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Abstract

Recent R+D results in the intermediate leak range (finally

confirmed by the PFR steam generator accident) lead to a new

assessment for the SNR-300 steam generator accident.

This paper discusses the course of such an accident which has to

be expected under the SNR-300 conditionst starting with an

unblocked micro leak and ending with the pressure loads on the

secondary system due to overheating failure. Also enclosed are the

possibilities for a leak detection before serious damage has

occurred and the discussion of the definition of the DBA.

1 Introduction

For the licensing procedure of the SNR-300 several sodium water

reaction test programmes have been performed, like large leak

tests for the definition of the consequences of the design basis

accident and the validation of pressure wave codes or small leak

tests to get the experimental basis for the establishment of

wastage codes. In the years '84 to '89 in the Interatom-ASB-sodium

loop an additional test programme has been carried out, so-called

leak propagation tests. The tests had been started with artificial

primary leaks (leak range: a few g/s) in different bundle geo-

metries. The primary leak was allowed to produce wastage on ad-

jacent tubes until a secondary leak occured and then the conse-

quences of these leaks had been observed. The results (also some

obtained by AEA and CEA) are summarized in fig. 1. Beyond a
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certain leak rate (about 80 g/s) .1 now failure mechanism becomes

more and more dominant: the so-called overheating effect, i. e.

the rupture of a tube due to the local heat input from the sodium

water reaction together with the water-side pressure inside the

tubes.

These results had been confirmed by the post-examination of the

damaged tubes of the PFR-steam generator accident from Feb. 87.

Due to this extended knowledge oE the development of steam

generator accidents (compared to the status in '81, the date of

safety expertise for SNR-300) the design philosophy had to be

reconsidered.

2 Principal Description oE the Course oE Sodium Water Reactions

The consequences of leaks in sodium heated steam generators depend

upon the size of the leak and its location in the bundle. The

range of possible leak sizes can be classified as shown in fig. 2.

Normally a leak starts with a pore or small crack penetrating the

tube wall (micro leak state). After different dormant periods this

leak may develop to a primary leak. At this stage wastage on

adjacent tubes will start with wastage rate depending on leak

diameter, distance to the target tube, angle of impact/ etc. A

more detailed description is given in [11. If there is no leak

detection and accident mastering in time, then after a period from

less than a minute up to hours a secondary leak will occur. With

the formation of a secondary leak the new failure mechanism

overheating becomes dominant, due to the higher local heat input

into the tubes. In the further course of the accident, more than

one tube might burst, so there has to be an assessment of the

consequences of this failure mechanism.

3 Steam Generator Accident Philosophy for SNK-300

As already mentioned, the consequences of leaks are depending on

the size. Therefore, the description of the accident philosophy

will also follow this way.
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3.1 Micro Leaks

The development of micro leaks has been investigated by different

organisations. A summary of the results of CEA, UKAEA and

Interatom is shown in fig. 3. When the leaks have reached the

status of being permanently unblocked, they show further self-

wastage, which leads after a few minutes to typical diameters in

the range of 0.3 to 0.7 mm.

3.2 Primary Leaks

With the existence of a primary leak (i. e. the permanent un-

blocking of a micro leak) wastage on adjacent tubes starts.

Wastage rates have been measured in small leak tests all over the

world (some are still under progress). With the correlation of

these data a model for wastage distribution in the reaction, flame

(PROFET) has been established at Interatom. Fig. 4 shows a

simplified sketch, for more details see (1). Wastage rates which

have to be expected under SNR-300 conditions are also calculated

in [1). The result is about 30 iitn/s on average for the bundle

region of evaporators and superheaters; straight tube and helical

tube units.

Experience has shown that most o£ the leaks are in the weld region

(about 90 % ) , so it has to be differentiated between tube/tube-

welds in the helical units and the tube/tube plates welds in the

straight tube units (70 % of the welds are in the last ones). Due

to thermo shock plates which are installed in front of the tube

plates the formation of a reaction flame with its high wastage

rates is not possible at the weld area of straight tube units.

Tests in [2] have shown a wastage rate of about 1 |im/s. So, for

the most of the critical areas the above mentioned wastage rate is

reduced additionally from 30 um/s by an order of magnitude.

Several hydrogen detection systems are installed in the SNR-300

secondary circuits (fig. 5). At present a new logic for the signal

treatment is being tested. Based on that logic times for leak

detection have been calculated and in [1] a comparison has been

done with those times needed to get a secondary leak by wastage.

The result is: 87 to 99 % of the primary leaks can be detected anil

mastered before a secondary leak occurs.

3.3 Secondary Leaks

If under unfavourable circumstances a formation of a secondary

leak will occur, then the leak rate will suddenly increase to

values in the range of 100 g/s to 1 kg/s. There will be no fast

response of the bursting discs so further damage is possible; the

failure mechanism will also be overheating.

Tube rupture tests and tensile strength test in the high

temperature region (up to 1200 QC) combined with calculations of

the temperature development in case of an additional heat input

into the tubes show that an immediate failure is not possible [1).

The shortest time observed in these tests in case of uncooled

tubes was about 4 s (as already indicated by the sodium water

reaction tests). With heat transfer to the water/steam flowing

inside the tubes this time increases remarkably to values of

normally greater 20 s.

Due to this relatively long times needed to overheat a tube a

simultaneous failure of two or even more tubes is highly im-

probable.

3.4 Tertiary Leaks

As already mentioned, it cannot be excluded that during the

secondary leak phase (leak rate > about 80 g/s) tube failures due

to overheating will occur. Two cases have to be examined:

a) overheating of one tube

b) overheating of one tube and further tube failures due to the

first one.

63



64 - 5 -

To a)

One tube can release maximal the leak flow o£ a 1 DEGF (double

ended guillotine fracture). The resulting pressure loads are

covered within the design oE the secondary system (ASME Code

Level C ) .

To b)

After the first tube rupture additional tubes are affected by the

increasing reaction zone, so a multitube failure might be the

result.

This scenario has been calculated with the Interatom pressure wave

code ROLAST which has already been used for the calculation of

pressure loads coming from a 1 DEGF. Very important for these

calculations is the real modelisation of the secondary system in

the code (fig. 6). Main characteristics in view of pressure waves

and changes of sodium flow are:

- no gas space in the SGU's

- two bursting discs at each unit at the level of the Na-inlet

and -outlet pipes of the SGU's

The first set of calculations has been performed under the

assumption that there is a 1 DEGF-leak at the bottom end of a

helical evaporator, because this gives the highest leakrate and

therefore the highest pressure loads. The pressure waves result in

the spontaneous rupture of the bursting discs and in a fast

expansion of the reaction zone. After 0.1 s already 300 1 of

hydrogen are released; after 0.3 s this volume is increased to

about 1 n>3 with a bubble pressure of 20 bar and the sodium is

being pushed out via both ends of the steam generator with flow

velocities in the range of 3 m/s (fig. 7 ) . 4 s after the beginning

of the accident the bundle region is free of sodium.
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Additional tube failures caused by the first overheating failure

are therefore not possible, because due to the fast movement of

the reaction zone along the tube bundle there is no time to

overheat additional tubes. Only at the short time span between 0

and 0.3 s additional tube failures might occur. But it is very

improbable that a simultaneous hnat input into two tubes (or more)

is so similar that after the time needed to heat the tubes up to

the range of the breaking point (about 20 s) more than one tube

will rupture in the short time span of 0.3 s. Nevertheless, even

the simultaneous rupture of two tubes results in pressure loads at

the IHX only 10 % higher than the specified level C Value.

In the superheaters the leak rate per tube is much smaller than in

the evaporators. So the reversal of the sodium flow needs more

than one tube. Calculations have shown that in this case the leak

flow of 3 - 4 tubes is needed. Fig. 8 shows the expansion of the

reaction zone in case of a simultaneous rupture of five tubes and

fig. 9 the course of the pressure. But even in this hypothetical

case the design limits under ASME code level C for the IHX are not

reached:

Superheater

Evaporator

IHX

4 Conclusions

Rupture of

5 tubes

54 bar

21 bar

36 bar

Level C

50.8 bar

51.8 bar

39.2 bar

Since 1981 the knowledge about the behaviour of micro leaks and

small leaks has been improved. The comparison with the former

values (e. g. the assumption of a constant wastage rate of 80 |im/s

for all temperatures, leak positions and directions) gives no

principal change in the philosophy of small leak behaviour.
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During the secondary leak phase new experience has shown, that

beyond certain leak rates another failure mechanism - over-

heating - becomes dominant.

The influence of this overheating effect on the DBA-philosophy has

been investigated (the specified DBA-value for the SNR-300-IHX's

is 39.2bar under ASME-code level C ) :

Due to the specific design of the SNR-300 secondary system

with the arrangement of bursting discs at both ends of the

steam generators only during a very short time span sequential

tube failures are possible. From the ROLAST-calculations

follows a time between 0 - 0.3 s where additional tube

ruptures are possible. After this time the sodium displacement

flow via both effluent lines is so fast, that there is no time

for further overheating.

The time needed for overheating with its about 20 s is long

compared to the 0 - 0.3 s where additional overheating

failures might be possible, and also temperature and heat

transfer fluctuations in the reaction are so large that a

simultaneous rupture of two (or even more) tubes will

practically not occur.

Nevertheless, even the simultaneous rupture of all tubes in a

helical evaporator is covered by the IHX under lovel D

criteria.

Consequently, as a result of this, also the new failure mechanism

overheating is covered by the design and there is no need to

change the SNR-300 safety philosophy.
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For the design basis accident not the number of tubes is

important but the leak flow rate, resp. the resulting pressure

load.

The specified DBA-pressure covers the following scenarios:

Simultaneous rupture of two helical evaporator tubes (the

specified value is exceeded by 10 %)

. Simultaneous rupture of six helical superheater tubes

For the straight tube steam generators the results are

similar
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PRIMARY LEAK

Wastage on
adjacent tubes
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detection
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possible
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