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1 - INTRODUCTION

The CREYS MALVILI.E steam generators have been the subject of several

communications (references 1,2 ), including a number of papers presented at

this congress.

However, we shall nevertheless outline the general design of the components,

and briefly describe the in-service monitoring systems and protective devices

with which they are equipped.

We shall then discuss the methods used, in the event of leakage, for :

. leak location,

. steam generator inspection,

. steam generator repair,

. putting the affected loop back into service.

II - DESIGN PHILOSOPHY OF MAINTENANCE AND REPAIR

u FOR SUPER PHENIX 1 STEAM GENERATORS
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2 - PRESENTATION OF THE STEAM GEHERATORS

2.1. Description

The CREYS MALVILLE power plant is equipped with four 750 MWth steam generators

each consisting of a helically coiled tube bundle, enclosed in a vertical

cylindrical shell (see Figure 1).

The main characteristics of the component are listed in Figure 2. The deci-

sion to adopt a single module steam generator was based on a detailed analysis

of sodium water reaction hazards. In fact, the number of modules affects

neither the probability of a water leak into sodium nor the propensity of

such a leak to spread to adjoining tubes : appropriate monitoring and

protection systems have to be provided to prevent a sodium water reaction

from affecting adjoining tubes.

The basic features are as follows :

- once though type unit ,

- small number of very long relatively large diameter, butt welded heat

exchange tubes, the number of welds in contact with primary and

secondary fluids being thereby limited ,

- individual tube ingress and egress to and from the sodium enclosure through

thermal sleeves ,

- tube grouping outside the sodium enclosure as virtually independent circuits,

facilitating leak localization and the plugging of defective tubes,

- upward flow of steam-water, for optimal stability of the two-phase steam-

water flow ,

- adoption of Alloy 800 for the heat-exchange tubes, on the basis of its good

wastage resistance and satisfactory creep behaviour between 500 and

550 °C.

provision for complete gravity drainage of fluids, avoiding the retention of

corrosive products following an incident,



3 - MONITORING AND PROTECTIVE DEVICES - the temperature of nickel membrane is controlled at a high value

3.1. Monitoring devices

Several complementary types of monitoring instrumentation are

employed, to make sure that working conditions are satisfactory and

that all leaks will be detected, whatever their size. These include :

- process instrumentation (temperatures, pressure , flowrate ),

— hydrogen detectors.

Acoustic detectors are also installed, they do not trip automatic

protective actions.

Temperature, pressure and flowrate measurements

Each steam generator is equipped with a large number of temperature,

pressure and flowrate transducers.

- electronic equipment is grouped at central points to facilitate

maintenance.

The tube bundle is divided into 8 vertical sectors separated by

the supporting structures (see Figure 8). It is possible to route

samples to one-hydrogen-in sodium monitoring channel from each of these

eight sectors and from the bottom of the unit in the vicinity of

the expansion bends. This possibility is used for rapid leak localization.

Hydrogen-in-argon monitoring employs a high vaccum circuit identical to that

of the hydrogen-in-sodium channels. Argon monitoring is used during low-load

and low-temperature operation (T^350 °C).

Tests performed by ELECTRICITE DE FRANCE (E.D.F.), the Commissariat

a l'Energie Atomique (C.E.A.) and NOVATOME have permitted assessment of

the hydrogen monitoring efficiency.

Hydrogen monitoring

For each secondary loop, there are :

- 2 hydrogen-in-sodium monitoring channels, connected in parallel at the

SG sodium outlet (see Figure 3) ,

- 1 hydrogen-in-argon monitoring channel, connected to the SG argon space

(see Figure 4) •

The main characteristics of these systems are as follows :

- the monitoring channels are completely independent,from the sampling

points to analysis instruments, preventing common mode failures,

- the entire sodium circuit of each channel is compact and the nickel

membrane detector is close to the SG .reducing transit time within the

channel,

Acoustic monitoring

For SUPERPHENIX, it has also been decided to install an acoustic leak

detection system with a response time of just a few seconds.

3.2. Protective device

Sodium-water reaction relief system

The rupture disk assemblies and dump system shown on Figure 5 are

complementary to the monitoring system. Their role is essential in the

event of a major leak, for which rupture disk bursting will occur before

leak detection.

The rupture disk main functions are to :

-rapidly dump the sodium from the secondary loop in the event of a major

sodium—water reaction, to prevent contamination of the intermediary heat

exchangers, which cannot be entirely drained by gravity,
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- limit the loads to which the SG and secondary loops are submitted during

pressure wave transients and sodium mass oscillations. For this, fast disk

bursting is necessary.

The SUPERPHENIX secondary loops help remove residual heat from the reactor follow

ing an earthquake-induced trip, and the rupture disks must therefore retain

their integrity during an earthquake.

The type,diameter and bursting pressure of rupture disks and their locations

have been determined on the basis of the above requirements. Reverse buckling

disks have been chosen rather than normal disks, as their seismic behaviour

is slightly better. The disk diameter is 750 mm.

Isolation and water—steam depressurization devices

Each steam generator comprises (see Figure 6) :

rapid isolation valves, on both water and steam sides

. 2 redundant letdown lines on the water side, leading to a depressurization

tank and stack.

3.3. Protective actions

Hydrogen sodium monitoring

There are two thresholds for signals from the hydrogen-in-sodium monitoring

channels : one triggers an alarm an the other automatic protective actions,

decided by 2/2 voting logic.

These actions will lead to fast reactor shutdown. On the water-steam side ,

the SG will be filled with nitrogen at 15 bars to prevent ingress of sodium

through the leak orifice. On the sodium side, there will be a rapid tempe-

rature drop, moving the SG out of the corrosion cracking risk zone. Sodium flow

will be maintained at 20 % of nominal to avoid persistence of zones with

high concentrations of caustic products.

For small, slow-developinp, leaks,the operators would have time to intervene

before automatic action, commanding depressurization after the alarm validity

has been checked.

Hydrogen in argon monitoring

There are also 2 thresholds for the hydrogen-in-argon monitoring systems.

Automatic actions are the same as above and are triggered by 2/2 voting logic

based on the signals from the mass spectrometer and the ion pump. However, these

automatic actions are inhibited when the sodium temperature at the SG inlet

exceeds 350 °C.

Rupture disk bursting

Rupture disk bursting is detected by three detectors installed downstream

from each rupture disk assembly. The 3 signals from these detectors are

processed by 2/3 voting logic and trigger the same automatic sequence as

above, except,of course,that sodium dumping occu-s. The sodium is then dumped

from the secondary loop in less than 20 s. and replaced by argon. The SG bundle

is cooled by internal circulation of nitrogen.

For large fast—developing leaks, the time between the alarm and automatic

action threshold is small and the operator would have no time to intervene.

In such cases, the following automatic actions will therefore be taken :

- isolation and depressurization of the SG on the water-steam side, within a

few tens of seconds,

- reduction of the sodium flowrate by tripping the secondary sodium pump

main motor.



4 - ACTIONS FOLLOWING A SODIUM-WATER REACTION - Identification of the leaking sector :

4s.

The specified procedures to be implemented following a sodium-water reaction are

aimed at :

- rapid assessment of the size of the leak,

- localization of the leak,

- inspection of tubes adjoining the leaking tube.

4.1. Rapid assessment of the leak size

Leak size can be roughly estimated :

. by estimation of the flowrate of the injected nitrogen,

. for small leaks, by nitrogen pressurization of the SG and measurement

of pressure evolution.

4.2. Localization of the leak

4.2.1. Leaks without sodium dumping

- Identification of the sub-bundle concerned :

The steam generator heat exchange tubes, connected at one steam sub-

header are routed, to the four water boxes: The tube bundle

is thus divided into 16 sub-bundles , each comprising between 5 and 40 tubei

(see Figure 7).

In order to localize the sub-bundle containing the leak, with sodium

circulation in the steam generator reduced, ni trogen is circulated

successively through each sub-bundle, from the steam sub-header

to the depressurization circuit, through the water box. Non-tested sub-

bundles remain pressurized, with no flow.

Hydrogen is then injected into the steam sub-header and the signals

produced by the hydrogen detection system permit localization of the

defective sub-bundle.

As mentioned in § 3.1, the tube bundle is divided irto 8 vertical sectors

separated by the supporting structures.

There is a sodium sampling point at the base of each sector, leading to the

hydrogen-in-sodium monitoring system.

The lower part of the S.G. (expansion bend zone) has its own sampling point.

When the defective sub-bundle has been identified, hydrogen injection is

continued to identify the sector containing the leak. The sampling points

are successively selected and thus the leaking sector identified (see Figure 8).

- Determination of the altitude of the leak :

As the water-steam circuit is maintained under nitrogen gas pressure, a gas

bubble is formed in the sodium. During sodium draining, when the descending level

uncovers the leak, the operation is stopped. It is then sufficient to measure

the free surface level with a suitable level probe to determine the altitude

of the leak.

- Identification of the defective tube :

After the above operations, the sub-bundle containing the leaking tube is known,

as is the area in which the leak is located.

A computer program is then used to identify the tubes within the sub-bundle

which run through this area.

Finally, the integrity of each of these tubes is checked individually by

hydrogen injection (a Tee for H injection is provided at the steam outlet

of each tube).

It should be noted that, for all these operations, it is unnecessary to open the

steam generator.
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4.2.2. Leaks with sodium dumping (rupture disk bursting)

The steam generator has to be rapidly cooled in order to limit

corrosion hazards. For this purpose, insulating material is

removed from the water boxes and steam header and the tube bundle

cooled by nitrogen circulation.

4.2.3. Other methods

Certain complementary methods are also under consideration,

in particular for cases involving leaks with sodium dumping. The

procedures and trial sequences to be run after the CREYS MALVILLE startup

to test the new methods are presently being discussed.

When the SG temperature is about 40 °C - this requires about 3 days -

the following leak location procedure is applied :

— The SG is isolated from its secondary loop, by "balloons".

_ The water-steam circuit is then depressurized (nitrogen) and

ammonia is injected into the SG on the sodium side.

- Defective tubes are then identified at the feed water inlet boxes

by the presence of ammonia (detected with special, sensitive

paper).

Thermographic detection

The principle of this method is simple. Nitrogen, at a different

temperature from that of the SG , is circulated between the steam header

(15 bar) and the SG sodium side through the leaking tube.The nitrogen

injected will be hot or cold, depending on the thermal state of the SG.

According to our evaluations, the flowrate in the defective tube will be

severalhundred times greater than that in the other tubes, resulting

in a temperature difference which can be visualized (see Figure 9).

Insulating material is removed from the SG - steam header connections and

the accessible areas are inspected with an infrared camera.

This method has been sucessfully tested in our Laboratories,

but if a leak could not be traced in this way (e.g. leaks which

self plug during sodium dumping), then the sodium circuit would be

filled with clean sodium and the leak would be localized by the method.

described above for leaks without sodium dumping.

Acoustic method

With the steam generator nitrogen filled, the method consists in

recording the noise of the leak at steam outlet level, with the leaking

tube acting as wave-guide.

Laboratory tests have confirmed that very small leaks could be detected

by this method. Further tests are necessary, under more representative

conditions (tube bundle, support structure).



4.3. Tube inspection

4.3.1. Eddy current probe

Tubes close to the leaking tube will be inspected with an

eddy current probe to determine the extent of any tube metal

wastage or increase of diameter.

Method

The eddy current probe used is the multifrequency type. It is

driven through the inspected tube by 6 bar compressed gas.

Its 100 - meter cable is beaded for good cable centering in the

tube and to facilitate probe travel. Access to the tubes is

at the top of the SG .

The inspection time for one tube is currently 10 minutes,

including the time to introduce and withdraw the probe.

4.3.2. Sodium side inspection of the tube_bundle and steam generator internals

Use of the following method is planned at the moment only after

large leaks to inspect the reaction zone and evaluate the possible

tube and tube support deformations.

Inspection will be by means of a miniature TV camera having a diameter

of 17 mm and a length of 250 mm, with a 45 ° mirror in front of the

objective for radial viewing. The optical system's focal distance

will allow examination of objects between 10 and 100 mm from the

camera. The camera operates correctly up to 50 °C.

When the inspected SG has been emptied of sodium, cooled down and

filled with nitrogen, its upper manway will be opened. An operator

in a special suit with self-contained breathing apparatus will then

enter the SG, and move the camera between the layers, from the top

of the tube bundle.

Model tests since 1978 have determined the influence of surrounding

metallic structures, of sodium deposits, and of tube bending.

Pre-service measurements

To avoid unnecessary tube plugging, use of the eddy current

method outlined above to evaluate tube wastage following a leak

requires comparison of post-leak readings with a set of reference

readings taken when the SGs are new.

For this reason, complete pre-service probe measurements

were made on every tube of each of the 4 Superphenix SGs when

installed upright in their bunkers, before connection to the

steam-water and sodium circuits.

This complete survey will be completed by measurements on a few,

selected tubes after sodium wetting.
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V - STEAM GENERATOR REPAIR AND MONITORING

5.1. Tube plugging

Steam generator design is such that repair operations are restricted

to the plugging of leaking tubes and of those which have been damaged.

For all repair work, connecting pipes leading to the steam headers

and water boxes are cut and plugged at each end. Helium leaktight tests,

hydraulic tests and hydrogen injection are performed before the steam

generator is put back into service.

5.2. Circuit servicing

If required, the rupture disks and purification system cold trap

should be replaced.

5.3. Sodium purification

5.3.1. Case of a leak without sodium dumping

When the leak occurs, the hydrogen detection system alarm trips

fast shutdown and SG depressurization. The sodium flowrate is

reduced to 20 %. The temperature drops rapidly to 400 °C.

The operator determines the plugging temperature and holds the SG

temperature at about 30 °C over this value.

The temperature is then lowered to that of hot shutdown (250 °C)

and the leak altitude is determined, after which the sodium

circuit is drained and cooled.

5.3.2. Case of a leak with sodium dumping

The sodium is purified in the storage facilities up to a plugging

temperature of about 130 °C.

5.3.3. Sodium-filling , restart

After leak localization and repair, the SG and the secondary

loop cold leg are filled with sodium at about 200 °C.

Sodium is circulated between the SG and the sodium storage

facility to ensure that the SG is clean. Sodium purification

is performed by raising the temperature step-by-step to reach

a plugging temperature of about 130 °C. Sodium filling is then

completed.

The purification is then performed by means of step by step

temperature increases up to 450 °C.

When the plugging temperature is low enough (T 2J 13° °O •

localization tests are performed (sub-bundle and leaking sector).



R E F E R E N C E S FIGURES

1 - National Status Review on Steam Generators

Specialists' meeting IWGFR/AIEA June 4-8, 1984 , Japan.

2 - The CREYS-MALVILLE FBR SUPERPHENIX Steam Generators

(M. BAQUE - M. CAMBILLARD - SAUR - ZUBER)

ASME Century 2 Nuclear Engineering Conference, San Francisco, Calif.

August 19-21, 1980.

3 — In—service monitoring and servicing after leak detection for

the LMFBR steam generators of PHENIX and SUPERPHENIX

St.Petersburg (U.S.A.) Congress - October 1980.

Fig. 1 Cross-section of the SUPERPHENIX Steam Generator

Fig. 2 Main characteristics of SUPERPHENIX

Steam generators.

Fig. 3 SUPERPHENIX steam generators - hydrogen in sodium

monitoring system.

Fig. 4 SUPERPHENIX steam generators- hydrogen in argon

monitoring system.

Fig. 5 SUPERPHENIX steam generators. Sodium-water reation

relief system.

-fc. 4 - R and D works on maintenance and repair

Specialists' meeting IWGFR/AIEA June 4-8, 1984, Japan.

Fig. 6 SUPERPHENIX steam generators - isolation and eater steam

depressurisation system.

Fig. 7 SUPERPHENIX steam generators - water leak localization

process - 1st sequence.

Fig. 8 SUPERPHENIX steam generators-water leak localisation

process - 2nd sequence.

Fig. 9 SUPERPHENIX steam generators- Leaking tube localization

by thermographic method.

2-1 6



2 - 1 7

SUPERPHENIX
STEAM GENERATOR

ACCESS PORT

SODIUM INLET

THERMAL SLEEVES

STEAM HEADER

ACCESS PORT

THERMAL SLEEVES

WATER INLET •

ARGON
BLANKET

SODIUM INLET

TIE BARS

HELICALLY WRAPPED
TUBE BUNDLE

WATER INLET

SODIUM OUTLET

MAIN CHARACTERISTICS OF SUPERPHENIX STEAM GENERATORS

Number of Steam Generators (one per loop) :

Thermal output per S.G. :

Sodium outlet/inlet temperature :

Sodium mass flowrate :

Feedwater and steam temperature :

Superheated steam pressure :

Steam mass flowrate :

Tube diameter, wall thickness :

Number of tubes :

Tube material :

Overall steam generator length :

Shell diameter :

Total mass :

750 MWt

345/525 °C

3.273 kg/s

237/490 °C

184

339,

25 /

Alloj

bars

.6 kg/s

2.6 mm

357

' 800

21.9 m

2.9 m

1 9 4 metric Tonnes.

FIGURE 2

FIGURE 1
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SUPERPHENIX STEAM GENERATORS
HYDROGEN IN ARGON MONITORING SYSTEM

Ion pump

Mass spectrometer

novatome

Nickel diaphragm

Hydrogen injector

Heater Steam generator's argon space

FIGURE H
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,N2

SODIUM

INLET

- t l

SODIUM
OUTLET

P U K J F I C A T I O N

SODIUM STORAGE TANK

H , DISPOSAL

H2-NA

CYCLONE

SEPARATOR

SUPERPHENIX STEAM GENERATORS
SODIUM-WATER REACTION RELIEF SYSTEM

FIGURE 5

STEAM

"tNERATOR

f
3

SUPER HEATED
STEAM

START-UP SEPARATOR

1 FEED WATER

-e

DEPRESSURIZATION TANK

FIGURE 6 SUPERPHENIX STEAM GENERATORS
ISOLATION AND WATER STEAM DEPRESSURIZATION SYSTEM
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SUPERPHENIX STEAM GENERATORS
WATER LEAK LOCALIZATION PROCESS

(1st SEQUENCE)

novatome

- C X I —

Water boxes

H2 Detection.

FIGURE 7

SUPERPHENIX STEAM GENERATORS
WATER LEAK LOCALIZATION PROCESS

(2nd SEQUENCE)

H2 Detection. A-A

Eddy current probe

Accelerometer

novatome
H2 Detection.

FIGURE
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SUPERPHENIX STEAM GENERATORS
LEAKING TUBE LOCALIZATION
BY THERMOGRAPHIC METHOD

Session 2

Question and Answer

Paper No.2

Paper Title : Design Philosophy on Maintenance and Repair
of Super Phenix SG

Nitrogen

Steam header.

Temperature of outer
Tube connections:

Cold nitrogen injection (SG hot)

i , j t nitrogen injection (SG cold)

Water boxes -

novatome

• Leaking tube

Balance of flow

Q, > Q 2 » Qi

Q2 = (n-1) Qi

Diaphragm

1. Nemoto

Q. How many weld joints in the tube ? ( /one tube) for helical
coil region for the connection region from thermal sleeve to
helical coil for external shell region.

A. I t is not in the scope of this meeting on maintenance and
repair.

2. Nemoto

Q. About the helical coil bending, if you have a allowable coil
radius deviation I want to know that allowable value.
For connection region tube bending I want to know the minimum
bending radius.

A. We have no problem of this type.

3. Nemoto

Q. Do you have an orifice at the feed water tube or header ?

A. Yes, on the tubes.

4. Nemoto

Q. How do you consider the effection of feed water and steam outlet
piping repture surrounding of the steam generator to sodium boundary ?

A. Separated water header and sodium rooms, anti whip devices.

5. Nemoto

Q. What kind of periodical inspection items is required for
steam generator from governmental regulation ?

A. Inspection of steam generator after 18 months and 10 years.
Pressure test after 10 years.

FIGURE 9



6. Nemoto

Q. How is the allowable temperature deviation of the steam outlet?

A. No problem of this type seen in our concept.

7. Anderson (U.K)

Q. Have you confirmed by rig tests what range of leak sizes in
Alloy 800 are likely to remain open to gas flow under sodium ?

A. We have experiments where leaks didn't remain open after sodium
drai ni ng.
It ,is one of the reasons which led us to avoid systematic Na
draining of the SG for early detected leaks.
Our experience shows that :
1) There are several minutes between a crack begin to leak

and the end of the self evolution phase of this leak.
2) The hole in the tube at this moment is not expected to self

plug.
3) The wastage during the self evolution doesn't lead to any

damage.

8. Anderson (U.K)

Q. What size of leak is necessary to permit the therniographic
leak location system to work 1

A. It's a question of time.
Some 1 to 2 g/s could be detected easily.

9. Avanzini (ITALY)

Q. What is your estimation of the time required by the whole
operation of repair in the Super Phenix Steam Generator ?

A. We didn't estimate the time required. But the forseen
methods for localization aim at a rapid determination of
leaking tubes.
After localization, repair operations are limited to plugging
of damaged tubes, without having to change the component.
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