCULATION OF
TEMPERATURE FIELDS
AND STRESSED STATE

PREDICTION OF
NEUTRON
FLUENCE ON RPV

RPV INTEGRITY
ASSESSMENT WITH THE
USE OF FRACTURE
MECHANICS METHODS

PREDICTION OF
DEGRADATION
OF MATERIAL
PROPERTIES

DATA ON
MATERIAL
PROPERTIES IN
THE INITIAL
STATE

LIFETIME
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CONFIRMATION OF THE STRUCTURAL STRENGTH OF
REACTOR PRESSURE VESSELS
1. ANALYSIS OF THE ACTUAL STATE OF NPP SYSTEMS
2. SEQUENCES TO BE CONSIDERED
2.1. General considerations
2.2. Initiating events groups
2.3. Initiating events categorization
3. ACCEPTANCE CRITERIA
4. ASSUMPTIONS FOR PTS ANALYSIS
4.1. Plant data
4.2. Assumptions for thermal hydraulic analysis
4.3. Assumptions for structural analysis
5. NEUTRON FLUENCE CALCULATION
6. MATERIAL PROPERTIES
6.1. General information
6.2. Initial critical brittle fracture temperature
6.3. Chemical composition
6.4. Irradiation embrittlement
6.5. Fatigue and thermal ageing
7. THERMAL HYDRAULIC ANALYSIS
7.1. Objectives of thermal hydraulic analysis
7.2. Thermal hydraulic analysis to support transient selection
7.3. Sequence analysis plan
7.4. Requirements for thermal hydraulic methods
8. STRUCTURAL ANALYSIS
8.1. Temperature and stress field calculations
8.2. Fracture mechanics analysis
8.3. Postulation of defects and NDT requirements
9. INTEGRITY ASSESSMENT
9.1. Evaluation of results and safety factors
9.2. Presentation of results
9.3. Assessment of results
9.4. Uncertainty of results
10. CORRECTIVE ACTIONS
10.1. Neutron flux and material properties
10.2. Loads
-75-
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FACTORS NECESSARY TO BE
TAKEN INTO ACCOUNT
THERMAL HYDRAULIC ANALYSES AND ACCEPTION
OF SCENARIOS MUST BE PERFORMED FOR EACH
SPECIFIC REACTOR AND CONSIDER THE UNIT
SYSTEMS SPECIALITIES, PROTECTIONS AND
INTERLOCKINGS LOGISTIC, AS WELL AS MEASURES
ACTUALLY REALISED.
2. SPECIAL ATTENTION SHOULD BE PAYED TO THE
EVENTS WITH THE REACTOR VESSEL REPRESSURISATION.
3. OPERATOR ACTIONS AND POSSIBLE ERRORS MUST
BE TAKEN INTO ACCOUNT.
4. EVENTS WITH SUPERPOSITION OF FAILURES AND
OPERATOR ERRORS IN GREATER THAN DESIGNED
NUMBER MUST BE CONSIDERED.
5. POSSIBLE COLD WATER FLOODING OF THE REACTOR
CAVITY (EXTERNAL COOLING OF RPV) SHOULD BE
ANALYSED.
6. PRIMARY-TO-SECONDARY LEAKS SHOULD BE
ANALYSED.
7. MAXIMUM PRIMARY LEAK MUST BE SELECTED
PROCEEDING FROM THE ACTUAL ECCS CORE
COOLING CAPACITY.
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INVESTIGATIONS TO BE MADE FIRST OF ALL IN
ORDER TO ENSURE REACTOR PRESSURE VESSEL
LIFETIME
1. THERMAL HYDRAULIC ANALYSES AND BRITTLE
FRACTURE TOUGHNESS ANALYSES OF EXTENDED
EMERGENCY TRANSIENTS SPECTRUM
I
2. DEVELOPMENT OF RELIABLE SYSTEMS OF METAL
PROPERTIES TESTING
1
3. DEVELOPMENT OF A PROCEDURE FOR BRITTLE
FRACTURE TOUGHNESS ANALYSIS AND LIFETIME
EVALUATION OF OPERATING RPVs
I

4. INVESTIGATIONS OF SHIFTS OF IMPACT STRENGTH
AND FRACTURE TOUGHNESS KIC AND CONFIRMATION
OF CORRELATION BETWEEN THEM
5. DEMONSTRATION OF RE-EMBRITTLEMENT LAW
AFTER ANNEALING FOR WWER-440 RPV MATERIALS
1

6. CUTTING OUT THE TEMPLETS FROM REACTOR
PRESSURE VESSELS OF KOLANPP UNITS 1, 2
1

7. INVESTIGATIONS OF MORE THAN 1,3% NICKEL
CONTENT IN WWER-1000 RPV WELDS' INFLUENCE ON
EMBRITTLEMENT OF WELD METAL
8. INVESTIGATIONS OF THERMAL AGEING OF WWER-1000
RPV MATERIALS
I

""

9. UP TO DATE ANALYSES TAKING INTO ACCOUNT
ACTUAL STATE OF SYSTEMS, MATERIAL PROPERTIES,
LOADING CONDITIONS
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OKB «Gidropress»

XA9949582

Main results of integrity assessment of
RPV Kozloduy NPP unit 1
Prepared by: V.Piminov

Workshop on
Kozloduy Unit 1 Reactor Pressure Vessel Integrity
Sofia, Bulgaria
21-23 May 1997
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INTRODUCTION

As a result of wide international discussion of the problems concerning radiation
embrittlement and integrity of the rector pressure vessel of "Kozloduy-1" NPP it was
recognised necessary to perform the renewed analyses of PTS conditions for this reactor with
the aim of obtaining the basis for decision-making on further operation of the power unit.
During 1995-1996 the EdF-SffiMENS consortium and WESTINGHOUSE company
performed the analyses of RPV integrity of "Kozloduy-1" NPP in accordance with the western
practice. OKB "Gidropress", as the general designer of the reactor, won a contract within the
frame of PHARE programme for performance of independent analysis of RPV integrity of
"Kozloduy-1" NPP for three limiting accident conditions in accordance with the Russian
practice and the requirements of Russian regulations.
In the given report the most important results of structural analyses and fracture
mechanic analyses obtained by OKB "Gidropress" are presented.
Three accident conditions listed below were chosen for analyses:
1) Break of steam generator steamline;
2) Break of the pressurizer injection line Dnom 90;
3) Inadvertent opening of the pressurizer safety valve with its following closing.
The selection of these accident conditions was based on the experience of SIEMENS,
WESTINGHOUSE and OKB "Gidropress".
The calculations have been performed on the base of Russian regulatory requirements
[1,2], at the same time the recommendations of IAEA Guidelines for PTS assessment [3] was
also taken into account.
In performance of the calculations the results of tests of templets, cut out from weld No
4 of the reactor vessel of unit 1 in 1996, were taken into account. The presence of grindingouts in weld No 4, formed at the places of taking templets, was also regarded.

DETERMINATION OF STRESSES IN THE VESSEL WALL
Stresses in the vessel wall were determined with 3-D model by FEM . The computer
code TACT was used for stress calculations. The isoparametrical curvilinear finite elements
were used with 20 nodes and quadratic interpolating functions. Discrete model comprising
2810 finite elements is presented in Fig. 1. With regard for symmetry the 1/2 part of the reactor
is simulated. Single grinding-out of real geometry in welds No 4 was considered.
In the calculation the residual stresses in the welds were also taken into account.
Distribution of residual stresses through the weld thickness is assumed in the form of:
oz=Oe=60Cos(27ix/S)
where oz a e - axial and circumferential stresses, x - thickness coordinate, S - vessel wall
thickness.
PROCEDURE FOR EVALUATION OF THE ALLOWABLE
CRITICAL BRITTLE FRACTURE TEMPERARURE
Evaluation of brittle fracture resistance of the RPV at the design stage is performed in
accordance with the former Soviet Union "Standards for Strength Evaluation of Components
and Piping of Nuclear Power Plants", PNAE G-7-002-86 [1]. The same approach is usually
used for RPV residual lifetime evaluation for units under operation.
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The evaluation is performed on the basis of the linear elastic fracture mechanics. The
main characteristics of the materials used in the calculation are static fracture toughness, K K ,
and the critical brittle fracture temperature Tu as function of operational history (with respect
to the material degradation). Change in material properties in the course of operation is taken
into account by means of introducing the shifts of initial critical brittle fracture temperature Tk
due to different operational effects (radiation embrittlement, thermal ageing, fatigue damage) in
the calculation.
RPV resistance to brittle fracture during a particular plant state is considered to be
ensured if, for all defect sizes up to the postulated quarter wall thickness size defect, the
following condition is met:

where Ki is the intensity factor and [Ki]i is the allowable value of stress intensity factor
for the plant state considered, i.e.:
i = I for normal operating conditions,
i = 2 for operational occurrences and hydraulic tests,
i = 3 for accident conditions.
Statistically evaluated lower envelope of all available experimental data is taken as the
Kic temperature dependence. Allowable stress intensity factors [Ki]i are obtained from the Kic
by applying safety factors:
- for normal operating conditions
nk = 2, AT = 30 °C,
- for operational occurrences and hydraulic tests
n k =1.5, AT = 30°C 5
-for accident conditions
n k = 1.0, AT = 0°C.
The nk is a safety factor with respect to fracture toughness values and AT is a safety
factor with respect to calculated crack tip temperature. The allowable stress intensity curve is
obtained as a lower envelope of two curves, the first of which is obtained by dividing the Kic
by nk and the other one by a horizontal shift of the initial curve by AT. The recommended
temperature dependencies of [Ki]i for different RPV materials are given in the applicable
standard [1].
Surface semi-elliptical cracks are postulated and with depth up to a=0.25 S (where S is
the vessel wall thickness) and with aspect ratio a/c = 2/3. Stress intensity factor Ki, is
determined using a formula given in the Standard [4], which takes into account real
distribution of stresses in the defect depth. Mechanical as well as thermal and residual stress
components are taken into account.
Comparing calculated loading path in terms of Ki values of the whole set of postulated
defects with temperature dependencies of allowable values of stress intensity factors [KJi, a
maximum allowable critical brittle fracture temperature Tk»' for the analysed PTS sequence is
obtained. The lowest of these temperatures for the whole set of analysed PTS sequences is
taken as the maximum allowable critical brittle fracture temperature Tk,.
This temperature is then compared with the critical brittle fracture temperature T k of the
analyzed vessel. Based on this assessment, decisions on further operation, annealing, etc, could
be made.
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PROCEDURE FOR EVALUATION OF ALLOWABLE DEFECT SIZE
Evaluation of allowable defect size is performed in accordance with the procedure
"Method for evaluation of allowability of defects in materials of components and pipings in
NPPs during operation", M-02-91 [2].
The following procedure based on requirements of the Standard M-02-91 [2] was used
for evaluation of allowable defect size in RPV.
The spectrum of postulated defects of different sizes of the most hazardous type in the
most stressed zone of the weld is selected. In the present calculation such defects are
considered to be the surface semi-elliptical cracks of different depths with ratio of semi-axes
being a/c=0,4 [2], located in the pole of grinding-out (the zone with maximum stress
concentration).
For each calculated crack the temperature boundaries of the zones of brittle, quasi-brittle
and plastic mechanisms of failure are determined as per the criteria of [2]. Hereat as the
temperature dependence Kic=f(T-TK) the curve [KJ3 is used for the welds of steel
15Kh2MFAfrom[l].
For each calculated time moment of the considered conditions the stresses in the region
of calculated cracks are determined and, using methods of [4] the values of Ki are calculated
for two points of the crack front: the point at maximum depth and the point in the region of the
crack front outgoing to the free surface. Hereat the crack is located in the plane perpendicular
to the direction of action of maximum tensile stresses.
For the crack front points indicated above by metal temperature the character of failure is
determined (brittle, quasi-brittle or plastic) and the permissible value of [KJ with regard for
the character of failure and margins for the conditions of the category considered (NOC, 0 0 ,
AS). The permissible value of [Ki] is determined by formula presented in [2].
By means of comparison of Ki and [KJ values for all time moments of all considered
conditions the maximum depth of the permissible crack [a]c is determined from the condition
of K, = [Kj.]
By means of calculation of the crack kinetics [2] the depth of the initial crack [a] is
determined, which may extend to the size of [a]c due to cyclic loads for four years of operation
(time interval between ISI).
On the basis of recommendations of [4] on schematisation of defects, detected in the
course of in-service inspection, the minimum areas [F] of surface defects and subsurface
(located close to the surface) defect are determined which shall be schematised by the surface
semi-elliptical crack of a= [a] depth and ratio of semi-axes a/c=0,4.
Subsurface defects of larger depth of occurrence in accordance with [4] are
schematised by subsurface elliptical cracks. As the values of Ki for the subsurface cracks with
the same field of stresses is considerably lower than for the surface cracks, and also taking into
account the fact that stresses under emergency cooldowns drop quickly with increasing the
distance from the inner surface into the depth of thickness, the permissible area of such defects
will be considerably larger than the permissible are of surface and subsurface defects
determined above.
RESULTS OF CALCULATIONS FOR THE LEADING TRANSIENT
«BREAK OF STEAM GENERATOR STEAMLINE»
Results of calculation TKa using the procedure from PNAE G-7-002-86 [1] for weld
No 4 are presented in Table 1 [5]. Figs 2-3 give the results of calculation Ki, the position of
the curve of static fracture toughness Kic is also shown there at T k = T^.
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reactor pressure chamber that allows to determine the limiting conditions of the mode which
could be laid down in the basis of elaboration of the instructions for the operator or an
algorithm of operation of automatic system of the reactor vessel protection against cold
overpressure.
Calculation of the permissible pressure was performed both as per the criteria of PNAE
G-7-002-86 [1], and with the use of methods M-02-91 [2]. In the latter case the calculation
was made for the postulated crack of 5mm depth with the use of safety factors of nu=1.4;
AT=10°C that is more conservative than using the postulated crack of 10mm depth with the
following using of safety factor 2 for the size of reliably detected defect.
Results of the calculation are given in the form of graphs in Figs 6-9.
It follows from the results presented in Figs 6-9 that the repeat pressure increase in the
reactor vessel, cause by closing the Prz safety valve, could result in inadmissible situation from
the viewpoint of reactor vessel brittle strength at reaching the high values of TK of weld No 4
material if closing of the valve takes place at low temperature of the primary coolant. Special
measures are to be taken on prevention of the reactor vessel cold overpessure at reaching the
values of TK of weld No 4 material above 150°C. Such measures may be operator's
interference or introduction of automatic system of the reactor protection against cold
overpressure.
In development of the measures on cold overpressure protection the following
circumstances shall be taken into account:
1) Operator could make an attempt on the forced closing of safety valve (in case of its
failure to close) without the risk of hazardous overpressure of the reactor vessel only till the
primary coolant temperature goes down the definite value depending on the current ductile-tocritical transition temperature of the reactor vessel material. It is related also to the attempts on
isolation of other primary leaks.
2) As a possibility is considered of inadvertent closing of Prz safety valve at any time
moment, it is necessary to take into account that the repeat primary pressure increase takes
place very quickly and the operator has no sufficient time to take measures preventing
pressure increase to hazardous level. Due to this, the measures, preventing the repeat increase
of the primary pressure, shall be of preventive character and to be taken in advance while the
primary temperature is still rather high.
ANALYSIS OF THE RESULTS
Estimation of the reactor vessel service lifetime
On the basis of the analysis of results of chemical composition of weld No 4 with
templets performed in 1995, the following contents of phosphorus and copper impurities are
assumed:
P = 0,046%;
Cu = 0,10%.
The coefficient of radiation embrittlement of the weld metal is determined by the
dependence from the regulations [1]
A F = 8 0 0 ( P + 0 . 0 7 C U ) =42.4°C.
Two versions of radiation embrittlement of the weld material are analysed:
Version 1.
The conservative cubic law of embrittlement is applied in accordance with [1]. Hereat, by
the results of investigation of templets the value of ductile-to-brittle transition temperature
after annealing was assumed to be TKB=63 O C, the coefficient of radiation embrittlement Ap is
assumed to be equal to A F = 4 2 . 4 ° C .
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Version 2.
The law of lateral shift is applied. Hereat, by the results of investigation of templets, as
the TK0 the value of TKo=54°C is used, ductile-to-brittle transition temperature after annealing
is TKB=63°C, coefficient of radiation embrittlement is A F = 4 2 . 4 ° C .
Permissible ductile-to-brittle transition temperature of weld No 4 material T ^ (with
regard for stress concentration in the region of grinding-outs after taking templets, with regard
for residual stresses in the weld) is TKa=173°C for the conditions "Break of steam generator
steamline". This transient is considered to be the limiting one from the viewpoint of the
reactor vessel lifetime because the most severe situation occurs within first 10-15 minutes of
the process. This time is considered to be not sufficient for the reliable mitigating actions of the
operator.
Dependencies of ductile-to-brittle transition temperature of weld No 4 in the course of
the reactor vessel operation after annealing for two considered versions of prediction are
presented in Fig. 10. It follows from the data presented in Fig. 10 that:
- with the use of conservative approaches for prediction of radiation embrittlement of
weld No 4 material the radiation life of the reactor vessel, as per the criteria of Russian
standards [1], is not less than 8 fuel cycles after taking templets (till the end of 26th life);
- in case of application of the law of lateral shift at TKo=54°C, TKB=63°C the design life
of the reactor vessel is also assured (Tk2e04= 163 °C<Tka=173°C).

Supplementary measures
With the example of results of the calculation for the conditions "Inadvertent opening of
Prz safety valve" with its subsequent closing it is seen that the primary leaks, in case of thenisolation (by operator's actions or due to spontaneous closing of Prz safety valve after its
failure to fit), need special care. The special measures are to be taken on prevention of cold
overpressure of the reactor vessel.
It should be noted that in 1996 the additional safety isolation valve was installed on the
pressurizer of unit I of "Kozloduy" NPP, allowing to keep the primary pressure automatically
according to the preset programme. It is planned to implement the system of the reactor vessel
protection against cold overpressure in the course of the scheduled heating-up and cooldown
with the use of this valve. This system shall also be used hi occurrence of accident situations
with primary coolant leaks.
Requirements for the system of non-destructive examination
The performed calculation shows that for formulation of the requirements which shall be
met by the system of non-destructive examination of the reactor vessel one shall proceed from
the permissible depth, of the order of 5 mm, of surface crack in weld No 4 at the end of design
life. Minimum equivalent area of surface and subsurface (located close to surface) defects,
which in accordance with the Russian rules of schematization [4], shall be schematized by
surface semi-elliptical crack of 5 mm depth, is 80mm2 .
So, to provide for safe operation of the reactor vessel during the design service life it is
necessary to apply the system of non-destructive examination of the reactor vessel that allows
to detect reliably the crack-type surface and subsurface defects in the vessel cylindrical part
(including circumferential welds) with equivalent area of 80mm2.
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Table 1
Results of calculation TKa for weld No 4 using the procedure from PNAE G-7-002-86
for the conditions "Break of steam generator steamline", °C
Residual stresses
60MPa
no

Without grinding-out
180
188

Grinding-out of 9.5 mm
depth
173
180

Permissible sizes of defects in weld No 4 are determined depending on Tt with regard
for cyclic extension for the preceding 4 fuel cycles (interval between non-destructive
examination of the weld metal). The calculations were performed both with the use of safety
factor nu=1.4, AT=10°C [2], and without these factors. In the latter case for obtaining the
permissible defect the safety factor 2 should be applied for sizes of the calculated defect. In
accordance with c IAEA recommendations the least of two defects, obtained in such a way,
shall be assumed. The results of calculations are given in Tables 2 - 3 .
Analysis of sensitivity of the results to different factors is given in Table 4. It follows
from the data presented in Table 4 that:
1) Due to small cyclic extension of a crack the results are of low sensitivity to the
number of operation conditions of the reactor plant within the time interval between
the regular non-destructive examination of the reactor vessel. Two times increase of
the number of the conditions does not practically influence the sizes of the permissible
defect (difference in results is about 3%).
2) Residual stresses in the weld has considerable effect on sizes of the permissible defect.
Equivalent area of the permissible defect, determined with regard for the residual
stresses, is one and a half times less than the area of the defect determined without
regard for residual stresses.
3) If the requirements for sensitivity of ultrasonic inspection system are worded in terms
of equivalent area of defect (in accordance with the Russian standards), then the use
of relation of semi-axes of the postulated crack a/c=0.4 is more conservative than that
assumed in Western countries a/c=0.3, because it results in somewhat less equivalent
area of the permissible defect (101mm2 for a/c=0.4; 105mm2 for a/c=0.3).
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Table 2
Results of calculation of parameters of the permissible defect in weld No 4,
conditions 'Break of steam generator steamline",
section under grinding-out, residual stresses 60MPa,
safety factors nk=1.4; AT=10°C

Tu,
°C

Depth of
permissible
crack without
regard for
extension,
[a] c , mm

110
120
150
170

>1/4S
20
10
5.7

Tk,
°C

110
120
150
170

Depth of
permissible
crack with
regard for
extension for
the preceding 4
lives,
[a], mm
>1/4S
19.4
9.7
5.6

Equivalent
area of
permissible
surface
defect,
[F],mm2

Equivalent
area of
permissible
subsurface
defect,
[F]\ mm2

1300
330
108

1224
310
101

Table 3
Results of calculation of parameters of the permissible defect in weld No 4,
conditions "Break of steam generator steamline",
section under grinding-out, residual stresses 60MPa,
safety factors nk=1.0; AT=0°C
Depth of
Depth of
Equivalent
Equivalent
permissible
permissible
area of
area of
crack with
crack without
permissible
permissible
regard for
regard for
surface
subsurface
extension for
extension,
defect,
defect,
2
the
preceding
4
[a] c , mm
[F], mm
[F]', mm2
lives,
[a], mm
>1/4S
>1/4S
>1/4S
>1/4S
22
21.3
1570
1470
13.6
14
642
605
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Table 4
Analysis of sensitivity of the results of calculation of parameters of the permissible defect,
conditions "Break of steam generator steamline",
section under grinding-out,
Tk, =170°C ; nk=1.4; AT=10°C
Residual
stresses,
MPa

Number of
operating
conditions

Relation of
crack
semi-axes,
a/c

60.0
0.0
60.0
60.0

normal
normal
doubled
normal

0.4

0.4
0.4
0.3

We

[a],

pirn

mm

mm 2

5.7
7.1
5.7
5.3

5.6
7.0
5.5
5.2

108

[F],

167
104
112

[F]',
mm

101
157
98
105

RESULTS OF CALCULATIONS FOR THE TRANSIENT "BREAK OF
PRESSURIZER INJECTION PIPELINE Dnom 90"
The value TKa as per the methods of PNAE G-7-002-86 [1] for weld No 4, obtained for
the section in the pole of grinding-out with regard for residual stresses 60MPa, is TKa=207oC.
Fig 4 gives the results of calculation of Ki, the position of the static fracture toughness curve
Kic at Tk=Tka=207°C is also shown there.
As the obtained value of TKa is higher than for the conditions "Break of steam generator
steamline" the given accident conditions are not the governing ones from the viewpoint of
radiation lifetime of the reactor vessel.
RESULTS OF CALCULATIONS FOR THE TRANSIENT
"EVADVERTANT OPENING OF Prz SAFETY VALVE"
At the first stage the conditions "Inadvertent opening of Prz safety valve No=0" without
its subsequent closing were analysed. The value TKa as per the methods of PNAE G-7-002-86
[1] for weld No 4, obtained for the section in the pole of grinding-out with regard for residual
stresses 60MPa, is TKa=210oC. Fig 5 gives the results of calculation of Ki, the position of the
static fracture toughness curve Kic at Tk=Tka=210°C is also shown there.
As the obtained value of T ^ is higher than for the conditions 'TBreak of steam generator
steamline" the given version of the conditions "Inadvertent opening of Prz safety valve" is not
the governing one from the viewpoint of the reactor vessel life.
As it follows from the analysis of results of thermohydraulic calculations [6] in case of
Prz safety valve closing the rapid primary pressure increase takes place. At the same time with
the pressure increase the gradual rise of coolant temperature in the reactor pressure chamber
begins due to loss of cold water supply from the emergency makeup pumps. If the vessel metal
temperature by the moment of pressure increase is rather low then the given scenario could be
more hazardous than the 'TBreak of steam generator steamline".
As, according to Technical task, it was prescribed to consider a possibility of safety valve
closing at any time moment of the accident ( leak isolation results in the primary pressure
increase to the setting of opening of Prz safety valve, Pmax=14,4 MPa), the calculations for
these conditions were made in the form of determination of permissible pressure in the reactor
vessel depending on the time of the process and depending on the coolant temperature in the
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Discrete FEM model

F:3.
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Kozloduy 1 RPV, weld N4.
Break of steamgenerator steamline.
Residual stresses 60 MPa, grinding section.
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Residual stresses 60 MPa, grinding section.
Axial cracks
140.0
120.0

=-j

K IC (T K =173°C)

mm

a= 1 0 mm
e-a n = 1 5 mm
= 20 mm
o o o o o a = 2 5 mm
a = 30 mm
a = 35 m m

cv

£ i oo.o CO

0-

80.0

O

00
i

60.0
40.0
20.0
0

l

11)0.0

50.0

200.0
Temperature, °C

F,S.3

250.0

.00.0

Kozloduy 1 RPV, weld N4.
Break of pressurizer injection line
Residual stresses 60 MPa, grinding section
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Kozloduy 1 RPV, weld N4.
Inadvertent opening of Prz safety valve without its subsequent closing.
Residual stresses 60 MPa, grinding section.
Axial c r a c k s
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Permissible pressure in reactor pressure vessel.
Inadvertent opening of Prz safety valve.
Residual stresses 60 MPa, grinding section.
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Prediction of Tk for weld N4.
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CONCLUSIONS
1) With the use of conservative approaches for prediction of radiation embrittlement of
weld No 4 material the reactor vessel radiation lifetime is not less than 8 fuel cycles
after taking templets (till the end of 26th fuel cycle). In case of application of the law
of lateral shift at TKo=54°C, TKB=63°C the lifetime of the reactor vessel is 30 fuel
cycles
2) Even lateral shift approach at TKO=54°C, TKB=63°C may appear to be too
conservative in estimation of the reactor vessel lifetime of unit I of tcKozloduy" NPP.
The studies of behaviour of weld No 4 material are reasonable to be continued in
order to justify the more realistic prediction of radiation embrittlement that will
probably allow to justify extension of its lifetime beyond the limits of the design
lifetime.
3) It is necessary to develop and implement before the startup, after the 22d life, the
system of the reactor vessel protection against cold overpressure preventing the
repeat increase of the primary pressure in case of the primary leak isolation (as a
result of operator's actions or as a results of spontaneous closing the Prz safety valve
after its failure to fit).
4) The applied system of ultrasonic inspection shall provide for reliable detection of
defects with equivalent area of 80 mm2 in the reactor vessel cylindrical part (including
welds).
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Jozef Stefan Institute, Ljubljana, Slovenia

NPP Life Management Program - Status Report for
Slovenia
Bogdan Glumac
Technical Commitee Meeting of the International Working
Group on Life Management of Nuclear Power Plants
IAEA Vienna, October 6 - 8, 1997

1. MILESTONES FOR 1996
• Move for referendum to prematurely shut down Krsko NPP:
"Greens of Slovenia" proposed referendum but could assure
only 2000 eligible voters support. Constitution requires
support of 40000 voters. As a consequence, green party
dissolved (dissolution started even before) and was voted out
of the parliament in 1996 elections.
• Electrical energy production strategy was discussed and
confirmed by the government, targeted at roughly keeping:
1/3 hydro
1/3 nuclear
1/3 fossil (decrease coal, increase natural gas)
• Decision to upgrade and uprate Krsko NPP in order to
achieve its projected lifespan (license expires in 2023) and to
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achieve elements for possible life extension is passed,
comprising:
=>Steam generator replacement. Task contracted to
Siemens - Framatome consortium. SG fabrication is
underway in Spain.
=>Power uprate for appx. 6 %. Task being contracted
to Westinghouse.
=>Plant process computer exchange. Task contracted to
Canadian - finnish consortium. Some software
modules to be supplied by Slovenian companies.
=>Other: fulfillment of post - TMI requirements,
snubber reduction programme, additional forced
ventillation cooling cells, etc.

2. "AS IS" STATUS
• Present steam generators are almost at the plugging limit of
18 %. In spite of a thorough remediation program (100 %
inspection at each refuelling, etc.) it may become necessary to
decrease power before steam generators are replaced.
• The possibility to increase plugging limit to 20% at rated
thermal power is being thoroughly analysed.
• As a probable consequence to this extensive repair work fuel
cladding failures have been observed in 1995 and 1996.
Total of appx. 30 grams of uranium dissolved in the primary
system. Activity remained below the technical specifications
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limit. Metallic debris was found trapped in the failed
assemblies.
Mitigation: DFBN (Debris Filter Bottom Nozzle) fuel
assemblies were introduced during 1997 outage.
Further fuel improvements: Zirconium - niobium cladding
will (probably) be introduced in 1998. This material (Zr - 1 %
Nb, commercial Westinghouse name is "ZIRLO") shows
superior corrosion resistance when compared to conventional
Zirc - 4. Much higher discharge burnups are attainable ( up to
85000 MWd/ton for lead fuel pin). This would enable
transition to 18 - 24 months cycles when plant upgrade/uprate
is complete.
3. RADIOACTIVE WASTE
In order to operate the plant through 2023 (and, possibly,
beyond) solutions for low and intermediate level waste and
spent fuel must be obtained.
• Low and intermediate level waste: still no final repository
due to strong local communities opposition. Temporary
solution has been found in supercompacting and in - plant
storage.
• Spent fuel: Country adopted "deferred decision" (no final
commitments, no reprocessing for the time being) strategy in
1996. This calls for:
=>Existing spent fuel pool reracking, using two - zone
concept, burnup credit, structural neutron absorbers. Two
possibilities:
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Siemens: Stainless steel with appx. 1 % of boron
(if need be, enriched). A problem: borated SS is not
classified by ASME as a structural material.
Holtec: Boral as a structural neutron absorber. Boral
inclined to long - term swelling in the spent fuel pool
environment.
=>At some later date: Dry storage, preferably in dual
purpose (storage/transportation) casks.
=>Research reactor spent fuel will be returned to vendor
country (USA) under DOE/DOD initiative to repatriate
high enrichment fuel.

4. RESEARCH ACTIVITIES
• Radiation damage: plastic materials, semiconductors, high
level radioactive waste immobilisation materials (glass,
ceramics). In cooperation with US, russian and french
laboratories.
• Monte Carlo transport: aimed to precise 3 D models of
complex reactor cores in order to ammeliorate neutron
(photon) field characterisation. In cooperation with US and
european laboratories.
• PSA and severe accidents studies. In close cooperation with
NRC and european laboratories.
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New Swedish regulations in the area of Plant Inspection
and In-Service Inspection
presented by Bertil Hansson,
Barseback NPP, Sweden

1

Introduction

In Sweden there has been a continues development of the regulations since 1956 when
the first nuclear installations started to be designed. The first "regulations" were more like
requirements for inspection of the pressure retaining components. In this continues developement of regulations there has been an important change of the degree of details in the
last few years. The responsibility for the detailed interpretation and fulfilling of the regulations
is today more clearly directed to the plant operator.
The development of the regulations has through the years also affected what kind of inspection organisations that are involved. Today we have a system with different accredited
organisations for performing the inspections.
In my presentation I will focus on the development of the regulations up to now and how
we are working with our new regulations. I will also describe the different organisations involved and how we up to now have managed to work according to the new regulation.

2

The history of the Swedish regulations

During the period when the older power plants were designed and constructed our regulator
issued regulations that stated that there should be a certain amount of inspections and quality control done during the manufacturing of the components and also inspection programmes for the operation phase. The first kind of such regulation was issued already in 1956.
These first regulations stated also that the plant operator, the main manufacturers and
suppliers quality programmes should be approved by the regulator and these quality programmes have to include requirements for design, manufacturing, installation and inspections. The regulator also issued at that time that In-Service Inspection programmes were
required and that these programmes should be approved by an independent inspector.
This inspector had the authority to decide what amount of third party inspection that should
be performed.
In 1974 a new law was issued that introduced a system of "Riksprovplatser"( AB Statens Anlaggningsprovning, SA). All third party inspections had to be performed by this company.
The regulator issued new requirements 1975 as an effect of the above that clarified the
amount of quality control that should be mandatory and performed by SA and what amount
that could be performed by the other parties.
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Some years later, in 1978, the first more complete regulations were issued by the regulator
and these included general requirements for design, material, quality control and In-Service
Inspection. There were also detailed requirement for manufacturing and installations. Requirements were included for assigning all components above safety classes as well as
quality class, design class and inspection class. The later classes for guiding the amount of
quality control. In 1980 the first revision was performed and at that date the new regulations
became even more detailed and amount of inspections as well as methods and ways of reporting were in detail regulated.
In 1980 special requirements for In-Service Inspection were approved by the regulator.
These requirements have been developed by a special working group with members from
the regulator and the nuclear industry. Requirements for inspection of the reactor pressure
vessel was based on ASME XI and for other pressure retaining components the normal
Swedish Pressure Vessel Industry rules were the base.
Then in 1984 the regulator issued a new version of regulation (FTK) based on the former
and in principal integrating the In-Service Inspection rules and some other specific requirements based on experience out of construction of the later errected nuclear power plants.
The In-Service Inspection rules were not at that time updated in the same way as the other
parts and therefore it was a great difference in degree of details between the different parts.
A new law was issued 1984 for the nuclear industry and with support of this the Swedish
government gave the regulator mandate to make new revision of the regulations and this
revision was finished in 1987 (FTKA). In this new regulation general demands for pressure
retaining components were introduced and requirements for approval of design specifications for larger modifications from the regulator. The level of details in requirements was a
little lower for the design and installation area. For In-Service Inspection the amount of inspections was now guided by a control group matrix, as shown below.
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A: 75%
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B:10%

III

B

C

C

C

C:-

Extent of control

The In-Service Inspection efforts are concentrated to objects if a failure occurred, had the
highest likelihood of causing core damage. The failure of pressurised components in a nuclear power plants can lead to situations of quite different safety importance depending on
function it has in the process. The probabilistic structure serves as a conceptual framework
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for the selection system. It proved however to be impossible for practical reasons to directly
use probabilistic measures and instead the system was based on two engineering type
measures, the failure index(FI) and the consequence index(CI). Fl ranges from I to III and is
an estimate of the failure propensity. Cl ranges from 1 to 4 and is an estimate of the consequence. Based on assigned indices the objects (welds, T-joints, valves etc) are divided in
control groups according to the table above.
In the regulations from 1987 also new requirements on NDT-techniques and NDT-personnel
was introduced, these were coming out of experience from round-robin studies on NDT performance. Verified NDT-procedures on simulated but realistic flaws had to be approved by
the official inspection agency(SA) and it was required that the NDT-personnel should pass a
qualification test using the approved NDT-procedure on flawed samples.
In 1991 to 1993 the law was again changed and also EU-requirements lead to form a "open
system" there the inspections and controls of the third party should be performed by "notified
bodies". The regulator was here also directed to issue regulations in the same way as other
regulators in Sweden. These directives lead to a total revision of the regulation and SKIFS
1994:1 was issued in September 1994 and valid from 1995-01-01.
SKIFS 1994:1 has a very low degree of detailed requirements and has as a appendix very
general guidelines how to fulfil the requirements. It is the plant operators responsibility to
specify in detail, and fulfil the requirements. The development of regulations has gone from
requirements on quality system to very detailed requirements and ending today in very general regulations. A very clear responsibility is now given to the plant operator to specify the
details and subsequently meet the prescriptive requirements. The development over this time
period could be illustrated in the following way without any demand on exact level:
Regulator

FTK
SKIFS 199i:l

1995
FBM
ABM
KHM
TBM
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3

The regulation of today - SKIFFS 1994:1

In accordance with the law governing nuclear activities in Sweden the Swedish Nuclear Inspectorate issued the new regulations SKIFS 1994:1. These regulations cover pressure and
load bearing components and other structural components in nuclear installations necessary
to ensure:
•
•
•
•

containment and cooling of nuclear fuel
containment of radioactive material formed during the nuclear process
maintenance of core geometry and shut down capability
containment of nuclear material

These regulations are also applicable to other structural components which are connected
to, or can affect, components necessary to ensure the above functions, and which belong to
any of the control groups 1 - 4 .
These regulations contain the following chapters:
Chapter 1 - Areas of application and definitions
Chapter 2 - Basic operating conditions, operational limitations, etc.
Chapter 3 - Regular inspection, monitoring and In-Service Inspection
Chapter 4 - Repairs, replacements, alternations and additions
Chapter 5 - Control of conformity and annual report
Chapter 6 - Other regulations
Attached to these regulations there are "General guidelines" that are general recommendations concerning the implementation of the mandatory requirements given. The recommendations should be regarded as minimum efforts to meet the requirements. Alternative actions
can be taken if they present a conservative solution.
Then there are appendixes covering
App 1 - Guidelines for assessing damage and damage tolerance
App 2 - Guidelines for assigning inspection groups
App 3 - Guidelines for assessing the amount of inspection etc.
App 4 - Guidelines for qualification of non-destructive testing systems
App 5 - Guidelines for determining the necessary manufacturing and installation inspection
3.1

Summary of requirements in the different chapters

The regulations are specifying the requirements in a concentrated way without giving detailed
requirements. It is the responsibility of the Plant operator to evaluate the requirements and
specify detailed requirements.
Chapter 1 - Areas of application and definitions
In this chapter it is specified areas were the regulations apply and also areas where they do
not apply. Definitions are given for terms used in the regulations.
Chapter 2 - Basic conditions for use, operational limitations, etc.
The basic conditions for structural components are specified and how to act when pressure
and temperature fluctuations exceeds those that form the basis for design. Here is also
specified that the Plant Operator should have a suitable inspection organisation.
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Chapter 3 - Regular inspection, monitoring and In-Service Inspection
Here the assignment to inspection groups are directed and then also the amount of inspection of the reactor vessel and internals as well as other components. Supporting documents,
inspection methods and qualification of inspection systems are directed. Directives are also
given for what kind of report that should be given and how they should be certified.
In the guidelines for this chapter a modified matrix for assigning inspection groups was introduced, with some modified guidelines for determine Consequence Index and Damage Index:
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I

A

A

B

II

A

B

C

III

B

C

C
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Chapter 4 - Repairs, replacements, alternations and additions
The assignment to safety categories of structural components is directed for setting the design requirements and quality assurance requirements for repairs, and for the manufacture
and installation of replacement components, and components intended for use in modifications.
Directives are given here for:
Repairs
Design, manufacture and installation
Examination of repairs, design, manufacture and installation
Measures after installation
Chapter 5 - Control of conformity and annual report
The control of conformity is here specified, like for an example that the examination of supporting documentation for In-Service Inspection should be performed by an accredited inspection body. The accredited inspection body should in principal examine the fulfilness of
the requirements in the regulation for the In-Service Inspection, functional tests, repairs,
manufacture, installation and so on. After doing this the accredited inspection body must
determine if a certificate of conformity can be issued. The certificate of conformity is required
before start up of the plant.
Violations against these requirements could be, if serious, a matter that should be handled in
court.
Directives are also here given to the plant operator to summarise such observations made
during normally monitoring that have relevance for assessing the safety of component types,
design or structural material. This should be included in an annual report to the Swedish
Plant Inspectorate, as well as new experience that could affect the safety assessment and
how it apply to the inspection programme.
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Chapter 6 - Other regulations
Here is specified the relations to other regulations and when this regulation should be implemented.

4

The Nuclear Industry response and development of practices

In the end of 1994 the Swedish Nuclear Industry started a project to assess the requirement
in the regulation and make common detailed requirements for the nuclear industry. The project had a governing board with representatives from all Swedish Nuclear power plants and
the members in the project group were coming from the plants. This project had four subprojects:
General requirements
Technical requirements
Quality Control requirements
In-Service Inspection requirements
The objective for this project was to issue documents that could be used as a base and
"industry standard" for the development of plant specific documents.

Regulator
Plant
Operator

PBM
ABM
KBM
TBM
Plant specific requirements, procedures etc

In the middle of 1995 these documents were issued after an intensive work in the project and
also out at the plants. Plant personnel made an examination and scrutinised all document.
Totally about 80 persons were in some way involved in the work.
The basic requirements for the Swedish Qualification Center were also specified by the project as well as structure, organisation and the needed competence of the personnel that
should be employed in the Center.

5

Organisations involved for the fulfilnes of demands

Organisations involved for the fulfilness of the requirements have to work in an "open" system according to Swedish laws(are in harmony with EU-regulations). The different organisation have different roles and act on order from the plant operator. These organisation have
either to be approved or accredited.
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Swedish Board for Technical Accreditation - SWEDAC
In Sweden we have a special organisation that performs the accreditation of organisations
that have to be accredited to perform there mission. This organisation has an authority status
and the nuclear industry was to some extent new for them, they had before been involved in
certifying In-Service Inspection personnel that performed inspection of pipes where IGSCC
could be suspected. The requirements for being accredited were set up by the Swedish Nuclear Inspectorate and SWEDAC.
Accredited inspection body (third party status)
Organisation which, through accreditation for the entire category 1 in accordance with the
regulations concerning third party inspection bodies with third party status issued by the
Swedish Board for Technical Accreditation, are deemed competent to perform independent
technical inspection of structural components in or for nuclear installations and are deemed
competent to assess qualifications and manufacturers.
Accredited laboratory
Organisation which, through accreditation, in accordance with the regulations governing accredited laboratories issued by the Swedish Board for Technical Accreditation, are deemed
competent to perform testing of structural components in or for nuclear installations.
Swedish Qualification Center
Independent national qualification body, owned by the Swedish Nuclear Power Plants, for
qualification of In-service Inspection systems used for inspections in inspection group A and
B. This special body has to be approved for the purpose by the Swedish Nuclear Power Inspectorate. In order to be approved the body must have an independent and impartial position, and a suitable organisation and necessary technical competence for the purpose.
Relations between the organisations
As mention before the plant operator has the full responsibility for the fulfilnees of all the
mandatory requirements in the new regulations and the relations could be described as below.

cation
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The Plant Operator has to order the services from the accredited organisations and they
have to work in accordance with the regulations. The Plant Operator has to fulfil the requirements and report to the Plant Nuclear Power Inspectorate as stated in the regulations.

6

Qualification of In-Service Inspection systems

In-Service Inspection of the reactor pressure vessel and parts in inspection groups A and B
must be performed by using inspection methods which have been qualified to reliably detect
and characterise and correctly determine the size of the damage which can occur in the
specific type of component. Such qualification must be supervised and assessed by a special body approved by the Swedish Nuclear Power Inspectorate. In Sweden we have formed
this body in our Swedish Qualification Center, SQC.
The requirements accepts the use of technical justifications together with practical demonstrations. The demonstrations applies to all NDE techniques.

7

Experience so far

In the beginning there were and in some cases still exists difficulties to find the right interfaces between the working organisations, but there have been improvements and the new
relations are developing. The workload on the organisations are high and the Plant Operators have employed more personnel to there organisations working with the fulfilment of the
requirements. Due to underestimation of needed competence and resources the process of
implementation has taken longer time than estimated.
There has also been difficulties due to that it has been hard to comply with new requirements
on upgraded design specifications as:
new initiating events, new loads - dynamic/seismic
results in hardware modification
detection targets for ISI based on fracture mechanical calculations, time consuming
and costly.
The qualification process has to some extent been unfamiliar and some experiences so far:
requirement of defect specifications based on fracture mechanics
needs NDE experts to compile existing information
produce test samples in large scale
heavy workload on the qualification center
and difficulties to meet implementation dates set by the regulator due to large efforts needed.
The summary conclusion is that the concept of the new regulation is good and the way of
giving responsibility to the Plant Operator to form organisations and to fulfil requirements following the "Swedish Model" is good. Problems all always coming up in the beginning when
introducing new systems and in this case there has been an underestimation of needed efforts to implement the regulations. The new regulation and changes in the different organisations roles has caused a movement of personnel between organisations and there has also
been a need to employ new personnel to the organisations and to train them.
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AGEING SURVEILLANCE PROGRAMME
(ASP)
1. MAKE GUIDELINES FOR THE CREATION OF
TERMS OF REFERENCE
2. CREATE REFERENCE-DESCRIPTIONS FOR SAFETY
RELEVANTCOMPONENTS
3. IMPLEMENTATION OF THE RESULTS ON
MAINTENANCE PROGRAMMES
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AGEING
BASIC MATERIAL AGEING:
CHEMICAL AND PHYSICAL CHANGES IN THE
MATERIAL IN WHICH THE TIME FACTOR PLAYS
A SIGNIFICANT ROLE
CONTROL: MAINTENANCE MEASURES

TECHNICAL AGEING:
NEW KNOWLEDGE AND NEW TECHNICAL
SOLUTIONS LEAD TO THE NON-OPTIMUM
APPLICABILITY OF EXISTING SOLUTIONS
CONTROL: BACKFITTING

- 113 -

KKB-Ageing Documents (Mechanical Components)

1996:
• Reactor Coolant Pumps
• Reactor Coolant Loop Piping
• Surge-Line, Pressuriser Spray-Line
1997:
• Reactor-Pressure- Vessel (RPV)
• RPV- Internals
• Steam generators
• Pressuriser-Relief-System
Later:
Other Components of Safety Class 2 and 3

22.09.97

KW
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AGEING SURVEILLANCE PROGRAMME
I & C TECHNOLOGY
FIRST PRIORITY-. IE-EQUIPMENTS IN THE PRIMARY
CONTAINMENT MAINTAINING THE FUNCTIONALITY
BYLOCA
STARTING POINT: BASICALLY THE IE EQUIPMENTS
ARE QUALIFIED END THEREFORE THE AGEING
PROCESSES ARE TAKEN INTO ACCOUNT, AS FAR AS
THEIR LEGAL STATUS IS KNOWN.
MUCH EQUIPMENT IS CHANGED PREMATURELY FOR
NEW ( LACK OF QUALIFICATION, PROBLEMS WITH
OBTAINING SPARE PARTS, TECHNICAL AGEING ETC.)
EQUIPMENT TYPES: MOTORS
DRIVES
• CABLES
PENETRATIONS
MEASURING INSTRUMENTS
ETC
MAIN DISCUSSION POINT: THE VALIDITY OF
QUALIFIED LIFE-TIME. SIMPLIFIED AND CONCLUSIVE
PERIODIC PROOF METHODS OF THE LOCA
RESISTANCE
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MAIN RESULTS: THE MAINTENANCE RULES ARE
EXTENDED, AS FAR AS NECESSARY. CABLE STORES
WILL BE BUILT IN THE CONTAINMENT. THE
QUESTION ABOUT THE PERIODIC EXAMINATION FOR
LOCA RESISTANCE IS BEING CLEARED UP. HOWEVER,
THANKS TO THE EQUIPMENT EXCHANGE CAMPAIGNS
ALREADY DONE, THE SITUATION IS NOT ACUTE FOR
THE MOMENT.
SECOND PRIORITY: 1E-EQUIPMENTS IN THE
SECONDARY CONTAINMENT
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TERMS OF REFERENCE-DESCRIPTION

1. AGEING MECHANISMS

2. DIAGNOSTIC METHODS

3. PLANT SPECIFIC PART:
- IDENTIFICATION AND REGISTRATION OF
SAFETY-RELEVANT COMPONENTS
- DETECT ANY DEFICIENCIES IN THE EXISTING
MAINTENANCE RULES
- ELIMINATION OF THE DEFICIENCIES
- PROOF OF LOCA RESISTANCE
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PROOF OF LOCA RESISTANCE
TODAY'S STATE OF THE TECHNOLOGY CANNOT
GUARANTEE AN EXACT DETERMINATION OF THE
LIFE DURATION OF COMPONENTS. THE REASONS
ARE:
-MISSING DATA CONCERNING SYNERGISTIC EFFECTS:
a) DOSE RATE EFFECT
b) SEQUENTIAL TESTING; THE WAY IN WHICH
IT IS DONE
-ACTIVATION ENERGY IS NOT KNOWN:
a) ACCELERATED TESTS ARE NOT RELIABLE
b) n-GRADE RULE WITH n= 10 IS AN ESTIMATE
KTA 3706 ,,PERIODIC PROOF OF THE LOCA
RESISTANCE OF ELECTRICAL AND CONTROL
COMPONENTS OF THE SAFETY SYSTEMS":
STARTING ORDER:
1983
DRAFT:
1989
PROVISIONAL APPROVAL: 1994
FINAL APPROVAL:
?
POSITION OF THE HSK:
-IT SHALL BE STUDIED, ON A CASE-BY-CASE BASIS,
HOW THE PROOF FOR LOCA RESISTANCE CAN BE
CARRIED OUT WITHIN THE FRAMEWORK OF WHAT IS
POSSIBLE AND UNDER COSIDERATION OF THE ,,STATE
OF THE TECHNOLOGY"
-IT SHALL BE CARRIED OUT ABOUT HALF-WAY IN
THE LIFE TIME AS LAID DOWN IN THE SUITABILITY
EXAMINATION
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ASP: ELECTRICAL COMPONENTS
(ALLNPP)
MOTORS
DRIVES
TRANSFORMERS
POWER BREAKERS
ELECTROMAGNETIC RELAYS
MAGNETIC VALVES
BATTERIES (EMERGENCY)
VOLTAGE PROTECTION
BATTERY CHARGERS
INVERTERS
FUNCTION UNITS
PRESSURE TRANSMITTERS
NUCLEAR DETECTORS
PENETRATIONS
CABLE PENETRATIONS
THERMOELEMENTS
SENSORS
PROTECTION DEVICES
POWER CABLES
TERMINALS
PLUGS
HEAT SHRINKABLE SLEEVES
CONNECTORS
MEASUREMENT AND POSITION SWITCHES
MELTABLE FUSES
END SWITCHES
INDICATORS
POTENTIOMETERS
CONDENSORS
SEMICONDUCTORS
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ASP: OVERVIEW
SCHEDULED FOR END OF 1997:
KKB (BUILT 1969)
-DRIVES
-MOTORS
-CABLES
-TRANSMITERS
-HEAT SHRINKABLE SLEEVES
-AND MORE REFERENCE DESCRIPTION TO
FOLLOW
KKM (BUILT 1971)
- CABLES
- PENETRATIONS
- PLUGS
- THERMOELEMENTS
KKL (BUILT 1984)
-DRIVES
- TRANSMITTERS
KKG (BUILT 1979)
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SCHEDULED FOR END OF 1998:

KKM
- DRIVES
- MAGNETIC VALVES
- COMPONENTS IN THE REACTOR BUILDING
KKL
CABLES
THERMOELEMENTS
END SWITCHES
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AGEING SURVEILLANCE PROGRAMME
FOR KKL (G.E. BWRV
All Class 1 systems are covered by the programme. Up to how only the
documents for the ^Recirculation System** have been submitted. For the pump,
valves and piping of the system, the following documents were received:
i

|

A review of the fabrication documents of die pressure retaining parts and:

|!

•
•
•
•
•

chemical analysis
measured mechanical properties
fabrication documents (welding, heat treatment, forming...)
documents for NDT and repairs
stress analysis and fatigue

Data from Inservice Inspection:
• ultrasonic testing, dye-penetrant tests
• wall thickness measurements
• visual inspections
• leak testing
• performance measurements
An evaluation on ageing mechanisms such as:
pitting and crevice corrosion, SCC, IASCC
thermal embrittlement of duplex steel (valves and pump housings)
fatigue due to thermal stratification, vibration and transients
For transients, a special report called ,,Transient Book Keeping" is being
prepared. It will be used to register and evaluate the actually experienced
transients. The usage factor can then be calculated.
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SOME ASPECTS OF RPV INTEGRITY OF
UKRAINIAN NPP's

N.Zaritsky, V.Kovyrshin, P.Zhukov
(Ministry of Environmental Protection and Nuclear Safety of
Ukraine/State Scientific and Technical Centre on Nuclear and
Radiation Safety, Kyiv)
to be presented at the Meeting of the IAEA International Working Group on
Nuclear Power Plant Life Time Management

6 - 8 October 1997
Vienna
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SOME ASPECTS OF RPV INTEGRITY OF UKRAINIAN NPP's
N.Zaritsky, V.Kovyrshin, P.Zhukov
Ministry of Environmental Protection and Nuclear Safety of Ukraine/State
Scientific and Technical Centre on Nuclear and Radiation Safety, Kyiv
Table of contents
1. Informational contribution of Ukraine into international database on reactor
pressure vessel materials: general information on reactor pressure vessels
2. Complex program to upgrade power units with WWER-1000 under operation
and construction at Ukrainian NPP's
Conclusions
1. Informational contribution of Ukraine into international database on reactor
pressure vessel materials: general information on reactor pressure vessels
Ukraine participation in the International Database on Reactor Pressure Vessel
Materials is important for all the organisations directly related to nuclear power.
In particular, this Database is a powerful source of an information for the
Regulatory Body to assess and evaluate NPP safety, and for the operators - to
substantiate integrity and safe operation of reactor pressure vessels (RPV).
There are the data on the surveillance-specimens programme implementation at
all the national power units presented in the Table. It is seen that, by now, 23
complete sets of surveillance-specimens were extracted from RPV. Practically,
there is reporting documentation available at NPP's as to all the complete sets
investigated An attention should be drawn to the fact that surveillance-specimens
of the first extraction's from Khmelnitsky NPP unit 1 along with South-Ukraine
NPP unit 3 RPVs were investigated at the Institute for Nuclear Research of the
National Academy of Sciences of Ukraine.
The nuclear power in Ukraine is peculiar with that there are not any scientific,
design and manufacturing organisations dealing with creation of WER-type
RPV available at its territory. In this connection development and keeping of
database on the Ukrainian NPP RPV is being featured not only by topicality and
also novelty. It also should be noted that due to an above mentioned peculiarity
of a nuclear power in Ukraine the main source of an information to keep the
Database is the documentation available on-sites.
This information is available on-sites in the passports on RPV. The State
Scientific and Technical Centre on Nuclear and Radiation Safety attached to the
Ministry of Environmental Protection and Nuclear Safety of Ukraine (SSTC
NRS) is collecting such data in the frames of a budgetary theme. Presently, the
general information (chemical compositions and mechanical properties of RPV
materials) is already collected on all Ukrainian WWER-1000 power units and
handed over to IAEA.

-125-

2. Complex program to upgrade power units with WWER-1000 under
operation and construction at Ukrainian NPP's
The regulatory body of Ukraine (Nuclear Regulatory Administration, NRA) pays
serious attention to the problem of irradiation embrittlement and securing the
integrity of RPV. The annual reports on safety, which NPP's deliver to NRA to
obtain temporary licences for operation, include:
• periodic non-destructive examination results of RPV's critical areas
• results of surveillance specimens (SS) programme
• etc. concerning the reliability of RPV operation.
In NRA the requirements are developed according to the international
approaches. These requirements should be carried out by the utilities for the
substantiation of RPV's safety when obtaining long-term licences for operation.
The relevant reports on safety should include the evaluation of RPV material
property changes and estimation of residual life-time due to irradiation.
On Ukrainian NPP's the series of technical solutions are implemented, complied
with NRA, concerning the changes in the SS program and specimens testing. For
two units (Yuzhno-Ukrainskaya-2, Zaporozhye-4) measures to install upgraded
SS sets are implemented. Similar measures are planned for units Zaporozhye-5, 6.
The Kiev Institute "Energoproject" with the Russian organizations designed the
complete upgrading program for the operating and for the new WWER-1000
reactor units. In the program the comments and proposals by NRA and
organizations, which are carrying out the design's expert support (RISKAUDIT,
SSTC NRS) are taken into account.
The main objectives of modernization are:
• elimination of design deviations from the requirements in the normative
documents
• increase reliability of system and components, which are important to safety
• The implementation of IAEA's experts' recommendation to increase the NPP's
'safety and to take into account foreign experience, when it is relevant for
WWER reactors.
The basic measure for the new unit, which is directed to increase fracture
assessment reliability of RPV related to material irradiation emb&ttlement, is
radical SS program modernization. First of all, it includes a complete SS set
positioned near the RPV wall in the core region, as it is implemented in Western
PWR's. "Gidropress" (Russian organization) has developed technical solution on
implementation. This presupposes the measurement of irradiation temperature of
surveillance specimens (SS) by thermocouples, this will allow to adjust the earlier
obtained SS testing data to carry out more reliable assessment of RPV's residual
life-time related to the irradiation embrittlement issue. Taking into account the
operation experience from SS installation on the wall of RPV on Temelin-1 &-2
NPP (Czech)Skoda/Nuclear Machinery, this is considered as an option to fulfil
the objective on the Khmelnitskaya-2 and Rivno-4 Units.
In the Ukrainian program of modernizing several measures are planned. From
these measures, concerning the RPV's irradiation embrittlement problem, are:
• introduction of permanent fluence monitoring system onto the Rl /'s wall
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• modernizing of dosimeter within the framework of the existing SS program
• introduction of RPV's residual life-time assessment and determination on a
regular basis
• units' transfer onto the refuelling strategy with the low neutron leakage core
• introduction of NDE equipment for examination of the RPV from inside
• and other.
Recently the SS's testing results taken from 7 reactors after the period of 5-6
years of irradiation are analyzed. The testing has been carried out in Moscow and
Kiev.
The complexity in deriving reliable results is due to the estimation of ATK
temperature shift. The amount of specimens with close fluence values seems to be
insufficient to get the impact strength dependencies (KCV curves).
The following results for ATF shifts have been obtained:
• basic metal: from 0°C up to 40°C
• weld metal: from 10°C up to 40°C
• HAZ metal: from 8°C up to 30°C
The estimation of coefficients of irradiation embrittlement AF, points out, that the
coefficients do not exceed normative values in PNAE-G-7-002-86.

CONCLUSIONS
1. The operating organisations in Ukraine implement the main IAEA
recommendations intended at provision of the NPP's operational safety
performing a permanent work in the named direction.
2. Sufficient substantiation of the measures selection to improve power units at
NPP with WWER-1000 safety and operational reliability is provided.
3. The Program implementation according to the main upgrading objectives
(elimination of deviations from the normative document requirements;
improvement of reliability and operability of safety-significant systems equipment;
implementation of the IAEA recommendations) assures a safety level comparable
with that of a state-of-the-art foreign requirements.
4. With the specificity of the standard SS program to control changing of power
units at NPP with WWER-1000 materials properties the decision selection as to
place of SS's installation along with the other measures on the issue are of a
particular attention from the Regulatory Body of Ukraine.
5. Presently, the general information (chemical compositions and mechanical
properties of RPV materials) is already collected on all Ukrainian WWER-1000
power units and hand over to International Database on Reactor Pressure Vessel
Materials.
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IMPLEMENTATION OF THE SURVEILLANCE-SPECIMENS PROGRAMME AT NPP's OF UKRAINE
Number of SS
complete sets
extracted
1
1

Date of SS
extraction

Organisation carried
out SS testing

Availability of SS
testing report

1996
1990

available

1
2
2
1
1(1*)

1991
1992
1993
1984
1990

SS is on-site
"Kurchatov
Institute"(KI) (Russia)
"KI" (Russia)
"KI" (Russia)
"KI" (Russia)
"KI" (Russia)
"KI" (Russia)

1984
1989

2

1994

VVER-1000

1987

2

1993

1

VVER-440

1980

2

VVER-440

1981

3

VVER-1000

1986

1
1
1
1
1
1
1
1
1

1982
1984
1986
1991
1983
1985
1987
1989
1991

# of
power
unit
1
2

Type of
power unit

Date of
commissioning

VVER-1000
VVER-1000

1984
1985

3
4
5
6
1

VVER-1000
VVER-1000
VVER-1000
VVER-1000
VVER-1000

1986
1987
1989
1995
1982

NPP

2
3

VVER-1000
VVER-1000

Khmelnitsky
NPP

1

NPP

Zaporizhya
NPP
SouthUkraine

00
I

Rivne
NPP

Institute of Nuclear
Research (INR) NAS
of Ukraine
INR NAS of Ukraine
"KI"
"KI"
"KI"
"KI"
"KI"
"KI"
"KI"
"KI"
"KI"

(Russia)
(Russia)
(Russia)
(Russia)
(Russia)
(Russia)
(Russia)
(Russia)
(Russia)

*- control surveillance-specimens from power unit 2, irradiated within RPV of power unit 1

available
unavailable
(under a process)
available
available (* is
available)
available
available
available
available
available
available
available
available
available
available
unavailable

The following results for ATF shifts have been obtained:

basic metal: from 0°C up to 40°C
weld metal: from 10°C up to 40°C
HAZ metal: from 8°C up to 30°C
The estimation of coefficients of irradiation embrittlement
AF, points out, that the coefficients do not exceed normative
values in PNAE-G-7-002-86.
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STATION

CalderHall1
Chapelcross1
Bradwell2
Berkeley2
Hunterston A3
Hinklev A2
Trawsfvnvdd2
Dungeness Ar
Sizewell A2
Oldburv2
Wvfla2
Hinklev B 2
Hunterston B 3
Hartlepool2
Hevsham I2
Dungeness B 2

Hevsham 2 2
Torness3
Sizewell B 2

TYPE

NO OF
REACTORS

OUTPUT
MW

DATE OF
COMMISSIONING

CURRENT AGE IN
YEARS OR CLOSURE
DATE

4
4
2
2
2
2
2
2
2
2
2
2

240
240
245
250
420
470
420
470
420
430
950
1240
1240
1200
1130
1120
1970
1270
1200

1956
1959
1962
1962
1964
1965
1965
1966
1966
1968
1971
1976
1976
1984
1984
1985
1988
1988
1995

41
38
35
closed 1989
closed 1990
32
closed 1993
31
31
29
26
21
21
13
13
12
9
9
2

Magnox
Magnox
Magnex
Magnox
Magnox
Magnox
Magnox
Magnox
Magnox
Magnox
Magnox
AGR
AGR
AGR
AGR
AGR
AGR
AGR
PWR

2
2
2
2
2
2
1

Basic Data on UK Nuclear Plant
Licensee 1 British Nuclear Fuels pic
2 Nuclear Electric pic
3 Scottish Nuclear pic
IMAGES\MISCUMNPP2 2
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Life Extension Granted to Calder Hall (CH) and
Chapelcross (CX) Reactors - Further 10 Years
Operation
On 3 July 1996, the Nil confirmed that it had completed it
assessment of BNFL's Periodic Safety Case Review for the
nuclear power plants at Calder Hall in Cumbria and
Chapelcross in Dumfriesshire. As a result of its assessment
the Nil was satisfied that it is safe to continue operation of
these reactors beyond the milestone of 40 years
operation - subject to the satisfactory outcome of a number
of ongoing inspection programmes and other reasonably
practicable improvements to plant and procedures.

I

I
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There are two well recognised life-limiting
features of the Magnox reactors, namely the
graphite core ageing and materials properties of the
reactor pressure circuit components. These
features have been scrutinised particularly closely
and the conclusion has been reached that there are
no safety factors which will necessarily limit the life
of the stations to less than 50 years. However, it is
acknowledged that it is difficult to make long term
predictions in areas such as these and a programme
of regular formal reviews in these areas will be
required throughout future operation.
IMAGES\MISC\LMNPP2 4
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Two other potential life-limiting features for
generating plants are heat exchanger tube failures
internal to the boiler shells and the integrity of the
main engineering structures of the plants.
However, it was concluded that appropriate
routine ageing monitoring programmes are in
place in respect of these features to support
continuing operation beyond 40 years.

i

1*0 AEA
AEA Technology
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Cases have been successfully been made for 34 years
operating life for four steel vessel stations.
Important developments in two cases have been:
Bayes/MLE analysis of Charpy impact energy data as input to
the predicted irradiated fracture toughness ductile to brittle
transition curve
Accommodation of the contribution for thermal neutrons
based upon accelerated test data obtained with higher thermal
neutron flux in the Halden Reactor

Good progress is being made with the removal of samples
for the Trawsfynydd (closed) reactor steel pressure vessel.
The fracture toughness test data will be compared with the
predicted values obtained via Charpy impact energy
correlations. The early results are encouraging.
IMAGES\MISC\LMNPP2 6
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Periodic Safety Reviews have been completed
successfully for the sister stations at Hunterston B and
Hinkley Point B. The Reviews, which cover the
period 1996-2006, have identified a number of
relatively minor modifications.
• Work continues on the assessment of the lives of the
AGR graphite cores. This is one of the principal inputs
to the review of AGR stations lifetimes. The
programme of work covering the first two stations is
scheduled for completion in 1998.

AEA
AEA Technology

• Similar Reviews are well advanced for Dungeness B,
Hartlepool and Heysham 1. Work has started on the
PSRs for Torness and Heysham 2 for completion in
January 2000.
IMAGES\MISGLMNPP2 7
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Reheat Cracking in Boiler Circuit
Components
• The major programme of work on reheat cracking of
austenitic components is well advanced and the
majority of the modifications to the plant which have
proved necessary are almost complete

I

• Assessment methodologies have been established for
carrying out regular predictions of plant life usage for
essential reactor and boiler components. These assess
life usage based on actual operating history to date
and predicted regimes over the forthcoming
operating period.
AEA Technology

IMAGES\MISC\IMNPP2 8
1997 AEA Technology pic

UK Nuclear Technical Advisory Group on

As a successor to the Marshall Study Group which
produced three reports on the Integrity of the
PWR pressure vessel in the 1970's and 1980's,
TAGSI was set up in the late 1980's to consider
structural integrity issues across the whole range of
nuclear plant operating in the UK.

00

ISOAEA
AEA Technology

Over the past few years it has been sponsored by all
the nuclear plant operators and the regulator (Nil)
to address underlying technology issues and
questions posed by the sponsors. TAGSI comprises
a number of eminent independent advisors who
work in discussion with sponsors to address the
issues raised.
IMAGESVMISOLMNPP2 9
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TAGSI reports its findings to the sponsors and to
the national Advisory Committee on the Safety of
Nuclear Installations (ACSNI)
Current sponsors are:
Nuclear Electric Ltd
Magnox Electric pic
British Nuclear Fuels pic
Scottish Nuclear Ltd
Ministry of Defence
Nuclear Installations Inspectorate
UKAEA

u>

AFA

Technology provides the Technical Secretariat.
IMAGES\MISOLMNPP2 10
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On behalf of the sponsors, TAGSI will address
the following generic issues pertinent to nuclear
plant integrity:
• Structural integrity methodologies and codes
• Acquisition and interpretation of materials data
• Failure mechanisms
• Inspection methods and applications
• Probabilistic aspects of structural integrity
methodology

IMAGES\MISOLMNPP2 11
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TAGSI will provide peer review and informed
comment on the specific principles used in
structural integrity assessment methods and
procedures and used to underpin the
interpretation of materials behaviour in response
to issues raised by the sponsors.
TAGSI will provide advice and opinion on
generic aspects of structural integrity
methodology in relation to plant problems and
safety issues with particular emphasis on suitably
consistent standards and approaches.

liOAEA
AEA Technology
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TAGSI holds an annual one-day symposium
on a topic of current interest in conjunction
with an Institution or non-nuclear industry
sector which has a common interest. Recent
symposia were:
1997 Risk Based Inspection and Plant Assessment
1996 Advances in Fracture Mechanics
The publication of TAGSI deliberations in
the open literature is now in hand.

JOAEA
AEA Technology
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TAGSI comprises 10 independent members
including the Chairman (Sir Peter Hirsch)
drawn from Universities and technology
organisations.
Issues are considered by ad hoc sub groups
convened at the Chairman's request and
drawing on a wider range of national
technical experts.
Sponsors also nominate representatives to sit
on the sub groups.
AEA Technology
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Warm prestressing
Crack arrest
Irradiation damage principles
Miniaturised fracture testing
Defect distributions and the probability of
large defects
Incredibility of Failure Safety Cases

IMAGESVMISQLMNPP2 15
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Health and Safety Commission (HSC) -

Licensee of nuclear plant are charged by
the HSC with placing a research
programme to address major safety issues
identified by the Nuclear Installations
Inspectorate (Nil) and compiled in a
Nuclear Research Index.

I2JAEA
AEA Technology
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Health and Safety Commission (HSC) -

• In the life management area, programmes of work
are ongoing in
1) Steel components
- Development of Stress Analysis and Fracture
Mechanics Methods (including - high temperature
crack growth, crack arrest, probabilistic fracture
mechanics, warm prestressing, residual stress, LBB)

AEA
AEA Technology

- Characterisation of Materials and Fabrication
(including - definition of upper shelf, corrosion,
irradiation embrittlement, transition joints, fatigue,
ageing)
- Development and Validation Inspection Techniques
(including - optimisation of ISI, UT modelling,
reliability of ISI)
© 1997 AEA Technology pic
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2) Civil Engineering
- Structural Performance of PCPV's
- NDT and Monitoring of Concrete Structures
- Repair and Coating of Concrete
- Long Term Tender Performance

3) Nuclear Systems and Equipment
- Effects of Ageing on Cable Materials
- Effects of Ageing on Mechanical Components
- Effects of Ageing on Electrical Components
- System monitoring and diagnostics

AEA
AEA Technology
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REACTOR AGING RESEARCH
U. S. NRC
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MICHAEL G. VASSILAROS
SR. MATERIALS ENGINEER
U. S. NRC
WASHINGTON D. C.
IAEA, October 6-8, 1997
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United States Nuclear Regulatory Commission
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United States Nuclear Regulatory Commission

REACTOR VI

iRITY

Regulatory Issues
• Pressurized Thermal Shock
* 10 CFR 50.61 Screening Criteria
* Regulatory Guide 1.154
* Can be limiting consideration in plant life

• P-T Limits
* 10 CFR 50, App. G and ASME Section III/XI, App. G
-k Limits heat-up/cool-down rates

• LTOP

•

* Standard Review Plan and Technical Specifications
* Tied to P-T limit considerations
Charpy Upper Shelf Energy
* How far can "equivalent margins" analyses be eytended?

United States Nuclear Regulatory Commission
*****

PRESSURE-TEMPERATURE LIMITS CAN
CREATE OPERATIONAL PROBLEMS
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United States Nuclear Regulatory Commission

REACTOR VESSEL INTEGRITY
Regulatory Issues (cont.)
• Flaw Size Assumptions and ISI

K)

* 1/4-t assumed in ASME Section III/XI, App. G
7*r Can reduced size be justified?
^ Flaw orientation - circ. flaws in circ. wolds
ik ASME Section XI, App. V1I/VIH -- performance demonstration ~
how rigorous?
•fc Where can ISI results be used in regulatory analyses?
• Basis tor using ISI in PTS analyses? F OD? Reliability?

# Thermal Annealing
i< Only accepted method for mitigating effects of neutron irradiation
ik 10 CFR 50.66 and Regulatory Guide 1.162
~k ASME Section XI Code Case N-557
7V Engineering issues being addressed in DOE Annealing
Demonstration Program

United States Nuclear Regulatory Commission

REACTOR

L INTEGRIT

Technical Program
• Resolution of these regulatory issues hinges on the same
three technical issues
i

ik Fracture mechanics analysis methods
TV Embrittlement estimates
TV Inspection capabilities

• The pressure vessel safety research program addresses all
three of these technical issues

United States Nuclear Regulatory Commission

FRACTURE ANALYSIS
Evaluate, and develop'ds warranted,

advanced methods for predicting the

45.

integrity of RPVs during normal operation
and under accident conditions
Experimentally, validate
Provide appropriate oaseiine material
property data

Validation

United States Nuclear Regulatory Commission

REACTOR VESSEL INTE<
Current Emphasis in Fracture Analysis
•
L/1

•

l

•

•

Evaluating improved fracture analyses for use in regulatory analyses - P-T limits, LTOP setpoints, and PTS
Developing (through collaboration with national and international
researchers) advanced fracture analysis methods that correctly
account for crack tip constraint conditions
Experimentally and analytically evaluating crack tip constraint effects
(shallow cracks), bi-axial loading effects, and cladd ng effects
(particularly on shallow cracks)
Validation of analysis methods through comparison to large-scale
benchmark experiments - CSNI FALSIRE program and NESC program

m

United States Nuclear Regulatory Commission

JIY
Current Emphasis (cont.)

O\

•

Characterization of variability in chemical composition and initial
properties

•
•

Evaluation of thermal embrittlement for typical J.S. RPV weldments
Development and evaluation of subsize test specimens, particularly
for evaluating embrittlement
Development and evaluation of alternate fracture mechanics-based
methodologies for transition fracture

•

United States Nuclear Regulatory Commission
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Provide information and analysis
methods for high-confidence estimates
of RPV embrittiement.
Improve current methods, and explore new
methods for estimating embrittiement.
Provide data and analysis methods
for thermal annealing

United States Nuclear Regulatory Commission

REACTOR VESSEL INTEGRITY
Current Emphasis in Embrittiement Research
•

•
•
•

Test reactor irradiations to evaluate property variability in commercial
welds - Linde 80 weld from Midland RPV and welds from Shoreham
RPV
Test reactor irradiations to evaluate plate embrittiement trends and
variability
Test reactor irradiations to evaluate thermal annealing and
reembrittlement trends
Mechanisms of embrittiement - significant international involvement

United States Nuclear Regulatory Conanission
*****

REACTOR VEi

INTI

Current Emphasis (cont.)
•
•
•
•

Dosimetry and neutron transport calculations
Evaluation of embrittlement trends from surveillance data
Participation in DOE Annealing Demonstration Program
Validation through evaluation of materials removed from permanently
shutdown reactors
• JPDR in progress
• Trojan under discussion

United States Nuclear Regulatory Commission

Provide basis for evaluating reliability
and capability of nondestructive
inspection procedures - equipment
arid operators
Provide data to support initial flaw
distributions for use in regulatory analyses
Provide basis for evaluating
ASME Code

United States Nuclear Regulatory CoLimission
*****

REACTOR VESSEL INTEGRITY
Current Emphasis in Inspection Capabilities (related to RPV
Integrity)
•
ON

Detailed inspections to determine initial flaw distribution and
destructive evaluation to confirm
• Hope Creek nozzle dropout

• Midland welds
• PVRUF vessel (C-E fabricated vessel from cancelled plant)
• Shoreham RPV welds
• Riverbend cancelled plant

•

Provide improved flaw distribution based on these results and
mathematical model of welding process (Rolls Royce model)

United States Nuclear Regulatory Commission

REACTOR VESSEL INTEGRITY
Anticipated Products and Schedule
• Validate Annealing Rule & R.G
•k Engineering demonstrations
•k Recovery & reembrittlement trends
ON

to

•

Revise PTS Regulatory Guide
•k Revise rule if warranted

•

•

Determine if revision of R.G. 1.99 is warranted
1997
* Publish revised R.G. if warranted
Implement improved fracture analysis methods
•k PTS analysis
* ASME Code and validate
Evaluate and quantify property variability

•

High-confidence embrittlement estimation method

•

1997
1999

1999
2001

1999
1997
1998
1997
2000

Meeting of the International Working Group on Life Management of
Nuclear Power Plants.

III. Programmes of International Organizations and IAEA
Related Activities

6-8 October 1997, Vienna, Austria.
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Group membership
• Korea, Mexico, Hungary and the Czech
Republic are now members of OECD,
NEA
• Nan OECD member countries (eg
Russia, Ukraine, Slovakia, Lithuania..)
can participate in workshops, round
robins, etc, but not in regular committee
meetings

Activities of OECD NEA CSNI
PWG3
:

Alex Miller (PWG3 secretary)
IAEA IWG LMNPP
6-8 October 97

Liaison with other Int. Org.
• IAEA-IWG LMNPP
• IAEA Nuclear Safety - Pachner, Havel,
Guerpinar
• CEC-JRCPettenlAM
• CEC - DG XI - WGCS (joint sec.)
• CEC- DG XII
• Utilities - UNIPEDE, WANO

Nuclear Safety Division
• Provides secretariat for:
• CSNI - Committee for the Safety of
Nuclear Installations
• CNRA - Committee for Nuclear
Regulatory Activities
• Technical work done through Principal
Working Groups and ad hoc groups

SESAR reports
• ad hoc group of Senior Experts on
Safety Research - produced 3 reports
• Nuclear Safety Research
• Areas of agreement, areas for further
action
• Capabilities and facilities
• Considering further actions

Nuclear Science committee
• Issued report on computing radiation
dose to RPV and internals
• Carrying out dosimetry round robin on
CEN Mol Venus 2D and 3D data
• Considering future activities - maybe
material models
• Robert Rulko is contact

-164-

PWG3 Integrity of
components and structures

PWG3 activities
• Preparing report on ageing of organic
materials (Sue Burnay is in writing
group, and provides liaison with IAEA)
• Considering database for piping
failures (SKi initiative)
• Chairman preparing short synthesis on
ageing for discussion and presentation
toCSNI

• Mandate widened in last 2 years - was
just steel components
• Now has 3 sub groups, and an
emphasis on ageing
• PWG3 itself reviews sub group
activities, and fills gaps where
necessary

SG on integrity of metal
components and structures

metals continued

• Old PWG-3 role
• Preparing reports on visual inspection,
SG tube plugging criteria, monitoring
• Round robin on fracture mechanics
(deterministic and probabilistic) and
thermal hydraulics mixing (joint with
PWG2) organized by GRS and ORNL RPV PTSICAS - FALSIRE continuation

• Fatigue crack growth round robin, on
plate bending tests, organized by
Saclay - continuation being considered
• Round robin on Sandia (joint with
PWG2) lower head failure test
postponed due to lack of funding
• Workshop on piping thermal fatigue
failures in France, April 98, joint PWG1

SG on aging of concrete
structures

concrete continued

• Status report issued to start new group
activities
• Workshop with WANO in Poitiers
/Civaux in August 97 on Loss of
tendon prestress
• Workshop at Risley, UK on 12
November 97 on NDE of concrete
structures - report will follow in 98

• Workshop on FE analysis of degraded
structures in US in 98 (maybe joint with
seismic sub group)
• Discussions on interest in database of
operational experience
• Co-ordination with RILEM TC MLN
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Sub group on seismic
behaviour of structures

seismic continued

• Status report issued to start activities of
new group
• Shear wall round robin on NUPEC
shaking table test completed
• Status report on seismic re-evaluation of
old plant being prepared
• Workshop on ground motion input
being considered in US for 99

• Future benchmarks will be considered maybe soil-structure interaction
• PWG5 has prepared report on seismic
PSA - author Budnitz)

Potential issues NEA / IAEA
• Growing membership of NEA reduces
distincnveness with respect to IAEA
• Apparent duplication in programs
when viewed at general level -96 report
• Coordination needed to avoid
duplication at detailed level
• eg databases for concrete / piping
failures
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COMMITTEE on the SAFETY OF NUCLEAR INSTALLATIONS (CSNI)
Chairman: D. L. Morrison - Secretary: G.M. Frescura

PWG-1
Operating
Experience &
Human Factors

Working Group on
Fuel Cycle Safety

PWG-2
Coolant
System
Behaviour

PWG-3
Integrity
of Components
and Structures

Chairman: K. Kotlholl
Secretary: L. Carlaaon

Chairman: M. PUocnux
Secretary: A. Orozd

Chairman: n. Schulz
Secretary: A. Miller

Task Group on
Safety Research In
Member Countries

Expanded Task
Force on Human
Factors

Therm alhydraulic
Application Task
Group

Integrity of Metal
Components &
Structures SubGroup

Fuel Incident
Notification and
Analysis System
(FINAS)

incident Reporting
System (IRS)

Degraded Core
Cooling Task Group

Chairman: M.L Brown
Secretary: B. Keuter

PWG-4

Confinement
of Accidental
Radioactive
Releases

Chairman: 8. De Boeck
Secretary: J. Royen

PWG-5
Risk
Assessment

Chairman: J. A. Murphy
Secretary: B. Knufer

I
I—I
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i

Computer-Based
Safety Systems

Task Force on
Fuel Behaviour

Seismic Behaviour
of Structures SubGroup

NEA Co-operation &
Assistance with
CEEC and NIS

Support Group on
VVER-440/213 Bubbler
Condenser Containment
Research

Support Group on VVER
TH Code Validation
Matrix

••

J_
Support Group on
VVER-1000 Large Scale
Test Facility (PSB)

Task Team 1 WER Phenomena Description

— Task Team 2 Optimisation of the Matrix
—• Task Team 3 Data Storage

Concrete Structures
Ageing Sub-Group

Task Group on
Containment
Aspects of Severe
Accident
Management
Task Group on
Severe Accident
Phenomena in the
Containment
Task Group on
Fission Product
Phenomena in the
Primary Circuit and
the Containment

Task Group on Level
2 PSA Methodology
and Severe Accident
Management
Task Groups on
Human Interactions
and Human
Reliability
Task Group on State
of Living PSA and
Further
Development
Task Groups on
Shutdown and LowPower PSA, Fire
Risk and Seismic
Risk Assessment

List of available CSNI reports produced by or relevant to PWG-3
OCDE/GD(97)23
NEA/CSNI/R(91)14

OCDE/GD(97)23
NEA/CSNI/R(94) 1

OCDE/GD(97)24
GRS - 108
NUREG/CR-5997
ORNL/TM-12307
NEA/CSNI/R(94)12

Proceedings of a Workshop on the Complementary Roles of
Fracture Mechanics and Non-destructive Examination in
the Safety Assessment of Components, in Wiirenlingen,
Switzerland 3-5/10/1988

Proceedings of IAEA/OECD SM on Irradiation Embrittlement
and Annealing Optimisation, Paris September 93
(+ addendum)

FALSIRE Phase I Comparison Report

EUR 1590 6 EN (unrestricted CEC publication)
NEA/CSNI/R(94)23
Proceedings of CEC/IAEA/OECD SM on NDE Practice and
Results, in Petten, March 94
OCDE/GD(95)2
NEA/CSNI/R(94)26

OCDE/GD(9 6)6
NEA/CSNI/R(95)1

OCDE/GD(95)90
NEA/CSNI/R(95)4

OCDE/GD(95)91
NEA/CSNI/R(95)6

OCDE/GD(96)10
NEA/CSNI/R(95)17

Proceedings of IAEA/OECD SM on Erosion and Corrosion of
Materials in NPP's, in Kiev, September 94

SOAR on Key fracture mechanics aspects of integrity
assessment

Report on Round robin activities on the Calculation of
crack opening behaviour and leak rates for small bore
piping components

Proceedings of Workshop on Reactor coolant system
leakage and failure probabilities, in Cologne, December
1992

Proceedings of CEC/OECD Workshop on Aged and
decommissioned material collection and testing for
structural integrity purposes, at Mol, June 1995

also issued as NUREG/CP-0155
OCDE/GD(96)11
NEA/CSNI/R(95)18
Proceedings of OECD/CEC/IAEA Specialists Meeting on Leak
Before Break in reactor piping and vessels, at Lyon,
October 1995 (3 volumes)
OCDE/GD(96)31
NEA/CSNI/R(95)19

Report of the task group reviewing national and
international activities in the area of ageing of NPP
concrete structures
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NUREG/CR-6460
ORNL/TM/13207
OCDE/GD(96)187
NEA/CSNI/R(96)1

OCDE/GD(96)24
NEA/CSNI/R(96)4

OCDE/GD(96)188
NEA/CSNI/R(96)10

OCDE/GD(96)189
NEA/CSNI/R(96) 11

NEA/CSNI/R(97)1

FALSIRE Phase II - Fracture Analyses of Large Scale
International Reference Experiments

Proceedings of Workshop on Probabilistic structural
integrity analysis and its relationship to deterministic
analysis, in Stockholm, March 9 6

Seismic Shear Wall ISP - NUPEC's seismic ultimate
dynamic response test - comparison report

Report of the task group on the seismic behaviour of
structures
Proceedings of EC OECD IAEA Specialists Meeting on NDE
techniques capability demonstration and inspection
qualification, Petten March 97
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16h Annual Steam Generator NDE Workshop,
Palm Beach Shores, Florida, USA, July 21-23, 1997

CAPABILITY EVALUATION OF EDDY CURRENT AND
ULTRASONIC IN-SERVICE INSPECTIONS OF STEAM
GENERATOR TUBES
A STATUS REPORT OF PISC III ACTION 5
Michel BIETH
European Commission, DG JRC, Petten, The Netherlands
Claude BIRAC, Robert COMBY
Electricite de France, GDL, Saint-Denis, France
Giorgio MACIGA
ENEL, DCO, Piacenza, Italy

1.

BACKGROUND

The PISC programme (Programme for the Inspection of Steel Components)
carried out since 1974 under the auspices of the CEC/JRC and the
OECD/NEA has the general objective of assessing the capability and
reliability of inspection techniques and procedures for Non-Destructive
Evaluation of structural components (1).
These projects are centered on the Joint Research Center of the European
Commission which, in its roles of Operating Agent and Reference Laboratory,
manages the programme. OECD/Nuclear Energy Agency (NEA), provides the
Secretariat of the PISC Managing Board, which consists of representatives of
14 countries (10 European Union (EU) and 4 non-EU countries).
The objective of Action 5 of PISC III (2) is the experimental evaluation of the
performance of test procedures and techniques in use for steam generator
tubes in nuclear power plants during in-service inspection. The definition of
-170-

the programme was based on the interest of the participating countries in a
large variety of failure mechanisms. The exercise was characterized by the
tube material (inconel 600), the large number of flaws, and the inspection
techniques (predominantly eddy current with a few teams using ultrasonics)
The programme (sample matrix and test schedule) of the capability tests on
loose tubes was formulated (3) and started early 1990 with the circulation of
training boxes. The Blind Test Tubes of the Round Robin Test (RRT) were
circulated to the 29 participating organizations of 9 different countries from
June 1991 until end of 1993. Data collection, adaptation, evaluation and
discussion took about 3 years. The final report is actually in the approbation
phase by the PISC Management Board and it is expected to be published in
1997.

2.

FLAWS CHARACTERISTICS

A total of 95 flaws, (some of which were combinations of flaws) were
introduced into the tubes representing a wide range of types and locations
(tables 1 and 2}.The major flaws introduced fell into two principal categories:
- machined flaws simulating typical flaws such as cracking, wastage and
pitting.
- chemically introduced flaws validated as realistic simulations of Primary
Water Stress Corrosion Cracks (PWSCC), Secondary water Stress Corrosion
Cracks (SWSCC), volumetric Inter-Granular Attack (V.IGA) and pitting.
The tube assemblies contained a range of geometric and structural support
features typical of those found in steam generators, including large and short
U-bends, expansion transition zones, tubesheets with short and long crevices,
tube support plates and anti-vibration bars (AVB). All the flaws were
introduced close to these characteristic features.
Destructive examination, guided by special NDE techniques was performed
by the Reference Laboratory on all intended flawed areas of every tube of the
Round Robin Test in order to compare the NDE results with the real
dimensions and characteristics of the flaws.

3.

DATA COLLECTION AND EVALUATION STRATEGY

Four kinds of samples circulated: calibration and blank tubes, 3 boxes of
training test tubes and 9 boxes of blind test tubes.
The blind test boxes were grouped and circulated in two separate batches to
give to the 29 participating teams the concerted inspection time: one week to
test each batch by each applied single procedure Ultrasonic Testing (UT) or
Eddy current Testing (ET).
The Reference Laboratory (RL) was responsible for the collection of the
inspection data, for the validation of the flaws and for conducting or directing
all destructive examinations and also for the analysis and evaluation of results
under the guidance of a Data Analysis Group (DAG) following methodologies
approved by the Management Board (4).
For the evaluation of the Round Robin Test (RRT) results, the Management
Board of the PISC programme approved a strategy based on two independent
-171-

rejection criteria which are illustrated in Table 3. Criterion 1 considers the
defect classification (volumetric flaw or crack) and the depth measurement of
the volumetric flaws. Criterion 2 considers in addition the crack length. In the
present exercise, owing to the size distribution of flaws, this reference length
was fixed at 13 mm.

4.

EVALUATION OF RESULTS AT THE LEVEL OF PROCEDURES

Inspection procedures were based on eddy current only or on ultrasonics only
or on both groups of techniques.
Figure 1 shows, for all teams, the Flaw Detection Frequency (FDF) i. e. the
Capability of the procedures for the detection of all flaws, and Figure 2, the
FDF for all rejectable flaws, that are all planar flaws (Axial Stress Corrosion
Cracks and Narrow Slots) and all volumetric flaws deeper than 40% of the
wall thickness (rejection criterion 1).
This diagram provides one measure of capability for the various team's
procedures. However, it is important to note that a number of teams did not
inspect all the boxes. Whilst the UT only teams did well on the tubes they did
inspect, it must be borne in mind that they did not inspect the boxes
containing some of the most difficult flaws.
Consideration of only the results from teams that inspected all the tubes in all
the boxes provides a more homogeneous data sample for the ranking of
procedure capability. In this case the average flaw detection frequency is
about 70% (Figure 3).

5.

EVALUATION AT THE LEVEL OF THE FLAWS

Flaw Detection Probability (FDP) as a function of flaw size in depth (Figure 4)
shows an usual trend. The depth of 40% of the wall thickness appears to
represent a break point in FDP: defects of greater depth are generally
reasonably well detected.
Considering the FDP for the axial flaws (Figure 5), the subdivision in Axial
Narrow Slot (ANS) and Axial Stress Corrosion Crack (ASCC) shows the good
correspondence of the results of these two categories, meaning that single
ANS are good enough for a first evaluation of detection performance on axial
cracks of ET techniques.
The evaluation of the detection results of the volumetric flaws indicates that
the "Volumetric IGA" are "difficult" flaws compared to wastage, wear and
pitting, which were more easily detected (Figure 6).
UT appears to do better than ET procedures for axial flaws (Figure 7). The
difference between the two procedures is more noticeable for ANS smaller
than 40% T in depth. UT have good detection capability for pitting and
wastage. However most wear flaws were not inspected with UT because they
were located in the U bends. IGA as existing in this exercise was very difficult
to be detected by UT.
The flaw classification was used in the evaluation only as a switch between
crack and non crack declaration. About 80% of the detected axial flaws were
correctly classified.
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6.

EVALUATION AT THE LEVEL OF TECHNIQUES

About fifty individual techniques results were considered in the exercise. Such
techniques were grouped into categories: ET/Bobbin coils (BP), Rotating
pancake coils (RP), Array coils (AP) and UT Probes.
ET rotating pancake coils, on average, perform better than bobbin coils for
ASCC and ANS (Figures 8 and 9), but they scan the tubes more slowly.
In general, the best combination of techniques appears to include BP plus
RP/Multifrequency with or without UT, as far as the defect matrix of this
exercise is concerned.

7.

SIZING PERFORMANCE

In this PISC exercise, multiple axial stress corrosion cracks or combinations of
axial and circumferential crack simulations are considered as one single
defective area by the BTB code (4). Some teams were able to identify and
report several of the individual cracks (but not all) of a complex cracked area.
Depth sizing, when considering the volumetric flaws, was characterised by
large dispersion (Figurei 0) except for wear (Figure 11) and wastage.
For length sizing of axial flaws (both ASCC and ANS), this exercise
demonstrates possible capability of techniques and procedures, if the flaws
are on the inside surface (ID) or external (OD) but deeper than 40%T (Figure
12).
Eddy Current RP techniques showed capability to size the artificial ANS flaws
but undersized the Axial Stress Corrosion Cracks present in this exercise
(Figure 13).
Ultrasonic techniques performed reliable length sizing of the ANS flaws in all
cases (Figure 14). Axial Stress Corrosion Cracks are also, as in the case of
Eddy Current RP techniques, undersized by UT techniques (Figure 15).
Volumetric flaws or flawed areas were poorly sized in the axial extent.

8.

SENTENCING PERFORMANCE CONSIDERING THE REJECTION
CRITERIA

Figure 16 compares the sentencing performance of each team when using
criterion 1 and criterion 2 as described in table 3. The Correct Acceptance
Frequency (CAF) is about 80% for criteria 1 and 2, while the Correct Rejection
Frequency (CRF) is less than 70% for criterion 1 and 60% for criterion 2, with
large difference of performances between similar procedures.
In Figure 17, the Correct Rejection Probability (CRP) for all flaws and all
participating teams using criterion 1 shows that the the ISI has less capability
for CRP than for FDP (Figure 4). The same remark is valid for all ASCC and
non-combined ANS (Figures 18 and 7).
Figure 19 demonstrates that Eddy Current rotating pancake coils performs
better in terms of CRP than bobbin coils for axial flaws (ASCC and noncombined ANS).
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9.

CONCLUSIONS

9.1.

Limitations

During the PISC III Action 5 the teams and their analysts were not guided by
prior knowledge of actual inspection results. The teams received three
training tube boxes prior undertaking the blind test box trials.
Similarly, the evaluation of results was not guided by the expertise gained on
examining pulled tubes. However, the training boxes contained a detailed
report describing each flaw in turn.
The procedures used for the PISC III trials are not necessarily related to the
ones used in-service. The combinations of techniques may be different and
new inspection techniques were introduced into the trials. There was a wide
variation in experience in teams that participated in PISC III.
The working environment during the trials was ideal compared with the more
difficult task facing inspection team's during actual ISI. The effect of radiation
fields, time constraints and difficult access were not simulated.
9.2. Overall Inspection Capability of the Steam Generator Tubes
There were several procedures which demonstrated good detection capability
of major flaws in typical locations of the steam generator.
For procedure based on ET, the detection of axial flaws either internal or
external and deeper than 40% of the wall thickness was often good. This
capability of detection fell markedly for external flaws with a depth less than
40%T of the wall thickness. In general detection was not effective at the
notification level of 20% of the wall thickness.
For procedures based on UT only, detection was very good for axial flaws
deeper than 20% of the wall thickness.
Classification of flaws was often not fully reported by the teams. In several
cases teams demonstrated their ability to identify the axial flaws.
Overall, the flaw sizing results show large dispersion. However for some types
and sizes of flaws this dispersion was reduced; e.g. the length sizing of axial
cracking which is internal (ID) or deeper than 40% of the wall thickness.
There was a wide dispersion of detection and sizing performance from
apparently similar procedures and even from similar techniques.
9.3.

Demonstration of Capability

Conclusions of the exercise indicate that capability demonstration is
necessary to qualify in service inspection procedures for steam generator
tubes.
A simple and probably first level of demonstration of capability could be based
on simple flaw simulations demonstrated to be difficult or selective enough to
allow a selection or ranking of the inspection procedures or techniques.
The logic proposed as a result of the PISC experience could thus be a
thorough capability demonstration on narrow slots (designed and
parameterised to represent specific difficulties), and other well studied artificial
-174-

flaws, followed by a very specific demonstration of performance, after
adaptation on the precise flaws or damages of the specific steam generator to
be inspected.

REMARK AND ACKNOWLEDGMENT
This document summarizes the PISC ill report No 4 1 , full description of the
PISC III Action 5 on Steam Generator Tubes Inspection, containing all details
and final conclusions, which has still to be approved by the PISC III
Management Board.
This report is being prepared by the Reference Laboratory of PISC under the
guidance' and with continuous contribution of the members of the Data
Analysis Group (DAG) of this PISC III Action 5 whose members C. Birac
(Leader Action 5) and R. Comby (chairman DAG 5), EDF, France; K Bowker,
Magnox Electric, UK; A. Garcia Bueno, Tecnatom, Spain; K. Ketelaar,
Hoogovens, Netherlands; A. Lipponen, VTT, Finland; G. Maciga and G.L.
Zanella, ENEL, Italy; R. Meier, Siemens, Germany; K. Sawaragi and S.
Tanioka, Mitsubishi, Japan; M. Bieth, S. Crutzen and J. Perez Prat, JRC
Petten, European Commission.

REFERENCES
(1) Crutzen SM Jehenson P., Nichols R.W., McDonald N., From Capability
Evaluation to Reliability Assessment: A Review of the PISC Projects,
Proceedings of the 4th European Conference on Non-Destructive Testing,
London, September 1987.
(2) Birac C , Final Report in the Inquiry for the Preparation of the Programme
of the PISC III Action: Steam Generator Tubes Testing (SGT), PISCDOC
(87) 2.
(3) Birac C , Herkenrath H., Miyake Y., Maciga G., The Steam Generator
Programme of PISC III, Proceedings of the 10th International Conference
on NDE in the Nuclear aod Pressure Vessel Industries, Glasgow, June 1114, 1990.
(4) Rules of PISC Results Evaluation, PISC III report Nr. 21, EUR Report
15559EN, 1993.

-175-

FLAW QUANTITY, CHARACTERISTICS
AND LOCATION
COMBINED
DEGRADATION
FLAW TYPE
WITH
INTRODUCED
TS
TYPE
TSP AVB SrUb LrUb Sub Tot
AXIAL
PWSCC
6
Int. ANS
6
* •

CIRCUM.
PWSCC

AXIAL
SWSCC

CIRCUM.
SWSCC

V.IGA

Ext. ASCC
Ext ASCC
Ext. ANS
Ext ANS
Ext. ANS
Ext ANS
Ext. ANS
Ext.
Ext.
Ext.
Ext.

CNS
CNS
CNS
CNS

Int. V.IGA
Ext. V.IGA
Ext. V.IGA

PITTING

Ext. Pittina

WASTAGE

Ext. Wastaae
Ext. Wastaae
Ext. Wastaae

WEAR

4

Int. CNS

Ext. DeDosit

Ext. ANS
Ext. Wear
Ext. DeDosit

2

8
1
17
6
6
2
2

10
6
4
2

2
4
2

4
2
1
1

1

1
4

2

2

6
3
2

7

7

6

6
1

3

Ext. DeDosit

Ext. Pittina
Ext. DeDosit

1
1

Ext. Wear

TQTAL
Table 1 :

2

6
1

7
Ext. Dent
Ext. DeDosit
Ext. DeD.+Dent
Ext. Wear

4

57

1
2

6

27

6

4

1

9

1

95

Table of the 95 implanted flaws in the RRT Steam Generator tubes.

PWSCC= Primary Water Stress Corrosion Crack
SWSCC= Secondary Water Stress Corrosion Crack
ASCC= Axial Stress Corrosion Crack
ANS= Axial Narrow Slot
CNS= Circumferential Narrow Slot

V.IGA= Volumetric Intergranular Attack
Circum= Circumferential
Exi.= External
lnt.= Internal
Deo= Deposit
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TS= Tube Sheet
TSP= Tube Support Plate
AVB= Anti Vibration Bars
SrUb= Small Radius U Bend
LrUb= Large Radius U Bend

Box
No
1

Number and
geometry of
tubes
9 straight
tubes

2

7 straight
tubes

3

9 straight
tubes

4

9 straight
tubes

5

Structural
simulations
9x3 TSP, circ.
hole type (in 3
axial pos.)
7 TS (at one
end of tubes)
short & long
crevices
7 TSP grid type
9x2 TS
(at ends)
short crevice

Dents
Deposits
9 dents
6 deposits

Flaw
area

Flaw Type

TSP

ext. ANS

TS
TSP

int. ANS
ext. ASCC
pitting,
wear and
wastage
int. ANS &
CNS
ext. ANS &
CNS and
pitting
int. ANS &
CNS
ext. ANS &
CNS
int. a ext.
V.IGA.
pitting &
wastage
ext. ANS &
ASCC
ext. V.IGA
ext. ANS
int. V.IGA
ext. ASCC

Area
without
flaws
10 TSP

Figure
No
6a. 23

1 TSP

6b

6TS

2.5

4TS

2

6TS

2

6TS

2

11 TSP

2

2 deposits

TS

9x2 TS
(at ends)
long crevice

1 deposit

TS

9 straight
tubes

9x2 TS
(at ends)
long crevice

2 deposits

TS

6

9 straight
tubes

2 deposits

TS

7

4 tubes with
small radius
U bends
(SrUb)
2 tubes with
small radius
U bends
8 curved as
large radius
U bends

9x2 TS
(at ends)
long crevice
4x4 TSP, circ.
hole type (two
simulated
plates)
12TSP,(circ.
hole type and
3 TSP)
8x2 AVB (in 2
positions),
contact between
tubes

3 dents
3 deposits

TSP
SrUb

2 dents +
deposits

TSP

ext. ANS

8 TSP
2 SrUb

2

AVB

wear at
AVB

2 LrUb

2,4c

LrUb
contact

wear at
LrUb

8

9

Table 2: Main characteristics of the Blind Test Boxes.
V.IGA = Volumetric Intergranular Attack
ASCC = Axial Stress Corrosion Crack
ANS = Axial Narrow Slot
CNS = Circumferential Narrow Slot

Ext = External
Int = Internal
Circ = Circumferential

TS = Tube Sheet
TSP = Tube Support Plate
AVB = Anti Vibration Bar
SrUb = Short Radius U-Bend
LrUb = Long Radius U-Bend
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8

Indication Classification
Rejection / Acceptance

Crack
No

Yes

1
>20% T

1

Yes

Notification
and
Rejection

Notification
I

No

1
Acceptance

>40% T

I

Yes

1
Rejection

No

1
Acceptance

A

Indication-Classification
Rejection / Acceptance

Crack
Yes

Circumferential

No

1
>20% T

Axial

1

Yes

Notification
and
Rejection

I

Notification

£R mm in length!

1Notification
1
2540% T

1 1

|

Yes.

Yes

Rejection

Acceptance

i

1

Rejection

K = Reference length for rejection

1

. No
1

Acceptance

B

Table 3: Acceptance - Rejection Criterion 1 (A) and Criteria 2 (B).

-178-

No

1
Acceptance

FLAW DETECTION FREQUENCY (FOF )
FLAW DETECTION FREQUENCY FOR REJECTABLE FLAWS (FDFn)
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Figure 3: Flaw Detection Frequency for all flaws considering all teams
inspecting all boxes.

—a—ax.»
C

o

D

1 °

a
ci a

•

c

a

o

•

•

0.6
a

'

a
0

D

• o

a

o

i
a

D

u

•

•
o

D

D

p

° 'W i

d

t

D

O

a OS

I

0

a

a 0.4

D°

n
D

02
D

0
11

3

a
0

a
10%

20%

30%

40%

S0%

60%

70%

80%

90%

100ti

ACTUAL DEPTH OF DEFECT AS A PERCENTAGE OF WALL THICKNESS
(WALL THICKNESS • 1.27 mm)

Figure 4: Flaw Detection Probability for all flaws considering all teams.
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Figure 7: Flaw Detection Probability for all Axial Stress Corrosion Cracks and
all non-combined Axial Narrow Slots in boxes 1 to 6 considering all
teams using a
A) UT procedure,
B) ET procedure.
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Figure 8: Flaw Detection Probability for all Axial Stress Corrosion Cracks and
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A) the Eddy Current BP technique,
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Figure 17: Correct Rejection Probability based on criterion 1 for all flaws
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OVERVIEW ON PRE-HARMONIZATION STUDIES CONDUCTED BY THE
WORKING GROUP ON CODES AND STANDARDS

Introduction
For more than twenty years, the Working Group on Codes and Standards (WGCS) has been
an Advisory Expert Group of the European Commission and three sub-groups AG1, AG2 and
AG3, were formed to consider manufacture and inspection, structural mechanics and
materials topics respectively. Representation of the WGCS and its sub-groups comes from
designers, manufacturers, utilities and laboratories from European countries with active
nuclear power programmes. In addition, there has also been a very valuable input from
universities and research organisations in the countries concerned.
The WGCS seeks, inter alia, to promote studies at the pre-harmonisation level, for the
clarification and building of consensus in the European Community concerning technical
issues of relevance for the integrity of safety-related components. While the WGCS and its
sub-groups are not directly involved in the production of standards, there is a very important
input to the pre-standardization process regarding industrial codes whose rules are applicable
to design, construction and operation of NPP components in the European Community.
Despite the different pace and intensity of topics developed by the WGCS along those twenty
years in existence, which were adopted in response to evolving needs coming from the
nuclear community, the methodology for work has been constant among several programmes
and orientations implemented by the Group.
This methodology can be synthesized into three interrelated levels of activities :
- Collection and updating of codes, standards and related national regulations which are
relevant to design, construction and operation of NPP components whose integrity is
considered by regulators
- Identification of similarities and analysis of problems induced by discrepancies
- Definition of fields for which additional analyses are required to contribute to such gaps
by encouraging the appropriate studies and development of work.
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Objectives
The present paper intends to give an overview of those studies both completed and ongoing
with interest for design rules and code developments. Neither descriptions nor number of
selected studies encompassed by the paper, are a full picture of the whole production of the
WGCS, therefore, the studies selected for this paper are a representative sample of recent
work in the domain of design rules and connected areas.
Furthermore, a second objective which is folded by this paper is to j>rovide1the~wprkshof}
session of Division! F / y i t h a basic package of topics for n^er'discussiohsLin wie
corresponding round table session.
The paper includes two parts : on overview of studies conducted by the WGCS in the
framework of pre-harmonization of nuclear industrial codes and standards whilst the second
part is devoted to the establishment of several topics for future developments of European
Codes and Standards.

1. OVERVIEW OF STUDIES PRODUCED BY THE ACTIVITY GROUP
AG2-DESIGN RULES AND STRUCTURAL ANALYSIS OF THE WGCS
A sample of recent reports is provided under appendices 1,2 and 3 of this paper.
The reports have been classified in accordance with studies exhibiting a marked content on
comparisons of codes, and studies identified as providing methodologies for analysis
supporting design rules.
1.1. Comparisons of codes
Since 1993 the WGCS has been promoting LWR activities with emphasis on
preharmonization of main codes applied in the EU countries. In general, studies directed to
comparisons of parts of codes have been divided into five groups :
1.1.1. Materials properties for design
The WGCS has been active in compilation of materials data, comparisons of materials
specifications and testing procedures. Three recent studies addressed relevant topics
about RPV materials of PWRs and FBR materials.
•

Reevaluation of the KiR reference curve for FM analysis of RPV materials. Ref
ETNU-0057-F FRA/CEA/SIEMENS
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The study reviews the references curves as recommended by design codes of nuclear
components ASME, RCC-M and KTA. The study encompasses three main tasks :
a) Collection of 665 significant and recent data concerning KIC, NDT, RTNDT and
Charpy transition temperature values for base and weldment materials of LWR
pressure vessels such as 16MND5 ; Stf. 508 cl.3; 5A533 gr B cl. 1; 20 Mn-NiMo55.
£A
^
b) Critical analysis of fracture toughness parameters used for deriving KIC reference
curve and indexing methodology.
c) Analysis of data and recommendations for review of fracture toughness reference
curve.
In general, the report identifies a lack of validated KIC (for base and weldment
materials) data in the transition region of the reference fracture toughness curve, and
corrections are recommended for lower temperatures than RTNDT + 15°C. Finally
the report established grounds for a future database of RPV materials for the WGCS.

• Two studies address variability of material properties for LWR-RPV analyses and
FBR components respectively.
1.1.2 Defect assessment procedures
•

Defect tolerance under level D loading
The purpose of the study to examine the sensitivity of representative reactor
structures to the presence of defects, in particular, to assess whether the existing
Level D criteria of ASME and RCC codes are infringed by realistic defects that may
occur in practice. Defect sensitivity calculations are carried out on representative
austenitic and ferritic structures, typical of LWR and FR technology, under Level D
loading conditions and comparisons made with defect free calculations.
The document comprises two sections.
a) The first section reviews those
with Level D loading and the
codes considered are ASME
Appendices, and RCC-MR and

parts of nuclear power plant design codes dealing
prevention of unstable crack^growth. The design
III and Appendices, ASME XI, RCC-M and
Appendices.

b) The second section describes the methodology used in Appendix A16 of RCCMR, and details the application of the methods to a circumferentially cracked
ferritic pipe under a Level D loading. The simplified methods of Appendix A16
are compared with finite element calculations, and acceptable defects sizes under
Level D loading are defined.
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It is concluded, from the analysis of the model test, that allowable loadings, with
margins for small defects, are best estimated using collapse load analysis, based
on inelastic finite element analysis or experimental values of displacement.
This form of analysis, based on the initial non-linear portion of the load
displacement curve, avoids problems associated with instability analysis, which
arise from material 'necking' effects and the presence of small defects. It also
avoids problems in the interpretation of code methods based on stress limits,
which may lead to non-conservative assessments. This conclusion is at variance
with code rules, which allow component acceptability under Level D loading to
be demonstrated using any one of the methods listed in the codes.
The assessment of axial defects in the austenitic scale model vessel and
circumferential defects in ferritic piping have indicted that tolerable defect sizes
under level D loadings are up to 20 % of the vessel thickness (for a/c=0.1) and
7.5% of the pipe thickness for axisymmetric defects. However, these assessments
show that the combination of material properties and defect geometries, even for
these simple cases, do not allow for the formulation of general rules defining
acceptable defect sizes under level D loadings. The effect of defects should
therefore be considered on an individual basis, using the R6 procedure or
Appendix A16 of RCC-MR.
1.1.3. Benchmark study on the treatment of residual stresses in fracture assessment of
pressure vessels
The study focuses on assessments for the necessary of procedures for the treatment of
residual stresses in the fracture evaluation of pressure vessels with particular regard to
highlighting new developments in the methods employed.
Each participating organisation has submitted a benchmark problem concerning the
treatment of residual stresses in the fracture assessment of pressure vessels along with
solutions for the benchmarks. The following conclusions can be made,
•

For the AEA Technology benchmark problem concerning a partcircumferential through-wall defect in an RPV good agreement was obtained
between the simplified methods which considered material toughness and the
finite element validation. The simplified methods which did not take account
of material toughness, i.e. flow stress and limit load approaches, were nonconservative compared with the finite element validation.

•

For the Framatome benchmark problem, concerning a defect at a Bi-metallicwelded joint, good agreement was obtained between the Framatome simplified
analysis and the finite element validation results. Results of the recommended
simplified analysis by AEA Technology were conservative when compared
with the finite element validation but with margins of up to 50 %.
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The recommended simplified solution by Siemens was conservative for cases 1 and
2 by 22 % and 29 % respectively but non-conservative for case 3 by - 16%.

•

For the Siemens benchmark problem of an under-clad defect in an RPV
reasonable agreement was obtained between the AEA Technology,
Framatome, and Siemens simplified analysis results.
However these results are quite conservative with respect to the finite-element
validation results.

Residual stresses are present in almost all engineering components. The reported
here shows how important the residual stresses can be and that they cannot be
ignored in engineering analyses. It has been demonstrated that the treatment of
residual stresses can be made using complex analyses (like the Finite-elements
method) or through the use of simplified analyses. The different methods used in
different countries show a range of simplified methods available. However, the use
of one or the other the simplified methods leads to varying degrees of conservatism
depending on the complexity of the problem and of the simplified method employed.
From the Codes and Standards point of view, it is recommended that the results of
this work are used as a starting basis for selecting simplified methods as potential
candidates for inclusion in design and in-service assessment procedures.

1.1.4. Comparison of fast fracture analysis methods. Application on test cases
The study is an extension of the EdF REP 2000 programme which examined French
and German practices for RPV components. Intentionally the work was restricted to
design jtages^&jufegfeee assessment encompassed by ISI of components and related to
/-"' ASME section XI and RSEM code were not considered by the study.
/
J

The present study covers the following aspects :

••
'" ^ ' *
/f

J

:

• concepts of fast fracture damage risk and existing general approaches for its
assessment

/ ,
,, :-.C' '
•

French, German and UK practises including : regulators, codes, standards and
safety margins, have been addressed, in a great extent, for comparison purposes.
In particular, the basic provisions exhibited by ASME Section III appendix G are
by emphasized and discussed as a baseline for KTA and RCC-M
comparisons. In addition the background of regulations, as applied in France,
Germany and the UK, are reviewed from postulated reference defect, margins
adopted, lowing assumed and areas of the component where requirements are
being enforced. ^ JZ o <*, §. \, u <
i

• a benchmark was provided on the beltline of RPVs in order to evaluate
applications from the three countries
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The report states conclusions and recommendations which could be summarized as
follows
a) GENERAL
- Mechanical evaluations compatible
- Differences on hypotheses may have an impact on governing transients
- General consistency of Benchmark results
b) REFERENCE VALIDATION DEFECT SIZES
- 1/4 thickness defects used in all countries for pressure-temperature curves
- Accident conditions : •
•

Defect tolerance concept in UK
More realistic reference defects in France
and Germany

c) MARGINS
- Margins on defect size in Germany and UK
- Margins on loadings or K in France
d) SPECIFICITIES
- "Plume Cooling considered in Germany"
- Warm press-stressing effect
e) RECOMMENDATIONS
- Extension to other countries
- Exchanges on Safety Margins
Use of experience gained to derive "screening criteria"
1.1.5. Analytical methodologies supporting design rules
Shakedown methodologies have been applied through benchmark exercises on
tubeplates, piping for testing numerical techniques, seismic criteria and tubeplates
geometries for FBR components. Criteria on strain-based seismic assessment of
pipework resulted the most appropriate when they were compared with stress-based
criteria. A survey on simplified inelastic methods covering static and dynamic
analyses contributed to emphasize the usefulness of advanced numerical methods
whereas their complexity for taking up industrial problems was evaluated.
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Two recent surveys on bi-metallic weldments and seismic analyses conducted by
NNC gave an account of the current state-of-the-art in those two areas :
• The survey on bi-metallic weldments encompassed the following items :
a) literature review of current design practice and existing design code procedures
used in Europe and elsewhere for the assessment of bi-metallic welds
b) to review the available experimental and service performance of bi-metallic
weldments
c) to draw conclusions on the potential for a common procedure approach and
make recommendations on the suitability of such a procedure for design
assessment
The study outlined the lackness of methodologies in codes for establishment of
limits and gives indications on how to focus the future works.
The second study covers a review and comparison of seismic analysis methods and
rules used in the different countries. The scope includes a review of design by
analysis methods, methods for qualification by testing, design criteria and input
data associated with components and equipment (including piping).
The treatment of and implication on design criteria (Primary and Secondary stress
damage) for aspects such as load levels (SSE, OBE, ...), load combinations,
numbers of cycles (treatment of aftershocks) is examined. The purpose of the work
is to draw conclusions on the alternative approaches used and identify areas where
there is scope for improvement and for further studies within AG2 (benchmarks,
comparisons, detailed reviews). The work focuses on LWR but could be extended
to cover other reactor types where appropriate.
1.2. FBRHT Codes
In the area of LMFBR design codes, the latest studies have been devoted to comparisons
between European and Russian design, assessments of design code margins, and
developments of design rules for shell structures subjected to severe thermal loading.
In particular, the ongoing study on Russian design rules will make a detailed comparison
of rules for Class I components based on the RCC-MR and equivalent sections of
Russian codes for their vessels including the review of manufacturing and material
specifications. In addition, the study will encompass rules for damage prevention and set
up of benchmarks for assessments on differences and making common statements
approaches.
Extensive studies have been implemented in the past for analyses of seismic criteria of
FBR reactors, structural analysis of weldments as listed in the appendix 3 of the present
paper. Regarding material properties such as 304 316 L and 316 NL materials, the
WGCS has collected and updated a large number of data and assessed fatigue and creep
behaviours in HT.
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In addition to those three typical structural materials, about a dozen of studies have been
devoted to the Mod 9 Cr 1 Mo (and 10-12 series) for collection of tensile and FM
properties, however , studies in the Ks factor for these softening materials have not yet
been assessed, and an ongoing study is being finalized for the Ks factor for codification
purposes.
2. RECOMMENDATIONS FOR CODES AND STANDARDS
AND FUTURE DEVELOPMENTS

The following areas are being seen as the future direction of design rules :
2.1. LWR Topics Related to the ETC-M Design Code
The WGCS now proposes to place most of its future efforts into the area of PWRs.
Although the PWR situation in Europe is much more fragmented than was the case
with the EFR (European Fast Reactor), the most active and advanced PWR work is
currently being carried out by French and German organisations through NPI (Nuclear
Power International) relating to the joint development of the EPR (European
Pressurized Water Reactor).
Concurrent with this an advanced design code, ETC-M is being developed for
mechanical components. The ETC-M code has five sections namely Nuclear Island
Components (with 9 sub-sections), materials, Examination Methods, Welding and
finally Fabrication. These sections clearly contain technical areas which are within the
expertise of the WGCS. It is therefore proposed to develop close links between the
WGCS and ETC-M. In particular ETC-M should be asked to identify those detailed
technical areas for which further work is needed of the type normally employed with
the WGCS before the ETC-M Working Groups can formulate the most appropriate
rules. Some preliminary suggestions have already been made ; two of these namely reenforcement of opening related to vessel design and fast fracture screening criteria are
understood to be of high priority in terms of time scale. In order to develop a balanced
and long term programme which would be mutually beneficial it is suggested that
planning meetings are set up at an early stage between appropriate WGCS and ETCM members.
2.2. Comparison of Structural Integrity Aspects of LWR Codes within Europe
In early 1995 a Seminar was held in London on "French, German, UK and US
Advanced Water Reactor Structural Integrity related Design Codes and Licensing
Requirements". The reviews were confined to a comparison of structural integrity
related design codes and licensing requirements that would currently be applicable to
an advanced PWR. A special meeting was later held in London at the request of the
RSWG (Reactor Safety Working Group)to assess how an extended examination
national requirements could be achieved. It-was-Boted-howeMf.r that ^some-jaf—ths
he
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The meeting concluded that the earlier comparative study should be extended to
embrace the nuclear structural integrity related design and licensing requirements of
other European countries such as Spain, Sweden and Belgium. It is now proposed to
follow up this recommendation. In the first phase a survey of National Design Codes
and Licensing Requirements should be carried out (already agreed and completed).
This should be followed by a second phase to identify equivalencies and differences
whilst a third phase would assess the potential for harmonisation. It is proposed now
to extend these examinations, in the ongoing 1997 programme to include European
Eastern countries and the Russian Federation.
2.3. Exchanges of views on Russian and Western codes (cooperation)
An exploratory meeting was held with MINATOM-RDIPE in November 1994 and
this was followed in November 1995 by a first full exchange meeting between the
Russian Federation led by RDIPE and representative of the WGCS. Although the
meeting concentrated on FBR codes and standards some information was exchanged
in the LWR area. In late 1995, Framatome were awarded a contract on "Comparison
between European and Russian design codes for fast reactors". Specific materials
topics were identified for future cooperation, namely properties of austenitic materials
(welds and bolting materials) and identification of failure mechanisms in austenitic
steels in FBR's; specific design topics were also agreed on progressive deformation,
creep-fatigue methods, elastic follow up and, in general, inelastic analysis.
It is proposed to formulate a more comprehensive longer-term programme with the
Russian side.
A second meeting held in March, 1997 identified several areas for future collaboration
in the domain of assessment procedures such as LBB and fast fracture concept of
RPVs..
2.4. Perspectives for the period 1997-1998
In the short-term, two contracts were awarded, in the beginning of 1997, and'directed
to RPV cladding and bi-metallic weldments ; both studies should provide actual status
of structural analyses methodologies for safety related components, and further data
on materials and fabrication specifications for cladding of vessels should be obtained.
In the same period considered, a project on a review on basic concepts for fatigue
analyses in codes will be finalized ; the project will deal with margins adopted for
fatigue and make a review on some difficult components like partial penetration
^
weldments, and S/^rcurves from current codes will be reviewed. Two significant
topics about defect tolerance concept and qualification of inspection for
manufacturing processes have been started, as well, in the current year. Moreover,
several small projects have been implemented in order to assess the thermal striping
damage for secondary LMFBR piping ; these studies were devoted to assess fatigue
and FM procedures in addition to thermal-hydraulic codes for comparisons on a
benchmark exercise based on a real safety case ; these studies are intended to support
(^x OH Int'I benchmark on the same exercise conducted in the framework of the IWGLMFBRofthelAEA.
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Three studies whose completion is envisaged in the beginning of 1998 will bring in
some light on the traditional problems deeding with the FM local approach for crack
growth evaluation, assessments for determination of triaxial effects (Q factor)
transferability of small specimens to large structures ; the study will intend to validate
methodologies using the spinning cylinder experiment results (NESC project).
Finally, a review on outstanding reports produced by the WGCS will be finalized in
the current year.
2.5. 1997 WGCS Programme for the near future
As mentioned above, the ongoing EPR project and specially its ETC-M code entail
motivation for extending the harmonization effort, conducted by French and German
partners in their developments, towards a set of recommendations for a European code on
basic design rules ; in fact a proposed study is being fitted up for these purposes with the
following objectives :
• To set up a methodology for work in the WGCS taking into account the
harmonization carried out in the framework of the ETC-M
• To revisit the principles of design rules of actual codes within updated views on :
a) stress classification. Design-by-Analysis philosophy. Limits and margins
b) provisions -£»- >>•"{**•* ^ -

v

y^

c) feedback from HT codes and convential codes
On the other hand, two studies on Fast Fracture assessments and LBB procedures will
encompass a complete view on the current European status on those two domains of
defect assessment ; on the materials side one project will be directed to attest and
dynamise fracture toughness for fmalization of a WGCS databank on RPV mate.
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APPENDIX 2
COMPARISONS OF CODES
DESIGN RULES
(1995-1997)

(LWR) Materials properties for
design

(LWR) Defect assessment
procedures

Reevalution of KiR reference
curves for FM analyses of RPV
materials ETNU-0057-F
FRA/CEA 1/97

The treatment of residual stressses
in FM assessments of Pvs
ETNU-0099-UK
AEA/FRA/Siemens 4/97

Compendium of PV steels and
weldments properties
FRA/VTT, SIEMENS, CEA, EdF,
1997
95-D11-000877

Defect tolerance under level D
loading ETNU-0074-UK
AEA/CEA
7/95

Material variability in elastic
^> assessments
g FRA/NNC/Siemens/GEC-Alsthom

Comparisons of fast fracture
analysis methods. Application on
test cases ETNU-0098-F
FRA/AEA/Siemens/NE 1997
LBB assessments of pressurized
components ETNU-0134-UK
AEA/Siemens/NNC/FRA/BEL
1997
State-of-the-art
report
on
transferability of data from small
specimens to large structures for
defect assessments in LWR
95-D11-001027
FRA/EdF/IWM/MP A/Siemens/
VTT/NE 1997

(LWR) Fatigue damage
assessments and seismic
analysis
Re-evaluation of fatigue analysis
criteria 95-D11-000876
FRA/Siemens/AEA/VTT/Ansaldo/
Tecnatom/Lausitz Univ. (1997)

Review
of
seismic
analysis
methods and criteria to be used
for seismic events
NNC/FRA/Siemens/EdF/Ansaldo/
Tecnatom (1996)

(SAMPLE OF REPORTS FINALIZED IN THE PERIOD 1995
1997 OR EXPECTED IN 1997)

General surveys

(FBR) HT Codes

Survey of European design codes
and
regulatory
requirements
relating to the structural integrity
of NPPs
96-D11-000134 AEA
Technology (1996)

Comparison between European
and Russian Design Codes for fast
reactors

Review of structural analysis
studies and defect assessment
procedures produced in the
WGCS for future harmonization
96-D11-000426 VITAL TECHN
1997

The assessment of design code
margins in HT Siemens/NNC
RA1-0207-D 5/95

Improved design-by-analysis
procedures for LWR
design codesCOSU-064-UK AEA
Tech 3-97

Design code rules for shell
structures subjected to severe
thermal loading Univ. of Leicester
FRA RA1-0224-UK 6/96

APPENDIX 3
ANALYTICAL METHODOLOGIES
SUPPORTING DESIGN RULES

TUBEPLATES

PIPING

SIMPLIFIED INELASTIC
GENERAL ANALYSIS/Surveys

Structural analysis of weldments
in316LN
RA1-234-UK
AEA/CEA/ENEA 2/97

Surveys on simplified inelastic
analysis methods in static and
dynamics ETNU-00551
Politecnico di Milano GECALSTHOM 8/96

Design methods for tubeplates
RA1-210-F
FRA/NNC/ENEL 5/95

Simplified criteria for
stresses in pipework
CEA/FRA/NNC 2/97

Application of shakedown
methods to tubeplates
RA1-208-UK NNC-FRA 10/95

Application of shakedown
methods to piping RA1-0234-UK
NNC/CEC/Siemens/FRA/Liege
Univ. 2/97

Bi-metallic weldments ETNU0133-UK 1997
NNC/FRA/Siemens/TNO, ENEA

Comparison
and
testing
of
numerical
tecnhniques
for
shakedown analysis of NPP
components. Application to LWRs
and general ETNU-0110-B 12/96
Univ. ofLiege/NNC

Benchmark
on
strain-based
seismic assessment of pipework
RA1-0221-D
Siemens/NNC/FRA 7/95

Bi-metallic weldments
. material properties
. methods for assessments for C
and S
98

Guidance
document
for
geometrical
and
loading
discretisation in non-linear cyclic
problems
GEC-Alsthom (FRA-ENEA-CEA)
4/91

to
o
p

seismic

WELDMENTS

RPV cladding
Role of claddding in safety
analysis
98

APPENDIX IV
EUR publications 1997
In the current year, the WGCS expects the publication of the following reports:
AG1: MANUFACTURING AND ISI STANDARDS
RA1-CT93-0218-UK
Review of progress in the harmonization of European In-Service-Inspection codes.
COSU-CT94-0062-UK
The role of theoretical modelling applied to the ultrasonic inspection of nozzle to shell
welds in PWR reactor pressure vessels.
RA1-CT90-0175-I
Evaluation of NDE acceptance criteria by fracture mechanics in the pre-service
inspection.
AG2: DESIGN RULES
ETNU-CT94-0134-UK
Leak-Before-Break assessment of pressurized components.
COSU-CT94-0064-UK
Improved design by analysis procedures for LWR Design codes.
ETNU-CT93-0098-F
Comparisons of fast fracture analysis methods. Application on a test case.
AG3: MATERIALS
COSU-CT94-0066-B
Comparison of material properties specifications of austenitic steels. (Russian and
Western materials specifications).
ETNU-CT92-0057-F
Reevaluation of KI reference curve of reactor pressure vessel materials for fracture
mechanics analysis.
RA1-CT91-0198-UK / RA1-CT93-0226-UK
Properties of carbon steels:.
Part I - Collection of data. Tensile and impact properties.
Part II - Crack behaviour.
For information purposes, a catalogue of studies produced by the WGCS is available, and the
titles headed by 'EUR' may be obtained from: OFFICE FOR OFFICAL PUBLICATIONS
OF THE EUROPEAN COMMUNITIES
L-2985 LUXEMBOURG
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EUROPEAN NON DESTRUCTIVE EXAMINATION FORUM (ENDEF)
M. Deffrennes, EC, DG XVII, Nuclear Energy, Brussels
G. Engl, SIEMENS KWU, Erlangen,
U. von Estorff, EC, JRC / 1AM, Petten

1. BACKGROUND
NDE (Non Destructive Examination) during fabrication, PSI (pre-service
inspection) and ISI (In Service Inspection) are considered key issues for the
safe use of Nuclear Energy. In addition, they are an important element of
Plant Lifetime Management, which is today a critical item in the decision
process on Nuclear Policies.
NDE is affected by several factors:
the components to be inspected, including the effect of material,
geometry, access conditions, etc.
the reliability and the effectiveness of the techniques, equipment and
procedures as applied, and their qualification,
the human factors and thus the personnel training and qualification
process.
When looking to the Central and Eastern European Countries (CEEC's) and
to the New Independent States (NIS) operating soviet designed reactors, time
has come to establish an industrial co-operation framework with these
countries, considering the effectiveness and the adaptability of the European
Technology.
Important issues involved are:
codes and their transfer into practical applications,
design, material and welding technology of the components to be
inspected,
damaging mechanisms,
qualification procedures,
qualification of training,
qualification of personnel.
Without any doubt, there is a value to integrate, in a logical and sequential
approach, the different factors and aspects described above if one wants in
the short term to render a well designed and structured assistance to the
CEEC's and NIS in the field of NDE/ISI. In addition, for the medium to longer
term, this integration is the best background to establish industrial cooperation between the Western and Eastern European industry.
With this in mind, the DG XVII (Directorate General DGXVII for Energy) of the
EC (European Commission) has created and launched the European Non
Destructive Examination Forum (ENDEF).
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2. OBJECTIVES OF ENDEF
The Forum provides a platform for open discussion between representatives
of the European industrial actors active in the NDE/ISI in the CEEC's and
NIS.
The purpose is to establish a co-operation pattern between qualified
representatives of the EU (European Union) industry to offer a better coordinated and well defined assistance to the CEEC's and NIS in the field of
NDE/ISI, and to lay the ground for further industrial co-operation.
The Forum is therefore regularly in contact with experts of CEEC's and NIS.
3. THE MODES OF OPERATION OF ENDEF
The Forum operates by sharing views and experiences of the European
industry in order to better co-ordinate and define optimal scopes for
existing and future assistance and co-operation programs in the CEEC's
and NIS (TACIS/PHARE, bilateral assistance, commercial actions, etc.).
This activity is performed in proper conduct and with respect for the
rules of confidentiality.
When required, the Forum can be opened to representatives of the
CEEC's and NIS.
To facilitate the co-ordination and definition exercise, the Forum uses
the so-called "Strategy Paper". In addition, the Forum can perform
further analyses and elaboration of position papers.
The scope of the discussions includes:
•
•
•

•
•
.•

scientific and technical aspects of NDE during fabrication controls,
PSI and ISI
inspection procedures based on NDE
codes and standards with specific emphasis on the code situation
in the NIS (in view of technical and industrial applications, not code
development, harmonisation or safety aspects studies)
training for ISI
qualification of inspection procedures and equipment.
strategies for implementation of NDE systems

ENDEF is working in close co-operation with other existing groups of the
EC (European Commission) and with full respect for their rules and
mandates:
•
the WGC/S (Working Group Codes and Standards) of DG XI,
covering safety aspects and codes in particular
•
the European Network ENIQ (European Network for Inspection
Qualification) of DG VII/JRC
•
DGIA for the Nuclear Safety programmes of PHARE and TACIS
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4. THE MEMBERSHIP OF ENDEF
ENDEF is a Forum targeted towards the European industrial actors in
NDE/ISI, active in the CEEC's and NIS (NDE Service/Equipment Suppliers,
Engineering Companies, Utilities and, if appropriate, R&D organisations).
The membership mid 1997 was as follows:
M. Deffrennes- EC DG XVII - Coordinator
U. von Estorff - EC JRC IAM - Secretary
F. Champigny - Chairman of ENIQ ( ENIQ )
H. Bakker - Kema ( NL)
E. Liszka - SIP ( S )
G. Engl - Siemens ( D )
Y. Guenon - Intercontrole ( F )
P. Kauppinen - VTT ( Fl)
J-P. Lietard - Tractebel ( B )
R. Martinez Ona - Tecnatom ( E )
C, Waites - AEA Technology ( UK)
J. Guinovart - EC DG XI C2 - Observer
S. Crutzen - EC JRC I AM - Observer
5. THE STRATEGY DOCUMENT OF ENDEF
The prominent role played by NDE makes it essential that in-service
inspection (ISI) projects for RBMK and W E R reactors are carried out in a
consistent way, conforming to an overall strategy. Such consistency is difficult
to achieve because of the diverse way in which ISI systems have been
developed not only in different countries but also in different organisations in
the same country. These diversities, which occur both in the Eastern and
Western countries, have arisen because of different technical developments
and Codes and Standards in these countries and the many ways available for
the implementation of ISI. A consequence of this has been that different
international relationships, financing opportunities, bilateral and multilateral
programmes have created widely varying patterns of ISI systems and
technology implementation in different countries and even at different sites in
the same country.
The large worldwide PISC Programme, sponsored to a major portion by the
EU, has established an excellent basis of defining the meaning of "Effective
ISI System" in technical terms. The results obtained within PISC more clearly
demonstrated the effectiveness of the "European Techniques" and make it
most desirable to use these techniques for the ISI of W E R and RBMK
reactors, of course suitably adapted and optimised.
This approach has been developed by ENDEF in its so-called Strategy
Document. This document identifies the major steps involved together with an
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explanation of their purpose, the results they should generate and any
interrelationship between them. It then breaks these steps down into more
detailed activities accompanied by information on any relevant national,
bilateral and multilateral programmes.
This strategic concept has been generated on the assumption that the
programme for implementation of ISI would be starting from zero, - well
knowing that this is not the case. However, this mode of working allows for
the appreciation, evaluation and suggestions for programmes and solutions
already existing and bringing them in line with the overall approach defined by
this concept.
An important aspect of this strategy document is that it has been generated
by industrial organisations that are involved in day-to-day ISI work in Western
plants as well as in development activities and with practical experience on
site with RBMK and W E R reactors. The involvement of the JRC Petten
provides necessary independent scientific input and contribution from large
co-operative programmes such as PISC.
This strategy should be used as the basis for planning co-operation
programmes for ISI and for their detailed definition and implementation.
Figures 1 and 2 provide the overall picture of the ENDEF strategy. Figures 3
and 4 give details for two specific items of the strategy, taken as examples.
6. WORK PREPARED BY ENDEF
The main short term purpose of the Forum, as described previously in this
report, is to define, in the most effective way, the scope of assistance and cooperation projects to be developed with the Eastern colleagues. This has
been done by taking benefit of the combined experiences of participating
industrial experts.
The first activity of the Forum, during 1994 and 1995, was the drafting of the
Strategy Document, describing in an exhaustive way, the full spectrum of
technical areas and activities needed to be in place to ensure a complete
coverage of Non Destructive Examination at a country level. This Strategy
Document, provided in section 5 of this report, represents an agreed
perspective of European experts in the field. This was then presented to and
discussed with and positively received by Eastern European, Russian and
Ukrainian colleagues during joint meetings held in Brussels, Moscow and
Petten, during the year 1996.
The second and most relevant activity of ENDEF in relation to the terms of
reference was an in depth analysis of different on-going bilateral and
multilateral European projects in the NDE field, performed by the ENDEF
members to determine how the defined steps of the ENDEF Strategy are
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presently covered by the projects. As a result, one could derive and prioritise
the areas were further activities should take place. The first results of this
comparison were proposed to the bodies in charge of deciding on assistance
programmes or for the definition of co-operation projects.
The results of the comparison as far as discussed up to now by the ENDEF
group are identifying areas of work or of further co-operation like RRTs,
Qualification, Training, ...
Generally the aspects of ISI objectives are either neglected or underestimated
in importance in determining projects of high priority.
The work will now be pursued within ENDEF in order to have an analysis, on
a country level, of what has already been done and what should still be
envisaged in the field of NDE.
7. DIRECT CO-ORDINATION WITH CEEC's AND NIS's
ENDEF meetings in Moscow in May 1996 and in Petten in November 1996,
both with the participation of more than 20 Russian experts assembled by
MINATOM and a few Ukrainian representatives, as well as meetings
organised in May 1996 in Brussels and November 1997 at PAKS for the
participation of CEEC's experts, pursue one objective: the one of the creation
in the NIS and CEEC's of equivalent groups of nuclear industrial experts to
ENDEF. Such a good correspondence of interest and organisation would
make very effective the co-operation, the definition of objectives, of priorities,
of projects specifications, - on the whole - the launching of well structured
and targeted projects in the area of ISI.
A good response by the Western and Eastern industries was given to this
initiative of ENDEF that, hopefully, will lead to visible success in 1998.
8. CONCLUSION
ENDEF, an initiative of the European Commission, DG XVII (Energy) was well
supported by the European industrial institutions working in assistance (or cooperation to underline the aim) with nuclear industrial organisations in the
CEEC's and NIS's.
This Forum provides effectively a platform for open discussion between
representatives of industrial actors active in the NDE/ISI field with the purpose
to establish a co-operation pattern between qualified representatives of the
EU (European Union) industry to offer a better co-ordinated and well defined
assistance to the CEEC's and NIS in the field of NDE/ISI, and to lay the
ground for further industrial co-operation.
ENDEF developed a strategy to follow for the establishment of co-operation
projects. This strategy is now used to understand the extent of past or
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present assistance projects and to identify the areas where more co-operation
is needed.
ENDEF encourages the creation in the NIS's and CEEC's of similar forums in
order to increase the co-operation and co-ordination.
ENDEF is also working in perfect agreement with the European Network
ENIQ, piloted by the European plant operators. This identity of views lead to
the leadership by the ENDEF co-ordinator of the ENIQ Task 3 involving
Applications of the European Methodology for ISI qualification in the CEEC's
and NIS's and presently fully integrated in ENDEF.
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Figure 1: Strategy (steps) to implement an effective and coherent in-service
inspection system (for WER and RBMK reactors in the frame of
industrial cooperation).

1. Mutual Appreciation (Mutual Knowledge of ISI Status in EU and
CEECs/NIS Countries)
2. Comparison of major "Codes and Standards" and Industrial Practices incl.
QA-Programmes in EU and CEECs/NIS Countries
3. Comparison of ISI Effectiveness using Feedback of Experience, Experimental
Investigations and Results of Items 1 and 2
4. Study of Factors with negative Influence on ISI Effectiveness (Human Factors,
inadequately specified Procedures,...)
5. Development of Improved Technology
5.1. Paperwork and Proj ect Discussion
5.2. Adaptation and Prototypes
6. Generation of ISI Concept for Primary Circuit and for other Components
where ISI provides Assurance of Safety
7. Procedures and Equipment
7.1. Procedure Specification for ISI of the different Components
7.2. Equipment Specification (new or to be modified)
7.3. Equipment Procurement (European, at large, if possible)
8. Personnel Training Organisation, Establishment of Training Centres
9. Study of the Limits of the System's Capability
10. Qualification Scheme Definition and Implementation (if possible
harmonized with the European Methodology ENIQ)
11. Implementation of the developed ISI System accompanied by Establishment of
Qualification Centres
12. Establishment of ISI Equipment Maintenance Centre
13. Review and Adaptation of "Codes and Standards" and Practices including the
Qualification
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Figure 3: Example of item 3 from strategy

=> ITEM 3
Comparison of ISI Effectiveness using Feedback of Experience,
Experimental Investigations and Results of Items 1 and 2
Purpose
To generate a commonly accepted W E R and RBMK related NDE Data Base
for:
* - Comparison and Evaluation of the effectiveness of selected ISI systems
in use in the EU and CEEC's/NIS
* - Drawing consequences for addressing the contents of technology
programme for combination, adaptation, improvement and optimisation
of the techniques used or to be developed
Activities
* - Definition of collaborative inspection trials and conditions (PISC Type)
including collection of existing evidence
* - Identification of suitable test blocks available in the CEEC's/NIS and in
EU countries, specifically through PISC
* - Identification of additional blocks needed (if necessary)
* - Planning and procurement of these additional blocks
* - Performance evaluation of mechanised (manual) inspections of these
blocks according to CEEC's/NIS and to selected EU techniques based
on the specific Codes and Standards
* - Joint in-depth analysis and code related interpretation of the results
* - Final report
Results to be expected
* - W E R and RBMK specific NDE data base similar to PISC data
* - Commonly accepted comparison and evaluation of the techniques
regarding their effectiveness when applied to W E R and RBMK
components
* - Basis for the definition of a technology programme (Item 5)
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Figure 4: Example of item 10 from the strategy

=> ITEM 10
Qualification Scheme Definition and Implementation (if possible
harmonised with the European Methodology)
Purpose
To install a methodology for a solid evaluation of effectiveness of ISI
systems/procedures if newly implemented or for new problem areas
Activities
Identification of qualification requirements related to :
* - relevant components (component areas) and associated critical flaws
* - procedure and equipment
* - personnel (related to items 8 and 9)
Definition of qualification methodology, harmonised with European
qualification methodology, covering:
* - performance demonstration
-test blocks with flaw distribution and characteristics
-specification of practical trials
* - technical justification
-theoretical modelling
-empirical data base
-physical reasoning
* - pass/fail criteria
* - involvement of different institutions
Results to be expected
* - Inspection qualification methodology harmonized with European
approach established in CEECs/NIS
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"Structural Mechanics in Reactor Technology",
SMIRT14 - Post Conference Seminar No.2
Session 1: Irradiation Embrittlement

LYRA and Other Projects on RPV Steel Embrittlement
Study and Mitigation of the AMES Network
Authors

L.Debarberis, U.von Estorff, S.Crutzen, M.Beers, JRC-IAM-SCI Unit Petten
H.Stamm, JRC-IAM-SMTT Unit Ispra
M.I. de Vries, G.L.Tjoa, ECN Petten

ABSTRACT
Within the framework of the European Network AMES, Ageing Materials Evaluation
and Studies, a number of experimental works on RPV materials embrittlement are
carried out at the Institute for Advanced Materials (IAM) of the Joint Research Centre
(JRC) of the European Commission (EC).
The objectives of AMES are mainly the understanding of the property degradation
phenomena of RPV western reference steels like JRQ and HSST, eastern RPV steels
like 15X2MFA and 15H2X15, and annealing possibilities.
In order to conduct a very high quality irradiation programme, an AMES dedicated
irradiation rig, LYRA facility, has been designed and developed at the High Flux
Reactor (HFR) Petten.
An other dedicated rig, named LIMA, has been developed at the HFR Petten in order
to irradiate RPV steels, internals and in-core materials under typical BWR/PWR
conditions. The samples can be irradiated in pressurised water up to 160 bar, 320 °C,
and the water chemistry fully controlled.
For irradiation of standard or miniaturised LWR related materials samples, another
group of well experienced irradiation devices with inert gas or liquid metals
environment are employed. These devices are tailored to their various specific
applications.
This paper is intended to give information about the structure and the objectives of the
existing European network AMES, and to present the various AMES main and spin-off
projects, including a brief description on the modelling activities related to RPV
materials embrittlement.

THE ROLE OF JRC-IAM & THE AMES EUROPEAN NETWORKS
The international efforts of the IAEA Working Group on Nuclear Plant Life
Management and the OECD Nuclear Energy Agency (NEA) Principal Working Group
3 (PWG3), provide national contacts between institutions working in the field.
Also the IGRDM (International Working Group on Radiation Damage Mechanisms for
Pressure Vessel Steel) enables the exchange of information and collaboration for
fundamental studies in this area. There remains, however, the problem of developing
and maintaining a set of complementary capabilities inside Europe for the mutual
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benefit of the Member States. There is also a need in Europe to create a focus for
interaction with organisations in the Russian Federation and other countries of Central
and Eastern Europe with respect to RPV material condition assessment and
annealing.
Although great progress has been made in understanding irradiation and thermal
degradation of Reactor Pressure Vessel (RPV) steels, many aspects are still not fully
understood (1). In particular the question of the qualification of remedial measures
such as annealing and repairs remain where further work is essential.
The Institute for Advanced Materials of the Joint Research Centre (JRC-IAM) plays
the role of Operating Agent and Manager of the European Networks ENIQ (European
Network for Inspection Qualification), NESC (Network for Evaluating Steel
Components) and AMES, each of them dealing with specific aspects of materials
behaviour in structural components. The AMES European Network is especially
focusing on all the above mentioned ageing/annealing issues.
AMES OBJECTIVES AND MAJOR ACTIVITIES
The AMES network was set up to bring together the organisations in Europe that have
the main capabilities on RPV materials assessment and research, with the following
objectives:
1.
2.
3.
4.
5.
6.

Provide information and understanding on neutron irradiation effects in reactor
materials in support of designers, operators, regulators and researchers
Establish and execute AMES projects in these subjects areas.
Act as European Review Group.
Provide technical support to regulatory bodies, General Directorates of the EC
and provide a base for development of common European standards.
Participation in collaborative programmes with the New Independent States (NIS)
and the Central and East European Countries (CEEC)
Promotion of: Integration of national programmes
Validation of techniques
Definition of European Standards
Validation and establishment of safe limits for mitigation measures.

The network covers such activities on material studies and expertise as:
1 . Review the capabilities within its member organisations together with the existing
knowledge base from previous work programmes.
2. Study other components than the Reactor Pressure Vessel e.g. reactor internals.
3. Assess the availability of stocks of irradiated and un-irradiated materials that
might be made available for work programmes as well as material that might be
recovered from operating or decommissioned reactors.
4. Study model alloys to improve the understanding of the underlying effects for
irradiation damage, thermal ageing and annealing.
5. Perform annealing validation and re-irradiation studies on materials of current
interest for LWR (Light Water Reactor) systems in Central and Eastern Europe.
6. Develop microstructural models of irradiation damage, thermal ageing and
annealing.
7. Study other new materials than the only steels used in the old power plants.
8. Perform studies on irradiation and thermal degradation of materials for a new
generation of reactors.
9. Execute a survey of national regulatory requirements and identify existing,
planned and required standards at European level relevant to material damage
and mitigation methods.
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AMES ORGANISATION
The AMES Steering Committee decided to adopt the model of the successful PISC
organisation with well targeted terms of reference and project management. The
Steering Committee, with an elected chairman, gives guidance to the Operating Agent
who appoints a Network Manager and other staff to manage the Network. Specific
projects each have a task group to define the technical requirements, liase with the
Managers), co-ordinate joint activities, and monitor progress. The activities
themselves are undertaken by the participating organisations.
The contractual aspects are governed by club-type arrangements between the
members (multi-partner collaboration agreement). Participation to the activities of the
Network is generally at the member's own expense.
Technical and administrative management of the Network and management of
collaborative activities of projects are undertaken by the Operating Agent and
Reference Laboratory (JRC-IAM of the EC) as performed in the past for PISC with the
effective support or participation of-national experts or laboratories as required (2)(3).
In particular, the Netherlands Research Foundation (ECN) is in joining JRC-IAM in the
AMES Reference Laboratory.
Particular projects, such as the setting up and undertaking of structural tests are
sponsored either by individual members or by a common budget or partially through
existing EC programmes.
The network started in 1993 and is continually evolving to serve their primary
purposes. At some stage consideration, by review, will probably look at the scope in
terms of relevance to other branches of industry.
After an initial phase of producing the missing 'State-of-the-Art' reports the main
objective of carrying out common projects in the above mentioned field could be
developed by detailing three projects of priority. The first of these is the validation of
surveillance practice and mitigation methods, which had been split into eight Task
Groups. Different projects from these Task Groups are running including modelling
activities, others are being developed. Several AMES Reports are at present
available, see (4).
AMES MAIN PROJECTS
The Steering Committee has agreed upon the need to develop the following three
projects in their order of priority.
AMES 1 :
AMES 2:
AMES 3:

Validation of surveillance practice and mitigation methods
Effects of irradiation on reactor internals
Significance of Phosphorus causing low toughness in steels during
irradiation

The European Commission, Directorate General Xl/C/2 (Safety of Nuclear
Installations), has supported the detailing of these projects together with the project
chairmen and all AMES members. The projects will be split into individual tasks that
are then taken over by members for their completion. Some of the work for the tasks
is financed as a contribution in kind; some is carried out by the JRC, the Operating
Agent of the Network, and some could be supported by the European Commission,
Directorate General XI, XII, I (Tacis, Phare) and others as appropriate in order to
reinforce common strategies in the field of pre-harmonisation studies which are
relevant to safety related components.
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AMES 1: Validation of Surveillance Practice and Mitigation Methods
In the first stage the project AMES 1 had been drawn up in the way it is reflected in
the scheme in figure 1. After matching this scheme with interest of the individual
institutes the following Task Groups could be established:
Task Group 1A:
Chairman :
Task Group 1B:
Chairman :
Task Group 1C:
Chairman :
Task Group 1D:
Chairman :
Task Group 1E:
Chairman :
Task Group 1F:
Chairman :
Task Group 1G:
Chairman :
Task Group 1H:
Chairman :

Reference Laboratory
L. Debarberis, JRC, NL - L. Tjoa, ECN, NL
Small Specimen
M. Valo, VTT, FIN - E. van Walle, SCK/CEN, B
Property Correlation
C. Bolton, Nuclear Electric, UK
Cladding
K. Gott, SKI, S
Trend Curves
C. English, AEA, UK
Irradiation Conditions
A. Ballesteros, Tecnatom, E
WWER's
J. C. van Duysen, EdF, F
WPS
K. Wallin, VTT, FIN

The responsible officer for the project planning and co-ordination is Ralf Ahlstrand
from IVO (FIN) supported by the Reference Laboratory and Operating Agent (JRC
Petten).
AMES 2: Effects of Irradiation on Reactor Internals
The second priority from AMES has been given to the project AMES 2 'Effects of
Irradiation on Reactor Internals' which is still in an earlier stage.
The objective of the project is to evaluate the issues related to the degradation due to
neutron irradiation of the properties of the materials of internal structures of PWR,
BWR and WWER. For achieving that three groups of actions have to be considered:
- Collect and analyse information on problems actually observed in operation on
internal structures of PWR, BWR and WWER.
- Collect available irradiated materials and data on their properties from actual
internal structures or from experiments in test reactors.
- Generate relevant data for an accurate evaluation of the degree of the degradation
of the material properties.
During this year it is expected to have a broader picture of other ongoing activities in
the field. A study contract was placed by the European Commission (DGXI/C2) to
analyse the present situation. It is intended to produce a State-Of-the-Art document
describing internals, materials, conditions of operation, problems encountered, review
of programmes, available materials, irradiation facilities, conclusions and
recommendations for BWRs, PWRs and WWERs.
AMES 3: Significance of Phosphorus in Causing the Low Toughness in Steels
The kick off meeting revealed that there was a need for a project aimed at developing
the methodology for both the re-distribution of Phosphorus and the impact of this on
mechanical properties. At present there was not sufficient insight to predict when nonhardening embrittlement might be important, and this made it difficult to provide
Utilities or Regulators with advice on this phenomena. Since there are also many
different nation specific problems in the area it was agreed to firstly find a common
approach with the integration of the national activities. A meeting is planned to
assemble the necessary information from the national presentations expected.
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AMES REFERENCE LABORATORY & LYRA FACILITY
Within the Network a large number of experimental studies on ageing, both thermal and
irradiation induced, and annealing are carried out.
Most of the activities are international projects involving several European Member
States laboratories and many of the mentioned activities are financed as Shared Cost
Actions (SCA) competitive projects by the Nuclear Fission Safety Programme of the EU.
Large parts and tasks of these projects are carried out in Petten by the so called "AMES
Reference Laboratory"; a joint effort of 1AM and the Netheriand Energy Research
Foundation (ECN) in order to provide all the necessary facilities and tools required to
conduct material ageing studies on both unirradiated and irradiated samples, see (2).
The general objectives of the AMES Reference activities are given in Table 1.
Furthermore, in order to improve the Petten site capability in this field, particular
emphasis is given to develop new dedicated unique facilities. Just as unique example, a
completely new type of irradiation rig has been developed for the very high demanding
AMES requirements and specifications. The new irradiation facility for the HFR, called
"LYRA" is a re-ioadable, located at the Pool Side Facility, PSF; see figure 2 and 3.
A system of y-heating shields are designed in order to minimise the thermal gradients
and the samples target temperature is maintained by means of a complex system of
independently controlled heating plates. The rig temperature range is between 200 to
450 2 C. The required fluence levels typical of RPV end-of-ltfe can be obtained in
irradiation time of the orders of 6-8 weeks. A space of up to 59x64 mm is available to
accommodate sample holders with different loadings for a maximum length of sample
column of up to 350 mm. As many as 140 Charpy V-notched samples (10x10x55 mm)
or 10 CT specimens can be loaded. A typical LYRA loading is given in figure 4.
The necessary instrumentation is provided in order to demonstrate the achievement
of the irradiation requirements; including sufficient number of thermocouples
distributed between the samples, a sufficient number of flux detectors distributed
between samples, and one Self Power Neutron Detectors, SPN on the back of the
sample holder in order to verify the fluence rate gradients and to be used, after
calibration against the flux detectors, as fluence indicator for the following irradiation
experiments (5).
Particular effort has been dedicated in neutron spectrum tailoring, by use of 3D
MonteCarlo calculations, in order to achieve in the HFR PSF, as far as possible, a
typical PWR neutron spectrum, see figure 5.
The list in Table 2 represent a short summary of the most important activities and
projects for which an important share of the work is carried out at IAM Petten.
OTHER RELATED JRC-IAM-HFR FACILITIES
Another dedicated reloadable rig, named LIMA, has been developed at the HFR
Petten in order to irradiate RPV steels, internals and in-core materials under typical
BWR/PWR conditions. The samples can be irradiated in pressurised water up to 160
bar, 320 °C, and the water chemistry fully controlled. A fast (E>0.1 MeV) neutron
fluence of - 0.5E21 n/cm2 can be reached in one HFR irradiation cycle of 25 days.
The available space for samples is an annulus of 32 by 55.5 mm diameter and 360
mm length; an it can be filled up to -50% of cross-section with samples.
For irradiation of LWR related standard and miniaturised tensile, charpy, CTs and low
cycle fatigue samples, a group of well experienced irradiation devices with inert gas
or liquid metal environment are available at the HFR. These devices are typically
providing an irradiation volume, over three independent channels, of 29 or 31 mm
outer diameter for a length of 300 up to 400 mm.
These devices are tailored to their specific applications, see (6) and £7).
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MODELLING ACTIVITIES
The demand to assure the RPV-integrity under all conceivable operation conditions is
one of the most important safety issues materials scientists have to face. However, a
well-founded understanding of materials embrittlement especially of the parts which
are exposed to high fluxes of neutron and ^-radiation still presents a challenge for
experimentalists and theoreticians. The former have to deliver adequate measures of
materials degradation in terms of ductility and microstructural changes caused by
irradiation damage; the latter are mainly concerned with the development of
appropriate models for residual lifetime predictions in order to avoid unexpected
shutdowns or reduced plant life extension margins. Physically based modelling of
property changes becomes especially important when embrittlement mitigation
methods are applied to extend the plant life. In this case plant specific aspects are
important to validate the rejuvenation procedures and the subsequent surveillance
practice.
In principle, it is the goal to predict the embrittlement and the fracture properties of
structural materials exposed to particle and y-radiation by characterizing
experimentally its microstructural degradation by a combination of advanced
techniques such as FEGSTEM , SANS , etc. and its mechanical properties by rather
simple tests (tensile testing, hardness measurements, etc.). The outcome of an
AMES study contract which should review the theoretical methods which are currently
available for modelling irradiation embrittlement are summarised in the following. The
non-hardening component to embrittlement, i.e. a loss of ductility without concomitant
strengthening of the grain matrix, is associated with the segregation of solute or
impurity atoms to the grain boundaries, and acts upon the grain boundary cohesion
strength. This type of embrittlement is not yet as well understood as the hardening
embrittlement and will not be considered here.
Irradiation-induced degeneration of tensile properties & changes of
Microstructure
The microstructural development during fission neutron irradiation depends on the
surviving defect structure produced within individual cascades and the subsequent
defect migration and interaction outside the cascades. Cascade overlap at higher
doses may also play a role. In the operation temperature range of pressure vessels,
self-interstitials are mobile and will be trapped by sinks or recombine with vacancies
or vacancy clusters. There is experimental evidence that the irradiation-induced
microstructural evolution is mainly mediated by the diffusion and interaction of point
defects rather than brought about directly by intracascade processes.
For a phenomenological classification of microstructural changes that may influence
the mechanical properties one may distinguish three physically different contributions:
a) Matrix Damage
The term 'matrix damage' comprises:
(i) the agglomerates of intrinsic defects (physical imperfections), such as selfinterstitial clusters and interstitial-type dislocation loops as well as vacancy-rich
regions, micro-voids and vacancy-type dislocation loops and
(ii) mixed agglomerates of solute atoms and intrinsic defects. As regards the complex
microstructure of commercial steels, impurity contents are known to play an
important role for the growth of matrix defects.
b) Precipitation
A most important contribution to the degradation of mechanical properties stems from
irradiation-assisted re-distributions of solute and impurity contents (chemical
imperfections). In particular, Cu and Ni have been identified to undergo irradiationenhanced precipitation from the solid solution of RPV steels. As to the Cu impurities,
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small coherent body centered cubic (b.c.c.) precipitates are formed that grow up to
approximately 4 nm in size without reaching the over-aged stage and that act as
efficient dislocation obstacles.
c) Grain Boundary Segregation
While the contributions (a) and (b) give rise to obstacles impeding the motion of
dislocations (barrier hardening), irradiation-induced grain boundary segregation of
elements like P and S may influence the inter-granular cohesion strength and may
therefore act directly on fracture mechanical properties. The corresponding nonhardening embrittlement may then be due to a change in failure mode from trans- to
inter-granular fracture which is accompanied by incomplete recovery of fracture
mechanical properties after annealing. While the detrimental role of P in causing
temper embrittlement of the grain boundaries in ferritic-martensitic steels is well
documented little is known about the irradiation conditions promoting irradiationenhanced segregation.
Strengthening Mechanisms
The strengthening mechanisms, that are relevant for nuclear materials in as much as
strengthening efficiency is affected by irradiation, are summarised as follows:
(i)
precipitation strengthening,
(i i)
strengthening by dislocation loops and
( i i i ) strengthening by micro-voids. While the strengthening by these mechanisms
usually increases during irradiation,
( i v ) solid solution strengthening may decrease due to an irradiation induced
depletion of solute atoms dispersed in the matrix.
Ductile versus brittle behaviour
A material is said to be ductile if failure occurs by rupture involving considerable
plastic deformation and absorption of mechanical energy whereas brittle materials are
characterized by a tendency towards low-deformation cleavage fracture. Many
technologically important materials, among them ferritic steels used in nuclear reactor
pressure vessels, show a ductile to brittle transition.
Theoretical approaches to the DBT-problem comprise different dimensional scales:
(i) the atomistic level (simulations based on molecular dynamics),
(ii) the mesoscopic level dealing with dislocation emission and dynamics in the
immediate crack tip vicinity within a single grain and
(iii) the continuum level which, however, should take into account the microstructural
heterogeneity due to the grain morphology, precipitations and inclusions etc.
Although the DBT-problem is paramount since many years, there is still no
comprehensive and definitive model available and remains "the first fundamental
problem of fracture".
Mesoscopic and macroscopic theories are the most promising to be developed for
practical applications. With regard to this type of approaches, a twofold duality can be
observed. The first one concerns static versus dynamic approaches to the DBT
problem. This becomes manifest in two aspects:
(i)
there are models considering a static crack opposed to models treating
moving cracks.
( i i ) With respect to the deformation mechanism ahead of the crack tip models
looking at equilibrium dislocation arrangements are opposed to models taking

into account dislocation dynamics.
In both cases mostly quasi-static approaches are pursued. However, there are also
indications that the DBT in materials and loading ranges of practical concern is
propagation controlled, in the sense that temperature dependent microstructural
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mechanisms allow for the continuous propagation of a running cleavage crack. The
second duality is related to statistical versus deterministic modelling.
Statistical models are widely used in engineering approaches to the OBT. They are
based on the fact that brittle inclusions (e.g. carbides) may act as fracture initiators.
With this type of model based on the weakest-link concept, the scatter of Klc in the
transition region, the statistical size effect, and partly also the temperature
dependence of the DBT could be successfully described. However, there are also
conceptual shortcomings in view of the fact that the DBT is also observed in pure
b.c.c.-metals (Fe, Mo, etc.) where no brittle crack initiators exist.
From the above discussion it becomes already clear that a comprehensive
understanding of the DBT phenomena has not yet been achieved. It might be well
possible that the 'DBT per se' does not exist and that different mechanisms contribute
to the phenomenon according to the loading and temperature range, and the specific
material under consideration.
The study by Rice and Thomson (1974) can be looked at as a starting point for the
investigation into intrinsic mechanisms of the DBT. There a criterion for the possibility
of brittle fracture is derived by taking into account the competing mechanisms of
spontaneous emission of dislocations from an atomically sharp cleavage crack and of
the crack advance by cleavage. If the energy barrier to the formation of a dislocation
loop is too high at the point of impending propagation of the crack, brittle behaviour is
expected. If, however, this energy barrier is sufficiently low, dislocations will be
emitted thus causing crack blunting. In addition, these dislocations shield the crack tip
from the external load by reducing the effective crack tip stress intensity.
Therefore two further concepts come into play: crack-tip dislocation emission and
dislocation shielding. These concepts have not called the attention from mechanical
engineers as much as the statistical models. However, with regard to effects due to
thermal ageing and irradiation damage they may play an important role in the future,
since the microstructural changes due to these phenomena affect the dimensional
scale of elementary deformation and fracture mechanisms.
In general, the deterministic models which take into account the intrinsic plastic
deformation mechanisms, mostly based on dislocation behaviour ahead of the crack
tip, can be separated into different groups. Most models are dealing with dislocation
arrangements in the vicinity of a static crack and only a few are referring to a
propagating crack. The static crack models themselves may be subdivided into two
groups: those concerned with finding the equilibrium distribution of dislocations
("equilibrium approach") and those which consider moving dislocations in the stress
field ahead of a crack taking into account dislocation emission controlled by an
appropriate emission criterion ("dislocation dynamical approach"). Also for the
dynamic crack models two groups can be distinguished: those describing the plastic
deformation around the crack tip by general rate dependent viscoplastic constitutive
laws and models taking into account dislocation dynamics ahead of a moving crack.

-223-

CONCLUSION
AMES is a well established European network around the subject of irradiation
embrittlement and its mitigation methods.
After an initial phase of producing the missing 'State-of-the-Art' reports the main
objective of carrying out common projects in the above mentioned field could be
developed by detailing three projects of priority.
The first of these is the validation of surveillance practice and mitigation methods,
which had been split into eight Task Groups.
At the HFR Petten, the irradiation device LYRA has been developed and tailored in
order to conduct the necessary irradiation tasks with the required high degree of
accuracy. Other devices are available at the HFR Petten and suited for PWR related
irradiation; like the LIMA rig operating at PWR conditions.
Different projects from these Task Groups are running including modelling activities,
others are being developed. A problem which encounters the theoretical description of
the DBT in commercial steels is the appropriate modelling of the rather complicated
microstructure. Nevertheless, progress in the description of phenomena like
irradiation embrittlement and ageing on the DBT can only be achieved, if the
modelling is formulated on the dimensional scale which is concerned by the damaging
processes. The hope to explain the DBT satisfactorily by its influence on easily
measurable macroscopic properties (e.g. the flow stress) by the use of a simple
macroscopic model has not been granted up to now. Also the statistical models widely
used by engineers lead finally to the conclusion that intrinsic mechanisms in single
grains are finally controlling the DBT.
There is a close connection between the statistical effects of crack initiation in a brittle
particle and the propagation mechanism of a crack running in the first grain i.e. the
crack propagation in a single crystal. Once the crack has crossed the particle-ferrite
interface, the moving crack tip should start to emit dislocations which interact with the
already available dislocation distribution and the crack tip stress. It is then the
question whether the microscopic configuration of the lattice defects permit a further
propagation of the crack in the cleavage mode. The modelling of this mechanism has
already been tackled and it is shown that this should lead to a DBT.
Since also the purely statistical evaluation points to a DBT phenomenon, the
combination of both approaches could lead to a better understanding of the
complexity of the experimental observations. This necessitates a modelling effort for
more relevant load cases from the mesoscopic dislocation approach and an
appropriate statistical treatment of a cleavage crack propagating in a ferrite matrix.
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Objectives:
Carry out experimental study on ageing/annealing
•
thermal ageing
• irradiation embrittlement
Setting-up develop and maintain:
•
thermal ageing laboratory
• irradiation facility form HFR
• certified impact testing laboratory, etc.
Collect Reference Materials
•
reference steels (JRQ, HSST etc.)
•
materials coming from aged industrial structures
and/or private organisation (GKSS irr.mat.)
Maintain & develop competence in:
•
neutron dosimetry
•
material damage indexation, etc

a)

b)

c)

d)

Table 1: General objectives of the AMES Reference Laboratory

Project name
AMES
DOSIMETRY

EU contract
number
NFSSCA
PL950011

REFEREE

NFSSCA
PL95OO73

RESQUE

NFSSCA
PL960344

SYNTER

NFSTN
PL960346

MADAM

NFSTN
PL960395

ENUKRA

TACIS
PCP III

Objectives &
Partners with JRC-IAM
Harmonise dosimetry practices for ageing studies and
Establish the dosimetry of AMES activities
Tecnatom, ECN
Assess the correlation between different fracture toughness
properties of aged steels; Charpy impact versus dynamic & quasistatic toughness transition shifts measurements
NE, SCK/CEN, VTT
Validation of CV-n sample re-constitution techniques for obtaining
more experimental fracture tougness data limiting the amount of
material used. Different welding & joining techniques are
compared.
SCK/CEN, ECN, VTT, NE, AEA, RCR, Siemens
Propose and study safety related innovative nuclear reactor
technology elements for present and future type of plants
KFA, CEA, ECN, VTT, ENEA, ENEL, PSI
Generation of a possible conversion table of material damage
indexes for possible comparison of results coming from different
test programs and real operating plants
Tecnatom. VTT, NE, ECN, SCK/CEN
Embrittlement Assessment of Irradiated Pressure Vessel Steels
Tecnatom, ECN, UNRI

Table 2: Brief description of the SCA financed projects
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ABSTRACT
The European Network for Inspection Qualification (ENIQ) groups the major part of the nuclear
power plant operators in the European Union (and Switzerland). The main objective of ENIQ is
to co-ordinate and manage at European level expertise and resources for the qualification of NDE
inspection systems, primarily for nuclear components. In this paper the main activities,
organisation and actual status of ENIQ are discussed.

BACKGROUND
One of the main conclusions of the Programme for the Inspection of Steel Components (PISC) is
that there is a need to show that inspection systems (equipment, procedure and personnel) are fit
for purpose and meet the required in-service objectives [1-5]. The first major formal requirements
for performance demonstration were in the UK for the Sizewell B PWR [6]. Then followed the
IGSCC programme in the USA. Subsequently, as a result of the requirements for performance
demonstration introduced for the first time in 1989 in the ASME code the performance
demonstration initiative (PDI) was launched by the nuclear plant operators in the USA. In Europe
(European Union and Switzerland) it was decided in 1992 to set up the European Network for
Inspection qualification (ENIQ). It was recognised that the issue of inspection qualification
required quite important resources. Therefore it seemed appropriate to set up a network in which
the available resources and expertise available could be managed at European level. It was also
recognised that a harmonisation in the field of codes and standards for inspection qualification
would represent important advantages for all parties involved. The availability of expertise,
technical know-how, hardware and infrastructure from different specialised national institutions,
managed in one organisation such as this European network, could indeed bring benefits to the
industry in general.
The harmonisation of the national approaches towards a common European attitude towards
inspection qualification can be stimulated by an effective management of available resources
through ENIQ.
OBJECTIVES OF THE NETWORK
The main objectives of ENIQ can be summarised as follows:
• t o co-ordinate and to manage at European level expertise and resources for the assessment and
qualification of NDE inspection techniques and procedures primarily for nuclear components
• t o develop qualification schemes, both general and specific to components
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• t o works towards a harmonisation of codes and standards at European level in the field of
inspection qualification
• t o set up a co-ordinated EU approach for ISI qualification in view of establishing an industrial
co-operation between the EU, and Central and Eastern Europe and Russia
• t o study RBI concepts and possible consequences for inspection qualification
NECESSARY LIMITATIONS AND INDUSTRIAL FRAMEWORK
The network does not propose inspection services and does not consider itself as a technical group
for the elaboration and writing of codes and standards. The industrial framework, presently
considered, is primarily that of the nuclear industry, where most of the expertise already exists.
However, heavy duty non-nuclear industrial structures and components, having potential major
safety and economic impacts and which in principle could be handled in the same way as nuclear
components, can be included.
ORGANISATION AND MEMBERSHIP
The organisation of the network is very similar to that of the successful programme PISC. A
Steering Committee decides on priorities and gives guidance. The Joint Research Centre (JRC) of
Petten fulfils the role of Operating Agent (OA), Reference Laboratory (RL) and Referee Group
(RG). If required the RL can be assisted by national laboratories of excellence. The Referee
Group consists of staff members of the Operating Agent and treats all confidential matters. The
Network Manager, a staff member of the OA, takes care of the daily management of the network
and reports to the Steering Committee. The Senior Advisory Group (SAG) gives guidance to all
networks operated by JRC Petten.
The core of the network consists of the nuclear plant operators of the EU countries (and
Switzerland). In addition to the utilities, who provide the voting members on the ENIQ Steering
Committee, there is also participation by other organisations with relevant expertise: plant
manufacturers, engineering companies, service vendors and research and development institutions.
The Chairman and Vice-Chairman of the Steering Committee are elected for a period of two years.
Furthermore there is also the active participation and support of DG XI (Directorate -General for
Environment, Directorate Nuclear safety and Civil Protection, Safety of Nuclear Installations) and
DG XVII (Directorate-General for Energy, Directorate Industry and Markets: Non-Fossil Energy,
Nuclear Energy).
Interaction of the network with the European regulatory bodies is achieved through the presence of
an observer of the European task force of regulators at the Steering Committee meetings.
Furthermore this task force follows very closely the pilot study as observers.
A number of tasks with well defined objectives, approved by the Steering Committee, are executed
with the technical and scientific support of the Reference Laboratory (RL). For each Task Group a
Task Chairman is appointed. The Task Group Chairman, together with the OA, takes care of the
daily management of the Task Group and reports also to the Steering Committee. The organisation
scheme of the network is given in Figure 1.
The contractual aspects of the network are covered by a club type agreement which binds the
European partners together. Institutions of non-EU countries can be invited to participate in the
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task groups depending on the decision of the Steering Committee to be taken at unanimity Such a
participation will be formalised by a case by case collaborative agreement for the task. The
Nuclear Research Institute of Rez in the Czech Republic is for example an observer on Task Group
2.2.
The club type agreement defines the organisation, the roles and duties of each member and the
general financial aspects. These can be summarised as follows:
• each member bears his own expenses
• contribution to the tasks is mainly in kind
• compensation of non-contribution in kind and particular aspects of the tasks may require a
limited cash flow between the members
• if required, funds will be sought for the network and more especially for the tasks from several
sources (e.g. EC programmes, national programmes, regulators, industry, etc.).
TASKS AND ACTIONS
The ENIQ tasks have been subdivided in 4 groups.
GROUP 1 OF TASKS: GATHERING OF INFORMATION
The first group of tasks deals with gathering of information, which can be of interest for inspection
qualification. Following priorities were established by the Steering Committee
1.1 Study of the correlation between real and realistic flaws
1.2 To draw up an inventory at European level of assemblies and blocks available for inspection
qualification
1.3 Application of human factors to inspection qualification
1.4 Reliability study
1.5 Structural integrity significance of flaws
The correlation from an NDT point of view between real and artificial defects is of course very
important for inspection qualification [6]. The availability of a data bank of test pieces for
inspection qualification would be an important step in order to set up a management scheme at
European level of available resources and expertise. The reliability study is a heritage of PISC HI
Action 4 on austenitic steel testing. The task on structural integrity significance of defects was
considered as important because these data are in general used as a basis to determine the
objectives to be reached by the in-service inspections. Consequently, they have an important
influence of the size distribution of the defects in the qualification test pieces. All round robin
trials conducted in the framework of the PISC programme have clearly shown that the issue of
human factors was one of the key factors determining the performance of inspection teams [1-5].

GROUP 2: DEVELOPMENT OF QUALIFICATION SCHEMES
The information gathered within the first group can be used for the second group of tasks where
qualification schemes are studied. Two tasks have been given priority:
2.1
Qualification of in-service procedures
2.2
Development of qualification procedures for specific reactor components
Task 2.1 deals with studying general qualification schemes for ISI procedures. It was supported
financially by DG XI of the EC.
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It is in the framework of Task 2.2 that the ENIQ pilot study [8] is conducted. The objectives of the
ENIQ pilot study are:
• to apply the general principles of the European methodology to a specific component in order
to explore ways how to apply them
• to verify the validity of the principles of the European methodology
The pilot study is conducted in the framework of Task Group 2.2, development of qualification
approaches for specific reactor components, with as Chairman J. Whittle. It should be stressed
that the pilot study is not an industrial qualification exercise. The main parties involved in
inspection qualification are: the plant operator, the regulatory body, the qualification body and the
inspection vendor. The roles of each of these parties are played by several sub-groups formed
within ENIQ. JRC Petten, as Reference Laboratory of the network, is heavily involved in all of
these sub-groups, especially the ones which are playing the role of inspection vendor and
qualification body.
The example chosen for the ENIQ pilot study is the qualification of an inspection of austenitic pipe
to pipe and pipe to elbow welds. All aspects of the inspection are qualified. The procedure and
equipment qualification involve open trials on test pieces containing defects while that of the
personnel is done through blind trials. In addition to practical trials, qualification involves also the
production of a technical justification as required by the methodology document.
The inspection which is qualified is an automated one involving a scanner and digital flaw detector.
The inspection procedure was produced specially for this exercise and is tailored to the particular
requirements of this inspection.
Qualification involves a combination of satisfactory practical trial results and a convincing
technical justification. If qualification reveals shortcomings in any aspect of the inspection,
modifications will be made and the qualification will be repeated.
Once the inspection has been qualified, it will be applied to a number of "real" components, some
containing defects removed from operating reactors and others containing simulated defects but
welded using the same materials and procedure as the qualification test pieces. The results obtained
will be compared in detail to those in the first qualification part of the pilot study. From this
comparison, conclusions will be drawn about the value of qualification in providing confidence in
the inspection.
It should be stressed that the pilot study is not an industrial qualification exercise. The main parties
involved in inspection qualification are: the plant operator, the regulatory body, the qualification
body and the inspection vendor. The roles of each of these parties are played by several subgroups formed within ENIQ. JRC Petten, as Reference Laboratory of the network, is heavily
involved in all of these sub-groups, especially the ones which are playing the role of inspection
vendor and qualification body.
The example chosen for the ENIQ pilot study is the qualification of an inspection of austenitic pipe
to pipe and pipe to elbow welds. All aspects of the inspection are qualified. The procedure and
equipment qualification involve open trials on test pieces containing defects while that of the
personnel is done through blind trials. In addition to practical trials, qualification involves also the
production of a technical justification as required by the methodology document.
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The inspection which is qualified is an automated one involving a scanner and digital flaw detector.
The inspection procedure was produced specially for this exercise and is tailored to the particular
requirements of this inspection.
Qualification involves a combination of satisfactory practical trial results and a convincing
technical justification. If qualification reveals shortcomings in any aspect of the inspection,
modifications will be made and the qualification will be repeated until a satisfactory inspection is
achieved.
Once the inspection has been qualified, it will be applied to a number of "real" components, some
containing defects removed from operating reactors and others containing simulated defects but
welded using the same materials and procedure as the qualification test pieces. The results obtained
will be compared in detail to those in the first qualification part of the pilot study. From this
comparison, conclusions will be drawn about the value of qualification in providing confidence in
the inspection.
The status of the pilot study at the beginning of July 1997 is as follows:
• open trials:
=> data acquisition and data analysis finished
=> inspection results assessed
=> inspection procedure "qualified" for blind trials
• blind trials (personnel qualification)
=> data acquisition finished
=>data analysis by inspectors to be done (September 1997)
=> assessment of inspection results to be done (October 1997)
• 1SI set of ISI specimens (similar to qualification test pieces)
=> end of inspection expected for October-November 1997
nd
• 2 set of ISI specimens (different from qualification test pieces)
=> weld crown of 9 test pieces was ground by Forsmarks NPP
=> inspection planned in November-December 1997
• final reports on pilot study (not including destructive examination): expected for JanuaryFebruary 1998
• final reports on pilot study including destructive examination: will depend on available
resources
Despite the fact that the pilot study is not finished yet there are already a number of lessons learned
from the pilot study. These are:
• the importance of providing all necessary information required to conduct the inspection
qualification prior to its start; this may seem self-evident but it was found out that this is an
extremely important issue which in many cases is not done sufficiently
• the importance to separate the inspection procedure/equipment qualification from the
complementary personnel qualification which allows to identify exactly where the weaknesses
lie
• the role and function of the technical justification
• how to handle the issue of influential/essential/fixed parameters
• the advantages open trials represent with respect to blind trials :
a) the possibility to assess in a much better way the capabilities of the inspection system
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•

•

b) reduced costs with respect to blind test pieces in view of maintaining the confidentiality of
test pieces used for blind trials (requiring for example a large number of blind test pieces if
many inspection teams have to be qualified)
the fact that a technical justification for austeniu'c welds is inherently weaker than that for
ferritic welds due to the variability of the structure of the material obliging to rely more on test
piece trials
the importance of the similarity between the structure of the qualification test pieces and that of
the actual component especially for austenitic components

GROUP 3: APPLICATIONS
The third group of tasks is dealing with application of what was acquired within the two other
groups of tasks. The priorities as determined by the Steering Committee are as follows:
3.1
to develop a management scheme at European level of resources available for inspection
qualification
3.2
to develop accreditation criteria
3.3
to co-operate with Russia in view of developing qualification schemes
3.4
to report on co-operation with Russia (hardware installation)
3.5
to report on co-operation with Eastern and Central Europe
Task 3.1 and 3.2 are actions which are conducted with long term objectives.
The issue of inspection qualification is considered as an important topic for the'countries of Central
and Eastern Europe, operating W E R plants . All safety analyses of W E R and RBMK reactors
carried out by Western and Eastern European expert groups have assigned a very high priority to
the assurance of the integrity of certain components of the primary circuit. An important input to
the provisions of such assurance comes from periodic NDE. The importance of NDE was reflected
in the assistance programmes funded by Western donor countries and organisations. The
important role which is played by NDE makes it essential that ISI projects for RBMK and W E R
reactors are carried out in a consistent way in agreement with an overall strategy.
Within the framework of tasks 3.3, 3.4 and 3.5 contacts are established with Central and Eastern
European countries (CEEC), Russia and Ukraine. These contacts are co-ordinated through the
European Non-Destructive Evaluation Forum (ENDEF), an expert group managed by DG XVII of
the EC with the support of JRC Petten. This group serves as an information platform in order to
assist in the co-ordination of non-destructive examination (NDE) related activities of EU industrial
actors in the CEEC, Russia and Ukraine. The main objective of ENDEF is to set up a coordinated European approach for ISI in view of establishing an industrial co-operation between the
EU and these countries in the field of ISI. ENDEF helps in sharing views and experiences of the
European industry in order to better co-ordinate and define existing and future bilateral and
multilateral co-operation programmes in the CEEC and NIS, respecting thereby the rules for
confidentiality. ENDEF is also working in close co-operation with existing groups of the EC
active in this field.
The ENDEF group has written as strategy document for the implementation of an ISI qualification
system in the CEEC and NIS. In this document the major steps involved in the implementation of
such a system are discussed and explained in detail. A lot of the experience gained through the
different phases of the PISC programme and ENIQ was used to write this strategy paper.
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Several meetings have been organised in the last 2 years with the participation of all main
industrial actors, who are active in this field, both from the EU side and the CEEC, Russian and
Ukrainian side. The main purpose of these meetings was to have an exchange of information on
the activities of ENDEF, the strategy document written by ENDEF and on the activities of ENIQ
in the field of inspection qualification. This is seen as a first step in order to meet the objectives of
ENDEF.
All these activities are part of a general framework for industrial co-operation in the nuclear sector
between the EU and CEEC and Russia which DG XVII is promoting.
GROUP 4: RISK BASED INSPECTION
The Steering Committee of ENIQ agreed to set up a Task Group on Risk Based Inspection at its
meeting in April 1996 in Madrid. The Task Group met for the first time in Petten end of June of
this year. The general objective of this task group is to study aspects of ISI or any other
surveillance method in view of both a more selective application and optimisation in order to
reduce the inspection efforts whilst at the same time increasing the ISI effectiveness. Actions have
been decided for gathering and transfer of information on the different aspects of risk based
inspection and, possibly at a later stage, writing of a " European methodology" document on RBI.
The organisational framework of this task group is determined by the ENIQ agreement:
• utility driven
• linked to ENIQ but might evolve into a separate network
• narrow contact/co-operation with the regulators welcomed
• European core
R. Chapman from Rolls Royce and Associates was nominated as chairman of this Task Group. S.
Crutzen will act as co-chairman of the Task Group.

EUROPEAN METHODOLOGY FOR QUALIFICATION OF NON-DESTRUCTIVE TESTS
STATUS OF THE EUROPEAN METHODOLOGY FOR QUALIFICATIONS OF NONDESTRUCTIVE TESTS
One of the major achievements of ENIQ has been the approval of the European Methodology for
qualification of non-destructive tests.
The first issue of this document was initiated by the PISC III Action 8 Group, dealing with
support for codes and standards. It was further developed and finalised by ENIQ. The first issue
was approved by the Steering Committee of ENIQ at its meeting of 15 March 1995 in Petten and
was published as ENIQ Report 1[9]. This document was the first to be published in Europe on this
issue and contained a number of innovative proposals such as the use of technical justification, the
separation between procedure/equipment and personnel qualification and the use of non-blind trials
for procedure and equipment qualification.
The European regulators have issued in April 1996 a common position document on qualification
of NDT systems for pre- and in-service inspection of light water reactor components [10]. This
official report of the Nuclear Regulator Working Group (NRWG), sponsored by DG XI, considers
also the essential elements of the European Methodology and is, in general, in good agreement

-238-

To be presented at the 14* SMiRT conference, Lyon, 17-22 August 1997

with the European Methodology. This means that in Europe there is a remarkable consensus of
opinion between the major parties involved on the general principles of inspection qualification
[11].
Since the first issue of the EQMD the issue of inspection qualification has also been discussed
widely both at national and international level and some evolution in thinking has occurred.
The Steering Committee of ENIQ has decided to conduct a pilot study to explore ways of how to
apply the European methodology for inspection qualification to a specific component. Already
now there are a number of important lessons learned from this pilot study. All this has led the
Steering Committee of ENIQ to issue a second version of the European methodology [12]
Many EU countries [13] are already implementing the general principles of the European
methodology in their national qualification programmes. Furthermore the International Atomic
Energy Agency is preparing guidelines for inspection qualification for W E R operating countries.
These IAEA guidelines take into account the European methodology, as proposed by ENIQ. This
is very important because inspection qualification is considered as one of the important tools to
improve the safety of nuclear power plants in Eastern Europe. That is why, as already mentioned
before, ENIQ is having regular contacts with relevant institutions from Eastern Europe in order to
exchange information.
BASIC PRINCIPLES OF THE EUROPEAN METHODOLOGY FOR QUALIFICATION OF
NDT
ENIQ provides a framework for qualification setting out the principles which should apply. The
detailed arrangements must be developed separately by each country.
That is why the
methodology is intended to be flexible so that different countries can use it to develop
qualifications which are consistent throughout Europe but which also meet their different national
legal, regulatory and technical requirements.
Qualification of a non-destructive test may require assessment of any inspection system, composed
of any combination of inspection procedure, equipment and personnel. This qualification or
assessment can be considered as the sum of the following items:
i) Practical assessment (blind or non-blind) conducted on simplified or representative test
pieces resembling the component to be inspected.
ii) Technical justification, which involves assembling all evidence on the effectiveness of the
test including previous experience of its application, laboratory studies, mathematical
modelling, physical reasoning and so on.
The appropriate mix of the above sources of evidence must be judged separately for each particular
case, although the use of technical justification is highly recommended.
Practical reasons limit the number of test pieces that can be used for inspection qualification.
Therefore, test piece trials can only provide limited information on the performance of an
inspection system. The purpose of the technical justification is:
a) to overcome these limitations by citing all the evidence which supports an assessment of the
capability of the inspection system to perform to the required level; it follows that a better
defined confidence in the inspection is provided
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b) to complement and to generalise any practical trials results by demonstrating that the results
obtained on the specific defects in the test pieces would equally well have been obtained for
any other of the possible defects
c) to provide a sound technical basis for designing efficient test piece trials
d) to provide a technical basis for the selection of the essential parameters of the inspection
system and their valid range
Equipment and procedures can be qualified open trials implying that those applying the inspection
know the defects in the test pieces. The complementary qualification of personnel, if required,
must be carried out by blind trials in which those applying the inspection have no knowledge of the
defects.
All information related to the whole process of inspection qualification should be compiled in a
dossier which should contain at least the following:
• input information, to be provided prior to the start of inspection qualification:
* details of component(s) to be inspected
* defect situation and details of the defects to be detected and/or sized
* in-service inspection performance to be achieved
* full details on the inspection system to be used (inspection procedure, equipment and
personnel
•

qualification procedure (conduct of qualification):
* objectives of the inspection qualification
* qualification rigour/level
* technical justification
* way the technical justification and NDT procedure will be assessed
* details on how the practical trials will be conducted (blind and open)
* way the results of the qualification will be evaluated

•

conclusion(s) of the qualification
* results of all assessments and practical trials, including range of essential variables for
which the qualification is valid

•

if necessary, updating of the qualification dossier, taking into account feedback from site
experience

In the European methodology an important role is attributed to the qualification body for the
practical implementation. The qualification body should be sufficiently expert and should be
independent from commercial and operational considerations. The need for the qualification body
to be separate from the plant owner is a matter to be determined by the plant owner and the
regulatory body if qualification is carried out as a result of regulatory requirements.
CONCLUSIONS
It can be concluded that ENIQ has already contributed significantly to the harmonisation and
standardisation of inspection qualification rules in the EU. There is general consensus of opinion
on the general principles for inspection qualification not only between the different utilities but also
with the regulatory bodies. It is clear that differences will arise as the principles in the
methodology will be implemented in practice but an agreement on these principles is at his stage a
major step forward. Furthermore, many countries are starting to implement these general
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principles in their national qualification programmes. The contacts with Eastern and Central
Europe and Russia have shown that mere is a real interest in these countries in the approach of
ENIQ, which will hopefully lead to further collaborations in this field.
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NESC I PROJECT STATUS REPORT AFTER THE SPINNING OF THE NESC CYLINDER
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R Hurst - Institute of Advanced Materials, JRC Petten
B Hemsworth - formerly UK Nuclear Installations Inspectorate
ABSTRACT
The International Network for Evaluating Steel Components (NESC) addresses issues relating to the validation
of the entire process of structural integrity assessment The first NESC Project is providing a unique insight into
the relative roles which NDT, material properties, instrumentation measurements, and stress and fracture
analyses can make in providing a robust safety case for pressurised thermal shock of a thick reactor pressure
vessel of aged material containing defects. NESC I is unique insofar as the NDT and the analyses of stress and
fracture have been carried out without exact knowledge of the defects as is the case in the real world. The
project reached a major milestone on 20 March 1997 with the completion of the thermal shock test using the
AEA Technology Spinning Cylinder facility at at Risley. Early indications suggest that crack propagation has
occurred in both the sub clad and through clad defects.
INTRODUCTION
On 20 March 1997, when the spinning cylinder test took place, the first NESC project reached a key milestone:
a simulated pressurised thermal shock was applied to a cylinder of reactor pressure vessel material containing a
range of defects specified by the international community [1]. Since the launch of the Network for Evaluating
Steel Components (NESC) on 9 September 1993 [2], at least 50 organisations worldwide have contributed to
this first benchmark project Over 40 participants representing six European Union countries and the United
States as well as the CEC Joint Research Centre were present at the test which was conducted by AEA
Technology at their facility at Risley in the UK [3]. A pre-test seminar hosted by the Project's lead sponsor, the
UK Health and Safety Executive, highlighted the achievements of the project up to the test

An A5O8 Class 3 steel cylinder was manufactured from material supplied and forged by Sheffield Forgemasters,
welded from two halves by MAN GHH at Oberhausen, Germany, clad internally with stainless steel by
Framatome, and implanted with a range of surface breaking and sub surface defects of different types and sizes
by MPA Stuttgart, Framatome and JRC/AEA Technology [4]. The cylinder was then circulated to key centres in
Europe where it has been subject to rigorous inspection under realistic conditions. Teams from Russia, USA,
Finland, Sweden, France, Germany and the UK have reported their findings of the defects to the Reference
laboratory at the Joint Research Centre, Petten. The inspection of the cylinder provides a means to validate and
compare current and proposed non destructive examination procedures from different countries in a manner
similar to the PISC trials [5].

Mr Wintle was formerly with AEA Technology

The properties of the cylinder were determined in a comprehensive materials characterisation programme
undertaken by eight European Laboratories. This has resulted in a materials data handbook for what is now
probably the best characterised material of its type in the world [6].
Using the data generated from the inspection and materials characterisation, around 15 stress and fracture teams
have made predictions as to how the defects would behave during the spinning cylinder test in terms of crack
growth by ductile and cleavage fracture mechanisms [7].
This paper describes the instrumentation of the cylinder for the detection of crack growth and the NESC
spinning cylinder test itself. Observations from examination of the cylinder made after the test by the Reference
Laboratory are reported together with the initial interpretation from the test instrumentation. Post-test activities
of the NESC Inspection and Analysis Task Groups are now in progress, and the future programme of evaluation
and reporting is outlined.
INSTRUMENTATION FOR THE DETECTION OF CRACK GROWTH
Strain Gauges
One of the key tasks of the instrumentation was to detect the moment of cracking during the test and hence the
time of initiation after commencement of the quench.
In previous spinning cylinder tests [8,9], alternating current potential difference (ACPD) methods had been used
to detect crack growth. However, these had not proved very satisfactory in that the change in output due to
crack growth was small when the crack tunnelled beneath the surface and could not be easily distinguished from
thermal effects. For these reasons, the NESC Instrumentation Task Group concluded that the application of
ACPD to a cylinder where tunnelling was expected beneath 4inm thick stainless steel cladding would not be
successful.
The initial plan was to detect crack growth by measuring the change in crack mouth opening using strain gauges
spanning the mouth of the surface breaking machined defect This technique had been successfully applied by
the Finnish utility IVO to measure crack growth in the Promotey PTS tests [10]. A laboratory trial by IVO had
shown that an Ailtech Type SG 325 high temperature strain gauge could give a continuously increasing output
up to a strain of over 10% although they were guaranteed to a value to 2 %. These gauges had flanged lengths
of 28mm for spot welding, but were welded for only 8mm at each end.
Since Ailtech gauges were no longer available, the only other comparable high strain gauges were ordered from
the manufacturer HEAT. Tests on these gauges showed that the strain to failure was much less than the 10%
predicted across the defect mouth during the NESC test and therefore spanning gauges were likely to fail before
any growth occurred. Investigations of other gauges available worldwide indicated that their performance could
not be guaranteed to be better than HEAT.
A second approach for the detection of crack growth was based on detecting the change in strain in initially
uncracked material beyond the ends of the defect as a result of the crack tunnelling or sideways crack extension
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beneath the gauges. Finite element calculations showed mat the maYJmmn mean hoop strain in uncracked
material would be about 0.4% over a 12 mm gauge length, but mat mis would increase by nearly an order of
magnitude to 3-4 % due to crack tunnelling, Fig 1 [11]. There was therefore confidence that the HEAT strain
gauges mounted over uncracked material would survive the test and mat the moment of crack growth would be
detected by a discontinuous change in strain or by gauge failure. Reliance for the detection of crack growth was
therefore placed on four additional gauges placed beyond the ends of the defects. These additional gauges were
Ailtech type SG 355. The HEAT gauges were selected with a thermal compensation to suit the mean expansion
coefficient of the cladding material between 10°C and 300°C.
Gauges were symmetrically mounted beyond the ends of the through and sub clad defects at distances of 5, 15
and 40mm from the defect tips along the line of the defects, Fig 2. A further single gauge was placed 40 mm
beyond the upper end of the complex defect These gauges were end welded in order to avoid changes in the
gauge profile produced by the slip planes and averages peak strains over the gauge length. However, the
manufacturer's individual gauge calibrations for continuous welding installation were used and therefore the
gauge outputs had only limited numerical significance. Trials showed that 8 mm of spot welding at each end of
the gauge avoided flange failure leaving a 10 - 12 mm free gauge length in the centre.
Since the opening of the through-clad defects and the change in strain over the major sub clad defect were of
interest to validate finite element models and for comparison purposes, a total of four gauges were also placed
across the centre of these defects, although it was recognised that these gauges would probably fail before
growth occurred. Two further gauges were continuously welded to the cylinder at the centre line remote from
any defects to measure the hoop and axial strains on the cladding surface. This completed the total complement
of 19 gauges, Fig 2.
The strain gauge connecting wires were routed up the inside surface of the cylinder, across the support disc and
through the drive shaft to the 100-ring slip ring unit above the gear box. The outputs from the slip ring were
connected to a multi-channel data logger and graphical screen displays for on-line monitoring of strain during
the test. Calculations predicted that the surface hoop strain would increase rapidly from the value of the start of
the quench rising to reach a plateaux. If no defect growth occurred, the strain would gradually reduce as the
transient proceeded. The moment of defect growth would be indicated by a step change in the strain gauge
output which would be clearly visible and detectable.
Thermocouples
The NESC cylinder was instrumented with 21 thermocouples. The purposes of these thermocouples were:
1. to measure the through wall temperature distribution through the test,
2. to determine differences between the temperatures of the upper and lower cylinder halves
3. to measure the temperatures inside the machined surface breaking defect
4. to measure the inside surface temperature close to the strain gauges near the defects
5. to measure the water outflow temperature at the top and bottom of the cylinder
6. to create a breaking wire system for the detection of excessive crack growth
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The provision of the thermocouples on the cylinder is shown in Fig 3. All thermocouples used were of the
Chromel-Alumel K type enclosed in 1 rnm diameter stainless steel sheaths. The thermocouples were
individually calibrated at 100°C, 200°C and 300°C, traceable to the UK National Physical Laboratory.
Measurement of the through wall temperature distribution through the test was by an array of nine
thermocouples arranged horizontally in. the upper half of the cylinder above the level of the machined surface
breaking defect As well as thermocouples on the inner and outer surfaces, seven thermocouples were located
within the material at depths graduated to correspond with the expected non linear temperature profile. The
thermocouples within the material were located into blind socket holes drilled from the outside surface. AH the
thermocouple wires were well secured against the centrifugal forces using individual shim strips continuously
spot welded to the surface. A corresponding array of 4 thermocouples was located beneath the upper array in
the lower half of the cylinder and by comparison these were used to determine any temperature differences
between the upper and lower halves. The two thermocouples on the inside surface were positioned 80 mm
above and below the tips of the "complex" defect and flange welded horizontally for 130mm to act additionally
as breaking wire gauges for the detection of excessive crack growth.
Three thermocouples were located within the machined surface breaking defect, one near the deepest point
(approximately 72mm from the surface) and the others close (15mm) to the surface at each end of the defect in
the region where cleavage initiation was expected. The wires from these thermocouples were routed around the
ends of the plugging blade.
On the bore of the cylinder, one thermocouple was located above the major sub clad defect at mid height The
water outflow temperatures from the top and bottom of the cylinder were measured by one thermocouple at
each end. Thermocouples were also positioned 80mm above and below the tips of the machined surface
breaking defect and flange welded horizontally for 130mm to act additionally as breaking wire gauges for the
detection of excessive crack growth.
NESC SPINNING CYLINDER TEST
The NESC spinning cylinder test was carried out at 14.15hr on 20 March 1997 at Risley. Over 50 people were
present including key representatives from the HSE, the Network management at JRC Petten, and all the Task
Groups. Attendees came from UK, France, Germany, the Netherlands, Sweden, Finland and the United States.
The test was preceded by a short series of presentations in which the background, contributions and
achievements of the project as a whole were highlighted.
The test was carried out according to the prepared procedure, Fig 4. The cylinder temperature prior to the
quench was 293°C and the temperature of the quench water was 2.0°C. The cylinder was raised from rest to a
hold speed at 1200rpm at a rate of lOOrpm/min. A series of checks were carried out, and the cylinder speed was
increased to 1,800 rpm for final checks. The acceleration demand was then raised to 170rpm/min and a target
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speed of 2600rpm set The rig had reached full power (1,200 amps armature current) and maximum acceleration
when the quench was fired at 2,100rpm.
The acceleration demand was progressively backed off so mat the armature current did not exceed 1,200 amps.
The quench continued for 12 minutes during which time the speed increased to reach a maximum of 2,400rpm.
The speed profile attained was close to that specified. After 12 minutes the quench was switched off and by this
time the level in the quench tank had dropped 498mm corresponding to flow rate of 44m 3/ hr (162gal/min). The
cylinder responded to the reduced drag by accelerating to 2,430 rpm. The cylinder was then brought to rest at
ISO rpm/min. Data logging was terminated and the test data copied. This concluded the test
After the test, the cylinder was allowed to cool slowly in the pit. It was then carefully unloaded from the rig,
packed, and transported to JRC Petten for the Reference Inspection, Fig 5.

REFERENCE INSPECTION BY JRC PETTEN
The first detailed inspection of the cylinder after the spinning cylinder test was carried out by staff of the
Reference Laboratory at JRC Petten. On arrival, all the internal surfaces over and adjacent to the major defects
were cleaned, dried and protected with a polyethylene film. The support disc, shaft and external blanket were
removed, together with the connecting leads and packing weights, after examination of the transducer
connections and photographing the instrumented defects. A detailed visual examination of the cylinder surface
together with the condition of each defect and transducer was made.
The examination revealed the following features:
•

There were marks of surface straining above some of the sub clad defects

•

All functioning transducers remained firmly secured to the cladding by the spot attachment welds

•

The strain gauges spanning me surface breaking cracks had buckled during cooldown after yielding in
tension during the test

•

The shim bellows sealing the major surface breaking defect

•

The cladding above the major sub clad defect had split and blistered at one point towards the lower end of
the defect, tearing a non active strain gauge away from the cladding surface

•

Discolouration along the line of the sub clad defects indicated possible further failure of the cladding

•

The packing blade in the EDM slot was found to be loose and was easily removed

The final crack opening of the EDM slot was measured at several positions together with the buckling of the
strain gauges. This will enable the maximum opening during the test to be determined and will serve as a useful
benchmark for the finite element analyses. The defects were again photographed after the shims and transducers
had been removed. The visual examination and a dye penetrant test did not reveal any conclusive signs of new
cracking on the surface but this should not be discounted as the test has generated high compressive residual
stresses in the surface regions. Further inspection using high power X ray equipment is planned by the
Reference Laboratory at a later stage.
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The defects and their surroundings were cleaned again using ethyl alcohol and the surface breaking defect was
sealed with acid free silicon sealant The cylinder was then ready for the post test inspection trials.
POST-TEST INSPECTION TRIALS
After examination by the Reference Laboratory, the NESC cylinder was released for the post-test inspections.
The model of the round robin trials conducted within the framework of third phase of PISC is being used to
organise the inspections. The same seven teams as took part in the pre-test inspection were invited to inspect the
cylinder again, and two additional teams have also agreed to participate. Teams from Finland, Sweden, Russia,
USA, France, Germany and UK are taking part
The objectives of the post-test inspection were to detect and measure changes in the cylinder surfaces and in the
size of the original defects following the pressurised thermal shock test Some defects may have grown during
the test whilst others might appear smaller due to the effects of residual stress induced by the test
The inspection teams are expected to use the same procedures as used for the pre-test inspection which were
representative of their national practice. Invigilation is being carried out by staff from JRC Petten. The
inspections started in May 1997, and the cylinder will be transported between inspection centres around Europe
before it returns to JRC Petten at the end of December 1997.
The results from the inspection will be analysed by to determine the relative performance of the different
methods used to detect and size underclad defects and crack growth before and after the pressurised thermal
shock test. Confidentiality of the teams' identity will be strictly preserved. Evidence of crack closure due to
residual stress would be a key finding. The results from the evaluation of inspection are expected to be available
to the Network from 1998 onwards.
TEST INSTRUMENTATION EVALUATION
Evaluation by the NESC Instrumentation Task Group of the AEA technology test report [12] of the strain gauge
and thermocouple outputs found that all the strain gauges and thermocouples survived the test except those
spanning the major defects which failed early into the quench as a result of the strains exceeding their working
range. These failures were expected from the pre-test calculations. The gauges beyond the ends of the major
defects showed signs of buckling during cooldown after yielding in tension during the test.
The thermocouple data confirmed the transient delivered and shod the cooldown rates in the cylinder. There
was evidence of water ingress early during die quench from the thermocouples located inside the surface
breaking defect, but the outputs showed that the temperatures had normalised well before the time at which the
cleavage event was expected.
Between 213 and 217 seconds (the time step of the data logger), the strain gauges beyond one end of the major
surface breaking defect showed a distinct step change in output indicative of a cleavage event and this is the
best sign that crack growth has occurred, Fig 6. Confirmation of cleavage crack growth will be made by
destructive examination of the cylinder planned for 1998.
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The outputs from several of the strain gauges after the application of the quench were erratic and will require
detailed interpretation. Although the gauges appeared to have succeeded in their primary task of detecting
cleavage initiation, their performance under the severe conditions of die thermal shock test is an area for further
investigation and trials. Increasing the working range of the strain gauges spanning the defects is another area
where further development would been beneficial.
POST TEST ANALYSIS
Before the spinning cylinder test, 16 organisations from 10 countries submitted technical analyses assessing and
predicting the behaviour of one or more of the defects in the cylinder. The methods used ranged from simple
analytical calculations following codified rules to complex three dimensional elastic plastic finite element
analyses [13]. The results from these analyses were collected by the Reference Laboratory. The task of
evaluating so many different analyses is a complex one and Task Group 3 have decided to form a Sub Group to
undertake diis work and prepare a pre-test analysis summary report.

Prediction of the Cleavage Event
The organisations were asked to make their prediction of the time of cleavage initiation of the major defect
during the test. A preliminary examination of the results show the predictions ranging from 150 to 300 seconds
after the start of the quench. The closest prediction to the actual time (213 to 217 seconds) was the 226 s
predicted by Oak Ridge National Laboratory (Bass/Kenney) using a complex 3D finite element model; the next
closest was TWI (Phaal) using the PD 6493 defect assessment code backed by engineering judgement An
approach based on the local approach to fracture using the Beremin model by AEA Technology (Sherry et al
[14]) gave a time of 190 s.
Comparison of Test Design and Real Conditions
Although they were a good approximation, the actual conditions achieved in the test for practical reasons did
not match exactly the design transient. In particular, the actual speed attained tended to run ahead of the
intended speed throughout the test and the rig had to be backed off at stages so as to avoid reaching the
maximum speed too early. The temperature of the quench water at 3°C was slightly lower than the 5°C planned.
A constant heat transfer coefficient of 10,000 W/m2 °C was assumed in the pre-test analyses, but the actual
variation of the HTC during the NESC test itself is being directly determined from the temperature
measurements made during the test
These minor differences should not make any difference to the validity of the analyses and the conclusions.
However, in order to confirm this, some simple re-analysis of the defects using the actual test conditions is
being carried out These differences would have tended to have increased the likelihood of cleavage fracture
and therefore of meeting the project's objective.
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Comparison with spinning cylinder tests 4 and 6
It will be recalled that the NESC test cylinder was manufactured from the halves of the cylinders used for
spinning cylinder tests 4 and 6 with the yielded material on the inside surface machined away. Test cylinders 4
and 6 both contained surface breaking semi-elliptical defects, but unlike the NESC cylinder, were not clad.
Spinning cylinder tests 4 and 6 were both thermal shock tests: test 4 was undertaken at a lower speed of SOOrpm
using a high flow quench whereas test 6 reached a speed of over 2000rpm with a low flow rate quench. The
existence of three tests using the same material (test cylinders 4 and 6 came from the same initial forging)
presents a unique opportunity to assess the affect of the cladding in inhibiting cleavage fracture.
Probabilistic analysis of the NESC test
The extensive materials characterisation studies and the round robin inspections have produced a significant
amount of data amenable to statistical analysis. Distributions generated from this data will be used for a
probabilistic fracture mechanics assessment of the NESC test to predict the probability of cleavage fracture with
time as the test proceeded. This will provide a benchmark for comparison with deterministic analyses and test
data.
Further analyses
Further post-test analysis will be undertaken when the post test inspection and destructive examination of the
cylinder are complete. In the meantime, it is expected that Task Group 3 will play an important part in the
identification of the key issues for structural integrity assessment and the evaluation of the results.
EVALUATION AND REPORTING OF THE RESULTS FOR TECHNOLOGY TRANSFER
Responsibility for the evaluation and reporting of the results of the NESC project lies with the NESC I
Evaluation Task Group. This comprises the Chairman of the inspection, materials, analysis and instrumentation
Task Groups together with the project and network managements. It will be aiming to identify the how the
interactions between the different disciplines have influenced the whole entire structural integrity process and
the sensitivity of the results to variations in the data. Their first task will be to identify the issues to be addressed
from the data that has been obtained. These issues are likely to include: the effects of cladding and its associated
beat affected zone, constraint and scale, inspection method and sizing accuracy, scatter in materials data,
margins of codified assessment methods, and the probability of cleavage and crack arrest It is likely that a
series of new Task Forces drawn from members of NESC will be set up to focus effort in these areas. Task
Group 5 will also be responsible for reporting the conclusions of the project and agreeing publications in due
course.
A number of projects have been set up within the framework of the CEC DGXI Working Groups on Codes and
Standards aimed at harmonisation within the European Community. These projects include the transferability of
data from specimens to large scale structures and the treatment of cladding within codes covering cladded
vessels. It is expected that the data from the NESC project will also find application within these other projects
and formal lines of communication have been established..
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Evaluation and reporting of the results from the first NESC project is expected to be complete by the end of
1998 when the CEC Fifth Framework begins. The results themselves will continue to be used as a benchmark
for many years.
CONCLUDING REMARKS
With the successful completion of the spinning cylinder test, the project has entered a new phase. The focus
now is on the post test inspection and analysis followed by destructive examination of at least part of the
cylinder. Evaluation of the results is underway and it is through mis process that the project's objectives of
examining the individual interactions of materials, non destructive testing and fracture analysis through a
holistic approach will be realised. Reporting and publications will continue for many years long after work on
the NESC 1 project is complete.
The major achievement of the NESC 1 project will be to establish NESC as a global network for co-operation in
major structural integrity projects which will continue into the future.
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ABSTRACT
In this paper the correlation between inspection effectiveness, inspection qualification and
risk informed inspection will be treated in view of harmonisation of inspection of nuclear
plant components. Through the different phases of the PISC programme the necessity has
been demonstrated to show the effectiveness of the inspection through a formal process of
qualification in order to ensure that a certain level of effectiveness has been reached.
Inspection qualification is indeed the way to quantify the capability level of inspection
techniques used. The targets to be met by the inspection is information which should be
obtained from risk based analyses.
1. INTRODUCTION
1.1. Rigidity and shortcomings of prescriptive inspection codes
Since the early sixties, inspection of structural components is harmonized through
prescriptive codes and standards. An important example is the case of the in service
inspection (ISI) codes for nuclear reactor components such as the ASME code, the KTA
rules and the RSEM code, etc. It could be claimed by ASME that harmonization of ISI
was reached in many countries of the world through the application of Section XI of the
American code. Section XI is indeed used in the USA, Canada, Japan and in some
European countries either as a strict requirement or as a basis for basic inspection
activities to which specific national requirements are added. In several other European
countries other (national) codes are used, sometimes in replacement of the ASME code.
Until very recently all these different codes prescribed in detail the procedures and NDE
techniques to be used. It followed that it was difficult to replace existing NDT
procedures/techniques by more performant ones which were either superior from a
technical point or allowed a reduction of the inspection effort. This due to the fact that
one had to show the equivalence or superiority of the newly proposed inspection
procedure/technique to the satisfaction of the regulatory body. This impedes a real
competition between service vendors proposing standard procedures and those proposing
new technologies.
Vendors are obliged to use the national standards of the different countries. Both from a
safety and economical point of view this leads to the negative situation, where the service
vendor can not use its best competencies or techniques.
Furthermore these prescriptive codes are sensibly different one from the other for very
similar situations. This adds to the difficulty to open the important market of in-service
inspection.
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For each of these codes taken separately and also for in the current industrial practice
propose very different techniques for different situations are proposed, for example: Xrays for fabrication inspections, and ultrasonics for in-service inspection. Such differences
may be justified by the particular environment in which these inspections are conducted or
by the type of defects to be detected or evaluated. However, what is done for in service
inspection is often also applicable to other situations and it is often more by tradition that
certain techniques are used in specific situations. Several programmes were conducted to
show the.inter-change of procedures more based upon ultrasonics with those based more
on X-rays.
Exercises such as the Programme for the Inspection of Steel Components (PISC) [1]
demonstrated that inspections conducted along ASME Section XI (editions anterior to
1989 and in particular the editions anterior to 1986) were subject to insufficient
effectiveness in several situations. Even the 1986 edition of this Section XI, issued on the
basis of PISC II results, appears, in PISC DI, to lead to some failures in detection of
relevant flaws and in sizing of defects.
1.2. Evolution towards inspection codes based on performance standards
On the basis of the technical conclusions resulting from international co-operation and
consensus, code and standard bodies involved in exercises such as PISC as well as plant
operators, service vendors, regulators and R&D institutions started very soon to consider
the demonstration of capability of inspection techniques on mock-ups as the ones used for
the round robin tests of PISC.
The idea of demonstration of effective performance came to the fore early : in 1975 in the
ASME NDE Task Group; in 1979 in the PISC I group ; in the early 80s in UK as a result
of PISC and DDT ( Defect Detection Trials ) and in view of the public inquiry for
Sizewell B.
The IVC was created at Risley (AEA Technology ) in 1982. A programme on NDE
performance demonstration was accepted by ASME Section XI in 1987 and the Appendix
VIII of Section XI was issued in 1989/1990 [2-3].
Starting in 1990/91 several European countries began to develop programs or reflection
groups on NDE performance demonstration. Already in 1987, JRC, operating agent of
PISC proposed to embark in a programme called EBIV (European Bureau of Inspection
Validation) which was officially created as European network in 1992 and renamed ENIQ
(European Network for Inspection Qualification) in 1993. Performance demonstration
was then called qualification in the European Union and Switzerland [4]. ENIQ issued the
first edition of the European Methodology for Inspection Qualification in 1995 [5].
Nuclear Regulatory Authorities in the European Union and Switzerland created a task
force on NDE qualification in 1993 to express their common position on inspection
qualification in 1996 [6].
The development of the PDI programme by EPRI in the USA is based on the ASME
Section XI Appendix Vm but the implementation of the programme indicates that the
principle of technical justification, considered essential in the EU by the licensees and the
regulators, is also considered, as a minimum as a premise to the development of the
performance demonstration trials.
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Sweden and France have now national codes involving ISI qualified along performance
demonstration schemes based on the ENIQ methodology [7-8]. Other countries are
following ASME/EPRI-PDI or develop qualification along ENIQ principles depending on
the cases of application and of the opportunities [9].
Eastern European countries are also following the evolution with a particular rapidity
shown by the Czech Republic helped by the PHARE programme : qualification is being
developed for the ISI of pressure vessels, for the inspection of primary piping and for the
steam generator collector inspection [10]. The IAEA of Vienna will issue guidelines for
inspection qualification for W E R operating countries which are in good agreement with
the ENIQ principles [11].
In 1997 it appears clearly that most industries and service companies in the EU move in
the direction of qualification to be based on the major elements of the European
Methodology established by ENIQ, but with different emphasis on each of these elements
as a function of historical development, national traditions, legal particularities. Also in
the USA there seems to be a move in this direction [12].
Qualification of inspection procedures for well known components of the nuclear reactor
is effectively a way of harmonizing inspection requirements with the objective of being
equally open to any inspection technology
1.3. Target to be reached by NDE procedures to be quantified through inspection
qualification
A qualification procedure for an inspection is based on precise inspection objectives or
targets to be defined prior to start the qualification.
The objective of qualification is therefore to set the level of effectiveness of the
inspection. It should ensure the same (minimum) level of effectiveness of different
inspection procedures proposed, if successfully qualified.
Qualification is thus the key to the introduction of performant inspection techniques, of
new technologies in view of increased effectiveness and economy (inspection effort
reduction), of elimination of non performant procedures and techniques, of replacement
of a particular technique by another (e.g. RT by UT or ET ) or by a combination of
techniques that would combine effectiveness in various situations, of high performance for
defects of real concern and of economy (speed of execution, remote control, no irradiation
of operators, etc.)
1.4. NDE targets to be fixed by Risk Informed Assessments
Targets for NDE based inspection procedures must be precise. They are the basis for the
qualification that will be imposed to the inspection system. Such targets must result from
the effective needs to be defined by the plant operator. The management of the plant with
an optimum maintenance programme will tend to apply principles of "availability guided
maintenance" in opposition to the one of "inspection guided" which programmes the
plant shut downs instead of taking simply benefit of opportunities for inspection. Such
principles are the ones of risk based management. It is logical to expect that the inspection
targets will result of risk based assessments.
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2. OVERVIEW OF PISC RESULTS
Until 20 years ago there was little quantitative information on the effectiveness of NDT
techniques especially when they were applied to such components as those built into the
main pressurised coolant circuits of nuclear power reactors. Because this information is
vital to the assessment of the integrity of such plant a co-operative international
programme aimed at providing it was started in 1974 under the joint auspices of
OECD/NEA and EC/JRC which became known as PISC (Programme for the Inspection
of Steel Components [1]). Throughout its studies this programme had made use of test
assemblies that were realistic in size and materials, into which were deliberately
introduced realistic and artificial flaws and defects. These assemblies were examined by
well-defined techniques applied by people who knew about such examinations; often these
people came from teams actually involved in such work on real structures; for example
those doing in-service inspections (ISI) of nuclear reactor pressure circuits. In each of the
PISC Round Robin Tests (RRT) the results obtained by each team of examiners were
reported to a independent laboratory, that of the EC Joint Research Centre playing the
role of operating agent of the programme, using reporting procedures that were carefully
prescribed. On completion, the numbers, sizes and location of the flaw indications given
in the various reports were compared with the actual size and location of the flaws as
revealed by the results of special validation tests often involving partial or complete
destructive examination of the regions surrounding such indications. Because the general
interest seemed to concentrate first on gaining more information on the effectiveness of
ultrasonic examination techniques (UT) the PISC work has concentrated on studying these
techniques effectively applied for ISI.
The first part of this programme, PISC I [1], tested thick weldments typical of nuclear
pressure vessels and showed shortcomings in some common industrial NDE procedures
representative of those used under the rules of the American Society of Mechanical
Engineers Boiler and Pressure Vessel Code section XI (ASME XI) as issued in 1974/77.
This led to a second and larger part of the PISC programme (PISC II) involving
parametric studies and a series of RRT's on a range of typical recent welded plate
materials and nozzle/plate assemblies. Parametric studies conducted on well designed
simple steel blocks were of great value in validating and elaborating the conclusions
arising from the RRT's. They covered such topics as the effect of equipment variables,
the effect of cladding characteristics, the effect of defect variables and the potential of
advanced UT probes. These parametric studies were of particular value in helping the
validation of mathematical models in the PISC IE programme. Taken overall the results of
all the PISC II tests showed that improvements in the effectiveness of NDE could be
achieved by use of additional techniques to those used in PISC I and particularly it was of
value to add techniques which were optimised to deal with the type of defects to be
detected in pressure vessel component : e.g. near surface and surface defects. Another
important conclusion was that for NDE effectiveness one should turn to the use of higher
sensitivities and lower reporting ("cut-off") levels than those used in ASME XI 1974/77
and PISC I.
In the light of these results and other evidence, already in 1982 and 1983, positions were
taken by the CEGB for the Sizewell B public inquiry, ideas were more precisely
developed for the setting up of the Inspection Validation Centre (IVC) [2]. ASME XI was
deeply modified in 1986 [3]. Several national institutions used the PISC II results to
improve the ISI practice.
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Detailed technical results and associated discussions brought about the awareness that an
improvement in inspection reliability could be stimulated by a change from the
"prescriptive" approach of the earlier standards to the codified use of inspection
qualification.
These developments encouraged a continued interest in the type of work that had been
done in PISC I and II so that by 1986 there was considerable international enthusiasm for
a third part (PISC HI) aimed at validating the PISC II work on pressure vessel weldments
under even more realistic conditions and also in extending the PISC type approach to the
testing of other important components of the primary circuit of nuclear reactors. The
resulting PISC III programme involved eight very different Actions [14]. The differences
in nature and aims, the differences in materials and geometry tested, the differences in
technique, in time scale and in appraisal criteria make these actions each a somewhat
separate programme shown in Figure 1. The EC Joint Research Centre, Institute for
Advanced Materials Ispra and Petten, provided PISC HI with its Reference Laboratory
and Referee Group and acted as Operating Agent. This with the associated work and
several test assemblies represented a major contribution from the EC to be added to the
contribution from other participants, combining in total some 30 million ECU's
"invested" mainly by the nuclear industry in 6 years.
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The first major achievement of PISC HI has been to show that a complex co-operative
international research activity covering numerous and differing actions can be completed
with good will and can arrive at meaningful conclusions which are a consensus of the
views of the participating organisations.
Turning to some technical conclusions, PISC HI has confirmed in its various RRT's on
different materials and geometry that the most effective ("safest") UT inspections are
those specific to the situation and carried out with high sensitivities and low reporting
"cut-off limits when this is acceptable to the material. An example of a result obtained
in the framework of PISC Action 4 on austenitic steel testing [15] is given in Figure 2. It
is also desirable to use procedures which involve multiple and diverse techniques provided
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that these are chosen on the basis of well established principles of physics and that one
takes into account the size, location and types of flaws which have to be found.
Mathematical modelling can be helpful in this selection. Human factors can be very
important if for example quality assurance programmes are absent.

Inspection performance
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Figure 2: Example of typical results of inspection effectiveness obtained in the framework
of PISC HI Action 4 on wrought-to-wrought pipe welds.
3. ENIQ
From the PISC result and know-how generated by the execution of the various RRT's and
parametric studies, it appears that the final decision on whether a particular team can
provide an adequate level of NDE effectiveness requires them not only to employ
appropriately trained, experience, qualified and certified personnel using well chosen
techniques and using well defined procedures for interpreting data; but also requires them
to satisfactorily carry out formally conducted trials on realistic flaws in realistic geometry
test assemblies: qualification tests as already stated at the end of PISC II (7).
Having provided evidence on the importance of human factors to NDE effectiveness the
PISC HI work has thus stressed the contribution that can be made by inspection
qualification. It has also indicated many of the key features, such as specimen design and
manufacture, defects fabrication and implant and the conditions and nature of the tests for
such approaches to be most effective. It has shown how mathematical models relating to
NDE/flaw interaction can be validated and stressed the importance of such models for
optimising NDE procedures.
PISC has also given clear ideas on targets that can be proposed for inspection qualification
in detection and sizing.
A seminar on Inspection Qualification held in October 1992 at Ispra discussed the results
of PISC IE Action 8. This seminar was very fruitful in terms of the generation of the first
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common basis for a European Methodology for Inspection Qualification, included in the
programme of the European Bureau of Inspection Validation (EBIV), created in 1992 and
renamed in 1993 as European Network for Inspection Qualification (ENIQ). JRC Petten
is playing die role of Operating Agent and Reference Laboratory for ENIQ. [4].
The main principles of inspection qualification as described in the European methodology
are based upon practical test piece trials and technical justification (TJ) of the capability of
the inspection procedure [5].
The need for a TJ comes from the impossibility to demonstrate rigorously the capability of
NDT procedures if relying only on few (e.g. 30) defects in blind test pieces:. In order to
assure that good results for detection and sizing are not obtained by chance asks requires
the explanation/demonstration of capability. This demonstration is based on all
information available, on physical reasoning and on the analysis of the system to identify
essential parameters, to be assembled in a technical justification. Further demonstration
of capability and understanding is often made on test pieces, designed as a result of the TJ
and used for open trials: The techniques used are tested to verify their capability for limit
cases defined by the essential parameter analysis. The TJ is an essential concept of the
European Methodology for inspection qualification.
The practical tests on realistic assemblies can be blind or open ones in view of the
demonstration of the capabilities of the NDE techniques used in the procedure. Such tests
require validated assemblies, simple blocks, validated defects in these assemblies to satisfy
the simulation of inspection situations representing a good sampling of all the cases to be
considered.
A qualification dossier has to assembled containing all the information generated by the
qualification process:
• input information, to be provided prior to the start of inspection qualification:
* details of component(s) to be inspected
* defect situation and details of the defects to be detected and/or sized
* in-service inspection performance to be achieved
* full details on the inspection system to be used (inspection procedure, equipment
and personnel
• qualification procedure (conduct Of qualification):
* objectives of the inspection qualification
* qualification rigour/level
* technical justification
* way the technical justification and NDT procedure will be assessed
* details on how the practical trials will be conducted (blind and open)
* way the results of the qualification will be evaluated
• conclusion(s) of the qualification
* results of all assessments and practical trials, including range of essential
variables for which the qualification is valid
• if necessary, updating of the qualification dossier, taking into account feedback
from site experience
Within ENIQ a pilot study [15] is executed to demonstrate the use of the proposed
methodology and to generate recommended practices to be considered in the different EU
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countries in view of their application along the particular national traditions and
regulations.
The example chosen for the ENIQ pilot study is the qualification of an inspection of
austenitic pipe to pipe and pipe to elbow welds. All aspects of the inspection are qualified.
The procedure and equipment qualification involve open trials on test pieces containing
defects while that of the personnel is done through blind trials. In addition to practical
trials, qualification involves also the production of a technical justification as required by
the methodology document.
Despite the fact that the pilot study is not finished yet there are already a number of
lessons learned from the pilot study. These are:
• the importance of providing all necessary information required to conduct the
inspection qualification prior to its start; this may seem self-evident but it was found
out that this is an extremely important issue which in many cases is not done
sufficiently
• the importance to separate the inspection procedure/equipment qualification from the
complementary personnel qualification which allows to identify exactly where the
weaknesses lie
• the role and function of the technical justification
• how to handle the issue of influential/essential/fixed parameters
• the advantages open trials represent with respect to blind trials :
a) the possibility to assess in a much better way the capabilities of the inspection
system
b) reduced costs with respect to blind test pieces in view of maintaining the
confidentiality of test pieces used for blind trials (requiring for example a large
number of blind test pieces if many inspection teams have to be qualified)
• the fact that a technical justification for austenitic welds is inherently weaker than that
for ferritic welds due to the variability of the structure of the material obliging to rely
more on test piece trials
• the importance of the similarity between the structure of the qualification test pieces
and that of the actual component especially for austenitic components
4. ENIQ TASK GROUP 4 ON RISK INFORMED INSPECTION
The Steering Committee of ENIQ agreed to set up a Task Group on Risk Informed
Inspection. The general objective of this task group is to study aspects of ISI or any other
surveillance method in view of both a more selective application and optimisation in order
to reduce the inspection efforts whilst at the same time increasing the ISI effectiveness.
Actions have been decided for gathering and transfer of information on the different
aspects of risk informed inspection and writing of a "European methodology" document
on risk informed inspection, appropriate to the needs of the European plant operators so
that they can use the concept of risk to provide a process by which the plant operator can
optimise the management of the risks of their plant, using thereby different methods
including in-service inspection. This is done in view of harmonisation of positions on risk
informed in-service inspection in the EU. It is also hoped that through the work done in
the task group it is possible to develop tools to qualify and hence quantify the
effectiveness of the ISI done.
The organisational framework of this task group is determined by the ENIQ agreement:
• utility driven
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•
•
•

linked to ENIQ but might evolve into a separate network
narrow contact/co-operation with the regulators welcomed
European core

R. Chapman from Rolls Royce and Associates was nominated as chairman of this Task
Group. S. Crutzen acts as co-chairman of the Task Group.
5. CONCLUSIONS
Closing the reasoning with qualification again it can be stated that the use of
demonstration standards is the best way to harmonize inspection in all comparable and
different cases of situations with the objective of allowing the use of the best possible
technologies in capability, economy and respect of the environment. The condition is that
objectives would be precisely defined : inspection targets must result of correct safety
analyses. This is the reason why there is a strong correlation between inspection
qualification and risk informed inspection.
Qualification of inspection procedures based on NDE has obviously to be done following
well codified rules. It must be applied by or under the invigilation of recognized
qualification bodies working to the satisfaction of the plant operator and of the regulator.
It is this set of rules proposed as recommended practices that the European Network
ENIQ develops through the definition of a qualification methodology and its
implementation during pilot studies.
In the same way PDI in the USA implements the principles of the Appendix VEH of the
ASME Code Section XI, but with important evolution.
The IAEA proposes guidelines for the qualification of the ISI of WWER's along the
European methodology. Central and Eastern European countries (CEEC's), Russia and
Ukraine are actively involved in the development of qualification schemes, procedures,
components, centres, training programmes due to the impetus given by the EC
programmes TACIS and PHARE.
These facts allow to hope in a convergence of the qualification principles and practices in
Europe, in the USA, in the CEEC's, in Russia and Ukraine and probably in other
countries not yet involved in performance demonstration, to the benefit of mutual trust, of
mutual recognition, of international trade and of the safety of nuclear installations.
The proposed framework for risk informed inspection/management developed in ENIQ
leads to benefits that must attract the plant operators :
• Technically, the procedure leads to a selection of inspections where they can be of most
use. A clear trend is the one of shifting the inspection effort towards components where
the inspection would lead to an economic benefit (plant availability) besides the one of
safety. Another trend is the one of replacing ineffective inspections by monitoring.
• Such a development conducted at European level will render more easy the dialogue
with all plant operators and help to harmonise positions in Europe
• A harmonised approach can only promote the dialogue with the nuclear regulators or
the local authorities if they can rely on concepts accepted at European level to establish
the procedures of systematic assessment of plant safety.
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• Last but not least risk based assessment should allow to give the targets and objectives
which have to be met by the inspection and which should be verified and confirmed
through qualification
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ABSTRACT
- Several definitions can be given to
the design life of a nuclear power plant just as they
can be attributed to the design life of an industrial
installation : the book-keeping life which is the
duration of the provision for depreciation of the
plant, the licensed life which corresponds to the
duration for which the plant license has been
granted and beyond which a new license should be
granted by the safety authorities, the design life
which corresponds to the duration specified for
ageing and fatigue calculations in the design of some
selected components during the plant design phase,
the technical life which is the duration of effective
technical operation and finally the economic life
corresponding to the duration of profitable operation
of the plant compared with other means of
electricity production.
Plant life management refers to the measures taken
to cope with the combination of licensed, design,
technical and economical life.
They can include repairs and replacements of
components which have arrived to the end of their
life due to known degradation processes such as
fatigue, embrittlement, corrosion, wear, erosion,
thermal ageing, ... In all cases however, it is of great
importance to plan the intervention so as to
minimise
the economic
impact.
Predictive
maintenance
is used together with in-service
inspection programs to fulfil this goal. The paper
will go over the methodologies adopted in Belgium
in all aspects of electrical, mechanical and civil
equipment for managing plant life.
1.

The first value was taken into account in the first
Belgian-French commercial nuclear power plant of
Chooz A for the design of some components. In the
more recent plants design life is 40 years.
Like in several other European countries, the
licensing process in Belgium calls for a periodic ten
years examination of the safety of the plant. There
is thus no question of renewing the operating license
after 20, 30 or 40 years of operation, but rather assess
the safety of the plant after every decade. The old
plants have gone through this process twice while
the last four units only once.
In this paper we will go over the general process
followed in Belgium to determine under which
conditions a power plant can continue operating .
Methodology followed to manage a plant life
implies periodic safety assessments, periodic
testing, predictive maintenance and in-service
inspection. All resulting modifications, repairs or
replacements of components have to account for the
economic impact on tine price of the kWh.
2.

LICENSING ASPECTS

Every ten years of operation, a complete safety reassessment of each nuclear power plant is performed.
Topics considered essentially concern :
• Operation problems occurred during the 10-year
period after the start-up;
• Safety problems identified during the same
period but for which no immediate action was
required;

INTRODUCTION

In Belgium, their is no predetermined licensed life
for a nuclear power plant, rather the safety
behaviour is assessed on a continuous basis by the
safety authorities and an overall safety review is
performed every ten years. Main replacements or
modifications are usually executed at this time to
minimise title economic impact.
Design life which is merely used in the design
specification of some components subjected to known
degradation processes includes values such as 20, 30
and 40 years.

• Safety concerns discussed during the licensing of
the four last Belgian NPP's;
• Feedback from foreign nuclear plants operation;
• Safety topics identified within the safety reevaluation programs of other NPP's.
Such investigations have resulted in the change of
the process computer at Doel 1/2 to answer to the
most modern requirements on the aspects of
information to the operator.
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Another example is the seismic re-evaluation of
Tihange 1 : originally, the plant was designed for a
safe shutdown earthquake (SSE) with a horizontal
acceleration of 0.1 g. During the licensing process of
Tihange 2 and 3, experts appointed by the
Commission of the European Communities
recommended to consider a horizontal acceleration
of 0.17 g. For Tihange 1, all structures and
components required to operate during and after SSE
were reviewed. Advanced calculation methods were
used for the electrical auxiliary building and for the
piping network. Active components and cable trays
were re-qualified by the SQUG method based on the
comparison of the Tihange 1 equipment with similar
equipment which had been exposed to real
earthquakes.
Other safety topics have been re-assessed like the
verification of today's adequacy of some basic
criteria considered in the plant design such as the
examination of the environmental site conditions
and extreme climatological conditions during the
last Tihange 1 safety assessment.
The evaluation of the containment insulation and
sump filtration equipment, severe accidents,
probabilistic safety assessments are examples of
feedback from foreign nuclear plants operation.
Experience feedback in qualification testing
resulted in the modification of instrumentation and
control penetrations at Tihange 1 and Doel 1/2.
The evolution of the technology for in-service
inspection will also be accounted for.
The above examples show the importance of such
ten-year safety assessment. The amount of work
involved requires a continuous follow-up of the
above topics by the utility, the Engineer (Tractebel
Energy Engineering) and the Safety Authorities.
3.
3.1.

IN-SERVICE INSPECTION PROGRAMS
AND ANALYSES
Mechanical components

Design specifications contain requirements related to
performance and structural resistance. Performance
is usually verified during testing either on new
components or in the course of plant operation during
periodic testing. Preventive maintenance is then
applied to compensate for possible non-conformities.
Structural resistance cannot be verified through the
same process. This resistance can possibly degrade
due to several processes such as corrosion, fatigue,
embrittlement, erosion, wear, thermal ageing.

ASME class 1 and some class 2 components must be
verified against three degradation processes :
fatigue, thermal racheting and neutron
embrittlement. Justification of the first two modes
are based on a catalogue of transient conditions
established by the NSSS supplier and which are
envelopes of the actual transients. A simple count of
the occurrences is of course conservative but it does
not reflect the percentage of life consumed by the
real transient and in the case of load cases which
were not accounted for at the design stage,
specifically thermal stratification on some piping
components, mathematical models have been
developed to evaluate the possible degradation of
the component through recording of the fluid
temperature. In addition, temperature measurements
have been recorded on selected pipe sections to
qualify the models which now allow to evaluate
the corresponding fatigue damage.
Embrittlement degradation is verified on the reactor
vessels (RV) through representative material
samples distributed around the core. Periodic
Charpy-testing of these samples allow to verify
the calculations established during the plant design
phase. So far evolution is such that the
embrittlement of all Belgian RV remains well
beyond its original design life.
The other mechanisms of justification are followed
through in-service inspection, to control the absence
of indications from any origin, and, if necessary, to
insure the stability of known fabrication flaws.
It is important to note that there are both
mandatory and non mandatory in-service inspection
programs : the ASME code section XI describes the
mandatory requirements while non mandatory
programs have been set up essentially on the basis of
world experience of plant operation. In this category
we can include mechanical components such as
reactor internals guide tubes split pins or RV head
penetrations.
Feedback of foreign experiences or voluntary
inspection can also lead to the follow-up of
unexpected phenomena . It is the case for instance for
the degradation of baffle-former stainless-steel
bolting on the reactor internals of Tihange 1. These
bolts are subjected to intense irradiation, both
gamma and neutron. After a major inspection
performed in 1995,91 bolts either cracked or dubious
were replaced.
The erosion-corrosion inspection program is a typical
example of voluntary inspection [1] : general
corrosion accelerated by erosion (erosion/corrosion)
has been observed in low alloy and carbon steel
pipes. Susceptible areas are those where high
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velocity flow impacts the pipe inside surface . These
areas are regularly monitored and pieces of pipes
and fittings exhibiting excessive wall thinning are
replaced.

performed to detect possible signs of abnormal
cracking, pulverulence, .... Inspections can lead to
repairs of significant magnitude.

Periodic inspection of steam generator tubes has
supplied the basis for development of analyses
methods which allowed to predict defects
evolution, life duration of affected tubes, the need
for technological developments in the field of nondestructive testing and approximate the remaining
plugging margins. Eventually, combined technical
and economical approach lead to the determination
of the best time for steam generator replacements.
In this case economics was a very important factor,
since the decision and the year of replacement could
be strongly influenced by the possibility of plant
power up-rate.

All the above inspections or measurements are
complementary from the traditional maintenance
and prevention measures against material ageing
mostly due to meteorological phenomena : for
instance all protection systems against corrosion or
outside watertightness like roofs or other walls
coverings. Examples have been the degradation of
some auxiliary cooling towers after 25 years at Doel
1/2 and also the elaborated follow-up program of
the main cooling towers of all the Belgian nuclear
power plants. This program which has been
established in collaboration between Electricite de
France and Tractebel Energy Engineering has
already lead to repairs and protection interventions
on two cooling towers to guarantee the stability of
the construction.

3.2. Civil structures
Follow-up of some civil structures is the object of
recommendations described in regulatory guides of
the US NRC.
At the design stage of civil structures except for prestressed concrete containment, it was accepted as a
fact that there was no factor that could influence
the operation of the plants for life duration
commonly taken into account, i.e. for a minimum of
thirty years; it being understood that possible
protection against specific degrading factors and
common maintenance rules would be applied.
For primary containment, regulatory guide 1.90
which has been used as a design guide requires
periodic follow-up through stress or strain
measurements on the concrete, and through stress
measurements in selected cables. In addition, a
visual inspection of the outside surface of the
containment to detect possible cracks or degradation
is performed with specific attention paid to the
areas of discontinuities such as main penetrations or
anchorage heads. Also periodic pressure test is
performed.
Practical results of these measurements will be the
basis for supporting the justification for extending
the design life beyond the one taken into account at
the design stage.
Periodic surveillance of other civil structures
defined as seismic category 1 is also performed.
Typical characteristics examined are not only the
absolute settling of structures and their foundations
but also settling or differential movements of
adjacent structures to highlight possible dysfunction
of seals and consequently avoid problems of air or
watertightness. Visual examination is also

Possible effects of erosion on concrete will soon
require special techniques (divers, robots,...) to
inspect some hydraulic works common to several
plants of Doel.
In 1994 a significant amount of backfill materials
has been laid in the bottom of the Schelde river in
Doel to avoid erosion of the water intake piles.
Close collaboration between maintenance personnel
and the engineering group in charge of the in-service
inspections is required to assure that remedial
measures will be efficient.
4.

ELECTRICAL EQUIPMENT

The approach followed for electrical and I&C
equipment has been in terms of qualified life rather
than design life [2-3].
More than mechanical or civil components,
electrical and I&C equipment is faced with
problems of thermal ageing and obsolescence.
The approach has therefore been to qualify an
equipment or a component for a given application
under normal and accident conditions through
qualification tests performed either at the plant
design stage or at the time of replacement by an
equipment or a component of a new design required by
the problem of material obsolescence. This approach
allows to plan years ahead of time the required
replacements and spread more uniformly the
financial impacts.
Qualified life of electrical and I&C equipment is
thus defined during qualification tests. This
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qualified life depends upon the equipment and the
level of qualification (between 5 and 40 years).
Together with the level of qualification, two types
of qualified life were defined :
• Projected Qualified Life (PQL);
• Recommended Qualified Life (RQL).
4.1.

Projected Qualified Life

The projected qualified life of a class IE equipment
is the period during which it is installed and
capable of functioning correctly even in the case of an
accident (Design Basis Accident, earthquake,
external accident like airplane crash or gas
explosion). It has to be borne in mind that the
accident may arise on the last day of the PQL.

For example, a qualified transmitter located outside
containment "looking in great shape" and of which
the records establish as a fact that it didn't require
any repair or re-calibration, may be granted an
extended life duration. Conversely its life may be
decided shorter if in the past its behaviour gave
reason for concern.
Like for the PQL, it is economically interesting to
check whether there is a possibility of extending
the life of an equipment by taking into account the
conditions it was really exposed to or by renewing
some of its more sensitive components (e.g. level
switches).
Preventive maintenance also takes this life aspect
into account.
4.3. Obsolescence

It is imperative to replace the equipment or their
components before their PQL expires. This is the
case on the pressurizer spring loaded safety valves
where the limit switches are replaced after five
years. However it is economically interesting to
check whether there is a possibility of extending
the life of an equipment by renewing some of its
components (I/P converters, actuators, electrovalves;
if the components have a qualified life of five
years, the equipment is re-qualified for five years)
or by reassessing its life in the light of the severity
of the environment the equipment was exposed to in
reality (transmitters, temperature sensors, primary
pumps speed sensors; in many cases, the qualified
life has been extended from 15 to 25 years). The
latter approach makes it possible to have to replace
only the components exposed to the severest
conditions. Preventive maintenance also takes this
selection method into account.

Since the qualified life of certain components of
equipment is relatively short, the utility has been
faced early with material obsolescence when
purchasing spare parts. This situation has been
encountered on transmitters for instance.
Obsolescence has also lead to the replacement of the
nuclear instrumentation system cabinets at Doel 1/2.
The same work will be performed at Tihange 1.

4.2.

It should be noted that obsolescence is not specific to
qualified equipment; non qualified equipment can
also be replaced for this reason, like complete
electrical cabinets (including turbine cabinets), or
the rod position indication system.

Recommended Qualified Life

The recommended qualified life of a class IE
equipment or component is the period during which
it is installed and capable of functioning correctly
even after an earthquake or an external accident,
and at the expiry of which it is recommended that it
be replaced.
The ageing tests or operating experience allow to
estimate the RQL of qualified equipment or
components for harsh environment but outside
containment (e.g. pressure switches) and of some
qualified components located in mild environment
(e.g. capacitors).
It must be borne in mind that the RQL may be
weighted lower or higher to a certain extent, based
on the operator's experience feedback about the
behaviour of an equipment or component.

The installed qualified equipment is often of the
nineteen seventies technology. Therefore it is
necessary to be proactive so as to avoid obsolescence
when the necessity of replacing an equipment arises.
To address this potential problem, the suppliers are
requested to inform if they continue manufacturing
the relevant products, and of the evolution, if any,
of these products since last purchased and installed.
All this information is recorded in a data base.

5.

PREDICTIVE MAINTENANCE

In-service inspection programs, periodic testing,
specific measurements, overall experience of similar
components and qualification programs allow to
create data bases which will support predictive
maintenance programs allowing to plan repairs or
replacements at the time best suited to minimise the
economic impact. These interventions are generally
performed during major overhauls associated with
the ten years safety re-assessments.
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Examples are the replacement of the steam
generators at Doel 3, Doel 4, Tihange 1 and next year
at Tihange 3, the up-flow conversion on the reactor
internals of Tihange 1, the replacements of
condensers and the replacement of the low pressure
rotors at Doel 3 and Tihange 1 and 2.
There may of course be some repairs which have to
be performed at the earliest like the reactor
internals split pin replacement at Doel 3 in 1987; a
postponement of the intervention would have
resulted in a pin rupture during the following cycle
and most certainly an unplanned outage.
6.

CONCLUSIONS

Degradation phenomena can affect the "design life"
of a component. Combination of in-service inspection,
analyses, specific measurements, qualification tests
will support predictive maintenance programs and
allow the right repairs or replacements on the right
time.
These programs are part of the continuous safety
assessments which are performed not only in
Belgium but in all countries.
Managing nuclear power plant life encompasses not
only the technical aspects required to insure that
the plants are operated safely and reliably, but also
the economic aspects necessary to guarantee the
supply of electricity at a competitive cost.
This approach applied to the whole Belgian NPP's
has shown profitable : it results in high
availability, competitive cost and reasonable
perspective for the long term.
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EPERC
THE EUROPEAN PRESSURE EQUIPMENT
RESEARCH COUNCIL
John Dariaston
Vice-Chairman EPERC
Strutech Consultancy, UK

Stuart McAllister
Secretary EPERC
European Commission, Joint Research Centre, Petten, Netherlands

SYNOPSIS : The European Pressure Equipment Research Council (EPERC) is a European Network of
industries, research laboratories, inspection bodies and governmental institutions set up to foster co-operative
research for the greater benefit of the European industry.
The concept of a European Research Council originated at the PVRC meeting in Cannes in 1989 and since
this time volunteers from the industry, research laboratories and of the European Commission Joint Research
Centre, Petten have worked together to create a Statute for EPERC.
In the context of the pressure equipment industry, the creation of EPERC is extremely pertinent, since in
the near future, a Council directive on pressure equipment will replace the existing national regulations. In
parallel to this, work is in progress for the elaboration of European Standards. It is useful to recall that
"Harmonised Standards" will be the privileged means of complying with the Essential Safety Requirements of
the directive.
KEYWORDS: Pressure Equipment, Standards, Unfired Pressure Vessels

EPERC OBJECTIVES
The Main Objectives of EPERC are to
•
•
•
•

Establish a European Network in support of the Non-Nuclear Pressure Equipment Industry and Small and
Medium Enterprises (SMEs) in particular
Establish the short and long-term research priorities of the European pressure equipment industry.
Co-ordinate co-operative research in the domain of pressure equipment, and identify funding sources for
this research.
Foster technology transfer of research results to the European industry and standardisation bodies. Asa
consequence EPERC will help to establish a European attitude on pressure equipment safety and
reliability

More precisely the aims of EPERC are to promote European co-operative research and development
linked to problems of design, construction and in-service activities. EPERC are concerned with all types of
non-nuclear pressure equipment
EPERC acts as a clearinghouse for the definition and co-ordination of R&D programmes and for the
exchange of information. It works with the European Commission and other sponsoring organisations to
provide its members and associate members with assistance for their participation in all research activities,
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and in particular for the preparation of proposals for EC funded programmes such as BRITE-EURAM, SMT
etc. EPERC is in constant contact with standardisation bodies for the definition of priorities and the use of
research results for standardisation.
EPERC performs an important role in technology transfer through the dissemination of the results of
research programmes to the European industry and, in particular, to small and medium sized enterprises. It
performs an educational roie through the publication of journals, and the organisation of seminars and courses
in order to disseminate good research results and ensure their use in practice.
In the international domain, EPERC envisages the establishment of co-operative actions with the American
Pressure Vessel Research Council, the Japanese Pressure Vessel Research Council.and other similar
organisations, on the basis of a balanced exchange of information
EPERC ORGANISATION
EPERC is organised on a similar basis as the European structural integrity networks, AMES, ENIQ and
NESC, but with two important differences. First the concept of a general assembly offering an opportunity for
all individual members to comment on the operation of the network and second that steering committee
representation is organised on a national rather than an individual organisation basis, with each country being
encouraged to. co-ordinate and network its activities at a national level. Each national network then
communicates with EPERC through the secretariat, facilitated by the operating agent, SCI Unit of the ECJRC,
Petten. Such a structure is considered advantageous to the efficient decision making process within the
steering committee, as well as promoting improved organisation at the national level. To date more than 90
individuals and organisations are signatories to the EPERC Agreement representing the countries of Austria,
Belgium, Denmark, Finland, France, Germany, Greece, Italy, Netherlands, Spain, Sweden, Switzerland and
the UK.
EPERC was formally launched at the AFIAP/ICPVT Conference in Paris on the 20th October 1995. Since
this time formal steering committee meetings have been regularly convened.
The main officers of EPERC are:
L.Valibus
BJ.Darlaston
S.Szusdziara
G.Baylac
S.McAHister

Chairman
UK
Vice-chairman
Germany Vice-chairman
France
Technical Advisor
ECJRC Secretary
France

Administrative Tasks
In order to initiate the business of EPERC five administrative Task Groups were defined.
TG1 - Business Management of EPERC.
This TG was mandated to develop a Business Plan for EPERC defining the strategy of the Organisation.
Considerable progress has been achieved with the realisation of the Business Plan. This document provides
the modus operandi and the function for EPERC, and is used as the basis for promotion and marketing
purposes. It has been designed in such a way as to convince potential partners and clients of the strengths
and professionalism of the EPERC approach. The marketing philosophy has been detailed in terms of the
Added-Value which EPERC brings to the PE community.
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Added-Value of EPERC
Draws together European expertise in the PE field
Provides a unified representation and improved image of
the European PE industry
Representation facilitates effective lobbying & advisory
roles to the EC on behalf of the PE industry.
Identifies common industrial needs
Removes redundancy through networking of effort
Leads to targeted & cost effective R&D
Benefits industry through input to standardisation activities,
& information transfer to small industries.
TG2 - Current European & International R&D Activities.
This TG was created to established the current R&D coverage within the PE field both in European and
Internationally. This has been performed by means of surveys within Europe, interrogation of EC databases in
the field of current sponsored research & through contacts with such international organisations as ICPVT and
ASME-PVRC. The work is now approaching a completion. Another important action addressed within this TG
has been the preparation of the terms of reference of particular dedicated research calls of the European
Commission's SMT programme. This work was performed mainly on behalf of CEN TC54 , the unfired
pressure vessel standards committee and similar arrangements exist with other CEN TCs associated with PE
TG3 • R&D Needs of Industry.
The objective of this TG was to establish a picture of the short and long term R&D needs of the European
PE industry. This TG has conducted a survey ol the R&D needs of the European PE industry by means of a
detailed questionnaire. From the replies a priority list of R&D needs was established which forms the basis for
the technical actions within EPERC. This priority list is moderated against the findings of the TG2 survey of
current R&D. The preliminary evaluation of this data has now been completed, priority results identified and
programs formulated.
TG4 • Support of European Policy & CEN.
•This group has been active in bringing the existence of EPERC to the attention of CEN and to specific
Directorate Generals of the European Commission such as DGXII-Science & Technology and DGIII-lndustry in
particular. In the case of DGIII this has led to a specific action in the field of Design by Analysis (DBA). It is the
hope that future actions may be supported in this way.
TG5 • Technology Transfer.
His well recognised that much research work is never fully utilised by industry and this TG was established
to address this issue. Initial actions have involved the creation of Newsletters, and the preparations for the first
technical bulletin. However, plans are well advanced to establish an Internet World Wide Web site (WWW) for
EPERC to facilitate both the technology transfer actions but also to serve as an administrative framework for
the Network and the secretariat.
.
.
httQ-i/science.irc.nl/www/irc/iam/sci-unit/networks/networks.html
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Technical Activities
The Technical Activities of EPERC are in the hands of technical task forces (TTF's) set up by the Steering
Committee. These TTF's are the focal point of the EPERC activities. The TTF's are set up in response to work
requirements and are disbanded when that particular sector of work is deemed to have received sufficient
attention. A Task Force can be handling several major work items at any one time.
The TTF's are in effect working groups made up of experts from any member country with sufficient interest
in that work programme. The Chairman is appointed by the Executive Committee and the TTF's make their
own Secretariat arrangements. The TTF's are answerable to the Steering Committee of EPERC and report on
a regular basis.
The function of a TTF is to:
' • Ensure that the work item is undertaken to the required standard, within the defined time-scale and the
allocated budget
• Monitor the work, provide technical guidance where necessary and to ensure that the reporting
requirements are met
• Ensure the widest possible dissemination of the results to the European PE industry and standards
bodies
At present there are five Technical Task Forces:
TTF 1 : Fatigue Design
Undertaking R&D and benchmark activities with the objective of developing improved fatigue design rules for
non-nuclear PV industry. It is envisaged that the new Fatigue chapter of the European unfired PV standard is
the starting point for this work.
TTF 2 : High Strength Steels for PE thickness reduction
Promoting the performance of R&D programs to promote the increased usage of high strength steels for PE
with a view to thickness reduction leading to the reduction of equipment weight and consequent lower
transportation costs.
TTF 3 : Harmonisation of Inspection Programming in Europe
Propose R&D activities aimed at harmonisation of PE inspection practices in Europe. One element of this work
is the incorporation of the nuclear industry's performance demonstration practises developed under the ENIQ
programme, into the non-nuclear domain.
TTF 4 : Flanges and Gaskets
Support the activities of the European standards group in the field of bolted gasket flanges, particularly in the .
area of gasket property determination. It is hoped that good collaborations can be realised in this area with
other international bodies.
TTF 5 : Technical Proposals and Calls
Support the activities European standards groups on PE with the preparation of the terms of reference for
subjects requiring R&D support.
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CONCLUDING COMMENTS
During the two years since the conception of EPERC considerable progress has been made in establishing
it as a recognised body within the European Community and as an organisation making an essential
contribution to the programmes of work in support of standards and research work in the pressure equipment
field. Much has been achieved and as a consequence both industry and the EU are turning to EPERC to take
on the much-needed role of 'broker' in the subject area of pressure equipment
It is essential that links be developed with the similar organisation in Japan and the USA. The PVRC and
JPVRC have and lost a successful history. EPERC is very much in its infancy. There is a lot to be gained from
collaboration between the three organisations, which will essentially give world coverage on .the topic of
pressure equipment research and development activities. EPERC looks forward to a close collaboration with
JPVRC and with PVRC
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IAEA ACTIVITIES ON
SAFETY ASPECTS OF NPP AGEING
Jaroslav Pachner
Engineering Safety Section
Division of Nuclear Installations Safety
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1995 - 96 Highlights
1. CRP on Management of Ageing of Concrete
Containment Buildings
- Completed 1996
I

to
00

- Final report prepared
2. CRP on Management of Ageing of In-Containment
I&C Cables
- Phase I completed 1995
- Phase I report issued
- Phase II initiated 1996

1995 - 96 Highlights (continued)
3. TECDOCs on Assessment and Management of Ageing
of Major NPP Components Important to Safety:
•

to
00
to
I

3.1 Steam Generator
3.2 CANDU Pressure Tubes
3.3 CANDU Reactor Assembly
3.4 PWR RPV
3.5 PWR Primary Piping

completed, edited
completed, edited
completed

3.6 BWR RPV Internals

70% complete, more int'l
input needed
70% complete, «im'e»int?l«

3.7 BWR Metal Containment

complete

1995 - 96 Highlights (continued)
4. SPM on Effectiveness of Methods for Detection and
Monitoring of Age Related Degradation in NPPs
to
oo

- Bariloche, Argentina, October 1995
- 68 participants from 15 member states
- 36 papers

7

1995 - 96 Highlights (continued)
5. Engineering Safety Review Services: Guidelines for
IAEA Ageing Management Assessment Teams
- drafted 1996
- endorsed by AGM, May 1997
00
I

8

1997-98 Activities
1. AGM: project review and future direction
- May 1997
2. TECDOCs on Assessment and Management of Ageing
I

to
00

of Major Components Important to Safety
2.1 Completion of above reports (3.3 to 3.7)
2.2 Possible preparation of reports on
- CANDU Primary Piping
- PWR RPV Internals
- BWR RPV
10

1997-98 Activities (continued)
3. TCM on Safety Based Prioritization of Ageing

to
00
OS

Management Actions
- planned for 1998 but deferred
- may be reinstated
4. CRP on Management of Ageing of In-Containment
I&C Cables
- Round robin tests
- 1998 RCM
ii

1997-98 Activities (continued)
5. Interregional training course on Managing Safety

to

Aspects of NPP Ageing
- USA and Canada
- May-June 1997
6. Safety Review Services on assessment and management
of NPP ageing
- complete guidelines, 1997
- conduct services upon request
12

1999 - 2000 Programme Planning
1. Guidance preparation
to

00
00

1.1. Methodology for SSC selection and safety based
prioritization o AM actions
1.2. Guidance on minimizing premature ageing
1.3. Guidance on optimization of NPP maintenance
in support of ageing management

IWG-LMNPP 2

1999 - 2000 Programme Planning
2. CRP on In-containment I&C cables
3.
00

Safety Review Services
-

Assessment and management of NPP ageing

-

Make widely available

IWG-LMNPP 3

Meeting of the International Working Group on Life Management of
Nuclear Power Plants.

IV. Future Activities

6-8 October 1997, Vienna, Austria.
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Terms of reference for the International Working Group on Life Management of
Nuclear Power Plants
(IWG - LMNPP)

These Terms of Reference were originally approved by the IWG - RRPC at its meeting
on 17-19 February 1975, modified on 14-16 March 1990, on 7-9 February 1994, 30 August -1
September 1995 and 6-8 October 1997 and serve as a basis for the work of the IWG-LMNPP.
They will be reviewed on the request of working group members or the Scientific Secretary
and recommendation will be made to the Director general of the IAEA on any modification.
1. Objectives
1.1. To assist the International Atomic Energy Agency to provide its Member States
with information, comments and to advise on policies and strategies of plant
ageing and life management. Plant ageing management stands for all the
engineering, operations and maintenance actions to control within acceptance
limits ageing degradation and wear of key components of the plants. Plant life
management..integrates the previous ageing management and economical aspects
in order to:
optimize the operation, maintenance and service of plant key components
maintain the level of safety and performance as well as a return of investment
as high as possible during the total service life of the plant
1.2. To facilitate the exchange of information and experience in the field of
understanding and monitoring of ageing mechanisms affecting main NPP systems,
structures and components.
1.3. To provide guidance on general issues which limit NPP lifetime, practical
assistance in identification of NPP lifetime limiting features, mitigation measures,
assessment of economic cost/benefit of life management for optimization of
lifetime.
2. Scope of activities
The IWG-LMNPP should provide the Secretariat of the IAEA with advice and
recommendations on the Agency's activities and forward programmes in this area by means of
specialists meetings, training courses, coordinated research programmes, workshops,
establishing, operating and maintaining databases etc., when they have particular relevance to
reliable plant life management and, specifically, on the priority, scope and content of
publications in the form of guides and manuals and meetings to be organized and sponsored
by the Agency. The IWG-LMNPP activities will be coordinated with programmes of other
international organizations. The scope of the IWG activities include the following aspects:
2.1. Design
2.2. Materials
2.3. Fabrication
2.4. Monitoring, testing, inspection and data bases of their results
2.5. Degradation mechanisms, their significance and mitigation
2.6. Assessment and means of plant life management
2.7. Strategic, economic and administrative aspects of life management
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The list of the activities giving the scope of the working group is not fully
comprehensive. There are some other items which are important for NPP life management.
These items may currently be part of the scope of activities of other groups in the IAEA.
A list of priorities will be established and updated at IWG meetings.
3. Methods of work
The working group will determine its own methods of work, including frequency of
regular and other meetings, preparation of Agenda, establishment of special groups, keeping
of records and other procedures. The work of the IWG between the regular meetings is carried
out and coordinated by the Scientific Secretary taking into account the working group's
recommendations and guidance. The working group normally meets at the IAEA
Headquarters. It may meet from time to time away from the IAEA Headquarters to familiarize
itself with activities in a member country. Special arrangements will be made to provide
Secretarial services for such meetings in cooperation with the host country.
4. Organizational matters
4. 1. Membership
In appointing the membership of this International Working Group the Director
General will be guided by the following considerations:
a) The Working Group will include one member and not more than one alternate from
each Member State which is an expert actively working in the field of life
management of NPP and wishes to participate;
b) Each member and alternate will be appointed after consultation with the member's
government; and
c) Members and alternates will normally serve on the Working Group for a period
prescribed by their governments, preferably for a period of at least three years.
The Director General may from time to time co-opt members and invite observers
from other Member States on an ad-hoc or continuing basis.
A limited number of advisers or specialists from member countries may be invited to
attend regular meetings of the working group but the representation of a member country
should include the member and/or his alternate.
International Organizations with interest in the same field could be invited as
observers to the IWG meetings.
4.2. Chairmanship
A Chairman of the IWG is nominated by the Director General from the members of
the Working Group. The chairmanship will be rotated among the members of the IWG
periodically, not less frequently than every three years. The Chairman should with the
assistance of the Scientific Secretary determine subjects of the meetings, chair the meetings,
and conduct them along the lines of the subject. Reports on the IWG activities should be
reviewed before distribution.
4.3. Secretariat
The Agency provides the administrative and secretarial services required by the
Working Group, including translation services, when necessary, meeting rooms, maintenance
of records and the publication and distribution of documents. The Agency also provides the
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service of a permanent Scientific Secretary of the Working Group, who is to be in charge of
the above mentioned matters.
4.4. The working language of the IWG is English.
4.5. Expenses
Travel and subsistence expenses for IWG members are borne by the respective
Governments or Organizations. The IAEA may contribute to the cost (travel and per-diem) of
attendance of some participants at IWG meetings, if sufficient funds are available and if a
significant contribution can be made to the meeting by the participant. Travel cost and
subsistence for consultants invited to prepare a draft document or advise the Agency on
special aspects of its programme will normally be borne by the Agency.
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IWG-LMNPP Current Priorities
(As approved at the IWG meeting 6-8 October 1997)
A. General Remarks
1. More importance should be attributed to economic aspects and Life Management
programmes in relation to plant management, safety and maintenance.
2.

Some items not included are important for LMNPP. These items may currently be part of
the scope of activities of other groups in the IAEA.

Examples are:
-

cables; instrumentation; sensors
operation devices (power assisted equipment) e.g. CRDM
fissile material leakage; waste and pool management
seismic aspects
concrete structure ageing

3. Important items considered by the group but are not ranked in the priority list as they are
of general importance for all components:
-

guidelines and recommended practices
international aspects of codes and standards
international databases
quality assurance
regulation requirements and licensing procedures
maintenance man-dose management
component cleaning.

B. Technical /Scientific/Engineering Aspects in order of Priority
1. RPV Integrity
-

radiation damage
fracture mechanics
optimization of surveillance programmes
annealing and other mitigation methods
material databases
surveillance databases
PTC analysis
inspection procedures validation/qualification
monitoring processes of material degradation and plant operation
pressure tubes integrity.

2. Steam Generator Life Management
-

corrosion and water chemistry
wear/mechanical problems (internals)
inspection procedures validation/qualification
monitoring
replacement/repair.

3. Primary Circuit Operation and Integrity
-

corrosion /erosion and water chemistry
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-

fatigue
material ageing and its monitoring
monitoring of loads and water chemistry
inspection procedures validation/qualification
LBB concepts and leak monitoring
repairs.

4. Reactor Internals Operation and Integrity
-

corrosion, IASCC
wear
NDE and inspection qualification
irradiation ageing
replacement and repair.

5. Secondary Circuit
-

erosion/corrosion
water chemistry (optimization and monitoring).

6. Containment/civil structures
-

ageing

-

monitoring/NDE.

7. Cables
-

ageing

-

detection/monitoring/testing.

8. Other items of importance
-

valves
pumps.
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Background Definitions from the Common Ageing Terminology Glossary for the
consideration of updating the IWG-LMNPP Terms of Reference, List of Priorities and
Scope of Activities.
COMMON AGING TERMINOLOGY GLOSSARY
accelerated aging artificial aging in which the simulation of natural
aging approximates, in a short time, the aging effects of longer-term
service conditions
acceptance criterion specified limit of a functional or condition
indicator used to assess the ability of an SSC1 to perform its design
function
age (noun) time from fabrication of an SSC to a stated time
age conditioning simulation of natural aging effects in an SSC by
the application of any combination of artificial and natural aging

common cause failure two or more failures due to a single cause

age-related degradation synonym for aging degradation

common mode failure two or more failures in the same manner or
mode due to a single cause

aging (noun) general process in which characteristics of an SSC
gradually change with time or use

complete failure failure in which there is a complete loss of
function

aging assessment evaluation of appropriate information for determining the effects of aging on the current and future ability of SSCs
to function within acceptance criteria

condition surrounding physical state or influence that can affect an

aging degradation aging effects that could impair the ability of an
SSC to function within acceptance criteria
• Examples: reduction in diameter from wear of a
rotating shaft, loss in material strength from fatigue or
thermal aging, swell of potting compounds, and loss
of dielectric strength or cracking of insulation

SSC;

also, the state or level of characteristics of an SSC that can affect its
ability to perform a design function
condition indicator characteristic that can be observed, measured,
or trended to infer or directly indicate the current and future ability
of an SSC to function within acceptance criteria
condition monitoring observation, measurement, or trending of
condition or functional indicators with respect to some independent
parameter (usually time or cycles) to indicate the current and future
ability of an SSC to function within acceptance criteria

aging effects net changes in characteristics of an SSC that occur
with time or use and are due to aging mechanisms
• Examples: negative effects — see aging degradation;
positive effects — increase in concrete strength from
curing; reduced vibration from wear-in of rotating
machinery

condition trending synonym for condition monitoring
corrective maintenance actions that restore, by repair, overhaul, or
replacement, the capability of a failed SSC to function within acceptance criteria

aging management engineering, operations, and maintenance
ctions to control within arrpptahlp limits aging Hpgradation and
.vearout of SSCs
• Examples of engineering actions: design, qualification,
ancf failure analysis
• Examples of operations actions: surveillance, carrying
out operational procedures within specified limits,
and performing environmental measurements

degradation immediate or gradual deterioration of characteristics
of an SSC that could impair its ability to function within acceptance
criteria
degraded condition marginally acceptable condition of an unfailed
SSC that could lead to a decision to perform planned maintenance
degraded failure failure in which a functional indicator does not
meet an acceptance criterion, but design function is not completely
lost

aging mechanism specific process that gradually changes characteristics of an SSC with time or use
• Examples: curing, wear, fatigue, creep, erosion,
microbiological fouling, corrosion, embrirtlement, and
chemical or biological reactions

design basis conditions synonym for design conditions

artificial aging simulation of natural aging effects on SSCs by application of stressors representing plant pre-service and service conditions, but perhaps different in intensity, duration, and manner of
application
breakdown synonym for complete failure
characteristic property or attribute of an SSC (such as shape;
dimension; weight; condition indicator; functional indicator; performance; or mechanical, chemical, or electrical property)
combined effects net changes in characteristics of an SSC produced
by two or more stressors
'System, structure, or component
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design basis event any of the events specified in the station's
safety analysis that are used to establish acceptable performance for
safety-related functions of SSCs; events include anticipated
transients, design basis accidents, external events, and natural
phenomena
design basis event conditions service conditions produced by
design basis events
design basis event stressor stressor that stems from design basis
events and can produce immediate or aging degradation beyond
that produced by normal stressors
design conditions specified service conditions used to establish the
specifications of an SSC (generally includes margin of conservatism
beyond expected service conditions)

design life period during which an SSC is expected to function
within acceptance criteria

failure trending recording, analyzing, and extrapolating inservice
failures of an SSC with respect to some independent parameter
(usually time or cycles)

design service conditions synonym for design conditions

functional conditions influences on an SSC resulting from the performance of design functions (operation of a system or component
and loading of a structure)
• Examples: for a check valve — operational cycling and
chatter; for a reactor vessel relief valve — reactor
coolant pressure, high flow velocities, and
temperature increase from the reactor coolant

deterioration synonym for degradation
diagnosis examination and evaluation of data to determine either
the condition of an SSC or the causes of the condition
diagnostic evaluation synonym for diagnosis

[
!

environmental conditions ambient physical states surrounding an

functional indicator condition indicator that is a direct indication
of the current ability of an SSC to function within acceptance criteria

• Examples: temperature, radiation, and humidity in
containment during normal operation or accidents
error-induced aging degradation aging degradation produced by
error-induced conditions

inservice inspection methods and actions for assuring the structural and pressure-retaining integrity of safety-related nuclear
power plant components in accordance with the rules of ASME
Code, Section XI

error-induced conditions adverse pre-service or service conditions
produced by design, fabrication, installation, operation, or maintenance errors

inservice life synonym for service life (especially in discussions
involving ASME Code, Section XI)

error-induced stressor stressor that stems from error-induced conditions and can produce immediate or aging degradation beyond
that produced by normal stressors
failure inability or interruption of ability of an SSC to function
within acceptance criteria

inservice test a test to determine the operational readiness of a
component or system [ASME Code, Section XI]2
f

inspection synonym for surveillance

[

installed life period from installation to retirement of an SSC
life period from fabrication to retirement of an SSC

failure analysis systematic process of determining and documenting
the mode, mechanism, causes, and root cause of failure of an SSC

life assessment synonym foraging assessment

failure cause circumstances during design, manufacture, test, or
use that have led to failure
failure evaluation synonym (or failure analysis
failure mechanism physical process that results in failure
• Examples: cracking of an embrittled cable insulation
(aging-related); an object obstructing flow
(non-aging-related)

life cycle management synonym for life management
\ ulife management integration of aging management and economic
11 planning to: (1) optimize the operation, maintenance, and service
II life of SSCs; (2) maintain an acceptable level of performance and
Ulsafety; and (3) maximize return on investment over the service life
Rlof the plant
|
lifetime synonym for life

failure mode the manner or state in which an SSC fails
• Examples: stuck open (valve), short to ground (cable),
bearing seizure (motor), leakage (valve, vessel, or
containment), flow stoppage (pipe or valve), failure to
produce a signal that drops control rods (reactor
protection system), and crack or break (structure)

maintenance aggregate of direct and supporting actions that detect,
preclude, or mitigate degradation of a functioning SSC, or restore to
an acceptable level the design functions of a failed SSC
malfunction synonym (or failure
mean time between failures arithmetic average of operating times
between failures of an item [IEEE Std 100]

failure modes and effects analysis systematic process for determining and documenting potential failure modes and their effects
onSSCs

brackets indicate adoption of a formal definition from
codes, standards, or regulations.

AGING SEQUENCE
•Hwiiiniin r
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List of IWG-LMNPP Meetings for the period 1998-2000

1. SPM on "Strategies and Policies for Plant Life Management", 19-21 May 1998, Vienna,
Austria
2. SPM on "NPP Condition Monitoring and Maintenance", 4-7 May 1998, Lyon France
3. SPM on "Core Internals Behaviour of LWRs", 6-8 October 1998, Czech Republic (dates
to be confirmed)
4. AGM on "Policies and Strategies for NPP Life Management", November 1998, Vienna,
Austria
5. RCM on "Assuring Structural Integrity of Reactor Pressure Vessel", 18-20 November
1998,1999, Vienna, Austria
6. SPM on "Irradiation Embrittlement and Mitigation", April 1999, Madrid(?), Spain
7. TCM on IWG regular meeting, May 1999, IAEA, Vienna
8. SPM on "Erosion/Corrosion of NPP Components", (?) 1999, (?) Sweden
9. New CRP on the analysis of material behaviour in the dissimilar weld zone. CS 1999,
RCM 2000
10. SPM on "Corrosion Cracking", (?) 2000. (?)
11. SPM on "Pressurized Thermal Shock Evaluation Methodology", (?) 2000, (?)
12. SPM on "Non-Destructive Monitoring of Degradation", (?) 2000, (?) Hungary

P:\VLYS\Mtg98-00.doc
1997-10-14
VUmeb

-298-

Scopes of the proposed meetings within the IWG-LMNPP framework for
the period 1998-2000.

Specialists Meeting on "Strategies and Policies for Nuclear Power Plant Life
Management", May 19-21,1998, Vienna, Austria
With the average age of the world's inventory of nuclear power plants increasing there
has been a corresponding increasing interest in the topic of plant life management. The
approaches adopted by different utilities/countries can be quite different because of essential
differences in their strategies and policies.
It is expected that consideration of these approaches could include the following papers
for presentation at the meeting:
Papers on "strategies" could cover the following topics:
•
•
•
•
•
•
•
•

plant life evaluation
system, structure and component screening methodology
critical component evaluation methodology
major component repair and replacement
economic evaluation methodology
decision making processes
R&D items and planning
Feedback of operating experience into design

Papers on "policies" could include topics such as:
•
•
•
•

NPP extended operation
decommissioning
license renewal
licensing process and replacement power from the utility and regulatory point of
views

It is obvious that each utilities/countries strategies and policies for plant life
management affect basically the approach to the long term reliable and economical operation
of nuclear power plants.
The scope of this SPM is deliberately large to encourage discussion of these areas.
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Specialists Meeting on "NPP Condition Monitoring and Maintenance",
June 3-5,1998, Lyon, France
One of the basic elements of improving plant productivity and reliability is the plant life
management while changes in physical and mechanical properties of NPP SSC due to ageing
play essential role in lowering safety margins and therefore in achieving the reliable operation
of the plant. Viable life management options allow, among others, for:
•
•

slowing down effects of ageing processes by preventive maintenance
improving accuracy of remaining lifetime assessment by condition monitoring of
major NPP components

The purpose of the meeting is to provide the information exchange with the aim of
identification of technologies, tools and approaches on how condition monitoring based
maintenance contributes to NPP life management.
The scope of the meeting will cover:
1. Condition monitoring techniques and procedures such as:
• transient and fatigue cycle monitoring
• corrosion monitoring and diagnostics
• reactor internals and structure monitoring
• valve monitoring and diagnostics
• rotating equipment diagnostics
• special techniques (e.g. acoustic emission monitoring of growing detected
crack)
2. Integrated plant monitoring and diagnostics systems
3. Predictive maintenance based on condition monitoring:
• role and weight of condition monitoring in maintenance planning
• good practices on predictive maintenance based on condition monitoring
4. Economic aspects of condition based maintenance:
• reduction of workload due to rescheduling maintenance actions
• cost/benefit analysis of integrated plant monitoring system
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Specialists Meeting on "Non-Destructive Monitoring of Degradation ",
2000, (Hungary, Netherlands?)

The development of nuclear power plant life management strategies requires on-going
knowledge of the rate of the in-service degradation of pressurized components. Destructive
testing is usually either impractical or costly.
The development of electronically based measurements allows the use of nondestructive test (NDT) methods for collecting data on ageing processes during plant service
life.
The purpose of the meeting is to discuss developments in monitoring techniques, their
use and results.
The methods to be discussed should include:
•
•
•
•
•
•
•
•
•
•

magnetic methods (Barkhausen, Eddy current)
electric resistance
electro-corrosion resistance
replica techniques including in-situ metallography
positron annihilation
dynamic hardness testing
internal friction
UT attenuation
need for standardised material samples and databases
other NDT methods and combination of techniques

Specialists Meeting on "Behaviour ofLWR Core Internals",
October 6-8,1998, Czech Republic.

Degradation of core internals has become of increasing concern as NPPs become older.
Embrittlement, irradiation assisted stress corrosion cracking (IASCC), stress corrosion
cracking (SCC) and wear have been observed on some core internals and have led already to
significant repairs.
Experience from ten years inspections has been accumulated. Some incidents related to
bolting and handling have been reported. Programmes on IASCC and embrittlement effects
have been launched.
All these features constitute a basis for future development of inspection methods, repair
techniques and for the consideration of possible alternative materials.
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The Specialists Meeting will include papers on such topics as:

incidents (bolting, handling, etc.)
results from ISI programmes
core shroud problems
barrel (former and barrel, former bolts)
IASCC and embrittlement investigations
SCC (split pins)
wear of guides
development of possible new materials
strategy for life management and economic impact

Specialists Meeting on "Erosion/Corrosion of NPP Components",
1999(7), Sweden(?)
Erosion and corrosion are features in the ageing and degradation of NPP components in
both primary and secondary circuits.
Stem generators and condenser pipes can also suffer these mechanisms and their
replacement is the usual remedy.
The economic impact is large and this provides the motivation for promoting the
exchange of information and experience in this area.
The papers for this Specialists Meeting should address the following points:
•
•
•
•
•
•

Exchange of information on corrosion and erosion factors
specific NDE inspection scheduling
materials selection
water composition control
hydraulic assessments
strategies for component life management

Specialists Meeting on "Irradiation Embrittlement and Mitigation",
April 1999(7), Madrid(7), Spain
The purpose of the meeting is to provide an international forum for discussion of recent
results and utility experience on:
1. radiation damage and its surveillance
2. annealing and re-embrittlement of PWR, WWER and BWR reactor pressure vessel
materials
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Papers are expected to focus on the following areas:
•
•
•
•
•
•

mechanisms of radiation damage
effects of operating parameters (flux, temperature, time etc.)
results from surveillance programmes and their analysis
fracture mechanics testing and evaluation (including size effect)
annealing and the optimisation of conditions
re-embrittlement after annealing

Specialists Meeting on "Corrosion Cracking",
Switzerland^), 2000
Environmentally caused cracking in NPPs is potentially both a plant life and economic
issue. The influence of high temperature water, stress and neutron irradiation may cause
material degradation and cracking in materials.
The materials used in the construction of the NPP are ferritic, austenitic alloys and also
nickel based alloys.
Papers are invited which will deal with experimental and actual NPP experience on
environmentally caused cracking. They should address such aspects as:
•
•
•
•
•

materials behaviour
water composition
stresses
critical aspects of data in case of experiments, their quality assurance and
transferability to the NPP case
mitigation measures, their impact on plant life and ageing management
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SUBPROGRAMME
Project A.1.04 Nuclear Power Plant Life Management (NEPF)
Objective: Within the scope of activities of the IWG-LMNPP to facilitate the exchange of information on and
experience in understanding and monitoring the ageing mechanisms affecting the main NPP systems and
components, provide guidance on lifetime limiting features and the impact of mitigation measures as well as
on the policies and strategies of NPP life management programmes.

General Comments:

Project duration: Continuing

Completion

Tasks planned for 1999-2000

Action/source

Prepare a Technical Report on Ageing Aspects of NPP
Components*

SPM99

1999

Exchange information on NPP Life Management
Programmes (IWG-NPPLM regular meeting) IWG-NPPLM
report in 1999

TCM99

1999

Prepare a Technical Report on NPP Components Life
management and Assesment*

SPM99

1999

4.

Develop and Maintain Database on NPP Life Management

CS 99 (3)
CS 2000 (3)

Continuing

5.

Prepare a Technical Report on Development and
Implementation of the NPP Life Management Programmes.
National Practices*

CS 99 (2)
CS 2000 (1)

2001

6.

Co-ordinate a CRP on Assuring of Reactor Preccure
Vessel Integrity

RCM99

1999

7.

Develop a new CRP on Analysis and evaluation of possible
events according to the IAEA PTS Guide with respect to
margin against brittle fracture in the dissimilar weld zone*

CS 99, RCM
2000

2001

8.

Prepare a Technical Report on PTS*

SPM2000

2000

9.

Prepare a Technical Report on Irradiation embrittlement
Effects and Mitigation*

SPM2000

2000

10

Prepare a Technical Report on NPP Components Integrity
Assessment*

SPM2000

2000

11

Prepare a Technical Report on Ageing Aspects of NPP
Components and their Management

CS 2000 (1)

2001

12

Develop guidance on strategies and policies for NPP life
management programmes

CS2000

2001

* Title to be specified and approved by IWG-NPPLM (October 1997)
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Comments

New Co-ordinated Research Project (CRP) proposed for
Inclusion in the 1999-2000 Programme and Budget
Project A. 1.04:

Nuclear Power Plant Life Management (NEPF) Task No. 7

Title of the CRP*:

a)

Analysis and Evaluation of possible Events according to the
IAEA-PTS Guide with Respect to Margin against Brittle
Fracture in the Dissimilar Weld Zone.

b)

The Role of Residual Stresses in the Area of the Dissimilar
Weld, taking into Account Different Design Features and
Manufacturing Techniques.

Specific Objective:

To conclude from the results and to make proposals for optimization
(design changes, system engineering methods, etc.) to improve material
properties and their operational behaviour.

Relevance to Project Objective:

Results of the CRP will improve understanding and management of
ageing mechanisms affecting the main RPV systems, and will provide
a guidance on mitigation measures.

Nuclear Component: Reactor Pressure Vessel Primary Nozzle
Relationship to pre- The topics of the proposed CRP were suggested as the basis of
vious and on-going the results obtained in the previous CRP "Management of Ageing of
CRPs:
RPV Primary Nozzle.
Duration:
Number of Contracts:
and Agreements:

1999 - 2001
7 (seven)
3 (three)

Financial Resources: Cost of contracts:
Cost of RCMs:
Total:
Source of Funds:

US$ 35.000
US$ 30.000
US$ 125.000

Regular Budget

* to be selected at the IWG regular meeting in October 1997.

VLyssakov/mc
1997-08-20
c:\wpwin\lyssakov.crp
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Consideration of the new CRP.
On the basis of recommendations produced by the participants of the CRP on
"Management of Ageing of Reactor Pressure Vessel Primary Nozzle" members of the IWG
considered topics for the new Co-ordinated Research Programme to be launched in the year of
2000.
The title selected for the new CRP was :
"Fracture Mechanical Assessment of Dissimilar Welds"
It was suggested that the CS on the elaboration of the scope and the time schedule of the
CRP and participation be convened in 1999.
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Meeting of the International Working Group on Life Management of
Nuclear Power Plants.

V. Appendices

6-8 October 1997, Vienna, Austria.
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Appendix 1

International Working Group on Life Management
of Nuclear Power Plants
6-8 October 1997
VIC, Vienna, Austria
AGENDA
6 October 1997
1.

Opening ceremony, 9:30
Opening address by Mr. P-E. Juhn, Director, Division of Nuclear Energy and

the Fuel Cycle
Opening speech by Mr. B. Gueorguiev, head, Nuclear Power Engineering
Section.
Opening remarks by L.M. Davies - Chairman of the IWG-LMNPP
2.

Introduction of IWG Members

3.

Adoption of the Agenda

4.

Minutes of the last Meeting (30 August - 1 September 1995)

5.

Progress report on IWG-LMNPP activities (V. Lyssakov)
review of activities from 1995 to 1997
programme for 1998
programme for 1999-2000
reports and publications

State of the art of the International Database on NPP Life Management
(IDRPVM, DB on piping)
6.

Review of other relevant activities:
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A.
National reports, including R&D programmes and relevant meetings
(presented by national representatives)

B.

Activities of international organizations and groups
OECD/NEA (A. Miller)
European networks (U. Von Estorff)
EC Working Group on Codes and Standards (J. Guinovart)

C.

Relevant IAEA activities
extra budgetary programme (R. Havel)
in the field of safety (J. Pachner), 9:00 Wednesday, 8 October 1997

7.

IWG-LMNPP Terms of Reference

8.

Review of IWG-LMNPP priorities

9.
Discussions of IWG-LMNPP programme (taking into account conclusions and
recommendations of previous meeting)
10.

Future IAEA activities (meetings CRP, publications) for 1998, and 1999 - 2000

11.

Any other business

12.

Date of the next meeting (May 1999), closure of the Meeting
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Appendix 3

Minutes of the IWG-LMNPP Meeting
30 August - / September 1995
VIC, Vienna, Austria

1.

Opening
Mr. L.M. Davies took the Chair, opened the meeting at 09:30 on 30 August 1995.

2.

Welcome
A.

Mr. B. Semenov, Deputy Director General, Department of Nuclear Energy
and Safety, welcomed the delegates. In the opening speech he stressed the
importance of the subject of NPP Life Management for the IAEA and its
Member States and the role of the IWG-LMNPP for coordination of the
IAEA's activities in this field. He congratulated the IWG members for the
20 year anniversary of the Group's activities.

A growing interest in the IWG-LMNPP activities was noted, since more Member
States have expressed their willingness to participate in the work of the IWG. 24
countries and 2 international organizations have representatives in the IWG-LMNPP.
B.

Opening speeches were also given by the Head of the Nuclear Power
Engineering Section, Mr. B. Gueorguiev and by IWG-LMNPP Chairman,
Mr. L.M. Davies.

C.

In the ceremony to mark 20 years of the IWG activities Mr. P.E. Juhn,
Director, Division of Nuclear Power presented the anniversary certificates
to the IWG-LMNPP members.

3.
The agenda for the meeting was accepted (Appendix 1). The list of delegates is
given in Appendix 2.
4.
Summary notes of the 12th IWG meeting and meetings held in 1994-1995 were
distributed.
5.

Mr. L. Ianko gave the progress report on IWG-LMNPP activities in 1994-1995.

The report on the state-of-the-art of the International Database for RPV Materials
was presented by Mr. Lyssakov. Mr. Muchamedshin gave a presentation on Design
Aspects of the Database.
6.

Presentation of the National Programmes.

The following reports on national programmes on NPP life management were
presented.
An Overview of Actions Concerning Life Management of NPPs in Argentina -
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A.A. Pochettino (Argentina)
Report to the IWG-LMNPP Meeting - T. Varga, G. Weimann (Austria)
IWG-LMNPP - Belgian National Report - J. Berthe (Belgium)
Information on Current Status of Equipment and Activities for Extension of NPP
Kozloduy Lifetime - B. Pekov (Bulgaria)
Overview on Activities Related to the Life Management of NPPs - Brazilian
Report - P.C. Tofani (Brazil)
Canadian Activities. Life Management of NPPs - M. Puls, C. Seni (Canada)
Activities in the Czech Republic for Reactor Pressure Components Lifetime
Management - M. Brumovsky (Czech Republic)
Overview on Some Recent Results of VTT's Research Programme on Assuring
NPP Structural Safety - K. Wallin (Finland)
Fracture Mechanics - D. Miannay (France)
Main Features of the Pressurized Component Life Management Related R&D
Activity in Hungary - F. Gillemot (Hungary)
Overview of the ANPA Activities in the Field of Life Management of NPPs A. Pini (Italy)
Present Status in Japan Related to LMNPP - 1 . Suzuki (Japan)
NPP Lifetime Improvement and Management Programme in Korea - S.Y. Hong
(Korea)
Situation in the Netherlands - A.M. van Dort (The Netherlands)
The Main Trends of Work on Lifetime Management of NPP - Y. Dragunov
(Russia)
A Quick Overview of Some Swiss NPP Ageing-Related Studies/Research - Ph.
Tipping (Switzerland)
Pressurized Equipment Integrity at Ukraine's NPPs. At-a- glance Impression of
Current Status - N. Zaritsky (Ukraine)
Presentation to IWG-LMNPP Meeting - B. Tomkins (UK)
Report on Some Research in the US that Relates to Life Management of NPP - C.
Pugh (USA)
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-37.

Activities of international organizations and groups.
The following reports were presented:
The Programme of OECD/NEA/CSNI Principal Working Group No. 3 on
Reactor Component Integrity - A. Miller (OECD/NEA)
PISC III Results on Action 3 Nozzles and Dissimilar Welds - S. Crutzen
(JRC, Petten, EC)
Summary of the PISC Round Robin Results on Wrought and Cast
Austenitic Steel Welds - S. Crutzen (JRC, Petten, EC)
Progress with the NESC Spinning Cylinder Project and Other NESC
Projects - S. Crutzen (JRC, Petten, EC)
The PISC Programme on Defective Steam Generator Tubes Inspection,
Summary Report - S. Crutzen (JRC, Petten, EC)
Lessons Learned form the PISC III Study of the Influence of Human
Factors on Inspection Reliability - S. Crutzen (JRC, Petten, EC)
European Networks in Industrial Integrity - S. Crutzen (JRC, Petten, EC)
AMES - Ageing Materials Evaluation and Studies - U. von Estorff (JRC,
Petten , EC)
Information on Working Group on Codes and Standards (WGCS) Activity J. Guinovart (EC)

8.

Concrete Containment Database

The paper describing activities on Concrete Containment Database was presented
by Mr. Seni.
9.

Relevant IAEA activities.
The following reports were presented:
IAEA Activities on Economic Aspects of NPP Life Management - C. Hu
(IAEA)
The IAEA Extrabudgetary Programme on the Safety of WWER and RBMK
Plants - R. Havel (IAEA)
Safety Aspects of NPP Ageing - J. Pacher (IAEA)

10.

Two Reports were presented on the CRP-III:
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-4 "Summary Report on Results from the CRP-III (M. Brumovsky)
"Fracture Mechanics Toughness Results" (K. Wallin)
11.

The list of IWG-LMNPP priorities

A smaller group of experts was formed under the leadership of Mr. S. Crutzen
(JRC, EC), to consider the recommendations of specialists meetings and reviewed the
priorities for future IWG-LMNPP activities. The list of priorities endorsed and adopted
by the IWG-LMNPP is given in Appendix 4 .
12.

The IWG-LMNPP Terms of Reference

Modifications of the IWG Terms of Reference were considered by the team led by
Mr. L.M. Davies (UK). The approved Terms of Reference of the IWG-LMNPP are
included in Appendix 3.
14.

Future Programmes

Both documents (the list of priorities and the Terms of Reference) were used as a
basis for the development of future IAEA Programmes on the subject of NPP life
management. The list of meetings recommended by the IWG-LMNPP to be organised by
the Agency in the framework of its programme on NPP life management is included as
Appendix 5.
15.
On the basis of IWG priorities, plans and the report on IAEA activities on safety
aspects of NPP ageing and life management, the proposal on coordination of activities
between the IWG-LMNPP and the relevant activities in the Nuclear Safety Division was
approved and this is shown as Appendix 9.
16.
The comment of Mr. R. Zemdegs (Canada) that in future meetings reports
presented should clearly concentrate on national and international aspects of NPP life
management, was welcomed by the Group.
17.

The date of the next meeting was suggested as August 1997.
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Appendix 4

"THE APPROACH ASSOCIATED WITH THE CONTINUED OPERATION OF THE
CALDER HALL AND CHAPELCROSS NUCLEAR POWER STATIONS TO
50 YEARS
George Ayres
Head of Continual Operation
British Nuclear Fuels pic

SUMMARY
Caldcr Hall was the worlds first commercial Nuclear Power Station, commencing operation
in 1956, and with its sister Station at Chapclcross has operated successfully, with consistently
high load factors, for approximately 40 years. The first part of this paper reviews the
operating history of the Stations.
Secondly, the paper will briefly describe both the work carried out under the Long Term
Safety Review which has supported operation to 40 years and the work being carried out as
part of a Periodic Safety Review to support continued operation of both Stations to 50 years.
The commercial improvements, some of which, of course, do have some nuclear safety
significance, will be briefly described in the context of operating within what is increasingly
becoming a demanding privatised electricity market in the United Kingdom.
Finally, potential life limiting features will be identified and the monitoring programmes
described. We conclude that there is currently no reason why the Stations should not
continue to operate to at least 50 years.
1

INTRODUCTION

The reactors at Caldcr Hall, the worlds first commercial Nuclear Power Station and its sister
Station at Chapelcross, both of which are owned and operated by British Nuclear Fuels pic,
have been operating successfully for 36-40 years. The first of the eight reactors, No 1 at
Calder Hall reached its 40th anniversary in October 1996.
Although public and political acceptance are, of course, important aspects of the Continued
Operation programme this paper concentrates on describing the key points associated with the
two main requirements:
i)
it)

Demonstration of an acceptable safety case
Ensurance of commercial viability of the Stations.

Continued operation requires success in both requirements.
The detailed safety case, the modifications carried out over the many years of operation to
bring the Stations closer to modem standards, and the measures currently being taken to
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improve effectiveness and efficiency, have provided a very strong platform for BNFL to
make an acceptable overall case for continued operation of both Stations to at least 50 years.
2

REVIEW OF OPERATING HISTORY

During the operational period of the reactors to date the power output has been increased to
some 50% above the original design value and the two Stations each currently operate with
annual availability factors and load factors between the annual shutdowns in excess of 92%
and 99*/* respectively. This has resulted in tecord output figures being achieved in recent
years. These excellent results have been achieved by improvements in efficiency and
reliability together with reductions in the lengths of the annual shutdowns against a
background of increased workload, reducing staff numbers and reducing overall costs. A
reduction in both the total and average annual worker radiation dose uptake has also been
achieved during this period.
The Stations were designed and constructed using the best standards, materials and
techniques available to Engineers at that time. During the ensuing 40 years of operation
continuous reviews of procedures, equipment, safety and limitations have taken place and,
wherever possible and appropriate, modifications to plant or alteration to procedures have
been made to reflect the inevitable changes in standards, available technology and accepted
philosophies of the time. Although this is a continuous process of improvement it has been
particularly reflected in the various periodic major reviews of safety and the ensuing changes
to bring the Stations closer to modem standards.
The main characteristics of this operational period have been:
•

•

•
•

•

A significant increase in reactor power with consequent uprating of turbine capacity to
some 50% above design mainly by:
Redefinition of limiting parameters as a result of operating experience.
Improvements to flux and temperature distributions by selective partial
insertion of control rods.
Increased circulator speeds as problems with the original Ward Leonard DC
drive systems were resolved followed finally by their replacement with
direct line AC drives resulting in higher speed, lower Station electrical
usage and areduction in maintenance requirements.
Introduction of improved fuel elements.
Achievement of high operational reliability and availability by:
Sound operational and maintenance techniques.
Low reactor trip rate.
Reduced shutdown lengths by improved planning, improved inspection
techniques and the introduction of more flexible working.
Improvements in fuel performance to allow longer irradiation times and improved fuel
management schemes thus improving the efficiency of the fuel cycle.
The continuous development and introduction of significant inspection techniques
particularlyforviewing the graphite core and the pressure circuit which were not
designed with inspection in mind
At Calder Hall the provision of steam, water and electricity services to the whole
SeUafieidsite.
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MONITORING AND REVIEW OF SAFETY

Since the reactors started operating there has been a programme of regular monitoring of alt
aspects of die plant and plant performance to identify any changes which could indicate
possible onset of plant deterioration with remedial action being taken as appropriate. The
results are used to confirm that each aspect remains within acceptable bounds and to identity
at an early stage any unexpected behavior. Much of this monitoring is carried out during the
annual shutdowns for refuelling and maintenance, however, an increasing amount of inservice condition monitoring is being introduced. Safety related findings from this routine
monitoring are regularly compared with relevant aspects of the Safety Case. If there are any
anomalies then a reactive review is carried out for that aspect of the Safety Case. This either
confirms operation within the current Safety Case, or defines revised conditions for safe
operation over at least the next operating period.
Outside this ongoing monitoring and reviewing process overall detailed reviews of the Safety
Case have been carried out each time a significant increase in the agreed operating period was
to be proposed. Mote recently such Periodic Reviews have been a feature of the She
Licences. To date the detailed reviews carried out have been:
1965
1979-19*2
1986-1989
1993-1994

-

Safety Review of Calder Hall and Chapelcross Reactors
Long Term Safety Review - Phase 1
Long Term Safety Review-Phase 2
Continued Operation Review

The last three of these reviews are considered below in more detail.
3.1

I.ony Term Safety R|fvfew - Pips* 1 (1979-1982)

The objective of this Review (LTSR Phase 1) was to justify operation beyond 25 years, into
the 1990s. It was the first detailed review carried out for a Magnox reactor well into its life.
Consequently, the scope was developed over a period with the Nuclear Installations
Inspectorate (Nil). The basic objectives eventually agreed were to ensure, as far as
reasonably practicable, that:
i)
u)
iii)
rv)

The reactor can be safely shut down during normal operation and under defined fault
conditions.
The reactor can be maintained in the shutdown state,
The reactor can be adequately cooled,
No unacceptable release of radioactive material to tbe atmosphere will result.

The topics addressed were wide ranging including the pressure circuit, coolant systems,
shutdown systems, reactor services, hazards, fruit studies and the overall role of the Operator
and about 100 specific documents were generated. Each paper was considered by the Nuclear
Safety Committee and the overall findings were independently reviewed. In general, the
assessments were based on deterministic arguments, current standards and expert judgement,
probabilistic arguments were used on a few occasions, only when necessary.
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The outcome was agreement to further operation, subject to satisfactory annual results from
routine monitoring and inspections and the completion of a number of improvements to plant
and procedures including:
•

•
•
•
•

3.2

The installation of a diverse secondary shutdown system independent of, but
supporting the original control rod system. The secondary system chosen was a
development of an existing one already installed in several other Magnox reactors. It
consists of two separate stages, the first being automatically or manually initiated and
the second only manually initiated. The first stage injects boron steel balls under
gravity into thimble tubes in interstitial channels and provides short and medium term
shutdown. The boron steel balls are recoverable The second stage, if required,
injects boron carbide powder to stick in fael channels. This stage is not recoverable,
its use would result in permanent shutdown of the reactor.
Provision of an additional diverse feedwater supply system.
Improvements to reactor tripping system.
Improvements in the fire detection and prevention systems.
Installation of additional diesel generators associated with the standby essential
electrical system.
Long T^H? Safety Review - Pfrase 2 (1986-1989')

During the later stages of the LTSR Phase 1 the LTSRsforother UK Magnox reactors were
starttag. Based on continuing experience revised objectives were defined and BNFL carried
out a second Phase.
The overall objective of Phase 2 was to justify continued safe operation to the 40th
anniversary of each reactor. The main emphasis was to:
i)
ii)
iii)

Confinn that the plant is adequately safe for continued operation.
Identify and evaluate any factors which may limit the safe operation of the plant in the
foreseeable future,
Assess the plants safety standards and practices and introduce any improvements
which are reasonably practicable to bring the Stations nearer to modern standards.

The main additional areas addressed were:
i)
ii)
iii)

Ageing effects and their monitoring
Probabilistic Safety Assessment
Comparison with modem standards (I) and where these were not met a requirement to
cany out improvements as far as reasonably practicable.

Later, during the LTSR Phase 2 work, the Nil defined "generic issues", (2), which were found
to be applicable to all UK Magnox reactors and these issues were also specifically addressed
as part of Phase 2. All documents were again considered by the Nuclear Safety Committee.
A significant step in developing the Safety Case during Phase 2 was justification for the
adequacy of post-shutdown cooling under pressurised fault conditions by Natural Circulation
only. Computer predictions were supported by plant tests under both forced primary coolant
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flow and natural circulation flow simulating the first two hours Mowing shutdown with no
feed of water to heat exchangers. In Addition a Probabilistic Safety Assessment was carried
out which showed that the overall level of risk to the public and workforce were consistent
with the HSE publication on Tolerability of Risk, (3). The most important aspects of the PSA
results lay not so much in the absolute value of the overall failure probability but more in the
fact that it identified those areas of the plant where modifications would make a worthwhile
improvement to the safety case.
The outcome of the LTSR was published by Nil, (2), (4) and resulted in agreement to the
operation of each reactor until its 40th anniversary. Again this was subject to satisfactory
results from routine monitoring and inspections and the satisfactory completion of a number
of further assessments and improvements to plant and procedures including:
•

•
•
•
•
•
•
•
•

Replacement of the 1 out of 2 guardline control rod tripping system by a 2 out of 3
system. This enables more extensive testing during reactor operation and brought the
automatic shutdown systems up to modem standards.
Installation of an additional safety circuit, providing diversity in the method of
tripping the control rods.
Extending automatic tripping of the Boron Ball Secondary Shutdown system via the
diverse additional safety circuit to cover frequent faults.
Improvement of "leak-before-break" monitoring systems for early detection of
development of any sub-critical through wall defects in the reactor pressure vessel.
Installation of an Emergency Indication Centre remote from the reactor for use in
emergency situations.
Increased venting from main gas duct enclosure rooms.
further improvements to fire detection and prevention systems.
Streagthening of tbe tertiaryfcedwatersystem.
Further development and use of Pressure Vessel ultrasonic inspection techniques.

All the improvements were earned out
3.3

Periodic {Safety Review (1993*1994)

The LTSR had been concerned mainly with the extent of compliance with modem standards.
This Review did sot duplicate the LTSR assessments, although the validity of many were
been reviewed in the light of changes in data to SO years or in assessment techniques. It was
more concerned with an in-depth identification and assessment of anytime-dependentfactors
that could lead to degradation of the Safety Case. Continued operation is then underpinned
by establishing monitoring and trending regimes as appropriate.
Toe basic objectives of the Review were:
i)
ii)

To extend the applicability of the LTSR to an operating life of 50 years, including
worthwhile improvements in scope. Also to re-assess the extent of compliance with
current safety standards and working practices.
Arising from i) to make any plant, procedure or safety case improvements which are
desirable and reasonably practicable.
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To carry out a systematic review of age-related degradation processes and their effect
on safety systems- Also to ensure there are suitable arrangements to effectively
manage such degradation throughout the period of continued operation.
To ensure suitable arrangements axe in place for trend analysis of plant data from
operational, maintenance, test and inspection records.

Detailed scopes were produced for each of 40 identified requirements covering the following
subjects:
Pressure Circuit 50 Year Case
Cote Integrity 50 Year Case
Fault Studies 50 Year Case
Validity of Hazards Assessments to 50 Years
Adequacy of Shutdown Functions to 50 Years
Pressure Circuit Inspection and Monitoring Policy
Review of the Probabilistic Safety Assessment (including a re-assessment of Human
Factors)
Maintenance Schedules, Operating Rules and Safety Mechanisms
Ageing Monitoring
Periodic Reviews of Key IssuesforTreads or Potential Generic Issues
Review Against Safety Objectives
Controls to Ensure the Availability of Important Safety Related Plant
Fuel Route Interlocks and Protections
Role of the Operator
Accident Management
Reliability Data Collection and Analysis
The scopes were agreed by the Nuclear Safety Committee, then submitted to, and agreed,
with the NH before work started This review again resulted in the generation of about 100
documents which have all been subjected to independent peer review.
A number of additional improvements in plant and inspections have been or are being carried
out as a result offindingsby BNFL whilst carrying out the Review. These include:
•

•

•
•

Improved inspection equipment to cover
Graphite components and interfaces within the core
Profile of control rod channels
Control rods • straghtness and diameters
Restraint bands around the core circumference
Core support system
Main coolant duet welds within the biological shield.
Improved plant and equipment ageing momtoring programmes covering
All major structures based on confirmation of the composition of materials,
straightoess of structural members, dimensions etc and an assessment of the
ageing mechanisms and deterioration rates
All non-maintainable features.
Improved interlocks associated with refuelling equipment
Improvedreactortraining simulators
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Further improvements of fire detection and prevention systems

BNFL considered that the Review did not identify any fundamental factor that would
preclude operation, for up to 50 years, however, factors that could potentially be life limiting
were identified and appropriate monitoring regimes developed.
In their assessment of the Review Nil agreed with the BNFL conclusions and endorsed the
improvements being introduced. They did, however, identify a number of areas where they
required further work, and this has either been completed or is well advanced to an agreed
programme. Subject to satisfactory completion of this work, to annual reviews of the key
areas of pressure circuit and graphite core integrity, and to satisfactory results from agreed
testing and inspection programmes the Nil have agreed to continued operation of all eight
reactors up to the potential age of 50 years.
The Periodic Detailed Reviews and regular trending reviews are used to keep the overall
Plant Safety Case up to date and well defined. This includes a forward view on those
elements subject to ageing and has proved to be an important aspect in assuring confidence
for future safe operation. In particular, it gives a clear basis for defining acceptance criteria
for assessing monitoring results.
4

ECONOMIC OPERATION

In assessing the potential for continued operation of a Station it is normal to consider viability
in terms of income and avoidable costs, which include only those costs incurred as a result of
continuing to operate a Power Station rather than closing it down. The avoidable cost
includes principally payroll, materials, fuel cycle and future capital expenditure but excludes
other costs such as past capital expenditure and decommissioning costs. For economic
operation it is necessary that the average income per kw/hr exceeds the avoidable costs per
kw/hr by an amount that is sufficient to cover economic risk.
Operation within the electricity market since privatisation of the Electricity Supply Industry
with its change from the Bulk Supply Tariff type of sales contract to a competitive market led
operation with a set of complex rulesregardingbidding of plant into the "Pool*1 has itself
Together with the forthcoming liberalisation of the market for domestic
customers due in 199$ and other factors, prediction of potential Pool prices and, therefore,
future income is not easy. The current prognosis^ that all these fectors will lead to a
downward trend in prices and this will add further pressures to reduce the avoidable cost of
generation to ensure aa adequate profit margin for continued operation.
It has, however, to be recognised that it may be necessary to spend additional amounts of
money to ensure continued operation, eg to cover worthwhile further improvements in safety
and potential plant replacement that may be necessary to ensure the plant can operate for the
extended period. Theseeosts must be taken into account in assessing the potential future
avoidable cost of generation.
The need to ensure an adequate profit margin leads to three main requirements that need to be
continually reviewed with effort expended to provide continuous improvement
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•
•
•

Maximise the annual total generation with a target to increase it
Minimise the operational cost base with a target to decrease it
Assess fee potential additional cost necessary to ensure continued operation.

It must, however, be stressed that within all these considerations the demonstration of safety
is of paramount importance.
Much work has already been, and is still being, successfully carried out as demonstrated by
recent record output together with a meaningful reduction in the avoidable costs. Some of the
areas recently completed or under consideration are:
•
•
•
•

•
•
•
•

5

Replacement of all DC driven circulators by AC driven resulting in significant
reductions of work and shutdown times and some generation improvement.
Improvements in the Station thermodynamic efficiency, eg the repacking of the
cooling towers with plastic packing in place of wood packing.
Further automation of plant where appropriate.
Reduction in maintenance work, a major reassessment of the required maintenance
and periodicity is underway to define a revised regime that takes full account of both
the programme of confirmatory inspection/testing, trend analysis already underway
and a significant increase in the amount of condition monitoring. One example is the
proposed change of major boiler inspections from four yearly to six yearly.
Reduction of shutdown lengths.
Reduction of Station manpower following a detailed re-assessment of the work
requirements and working practices.
Consideration of alternative fuel cycles.
A programme of Residual Plant Life Management to assess the likelihood of major
plant items to continue to give reliable service for the planned extended life together
withreplacementcosts and likely maintenance costs to assist in determining the
potential additional cost for continued operation.
LIFE LIMITING FEATURES

Based on all the assessments carried out to date a number of potential life limiting features
have been identified, however, none are expected to limit the safe and economic operation of
^be Stations to less than SO years.
•

•

The pressure vessel is probably the most important feature for which a safety ease is
required. That case is robust and is multi-legged based on stress analysis, fracture
mechanics, leak-before-break, material properties and inspection. The BNFL reactors
do not suffer from significant brittle/ductile transition temperature shift with
irradiation nor from mild steel oxidation in carbon dioxide due to the material
properties and operating regime. Changes in material properties are monitored on a
regular basis with the theoretical part of the safety case updated accordingly. Regular
pressure vessel and ductwork inspections are carried out using manipulators and a
variety of non-destructive techniques.
The graphite cores arc subjected to dimensional changes as a result of neutron
irradiation, dependent on the dose and the irradiationtemperature,which lead to
distortion of the core. Such changes are small in absolute terms, however, the
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magnitude and the potential effects require to be monitored to ensure an ongoing
satisfactory safety case. The main effects of these dimensional changes include:
Changes in profile of various channels in the core potentially leading to
problems with fuel discharge and interaction with control rods.
Increased loading on some circumferential core restraint beams due to core
radial growth.
Axial shrinkage of the graphite columns.
Closure of design gaps in the graphite and consequent increases in stresses.
Appearance of non-design gaps within the core due to differential axial
shrinkage between graphite columns.
Interiors between individual components
taken up.

•

•

•

6

The magnitude of dimensional changes, gaps and the effects on features are monitored
regularly by various television camera techniques and the results red into predictive
models, eg internal stress assessment
The irradiation of graphite also leads to an increase in Wigner energy, a change in the
reaction rate with air, both of which have an effect on the potential progress of major
depressurisation faults, and a potential loss of graphite strength due to radiolytic
oxidation of graphite. Although it is known that the effects should not be life limiting
the effects are periodically confirmed by the removal of small graphite samples taken
from the core followed by detailed chemical analysis.
Heat exchanger tube failures occur on all Power Stations, such failures external to the
boiler shell can easily be repaired and do not present a problem, however, failures
within the shell, unless visible by being at the edge of a tube bank, cannot generally be
repaired arid inevitably lead to plugging and a loss of heat transfer surface. A number
of failures have occurred on the BNFL reactors, particularly during the mid 1970's due
to both an inappropriate dosing regime and circulating ratio brought on by increased
power. Bom causes were remedied All aspects of water chemistry are regularly
monitored and the condition of tubes is checked whenever possible using small
cameras.
The main structures could be limiting, however, all aspects of their condition is
regularly monitored by independent consulting Engineers with all appropriate
remedial measures carried out
CONCLUSION

On the basis of technical and economic considerations BNFL and Nil agree that there is no
reason why the Caider Hall and Chapelcross Nuclear Power Stations should not continue to
operate to 50 years subject to continuing satisfactory results from the annual routine testing
and inspection programme and completion of an agreed short term programme of further
work. Potential life limiting features have been identified and an appropriate ageing
monitoring programme is in place.
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Calder Halt and Chapeicross Top Ouct Bridge Seismic Assessment

1.

INTRODUCTION
The operating life of the Calder Hal! and Chapetaross reactors r$
approaching 40 years with the first reactor reaching this age in October
1996. SNFL have received Nil approval to operate beyond the 40 years
* subject to completion of certain further works and continuing satisfactory
results from the periodic inspections. One of the issues to be considered is
the structural integrity of the support system to the reactor top duct (bridge
and bridge support tower) during and following an earthquake.
Analysis of the reactor top ducts have shown that the ducts are capable of
withstanding earthquakes of magnitude upto 0.2g PFFHA ( Peak Free
Reid Horizontal Acceleration ). The limiting feature has been identified as
the first cascade bend following the reactor nozzle. Further improvements
in the seismic response of the cascade bend are not reasonably
practicable. Thus 0.2g PFFHA is taken as the limit for a seismic event that
could be tolerated by the ducts. It is considered reasonable to qualify the
structures supporting the ducts to the same limit as the ducts. Therefore,
0.2g PFFHA has been selected as the magnitude of earthquake that
should be withstood by the top duct support bridge and heat exchanger
tower such that the integrity of the top ducts are not compromised.
This possible behaviour of a primary support system being supported on
the reactor primary circuit duct was not considered by the Nl! to be
appropriate. Therefore an investigation was carried out to consider the
options for improving the seismic behaviour of the tower and top duct
bridge without effecting the performance of the top duct [1].
The preferred option was to upgrade the seismic resistance of the tower
and bridge and by providing only lateral and vertical restraints to the bridge
at the reactor end of the bridge, the bridge being free to move axiaHy on
metal bearings at the reactor end.
This report covers the analysis and design of the top duct bridge and tower
supporting steelwork along with the proposed structural modificationsAiso
the analysis of the top duct which includes the the steelwork strengthening
and the inclusion of sliding bearings at the reactor end of the bridge.
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