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MAINTENANCE AND REPAIRS OF STEAM GENERATORS

RESEARCH AND DEVELOPMENT

In the case of SPX 1, the research and development work has

concerned the replacement of rupture disks, the plugging of the

tubes and a certain number of facilities including hydrogen detection,

detection of wastage defects on the exchange tubes and visualiza-

tion of the tubes from the exterior. Here we will just recall

a Jew essential facts concerning these last two facilities in Tables

I and II which are hereto attached.

The final restatement of the specific SPX 1 equipment will be

completed during the power plant commissioning tests. Then, all

the real conditions for the application of these facilities will be

present-

Work is now going on within the framework of the reactor system,

in particular for SPX 2. In this framework, there are therefore

two main lines of research relating respectively to the means

of water leak detection in sodium and the inspection arrangements

that will be used either periodically, or following a sodium water

reaction.

I . MEANS FOR DETECTING A WATER LEAK IN THE SODIUM

The reference system is, as we have already seen, the detection

of hydrogen to which we have added, in the case of SPX I and

on an experimental basis, acoustic detection.
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Apart from the essential function of these systems, which is

the early detection of water leaks in sodium, we are continuing

studies on their use to prelocate the leak and provide global monito-

ring of the development of the equipment.

1.1 HYDROGEN DETECTION

This detection is used on SPX 1 to trigger the positioning of

the steam generator safety devices but also to identify, by scanning

the sectors in which the sodium water reaction takes place. The

research and development work which we are carrying out on this

system is intended to improve the sensitivity and to develop a

simplified and specific equipment for each sector. This arrangement

reduces the transit time of hydrogen between the steam generator

and the Nickel disk which, at present, can reach 155 seconds (leak

at the bottom of the steam generator at a secondary flow rate

of 20 %). A greater sensitivity of the systems is sought by a diffe-

rential processing of the signal. It will then be possible to identify

instantly the sector where a sodium water reaction is taking

place. These various improvements are the subject of qualification

mock up tests on PHENIX and SUPER PHENIX.

1.2 ACOUSTIC DETECTION

Independently of the leakage detection function, one of the objec-

tives of this equipment is to identify the height of the leak in

the steam generator. Several acoustic detection systems have

been fitted to SPX i as part of the research and development

work.

These systems differ in the frequency ranges used, the equipment

and the analysis techniques (LYON conference 1982).

Thus, 16 acoustic antennae were fitted to one of the SPX 1

steam generators, together with a pressurized hydrogen injection

system in order to test and calibrate the responses of the different

detection methods used.

Identical development tests are being performed on PHENIX

II - INSPECTION MEANS

The inspection methods used for the reactor system are intended

to :

. improve the diagnosis of defects resulting from a sodium

water reaction

. if necessary ensure a periodic monitoring of the condition of

the equipment

H.I IMPROVED DIAGNOSIS AFTER A SODIUM WATER REACTION

Studies have been principally based on methods to identify and

locate leaks which are easily operated and which give the operator

a rapid answer.

One of the most profitable lines of study is infrared thermography

to detect global from outside the steam generator the defective

tubes.

This method consists of using nitrogen filling from the water

steam side following a sodium water reaction in order to identify

the nitrogen circulation from the steam manifolds to the leak

(or leaks) through the defective tube (or tubes).

For this, the heat insulation of the upper outlets of the steam

generator is removed and all the tubes are visualized by infrared

in order to detect those tubes of which the heat balance indicates a

flow rate of nitrogen.



11.2 PERIODIC INSPECTION

Whether it is within the framework of systematic investigation

of certain methods made possible by technical progress or at the

request of our Safety Authorities, we have scheduled studies of

the following points :

. methods to measure the internal diameter of exchange tubes

to within a few microns (ZURICH conference) [see table 3]

. detection of microcracks in the butt welds of the exchange tube

This method requires a digitizing of the signals and elaborate

data processing. It will be normally applied at the end of 1984,

to welds in which fatigue cracks would have been on the increase.

. the other one uses a specific rotating sensor requiring precise

positioning in the neighbourhood of the weld and a processing

of data obtained during explorations made over 20 Tim from this

position. This method should first be applied during the second

half of 1984.

11.2.1 Measurement of the internal diameter of exchange tubes

[table 3]

Creep deformation of the hot part of exchange tubes is within

the limits allowed by the dimensioning. It was nevertheless consi-

dered worthwhile developing a method to monitor the internal

diameter of exchange tubes.

This measurement is made in a section of the tube using a sensor

with two spherical probes which are made to expand by a flexible

blade. The blade bending stress is measured by 1/2 bridge mounted

stress gauges.

11.2.2 Detection of micro fatigue cracks in the butt welds

Here it was possible to use two methods of detection, ultrasonic

and eddy currents. Given the first method sensitivity to the geometry

of welds and the progress already made in the eddy current method

we have concentrated our research in this latter direction.

We are at present exploring two lines of research :

. one uses a sensor which has already been developed for the

checking and consists of making a very close comparison between

the signal at a given moment to a previously recorded signal.
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TABLE I TABLE II

DETECTION OF WASTAGE DEFECTS

DISPLAY OF THE TUBE BUNDLE

PRINCIPLE

Multifrequency eddy current sensor

CHARACTERISTICS

DIAMETER : 17 mm

Backpressure assisted propulsion

Range : 100 m at a speed of 0.4 ra/s

Detection of losses of thickness equal to or greater than 20$

CALIBRATION CHECKS

100^ in-factory checking of each steam generator to read the

"signatures".

PRINCIPLE

Micro t e l e v i s i o n camera inser ted between the layers of the tube

bundle

CHARACTERISTICS

Diameter : 17.3 mm

Length : 19 7 mm

Focal length 10 to 100 mm - Measurement d i s tance to within + 5 mm

360° r o t a t i o n



TABLE III

MEASUREMENT OF THE INTERNAL DIAMETER OF EXCHANGE TUBES

PRINCIPLE

St ress gauge sensors (ZURICH 83 paper)

CHARACTERISTICS

Minimum diameter of opening : 17 mm

Theoret ica l accuracy : + 1

Angular measurement to within + 1°

Measurement of in se r t ion d is tance to within + 1 mm

Measurement of temperature at locat ion of probe to within + 1° C

Total length : wire + camera 10 m

Question and Answer

Session 3 Paper No. 3

Paper T i t l e : R8D Porgram on SG Maintenance and Repair

1. Kanegae

Q. When wall thinning happened at SUPER PHENIX.
Do you have any criterion concerning with selecting either
plugging or not ?

A. When wall thining of more than 20% is detected, we plug the tube.

2. Salgo

Q. What is the sensitivity of your leak detection on system ?

A. In the SPX I configuration the H - detection system is able to
detect in one hour a leak of about 0.06g/sec.
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