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INm000CTION

1 In its Review of the CD2's Pre-Construction Safety Report (PCSR)
for Sizewell B (ref 1), paragraphs 10.21 to 10.28, the Inspectorate

indicated that its main concerns in regard to stem generator tube

integrity arose from the possibility of mltiple tube failures arising
from cirmmferentially-orientated intergranular attack .(IE) in the

resi& al crevice at the tcp of the tube-plate. The concerns
enecapassed the need for assurance that the thermal treatment applied
to the tubes would not sensiti'se the material, and that the hydraulic
expansion of the tubes would not pro &ce a significant degree of cold
work and resi&al stress in the expanded tube. The concerns wre*

enhanced bf the apparent unreliability of currently-proven non- ,

destructive _ examination (NDE) techniques, based usually on m iti-
frequency . eddy merent testing (ECT) in detecting Im in those stem
generators where its presence has been undetected until tubes have
been cut out for other reasons.

2 The problem had been identified as an laportant area of concern-

in paragraph 19.5 of the Review because it represented, in the
Inspectorate's view, a potentially serious problem for which no

, demonstrable remedy existed at the time of writings that is to say, it
was concluded that some development work or design changes might be

necessary to resolve the issue.

3 The CBE responded to the Review with a paragraph bf paragraph
response, in Report No WR/R685*, (ref 2) . This report by the

Inspectorate considers the responses in R685 in the context of the
appropriate paragraphs of the Review. Information given in sections
2, 3 and 5 of R685 is taken into consideration, as appropriate, in the
ceamentary tmder each paragraph.

R685 and many of the PCSR supporting reports are WC documents.*
However, these documents are endorsed by the CECB and constitute
part of its safety case.

*
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PARAGRAPH 10.22 .

4 In paragraph 10.22 of the Paview, the Inspectorate was concerned
that there had been incidents affecting WRs in the USA in which the
design basis for tube leakage, i.e. double-ended rupture of a single
steam generator tube, had been exceeded. Se information about the
causes of tube failures provided in R685 is welecaed, and supports the
Inspectorate in its conclusion, as indicated in paragraph 10.23, that
the features incorporated in the Westinghouse Model F stema generator
and the secondary plant provisions on sizewell B should alleviate if
not eliminate the nachanians which gave rise to the failures at Sorry
2, Point Beach 1 and Doel 2.

5 2e Inspectorate also wicones the connitment to provide loose
parts monitoring for the shell side of the steam generators in

addition to that which will be provided in the reactor pressure

vessel. 21s provision, should also overcene loose parts problems of
the kind which have been reported on Ringhals 3 (ref 3) .

PARAGRAPH 10.23

6 No further consent required.

PARAGRAPH 10.24
.

7 2e Inspectorate's concern in this paragraph of the Review
related to the possibility of ciraanferentially orientated defects
arising in the crevice at the top of the tube plate. Se Inspectorate
accepts that the nean depth of the crevice will be about 3.56ma, and
not 6mn as stated in the Review. However, this does not affect the
concern, whidi remains.

8 In disasssing this problem with the C2GB, the Inspectorate has
also indicated that in its view the thermal treatment proposed for

stese generator tubes to inprove resistance to IE and stress
corrosion cradting might pro &ce detrimental effects, which might even
include sensitisation (denudation of diranitse in the grains adjacent
to the grain boundaries) . 21s was reinforced b/ a review of the
literature conected by Weldon (ref 4) on behalf of the Inspectorate.

2
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Se CKB has quoted a substantial body of information which supports
its view that both the tenperature and duration of the thermal treat-
ment process have been carefully selected to minimise precipitation of
the higher carbides (Cr23 6) at the grain boundaries, to minimiseC

denudation of chrcznium in the grains adjacent to the grain boundaries,

to re&ce residual stresses and to mximise the resistance of the
material to laboratory-iniced corrosion in' aggressive nedia.

9 he CKB has provided additional information, all of it

proprietary to Westinghouse, which indicates that the process controls
applied to the proietion, thermal treatment and fabrication of the
tubes should ensure that the tubes are in optimum condition when
installed in the steam generator.

.

10 he CIIB has also described to the Inspectorate an extensive

programme of corrosion testing. Though the bulk of this is directed
,

to the resolution of problems other than IGA in the tube-plate
crevice, it is accepted that the proposed short-term work directed to
various aspects of IGA will provide information on, and perhaps
enhance understanding of, some aspects of the problern.

11 In R685 the CIXB objects to the Inspectorate's reference to the
inadequacies of short-term corrosion test data. Se Inspectorate's

concern was not only related to the breakaway corrosion phencuenon in

the 94 Cr ferritic steels in the context of the Advanced Gas-Cooled
Reactor tut also to the the breakaway corrosion behaviour in carbon
steels in Magnox reactors. In both cases, short-term corrosion tests
f ailed to reveal the accqlerated corrosion which it was subsequently
found could occur after a lengthy incubation period.

12 In these circumstances, it is the Inspectorate's view that the
work te date validates only the short-term resistance of thermally-
treated tubing to stress-corrosion in concentrated aggressive

solutions, and the nodel boiler tests discussed will demonstrate only
the short-term entrance of the aterial within the water chemistry
limits laid dcwn ty the Steam Generator CWners' Group (SGOG) (see
Appendix 1 of R685) . Se Inspectorate accepts that it should be
possible to hold sizewell B chemistry generally within tighter limits

3
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than SGOG denistry, and it is further accepted that the nodel boiler
tests sh'ould reasonably repro &ce the short-term behaviour of Sizewell
B, tx2t they will not give adequate assurance of the long term

behaviour.

13 However, the Inspectorate also accepts that the long lead

experience of replacanent stem generators with thermally-treated

tubes illustrated in Table 2, the substantial lead times of many US
and overseas plants illustrated in Table 1, the long lead times of

French staan generators of types similar to M) del F illustrated in

Table 3 and the arguments in Appendix 1 of R685 should give adequate
assurance against problets on Sizewell B, provided always that a
validated NDE technique is employed in inspection of the crevice

region. Even if problems of this kind were to arise after Sizewell B
were canunissioned, these long lead times gite assurance that a

response could be developed before the problem becane acute for
Sizewell B.

PARAGRAPH 10.25

14 In paragraph 10.25 of the Review, the Inspectorate cites two
independent inspections of steen generators which stggest that most
modern malti-frequency addy carrent testing (ECT) techniques are not
capable of identifying IGA in the crevice. Se Inspectorate does not
accept the CB2 's interpretation of the statement quoted from

reference 39 of the Review. It is understood that the signals

,

recorded & ring the field inspection were below the reporting level
.

! and hence no report was nede. Af ter tubes, which were originally
given a clean bill of health in terns of the crevice region, were
removed from the stean generator for other reasons it was discovered
that they had suffered ICA to such an extent that they were craded up
to 70% of the wall thidness. Only when this ICA had been detected
visually were the ECT records re-examined. Se signals recorded were
reinterpreted as indicating 3-10% all thinning. Se Inspectorate

regards this as a failure even af ter reinterpretation to detect IGA
even when the crading was up to 70% through the wall in extent.

i
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15 Much of the developnent work on ECT in the United States is
directed towards resolving problers other than the detection of IG in
the crevice region. Nevertheless, it is accepted that nuch inproved
understanding of the capabilities and limitations of ECT will be

likely to arise from this wek. Again, it is accepted that the CKB
and Babcock Power Limited programnes should extend the capabilities of
ECT, b.:t it is by no neans certain that it will succeed in the case of
the difficult crack norphology associated with field IG and the

ccrtplex specimen geometry of the crevice region. Be Inspectorate is

not as optimistic about the successful outcome of this developnent
work as the CEGB appears to be.

16 he Inspectorate is more optimistic that the proposed developnent
programme on ultrasonics described in R685 will yield a valid NDE
method. 'Ihis optimism is tenpered by the problens of access in such
small tubes and the couplex geometry of the crevice region.

17 All of these factors, taken together with the realisation that

certainty with regard to the absence of IG in operating plants can
only be assured if a reliable NDE technique exists, leads the
Inspectorate to reiterate that an NDE technique should be demonstrated
as feasible prior to a decision on licensing. Se Inspectorate would
expect this to be followed by a programme of inspection using this
technique as a part of the maintenance schecirle for Sizewell B, should
it be licensed.

PARAGRAPH 10.26

18 Assuming that a denonstration is provided that an NDE technique
exists which can reliably detect IG in the crevice, the Inspectorate
would then be able to accept the CEGB's argument regarding the turst
strength of tubing. It wuld then be reasonable to assune that only

rogue tubes are susceptible to failure and that the USNRC criteria for
tube inspection and plugging (refs 5 and 6) can be satisfied.
Accordingly, it seers reasonable to require that a flow cross-section
equivalent to a double-ended guillotine fracture of a single tube
should be assuned for safety analyses. Se Inspectorate considers
that a safety case based on these assurptions is acceptable for licen-
sing purgeses. However, the Inspectorate expects the consequences

5
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of rupture area corresponding to that of two tubes with double end d*

guillotine fractures to be examined, to provide some further margi
- e

assurance. n of

-

19
In regard to failed tubes propagating,

.

the CEG states in R685
that work has been initiated by NNC to demonstrate that failu-

tube will have a sufficiently low probability of causing furth
re of one

to fail . (so that the possibility of such er tubes

failures my be discounted) . consequential nultiple

preliminary results of this work shortly.Se Inspectorate awaits receipt of the
.

.

PAPJGRAPH 10.27

20

In response to the Inspectorate's point that nultiple tube
failures Mye occurred, the CE2 advances arguments to suggest th t
even in the event of such failures, the likelihood of radioactivity

a,

releases which would give doses exceeding i emergency reference level(ERL) is extremely small.
A nunber of reservations about these

arguments have been conveyed to the CEG, and a response has recently
been received b2t has not yet been assessed.

PARAGRAPHS 10.28, 10.58

21
| See the conclusions set out below.

CHAPTER 12 CONCERNS

22

Se rernaining responses made in R685 are to the steam generatorsecondary
side demistry issues in paragraph 12.23-12.26 of the

.

Review.
Bey are not essential to the safety case required to remove!

stean generator tube integrity from the Inspectorate's list of major
issues and will be considered separately.

CONCLUSICNS

23

| We CE2 are now cccutted to an R & D programe to extend the
( in the LEA and elsewhere on NDE development

work
applied to steam

generator tubes to develop a validated method capable of detecting IG'

and sizing Ia in the crevice region.I

i Providing such a programme is
i

6
!

.
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successful, the Inspectort.to a id th.n accept the experimental
~

programmes and the Mx$el F operating lead times qt.cted in N685 as
giving adequate assurance against the likelihood of nultiple steam
generator tube failures. However, demonstration to the Inspectorate's
satisfaction that an NDE technique exists W11ch is likely to be

reliable thus becomes a prerequisite of licensing. With this proviso
it is concluded that the safety case for stean generator tube

integrity is now satisfactory for licensing.

.
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1 In its Peview of the CEGB's Pre-Construction Safety Report (PCSR)
for Si::ewell B (ref 1) , paragraphs 10.21 to 10.29, the Inspectorate
indicated that its main concerns in regard to stean generator t2e
integrity arose frc.a the passibility of nultiple t2e failures arising
frca circumferentially-orientated intergranular attacx .(IG) in the

resichal crevice at the top of the tube-plate. Se concerns

enccupassed the need for assurance that the ther:ral treatment applied
to the tubes would not sensiti'se the material, and that the hydraulic
expansion of the tubes would not prochee a significant degree of cold
work and resichal stress in the expanded tube. Se concerns were

*

enhanced by the apparent unreliability of currently-proven non-
,

'

destructive examination (NDE) techniques, based usually on nulti-
frequency eddy current testing (ECT) in detecting IG in those stean I

generators where its presence has been undetected until tubes have

been cut out for other reasons.
.

I
.

2 me problem had been identified as an 1:rportant area of concern-

in paragraph 19.5 of the aeview because it represented, in the

Inspectorate's viev, a potentially serious proolem for which no

demonstrable remedy existed at the time of writing; that is te say, it
was concluded that some developnent work or design changes might be
necessary to resolve the issue.

3 2e CBE responded to the Review with a paragraph by paragraph
response, in Report No IHR/R685* , (ref 2) . mis report by the

Inspectorate considers the responses in R685 in- the context of the
,

appropriate paragraphs of the Review. Information given -in sections
2, 3 and 5 of R685 is taken into consideration, as appropriate, in the -

commentary under each paragraph. 5

.

-

'

* R685 a nany of the ICSR ' supporting reports are NNC documents. -

However, these documents are endorsed by the CD2 and constitute
part of its safety case.

,

'

1 .

_
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PARAGRAPH 10.22
.

4 In paragraph 10.22 of the Feview, de Inspectorate was concerned
that there had been incidents affecting F4Ps in the CSA in which the

design basis for t2e leakage, i.e. double-ended :upture of a single
steam generater t2e, had been exceeded. Se inferratien abcut de

causes of t e failures provided in R685 is wele::xned, and supports Se
Inspectorate in its conclusion, as indicated in paragraph 10.23, dat
the features incer; crated in the Westinghouse Model F stem generator
and de secondary plant provisions on Si::ewell B should alleviate if
not eliminate the :nechach which gave rise to the failures at Surry

2, Point Beach 1 and Doel 2.

5 2e Inspectorate also wicmes the cz:mit:nent to provide loose
parts :nonitoring for the shell side of the steam generators in
additien to that which will be provided in the reacter pressure

vessel. Bis provision, should also overcme loose parts problens of
the kind which have been reported on Ringnals 3 (ref 3) . ,

PARAGRAPH 10.23

6 No further ccm: rent reg. tired.

PARAGRAPS 10.24

7 2e Inspectorate's concern in this paragraph cf de 3eview
related to the possibility of cira:mferentially crientated defects
arising in the crevice at the top of the tube plate. me Inspec*erate
accepts that the sean depth of the crevice will be about 3.56am, and
not 6am as stated in the Beview. Bewever, this does not affect the

_

concern, whi d remains. -

8 In disc 2ssings this problem with the CECE, the Inspec*mrate has
also indicated that in its view the the:ral treat:nent .preposed for

steam generator t es to inprove resistance 64 IG and stress

corrosion cracking :cight produce detri:nental effects, which might even
include sensitisation (denudation of chromium in the grains adjacent
to the grain boundaries) . mis was reinforced by a review cf de

literature cond2cted by Weldon (ref 4) on behalf of the Inspec~4 rate.
.

2
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2e CKB has cuoted a s2stantial body of information which supports ;

its view that both the terrperature and duration of the thermal treat-
.

ment process have been carefully selected to minielse precipitation of
the higher carbides (Cr23 6) at the grain boundaries, to minimiseC

denudation of chromium in the grains adjacent to the grain boundaries,
to reduce residual stresses and to ::aximise the resistance of the

=aterial to laboratory-iniced corresion in' aggressive ::edia.

.9 he CKB has provided additional information, all of it

proprietary to Westinghouse, which indicates that the process controls
applied to the prodaction, thermal treatment and fahrication of the
tubes should ensure that the t es are in opt %t condition when

- installed in the steam generator.
.

10 2e CKB has also described to the Inspectorate an extensive

prograrme of corrosion testing. Ecugh the hulk of this is directed

to the resolution of problems other tnan IG in the t2e-plate

crevice, it is accepted that the proposed short-term wrk directed to
various aspects of IG will provide information on, and perhaps ;

.

enhance understanding of, some aspects of the problem. -

11 In RS85 the CKB cojects to the Inspecterate's reference to the
inadequacies of short-term corrosion test data. Be Inspectorate's

concern was not only related to the breakaway corrosion ;ttencnenon in
the 9% Cr ferritic steels in the centext of the Advanced Gas-Cooled
Reactor bJt also to the the breaxaway corrosion behaviour in carbon
steels in Magnox reactors. In both cases, short-tarm ccerosion tests

failed tn reveal the accelerated corrosion which it was subsequently
fcund could occar after a lengthy incabation period.

,

12 In these circumstances, it is the Inspectorate's view that the
work to date validates only the short-term resistance of thernally- , ,

treated tW ing to stress-corrosion in concentrated aggressive

solutions, and th_e model boiler tests discussed will demonstrate only -

the short-term encbrance of the r:aterial within the water chemistry
.

limits laid down ty the Steam Generator &ners' Group (SGOG) (see
Appendix 1 of R685) . 2e Inspectorate- accepts that it should be .'

possible to hold Sizewell B chemistry generally within tighter limits'
_

3

.

_
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than SCOG chenistry, and it is further accepted that the redel boiler
tests sh'ould reasonably reproduce the short-term behaviour of Sizewell

,

B, but they will not give adegaate assurance of the long term

behaviour.

13 However, the Inspectorate also accepts that the long lead

experience of replacenent stem generators with ther: rally-treated

tubes illustrated in Table 2, the substantial lead times of :rany C5
and overseas plants illustrated in Table 1, the long lead times of'

French steam generators of types similar to Model F illustrated in

Table 3 and the arguments in Appendix 1 of R685 should give adequate
assurance against problems on Sizewell B, provided always that a

validated NDE technique is erployed in inspection of the crevice

region. Even if problers of this kind were to arise after Sizewell B

were commissioned, these long lead times give assurance that a

response could be developed before the problem becane acute for
Sizewell B.

.

I

PARPGRAPH 10.25

14 In paragraph 10.25 of the Revies, the Inspectorate cites two
independent inspections of sten generators which suggest tha: ::est
modern nulti-frequency eddy current testing (ECT) technigacs are not
capable of identifying Ia in the crevice. 'Ihe Inspectorate does not

.

accept the CS2's interpretation of the statement quoted from

reference 39 of the Review. lt is understood that the signals

recorded daring the field inspection were below the reporting level
and hence no report was made. After tubes, which were , originally
given a clean bill of health in terns of the crevice region, were
removed from the stean generator for other reasons it was discovered .,

that they had suffered I2 to such an extent that they were craded up ;
,

,

to 70% of the wall thickness. Only when this Ia had been detected

visually were,the ECT records re-examined. 'Ihe signals recorded were -"

reinterpreted' as indicating 3-10% wall thinning. 'Ihe Inspectorate

regards this as a failure even af ter reinterpretation to detect IG
even when the crading was up to 70% through the wall in extent. ,

'

.

e

'
4
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15 Much of the developnent wrk on ECT in the United States is
,

directed towards resolving problens other than the detection of IG in
the crevice region. Nevertheless, it is accepted that ::uch i:: proved -

understanding of the capabilities and limitations of ECT will be

likely to arise from this work. Again, it is accepted that the CE@
and Sabcock Power Limited progranmes should extend the capabilities of
ECT, but it is by no means certain that it will succeed in the case of
the difficult cracx norphology associated with field IG and the

ccuplex speci:nen geometry of the crevice region. te Inspectorate is
not as cetimistic about the successful outcome of this development

work as the CE2 appears to be.

16 2e Inspectorate is ::cre optimistic that the proposed developnent
progransne en ultrasonics described in R685 will yield a valid NDE
method. bis optimism is tenpered bf the problens of access in such
small tubes and the conplex geomet:y of the crevice regien.

17 All of these factors, taken together with the realisation that

certainty with regard to the absence of IG in cperating plants can
only be assured if a reliable !CE technique exists, leads the

Inspectorate to reiterate that an !CE technique should be demonstrated
as feasible prier to a decision on licensing, te Inspectorate would
expect this to be followed by a progra.ce of inspection csing this
technique as a part of the raintenance schei:le for Sizewell B, sho2ld
it be licensed.

PAPERAPH 10.26

18 Assuming that a demonstratien is provided that an ICE te<tnique
exists which can reliably detect IG in the crevice, the Inspectorate
would then be able to accept the CE2's argu:nent regarding the burst
strength of tubing. It muld then be reasonable to assune that only

rogue tubes are susceptible to failure and that the USNRC criteria for
-

tube inspection and plugging (refs 5 and 6) can be satisfied.
Accordingly, it seecs reasonable to require that a ficw cross-section
equivalent to a double-ended guillotine fracture of a single tube -

should be assuned for safety analyses. 2e Inspectorate considers
_

that a safety case based on these assunptions is acceptable for licen :
sing p.trposes. However, the Inspectorate expects the consequences

5
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cf rupture area corresgending to that of two tces with doubl
.

,

guillotine fractures to be examined, to provide some further .
e-ended

assurance. margin of

.

19
In regard to failed t2es propagating,

the CKB states in R585that work has been ini'tiated by !NC to demonstrate th t f il
tube vill have a sufficiently low pecbability of causi

a a ure of one

to fail (so that the possibility of such :q further tubes

failures nay be discounted) . consequential nultiple

preliminary results of this work shortly.Se Inspectorate awaits receipt of the

PAMGRAPH 10.27

.

20

In response to the Inspectorate's point that nultiple t2e
failures have occurred, the CKB advances arguments to s
even in the event of such failures, uggest that,

releases which would give doses exceeding 1 emergency reference lev lthe likelihood of radioactivity(ERL) is extremely mall.
A number of reservations about these 5

e

arguments have been conveyed to the CKB, and a resronse has r
been received tut has not yet been assessed. ecently

PAMGRAPHS 10.28, 10.58

-

21
See the cenclusions set out below.

CHAPTER 12 CONCEINS

22

2e remaining res;cnses made in R685 are to the stean genesecondary
side chemistry issues in paragraph 12.23-12.26 of the

, rator

Review.
Bey are not essential to the safet)

case re?Jired to remove ~

steam generator t2e integrity from the Inspectorate's list of m j
issues and will be considered separately. a or -'

CCNCLUSIONS
-

1.
1

~

l
'\23 he CKB are now l

cor::mitted to an R & D prograrme to extend the .\,

' work
in the USA and elsewhere on ICE developnentapplied to steam

generator t2es to develop a validated method capable of detecting IGA
and sizing IGA in the crevice region. l

Providing such a prograrme is 1

6

'

\

_



-

T

.'

,- . .

-
.

successful, the Inspectorate wuld then accept the experi:nental

programes' and the M> del F cperating lead ti:nes quoted in P685 as
|giving adequate assurance against the likelihood cf :ruitiple stean

,

generator t2e failures. Fiowever, demonstration to the Inspec*arate's
satisfaction that an NDE technique exists Wich is likely *w be

reliable thus becomes a prerequisite of licensing. With this proviso
it is concluded that the safety case for steau generator t2e

integrity is now satisfactory for licensing.

.

hMIII,

March 1983,
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