
FR0200470

TRACK 4

THE CHOOZ A EXPERT SURVEY PROGRAM AND ITS MAIN
CONCLUSIONS FOR PLANT LIFE MANAGEMENT

BRUNO BARTHELET JEAN-CLAUDE HENNART
EDF/DPN TRACTEBEL

1 place Pleyel 93282 Saint Denis cedex France 7 avenue Ariane B-1200 Brussels Belgium

ALAIN HEUZE PAUL HAVARD
FRAMATOME ELECTRABEL

92084 Paris La Defense cedex France 8 Boulevard du Regent B-1000 Brussels Belgium

ABSTRACT

Because of the importance of PWR components life management represents for Electricity
Companies, significant R & D programs are dedicated to identifying and analysing
mechanisms and damage rates of the different degradation modes of these components,
systems and structures. To assess R & D assumptions and to validate non destructive test
results through reviews, expert survey programs on in-situ equipments may enhance the
knowledge about most of the various phenomena involved. In this regard, an extensive
program was launched after the Chooz A NPP was decommissioned in 1991, after 24 years
in operation. This program gathered EDF, IPSN, FRAMATOME, ELECTRABEL and
TRACTEBEL into partnership.
The expert survey program was performed in various laboratories between 1995 and 1999
and includes :
- on-site non destructive testing before sampling,
- and metallurgical and mechanical tests performed on samples taken from the nuclear and
non nuclear part of the unit.
The expert survey program performed by Utilities in various laboratories involved the
following equipments :
- reactor vessel and internal equipment,
- reactor coolant system (dissimilar metal welds, SS welds, cast austenic ferritic steels),
-feedwater plant piping (erosion-corrosion),
- electric cables susceptible of temperature and irradiation induced ageing,
- anchoring in civil engineering structures,
- main primary circuit concerning activation measurement.
In conclusion, the extensive Chooz A expert survey program yields numerous significant
results. The main outcomes will contribute to validate non destructive tests and enhance our
knowledge of some degradation mechanisms of often quite similar components present in
units in operation. It is worthy to note that this program is of prime importance for operation
feedback; the cost of the whole study amounts to approximately 10 Million Euros.

1. INTRODUCTION

Because of the importance of PWR components life management represents for Electricity
Companies, significant R & D programs are dedicated to identifying and analysing
mechanisms and damage rates of the different degradation modes of these components,
systems and structures. To assess R & D assumptions and to validate non destructive test
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results through reviews, expert survey programs on in-situ equipment may enhance what we
know about most of the various phenomena involved. In this regard, an extensive program
was launched after the Chooz A NPP was decommissioned in 1991 after 24 years in
operation. This program gathered EDF, IPSN, FRAMATOME, ELECTRABEL and
TRACTEBEL into partnership.
The expert survey actions performed by IPSN are described in a complementary
presentation [1].

2. CHOOZ A - NPP GENERAL CHARACTERISTICS

Chooz A was commissioned in April 1967, and operated by SENA, a French-Belgian
Company. The original design was a 242 MWe reactor which was uprated in steps to 320
MWe later on.
The reactor is a 4-loops Westinghouse design. It was built in a rock cavity, and to date is the
only instance of such a siting in France.
Main CHOOZ A end-of-life operating parameters accounting for the various evolutions over
lifetime, are summarized and compared to those of PWR 900 MWe and 1300 MWe series in
the Table 1.

3. CHOOZ A - NPP EQUIPMENT EXPERT ASSESSMENT PROGRAM

In 1991, an expert program was launched to assess various plant components in order to
acquire useful data for operating NPPs. The main concern was to improve knowledge of
equipment degradation mechanisms as well as to support validation of non-destructive
testing methods (NDT) used during in-service inspection of plant units.

The expert surveys performed by Utilities in various laboratories involved the following
equipments:
- reactor pressure vessel and internals,
- reactor coolant sytem piping and valves (cast austenoferritic steels, welded joints),
- feedwater plant piping (erosion-corrosion),
- electrical cables susceptible of temperature and irradiation induced ageing,
- anchoring in civil engineering structures,
- main primary circuit concerning activation measurement.
The Table 2 describes the content of the program.

The expert survey program was performed between 1995 and 1999 and included :
- on-site non destructive testing before sampling,
- and metallurgical and mechanical tests performed on samples taken from the nuclear and
non nuclear part of the unit.

The aims of the expert program performed were :
- for the reactor pressure vessel, to assess the assumptions of the existing irradiation
surveillance program and the methodology used to account for irradiation embrittlement of
RPV materials in operation,
- for a baffle angle and bolts of RPV internals made of type 304 austenitic steel, to examine
if experiments pointed out the saturation of the measured properties and made it possible an
indirect measure,
- for austenitic ferritic cast stainless steel materials of the Chooz A hot leg primary valve
casing, to compare the results to those of the formulae used to predict the thoughness of
cold leg elbows in later units,
- for assessment of erosion-corrosion induced wear, to validate the software Cicero
computer code by measuring pipe thickness reduction in the feedwater plant piping,
- for assessment of the methodology used to validate the assumed life of electrical cables, to
observe working conditions of samples made on reinforced PVC I&C and power cables.
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4. MAIN RESULTS

The expert survey program yielded numerous results which contributed, to a large extent, to
validate non destructive tests and enhance our knowledge of some degradation mechanisms
of the components present in a unit in operation.
The following is a brief overview of outstanding facts.

4.1 REACTOR PRESSURE VESSEL
Reactor pressure vessel embrittlement
The expert survey performed in the reactor vessel confirmed the assumptions of the existing
surveillance program.

Ten 120mm diameter through wall trepans were cut out of the core shells. The experimental
program on the 16 MND5 forged steel core shells showed that there are no significant
differences in terms of chemical contents or mechanical properties between the various
locations where samples were made (head level, bottom part, half-way through, and in the
thickness).
The investigation confirmed that irradiation-induced embrittlement of the surveillance
program base metal specimens at a temperature of 265°C and an approximate fluence of
2.1019 n.cm'2 was representative of the actual embrittlement of the B and C core shells. The
Rtndt reference temperature shifts measured on %T trepan Charpy specimens were lower or
at least equal to the RTndt shifts measured by the surveillance program at the same fluence
(Table 3).
Numerous fracture mechanics specimen cut out of trepans were tested (base metal, weld
metal). The consistency of a toughness curve applied to nil ductility reference temperatures
of irradiated materials was also confirmed. In spite of varying irradiation doses, the
toughness of the thermally affected area under the cladding was higher than that of base
metal at a quarter thickness.

Finally, the cladding toughness remains high for a neutronic irradiation (> 1 MeV) of
3,45.1019 n.cm"2 at a temperature of 265°C.

RPV Internals
Experiments were performed on a baffle angle of RPV Internals.
Two dosimetry evaluations gave the same result that a value based on measurement on
sampling (36 dpa). The type 304 austenitic stainless steel pointed out the saturation of the
mechanical properties. It was possible to measure the toughness level of the base metal (73
MpaVm).
Such results complete another extensive program on irradiated vessel internals.They confirm
the saturation of irradiation effects above 10 dpa up to 35dpa at a temperature of 300°C,
with a toughness value remaining adequate in spite of the significantly reduced ductility
measured during traction tests.

4.2 REACTOR COOLANT SYSTEM

Dissimilar metal welds
The dissimilar metal weld of the steam generator did not contain any defect. The first layer of
the buttering had an austenitic ferritic structure insensitive to intergranular cracking.
The dissimilar weld of the pressurizer had an austenitic structure in which small intergranular
indications (length<2mm, depth<0.6mm) were observed. These small intergranular
indications are similar to those detected on some dissimilar metal welds of the 900 MW and
1300 MW PWRs.



Steam generator ferritic weld
Radiography testing performed in 1995 confirmed the characterization of four circumferential
flaws already detected in 1984 by inservice inspection. Two flaws near the cladding were
characterized by ultrasonic testing from outer surface. Metallurgical examinations pointed
oiut that these weld flaws did not propagate in operation. U.T. from outer surface gave the
correct location of the crack tip in the base metal. The crack size given by U.T. diffraction
appeared to correspond to the size of the part of the crack in the base metal. The other part
of the crack in the cladding was not taken into account by U.T. probably due to ultrasound
reflection at the cladding-base metal interface.

Austenitic stainless steel welds
Samples were cut out of austenitic stainless steel welds between valves and RCS piping (hot
leg weld and cold leg weld). The hot leg ageing corresponded to 133 000 hours at 304°C,
and the cold leg ageing to 133 000 hours at 266°C. The ductile tearing resistance was
measured on CTJ 12,5mm specimen and appeared to be good (Jo,2 =120 kJ/m2 at 320°C).

Austenitic ferritic cast stainless steel thermal ageing
Austenitic ferritic cast stainless steel materials used for manufacturing the primary valve
casing on the hot leg were reviewed. According to ageing prediction formulae, these
materials cover the cast elbows on French PWRs' cold leg after 40 years of thermal ageing.
The measured toughness on aged material, function of chemical content and ageing
temperature and time, was higher than the predicted value, . The results will help in the
validation of the formulas used to assess ageing of "cold elbows" on the PWR 900 and 1300
MW units.

4.3 FEEDWATER PLANT PIPING (erosion-corrosion),
Measuring pipe thickness in the feedwater plant piping made it possible to validate a
computer code called CICERO, designed for assessing corrosion-erosion induced wear.
This code is globally conservative and improves the all too conservative algorithms prevailing
for piping thickness reductions.

4.4 ELECTRICAL CABLES
As a result of samples made on reinforced PVC I&C and power cables, it was observed that
cables remain in good working condition.
Depending on recorded dose rates and temperature, a predominantly thermally-linked
ageing parameter was observed. The loss of plasticizer did not reduce significantly the
mechanical characteristics.

5. CONCLUSIONS AND PROSPECTS

In conclusion, an extensive expert survey program was launched by EDF, IPSN,
FRAMATOME, ELECTRABEL and TRACTEBEL on the structures systems and components
of the decommissionned Chooz A NSSS. It yields numerous significant results.
The main outcome will contribute to validate non destructive testing and enhance our
knowledge of some degradation mechanisms of often quite similar components present in
units in operation:
- for the reactor pressure vessel, the program validated the existing irradiation surveillance
program and the methodology used to account for irradiation embrittlement of RPV materials
in operation,
- for a baffle angle and bolts of RPV internals made of type 304 austenitic steel, experiments
pointed out the saturation of the measured properties and made it possible an indirect
measure,
- on-site non destructive testing before sampling and destructive examinations confirmed the
performances of NDT,
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- for austenitic ferritic cast stainless steel materials of the Chooz A hot leg primary valve
casing, the results will help in the validation of the formulas used to assess ageing,
- for assessing erosion-corrosion induced wear, the software Cicero computer code was
modified to better fit with pipe thickness reduction measurements in the feedwater plant
piping,
- for electrical cables, depending on recorded dose rates and temperature, a predominantly
thermally-linked ageing parameter was observed. The loss of plasticizer did not reduce
significantly the mechanical characteristics.

It is worth noting to note that this program is of prime importance for operation feedback ;
the cost of the whole study amounts to approximately 10 Million Euros.
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TABLE 1
MAIN CHARACTERISTICS OF CHOOZ A NPP

PARAMETERS
Average Temperature (°C)

Temperature hot leg (°C)

Temperature cold leg (°C)

Temperature under vessel head
(°C)
Steam line SG temperature (°C)

Reactor coolant pressure (bar)

Steam line SG pressure (bar)

Thermal power (MWth)

Gross output (MWe)

Operating life (hrs)

Generated power (MWh)

First grid synchronization

CHOOZ A
284

301,5

266,5

248

138

36,3

1040

320

140 000

40 392 713

3/04/1967

PWR 900
302,5

321

284

CP0: 313
CPY: 287

273

155

58

2785

900

PWR 1300
310,7

328

293,4

289

288,9

155

72

3817

1300
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TABLE 2

CHOOZ A EXPERT SURVEY PROGRAM
INVESTIGATED TOPICS

COMPONENTS
Reactor Pressure Vessel and

Internals

Reactor Coolant System

Components

Secondary System

Electrical Cables

Structures

Radiation protection

ACTION TOPICS
Irradiation embrittlement of RPV steel

Irradiation effects on RPV internals structures

Dissimilar metal welds

Steam generator welds

Cast austenitic ferritic steels

RCS austenitic stainless steel welds

Erosion-corrosion of feedwater plant piping

Behaviour of titanium mobile blades

Cables thermal and irradiation ageing

Anchoring elements

Mapping of piping and room contamination

TABLE 3
COMPARISON BETWEEN ARTNDT FROM CHARPY SPECIMENS FOR EXPERT

SURVEY PROGRAM AND SURVEILLANCE PROGRAM

MATERIAL

B shell

C Shell

C Shell

C Shell

LOCATION

1/4T, head, 90°

1/4T, head, 90°

1/4T, mid length, 270°

1/4T, mid length, 135°

FLUENCE
(1019n.cnV2)

1.74

2.11

1.94

2.09

ARtndt
(°C)

43

51

41

52

Surveillance
program

ARtndt (°C)
43

69

67

69


