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TRAHSPAREMT H* 1 

How long the nuclear plants can get ? 

In this question we can find three main aspects : Economic - Licensing -
and Technical ones. 

The final answer to this question will Include compulsory elements coming 
from these three areas, each of them being a deciding factor. 

As the FRAMATOME representative I shall focus my presentation on the technical 
aspect ; but before this I will do a few comments on economic and 1 censing 
factors. Then, I shall review some particular technical items dealir; with 
aging or life time of our nuclear plants : 

- 1 - Electrical equipment 
- 2 - Heat exchangers - S.G. 
- 3 - Wear : primary pump - C.R.D.H. 
- 4 - Embrittlement : R.P.V. - Austeno-ferritic parts 
- 5 - Fatigue - Thermo-hydraulic transients 

By the way, I shall give you some information about how this problem is 
handled, at the present time, explicite'iy or implicitely in France. 

1st item of this technical review 

TRANSPARENT M* 2 

Before going through the technical aspect I want to do some remarks about 
the economic point of view. 

Firstly we have to keep in mind this point : if the design life is for 
quite all nuclear projects40 years with a loading factor of 80 ï of full 
power, all the economical calculationsare performed with a shorter life 
time, presently about 25 years in France. 

Such a gap between this two reference life times could not be considered 
only as a margin taken by prudent economists who want to take into account 
some incertainties about the validity of this 40 years desig;: life. 

In fact this approach includes other considerations than a suspicion of the 
design activity. Among theses considerations there is a reference to the ex
perience of conventional thermal plants. Consideration also of the new model 
policy . If we go back20 years ago, which is only half time of the design 
life, we can find many changes from these first nuclear plants and 
particulary on economic performance. Even if in the next 20 years we cannot 
be sure that the improvement will be so important, I guess it will be largely 
sufficient to be a factor of the decision of the life time extension of the 
1970th nuclear plants. 

.../... 
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By the side of new model impacts there is the technology evolution by 
itself. When this evolution is significant, it is often difficult and 
costly to maintain older technology. This could lead also to personal 
knowledge and training. So, instead of considering only the life extension 
problem of a given plant, it seems better to go through a refurbishment 
process that could lead to reach actually this design life time of forty 
years which is already a stretch of the economical life. 

TRANSPARENT N' 3 

On this slide is presented the present French nuclear programme with its 
series policy. 
I don't want to expose the advantages of this policy for construction. I 
only want to point out that the existence of series (about 10 identical units) 
facilitates the introduction of a refurbishment policy by reducing the costs 
par unit. 
In fact it is easier to consider and to decide a modification for 8 to 10 
units than for only one or two. 

2nd item of this technical review 
LICENSING ASPECT 

A lot of studies and safety analyses presented in the safety report are in 
fact correlated with the 40 year design life. 
Important work and long time are generally necessary in order to obtain 
from the Safety Authorities the operation permits for a new plant. So 
some ones consider that a second licensing procedure to obtain a life 
extension could be more difficult than the first one. Firstly because 
the safety requirements will be changed and probably mon stringent, 
secondly because comparison between the operating plant and a new one will 
be always in disfavour of the old one. 
Of course, if the approach of the safety aspect is done on this discontinuous 
basis, it will be quite impossible or very Improbable to do the modifications 
and to provide the Safety Authorities with the justifications to obtain a 
second operating permit. 
A pratical way to solve this question is to be in relation with the Safety 
Authorities on a periodic schedule. This could be done in connection with 
a refurbishment policy. 
The practice of the French Safety Authorities in this matter Is : 
- 1st point : The final safety report must be periodi-cally revised.in order 
to introduce among others the corrective actions coming from the analysis 
of the operating experience and incidents. 
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- 2nd point : Each refueling period or schedule shutdown maintenance,and or 
modification programme is sent to the Safety Authorities. 

• 3rd point : Major modifications for safety or disponibiTity purposes are 
examined on generic basis and applied to the series. 

This approach of the French safety has been presented by our Safety Authorities 
themselves recently in Munich during the Vienna Agency Seminar on Oisponi-
bility, Maintenance and Operating Improvement of Nuclear Plants. 
I want to mention an other particular point of the French regulation which 
1s correlated to the subject of the meeting. 
The February 26 , 1974 order dealing with the Main Primary System requires 
that the User shall monitor all the operating conditions undergone by the 
primary system and shall do a comparison with the conditions and transients 
used in the design. 
Tight connection between the User and the Designer is strongly recommended 
in this regularoty order, both in the design and operating phases. I will 
give later on some examples of the impact of these requirements. 

ELECTRICAL EQUIPMENT 

I want to start the technical review by Electrical Equipment. 
First, may I recall the international symposium on'aging in test; of safety 
equipment for nuclear power plants", held in Paris in May 1984. 
A report on the proceedings by themes was included in the "Revue Générale 
Nucléaire" January - February 1985 (with English translation). This 
symposium was dealing essentially with electrical equipment and the 
proceedings constitute a good reference for those who want to go deeper 
in this particular field. 

TRANSPARENT M° 4 

Aging verification of Electrical Equipment is done inside the qualification 
activity and constitutes the main part of this qualification. 
These qualifications do not appear with nuclear industry that only emphasized 
their content. In France, E.D.F. has been involved in this area since a 
long time for conventional power plants. 

.../... 
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There arefour qualification procedures. The standard one which in fact 
is common to nuclear and conventional industry,plus three additional 
qualification procedures K1.-K2, K3. 
The procedure that must be applied for a safety related electrical component 
depends on the function and the location of this equipment. 

TRAASPAREMT M° 5 
The aging test performed are : 
- Thermal aging test 
- Damp heat test 
- Prolonged operation test 
- Vibration aging test 
- Irradiation test. 
For a given equipment the chronology of theses tests and the definition of 
the tests themselves are set in specific programs. Of course there is a lot 
of standards which shall be applied but additional information or technical 
data shall be precised-on a case by case basis. 
I want to point out that Arrhenius Laws used for thermal aging test must be 
used carefully. In many cases and particulary for complex equipment 
Arrhenius Law could lead to wrong conclusions. 
The general way in order to avoid these difficulties is to use the operating 
experience. This feedback is necessary to set tests adapted to show and to 
check potential actual damages Instead of virtual ones introduced by excessive 
and inadequate testing conditions. 
Irradiation aging seems pretty well mastered. Organic base materials were 
tested and classified but care is still necessary. 
Maintenance and rather easy equipment change could solve eventually any aging 
problem on electrical components. But in fact, it seems that, in many cases, 
it will be the technology evolution which will be the main reason for refur
bishment of electrical equipment before aging problem. 
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HEAT EXCHANGERS 

TRANSPAREHT M* 6 

It is obvious that heat exchangers 1s the main type of mechanical and under 
pressure component of the fluid system which Is susceptible to life time 
problem. 
Minimum thickness for the exchange boundary,double phases for the fluid, 
chemistry variation during operation, chemistry heterogeneity Inside the 
heat exchanger itself, vibrations, rather complex internal structures, all 
theses caracteristics if they are not fully mastered could lead to serious 
problems about the performance and the disponibility of the heat exchangers 
and by the way of the plant itself. 
This is not a new and typical phenomena of the nuclear plants. This concerns 
many types of industries. For the nuclear one heat exchangers problems 
arise for the different types of reactors. All types of reactors have been 
concerned, and we cannot found any one which never have,soon or later»some 
problem with heat exchanger. Of course, mainly it was in the beginning, 
during the prototype-phase. 
To solve this question,improvements may come from experience feedback associated 
to extensive research programs. 
Of course, for FRAHATOHE and for the P.W.R. the main subject is the Steam 
Generator. I shall present quickly the different technical items .-different 
types of corrosion,wear, water hammer, moisture carry over. 

TRAMSPAgEHT N* 7 
The main corrosion phenomena dealing with the steam generator bundle are : 
- Denting 
- General corrosion leading to wastage 
- Stress corrosion cracking concerning both primary side and secondary side 
- Intergranular attack 
- Pitting and thinning 
On this transparency the typical corrosion problem areas are presented. 
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The most important zone is the secondary side of the tube plate, the others 
being small radius U bend and the support plates. 

Experience coming from U first plants was very useful1 to avoid some 
phenomena. One important fact is that all plants constructed by FRAMATOME 
have been operated from start with all volatile feedwater treatment (A V T) 
which is suitable to avoid such problem as denting or wastage. Then FRAMATOME 
continues by Itself or by joint programs to improve its different types of 
steam generators from the first SI type to the last one 73/19 E for the new 
French reactor N4. 

TRWSPAREWT U° I 

On this transparency is presented the corrosion resistance improvements and 
for each of them the nuclear units of first implementation and the date of 
operation. 

- Flow by-pass blockage at tube bundle bottom 

- Flow distribution above tube sheet 

- "L" shaped blow-down tubes. 

These three modifications performed to reduce the sludge pile and the' 
consequent corrosion problems among them stress corrosion cracking due to 
hot points : 

- Full depth tube expansion inside tube sheet 

- Improved mechanical tube expansion or kiss rolling. These two modifications 
have been done in regard on I G A and S C C from the secondary side. 

- Broached holes on tube support plates and 13 % Co steel for tube support 
plates are extra measures to avoid definitely denting damage. 

- Final heat treatment of tube reducing residual stresses to improve stress 
corrosion cracking resistance. 

TRANSPAREMT M° 9 

In parallel to these improvements of technology and internal structures of the 
secondary side, an important effort was done on metallurgical R and D. 

The main resultsare firstly the introduction of a thermal treatment of straight 
tubes and small radius U bend tubes at the end of the tubing manufacture, 
secondly research of alternate materials to Inconel 600. 

.../... 
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The final selection done has been Inconel 690 and the general metallurgical 
research has been prolonged by complementary program on tube-preseries 
performed for the qualification of this new product. 
This improvement activity during 15 years has been done step by step, evolution 
more than revolution, improvements more than complete change, in order to 
re^ch progressively a good mastery of this type of heat exchanger. 

TSANS?A$ENT N' 9bii. 

To summarize this evolution aspect we can see on this transparency our 
experience presented for the secondary and primary side. 
I just add a few comments : 
S C C in U bends has only been observed on tubes provided by one Supplier and 
is not considered as generic. 
Primary side S C C in Roll transition appears to be the most serious problem 
encountered on FRAMATOME S.G. with mill annealed Inconel 600 tubing. This 
problem 1s expected to be eliminated with TT Inconel 600 or with Inconel 690. 
This primary side SCC leads to plug presently a total of 60 tubes in 8 S G S. 
This still remains fairly low plugging. 
Nevertheless FRAMATOME has study and experimented a sleeving technique to be 
ready if the phenomena eventually increase in the next years. 
FRAMATOME also studies a peening technique that could be applied, if necessary, 
to those tubes having an excessive internal deformation coming from full depth 
expansion kiss rolling slightiy out of tolerances. 

After the relative rather detail presentation of these important corrosion 
problems I shall go quicker on the other aspects : wear - water-hammer -
and carry-over moisture. 

FRETTING - WEAR 

Excessive tube vibrations of two different kinds can lead to mechanical 
degradation of S.G. tubes : 
- Vibrations due to turbulent flow 
- Vibrations due to fluid elastic coupling. 
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First]^_i_Vibrat^ons_due_to_turbuTerit_fT_ow 

At low velocities, turbulence induces small amplitude tube displacements, 
which can lead to progressive fretting damage of the tubes at contact points 
with the antivibration bars (A V B), which are located in the upper U bent 
area. 

To reduce this phenomenon FRAMATOME uses square antivibration bars in chromium-
coated Inconel 600 and limits the manufacturing gaps between tubes and A V B. 

Although the number of affected tubes is still relatively small in France 
(seven), international experience has prompted FRAMATOME to launch a development 
program to understand the causes of the phenomenon and to determine remedial 
actions. 

The main objective of this program is the design of a new type of A V B 
adaptable without any gap. 

§fS2D^ÎX-i.ïi&Elll2DS.^yê.Î2-flyld.^JiliJ:JivÊ2UBliD3 

Beyond a critical flow velocity, unstable tube vibration gives rise to large 
amplitude oscillations of the tubes. Under these conditions, severe damage 
occurs within a short period of time. S.G. with cross-flow preheater have 
been affected by this phenomenon. To eliminate this risk FRAMATOME designs 
axial preheater models without baffles. 

FEE5 - RING PROBLEMS 

In feed-ring type steam generators, there is a potential risk of water-
hammer 1n the feedwater piping. Following a loss of normal feedwater leading 
to an Ingress o f steam into the feed-ring and piping, initiation of cold 
auxiliary feedwater can result in an entrapment of a volume of steam. The 
subsequent rapid collapse of the entrapped steam creates a pressure differential 
which accelerates a slug of water through the feed-ring holes, resulting in 
water-hammer. This phenomenon has been corrected by replacing the bottom holes 
in' the feed-ring by Inverted J-tubes at the top and by changing the operating 
procedures to prevent slug formation. 

Continuous'renewal of the liquid phase in contact with the J-tube metal, 
with high velocity 9 m/s, preventing the formation of a protective oxide, 
leads to accelerated corrosion erosion. To limit this phenomenon, FRAMATOME 
uses Inconel 600 for feedwater J-tubes instead of carbon steel. This material 
was selected for its excellent corrosion-erosion resistance and also for the 
value of its thermal expansion coefficient. 



Suite dt la lettre soul rilduncM : 6 
MUU1MK 

9/12 

MOISTURE CARR/-CJVER 

To extend turbine life-time,moisture carry-over must be limited under 0.25 X. 
Following thermohydraulic improvements tending to increase the circulation 
ratio, degradation of the steam quality at the steam generator outlet was 
observed in some units. 
Successively different modifications to the separator / dryer assembly of the 
51 S.S. were implemented, based on tests and reduced scale models. 
Modifications were done in two steps and finally measurements performed on 
fully modified S.G. have given 0.05 X moisture carry-over at nominal load. 
For the new S.G. models 55/19, 68/19, 73/19 FRAHATOME develops a new design of 
the separator and dryer assembly. 
The moisture carry-over of the 68/19 S.G. checked recently on PALUEL Plants 
which are the first of the 4 loops series is excellent : 0.02 t or less. 

3rd item of this technical review 
After this cursory glance at heat exchanger problems, I will just mention 
some design activities dealing with wear. 

TRANSPARENT M° TO 
For the N 4 reactor coolant pump we'develop a new hydrostatic bearing. This 
bearing is located on the impeller itself (at the impeller belt) so that the 
overhang of the pump shaft is eliminated. Measurements performed on a test 
model have indicated a reduction of the vibration amplitude at the seal level 
by a factor of about 3 when compared to previous shaft configuration, so that 
an increase of the seal life-time, which has been our objective, if expected. 

TRANSPARENT N° H 
Me can also mention in this area, dedign modifications of the reactor control 
cluster drive lines for improving their wear and fatigue resistance. 
These modifications are in relationship with the decision of E.D.F. to introduce 
the P.U.R. plants in the Remote Frenquency Control. This has been an important 
change and improvement in the use of the P.W.R. and has needed a lot of 
verifications and changes among them the present one. 

.../... 
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The modification includesmainly a double tip gripper control rod drive 
mechanism, provision of flow holes for reducing the hydraulic thrust at 
rod guide tube contact. Full scale tests performed on Superbec loop have 
shown significant reduction of wear of those components. 

4th item of Technical Review 

Irradiation and Thermal Aging Embrittlement 

According to Dr. PELLAUD wishes about the repartition of the subjects 
between the different speakers and after the presentation of 
Dr. BLUHER , I shall only say a few words about Irradiation and 
thermal aging. Not a generic and métallurgie point of view, bet the 
implication on reactor pressure vessel and austeno-ferritic parts 
of the systems which work above 300° Celsius. 

The irradiation effect on reactor pressure vessel only constitues a 
problem only for a few oldest ones. At the beginning, chemical composition 
of both the base material and the welds of the belt line were not sufficiently 
controlled mainly for copper and phosphorus content. In the French programme 
only one pressure vessel is actually concerned by this irradiation embrittle
ment. It is the first,one the construction of which was in the sixties years : 
the Belgo-French nuclear plant of CMOOZ. Recently a study was performed 
under the utnit.v's'rès'ppnsibili'ty y presented and examined by the Safety .-
Authorities. New margins against fast fracture have been obtained by increasing 
of about 20°C the temperature of the injection water. The study has included 
the recent developments in fracture mechanic analysis. 

About thermal aging of austeno-ferritic parts this subject is still under 
progress in two major directions. Firstly : quantification of the phenomenon 
with the specific problems associated to prediction laws, secondly : 
development of the fracture mechanic analysis of austenitic and austeno-
ferritic structures. 

5th and last item of the Technical Review 

I want to end this technical review,which of course can't be exhaustive, 
with comments about the damage.that everybody has in mind when talking 
about the. life-time of mechanical components : Fatigue. 

My first Vemark is about the design verification of the fatigue behaviour. 
In stress report fatigue resistance is checked globally over the 40 year 
design life. This is done in a conservative manner, taking into account 
all the design transients and a combination of them that leads to introduce 
in the analysis artificial transients coming from extrema of different design 
transients. The famous usage factor that must be less than one is not 
calculated by addition of elementary usage factors which have a physical 
meaning. This fact must be kept in mind. 
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I have mentioned at the beginning of my talk that the French Safety Authorities 
require that the User shall monitor the operating conditions and shall do 
a comparison with the design ones,:and this obviously for fatigue purpose. 
So E.D.F. has set up means and procedures to do this monitoring. It has been 
necessary to determine the physical parameters to follow-up and the thresholds 
of the records. 
Classification of an operating transients recorded in the most similar design 
transient is now possible, but of course it is an over-conservative method. 
On the otherhand, to determine on line ti.o usage factors corresponding to 
the story of the plant from the beginn1r..| ,/ould be very expensive and quite 
impraticable. So FRAMATOME has present! jnder development an analysis 
method half-way between this two txtrema in order to get at any time a good 
appraisal of the fatigue consumption of the critical zones of the fluid 
systems. 
But besides this question of comparison between the design data and the 
reality for fatigue purpose, there is an other important aspect of this 
French regulatory position that strongly recommends a tight connection 
between the user and the designer. 
This leads us to have a better knowledge of the actual transients undergone by 
all local parts of the pressure components. 

TRAMSPAEEWT M* 12 
On this transparency are given some typical zones particularly investigated 
either by mock-up or by site instrumentation or both of them. 
Utilities usually do not like to have extra instrumentation fitted in the 
plant to improve basis knowledge. It is more easily acceptable when this is 
done in one plant over ten with the results applicable and useful! for the 
+ an itnac 

TRANSPARENT M° T3 
Analysis of the detailed mechanical behaviour of the pressure boundary of 
the secondary side of the steam generator including tube plate, has needed 
a research program with a mock-up ADAGIO, in order to check mixing phenomena 
thermal transient amplitude under the feedwater ring in various S.S. 
configurations. This experiment has permitted the validation of a special 
thermohydMulic computer code TEMPTRON 2. 

.../... 
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T WSPAKENT N' 14 

Other examples : particular piping Unes with rather complex operating 
conditions and great number of cycles. The pressuriser zune is mainly 
concerned by this type of problems both for the spray-line and the surge-line. 
By a site Instrumentation direct information could be reached on actual 
operation that is. quite difficult to reach by normal design analysis. 
Better appraisal of fatigue behaviour has been then possible with these data ; 
this gives also Information about stratification phenomena in some configurations 
in the surge-Hne. 
Knowledge of branch connection behaviour versus the ratio of the diameter 
of the main pipe and the auxiliary pipe, and the different operation conditions 
in terms of flow rate, allows us to decide if it 1s necessary or not to use a 
thermal sleeve and what is the actual effect of this thermal sleeve. We roust 
remember that previously thermal sleeves were introduced sometimes 
because conservative ASHE B 3600 criteria were not fulfil with schematic 
design transients. 

To conclude my presentation may I dare to make the following courants ? 
The title of this meeting is : 

" How old can the Nuclear Plants can get ? " 
more than a question, it is quite a large program. 
1 have tried to give you French and FRAMATOME's point of view on the various 
aspects of this problem. 
The answer, not yet available, could be different from one country to an other 
one. Licensing policy and technical performance will have their role but it 
seems that the utilities's own policy will be the major factor. 
Analysing the present situation in France, it seems today that we are rather 
oriented in a continuous refurbishment policy that takes into account the 
existance of series. 
Operating experience feed-back with good connection between the users and 
the designer is also very usefull in the new model activity for improving 
the performance and Hfe-time. 
Thank you for your attention. 



HOW .LONG THE NUCLEAR PLANTS CAN GET ? 

3 MAIN 
ASPECTS 

ECONOMIC 
LICENSING 
TECHNICAL 

EACH OF THEM 
IS A DECIDING 
FACTOR 

A) SHORT COMMENTS ON ECONOMIC AND LICENSING FACTORS 

B) TECHNICAL REVIEW 
B.l. ELECTRICAL EQUIPMENT 

B.2. HEAT EXCHANGERS - S.G, 

B,3, WEAR ! PRIMARY PUMP - C.R.D.M, 

B.4. EMBRITTLEMENT : R.P.V." AUSTENO-FERRITIC PARTS 

B.5, FATIGUE - THERMO-HYDRAUL1C TRANSIENTS 

C) CONCLUSION 
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ECONOMIC ASPECT 

LIFE TIME 
DESIGN 

ECONOMIC 
STUDIES 

40 YEARS 

25 YEARS 

ECONOHIC LIFE BASED ON : 
- PREVIOUS EXPERIENCE 

- NEW MODEL IMPACT 

- TECHNOLOGY EVOLUTION 

. BETTER PERFORMANCE 

. KEEPING OLD TECHNOLOGY 

ELECTRICAL EQUIPMENTS 
FUEL 
MAINTENANCE 

INCREASING COST 

PERSONAL FORMATION 
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6 THE FRENCH NUCLEAR PWR PROGRAM 
STANDARDIZED S E R I E S : STATUS 

3 LOOP- 900 MWe SERIES 
SITE UNIT Nb OF UNITS 

N» I1I2I3I4ISI61 , 
PRESERIES j ROSENHEIM 

I BUGEY 

J TRISCASTIN 
GRAVEUNES 
DAMPIERRE 
LE BLAVAIS 

( ST LAURENTB 
CP2 ( CHINON B 

CRUAS 

• 

E 18 

10 

CEI 

4 LOOP • 1300/1450 MWe SERIES 
SITE UNIT Nb OF UNITS 

P4 

P4 

N4 

(EDF 
FRAMATOME PROGRAM < EXPO*"" 

[TOTAL 

PALUEL 
ST ALB AN 
FLAMANVILLE 
CATTÉNOM 
BELLEVILLE 
NOGENT 
PENLY 
GOLFECH 

{ CHOOZ B 

56 UNITS 
7 UNITS 

63 UNITS 

|i|2|a|4| 
• E D / 
m 8 

m 
i M 1 1 

i 
1 CD 
i 
1 CD 

i 
1 12 

CD \ 
CD ; 
CD }- 2 

i 

60 GW 
6GW 

66 GW 
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ELECTRICAL EQUIPMENT 

AGING IS INCLUDED IN "QUALIFICATION ACTIVITY" 

CONCERNS EQUIPMENT PERFORMING SAFETY FUNCTION OR IMPORTANT 
FOR AVAILABILITY. 

H QUALIFICATION PROCEDURES 

. STANDARD 

. K3 

. K2 

. K3 

, REFERENCE TEST 
, PERFORMANCE TEST 
. AGING-TEST 

STANDARD 
+ SEISMIC (SSEJ 

STANDARD 
+ IRRADIATION AGING 
+ SEISMIC 

STANDARD 
+ IRRADIATION AGING 
+ SEISMIC 
+ ACCIDENT AND POST-ACCIDENT 
CONDITIONS 

ALL CLASS 1 E EQUIPMENT IS SUBJECT TO ONE OF THE FOLLOWING 
QUALIFICATION PROCEDURES • K 1 , K 2 OR K 3 . 

-4-
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IN GENERAL AGING-TESTS ARE ; 

- THERMAL AGING-TEST 

- DAMP HEAT TEST 

- PROLONGED OPERATION TEST 

- VIBRATION AGING-TEST* 
(OR WRAP-AROUND BEND TEST FOR CABLE) 

IRRADIATION TEST* 

X WHEN APPLICABLE. 

THE SEQUENCE OF THESE TESTS AND THEIR DEFINITION SHALL BE 
PRECISED FOR EACH TYPE OF EQUI 'MENT.' 

-5-



HEAT EXCHANGERS 

- IN NUCLEAR INDUSTRY AS IN CONVENTIONAL ONE HEAT EXCHANGERS 
ARE CRITICAL COMPONENTS VERSUS AGING. 

- ALL THE VARIOUS TYPES OF REACTOR (LWR - HWR - CGR - LMFBR) 
ARE CONCERNED WITH THEIR OWN SPECIFIC PROBLEMS AND 
CARACTERISTICS. 

- FOR PWR THE MAIN ITEM IS THE STEAM GENERATOR. 

. DIFFERENT TYPES OF CORROSION 

. WEAR 

. WATER HAMMER 

. MOISTURE 



B 
Fe 3 0 4 (magnetite) 

Denting 

Support plate 
tube holes 

Tube - to-Tubesheet 
Crevice 

IGA 

TYPICAL CORROSION PROBLEM AREAS IN PHR STEAH GENERATOR 

U-bend 

U-bend ovality 
resulting from 

flow slot 
deformation 

Denting-induced 
deformation of 
support plate 

flow slots 

Thinning 

Sludge Pile 

Cracking 
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NSSS Series 

TH1 FSH-BQY 

3 LOOPS 
D03-TH2 C P Y KB1-2, KNU9-10 

4 LOOPS 
P4-P'4 N4 

SG Model 
NUMBER OF S G s 

.ORDERED 

.OPERATING 

51 

3 
3 

51A 

18 
18 

51M 

51 
51 

51 B 

51 
33 

6 8 / 1 9 

80 
s 

7 3 / 1 9 E 

4 + 4 

TOT/ 

21 
11: 

TH1 , nn-7fs l 

FSH1 . 0 4 - 7 7 

DEC.1! 

Flow by-pass blockage at tube bundle bottom, 
Full depth tube expansion inside tube-sheet. 

*TR 1 , 05 -80 
Improved mechanical tube expansion, 
Flow distribution baffle above tube-sheet, 
"L" shaped blow-down tubes. 

• UNIT OF FIRST IMPLEMENTATION 
AND DATE OF UNIT OPERATION. 

BL2 , 07-82 
BL3 .08-83 
BL4. 0 5 - 8 3 

Broached holes on tube support plates, 
13%Cr steel for tube support plates, 
Final heat treament. of tubes. 

• UNIT OF FIRST IMPLEMENTATION 
AND DATE OF UNIT OPERATION. 

PA 1 , 0 6 - 84 II Inconel 6901 jbes 

CORROSION RESISTANCE IMPROVEMENTS ON FRAMATOME STEAM GENERATORS 
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PWR STEAM-GENERATOR TUBE MATERIAL 
Progressive selection through returns of R&D programs 

• 1976 , 1977 • 1978 j 1979 , 1980 ( 1981 , 1982 . 1983 , 1984 • 1988 

Inconel eoo mill annealed 

FESSENHE1M 1 
OPERATION 

* t -+-

Inconel eoo thermally threated r 
DECISION 

. I 

BLAYAIS4 
OPERATION INCONEL 6 9 0 TT 

-A 1 
CHOOZ B1 

THERMAL TREATMENT 
of 1.600 

I 
DECISION 

•+ • -+- -»- -+-ALTERNATE MATERIALS to I.fiOOTT 
. AUSTENO-FERRITIC STEELS 
. INCOLOY 800 
. INCONEL 690 

R & D 
projects 

+ 1 : SCC RESISTANCE AT TEMPERATURE. 

* 2 1 CORROSION TESTS, 
STRUCTURAL ft MECHANICAL PROPERTIES, 

* 3 : CORROSION , WEAR, AGEING, FATIGUE, 
PHYSICAL PROPERTIES, 
MANUFACTURING TESTS. 

TUBE 

.3 I 
INCONEL 6 9 0 

COMPLEMENTARY PROGRAM) 

\. 



FRAMATOME S.G. CORROSION EXPERIENCE (END OF 1981) 

TUBE STEAM/WATER SIDE 

- TO DATE NO SIGNIFICANT CORROSION RELATED PROBLEMS ! 
. NO GENERIC SCC AT THE TUBE SHEET LEVEL OR IN THE SLUDGE ZONE 
. NO I 6 A 
, NO DENTING (EVEN WITH OLD "DRILLED CS - TSP - S6s") 
. NO THINNING 

- THIS MAY BE RELATED TO 
. THE ABSENCE OF OPEN CREVICES AT TUBE TO TUBE SHEET 
. THE GOOD OPERATING A V t • CHEMISTRY CONTROL 

- ADDITIONAL MARGINS AGAINST CORROSION PROBLEMS ARE GIVEN BY 
IMPLEMENTED OESIGN IMPROVEMENTS. 

TUBE REACTOR COOLANT SIDE 

- A LIrflTED NUMBER OF CRACKINGS LOCATED : 
. IN THE FIRST ROW U-BEND REGION 
. AT THE UPPER TRANSITION OF THE MECHANICAL ROLL EXPANSION 

IDENTIFIED AS STRESS CORROSION CRACKINGS 

- CRACKS ARE RESTRICTED TO GEOMETRIC (AND STRUCTURALLY) 
DISTORDED ZONES AT THE END OF THE MECHANICAL EXPANSION. 
CRACKED TUBES ARE ALL OF I 600 If A. A. CONDITIONS. 

-9 Ms-



p ] REACTOR COOLANT PUMP DESIGN EVOLUTION 
•""""" MOTO-POMPE PRIMAIRE 

1 RADIAL IMPELLER-DIFFUSER CELL 
ELEMENT DIFFUSEUR-ROUE RADIALE 

2 HEART SHAPE CASING 
VOLUTE EN FORME DE COEUR 

3 HYDROSTATIC BEARING 
PALIER HYDROSTATIQUE . 

4 RADIAL THERMAL BARRIER 
BARRIERE THERMIQUE RADIALE 

5 OIL ACTUATED COUPLING 
ACCOUPLEMENT A PRESSION D'HUILE 

MODEL 100 
23290 mVh (P4) 

6900 kW 

MODEL H24 
24900 m'/h (N4) 

7100 kW 



6 CONTROL ROD WEAR FOR XL DRIVE LINE 

CONTROL 
ROD WEAR DEPTH 
IN MM 

RODLET WEAR 
TEST RESULTS 

+ WITH UNMODIFIED 
GUIDE TUBE 

• WITH FRAMATOME 
GUIDE TUBE 

0.9-1 
0.8-1 
0.7 
0.6 
0.5 
0.4-
0.3-
0.2 
0.1 

V / RODLET CLADDING WALL THICKNESS 
BREAKTHROUGH + + + 

+ 
/ • * • 

/ + 

At_l- . R 0 D L E T WEAR WITH UNMODIFIED GUIDE TUBE 
" / " " WEAR ALLOWABLE LIMIT 

r - t s a a r « H 2 S S B a » 

1 X 106 2 X 106 3 X 106 4 X 108 5 x 106 

CRDM STEPS 



Manual 

EXAMPLES OF ZONES STUDIED 

Z O N E S MOCK • • U P SITE INSTRUMENTATION 

STEAM GENERATOR 

SECONDAKY SIDE 

UNDER FEEDWATER RING 

X 

SURGE LINE 

3 LOOPS 

4 LOOPS 

X 

X 

SPRAY LINES X 

BRANCH CONNECTIONS 

THERMAL SLEEVES 

X X 



SECONDARY FLUID HEATING 
MODEL -i3- MOCK-UP 



•MMMH 

vers la branche froide 
Preuuriseur 

-10*^S-"' 
(21 Thermocouples) 

SPRAY LINE INSTRUMENTATION 

•14-
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