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Abstract

Worldwide LMFBR experience has shown that LMFBR steam generator
water/steam leakage into sodium can severely reduce steam generator
availability and cause lengthy plant outages. Utility assessments of
LMFBR designs prior to placing an order to construct are likely to
give emphasis to matters that can affect steam generator integrity,
reliability and total operating cost. The data needed in carrying
out such assessments is described.

In assessing the total capital and operating cost of particular
plant designs the Utility concerned will normally give close attention
to matters that can affect plant reliability, operation and maintenance
in addition to matters affecting initial cost, time to construct,
fuel cost etc.

Worldwide experience has shown that LMFBR steam generator leakages into
sodium can severely affect generating plant reliability and total
operating cost. For this reason an evaluation of reliability and
operating cost changes that can result from steam generator leakages
into sodium will be a prime concern. Appendix I lists the data needs
that are currently envisaged to be necessary for a Utility to make
such an evaluation. Appendix I has been prepared for the designs
currently proposed in the U.K. It would not be realistic to regard
this as an exhaustive list due to the various design options that have
boen retained for the intermediate heat exchanger, secondary circuit
and steam generator.

It will be necessary for the Utility to consider all conditions that can
lead to water/steam leakage into sodium. Past experience indicates
that these conditions include, initial material defects in weld, tube
and tubeplate etc., stress corrosion cracking, erosion/corrosion,
waterside corrosion, vibration including fatigue failure, tube fretting
and wear, thermal fatigue, material ageing and adverse metallurgical^
changes, design oversight or faults, operator error etc. These conditions
can cause leakages that suddenly appear at either a high or very low

level of leakage, or leaks that exist at a low level and then suddenly
escalate to very high levels of leakage. It will be necessary to assess
the conditions arising from the worse combination of leakage rate,
position and environmental conditions and to obtain demonstrably conservative
values for design pressure and temperature for all steam generator and
sodium circuit pressure parts.

An earlier note (Bolt 1974) gave an impression of the data needed by a
Utility for steam generator design assessment over a wider range of
topics. The data referred to in the attached Appendix is a more detailed
statement of the sodium/water reaction section of that earlier note.

It is believed essential that the LMFBR design and development groups
are kept adequately informed of the data needs of Utilities in the
critically important area of sodium/water reactions. The Appendix attached
to this note provides a preliminary indication of the sodium/water
reaction data needed.
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Appendix I

Sodium/Water Reaction Aspects on Which Design and Development Data is Needed

The following list is not intended to be exhaustive. The number of SGU
and secondary circuit design variations and options which exist make
complete coverage a difficult target.

Reaction conditions and damaging effects

1. Effect of tube shrouds and supports, baffles etc. on tube and support
etc. wastage and self wastage of the leak path.

2. Rates and mode of damage in gas space and at sodium level.

3. Is there a non damaging leak rate and how does it vary with local
conditions? Data is required on damage rates for adjacent tubes
as a function of leak size, for various adverse conditions, covering
the range from nil or very low damage rates to rates where immediate
operator action would be required. The possibility of self damage
by streaming of reaction products should also be considered.
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It. Initiation of leaks - is there a threshold value below which leaks
do not occur (i.e. smaller leaks self plug?) If so what is it for
the candidate tube materials? In what manner and under what
conditions do self plugged leaks re-open?

5. Calculation of modes of leakage escalation and rates of damage
propagation.

6. Types of metallurgical damage that can occur, their detection, inspection,
and assessment of fitness for further service.

7. Definition and calculation of the design bases and conditions, i.e.
design pressure and temperature for at least the following components,
taking into account possible reaction escalation and protective equipment
malfunctioning etc., and providing data on flow and thermal and
pressure transients etc.,

(a) SGU shell

(b) SGU tube plate

(c) effluent system

(d) IHX

(e) secondary pipework etc.

8. Modes of damage to thermal sleeve designs and techniques to avoid or
minimise the damage, taking account of possible wastage, corrosion,
stress corrosion cracking (SCC).

9. Evaluation of reaction environments affecting the choice of
ferritic or austenitic material for secondary circuit pipework and
valves. Statement of conditions to be met in avoiding SCC in
these items following a reaction causing bursting disc rupture.

10. Clean up methods, times and environmental conditions following
a medium/large reaction for all affected parts of the circuit,
SGU, effluent and dump system. Conditions to be met in avoiding
significant IHX and secondary circuit damage.

11. Definition of SGU shutdown procedures and conditions to be
achieved following small or large reactions. Development of
equipment and detailed procedures needed to control and stop
a sodium/water reaction e.g. SGU isolation and dump valves,
IHX protective valves. Definition of conditions requiring alarm
or slow or fast SGU waterside dump. See also item 27.

12. Definition of acceptable crevice and other conditions in the SGU
and associated plant following a reaction or cleaning, e.g.
avoidance of caustic SCC.

13. Evaluation of the performance of the reaction effluent system
including cyclone and separator performance and the quantity,
composition, physical and chemical condition of the effluent
released from the stack for a range of reaction conditions. The
subsequent chemical state and concentration etc. of the stack
effluent should be evaluated for various environmental conditions.
The quantity and chemical composition of any liquid and solid
wastes retained in the effluent system should also be estimated.

Leakage Detection

14. Conditions under which leakage propagation can be avoided -
instrument provisions which can most closely achieve this,

(a) for gas space

(b) for stagnant sodium areas

(c) for flowing sodium areas

15. Conditions under which only one tube need be plugged — instrument
performance to achieve this,

(a) for gas space

(b) for stagnant sodium areas

(c) for flowing sodium areas

16. Conditions which will cause bursting disc rupture.

17. Optimum sampling arrangements for leakage detection under sodium
and in gas.

18. Methods of improving leakage detection instrument,

(a) response time

(b) sensitivity

(c) stability

(d) reliability

for the measurement of hydrogen, oxygen or.other conditions in the
plant environment in accordance with items 11 and 12 above.

19. Evaluation of background hydrogen and oxygen levels in sodium
for steady state and changing conditions - methods of control and
mode of cold trap operation in relation to leakage detection and
location capabilities.
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20. Service experience of acoustic leak detection and location in
test rigs and in reactor circuits - realistic capabilities and
limitations. Similar data required for sodium level monitoring if
proposed.
Leakage Location

21. Methods of leak location, prior to unit depressurisation and
cooling, of

(a) a faulty shell ) fog leaks ^ the ga8 8pace> gtagnant

, . . , , , { sodium and in flowing sodium areas

(b) a leaky tube )

' 22. Certain non damaging methods of

(a) keeping a small or micro leak open until located

(b) unblocking a leak
23. Methods of small or micro leak enlargement without causing

consequential damage. This work should take 2nd priority to
21 above.

(a) for gas space

(b) for stagnant sodium areas

(c) for flowing sodium areas

Leakage Repair and Plant Revalidation

24. Satisfactory methods of

(a) tube leak plugging

(b) thermal sleeve repair/plugging

including methods of assessing in practice the number of tubes
or sleeves to be plugged.

25. Inspection, assessment and revalidation of

(a) SGU shell

(b) SGU tube bundle

(c) Secondary circuit pipes, valves and pumps etc.

(d) IHX

after a medium or large sodium/water reaction which has caused
rupture of the bursting discs.

26. Inspection, assessment and revalidation of,

(a) SGU shell

(b) SGU tube bundle

(c) Secondary circuit pipes, valves and pumps etc.

(d) IHX

after a small to medium sodium/water reaction which has not'
caused rupture of the bursting discs but which may have
continued undetected for an appreciable time, e.g. if located
in the stagnant sodium space.

Isolation, venting and dumping equipment

27. Methods of on-load monitoring, periodic inspection, shut-down
tests and on-load testing of,

(a) SGU waterside isolation valves

(b) SGU waterside dump valves .

(c) SGU sodium side dump and vent valves

(d) IHX isolation valves in secondary circuit

(e) Dump tank relief valves

All necessary valve functions should be included in the periodic
test programme, e.g. time of operation, reliability of operation,
satisfactory reseating, etc.

Procedure proposed for changing bursting discs. Assessment of life of
bursting discs.
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