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Foreword

Under the relevant legislation the Health and Safety Executive has the responsibility for
deciding whether to issue a licence for the construction and operation of a nuclear power
station. The Nuclear Installations inspectorate of the Executive has been conducting an
assessment of the Central Electricity Generating Board's pre construction safety report for
the proposed pressurised water reactor at Sizewell, with particular emphasis on those issues
which need to be settled before the existing nuclear site licence can be varied to include the
new station and consent gisen to start construction. The assessment is part of a continuing.

process which includes the generic review of 1974-78 and which, if the project was to be
proceeded with, would continue through design, construction and operation of the station.

*

This report presents a summary of the position reached in our work by April 1982. It has
been prepared primarily to be of assistance to the public inquiry into the Sizewell H proposal.

In deciding whether to recommend the issue of a licence for a nuclear installation the
Inspectorate's aim is to be satisfied that the installation's siting, design, construction and
operation will meet the health and safety standards which we have set. These standards are
stringent both for the protection of persons on the plant and for those outside who may be
affected by an incident on the site. We are not concerned with the need for additional
electricity generating capacity or how :his is to be provided.

Following the generic review we concluded that, based on the information provided, there
was no fundamental reason for regarding safety as an obstacle to the selection of a
preuurised water reactor for commercial electricity generation in the United Kingdom.
Though auessment of the specific design for Sizewell H as set out in the pre construction
safety report is at an early stage, the work which has been done so far and is reported here
confirms the earlier conclusion. This means that no difficulty has so far been identified
which needs be regarded as insuperable. Ilowever, there are a number of safety issues
remaining where more work needs to be done or more information needs to be provided to
sathfy the Inspeetorate that an acceptable design and safety case has been put forward and
liecming and construction can be allowed to proceed. These inues are dkeuued in the text of
the review and the main ones are brought together and sumn.arhed in the conclusions. They
comkt mainly of a number of matters on whleh we require further information and analysk
but where we beliese that this will show that the neecuary standards can be achieved. There
are ahn matters for which we believe some modification to the original proposed design
intent may be needed before we can be sathfied and, finally, there are a few luucs where the
most appropriate solution has yet to be found.

The Impeetorate's general conclusion k that a sathfactory design is achlevable and can be
deseloped so as to meet the safety objectives. Only when this has been achlesed, and our
concerns base been met, will our reconunendation be made with regard to licensing. Thh

*
conclusion has been endorsed by the lhecutive.

.

'
*~

.

. s. . .

R D ANtilONY
llM Chief Impeetor of Nuclear Imtallatiom

m
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1 Introduction

1.1 In the United Nmgdom, if a generating board (d) statements of the proposed research and
wishes ;o inuall and operate a power station it muu deselopment work in support of the safety case;
first obtain planning consent from the appropriate
N1imuer under the Electric Lighting Act of 1909. If
the proposed station is to be a nuclear power station (f) detaib of the contract design, i.e. the design
the board must then obtain a heence from the llealth intended for construction; and
and Safety Esecutin (IISE) under the llealth and

(g) a Pe-c nmu n sa y repmt MM containing
Safety at Work etc. Act 1974 and the anociated

a m re c mprehensise statement than the PSR of.

rclesant uatutory proshions of the Nuclear inual.
the safety case and design description includinglations Act 1%5. IIM Nuclear installations inspec.
m te detailed safety analyus and aucument of thetorate (Nil) a that part of the llSE which carries out.

perf rmance and standard of the proposed
its nuclear site beensing and regulatory function under

pr tection equipment.the relesant Acts,
" # " "" " 'f.2 l'ollowing the Gosernment's agreement in

F ' " 0'* " "IE * * * * **
December 1979 (ref.1) to allow the Central Electricity

' " " " "' F"#" '' " ""'""#"'
Generating floard (CEGil) to proceed with a preuur-

' " *# " "" ##' " E " "I
hed water resetor (PWR) as the next nuclear power '

I '""' " "8 "' "## "" #* * '" N #"' #
station order, the CEGil opened discuuions with the out in the earlier generic review (ref. 21.
Inspectorate with a siew to prosiding a design and
safety case and uartmg on the necenary proecues 1.5 in thh report are described briefly the history of
uhieh it hoped would esentually lead to keensmg and the project, the safety inues identified at various
consent to uart construction. In addition, the Gosern. stages and the prmelples and enteria used as a basis
meni announced that an Inquiry would be held before for judgement. Ilowever the main purpose h to
planning consent under Section 2 of the Electric Summarise and review the present position of the
Lightmg Act of 1909 could be granted. Inspectorate's aucument of the safety case for

Sitewell 11 following receipt of the CEGIPs Reference-

1.3 in January 1981 the CEGli wrote to the Design Report (ref. 3)in September 1981, receipt of
Secretary of State for Energy requesting consent under an adsanced draft of the PCSR (ref. 4) towards the
Section 2 of the Act for construction of an additional end of December 1981 and discuuion with the CEOli
generatmg untion utihting a 1200 MWe preuurbed leadmg up to pubheation of the final drafts of the
water reaetor to be known as Suewell 11. It aho wrote PCSR (ref. $) andfeference Design Repoit (ref. 6)In
to the ifcalth and Safet) f,aceuttse requesting an W 1982. The report has been written at this ear.y
appropriate resiuon to the cutting nuclear licence for stage so that the slews of the inspectorate on the
their Suewell ute to coser thh further nuelcar instab Wety aspects of the Suewell 11 proposah may be
lanon. Smce the proposed station h to be on an made pubhc in good time before the start of the
custmg hermed ute a new beenee h not required but pubhe inquiry, lhnee, while the resiew cmers a!!
beenung of the P% R uatmn willinsohe a variation ihme aspeen of the design which might affect ufety,
to the cuusng beente once it has been through the in the time available since receipt of the PCSR the
beenung procco which includes the prostuon of a auessment work has had to be concentrated mainly on
uitsfactory ufet)r case, he muets of ufm MncWe or of deQn Mtent
IA The inspestorate's requirements before beenung which would be hkely to ha$e a significant effect on

a new PWR power uation could be comidered the main features of plant prostdon or layout.11
induded receipt of the following information: represents the unge that was teached at the end of

"" " #"" * ""#* "I "'tel the ufet) prmciples and cnteria to be used in the of the propmed design, dhcuidons with the CEOli
deugn; and modifications to the propmed deugn or safety

*
tbl a untement of the design in outhne (the referense case, where conudered to be nectuar), hase continued

deugnh to be supplemented later by more detalled from that time and will continue until the inspectorate
information; h uthhed with the case made,

ici a prehmmary ufety report (PSR) outhning the f .e. The report h not a pencral ressew of the ufett
prine pien and the bails on whhh the ufety case h of the proposed PWR untion. Rather it hat been the
to be made, together with InlornlatI0n showing aim to discut% anF thortcomings of Ibe tafety case

j

how the teleren6e deugn meett the uftt) cnteria presented in the PC5R and to present the inspec.
li proudei a prehmmary ufet) analois of the forate's slews on the roution with reptd to the ufet)
ent6eal f auk wndit60m and prehmmar) autument suuri and the progren bems made m denhng with
of the proposed protection equipment; them at thit stage in the beenung proceu if thould be

|

| 1

|
|

_ _ - - _ _ _ _ _ _ _ _ _



'read with the PCSR and th7 sequence of the sections for regarding safety as an obstacle to the use of a PtVR
of the report follows closely that of the topics cosered for a comm;rci:1 nuclear power station. Howeser,
by the chapters of the PCSR. In the interest of before the specific design for Sizewell B can be
brevity, the descriptise materialin the text is kept to a accepted for licensing there are a number of safety
minimum since it is to be found in the PCSR and the issues still to be resolved. These are discussed in the
associated Reference Design Report, various chapters of the report and brought together

for consenience in Section 19. An indication of the
1.7 From the conclusions of the report it is clear that further work that will be necessary and the further
there is no reason for a change of the view, following information to be provided before the Inspectorate
the generic review, that there is no fundamental reason can be satisfied is also given.

.

e

.
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2 History of the project

Secretary of State for Energy in July 1977 (ref. 9).
Generic review This was followed by a more extensise report giving

the main conclusions and essential supporting

2.1 Following a proposal by the CEGB in 1973 to technical arguments which was published early in 1979

adopt a PWR, later confirmed as a Westinghouse (ref. 2). The main conclusion of this generic review

design, for the nest stage of its nuclear power was that there was no fundamental reason for
- programme the inspectorate increased the resources regarding safety as an obstacle to the selection of a

a: located to hght water reactors and embarked upon a PWR for commercial electricity generation in the UK.

eeneric resiew of PWR safety in preparation for a floweser, a number of safety questions were not
- formal safety resiew leading to a decision on licensing. settled to the Inspectorate's satisfaction, because more

information was required or the design or state of the
2.2 For the purpose of the resieu, an account of art needed improvement, and a number of detailed
which was published in 1979 (ref. 2), the generic recommendations were recorded where an increase in
aspects of the PWR were taken to be those safety confidence was desirable or where reasonably practic-
inues which could be regarded as specific to and able improvements appeared possible.
inherent in the concept and those features which,
while common to other reactor systems, had nosel
significance in the PWR. The generic issues selected
for detailed consideration were:

*" "8 **
(a) potential plar.t faults and their analysis; __

(h) tou.or. coolant accidents; 2.5 The Secretary of State for Energy announced in

(c) primary coolant circuit integrity including the a statement in Parliament in January 1978 (ref.10)

reactor preuure scuel, primary loop pipework and that the CEGB and the SSEB would be authorised to
begin work at once with a view to ordering onesteam generators;
advanced gas cooled reactor (AGR) station each. In

(di fuel element behaviour; addition he said the Gosernment endorsed the CEGB's

te) reactor protection system; wish to establish the PWR as a salid option which
should be deseloped in the early 1980s, subject te the

(f) containment; neceuary consents and safety clearances being

(g) radiological rnk in rirmal operation; obtained. In December 1979 the present Government
again endoned thh intention. In June of 1980 the

th) radioacthe waste arising on the reactor site- Inspectorate presented to the CEGB its requirements
I"' " E'"8'"**' "I ''I''I 'U D *i"i "' I'*di"8 ' U3.3 The objecthe of the generic study was to arrhe
licensing. The programme was similar to that whichat a uew on the safet) of the PWR concept and in
had been agreed for the new AGRs but with increasedpartNular to determine the technical conditiom which
emphask on design description and fault analysk forwould need to be sathfied for a PWR to be accepted
what would be the first commercial PWR station inas a commercial nuclear power plant in the United
t i country. It was subsequently agreed that the main

Kingdom. Whikt a particular plant, the Westinghouse
einnents of the programme wouW pnnide:

Lloop,11.40 AlWe plant at Trojan, Oregon, USA, was
seiceted as a reference design, because the CCGli (a) a Westinghouse $NUPPS (Standardned Nuclear
identified it as the nearest complete plant to les Unit Power Plant) FSAR (Final Safety Analysn,

requirements for which a full safety report was Report) and a commentary on it to be submitted
osailable, the reslew was not specific to Ibn plant- in mid. july 19M0;
indeed, to supplement this study the Kraf twerk Union,

PWR of similar site was aho considered and (b) a prehminary talety report WR) subminion for

dncuuions held with ihn deugn company. Dneunion, the propmed UK design to be submitted at the end

were aho held with regulatory bodies in I rance, OfS' PIN"h'f19'O'
Germany and the US A and use was made of (c) the rnajor part of the safety case and a full set of
information prouded in studies such as the Rasmuuen representathe fault studies to be submitted with
Report Hef. 7) and the UKAf: A's irneitigation into the draf t pre 4onstruction safety report (PCSR)in
pteuere seuct integnty carried out under the chair. mid l ebruary 19411 and

. tnornhip of Dr Walter hlarshall(ref,11),
| Idi completion of the PCSR in draf t form b) mid.
'

2.4 A summar) document setimg out the scope and Nosember lWI and rubbsation of the final draft
mam sonsluuons of ihn stud) was presented to the in mid.l ebruary IW2.

|

3
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The Inspectorate would start to prepare the draft
report in mid-February 1932 for publication in N!ay of Main topics identified as requiring further information

that year.
2.10 Consideration of the status of the inspectorate's

2.6 It was accepted by the Inspectorate that whilst assessment of the design safety case, and of infor-

this programme did not gise quite the two years it was mation available from the CEGB and the task force

expected such a review might take, given that the regarding the proposed new reference design and

information provided was satisfactory the Inspectorate safcty case, led to the following views on the main

should be able to indicate its views on the acceptability safety issues, as the NI! saw them, being put to the

of this specific design for licensing by the time of its CEGB in September 1981:

report, and hence in time for a public inquiry in the (a) Whilst accepting the CEGB's safety criteria as a
'

second half of 1982. suitable basis for a safe design, the Inspectorate
needed to be satisfied that all that it was reason.

2.7 In the esent, whilst the SNUPPS FSAR and the ably practicable to do had been done in areas
,

PSR were submitted on time, they proved to be dis- where there had been changes to the reference

appointing in that they advanced the inspectorate's design;

knowledge following the generic resiew to only a (b) A comprehensise definition was required of the
limited estent. N! ore importantly, a series of design external hazard lesels to which the station would
reviews took place within the industry which led to a be designed. Agreement was needed on the
number of changes to the design during the latter part criteria to be adopted for the design of the plant
of 1980 and the first half of 1981. The position with against hazards including plant layout and means
regard to the proposed design and its safety case of segregation.
remained uncertain, with little firm information (c) The inspectorate was concerned that sufficient
coming forward, until the setting up of a joint attention should be paid in the design and safety
industry task force under the chairmanship of Dr case to the effect of human error and the role of
Walter N!arshall m July 1981. This task force was the operator;
established to ensure that firm design proposals for
the Sizewell B PWR, consistent with UK safety (d) There appeared to be significant deficiencies in
requirements, would be desetoped as quickly as the approach to fuel behasicur in both normal
possible so that a satisfactory safety case could be and fault conditions. In particular, on the esi-
prepared for subminion to the inspectorate by the dence available, a satisfactory case had not been

CEGB. made on the clad ballooning issue;
,

(c) There were a number of uncertainties about the
2.M The inspectorate agreed to litise with the task design of the containment, for example its ability
force through its Safety Liaison Group and meetings to withstand steam line break accidents with
were held to prepare a resised programme of safety consequential steam generator tube failures. Also
submissions and new publishing dates for an inquiry the criteria for protection agamst esternal hazards
to be held early in 1983. A resised reference design had not yet been set out. Containment perform.
report was to be presented in September 1981 and the anec in degraded core situanom was a further
first inue of the PCSR in draft form jmt before area of uncertainty:
Christmas. This would be followed by a short period M Whiht the inspectorate had been anured that the
of awenment by the Impectorre and diwuniom with reaetor prenure sessel would be fabrieated from
the CLGil but this would hase to be completed by the

ring. forgings and that steps would be taken to
end of Alarch so that the PCSP could be published by ,; g g
Ntay 1942. The imocetorate 5 reslew was to be

properties, there was neerthelen still concern
pubbshed by July 19%. about the likehhood of lailure of the sewel as a

'

result of certain fault tramients. Aho the Cl3111's
2,9 't hough d e Impeetorate had already reeened a proposals for impection of the senel during ,

certain amount of technicalinformation in support of fabrication as well as in wrsiee were not
the Cl Ull's safety case, and would recche adsanced $ufikiently formulated;
information in the form of draft chapters and sup-

dm h Nportmg documents of the PCSR the reshed analytteal approach to be med to jmtify the
programme meant that the aucument work would be MN W hdu w W Mby no meam complete by the time the impntorate $ a| . Coolant a dent flDCAhown reuew came to be written. floweser, it was
antiupated that it would be powible to comment on th) The imputorate unbed to see more attennon
the more important inues of ugmlicance to safeth to gnen to secam generator mue, for cample the
indsate where there were rewtsations and to gne a feel of in.scr$ ice mtpation of the shell and the
siew on what soll reqmred to be done. anurance of tube integrit);

4
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(i) The proposed use of the Westinghouse Integrated 2.13 The CEGB responded to these points by agree-
Protection System (IPS) was a novel feature and ing to deal with them in the PCSR or its supporting
would require detailed examination. In addition, a <!ocumentation, unless it could show that they were
secondary, diserse guardline system would hase to not significant in terms of the design and plant layout
be provided to overcome common mode failure and could be left until a later date, or alternatively
problems and proside a sufficient lesel of pro- that they could be answered satisfactorily by technical
tection against frequent faults: discussion or by correspondence.

(j) There were a number of outstanding questions
regarding lack of redundancy or diversity in other objectives of the review
parts of the protection system such as the refuel-

' ling water storage system and the component
cooling water system; 2.14 The review reported here should be seen in the

.
context of the oserall safety assessment of a nuclear

- (M It was not possible to judge whether or not a case power station carried out by the Inspectorate. As has
could be made for faults mvolving failure of the been described, this assessment starts with an appraisal
shut down system (ATWT) without the prousion of preliminary information about the likely design of
of an emergency boration system; the plant and generic information about similar plants.

(I) in the case of radiological protection and waste Thers follows the present more formal stage which
management, the main concern was that appro- involves examination of the safety report and support-
priate provisions should be made to minimise ing documents relating to the specific proposal for
build up of radioactisity in the primary circuit licensing. Assuming that a licence is granted, this
and to reduce doses to personnel especially during examination continues throughout the detailed design
maintenance and refuelling, as far as was reason- and construction stages and the Inspectorate needs to
ably practicable; be sati<fied at each stage before consents required by

the licence conditions are gisen to proceed further,
(m) The fault studies and fault and esent tree analyses inclu ng c nsents to load fud into W reactor and to

of a number of intact circuit (other than ATWT)

" " * " '""" ' ' " * ** *
ener tor tu e fa lu e e br ak ar d an during this period, prior to a decision on whether

steam isolation valve failure, were not sufficiently consent should be given to full commercial operation
des. eloped of the plant, Finally there is review throughout the life

(n) The capability of the emergency core cooling sys- of the plant of operating and maintenance procedures
tem (ECCS) to deal with breaches of a certain size and of any plant modifications. Thus assessment is a
occurring below the core lesel was questioned, as continuous process from design inception, through
was the salidation of the computer codes used in detailed design, construction, commissioning, oper-
the safety case for loseof-coolant accidents; ation and, ultimately, decommissioning.

(o) The study of the effects of faults leading to major 2.15 The Inspectorate's objectives at this stage of the
core damage was at an early stage and subject to pre-licensing process involve the following:
a number of uncertainties in arrhing at the (a) confirmation that the CEGB's intentions are
related source terms and their probabilities: consistent with Nil's safety assessment principles

(ref.12);
2,11 in addition, a number of more detailed safety
inues were identifie. as requiring attention. These (b) identification and resolution of those safety issues

included items from the generie resiew, from the US which are of importance; and

Nuclear Regulatory Comminion's (USNRC) (c) acceptance that the design intent and safety
unresobed safety inues (ref.11) and from the inspec- principles proposed, and the detailed design of

*

torate's work on the specifie design proposah and plant which is of special concern to safety, will
safety case receised up to that time. result in a plant which would be acceptable in all

*
the important aspects so far as safety is concerned.

2,12 finally the in peetorate whhed to be sathfied By 'important* is meant major matters of safety
about the management structure of the mdustry,In principle or matters which are likely to hase a signifi-
particular that of the CEGB, so as to be able to cant effect on the main features of plant design or
identify the lines of responsibiht) for safety in deu.gn

i ut
and subsequent operation, for adskory work and
pohc) deckions at HQ and chewhere and for internal 2,16 in addition the inspectorate needs to be satis.
auditing, for esample by the CEGil's Health and fied that the main questions arhing from its generic
hafety Department, of these responsibilities. The review and from subsequent auenment base been
CEGil's polie) and arrangements for quahty anurance answered or are capable of being answered at the
would form a part of this resien. appropriate time.

$
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2.17 Th2 process starts with a period of revi w of the thtt there is small chance of significant modification.s

PCSR and its supporting documentation, questions are subsequently being required for safety reasons.
asked and technical discussions follow with the licence
applicant, in this case the CEGB, and with its main 2.18 It will be seen that the present review is written
contractors for the design including the National at a comparatively early stage of the process, the
Nuclear Corporation (NNC), British Nuclear Fuels Inspectorate's normal assessment work and interaction
Limited (BNFL), Westinghouse and Bechtel, as appro- with the licence applicant having been suspended for
priate. This would be expected to result in further the time being in order to prepare the review and
information being provided either in support of the publish it for the public inquiry. Hence, as would be
safety case or in clarification of it, and design changes expected, there are reservations and concerns in many
may be made to meet the Inspectorate's concerns. areas. These will require more information to be pro- -

Finally, when a decision is made on licensing, the vided and more assessment work to be done before
Inspectorate should be in a position to accept the they can be resolved and the objectives of the pre-
design as meeting the required standard of safety such licensing process achieved. .

.
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i 3 Satty criteria

i

l

' done. The overriding requirement is that the designers
E*"*'*8 satisfy the twofold duty placed upon them of ensuring

that the plant is within the required limits and is then
3.1 The PWR is a reactor system which has been as safe as is reasonably practicable.

! licensed in many countries against requirements largely 3.5 The CEGB has its own safety criteria and guide-
based upon those drawn up in the USA. However, the lines (refs.13,14) which have been the subject of dis-

|
proposed Sizewell B plant, like other nuclear instal- cussion with the Inspectorate over the period since-

; lations in the UK, must satisfy the inspectorate that it their inception. While in a number of respects the
I meets the required standards to obtain a licence in this CEGB's requirements differ from the N!!'s principles.

country, in carrying out its review of the safety case if only because they are aimed at designers rather than
-

for the proposed plant, the preliminary conclusions of assessors, it is accepted that their correct application
which are reported here, the inspectorate uses a set of should lead to a nuclear plant design which is likely to
safety assessment principles (ref.12) which provide a prove acceptable to the Inspectorate. A final judge-
framework and guidance against which judgements on ment on this can only be made, however, on the basis
acceptability are made. The Health and Safety at of the design and safety case put forward for the
Work etc. Act requires that the risk to plant staff and specific plant.
other persons (including the general public) should be
as low as is reasonably practicable and that the best 3.6 The Inspectorate does not set out to review all

practicable means should be used against the release of parts of the safety case in depth. Different aspects are

noxious substances. The Inspectorate's principles examined at different levels of detail, the purpose

embody these requirements so far as nuclear safety is being to ensure that the CEGB and its contractors

concerned, conventional hazards being excluded except perform the duty placed upon them, rather than to
where they affect nuclear safety. check that the safety case and the data and the calcu-

lations on which it is based, are entirely free from
3.2 The safety assessment principles were drawn up error. Nor does the Inspectorate aim specifically to
in the light of experience gained in licensing nuclear check that the design satisfies the CEGB's own safety;

| reactors in the UK, but they were made sufficiently criteria. The Inspectorate may, however, come across
| general to be applicable to any proposed reactor instances where it appears not to do so. In such cases

| system. They comprise a set of objectives which the inspectorate asks for justification of the apparent

| should be met as far as reasonably practicable, but in shortcomings. There can be instances where a plant
' some cases there is what amounts to a definite require- design is submitted which is lacking safety provisions

ment that they be met, for example the need to be provided on earlier plants, in apparent violation of the
able to shut down the reactor and maintain it safely *as safe as reasonably practicable' requirement. There
shut down, and the principle that dose equivalent may be sound reasons for this, because of the differ.
limits should not be exceeded. ences between plants, but the CEGB would be asked'

, to justify such cases.
3.3 A number of the principles are expressed in

| quantitatise terms. These ' assessment levels' are
! intended to give guidance to the assessor of the level

to aim for. Satisfaction of these assessment lesels Nil esfety esseeement /_ /

| should, in general, be sufficient for acceptability but,

| if reasonably practicable, it would be expected that 3.7 The inspectorate's safety assessment principles
suitable provisions be made to make the plant safer. are divided into three categories. The first category

,

On the other hand, it may not be reasonably practi* comprises a set of fundamental requirements which
cable to satisfy an assessment level. This might, never* include the radiological protection limitations on dose
theless, be deemed acceptable, provided that a suitably and the 'as safe as reasonably practicable' requirement,,

strong case is made, to be applied to the assessment of radiological conse-
quences. The second category comprises basic prin-

3.4 Neither the assessment levels nor the principles ciples which develop the fundamental requirements
themselves are mandatory and it is not intended that

.
and are concerned with the limitation of radiological

they should be imposed upon the designers, since this consequences for normal operation and for fault
would remove the flexibility which they must have t conditions. The third category is mainly concerned
design the plant. American criteria, or criteria from w th engineering features.
other countries, may be used as the design basis, pro-
vided that adequate justification for their choice 3.8 The procedure applied in the evaluation of

! together with appropriate supporting information is potential faults and the protective provisions for con-
given, and in some parts of the PCSR this has been trolling them is described in the basic principles. The

7
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aim is that all potential fault sequences should be claims would be accepted. However, the claims
subject to analysis in the safety case, though i: is frequently relate to the integrity of major components
recognised that methods of selecting bounding cases fcr which the demonstration of effectise barriers is
may need to be applied to reduce the effort involved. not practicable. In these cases a special procedure is
Faults beyond the design basis need to be studied to followed in which all the relevant scientific and tech-
enable their contribution to the overall risk of the nical factors are taken into consideration by the
plant to be assessed and, together with sensitivity inspectorate in making a judgement on the issue.
studies, to give assurance that no situations exist

3.11 While fault analysis and barner assessments are
.

where a sudden change in consequence occurs which
imp rtant aspects of the Inspectorate's review process,might not otherwise be considered. (Steps should be
the systems proyided on the plant are only as good astaken to avoid such situations where reasonably
the engineering which goes into them. The major part -

practicable.)
of the NII's principles document is devoted, therefore,

3.9 in assessing the fault sequences the Inspectorate to engineering principles and the practical application
looks for ' effective barriers' against the potential of the more basic requirements discussed abose. *

outcome of each sequence. For the less serious General engineering principles are presented followed
sequences the plant is required to be protected by at by principles specific to the different parts of the
least one effective barrier. For more serious sequences plant. Aspects such as basic plant characteristics,
better protection is required. .Nforeover, there are design, testing, inspection and maintenance, and
limits imposed by the possibility of common mode quality assurance are all considered.
failure to the reliability achievable by a barrier; simply
increasing the degree of redundancy provided is 3.12 It is important for engineering assessments to be

judged to be insufficient to achieve the higher stan. based on a good understanding of the plant, on the

dard. The principles require, therefore, the provision, loads to which it will be subjected during its life, and

where reasonably practicable, of two or more indepen. on the ways in which it might be affected by plant

dent and diverse effective barriers against the less operation and maloperation. .\!uch of the equipment

infrequent of the more serious faults, the expectation will be required to operate in fault conditions and it

being that the common mode failure problem will be must be shown to be reliable and effective in such

overcome by the provision of barriers relying on situations. Plant not involved in that way must be

different parameters for initiation, different principles shown to be proof against the conditions which might

of operation, etc. Further discussion on barriers is arise, at least to the extent that further failures do not

given in Section 16. occur and add to the severity of the problem. In some
situations, relevant reliability data may not be avail-

3.10 In any safety case, claims are likely to be made able, and assessments on the effectiveness of plant and
that certain events are of such low probability of parts of barriers will need to be on the basis of
occurrence as to be ' incredible'. Where the events are engineering judgement. The principles give the bases
clearly recognised as being sufficiently remote, such on which those judgements should be made.

| .

.

8



, -

4 Topic 3 cf gener:I epplication

would expect compliance with the ASME Code, and
introduction especially with its N-stamp and approvals procedures,

as a minimum. The Inspectorate would wish to review

4.1 in many components, systems and structures additional requirements (beyond those imposed by the

throughout the station there are aspects in common; in code) on a case.by-case basis and would not contem-

this section those topics which are of such general plate any blanket authorisation for deviations.
application are reviewed in order to avoid needless.

repetition. The majority of these topics are discussed Protection against the dynamic effects of pipe rupture.

in Chapter 3 of the PCSR.
- 4.6 During the generic review, shortcomings were

identified in the system of scheduling adopted by
D; sign criteria for components, systems and structures Westinghouse for the components, systems and struc-

tures which needed to be preserved in the event of a

General postulated pipe rupture. Consequently the inspectorate
sought a commitment from the CEGB that it would

4.2 As a basis for acceptable safety performance, the undertake detailed and comprehensive scheduling. This
Inspectorate needs to be satisfied that plant and has not been given and therefore the Inspec. orate is
equipment serving a safety-related function are not in a position to judge the adequacy of the CEGB's
capable of operating throug'iout the range of regimes provisions in this respect. A commitment to undertake
which they may be o pected to experience, that is, to detailed scheduling, or some suitable alternative,
demonstrate the effectiveness of the ' barriers'. One should be provided prior to a decision on licensing.
way of dealing systematically with such matters is to

. establish appropriate criteria for the design,
manufacture, inspection and testing of components, Plant-generated missiles
systems and structures (usually abbreviated to ' design

, U hI o w h to m a e e
criteria'). The CEGB's basic mtent in this area is p si e treatment of plant-generated missiles than
generally acceptable but there remain several issues t is given in the PCSR. For example, in terms of the
be resolved. These are discussed below. definition of pressure components which may give rise

.
to missiles, the physical separation assumed to be

5:fety classification of components, systems and effective and the consideration of secondary missiles
5' " #' " "' that might be released by jet impingement, e.g. on
4.3 The basis of the safety classification adopted in instrument racks or removable flooring.
the- PCSR is that of ANSI:N18.2 (ref.15). The safety 4.8 in terms of missiles which might be released
classification given to a component determines, inter from failure of turbo-generators, the Inspectorate
alia, the standards to which the component is wishes to be assured that an ' effective barrier' capable
designed, manufactured, inspected and tested, as well of controlling fission product release exists under
as determining the quality level assigned m the quality g,y g;,

assurance system.

4.4 The Inspectorate has expressed reservations as to
its acceptance of the ANSI:N18.2 approach since this Yahe and pump operability
relies only on a consideration of the consequences of 4.9 in the past, licensing in the USA has depended
failure of the component bemg classified. In the on the assurance of redundancy provided in response.

Inspectorate's view, the safety classification should be to the ' single active failure' criterion of 10 CFR 50
based on more comprehensive analysis of the role of Appendix A (ref.16). The Inspectorate does not

- the component m mitigatmg the consequences of other accept this as sufficient because reliability should also
faults and the extent to which those consequences may be considered, especially during and after accident
be worsened by non-availability or non-operability of conditions, as the Three Mile Island incident (ref.17)
the component. showed. For example, fluid forces or excitttion from

external hazards may so distort a valve or a pump that
its operating clearances could be lost and the valve fail

4.5 The Inspectorate has noted a tendency for the to close or the pump seize. The position of the CEGB
CEGB to propose the ASME Boiler and Pressure as set out in the PCSR is not yet acceptable to the

! Vessel Code as the basis for the safety case whilst indi- Inspectorate since the intention appears to be to pro-

| cating a clear intention to deviate from that code in a vide a lesser demonstration of operability than is cur-

I number of areas. The inspectorate has indicated that it rently offered as good practice by US manufacturers.

9
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*the SSE might be one of the more credible triggers'for
Design against cxtemal hazards LOCA, but also to ensure that under the action of

SSE and LOCA forces, propagation to other loops
General cannot cause the LOCA to exceed the design basis for

. . the containment or ECCS. The CEGB has elected to4.10 The appropriateness of the design mput or dispense with this load combination and with it its
' forcing functions' for external hazards is discussed in logical extension to a SSE and SLB case, and hase not
Section 5, since th,s is a site-related topic. Here thei

, provided adequate justification for the alternatise
Inspectorate deals mainly with earthquake design proposed. The Inspectorate will need evidence from
criteria since earthquakes are likely to be the most

. the CEGB to show that that the design bases for the
limiting of the external hazards identified m the design containment and for the ECCS in particular are

~bases discussed in Chapter 3 of the PCSR. unlikely to be exceeded in earthquakes, or other
external hazards, prior to a decision on licensing.

Earthquakes beyond safe shutdown earthquake (SSE)
level Operating basis earthquake (OHE)

.

4.11 In Section 5 the basis for selection of the level 4.15 A requirement of the Nil's principles, which is
of excitation assigned to the safe shutdown earthquake also a regulatory requirement in the USA, is that an
is discussed. While the problems of extrapolating the earthquake at a lower level of excitation than the SSE,3

meagre statistics which exist to events of lower called the operating basis earthquake, should be
probability than 10" events / year are recognised, the assigned. The International Atomic Energy Agency's
Inspectorate needs to be satisfied, as far as is Safety Guide also advises such an approach (ref.18).
reasonably practicable, that there is no sudden detri-

4.16 In the Inspectorate's view it would be advan-
. .

mental change in the risk / damage relationship for
such events. The CEGB has undertaken to conduct tageous to have multiple OBE e7ents factored into the
sensitivity studies to explore this question. Sufficient fatigue analysis, smce otherwise it might be necessary

assurance from such studies as to confirm the accept- to shut-down and re-validate the plant after any earth.

ability of the design basis proposed by the CEGB is quake. The CEGB has not discussed this matter in the

required, prior to a decision on licensing. PCSR, though it is one on which the Inspectorate
would wish to be satisfied prior to licensing.

Permissible stresses in the SSE External hazards trip
4.12 Although not explicitly discussed in the PCSR, 4.17 The Inspectorate would wish to see consider-
the CEGB has given an undertaking that stresses

. . ation given to a trip, controlled by excitation from,

under the action of the SSE will be shown to be within external hazards, to provide automatic shut-down of
ASME Service Level B hmits for active components the reactor in the event that the external hazard
required to function during or after an earthquake, exceeds that level against which the plant is pre-
and within Service Level D hmits for all other Seismic

,

qualified (for example, the OBE level). Following
Category I components and structures. tripping because of an external hazard it would then
4.13 This is generally acceptable but the Inspectorate be necessary for the CEGB to revalidate the plant for
has two reservations on the details of these proposals further ser ice before plant start.up would be per-

as it understands them. The first is that all active com- mitted. The CEGB has not yet offered such prosision
ponents (as defined, for example, in the US Code of nor proposed any alternative philosophy of recovery
Federal Regulations) should be covered by the Senice from external hazards events.
Level B limits. This would include, for example, the

,

supports of the reactor pressure vessel, of the steam
generators and of the reactor coolant pumps. The

' '

CEGB's intentions, are not clear with regard to these Human factors
components. The second is that the Inspectorate is
not yet satisfied that the Senice Level D limits on

-Introductionstresses are adequate for assuring the integrity of the
structures unless these stress limits are applied to the 4.18 Human factors (or ergonomics) is concerned
combined SSE and loss-of-coolant accident (LOCA), with the efficiency of humans in their working
or SSE and steam line break (SLB), load cases as dis- environment. Efficiency in any particular task will be
cussed in para 4.14 below. in0uenced by psychological factors, the ensironment,

and the design of the man / machine interface. The
Load combinations safety of a nuclear power station will be affected by

the efficiency of its staff in the following general
4.14 US regulatory practice requires that all Seismic

"'' 5
Category I components be analysed for combined SSE
and LOCA loads, not only because it is thought that (a) the management of the station;

10
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1' (b)'eperations, particularly in the control room; Conclusions ]

(c) the maintenance and testing of essential 4.24 Although human factors are not adequately
equipment. considered in the PCSR, the CEGB has given a com-

mitment to apply ergonomic principles to the design4.19 A proper consideration of human factors
, and operation of the station. Provided they show

requires that it is giun detailed consideration at all
evidence of utilising sufficient expertise and resource'

stages and m all aspects of the station design and this should lead to an acceptable position.
operation. The Inspectorate would expect the CEGB
to have at its disposal suitable expertise to assist the
design and operation departments.

Quality assurance
- 4.20 The Inspectorate set up a Working Group in

1980, including two industrial psychology consultants, Introduction
to give advice on human factors aspects of nuclear

- safety. Their report (ref.19) suggests a number of 4.25 Quality assurance (QA) is a management system
areas that may require examination and it has been which is essential to provide adequate confidence in
made available to the CEGB. the control of the design, manufacture, construction,

operation and decommissioning of a nuclear plant. A
section on QA is included in the Nil's principles and

Human factors assessment
the Inspectorate has also written a guide (ref. 20) on

4.21 In the PCSR there is only brief mention of the this subject for use by its own staff and by licensees
role of the operator in testing and maintenance, oper- and suppliers. There are many examples, worldwide,
ating procedures, operator training, the control room, where a failure in control of quality has led to a signi-

.and operator response to faults. The various sections ficant reduction in the safety of the plant and
give little indication of intent to design and operate to expensive modifications to correct the situation.
good ergonomic principles. However, the CEGB has
said that such principles will be applied and, for Assessment of PCSR and supporting documents
exa nple, has issued supporting reports to the PCSR

4.26 At this stage of the pre-licensing process the
dealing with changes and recommendations following

Inspectorate would expect the licence applicant to have
the TMI-2 aceident. The Inspectorate will expect to see

prepared quality assurance proposals including a QAevidence of th,s, together with the provision of ai
programme and management structure, and to have

formal human factors assessment, prior to operation.
available the QA and quality control (QC) schemes

4.22 As would be expected at this stage, few details fr m their main contractor for the main safety-related

of the control room design are given. However, it is items of the plant. This should include sufficient

likely that previous CEGB experience, coupled with inf rmation about the CEGB's management organis-

me application of contemporary ergonomics expertise, ation to enable the lines of responsibility for safety m

will produce an acceptable situation which the Inspec- design and subsequent construction and operation, for

torate will be able to assess at a later stage. p licy decisions m regard to nuclear safety and for
_

internal auditmg of these responsibilities, to be identi-
,

4.23 The inspectorate is particularly concerned with fied.
'

the following issues:
4.27 The general statement of intent and approach to

(a) The staffing intended for the station. A review QA outlined in Chapter 3.9 of the PCSR is acceptable.
should be carried out to look into the proposed it specifies, in sufficient detail at this stage, the main
management structure and procedures, including participating organisations and, with one exception,
training, to confirm that they are suitable for a their respective responsibilities and interfaces. The
PWR station in the light of current knowledge, exception is the lack of clarity of the respective roles

* "E " * ces Department and'

(b) The fault studies in the PCSR appear to take no . ,

c proposed Authorised Inspection Agency and thisaccount of operator error. For example, whilst all
will need to be resolved before licensing. However,

.

protection actions for 30 minutes following a fault
w t emn A timen 5 prepared W th'

are to be automatic, if an operator intervenes
. CEGB are specified in the PCSR, none of these is yetduring this period h.is reliability is likely to be

available for submission. The CEGB should be in amuch lower than that of automatic systems. Also,
more advanced state of preparation than appears to be

some actions by the operator are necessary after
the case, especially in view of the considerablethis imtial period.
i da kvel of QA and QC in ensuring

(c) Operator training. A highly realistic simulator satisfactory control of fabrication and enhanced
should be provided to give suitable operator train- margins of safety in the case of the reactor pressure
ing in preventing and dealing with fault situations. vessel, reactor internals and other such items where
it is understood that the CEGB is now committed steps hase to be taken to prepare for ordering wellin

|
to doing this. advance of licensing. This is also of concern in that it

11
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appears to reflect a lack of commitment to QA by extinguishing and suppression equipment appopriate
management without which there can be no guarantee to the risk. It is thus necessary to identify the risk in
of its acceptable implementation. each area where fire might lead to a radiological

hazard. In general, this has been done for the contain-
4.28 As the Inspectorate has not yet received the

ment and auxiliary buildings. In the PCSR, areas of
CEGB's QA programme for Sizewell B, it does not n n-safety-rel ted plant where high fire load exists,
have all the details it would wish to have of the such as pans of the turbine building, are also con-
management organisation for the project. However, it

sidered. Howeser, not all areas where a potential tire
has been supplied with the CEGB's Health and Safety

risk exists and where the radiological consequences of
Department (HSD) management structure and objec- such a fire could be serious are identified, for
tives and in March 1982 carried out an audit of the example, the areas used for resin encapsulation of
implementation of the procedures used in the prep- ,

s I d radioactive waste, and waste gas processing and
aration of the PCSR at the CEGB's HSD and

st r go
Generation Design and Construction Department
(GDCD) and at the National Nuclear Corporation 4.34 The important aspect of personnel safety has -

(NNC). In general the performance was found to be not been adequately dealt with in the PCSR. Consen-
satisfactory. tional fire protection practice has shown that unless

such matters are considered as an integral part of the

Conclusions design process then the protection afforded can be
** '#

4.29 From the Inspectorate's examination to date, it
is concluded that the CEGB's broad approach to 4.35 Three principal areas have bun identified which
quality assurance as outlined in the PCSR is accept. relate to parts of the strategy proposed for protection
able but that, in the absence of a written programme against the fire hazard which on the information avail-
and procedures for the main safety items, the Inspec- able at present the Inspectorate would find difficult to
torate has been unable to assess the detailed proposals. accept without the need for design changes. These are
These are very important to safety and should be discussed below,

made available as a matter of urgency, especially in
relation to the early order items. Segregation

4.36 It is the intent of the CEGB as set out in
Chapter 3.3.1.2 of the PCSR that a fire starting in one

N'* ''*d "* zone and destroying everphing within that zone will
still not prevent achievement of hot shutdown. (A

Introduction zone is an area of the plant in which, should a fire
"' I ***'.d

will not spread beyond the zone
4.30 One of the internal hazards which must be boundary. This is usually achiesed either by enclosure

.

examined in assessing the safety of a nuclear power
in a fire-resisting structure or by separation.) To

station is fire. It is not an infrequent occurrence and is
s tisfy this aim, trains of protection equipment will be

one of those hazards where neither redundancy nor
segregated by one of three means: a three-hour, fire-

diversity of systems will ensure safety unless there is
rated physical barrier, a one-hour, fire-rated physical

adequate protection. In this assessment the Inspector-
barrier plus automatic fire detection and suppression,

ate has judged the proposed strategy for dealing with
' SP*II"l '#P # 'i " I * I'*** Si* *#''#5 P "5 ""' 't

the risk of fire and examined the consequences of fire
matic fire detection and suppression. The Inspectorate

upon safety,
has questioned the application of the last two of these

4.31 The overall strategy adopted should have as its methods and has informed the CEGB of its concern
aims: that active fire protection equipment is to be used in

pl ce f adequate segregation (by barriers or spatially).
(a) to prevent fires from starting; ,

This appears to offer a lesser degree of assurance than
(b) to extinguish those which do start; is provided by best practice adopted in nuclear stations

elsewhere. The Inspectorate will need to give further
(c) to prevent the spread of those which hase not been ,

c nsideration to the proposed implementation of the
extinguished.

physical barrier requirements and to the reliability of
4.32 The major sources of combustible material are the active fire protection equipment to be provided,
likely to be cables and lubricating oil. Significant but at present there are resersations in these areas.
reduction in the quantity of either of these is not prac- g g g7 g
ticable and the possibility of replacing them by non-

' ,
'

three-hour rated barrier could be serious the inspee-
combustible equivalents is hmited. torate would expect to see a high standard of fire
4.33 The provision of fire protection equipment is segregation where this means of protection is
dependent upon the Ure hazard in each area and the proposed. It should be an imperforate fire-resisting
CEGB's strategy is that of prosiding detection, structure so far as is reasonably practicable. Whilst it

12



' is a!cepted that some breaching of the structure will system for each motor which drains any leakage from
be necessary, for example doors are required for the area to collecting tank. Fire at a RCP is said not
access. penetrations are needed for fluids, etc., it is to be possible because of this\ system. However, there
considered that these should be justified on an indi- is a need to demonstrate:
sidual basis.

(a) the effectiveness of such a collection system, par-
Cable routing ticularly since it has only recently been introduced

4.38 in the PCSR it is stated that cables will be
routed sia corridors and plant rooms. A basic fire (b) that fires starting elsewhere within the compart-

presention rule is to separate fire risk from fire load, ment, e.g. at the motor terminal box, will not
i.e. to reduce the risk of ignition as far as is reason, spread to affect the oil system.

,

ably practicable. Plant rooms and corridors can The consequence of fire in the RCP compartments
possess a high risk of ignition due to the presence of could be fire exposure of unpretected steel work sup-

. switch gear, transient combustibles, etc., and should porting the RCPs or steam generators.
therefore contain only those cables required to service
the areas concerned, it is not clear from the PCSR Conclusions
that this is to be done.

4.41 The CEGB's approach to the internal hazard of
4.39 in addition to a reduction in the standard of f re is to apply a defence in depth strategy by exam-
nuclear safety, the Inspectorate considers that using ination of fire prevention, fire protection and fire
corridors as cable routes is questionable as it could segregation. While the Inspectorate agrees with this
reduce the standard of personnel safety that might basic strategy, it has reservations about the way the
reasonably be expected for operators. The CEGB's strategy is apparently to be implemented in relation to
strategy should be improved in this respect. the segregation of protection equipment, the routing

of cables and the fire protection of the reactor coolantFire at a reactor coolant pump
pumps. The Inspectorate also questions whether all the

4.40 Fire protection for the reactor coolant pumps significant sources of fire risk in the site have been
(RCP) is provided by a shroud surrounding the oil identified in the PCSR.

.
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5 Station, sits cnd surrrundings
.

Siting of the PWR
Introduction

5.7 For reactor systems new to commercial use m. the
3

UK, like the PWR, it is policy to utilise remote
5.1 This section is concerned with the case made location until appropriate experience has been gained
about the impact of the siting of the station, its (ref. 22),
environment and potential hazard situations both

5.8 The site at Sizewellis located such that i is suit- .external and internal, on the nuclear safety of the
able for any reactor system which can be licensed forplant..
commercial use in the UK.

!5.2 The demographical aspects of the site are dis-
'

The sitej cussed in relation to its geographical location to ensure ,

1 that the site location is in conformity with policy on 5.9 The Sizewell site is situated on the Suffolk coast
siting for the first of a new type of power reactor about 20 miles south of Lowestoft (population;

4 system in the UK. Then the geological and hydro- approximately 52 000) and 22 miles north east of
| logical stability of the site and its consequences for Ipswich (population approximately 125 000), the

plant stability throughout its projected life are con- nearest large towns in the area. With regard to popu-j=
sidered. Finally an assessment is made of the safety lation distribution, the most sensitive sector lies west

,
impact of certain external and internal hazards, both by south of the site and includes 14 small villages and

I ' natural and man-made, which may present a risk to the town of Leiston (population approximately 5000) I

the plant and thus to people. which is situated one and a quarter to two and a

5.3 In this context it is considered appropriate to quarter miles from the site.

j take into account layout of both the site and the plant 5.10 Arrangements exist for consultation with the
j within it, and the consequent potential for adverse local authorities on any proposed residential and ;

i interaction between separate systems. industrial developments in the vicinity of the site with
j the objective of maintaining the site characteristics.
4

} Summary and conclusion

! Siting 5.11 A site hasing been accepted for a nuclear
station, arrangements are made with the local,

| authorities to ensure that residential and industrial
Introduction

! developments are controlled so that the general char-
i 5.4 In a densely populated area like the United acteristics of the site are preserved. In the case of

Kingdom the contribution to safety to be gained from Sizewell, the site was accepted for the esisting station
siting is limited, the main safeguard to the public from as one which fell within the policy and characteristics
any risks arising from nuclear power plants has been for more remote sites, and it remains within that class
and will continue to be the achievement of high stan- of sites which would be acceptable for any reactor

i dards of design, construction and operation of those system licensed for commercial operation in the UK.

i plants. Nevertheless it is prudent to take advantage of
the contribution which may be derived from the choice'

f of site. Geology and hydrology

( 5.5 The Government adopted a cautious approach in
, 5.12 The geological structure, seismology and

|
its sitmg policy at the start of the first nuclear pro-

hydrology of the site have been examined to ensure
-

gramme in the 1950s, m that heavily built-up areas that it would be satisfactory for the construction of a
were av ided and the sites chosen for the first, further nuclear installation. The information resiewed,
(Ntagnox) stations were situated in comparatisely '

. which is based on a comprehensise insestigation
remote, or rural, areas (ref. 21). Also the population

(ref. 23) of the s'ite carried out on behalf of the CEGBclose to the site was hmited with the additional benefit
between early 1%8 and the end of 1980, indicates that

.

! that emergency countermeasures such as evacuation of
all f the site which could affect the security of the

- people from the area could be readily carried out.
nuclear power station is umform, compact and

,

5.6 In 1%8, after a safety review, the Government capable of taking all constructional loads. No unusual,

! announced a relaxation of the earlier policy in the case civil engineering techniques will be needed for building t

I of certain designs of reactors, specifically advanced the plant. Slonitoring techniques to be insed in
. gas-cooled reactors in pre. stressed concrete pressure assessing the settleme'at of the reactor buildings are
| vessels, which could be sited nearer to urban deselop- referred to in the PCSR. These proposals are satis-
i ments. factory as settlement is not likely t'o be great. '

I

?.
14

I

.

- ~ ~ - - - - ~ , - _ _ _ _ . _ _ . _ _ _ _ _



.- . . . - _ - - ~ - . =. -. --- --- -- ..-. - . - -. -.

oserall safety assessment in the PCSR by due con-a e

Sit) layout sideration in each section. Howeser, especially in the
absence of specific CEGB design guidelines on layout,

! Introduction the treatment prosided needs to be improsed in a
number of areas before it can be regarded as

5.13 in assessing the safety implications of site lay- satisfactory.
out the sections of the PCSR in Chapters I,3,5,6,9,

,

10 and 15 dealing with building and plant layout on 5.17 in the absence of firm acceptance of the range

site, buildings and systems classification, system func. of design basis external hazards proposed in the

lion and performance, and system inter-connections PCSR, only qualified acceptance of the proposed lay- |
,

and interfaces were considered. The main objectise out can be given. This therefore will need to be re-

was to assess the adequacy of the site and plant layout examined when the range of hazards to be considered
-

arrangements for minimising the adserse effects of is finally agreed,

both internal and external hazards, particularly in
regard to the protection system.

|, - Extemet henseds
Assessment.

! 5.11 The general strategy of site and plant layout Introduction
follows closely that developed for the SNUPPS plant 5.18 A consideration in siting a nuclear power4

combmed as far as possible with Uls practice. This is station is the possibility of hazards arising from
broadly acceptable. However, m its detailed appli. sources external to the site. Both the N!!'s principlest

;

cation the safety aspects of the proposed layout of the and the CEGB's criteria require that the possibility of
~

; various buildings, and juxtaposition of buildings and such hazards should be examined and either the
systems throughout the plant are not yet satisfactorily chance that they might affect the station shown to be -

; dealt with. Also, as might be expected, the present acceptably low or the station shown to be protected
stage of the design as described in the PCSR and the against them such that the consequences in terms of
Reference Design Report excludes many detailed release of radioactivity are acceptable. These hazards

'

aspects of the plant layout and contains only minimal include natural hazards, such as floods, earthquakes
information on such matters as layout of cabling, and high winds, and man-made hazards, such as mis-
auxiliary pipework routes and protection and control s les and explosive or toxic gas clouds from industrial

{ systems. Further information in support of the safety or transport sources in the vicinity of the site, aircraft
case in this area will be required at a later date. crashes and sabotage. A feature many of these hazards<

! 5.15 Physical separation and segregation of have in common is that the whole plant can be

redundant and diserse systems are claimed as con. threatened so that, for example, neither redundancy~

tributing towards meeting the design safety guidelines nor diversity of protection systems will ensure safety

for protection against internal and external hazards. unless the systems are suitably qualified and designed

Howeser further information needs to be provided to against the hazard. This means that such hazards may

; demonstrate this. Firstly, the sensitivity of layout potentially present a more significant threat to the
i arrangements to hazards which are within the design safety of the plant than internal faults or failures,

j basis needs further consideration. Secondly, the 5.19 It may be possible to show that the probability
behaviour of buildings and plant following events of of an initiating event is so low that no further con-i

lower probability than the design basis should be sideration is necessary. However, if this cannot be
explored to show that there is no sudden change to an satisfactorily demonstrated, other ameliorating factors,4

; unacceptable failure mode. Particular examples are: such as plant layout, diversity and segreptition of pro-

(a) the susceptibility to damage from missiles, and tective features (adopted perhaps for otipr reasons).

possibly from aircraft crash or fire, of vulnerable will need to be taken into account in order to demon-
parts of the plant; strate that the potential for a release of radioactivity'

of unacceptable proportions is sufficiently small. Such
(b) the possible adverse interaction arising from the an evaluation could include an examination of the4

location of the single refuelling water storage tank effects of the event on the plant itself. The external-
,

near non-seismicCly qualified structures; hazards of significance are discussed below. |
4

j (c) the effect of;ayout on the requirement for
separate entrance and exit to areas of potential fire Aircraft crash ,

,

It is the CEGB's claim (ahat the probability ofhazard * 5.20
an aircraft crast+ n the proposed power station in

Conclusions such a manner ts to prejud,ce nuclear safety is suf-i

5.16 The impact of the site and plant layouts on ficiently low that additional design measures need not
,

safety is not treated as a separate topic in the safety be provided specifically for this hazard, and that this'

case but is claimed to be covered implicitly in the will remain the case in the foreseeable future, in the i
;

15
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Inspectorate's view the case made in the PCSR is Industri 1 sourers ' '

insufficient to support this contention and it has asked
5.22 In the case of Sizewell, industrial hazards are

for further review by the CEGB of the statistical
analysis of the probability of significant aircraft crash adequately controlled by the local authorities, acting

,

with particular reference to the Sizewell area. The n the advice of the Inspectorate where necessary.

CEGB does not expect to be able to complete this Safe shutdown earthquake
work untillater in 1982 but anticipates that the work

5.23 The Inspectorate has accepted that the zeronow in hand will be capable of producing the required
case. If not, then for those aircraft with an unac- peri d acceleration of 0.25g assigned to the safe shut-

ceptably high probability of impact, it will need to be down earthquake (SSE), corresponds approximately to

shown to the extent necessary that the combmation of the expected excitation at the 10" events / year lesel,'

impact probability and consequences in terms of effect based on mean UA seismicity. However, it is noted -

on the plant is such that they will not cause that the largest UK earthquakes m, the past century

unacceptable releases, have occurred in the East Angha region (Colchester
and Dogger Bank) and both appeared to have offshore -

epicentres. The Inspectorate has asked for assurance
that no offshore tectonic features (faults) exist, which

Gas cloud explosion
might render inappropriate the assumption of mean

5.21 Should a cloud of gas, for example from an seismicity.
accident to a tanker containing liquefied petroleum or

;
liquefied natural gas, drift over the site and be igmted
it would present a significant loading on the contain- 5.24 The Inspectorate has reviewed the CEGB
ment and other structures and could lead to a serious assessment of Gooding risk which identifies the sand-
accident. It is claimed in the PCSR that the hills to the seaward side of the station as the major
probability of a gas cloud explosion affecting the site defence against flooding. Generally, the arguments are
from the transport and use of such materials in the acceptable, but the Inspectorate has indicated a wish
vicinity of the site is so low that no special measures to see a more rigorous assessment of the risk of wases
are deemed necessary. This statement is acceptable for over-topping the sandhills so that the possibility of
land-based traffic and fixed installations but the generalised flooding of the station, which could impair
potential hazard arising from shipping needs further the functioning of protective systems, is seen to be
examination by the CEGB before licensing. sufficiently remote.

;

e
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6 Nucle:r design

has been obtained by measurement of over 1000 such
introduction Oux distributions, situations could arise where these

limits are exceeded. Such cases are likely to be

6.1 This section of the report is concerned with the associated with a large axial offset which causes an

nuclear characteristics of the fuel and the reactivity alarm to occur. This alarm is followed by a trip if the

control systems and their effect on the safety of the power or DNBR limits are exceeded.

,
plant. The nuclear design affects the behasiour of the 6.6 The information provided in the safety case on
plant during normal operation and also during fault power distribution control is difficult to follow and in
conditions and is, therefore, of centralimportance to some areas is inadequate or not strictly relevant to the
the safety case. It is discussed mainly in Chapter 4 of Sizewell design. In particular, there is no discussion of,

the PCSR. the basis of the uncertainties associated with the
components of the peak rating. There is also6.2 There are a number of specific aspects of this

part of the safety case which require consideration. I"SUINC'.ent mformation to provide verification of the
,

c rrelation between the measured aual offset and theFirstly, the prediction of power distribution is an
actual offset m the core.important input to a determination of fuel behaviour

and to the behaviour of plant in normal operation and
fault conditions. Similarly, temperature coefficients of
reactivity and the effect of soluble boron in the Reactivity coefficient

moderator play an important part in plant behaviour.
The shutdown margin is also a feature which is of 6.7 There are a number of reactivity coefGeients
importance in relation to potential faults, in particular. related to changes in fuel and coolant temperature,
failure of the shutdown system (ATWI) and main coolant pressure, density, soidage and boron concen-
steam line break. While not seen as of major import- tration, which play an important role in both reactor
ance, core stability has to be considered and, finally, control and fault transients. Some of these coefGcients
the radiation doses receised by structures and the are positive, others negative, and their effects can be
pressure sessel need to be assessed, stabilising or destabilising, depending upon whether

6.3 At the more general level, there are other points the relevant reactor parameter increases or decreases

to be considered. The requirements for validation of during the course of the fault.

codes used in the safety case are particularly important 6.8 On the whole the approach adopted in the PCSR
here, where confidence in some of the key parameters for the calculation of these reactivity coefficients is
mentioned abose is dependent upon the validity of adequate, although further information needs to be
codes used in their derivation. provided. For example, it is necessary for the CEGB

to provide details of the core behaviour and reactivity6.4 Plant operating procedures can have implications
e efficients which span the entire life of the plantin relation to the nuclear design; control rod patterns,
instead of just the first cycle, and they hase agreed to

arrangements of rods in control and shut-off banks,
do this. Again, full details of the determination of the

,

and refuelling procedures are some examples. The
Doppler coefficient are not provided. Finally, the

inspectorate has done httle assessment in this area but, reactivity effect of the large void m the eore coolant
following the work done at the time of the generic the m, for-expected during LOCAs is not included m,
review, it does not anticipate any problems which

mation in the PCSR. These deficiencies will need to be
_

cannot be osercome by suitably defined modes of
made good before a decision on licensing is made.

operation.
,

Power distribution Shutdown raargin
,

6.5 The method of restricting the power shape in the 6.9 On insertion of the control rods at power, there

core is by operator control withir. set limits of axial are reactivity contributions arising from the Doppler

offset, power and departure from nucleate boiling effect, the variation of the aserage moderator

ratio (DNBR) for the peak-rated fuel. These limits temperature, the effect of Hux redistr.bution and the
hase to coser the large number of flus shapes reduction in coolant and void content. These reactivity

expected during normal operation throughout the life effects have been estimated conservatively, and the

of the core and also arising from control rod reactivity worth of the control rods is sized to com-

malfunction and operator error. Esen though it is pensate for the reactivity changes leasing an appro-
claimed in the PCSR that assurance on this approach priate allowance for shutdown margin.

17
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6.10 However, there are two reservations arising that of the Sizewell PWR and additional measure. . .

; from the Inspectorate's assessment of the determi- ments would help to give confidence in the analysis. ,
' nation of the minimum shutdown margin. Firstly, the

size of the shutdown margin has been reduced, com.
'

pared with some earlier plants, on the basis of the less
#" ** * '*** ' " '3"d *onerous requirements applied to the Sizewell plant for

4 the main steam line break accident (the requirements
to prevent DNB occurring for the highest rated fuel 6.13 Standard transport theory methods are used to

,

j channel and to prevent hot leg boiling). Even though calculate the neutron doses in the pressure sessel walls
; the size of the shutdown margin appears to be and other structural components, but there appears to

}. adequate for operating states of the Sizewell PWR, be no comparison of the results of calculations with
; justification is required for reducing it from 1.69 Niles measured neutron doses or fluxes. Such comparison is -

i for previous Westinghouse plants to 1.3 Niles for required in support of the calculations,

i Sizewell. In the justification the inspectorate would
expect, on reliability grounds, two control rods to be -

| assumed stuck out of the core when determining the
A O '"* "j shutdown margin; no discussion is given in the PCSR

i of the reasons for assuming only one stuck rod.

] 6.14 The analytical methods used to calculate the
neutronic performance of the reactor core are generally

! staMI4 adequate, although further information will need to be
supplied. In particular a detailed description of the

6.11 Calculations in the PCSR show that the core is method of calculation of the Doppler coefficient is

, stable against xenon oscillations although the axial required. Validation of the codes used in the analysis

j stability decreases with burn up, the stability index should also be provided.

; becoming zero at 12 000 mwd /te. Hence demand on
i the control system and the operator are likely to
; increase with burn-up. The inspectorate expects to see, Concluelon"

i therefore, a discussion in the safety case of the effect
l of operator and control system error on maintaining . .

6.15 For the most part the inspectorate is satisfied'

stability at the end of the life of the core. This should
with the mformation on the nuclear design and sees no', be provided before licensing.

; reason why its concerns, which require additional

| 6.12 Only a limited number of measuremerts of information or further justification, cannot be met by
! stability have been made for cores of similar size to the time a decision on licensing is required.

!

!

,

I
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7 Fuel siement behaviour cnd c:ro thermrl hydrzulic de:izn

not yet been assessed. More information may be
introduction required to resobe outstanding points, but the

inspectorate does not regar.d this as a serious problem.

7.1 Fuel element behasiour is of importance to the it should be recognised, howeser, that resolution of

safety of a nuclear plant primarily because the fuel some of the problems could result in a reduction of

contains the major part of the radioacthe products in the margins available to accommodate fault transients
and therefore, in the extreme, it is possible that core

the plant. Its performance as a heat source is crucial.

to safety because the release of its fission products is power restnctions may be necessary to restore these

the likely consequence of some failure to transfer its margins to acceptable levels.

heat to the coolant, in addition, it has an influence.

upon the core reactivity, and therefore upon the heat
Fuel limiting criteriegeneration rate, because of the feedback effect of the

fuel reacthity coefficient.
7,6 Fuel rod performance criteria are used to7.2 The adequacy of the fuel element design and
demonstrate that the fuel design is capable of meeting

,

safety case as set out in Chapters 4 and 15 of the
the requirements laid down m the safety case. TherePCSR is assessed in relation to the Nil's safety assess-
are three main types of criteria, relating to design,

ment principles. For normal operation (and this
ci d rupture and secondary limits.includes ANSI Condition I operational transients) this

means that all reasonable steps should be taken to Design criteria
minimise the failure of the fuel rod cladding and thus
minimise the release of radioacthe fission products 7.7 Current and past operational experience of
into the coolant. For fault conditions, the definition PWRs appears to demonstrate that the proposed fuel

of satisfactory performance depends upon the fre. assembly design is capable of meeting the design

quency with which the fault is expected to occur, as criteria as described in the PCSR. Howeser, whilst this

discussed later. evidence in support of the safety case is accepted,
there are a number of detailed claims made in the

7.3 in order to demonstrate compliance with the rel- PCSR which will require further information and
evant requirements of the principles, the inspectorate assessment. This is not expected to reveal problems
expects the safety arguments m the PCSR first, to which would require changes in fuel assembly design,
define and justify the hmits within which the fuel can but it is nevertheless important to confirm that the
operate safely during both normal and fault conditions assembly will operate with adequate safet3 margins.
and, second, to demonstrate that none of the limiting The CEGB has promised to produce the required

- criteria is exceeded when the fuelis subjected to the nformation to demonstrate that the safety margins are
full range of operational and fault conditions. For acceptable before a decision or licensing is required.
fault calculations it is necessary to describe the initial
tuel conditions from which the fault is assumed to Clad rupture criteria
occur and to demonstrate that they are appropriate to

7.8 These critena are used to show that no aaditional
,

any history and mode of operation which the fuel
fuel failures occur in frequent faults covered by themight undergo during the life of the plant.
ANSI Condition il events. In the case of the more
severe Condition ill and IV events, the criteria are
used to determine the total number of failed rods andThermal and hydraulic design hence the radiological release associated with the fault.
(The design basis faults of Chapter !$. in principle,

~

7.4 The oserall objective of the thermal and cover these three ANSI conditions.)
hydraulic design given in the PCSR, i.e. to provide

7.9 Assessment of the fhe rupture criteria has shown- adequate heat transfer compatible with the heat gener-
that not all have been adequately justified and,ation distribution in the core such that the safety
therefore, further information to verify the claimsdesign bases are met, represents an acceptable state-
made in the PCSR will be required. The main areas of

ment of intent.
concern are associated with:

7.5 The safety arguments are made in relation t
(a) the use of the departure from nucleate boiling

specific design bases and design evaluations. The
ratio (DNBR) failure criterion (DNBR less than or

Inspectorate s assessment has shown that the PCSR
'9"* 'O '

does not proside sufficient detail to demonstrate that
the safety assessment principles are met, but further (b) the applicability of the criterion, peak clad stress <
information is given in supporting reports which hase yield stress, and

,
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(c) the adequacy of the radial average peak fuel restrictive than the pellet / clad interaction (PCI) cri. * *

rnthalpy criterion when applied to slower terion and hence the current analysis, which claims to
transients. show no additional clad failures, could be non-

conservatise. Resolution of this issue is not regarded
DNBR criterion as a serious problem, but it will require the u3e by the

* #"I """ * "" "'' " I
7.10 . The concern here is related to two applications m m nt us W ng b se.
of the criterion. In the first, it is used to demonstrate
that, for transients of a frequent nature where the Fuel enthalpy criterion
pba protection systems are designed to limit the mini.
mum DNBR in the core to > l.3, no additional failures 7.15 The Inspectorate has also questioned the use of
will occur. Whilst the existence of film boiling on a the radial average peak fuel entha.py criterion for

,

fuel rod does not necessarily cause clad failure, DNB reactivity initiated accidents. Here the main concern

is conservatively interpreted in the PCSR as a failure relates to the application of the criterion to transients

of the cladding. The onset of film boiling is statistical st wer than those used experimentally to derise the

in nature and a value of 1.3 for the DNBR means limits. For fast transients the experimentally derised
values will be used; for slow transients, i.e. thosethat, at the 95ee confidence level, there is a 95ee

probability that the fuel rod will not be in film taking longer than ten seconds, the PCI criterion will
be used. Howeser, in the case of intermediate transi.boiling. Conversely, however, this implies a $r prob.e

ability that the rod will be under film boiling con, ents, an acceptable failure criterion has not been ident.

ditions and. on the basis of the PCSR interpretation, ified in the PCSR. This point will need to be covered
in future submissions.must be assumed to fail.

7.11 The number of failed fuel rods in the core Secondary limits
during normal operation is used to define the radio.
logical source term in accident conditions, and it is 7.16 The secondary limits define the conditions

assumed in the PCSR that the source term results beyond which the fuel is assumed to suffer loss of
I

from the equivalent of between two and three failed geometry leading to a possible loss of coolability and

rods, i.e. 0.00$re of all the rods in the core. However, severe fuel damage. The assessment of these criteria

application of the above statistical argument to the has resealed a number of shortcomings. This is not

current Westinghouse reactors suggests that as many necessarily a criticism of the limits themselses, which

as 20 fuel rods could be failed for a fault where the may be perfectly acceptable but, without an adequate

protection system limits the minimum DNBR to > 1.3. supporting case in the PCSR, a judgement on the

In the Inspectorate's view derivation of the initial matter cannot be made,

source term should take account of this higher number 7.17 For reactivity initiated accidents (RIAs), the
of failures, unless convincing arguments are produced Inspectorate has reservations about the proposed limit
in favour of the assumed source term, and this should for radial average peak fuel enthalpy deposition for
be in the safety case. pre failed or defective rods. There is insufficient

7.12 The second concern is related to the use of the justification in the PCSR for the 90 cal /g limit and,
DNDR criterion in determining the total number of unless it can be shown that failure propagation

failed rods in the core following the more severe acci. r:sulting from the energetic disruption of defectise

dents. The method given in the PCSR assumes that, if fuel does not occur, the proposed limit could be too

the DNBR is less than or equal to 1.3, the rod fails; if high.

it is greater than 1.3 then no failure is assumed. A
clear demonstration that this approach is conservative

F"'I b'h*'I'"' in "*'**8 OP''''3*"
j should be provided before a decision is made on

I licensing.

7.13 The CEGB has gisen a commitment to provide Operational esperience -

| further information on both the above points in order 7,1g The safety arguments gisen in the PCSR to
to satisfy the Inspectorate's concerns. justify the Sizewell B fuel design for normal operationi

,

i can be disided into two main types: those related to
! Peak clad stress and pellet / clad interaction the design bases and those concerned with evidence

fr m PWR operational history.
7.14 While accepting that in most c'rcumstances;

| DNBR will be the limiting criterion, the Inspectorate 7.19 The design bases are requirements for fuel rod.
I considers it necessary for faults to be evaluated against fuel assembly and RCCA design to ensure that the

all the relevant rupture criteria in order to confirm components can perform their duty during normal
;

; that the failure prediction is not an underestimate, operation and frequent faults. There is insufficien'
i Demonstration of adequate performance in some information to demonstrate that, under the worst

faults is related to peak clad stress being less than the expected operating conditions for Sizewell B, these

yield stress. This criterion has been shown to be less design bases are met.
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* 7.20 The arguments based on operational history are damcge done to the fuel rods does not present safe
important and there is a great deal of evidence to shut-down and subsequent removal of fuel from the
show that current Westinghouse fuel can perform sat- core. For all faults a coolable geometry should be
isfactorily under normal operating conditions. The maintained, so that damage propagation leading to
Sizewell B design will, howeser, use BNFL CONPOR conditions outside the design basis is prevented.
fuel pellets. These are used in French PWRs though
actual esidence from this source has not been made Frequent faults

asailaile in the PCSR. Despite the difference, the 7.25 in the case of frequent faults (ANSI Condition
inspectorate regards the current Westinghouse 11) the Inspectorate would wish to see no additional
esperience as being relevant. The high standard of fuel rod failures as a result of the transient. A suf.
reliability shown by PWR fuel gises confidence that f cient description of fuel behaviour in frequent faults

'

the proposed fuel design will be satisfactory in normal is not gisen in the PCSR. In particular, the appro-
operation + priate limiting criterion associated with each fault is

n t specified or justified. The only failure criterion
- Fault initial conditions

used is DNBR less than or equal to 1.3, since peak
7,21 Whilst operating experience is satisfactory, this linear heat rating is always below the specified limit.
is not a complete demonstration of a satisfactory fuel The problem of clad stress induced by pellet / clad
design since it is the loadings which result from fault interaction (PCI) has not been covered adequately in
conditions which are limiting. To determine fully the the PCSR and further information will be required. It
adequacy of the fuel design, it is necessary, therefore, is understood that the CEGB has initiated work to
to study its beha iour in faults. However, the outcome provide this..

of a fault depends upon the starting conditions of the
7.26 Calculations have been presented to determinefuel, which result from its presious history and the
clad stress in what is claimed to be the most limitingreactor conditions immediately prior to the fauh. Ti

fault, the rod cluster control assembly (RCCA) bank
derise these imtial conditions it is necessary to calcu-

withdrawal and, whilst the peak clad stress is below
late changes in the important fuel parameters dunng

the yield stress criterion, it is in excess of the PCI
the life of the reactor. N MW A m dhory argument is
7.22 The approach described in the PCSR i, to required on this point since otherwise limitations
define a single set of initial conditions which would need to be applied in relation to the proposed
characterise the worst possible conditions in the core mode of operation or fuel operating conditions,
prior to any transient. The use of this method is
accepted in principle, but the CEGB is required to Infrequent faults

demonstrate that the initial characterisation of the fuel 7.27 For infrequent faults (ANSI Condition III)
for transient analysis is not exceeded by the worst some degree of fuel failure is acceptable because of
possible operation of the Sizewell B core. Additional the lower probability of the fault occurring.
information to that given in the PCSR is required to Acceptance of the safety case depends upon a clear
demonstrate this- demonstration that the amount of fuel rod failure is as

7.23 The Inspectorate has been unable to check, low as reasonably practicable, and that the resultant

therefore, that the initial fuel conditions used in the radiological consequences are within limits appropriate

fault transient analysis are pessimistic. As a result, to the expected frequency of the fault.

there is some uncertainty about the size of the margins 7.28 For the single RCCA withdrawal fault, the
that are asailable to accommodate fault transients, in treatment of fuel is unsatisfactory. In particular,
siew of this, the case for the behaviour of fuel under details of the core-wide fuel rod failure analysis are
normal operation is considered to be incomplete and not presented and so the adequacy of the $r failuree

further information on the bounding limits and their fraction cannot be assessed. Additional information is
justification will be required before a decision is taken also required on the fuel and clad temperature.

on licensing. This problem is regarded as a short* variations during the transient, since it is possible that
coming of the PCSR, rather than a fundamental the 30-minute period before operator intervention

. problem of the fuel design or operating conditions. would, in principle, allow film boiling on some fuel
rods for that penod of time. This is likely to give rise
to enhanced fission gas release from the fuel pellets

Fuel behaviour in fault conditions and thence, via the failed cladding, to the coolant. In
addition it could allow excessive clad oxidation going

7.24 The fuelis most at risk under fault conditions beyond the 17eo secondary limits which, on the
and its behasiour then has direct implications on the subsequent quench, could bring about brittle failure of
subsequent release of radioactive material. The safety the cladding of the affected fuel. This is a pessimistic
case needs to show, therefore, that the chosen limits interpretation of the course of events. At the present
appropriate to each fault are not exceeded during the time, however, the inspectorate has no means of
course of the fault transient, thus ensuring that the judging a more favourable outcome.
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7.29 The treatment of fuel failure in this fault conservatise because it ignored the response of lowet *
,

I assumes DNBR to be the limiting criterion but PCI rated, i.e. cooler, rods which exhitated temperatures
I

could be a contributory failure mechanism. PCI has where the cladding would distend. It was felt that this
not been considered and it will be necessary, therefore, ballooning of the cladding could cause a flow
for the CEGB to show that DNBR adequately bounds blockage within the core which would interfere with
PCI failures. the ability of the emergency core cooling system

! (ECCS) to cool the core. This could lead to an
i 7.30 In the case of the incorrectly loaded fuel

. unacceptable situation with a loss of coolabic
assembly fault, no information on fuel behastour is

geometry and hence sesere fuel damage. The clad
provided in the PCSR. It is claimed that operating

ballooning safety case is not presented in the PCSR
procedures will identify any abnormal power distn-

because, despite the intense international researchi

]
bution before power raising commences, and hence *

programmes to study this phenomenon, the infor.
|

there will be no challenge to the fuel. Since adminis-
mation necessary to make the case apparently could

j trative procedures are relied upon, a study of fuel
, not be assembled on the PCSR timescale. Howeser,

; behaviour m this fault is judged to be necessary t '

the overall strategy proposed by CEGB is regarded as
show that the consequences are acceptable,4

an acceptable framework for presenting the safety
argumento U N saMy case can support theLimiting faults
objectives of the strategy, it should prove sufficient to

,

7.31 For all limiting faults, the Inspectorate would satisfy us. We must, howeser, withhold judgement
expect the radiological release to be within acceptable until the submission, expected later this year, has been
limits consistent with the frequency of the fault (which assessed.

'

' is low) and coolable geome'ry to be maintained.
| Additionally any damage done to the rods should not 7.35 In the esent that the safety arguments for clad

| prevent safe shutdown and sut> sequent removal of the ballooning are judged to be inadequate, options are

! fuel from the core, available to overcome the problem, but these would
; hase implications on either the fuel design or its

7.32 The Inspectorate has seseral reservations about operation, or both. Alternatise fuel designs which
i- the adequacy of the case made in the PCSR to satify hase been discussed with the CEGB look promising,

{
these requirements. Two general comments can be but the detailed safety arguments have not so far been

; made. Firstly, very little information is given in the made. If it became necessary to resort to an
-

j PCSR about the initial fuel conditions used in the alternative design, certain aspects of the safety case
j- transient analysis and, hence, it has not been possible for other faults would need to be reconsidered.
! to check that the most pessimistic initial conditions Finally, if the safety case were still unacceptable after

have been assumed. Secondly, there is a lack of detail all of this, then reactor power would need to be
regarding the whole core failure analysis and it has not limited to a level where the potentially damaging
been possible to check the core-wide fuel rod failure transients were avoided.

I fractions which are assumed. In addition, there are

; concerns related to the large break, loss-of-coolant RCCA ejection
accidents (LOCA) and RCCA ejection faults. 7.36 In the treatment of this fault, the Inspectorate

! wishes to see more detail regarding fuel failure

f
b"'8' calculations, since they may need resision for the

,

1 7.33 The current method of demonstrating com. Sizewell B design. No analysis of the response of
pliance with the fuel secondary limits which has been previously defective fuelis presented in the PCSR,

,

! developed in the USA, and subsequently used in the which is a shortcoming given that the PCSR defines
'

PCSR, is to use an ' evaluation model' to predict the secondary limit at 90 cal /g whereas the calculated
j theoretically the consequences of the accident transi- radial average peak fuel enthalpy for this fault is gisen
i ent. The Inspectorate has reservations abou' the as 176 cal /g. The effect of defectise fuel rods

, ,

models which describe fuel behaviour, in particular the suffering disruptive failure and affecting adjacent rods
treatment of fuel rod clad swelling and rupture, during the course of the fault has not been considered.
blockage heat transfer and cladding oxidation in For this fault to be acceptable it will be necessary to ,

ruptured rods. These models will need to be reassessed show that failure propagation cannot occur and that
when the CEGB makes the revised 1981 Westinghouse ejection of fuel particles into the coolant is insignifi-
Evaluation Model available to the Inspectorate. cant in terms of the consequences of release of radio.

*# * I' *7.34 The evaluation model arsproach aims to proside
a pessimistic calculation of reak fuel rod temperature

Anticipated transients without trip ( ATWT)
based on the use of conserv itise modelling of the
plant response during the accident. At the time of the 7.37 Further information should be gisen in the
generic resiew, the inspectorate was concerned that PCSR on the treatment of fuel behaviour in this
this approach, which concentrated on the response of category of faults. For the faults which are dealt with,

,

the hottest fuel rod in the core, could possibly be non- the case made in the PCSR suffers from the same
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| deficiencies as for the other fault categories presiously auumed fuel state and the computer codes which cal-*

! discussed. culate fuel response. It is recognised that these
"* 4" # ' " " * " #* "' fr m the different7.38 in addition to fuel rod failure, ATWT faults licensing requirements in the Uk. and the USA and,

,
- often test the pressure circuit; the pressure transient therefore, the Inspectorate belieses that, gisen time, a
| generated by the fault is influenced by the fuel suitable case can be made which will remose the

behasiour, especially the fuel.to-clad gap heat con. majority of rocnations. Iloweser, at this stage it
| ductance. There is not sufficient information in the cannot be said that resolution of the inspectorate's

PCSR to aucu adequately the interaction between concerns will be achiesed simply by improsing the
feel behasiour and the core response, llence, the calculational techniques used to make the safety case.
Inspectorate will require a clear demonstration that
fuel behasiour is adequately accounted for in reactor 7.41 If the application of the current DNBR limit is-

transient analpis associated with ATWTs. found to be non-conservatise some changes may need
to be made. These could include the use of more
restrictise trip settings in the protection system, or ai ,

j different mode of plant operation, or some combin-
! Conclusions ation of the two.

7.42 The safety case has not yet been presented on
7.39 The treatment of fuel behaviour and its clad ballooning, which was raised m the generic review
implications on reactor safety constitute an important as an imp rtant issue, and so a judgement cannot yet
part of any proposed safety case. This was recognised be made on this topic. Ilowever, a number of alter-
by the Inspectorate in the generic resiew and a number natise positions are available, though further justi-
of safety issues relating to fuel behaviour were identi-
fled. the current assessment of the Sizewell B PCSR b#".ti n w uld be required for the CEGB's preferred

E" "''has shown that most of the main fuelissues raised
then base been taken into account. The inspectorate is 7.43 The demonstration, in the PCSR, of the
satisfied that experience to date with PWRs demon- adequacy of the thermal and hydraulic design is
strates satisfactory fuel performance in normal oper- incomplete. Despite this, the inspectorate does not
ation. Howeser, it is concerned about the adequacy of regard the deficiencies as a major problem and
the case set out in the PCSR to demonstrate accept- belieses that, given time, its concerns can be satis-
able fuel performance in the design basis accidents and factorily resolved. Failing this, it should be possible to

,

i further information will be required before a decision overcome any residual problems by suitable changes to
is made on licensing. the mode of operation of the plant,

7 40 The majority of these concerns relate to the lack 7.44 in view of the Inspectorate's concern about the
of esidence to support the chosen fuellimiting criteria treatment of fuel in the PCSR, more information will

and to show how the fuel behases in relation to these be required before a decision can be made on

criteria. This insches insufficient detail on both the licensing.

-,

l

|

|

l
<
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,

8 Civil work 3 cnd structure 2,

CEGB's assumption that mean UK seismieny is
introduction appropriate to the site), it is pertinent to note that

certam of these concerns could require a reawessment

8.1 The civil works and structures throughout the of this conclusion about the stability of the soil,

plant play a safety role in supporting equipment and 8.7 The Inspectorate has recently been admed by the
prosiding protection for equipment and operatois CEGB that the foundation design of the main buildings
against a potentially hostile environment. F
example, in terms of fire protection, emphas! . ncorporates single pipe containment of radioactise -

is is drainage as on the SNUPPS plant. Such a proposal
placed on the durability of structural members (i.e. the would be a departure from the standards normally
length of time they can be expected to resist penetra- adopted by the CEGB. It is clear from the propokals
tion by a major fire) which segregate one train of that redesign of the foundation slabs woulJ be nee-
protection equipment from another. essary to incorporate pipe within trench continement

8.2 Probably the most important of all the cisil of radioactise drains. Nonetheless, these proposa!>

engineering works is the containment which, together (not explicitly described in Section 9.3 of the PCSR)

with its supporting systems, represents the last line of are not satisfactory as they stand. 5 a understood that

defence against uncontrolled release of fiss:on pro. further information is to be prosided,

ducts, in esents involving ruptures of the primary cir-
cuit.

C"'*"**"'
8.3 It is somewhat paradoxical that the most eucting
duty imposed on many of the more important struc-
tures (particularly considering external hazards 8.8 The basic approach to structural design of the
loading) is to resist collapsing on to the equipment, containment proposed in the PCSR and supporting

reports is to adopt the philosophy of AS.\lE Ill
Division 2, but to 'anglicise' the AS.\lE Code to incor.

General porate Systeme International (SI) units in place of the
Imperial units used in AS.\lE, to adjust the cylinder

8.l A bnef but comprehenshe review of the CEGB's strengths used as control in the USA to the cube
5trengths used in the UK and to make other adjust.proposals in respect of civil engineering works for the
ments to adopt the codes to UK design and construe-

Sizewell B project has been conducted. This embraces
parts of Chapter 3 and all of Chapter 14 of the PCSR, tion practice. The inspectorate has had detailed dis-

cussi ns on the successive drafts with CEGB, and is
together with the supporting reports referenced in

satisfied that this presents no obstacle to licensing. It
Chapter 14. should be noted, how6er, that seseral of the issues
8.5 Reservations have been raised concerning the raised in Sections 4, 3, and 16 could hase significant
classification of structures, design criteria (particularly impact on containmi nt design.
in terms of load combinations) and quality assurar.ce

8.9 The Inspectorate has eemtly been adsised that it
(which are discussed in Section 4 of this report), and

is intended to extend the w.ondary containment, pro-
on the treatment of external hazards (discussed in See-

sided by the auxiliary bui' ding, to enclose all of thetion 5). The Inspectorate has also raised some issues
prim ry e ntainment. Wct dwide expenence ofon foundation design, soil Guidisation and contain-
e nerete steel-hned conta nments supports the siew

ment structural design which are discussed in the
that leak rates of the order of 0.1 Vday are achiev.

remainder of this section. ,

able at design conditions, the greater part of the leak-
age occurring at penetrations. Nesertheless, the pro.
sision earlier described in the PCSR was of a second-Foundations ,

ary containment which did not enelose the equipment
""#" #' ''8#" I#"#" " " # # "'" "'

8.6 The Inspectorate has generally acecpted, on the
*#"I ' #* *" 'I # "' #'"*#"I

basis of adsiee to the CEGB from Professor Bolton ' " # #" # I ' " "#'
Seed (ref. 24), that a large margin of safety esists
against the risk of soil duidisation up to the lesel of 8.10 The downward adjustment of the design pres-

earthquake presently specified at the safe shutdown sure from the SNUPPS design, haqbeen esplained in
earthquake lesel. Since, howeser, the inspectorate has terms of the larger contained solum- of Sizewell B.

esprewed some concerns on seismie design in earlier The Inspectorate has been mformed that the same
sections of this report (notably to query what of fshore margins on man and energy releJ:' and on calculated
sectonic features might esist that could im alidate the design prewure as are applied to sasfy USNRC
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requirements base been applied on Sizewell B and this llence, esen if significant damage to the containment'

would be acceptable, lioweser, concern is expressed in can be ruled out by inspection for small aircraft or
Section 16 on the determination of the peak pressure modest explosions, analysis of the detailed equipment

,

reached in the limiting design basis transients and this response is required to proside assurance against

concern will need to be resolsed. LOCA or steam line break beyond the containment
8" "' *

8.11 The inspectorate's emphasis on protection
against man made external hazards in discussion with
the CEGil stems from studies which indicate that con-
tainment response to carthquake, for example, is pre-
dominantly beam mode response (which occurs at
frequencies generally lower than the first natural fre. 8.12 There are a number of specific concerns and

.

quency of major equipment) whereas gas cloud qualifications which will need to be cleared, but apart
esplosion or aircraft crash excite shell modes in the from these reservations and qualifications, the Inspec.
containment, and these straddle the equipment fre. torate is generally satisfied that the proposals made in.

quency range. It follows that analysis of earthquake the PCSR for the containment and other civil works
response contributes little toward assurance against and structures provide an acceptable basis for
aircraft crash or gas cloud explosion, or vice sersa, licensing.

.

O

25



. _ _ _ _ _ _ _ _

, .

9 Reactor pressure vessel integrity

throughout, with the ponible exception of the
O * ""*I ' dutchmen' to form the top and bottom heads which

may be forged from plate. This ensures that no welds
9,1 The reactor pressurc senel(RPV)is one of those (which are generally accepted to be the most likely

components, identified in Section 2.5.1.4 of the source of defects) will be oriented to carry hoop streu.
PCSR, whose failure is held to be 'ineredible', that is Since the membrane stress from preuure in the hoop
to say, the probability of failure is deemed to be so direction is approsimately twice its salue in the

,

low that no protection agamst that failure is required. longitudinal direction, the increase in integrity is clear.

At an early stage in the inspectorate's negotiations Niorcoser, the climination of longitudinal welds has

with the CEGil it became clear that no numerical (i.e. reduced the main scam weld length by some 40%,
.

,

probabilistic) case would be prosided, so that, since further enhancing irtegnty.

the consequences of RPV failure could be senous, the 9.6 Furthermore, by selection of the forging for the
'special case proecdure' of Nil Safety Principle 27 central strake at the Iimits of length commercially
(ref.12) would need to be followed. asailable, the closing welds are well remosed from the

9.2 Concern for failure of the vessel arises not only region of highest irradiation damage. It is estimated

from the fact that rupture of the sessel may produce a that the welds will be esposed to an integrated dose

loss of coolant accident (LOCA) in excess of the one order of magnitude lower than that of the ' belt-

design basis for the emergency core cooling system line' material adjacent to the reactor core. This goes

(ECCS) but may simuhaneously give rise to missiles some way to offset some of the eoneerns exprewed

which could damage other protection or safeguarding below in terms of matenals specificanons.

systems, including the containment. The safety case 9.7 In considering the layout of the biological shield
for the RPV is contamed in part in Chapter 3 but around the RPV, it is clear that a large gap woulJ
mainly in Chapter 5 of the PCSR. permit the ponibility of acceu for inneruee inspee-

,

9.3 The special case procedure requires detailed tion from the outside of the sencL Howeser, the

examination of all the scientific and technical factors penalty of a wide easity in terms of increased dose

which are relevant. As input to this proecu, and in rate from radiation streaming was argued by the

addition to the PCSR and its supporting reports, the CEGB in support of its decision to adopt a narrow

Inspectorate has resiewed the first (ref,8) and second eavity. Thus it anses that inspection from outside of

(ref. 25) reports of the study group chaired by Dr the c>lindrieal part of the sessel will be estremely

Walter N!arshall(LWRSG), in this connection, it is difficult. The inspectorate has accepted this feature of

worth noting that the CEGil has undertaken to imple, the design, but has counselled the prosision of accen

ment the recommendations of the second report. In to permit supplementary esamination from the outside

addition, the inspectorate has sought adsiee on of the nozzle to shell welds should it be necessar).
specifie questions relesant to RPV integnty from the 9.fi In the generie resiew, eonsiderable support was
Task Force on Fracture, from Roentgen Techniwhe exprewed for the large forging concept and for set-on
Dienst and from R L Cloud Anoeiates. Discussion 5 nozzle welds. Whilst the Inspectorate's siews on the
on topies of mutualinterest hase been held with many benefits of such concepts base not changed, it has
bodies oserseas, including material suppliers, RPV accepted the CEGil argument that for this first UK
fabricators, research organisations and regulatory PWR the absence of general fabrication espenenee
bodies. with such a concept for a Westinghouse 4-loop PWR

might hase unacceptably narrowed the choice of
fabricator. lienee, it has, in general, accepted the *

.9" Sizewell B proposal.

*

Vewel style Codes und standants

9.l Direct comparison between the Trojan RPV 9.9 The ASNIE !! oiler and Preuure Vend Code is
which the inspectorate examined in the generie resiew one of the major planks on which the platform of
and the style of RPV incorporated in the Si/ewell B PWR senet technolog) is built. Reliance upon the

proposals shows many differenees, most to the adsant. provision of Section 111 (Nuclear senels) and Section

age of the Sirewell 11 RPV. Ni (In sersice inspectioni constitutes a maior part of
the ufety case presented in the PCSR. The strengths

9.5 Whereas the Trojan Ri%, was nyaJe mainly f.rom g. W WlE Code are quite widely unJerstood, and
plate, with forgine bemg used only for the sewel and include:
head flanges and the inlet and outlet not/ ley the
Si/ewell 11 style of sewel is composed of nng forginp (al Design by analpis;
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* tb) Fatigue auessment; dation prosided. Howeser, the CEGB has indicated

(e) Hrittle fractureaafe operation anured by consena. that it propotes to use other programs, some in the

ely set heat up and cooldown rates (Appendis open literature, some proprietary, and these should
also be salidated if their use is ensisaged in support of
the licence application.

(d) Comprehensise QA procedures required to ensure
9.14 in Section 4 of the second LWRSG Report thecode compliance supported by audits by code

committee representatises on fint authonsanon recommendation is made that stress reports should be

and re authorisation to use N stamp; subject to independent checking. The inspectorate
considers that, since this in no way conflicts with the

(e) In6enice inspection (including volumetric esamin. third party resiew requirements of ASNfE Ill, it is a
ation of weld tones) imposed as mandatory; useful way of enhancing confidence. It is estremely.

(f) Trequent resisions (Summer and Winter Addenda) imp rtant howeser, that any checks should be carried

and periodic re writes to keep the code in contact ut using validated computer programs and qualified.
* **P#"'"## E* ""#with deselopments in the technology;

(g) Code deselopment supported by a large body of
knowledgeable engineers and scientists.

The weaknesses of the code are less well undentood,
but stem mainly from the fact that it represents a Manufacture
consensus of the industry, and accordingly may not
esen represent the best that is reasonably practicable 39,g
far less the best that is achiesable.

9.15 There is little doubt that the past decade has9.10 in the Inspectorate's review, it has been con-
seen cor siderable deselopment in the grades of steel

cluded that Section til of the ASN1E Code provides an
used for LWR pressure sessels, namely SA533B plate

acceptable minimum standard upon which it espects to
and SA508 Class 3 forgings. Realisation of the import-

see the CEGB impose additional requirements in
ant role played by many of the impurities and ' tramp'specific areas. The most important of these includes
elements in enhancing irradiation damage has acceler-

the provision of fracture analysis (and supporting ated the desclopment of extremely ' clean' iteels, low
detailed stress analysis) of allimportant sections of the

in copper, sulphur, phosphorus, tin, antimony andRPN.
arsenic. Realisation of the importance of other ele-
ments, such as carbon, chromium, manganese and

5 tress analpis molybdenum, in controlling the tendency of welds or
heat affected zones (HAZ) to crack, has led to further

9.11 In the generic review, concern was espressed for
controls on these elements being imposed. Recent

shortcomings esident in the stress report for the
irradiation esperience indicates a synergistic effect of

Trojan RPV. In the interim there has been a great
copper and nickel which may require additionaldeal of deselopment, notably in the area of finite ele.
controls on nickel, especially in welds,

ment methods. Nowadays the difficulties of modelling
the thin clad layer, referred to in the generic review, 9.16 In various supplementary documents to the '

can now be osercome using sub structuring or ' super. PCSR the CEGB has undertaken to impose tighter
elements' as they are sometimes called, limits on many elements than are imposed in the

. ASN1E/ASThi specifications. The Inspectorate coc.
9.12 The analys.is presented in the several supportmg
reports to the PCSR provide a substantialimprove- siders that still tighter limits than those proposed a e

ment on some parts of the Trojan stress report. How- desirable and reasonably practicable, and will be pur-
suing this.eser, the inspectorate has espressed reservations about

'

the use of two-dimensional asisymmetric represen- 9.17 The hiaterials Property Council Survey (ref. 26)
tations which may underpredict stress intensities in showed that 22 out of the 25 sessels in the survey had
situations where substantial geometrical or thermal their integrity limited by the toughness of weld metal,,

asymmetry or discontinuity is present. We shall be and not by parent material. This clearly indicates the
seeking further resolution of this question since it can need to improse the controls imposed by ASN1E on
significantly affect the ' margin of safety' between the start of life mechanical properties of weld metal by
entical and detectable defect sites. improving compositional control.

0.13 in discussion with the CEGB, the Inspectorate 9.18 The choices of steelmaking, forging and heat
has made it clear that comprehensise salidation of all treatment processes as well as of inspection techniques
computer programs used in support of the safety case can each be crucial to the quality of the product. As
will be required. For many of the Westinghouse pro- yet, the Inspectorate has no clear indication of what is
prietary programs esammed in the generic resiew, Nil intended and this makes it difficult to conduct any
is satisfied at this stage with the estent of the sali- assessment of the integrity of the sesselin these areas.
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rabriedio2 Cooper of Teled>ne NIateriah Research and J F
Entietto of Westinghouse to the Select Committee on

9,19 One of the essential characteristics of the Energy (ref,27), in support cf a ' leak before break
SA533B and SA508 Class 3 materials is that strength case (th t is, that leakage would present fast fracture
and high toughness are achiesed at the expense of because any defect would peactrate through the wall
weldability, it is we!! known that, in thick sections, before it achiesed critical sizet The task force con-
these carbon manganese low-alloy steels require a high cluded that no reliable case for ' leak before break'
degree of pre. heat and post weld heat treatment to e uld be made either at the beltline or in the nozzle
accompany all welding operations, including region. The Inspectorate is satisfied, therefore, that
deposition of clad, if hydrogen cracking is to be the CEGB has not put forward ' leak before break'

idei arguments in the PCSR.
*

9.20 Since the text of the PCSR contains only 9.26 In terms of the material toughness assumed in
general statements relating to intentions to select an the supporting reports to the PCSR, it is noted that
experienced fabricator, the inspectorate is unable to the CEGB has assumed a high upperoelf toughnen.
express a view about the acceptability of what the low nil-ductility transition (NDT) temperature, and a
CEGB may propose. It has certainly made it plain that modest NDT shift with no reduction of upper shelf at
it would regard possession of a current ASNIE end of life. It is diffleult to reconctie these anump-
N. stamp as the minimum reasonable qualification for tions with the uncertainties npreued in terms of
the fabricator and material supplier.

materials specifications, outlined in para 9.15 er wy,
9.21 Nioreover, although the CEGB has recently pro- The inspectorate considers that it would be prudent to
sided some preliminary information on the role of the assume i shift in NDT of, say,50 'C to allow for the
Authorised Inspection Agency, this information is not combined lifetime effects of irradiation embrittlement,
sufficiently detailed as to permit an understanding of ageing and stram agemg. It aho considers the CEGB
the respectise roles of the sarious departments of assumption of no loss m upperahelf toughnen to be
CEGB, of units within NNC or of the fabricator in unreasonable in the absence of any surseillance data
relation to the Authorised Inspection Agency. Such for the materiak under cunsideration.
relationships are crucial to the achiesement of pro-
perly cognisant control of the selection and qualifi- 9.27 in terms of toughness measurements tne

cation of materials, processes and penonnel, and the Inspectorate notes and supports the CEGB specifi-

necessary information will be required well in advance cation that toughnen measurements should be made

of arrangements for the Authorised Inspection Agency oser the whole temperature range ofinterest rather
than that this property should be inferred from otherbeing made.
(Charpy) measurements. This policy should be

9.22 Again, at the component level the Inspectorate extended to the area of surseillanee specimens. The
has at present no information on what quality inspectorate has considerable concern that many of
assurance procedures will be applied. Such uncertainty the measurements included in the reference data set
means that it cannot )ct be satistled that the required (ref. 28) are derised from small specimens which may,
degree of excellence will be achieved in practice. in terms of both size and geometry effects, oserprediet

toughness. The clear understanding from the Inspee-
torate's and others' research programmes (for

Fracture analyds example, ref. 29) is that there is a marked ef fect of
specimen site and geometry both in terms of initiation
toughness and the slope of the resistance eune, with

9.23 in the generic tesiew, the Inspectorate indicated sery large specimens tending to illustrate lower bound
that, in addition to compliance with the ASN1E Ill initiation toughnen and relatisely thtter R eunes.
Code in terms of demonstrating freedom from
rupture, collapse or grou distortion, the safety case 9.28 it is aho clear from sescral programmes of
should include fracture analysis of the sessel. This work that the behasicur of model scuels can only be

*

view is supported by the LWRSG's First and Sceond satisfactorily described if lower-bound toughnen data
Reports. are used. Thus the proposal from the CEGB to use

*

9.24 In order that the inspectorate should hase mean toughnen data for auessment of Cenditions 111

access to informed and independent adsiee on the sub- and IV esents is regarded as a powible departure from
the realistie behasicur exhibited by large scale tests.jeet of fracture, a Task Force on Fracture was set up.

This task force is led by Profenor C E Turner of not as the remosal of unneecuary comenatism, which

imperial College, Unnersity of I ondon, and includes is how it is regarded by CEGB.

a number of specialists from the unnenities and the 9 9 Whikt the CEGil proposal to adopt the meth.
Welding Institute. It is supported by a full time odology now generally known as the R6 methodology
research auntant. addrenes the genene resiew eoneern that in certain
9.25 One of the fint inues considered by the Task instanees esaluation based on linear clastie f racture
Force on Fracture was the esidence gisen by W E mechanies (LEl .\1) may not be consenatne due to the
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pouibihty of plastic collapse of the ligament ahead of deeply insched both in underlying research and in the
a crack which is subcriticalin LEFN! terms, the application cf ultrasonics to LWR senet invections in
Inspectorate has a number of resenations,about the Holland, Belgium and the German Federal Republic,
methodology. Of these the most important relate :

9.36 it is clear that there is no single technique whichinadequacies in sahdation (particularly m terms of the
treatment of residual and thermal stresses) and the use s capable of detecting and sizing all defects equally,

of net section stresses to auess limit loading, regardless of size, location and orientation. Gisen this
it is particularly encouraging to hase the CEGB's com-

9.30 in addition to the reservation described abose, mitment that in process inspections will be carried out
the Inspectorate has reservations about the use of in such a way as to proside redundancy and disersity
resistance curse (R cune) methodology for Condition in terms of operator and technique.
!!! and IV esents without corresponding assessment of-

9.37 The Defect Detection Trials (DDT) organised byhmit load. In principle, the R cune concept, in which
some small amount of stable crack growth produces the UKAEA, Risley, are currently in progress. Prelimi-

an mercase in toughness but a corresponding increase nary results from inspection of the first two plates-

in net section stress, seems implicitly to necessitate indicate sery impressise performance from three UK

hmit load aucument to ensure against collapse of the teams each using a different technique. Whilst the

ligament ahead of the (stable) crack, Inspectorate has resenations concerning the differ.
ences between the DDT specimens and a real sessel, it

9.31 The inspectorate shares the resenations of the considered that these results support its views on the
LWRSG (ref. 25) about the salue of proof pressure benefits to be derised from multiple examinations by
testing. Some claims for benefits from oser pressure diverse techniques.
tests hase been adsanced in LEFN! terms in the past,

9.38 The inspectorate also sees substantial benefitbut the Inspectorate currently sees little merit in such
arguments and will wish to resiew with close attention from the commitment now offered by the CEGB that

the esentual proposals in this regard. all inspect n techniques, equipment and personnel
will be validated in a \alidation Centre which is

9.32 The inspectorate supports the recommendation independent of the CEGB, the NNC, the Authorised
of the LWRSG that consideration should be gisen to inspection Agency, the fabricator and the material
increasing the claJdmg thickness beyond the minimum supplier,
correntiy specified to provide further insulation

9.39 The inspectorate sees an urgent need toagainst the more sesere thermal transients and hence

increase the site of defect which could become critical. #stablish acceptance standards for inspection, and con.
siders that more stringent standards than those sum-

.

marised in Figure 3.3-3 of the PCSR are appropriate
fcr in. process inspections, whereas some fitness for.

Inspection purpose criteria are probably more appropriate to in-
senice inspection.

9.33 It is accepted that production of a totally 9.40 Although not offered by the CEGB in the
defect. free RPV is impracticable. It is therefore PCSR, there is substantial merit in machining or
cuential that inspection procenes be applied which gnndmg the clad to a plane (though not necessarily
will proside adequate kneledge of the estent, fine) finish. Both visual examination for surface
location and size of all defects present, that are or cracks and ultrasonic examination will be enhanced
could become significant in terms of RPV integrity, to ti ereby, especially examination by 70 * longitudinal
allow adjudication on their acceptability. The proses for underclad cracks. Such provision of ground
procenes asailable for solumetric esamination for or n achined clad should be considered in conjunction
buried defects are restricted in practice to radiography with the LWRSG recommendation to consider increas-
and ultrasonics Of these only ultrasonics has adequate int I.'e clad thickness to insulate against the more
capabihty for characterisation of crack hke defects in sesere Nrmal transients, since this would only appear

*

terms of size and location, practicable if multi layer cladding were adopted.

9.34 The PISC trials (ref 30) confirmed many of the 9.41 The inspectorate is in general agreement with,

resenations which the inmectorate espreued in the the sen e of the CEGB case that in process inspection
generic resiew about the adequacy of techniques which (where accen is asailable from both inside and outside
comphed with ASNIE XI, but demonstrated that other of the sessel, where seam welds can be inspected prior
techniques, including some modified from ASNIE Ni to clad oserlay and where multiple, diserse inspections
procedures, could achiese enhanced results, are reasonably practicabic) contributes more to sessel

"'# "" # " # "'9.35 In order to hase acccu to informed but inde-
pendent advice in the general are,s of inspection, 9.42 in the genene resiew the inspectorate espreued
especially with reference to ultrasonne impection, the concern about the possibility that cracks, emanating
Inspectorate has retained the senices of Roentgen from the partial penetration welds attaching the in.
Technische Dienst as consultams. This firm has been core instrumentation nozzles to the bottom head.
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'
might give rise to a rupture in the bottom head of the (for esample, the 30-minute rule) and in system design
vessel, tnd indic ted its requirement that the ECCS be can also be expected to hase considerable impact.

designed to cope with such a breach. The CEGB has 9.48 The inspectorate would espect the CEGB to
responded to the concern that radial cracks might link ut a comprehenshe and sprematic resiew ofc rry
up across the ligaments of three adjacent penetrations me heqwney and course of transicats affecting the
to form a triangular ' flap', by insestigating the u sse t augment N hnM, mdew w far pawntd
feasibility of ultrasonic inspection of the ligaments in- which examines some of the limiting conditions only.
service and undertaking that such inspection will be w u e ca ut Wm a hon k
prosided should it be necessary. Once such inspection *# " " "U
is offered the doubts then reduce to breach sizes
which, on present analysis, appear well within the '

capability of the existing ECCS. cones,,;,n,

9.49 In considering the integrity of the reactor
Operat6on pressure vessel, it is clear that much saluable progress

has been made since the generie resiew. Howeser, the
Osercooling accidents inspectorate is not yet satisfied with the care as put

9.43 Considerable attention has been focused on a
forward in the PCSR, and has identified a number of
shortcomings which should be rectified and more

class of esents known as 'osercooling accidents' in
information which should be prosided before it could

which rapid cooldown of the sessel produces high offer a favourable judgement on the CEGB cLiim that
thermal stress and may be followed by repressurisation

#ailure of the RPV is ' incredible *.
by the ECCS whilst the sessel is at low temperature.
The most obvious esample is rupture of a steam line. 9.50 The inspectorate would wish to see improse.

ments in the specification for the RPV so as to impose
9.44 Whilst the fracture analyses presented in the sufficient c ntr is on materials and processes to gise
PCSR demonstrate apparently satisfactory response on
the sessel to steam line brcak and LOCA, the reser. asmrance aga(ding the properties postulated in the

&acture analym.
vations noted earlier in this section may reduce the
calculated margins. 9 51 An improsed stress analysis has been presented

and this is generally acceptable, though there is a
9.45 There are a number of options which may be concern that the two dimensional axisymmetrie repres-
esercised to give further confidence in RPV integrity, entations generally used may underpredict stress
Some of these relate to improving the inherent resht* intensification due to geometric and thermal
ance of the vessel to thermal transients and others asymmetry or discontinuity,
relate to reducing the frequency and mitigating the

9.52 Again, whikt an estenshe fracture analpis heffects on the RPV of such esents. Neither option has
yet been discussed by the CEGB, although the Inspec.

pesented in the supporting reports, the inspectorate
has a number of rescrsations both about the fractureforate would espect some response in the course of its
methodology adopted and about the postulated

implementing the LWRSG recommendations.
material properties.

9.46 There is particular promise in the suggestion 9.53 Whiht the preliminary results of the insreetions
that the integrated protection system (IPS) could be of the first two plates in the Defect Detection Trials
arranged to hold the sessel in a ' fracture safe, (DDT) organhed by UKAEA, Risley, and the commit-,

envelope, to present te preuurisation at any tempen ments by the CEGB to multiple diserse in procen
'

ature below the onset of ' upper shelf' behaviour. As
inspecti ns and to independent salidation of all ultra-

yet, howeser, the CEGB has not put forward any some techniques, equipment and personnel, ghe
formal proposah for this, enhanced con 6dence, the Inspectorate wishes to see -

the margin claimed between critical and detectable
Transient speciIlcation defects better justified.

-

9.47 One of the important luucs which has relesance 9.54 The inspectorate wishes to be sathfied that all
.

throughout the safety caw for the RPV h the namna prae a steps hase been taken m the
frequency of transients and f.aults, and the consequent design of the integrated protection splem (IPS) to
pressure temperature relationship in the coolant e ntrol and mitigate the effects of esents leaJing to
circuit, in terms of the frequency of occurrence the hng a to pmuur ati n when cold, itown
inspectorate would espect differenees in operating seue should be maintained 'on thes gate ns
practices between the USA and the UK to hase upper shelf toughnen regime during the highly
impact, and mme differences can be seen between US " ""# I# '"Y "#" #"
and UK equipment geeifiwons in this respect, in
terms of preuure temperature time histories, ditfer. 9.55 l'inally, more information is required on the

enees in operating practices, in regulatory aoumptions QA proecdures relesant to the RPV to gise anuranee
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' thtt the lesel of integrity sought will be achieved in resenations which cannot be osercome and that an
practice. acceptable safety case can be made, based on existing

( technology. The inspect, orate espects to be satisfied
9,% Whilst these shortcomings inhibit the inspec. about all relevant items before the CEGB is committed 1

torate's acceptance of the safety case as presented in in regard to the RPV, and requires an acceptable case
the PCSR, it belieses nesertheless that there are no to be provided before a decision on licensing is made.
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10 General pressure circuit integrity

assessment of coolant loop piping. It does, honeser,
Introduction have a reservation in terms of the relatisely low

initiation toughness and relatisely flat resistance curse

10.1 In this section the safety case submitted by the occasionally measured in weld matenal, and will

CEGB for the more important pressure bearing com. require proof that high toughness is asailable in the

ponents (excluding, of course, the reactor pressure welds.

vessel, covered in the presious section) is examined. .

10.5 A further concern related to welds is theThe choice of components for inclusion in the section
is determined either by the CEGB submitting an tendency of unstabilised stainless steels to become

' incredibility-of failure' argument, or by the existence sensitised to stress corrosion by the heat cycle during
,

of concerns not satisfactorily dealt with in the PCSR. welding. The main response in the PCSR is to con'rol
the carbon and, subject to the inspectorate being pro-
vided with adequate esidence, this should be an
acceptable approach.

10.6 A wide range of alternatise source materials for

Reactor coolant loop piping the construction of the coolant loop piping is put for-
ward in the PCSR. Of these, the inspectorate has
reservations on the acceptability of centrifugally cast

10.2 The licensing requirercents imposed on PWR in p pe s nee the coarse-grained dendntic structure of this
the USA, and the design basis adopted by the CEGB, matenal can seriously impair u'trasonic examinanon,.

necessitate protection against the consequences of From this point of siew use of fine grained, close die
ruptures in the reactor coolant loop and connected

.
forged pipe is to be preferred. Howeser, no specifie

reactor coolant system pipework of up to and including proposals from the CEGB hase, as yet, been receised.
double-ended guillotine break of the largest coolant
loop pipe. Since this constitutes the design basis for 10.7 The Inspectorate examined the analytical
loss-of-coolant accidents (LOCA) there is, perhaps, methods employed for stress analysis (including
less concern for the integrity of coolant loop piping, in dynamic analysis) of the reactor coolant system in the
that there is not the same need to show that the generic resiew and found the methodology generally
probability of failure is so sery remote, as is the case acceptable. In discussion it was understood that the
for those pressurised components whose failure is NNC will perform the overall sptem analpis for
deemed by the CEGB to be ' incredible *. Nonetheless, Sizewell B on behalf of the CEGB and that it will
since LOCAs represent a potential radiological risk to extend the usual Westinghouse system model to repre.
the public and operating staff, the inspectorate expects sent shell mode behasiour of the reaetor sessel. This
to be satisfied that all reasonably practicable steps approach appears acceptable as a basis for licensing.
ha$e been taken to ensure that the incidence of
ruptures in coolant loop piping is minimised and that 10.8 The Inspectorate has been unable to consider
the likelihood of systems propagating to the extent much pertinent matter because of the lack of detaik so
that the design basis is exceeded is as small as is far presented in respect of material, fabrication pro-
reasonably practicable. The safety case for reactor cess and inspection technique. The Inspectorate does,
coolant loop piping is presented in part in Chapter 3 howeser, accept and will wish to see implemented, the
but mainly in Chapter 5 of the PCSR. CEGB's general commitment to install some form of

10.3 One of the major bases for coolant loop permanent guide rails at each loop weld to permit
tem te automatic scanning f welds and thereby -

integrity advanced in the PCSR is design,
manufacture, test and inspection to the requirements reduce the radiation exposure receised by operators

of ASNIE lit and ASNIE XI. This was accepted, during ultrasonic in-seniec inspection.
,

subject to a number of reservations, in the generie 10.9 Although the case for reactor coolant loop
resiew and this remains the inspectorate s uew,

niegrity prosided by the CEGB responds to many of
10.l The austenitie stainless steel employed for the the resenations raised in the generie resiew, the
construction of the coolant loop is a material of such inspectorate will need further information beyond that
high toughnen combined with high workhardening contained in the PCSR to allow it 'o judge that the
capacity that the concepts of linear.clastie fracture risk of LOCA has been minimised to the extent of
mechanies ate inanpropriate. Thus the inspeetorate reasonable practicabihty. The safet> ease should pro,
generally supports the siews deseloping in the USA side at least a specification, reasonably firm inform,
that aucument of limit loading and of tearing ation relating to quality assuranee, and proposals for
instability is a more appropriate methodology for in.proeen and inoentee impection.
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R: actor coolant pumps Pr:ssuriser

10.10 The pump bowl (that is, the prenure-retaining 10.15 The pressuriser is one of those components,
component) of the reactor coolant pump (RCP) is one identified in Section 2.5.1.4 of the PCSR, whose fail-
of those components, identified in Section 2.5.1.4 of ure is deemed to be ' incredible'. Since the conse-
the PCSR, whose failure is deemed to be 'incrediblet quences of failure may be serious, and in the absence
Nioreoser, no numerical (probabilistic) case has been of any numerical case, the special case procedure of
adsanced so that it is necessary to apply the special Safety Principle 27 is applied.
case procedure of Nil Safety Principle 27. This 10.16 The case presented in Chapters 3 and 5 of the
requires a special examination of all the relesant tech. PCSR relies almost entirely on the well-prosen nature,

nical and sc.entific factors. of k Westinghouse pressuriser, designed, manufac-
10.11 As in the case of other pressure retaining com- tured, inspected and tested to ASN!E III and ASNIE
ponents in the reactor coolant system, heavy reliance XI Codes. Whilst this gives assurance of integrity-

is placed on the prosisions of the ASNIE 111 and beyond that of the generality of pressure vessels, the
ASNIE XI Codes to ensure high integrity. As indicated Inspectorate has indicated to the CEGB that substan-
in the inspectorate's generic resiew, which examined tiation of the ' incredibility'-of failure case will require
the Slodel 93Al pump (which is sery similar to the supporting stress and fracture analysis of the same
design of the Niodel 100D proposed for Sizewell B order, and comprehensise specification in terms of
service), such proposals are generally satisfactory. materials and processes of the same order of detail
Howeser, the inspectorate wishes to see in. process and refinement, as for the reactor pressure vessel. The
inspection by ultrasonics in addition to the code CEGB has given a commitment to provide this infor-
inspection by radiography, and hence expects emphasis mation and the inspectorate expects the case to be
to be placed on achieving a grain refined condition prosided to its satisfaction pnor to a decision on
prior to inspection for acceptance. It is not yet clear licensing.
that the CEGB's proposals will satisfy this require-
ment.

10.12 The inspectorate has little concern for failure Steam generators

of the pump bowl either by low-energy fracture or by
ductile crack extension; rather it believes that plastic General
collapse of the ligament ahead of a growing crack is

10.17 The safety case for the steam generators isprobably limiting. This, of course, assumes that cor-
responding toughness is achieved in welds as is achiesed c ntained partly in Chapter 3, but mainly in Chapter 5

in the parent matenal. Such an assumption could of the PCSR. The steam generators may be regarded

easily be invahdated, for example if electro slag as three components:

welding were adopted. the channel head

10.13 Further information is required on materials, the tubes
fabrication, in process and in service inspection,

the shell and internalsbefore the inspectorate can be satisfied that an
adequate safety case to justify the CEGB assumption Channelhead
that coolant pump bowl failure is ' incredible' has been
made. Gisen that this information is provided, it is the 10.18 The channel head, including the tube plate, is

inspectorate's view that a satisfactory safety case can part of the primary circuit boundary, and is one of

be made based on current technology. The case should those components identified in Section 2.5.1.4 of the

be made prior to a decision on licensing. PCSR, whose failure is deemed ' incredible'.
*

10.19 From the stress and fatigue analyses assessed
10.14 in its generic resiew the Inspectorate assessed in the generic resiew the Inspectorate is satisfied that
the safety case for the pump flywheel, and accepted an acceptable safety case can be made for the channel
the stress and fracture analpis presented. However, head although such a case has not yet been put for-

-

these analyses and that supporting the PCSR depend ward for the Stodel F steam generator. In making that
on auurance that the pump remains energised for the case the CEGB will need to examine the feasibility of
first 20 seconds after a LOCA (to present oserspeed- Inacrvice inspection of the welds attaching the divider
ing by regeneratise braking of the motor, and hence plate to the channel head and tube plate to address the
to ayoid bursting of the HywheeD. The inspectorate concern exprened in the generic resiew.
has identified a weakness m this case (in that it
depends on liming circuits in the generator energiser 10.20 The esentual safety case for Sitewell B should
controls which are not of protection grade) and it will include a comprehensive specification, stress and frac.
expcet a different case to be made prior to a decision ture analpa, and proposals for in proeen and in-
on licensing. sersice inspection. In general, this should be of the
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same order of detail and refinement as the case for the when it has penetrated 70*'o of the wall. One expla-
RPV and the Inspectorate would expect to see such a nation offered (ref. 39) is that the IGA in the
case, in sufficient detail as to allow it to determine specimens remosed from Ginna is tightly-facetted and
that it will be acceptable, prior to a decision on not accompanied by the ' fingers' of stress corrosion
licensing. characteristic of laboratory-corroded specimens.

10.26 f f IGA occurs in the crevice at the top of the -

.g. tube-plate and cannot be detected and accurately sized
10.21 The steam generator tubes constitute part of using multi-frequency ECT, then it is difficult to see
the primary circuit boundary; they also constitute part how the criteria of Regulatory Guides 1.83 and 1.121,

of the primary containment, since the main steam lines which form an integral part of the PCSR case, can be

penetrate the primary containment without facilities met. In such circumstances, the Inspectorate is con- -

for isolation at the containment boundary (because the cerned that there is a potential for multiple tub: rup-
safety valves are located outside the containment). tures even in modest oser-pressure transients (such as

" ''5 '' " ' ' " "'
-

10.22 There has been a long history of steam gener-
ator tube problems with PWRs (refs. 31, 32, 33, 34). 10.27 That such multiple failures of steam generator

Whilst the present design basis adopted in the USA is tubes can occur is demonstrated by the experiences of

double-ended rupture of a single steam generator tube, Point Beach,1975, Surry,1976, Prairie Island,1979

and the policy of steam generator tube inspections and and Ginna,1982. Such events present the risk of a

plugging (refs. 35, 36) has been defined, it is clear small-to-medium LOCA into a breached containment,

from four incidents in which the leak rate exceeded and even if only a fraction of the actisation products

the specified limits that this design basis is in question. in the primary coolant is discharged, it is difficult to

Three of these incidents are reported in NRC's review see how releases above an emergency reference level

(ref. 37), the other is the recent incident at the (ERL) could be avoided.

R E Ginna plant. 10.28 The Inspectorate has made its concerns known

10.23 in considering the features of the secondary to the CEGB and has indicated that it needs to be sat-

circuit for Sizewell and of the Westinghouse N1odel F isfied either that IGA can be shown, e.g. by long-term

steam generator intended to respond to the denting, test data in model boilers, not to be a problem, or

stress corrosion and sludge pile problems which have that an inspection technique exists capable of reliably

occurred in the past, the Inspectorate is inclined to detecting IGA, prior to licensing. Until such infor-

beliese, from the substantial experimental and analyti- mation is provided, the Inspectorate can only conclude

cal evidence offered, though lacking actual operating that a satisfactory safety case has not been made.

experience, that the measures proposed in the PCSR Shell and internals
are likely to ameliorate these problems substantially, if
they do not eliminate them entirely. 10.29 The steam generator shell is one of those

* * * * "' " " * * *

10.28 The Inspectorate has one area of concern, whose failure is deemed to be ' incredible'. As m other
however, for which it has not yet been provided with cases where the consequences of failure (particu.
the measure of assurance it seeks. This relates to the terms t p enda t r&ase a damaging

'*N. m.possibility of circumferential!y orientated defects miss may s us and no numerical case is
arising in the crevice at the top of the tube-plate. One

"''' . t supp rt this claim, the special case pro-of the design features of the N!odel F steam generator cedure is applied.
mtended to respond to previous crevice corrosion.

problems is the adoption of ' fully' hydraulically- 10.30 At an early stage in the discussions, the CEGB

expanded tubes. This process leaves a crevice of aver- confirmed that the steam generator shell would be

age depth around 6 mm at the top of the tube-plate. manufactured from SA508 Class 3 forgings, with the

None of the experimental evidence presented by the attendant advantages discussed under the reactor

CEGB relates to long-term tests of model boilers con- pressure vessel in Section 9 of this report. The CEGB
~

taining a crevice with an adjacent zone of cold work. has also confirmed that, although the steam gener-

The lesson has been learned from previous reactor sys- ator shell is assigned Safety Class 2 under the rules of
,

tems that short-term corrosion data do not gise ASNI: N18.2, the design, manufacture, test and

adequate assurance where a safety issue is involved. inspection of the shell will be carried out to ASN!E 111
,

The Inspectorate is therefore concerned for the possi- Class I and in sersice inspection will be carried out to'

bility of inter granular attack (IGA) in the cresice at ASN!E XI Class I rules.
the top of the tube. plate. 10.31 Although the margin on critical versus deteet-

10.25 The experienee of two independent inspections able defect size appears small in the fracture analysis
of the San Onofre and Ginna steam generators (refs. of the shell presented in the supporting reports, the
38,39), suggests that the most modern multi- Inspectorate is inclined to the siew that this arises

frequency eddy current testing (ECT) techniques are from a quite unnecessarily large degree of pessimism

not capable of identifying IGA in the eresiee esen in the analysis and that this margin can be improsed.
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10.32 - The inspectorate has also been assured that providing for rapid checking of reservoir oillevels,,

means will be provided to inspect sisually the corner and for checking the slow spring rate.
at the inside of the shell/ tube-plate to ensure that crud 10.39 The Inspectorate wishes to see provisions made
deposition is not occurring, under which conditions to meet the above concerns before being able to agree
rapid corrosion could occur. that an acceptable safety case has been made.
10.33 The response which the Inspectorate has so far 10.40 in terms of pipe whip restraints on the primary
receised from the CEGB m answer to the generic

loop p ping the inspectorate is generally satisfied with
review concern for the loads and stresses on the moist- N provisions described.
ure separators and driers under steam line break acci-
dent loads is not acceptable, but the problem is
amenable to solution and not urgent.

* Accumulators

10.41 The ECCS accumulators are included amongstPrimary component supports and restraints-

those components identified in Section 2.5.1.4 of the
PCSR, whose failure is deemed to be ' incredible'. As

10.34 The method of supporting the components of in other such cases, the special case procedure is
the primary circuit and the loop piping outlined in applied.
Chapter 5 of the PCSR is in all essentials identical to
that of the Trojan plant examined in the generic 10.42 A safety case for these components should
review, hence the concerns expressed in the generic contain specifications, stress and fracture analysis. and
review are regarded as potentially valid for Sizewell B. specific proposals for in-process and in-service inspec-

## # E'''" " "
10.35 All primary component supports are included ."#
. .

either Chapter 3 or Chapter 5 of the PCSR.
m the h.st of components identified in Section 2.5.1.4
of the PCSR, whose failure is deemed ' incredible'. 10.43 The Inspectorate has advised the CEGB that it
Since failure of these components could lead directly requires such a safety case, at an equivalent level of
-to failure of other components whose failure is else. treatment to that supporting the reactor pressure
where deemed ' incredible', and in the absence of any vessel. Provided this information is forthcoming there

numerical case, the special case procedure is again seems no reason why a satisfactory case should not be

applied. made prior to a decision on licensing.

10.36 In the context of the reactor pressure vessel
supports, the inspectorate expressed concern about the

"*I"''***""*'" **# **"*' lack of facility to inspect or replace the sliding sur-
faces, gisen that evidence had not been presented on
the stability of the carbon steel cermet then proposed, 10.44 The length of main steam piping from the con-
under moderately high irradiation dose. In support of tainment building to the restraint downstream of the
the Sizewell B design, the CEGB'has indicated its main steam isolation valve (htSIV) is among those
intention to revert back to 'Graphair' material which components, identified in Section 2.5.1.4 of the
comprises rods of graphite in a steel carrier. Data have PCSR, whose failure is deemed to be ' incredible'.

been presented on irradiation stability, and if satisfac- Such a position obviates the need for protection
tory long-term friction data are now presented it against the dynamic effects of pipe rupture (so that,
should be possible to withdraw any requirement for for example, no jet impingement shields are provided
inspection or replacement facilities. between steam lines). Again, the special case pro-

cedure is applied.
10.37 In the context of the hinge pins of the steam
generator and reactor coolant pump support columns, 10.45 In Chapters 3 and 10 of the PCSR it is pro.
the CEGB has not yet provided experimental evidence posed that this section of pipe will be designed, manu--

on the long-term capability of these components to factured, inspected and tested to the provision of
perform their role as active components, nor has any ash 1E !!! Class 2 and ASN1E XI Class 2. In addition
capability to measure pin friction or check component the CEGB has offered in-senice inspection of all-

deflections or inspect pin surface conditions been welds in the no-break zone. The Inspectorate also
advanced in the PCSR or supporting reports. Since requires assurance of the integrity of the htSIV body,
failure of these components could lead directly to a and of the highly discontinuous safety valve header
LOCA beyond the containment and ECCS design and its supports, since these are as important as the
bases the Inspectorate considers this to be a serious welds in the pipe.
# " ''"' 10.46 The inspectorate has informed the CEGB that
10.38 In the context of the steam generator snubbers, it requires a specific * ion, stress and fracture analysis
the Inspectorate has not yet seen any response to its and proposals for in-senice inspection to standards
generic review concerns indicating the desirability of comparable to ash 1E 111 Class I and ASN1E XI Class

35

.



.

1. This information should be received and a satisfac- of valves in a PWR contribute the preponderance of , ,

tory case raade prior to a decision on licensing. valve failures leading to reactor outase.

10.52 Valve failure is important to nuclear safety on
fleector intemals and core two grounds. The first is that such failures can lead

directly to loss of integrity in safety-related systems.
The second is that maintenance of failed vahes in10.47 In Section 2.5.1.4 of the PCSR gross failure of

the reactor internals is claimed to be ' incredible'. This many cases enhances radiation doses to exposed
workers.is more precisely defined in Section 5.4, where it is

claimed that gross failure of the internals, in a manner
10.53 The inherent weaknesses in terms of design,which would result in loss of coolable geometry in the

core or such as to prevent insertion of control rod specification, procurement, inspection, maintenance .

assemblies when necessary, is deemed ' incredible *. In and testing of valves have been identified (ref. 40) as:

the absence of any numerical case, the special case (a) Failure to treat the vahe as an entity, i.e. the
procedure is applied. valve / powered operator /the duty /the environment.

*

10.48 In the Inspectorate's generic review a number as a complex whole.

of concerns about the technique of modelling the (b) Poor valve selection and procurement practice
internals and core response to fluid forces during especially for key applications.
LOCA were raised, and it was concluded then that the
case for preservation of coolable geometry in the core (c) Installed valve systems are often designed and sup-

in a LOCA had not been made. In supporting reports plied to one standard, but tested and evaluated to

to the PCSR and in discussions with the CEGB, the much stricter standards (occasionally to the point

main concerns have now been addressed. By and large of exceeding state-of-the-art).

the Inspectorate is satisfied, generally via generic (d) Case.by-case utility response to problems provides
analysis not necessarily fully representative of Sizewell little feed-back to architects, engineers, reactor
B, that either the analysis for Sizewell B will satisfy its vendors or valve suppliers.
concern (e.g. representation of the internals shell mode
behaviour) or else the issue has been shown to have 10.54 Neither in Chapter 3 of the PCSR nor in the
only a trivial effect (e.g. use of uni-axial springs in the supporting reports has the Inspectorate yet been given
model). an assurance that these problems will be avoided on

10.49 in a component manufactured in stainless the Sizewell B project. It wishes to be satisfied that an

steel, low-energy fracture is unlikely to occur so frac- acceptable philosophy, at least, has been developed

ture analysis is of little concern. The Inspectorate has prior to a decision on licensing.

already, through the generic review and the PCSR
supporting reports, conducted a fairly extensive review
of generic stress reports, which are reasonably rep- Main steam isolating vahes (MSIV)

resentative of Sizewell B, and found them to be 10.55 The MSIVs are an exception to the concerns
broadly satisfactory. Its remaining concerns, therefore, expressed above, in that a strategy of vahe qualifi-
are for the specification and QA to be applied. In dis- cation for them has been developed by the CEGB.
cussion, the CEGB has given the commitment that the These valves play a major role in steam line breaks
specification and QA will be at least as rigorous as (SLB) in reducing the degree of cooldown esperienced
that imposed in the past by Westinghouse Pressurised by the RPV (discussed in Section 9). Since the flow in
Water Reactor Systems Division on their Pensacola - a steam line break (SLB) rises to several times the nor.
Division. This may be acceptable, but the Inspectorate mal flow, the valves are required to close rapidly
can only judge this when the relevant information is against this enhanced flow of high-density fluid (Iow
supplied. steam quality due to overloading of the separators in

"

10.50 The inspectorate's conclusion in respect of the steam generator). The MSiv also constitu:es a part

' incredibility' of internals failure is that a compre. of the 'no-break' zone discussed in paras 10.44 et seq..

hensive safety case has not yet been made, and more which enhances concern for integrity of the salve body
,

information is required. under SLB conditions.

10.56 It is considered impracticable to test the full.
size valve under SLB conditions; the CEGB hase

Valves therefore responded by undertaking that it will test
similar valves at a number of scales to derive the fluid
forces which will then be used in analysis of the full.

" size vahe. Whilst the Inspectorate has not yet been
10.51 From extensive experience it is evident (refs. provided with the detail, the proposal is judged
40,41) that a sery small fraction of the total number acceptable in principle.

36

L



.

10.59 In regard to the integrity of primary com-. ,

Conclusions ponent supports and restraints, the inspectorate has
noted a number of concerns which will need to be

10.57 Although the case for the integrity of reactor resobed before it can conclude that an adequate case

coolant loop piping responds to many of the concerns to demonstrate ' incredibility' of failure has been

raised in the generic review, the PCSR does not con- made. Such a case is required to be made prior to
tain sufficient information to allow the inspectorate to licensing.

Judge that the risk of LOCA has been minimised to a
10.60 in regard to the integrity of the reactorreasonably practicable extent. In particular it requires
internals and core, most of the issues raised in theassurance that high toughness will be achieved and

that an acceptably stringent specification will be generic resiew have been satisfactorily resolved. How-
ever, further information over and above that sub-imposed to achieve the necessary control of materials,o

fabrication and erection procedures. Such a case, in mitted in the PCSR and supporting reports will be
required to demonstrate ' incredibility' of failure whichsufficient detail to allow the Inspectorate to judge its
might lead to loss of coolable geometry because ofaccentability, should be made prior to a decision on*

missi ns, such as a specification and proposals for
licersing.

inspection and QA. The Inspectorate requires a suit-
10.58 in regard to the integrity of other pressure able case, in sufficient detail to allow a judgement that
circuit components (excluding the pressure vessel) the it will be acceptable, prior to a decision on licensing.
Inspectorate is not yet satisfied with the case made to
support the claim of ' incredibility' of failure for a 10.61 In regard to the integrity of valves in genera!,
number of these, including the pump bowl, press- the inspectorate has indicated a number of short-
uriser, steam generator shell and head, ECCS accumu- comings which have been identified from US PWR
lators and main steam line 'no-break' zone. There are experience. Only in the case of main steam isolation
also resersations about the case made for steam gener- valves have the principles of an acceptable strategy
ator tube integrity. Apart from this latter, the con- been presented. A similar comprehensive approach in
cerns are related to the supply of information rather relation to the other valves in the system will also be
than to the technology available. required.

.

6
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'11 Protection cystem cnd satty-related instrumentation
,

redundancy, complete automation of the safety
inwoduction injection sequence and inclusion of control rod

positions in trip functions;
11.1 The protection system, as defined in the NII's (b) a general increase in redundancy from two trains
Safety Assessment Principles, consists of all equipment to four trains. Notable exceptions to this are the
or systems which act directly in the event of faults to low head safety injection and containment spray
prevent damage that could lead to the escape of radio- systems;
activity. These systems perform a wide range of *

actions including shutdown and cooling of the reactor (c) additional features for protection of the RCS
and services to ensure the integrity of the containment. against over-pressure particularly when below full

11.2 It should be noted that the terminology used in
this report is that defined in the NII's principles and (d) a higher degree of diversity in most areas of the
differs from that used in the PCSR. For example, in protection system to reduce susceptibility to

' the PCSR ' protection system' has the narrower mean- common mode failure against frequent faults;
ing of the equipment which initiates protective actions (e) the fast boron injection system to preside
and excludes the associated plant items such as are

additional shutdown for steam break faults has
required for reactor shutdown, cool, g, etc.m been deleted and a different system to deal with
11.3 Because of this vital duty in ensuring safety ATWT situations added.
these systems should be specified, designed, con-
structed and operated to very high standards. The

j object of the assessment has been to determine o.n.,al protection system strategy
whether the CEGB's intention as set out in the PCSR,

is acceptable. Some of the systems considered perform
11.6 The general design basis for the protection.

| operational as well as protection functions. While the
Inspectorate has assessed their function in the protec- system is n t yet satisfactonly presented m the PCSR'

tion role the impact of their failure in normal oper- and the Inspectorate is unclear m a number of areas as

ation has also been examined. to exactly what is intended. NIany statements of intent
are made with reservations such as 'as far as possible'
or ' adequate * (defined in the PCSR as acceptable to

Protection system description
11.7 Although it is clear that there is a general intent

11.4 The protection system is described in Chapters to provide diversity for frequent initiating faults, and-

0'.8 'S ** " ' ' ** is msufficient analysis to show6,7,8,9 and 10 of the PCSR and also in the safety' that the systems desen. bed meet this intent. This isanalysis of Chapter 15. It consists of the following'

main elements: '5pecially so m the case of fault detection, reactor
tnppmg and senices. In some cases it is clear that the

.

(a) Fault detection and logic. This comprises a pri- intent has not been met, e.g. ATWT and the wide use
| mary system consisting mainly but not entirely of of steam generator level measurement.

the ' integrated protection system' and a secondary
11.8 The fault analysis in the PCSR does not addresssystem of conventional design to give diversity . .I

! against frequent fault situations. many aspects of the protection initiation system and
; senices on the grounds that they can easily be modi.
; (b) Plant systems, i.e. engineered safeguards, actuated fled at a later stage. The inspectorate is not able to -

by signals from the above system to give the pro- accept this siew without justification. Further, the
tective actions required. analysis should include spurious actuation of indi-

(c) Senices for the above systems consisting of electri- vidual protective actions and logical combinations of -

ese t determe de mnsewncen
i cal power, compressed air supplies and cooling ser-

vices. 11.9 In many instances the fault studies described
. refer to the SNUPPS plant which does not hase the11.5 The more s.igmficant changes made from the

i design reviewed in the Inspectorate's generic review integrated protection system fitted. Whilst the Inspec-
torate accepts that the IPS is likely to improve the**
protection, this situation results in an inadequate dis-

(a) the introduction of the integrated protection sys- cussion of the specification for the IPS and omission,

| tem (IPS) which potentially overcomes several of of consideration of control rod banks being out of
the previous objections. These include better line.
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11,10 Many issues of a fundamental nature were segregation arrangements described in toe PCSR differ
,

raised in the inspectorate's generic review. These hase markedly from presious UK practice in that cabling is
been resiewed and several of them are found to be still run in equipment rooms and that segregation in some
outstanding in that they base not yet been dealt with areas relies on the operation of fire-fighting systems,
in the safety case. The large number of systems and cables involved and

the means for segregation proposed make this a very
complex problem which the Inspectorate has not yet

General design basis had time to examine properly. Following the inspec-
torate's earlier comments on this topic CEGB issued a

11.11 A safety report should clearly identify and pro- rep rt (ref. 42) which there has not been time to
ex mine in detail. Whilst the report indicates that theside a comprehensise specification for systems which
design proposed may be more acceptable in someform part of the protection system since they are one*

respects than had been understood from the PCSR itof the prime factors in ensuring safety. Proper identi-
als appears to confirm the inspectorate's siew on thefication allows attention to be given to segregation,
e mplexity of the problem and the time that may bequalification, manufacture, operation and future*

required to reach a conclusion. Hence the inspectoratemodification. These systems are not sufficiently well
retains some reservations about the capacity of theidentified in the PCSR and a schedule of all such sys-
present layout to accommodate the CEGB's strategy intems has been requested,
some areas.

11.12 The component safety classification adopted in
the PCSR is insufficient as it stands since it would 11.16 Technical specifications are the rules which are
require the protection system and all safety-related applied to operating the station and form part of a
instrumentation to be classified as Class IE; the alter- requirement placed on the licensee under the licence
natise being that it is classified as non-safety. A defi- conditions. They should detail the action to be taken
nition of what requirements are placed on Class IE when protection system components are out of service
equipment by the CEGB should be provided. and the limitations on the time of such outages. These

are required at the PCSR stage for the major protec.
.11.13 To demonstra'e that a minimum acceptable ti n system components in order to assess the accept-
degree of redundancy is provided, all parts of a pro- ability of protection systems and the segregation
tection system providing a safety action should meet against hazards. They are not yet provided in the
the smgle failure criterion, i.e. any single active or Sizewell B PCSR although an average allowance is
passise failure, unless acceptable alternative arguments made for maintenance and repair activities in
are advanced. It is apparent that a number of systems reliability calculations.
or sub-systems do not meet this criterion, e.g. the
refuelling water storage tank of the emergency core 11.17 The pressure differential transmitters employed
cooling system, and parts of the emergency charging widely as sensors in the protection system are of a
and boron injection systems. The inspectorate does type not previously employed for this duty in the UK.
not consider the single failure criterion proposed m, the .Most of them are located in the containment and are
PCSR to be acceptable m that n does not adequately not therefore readily accessible for testing except dur-
address passive failures. A systematic analysis is ing the annual shut down. Whilst the Inspectorate
required to show that each system meets the single believes these sensors to be proven and adequately .

failure criterion and justification and agreement are reliable it is not yet satisfied as to their possible failure
required for exceptions. modes. The inspectorate has established that many of
11.11 The systems should be designed to perform the these sensors share common tappings and this it finds

necessary safety functions following hazards such as unacceptable, since any sensors claimed to be indepen-
seismic esents, extremes of temperature, humidity and dent should have separate pressure tapping points on

high winds with sufficient reliability. A prerequisite is the plant. A further concern is that these sensors are
that the structures containing the protection system not fully testable, i.e. for accuracy and response time,

.

must also withstand these hazards. To be consistent with the plant in operation. So far as reasonably prac-
with the CEGB's design target risk for the station the ticable arrangements should be prosided for fully test-

required systems or sub-systems should be designed ing sensors on a regular basis.
.

and qualified to remain operational following hazard
11.18 The Inspectorate will require evidence beforeesents of magnitude corresponding to a very low
licensing that the CEGB has established a satisfactory

probability (about 10-*/vear) event. The design intent
indicated in the PCSR should go further than is policy f r the selection of valses to give adequate

reliability and low maintenance..
presently proposed.

I11.15 The redundant trains of the protection system 11.19 In conclusion, before a decision on licensing
and particularly their cabling should be so segregated the inspectorate requires an improvement in the safety
that events such as fires and violent plant failures do case in the following areas: classification of protection
not cause a loss of necessary functions. The cabling systems, application of the single failure criterion,
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hazard design levels, segregation against fires and functions as the old system reviewed in the generic , ,

technical specifications for main plant items. review. Such a system has never been licensed for
nuclear protection duties (but comparable systems are j

used in other critical applications such as aircraft
control) and therefore merits very detailed
investigation. An imtial insestigation was completed
by the Inspectorate during 1981 and included a visit to

11.20 A fault table showing the situations to be the Westinghouse plant at Pittsburgh for discussions
protected against and the protective actions claimed is and viewing of a prototype. Also during this period |

an essential part of the specification for protection the Inspectorate sent a representatise, as an obserter,
systems. Such a table is given in the PCSR. The to the meetings of a working group (ref. 43) consisting
Inspectorate has not had time to analyse this table in of CEGB and NNC personnel charged with the task of - ,

sufficient depth but has noted a number of omissions examining the system.
relating to the protection system, including:

11.23 The acceptability of this system can be con-
'

(a) No fault studies are presented for reactor sidered under three main headings:
operation with less than four coolant loops. In the
absence of such studies, it may be necessary to (a) Is the technology of micro-processors acceptable

prohibit operation with less than four loops f r the duty of reactor protection?

operationa!. The Inspectorate is able to give a clear affirmatise
to this question provided the technology is

(b) Failures of control and instrument supplies implemented in an acceptable manner. It is noted
including the instrument air system are not that protection against frequent faults is addition-
included. ally provided by consentional means.

(c) The analysis of common mode failure of sensors (b) Is the implementation of micro-processor tech-
ignores the possibility of stuck or out of tolerance nology in the Westinghouse IPS acceptable?
transmitters.

With the limited time and effort available the
(d) In the case of reactor coolant pump (RCP) flow inspectorate is not at present in a position to

faults, the RCP speed trip should not be claimed answer the question, nor is the information pro-
for one, two or three RCP failures. An alternative vided by the CEGB such as to demonstrate this.
line of protection should be claimed. The development procedures at Westinghouse on

(e) The analysis should include spurious actuation of both hardware and software appear to be what
uld be expected for such a system, although theweach protective action and logical combinations

including those caused by fires. prototype qualification tests and reliability cal-
culations are not completed. Some functional

(f) The analysis does not take account of essential modifications have been requested by the CEGB to
control room indicators required by an operator to meet the requirements for Sizewell B. The Inspec-
meet technical specifications or deal with fault torate has identified to the CEGB some matters of
situations. concern which should be resolved before licensing.

These include the need to specify the reliability of
the IPS and the need for a thorough check of the
software provided.

Protection initiating system
(c) Are the functions performed by the system

acceptable?11.21 Two separate systems are provided to sense
fault conditions and initiate the necessary parts of the Generally the IPS is required to perform similar

protection system. These are called the primary, which functions to those of the system it supersedes. The

acts for all faults, and the secondary, which provides adequacy of specific functions is covered later in ,

diversity and acts only for frequent faults. The pri- this section. It is clear that many of the functions

mary system consists mainly but not entirely of the performed by the IPS offer better protection than

' integrated protection system'. In principle this aspect the previous systems notably: .

of the design meets the inspectorate's requirements (i) the system has four redundant trains and
and is acceptable. However, there are a number of generally operates on a two-out-of-four basis;
specific concerns which are brought out in the dis- (ii) the departure from nucleate boiling (DNB) and
cussion which follows. linear power density trip functions now employ

impr ved measurements of reactor power and
Integruted protection splem (IPS) axial neutron Oux core distortions;

11.22 The IPS is a design of protection initiation (iii) the RCP speed trip is a better indication of
system developed by Westinghouse in the USA using coolant flow than the RCP voltage trip it
micro processors to perform essentially the same supersedes:
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(iv) automatic control of the safety injection no objection in principle to the technology employed,
,- ,

change oser to recirculation is provided. further work will be necessary to convince it on the

c neerns vessed.11.24 The inspectorate does howeser hase some con-
cerns about the functional aspects of the system, for
example:

(a) The use of by passes to coser sensor failures taken
together with the two-zone segregation provided
for the station does not give adequately reliable g
protection following a fire.

(b) The Inspectorate assumes that application of the 11.29 In the generic review, the Inspectorate expressed
by. passes will be compulsory followmg any sensor concern at the use of common sensors for control and

*

failure to preserve the miended logic. It wishes t protection. It was concluded that sensors may be used
know what hmitations wi!! be placed on the use of for both functions provided the protection claimed

_ the by. pass system. against any particular control faults employed different
(c) There are reservations about the 'P Blocks' by- sensors, i.e. another line of protection. It is noted that

pass functions derived within the system which are the fault table in the PCSR makes protection claims
used to by. pass functions not required by the from common sensors although an analysis is provided

operational state. An analysis of this system on the effects of common mode failure of all such
should be provided to show that common mode sensors. The latter analysis should be improved in that
effects do not degrade the reliability of the it does not include many sensor failure modes. The
protection provided. Inspectorate reiterates its previous conclJsion that

claims in the fault table for protective actions against
(d) The Inspectorate remains to be corwinced that the

boron injection signal derived from control rod # " ' ' (*"'* * * n t employ th sanw sensors.
Further mformation is required on the means to be

.

positions will be adequately reliable and diverse pr vided for signal selection to the various control
from possible causes of control rod failure. This I ps and on the mtended cabling routes and power ;concern on reliability arises from the fact that the

supplies for these control loops.
signal is derived from information within the IPS
which is not designed or intended to indicate indi- 11.30 There appears to be the potential for fires and
vidual control rod positions. power supply failures to give multiple control faults

which are beyond the design basis of the protection
Other primary protection initiation system. These cases are not listed in the fault table nor

are they analysed. The control rod control system can
11.25 Several primary system initiation actions are

potentially give rise to faults which are not meluded m
not performed by the IPS and no details are given as the fault listing, namely all rod run-out faults,
to how or where they will be provided or what specifi-

multiple rod run-out faults, and faults with rod speeds
cation they will meet. These include power-operated

greater than the specified control rate. Therelief valve (PORV) and block valve control, high and ,

Inspectorate has requested further information to
low frequency electrical supplies, containment purge

coser these points.
closure on high radiation levels, and auxiliary feed-
water flow controls.

Secondary protection initiation

11.26 Few details are given of this system beyond the
variables monitored and the outputs required. It interlocks

appears to be the intent not to apply by-passes to this
system following failures of sensors in operation. 11.31 Interlocks are provided in various parts of the* *

Since the sensors in question can fail to danger the plant to prevent unprotected situations arising. These
inspectorate requires a clarification of the intention. should form part of the protection system and should

,

meet the necessary requirements.
Conclusions -

11.32 The description of interlocks in the PCSR is
11.27 Whilst the systems in this sub-section are not

n t yet satisfactory and the inspectorate requires a,specified in the detail expceted in a PCSR, an accept- schedule of all interlocks which carry out a protective
able safety case should be possible along the lines action to be provided, together with a specification; mdicated,.

-

and necessary justification including diversity, etc. The
11.28 The integrated protection system is a new Inspectorate has identified to the CEGB the specific
system which has not previously been licensed for interlocks which it considers should be included and*

nuclear protection duties. Whilst the inspectorate has awaits its proposals.

'

41

i
!

. ,

, , - n ,,-,_,,.---,-,,n-, ,, , , , . ,- - _ _ . -. , , , , - , , - - , - , - - . - - - - , - - - . , , , . , - - - - - - , . , , - - - --



.

(a) To achieve a reliability of 10 '/ demand for the
Reactor trip system , ,

rod system it is necessary for the fault studies to
consider that two have failed to drop, especially in

11.33 It is necessary to trip the reactor for all fault the case of cooldown faults such as a steam line
situations which could lead to fuel damage or oser. break.
stressing of the reactor coolant circuit. For those (b) The control rod mechanisms are cooled by the
faults predicted to occur frequently, a very high reactor sessel head cooling system. If this cooling
reliability is required and diverse means of protection system fails it appears likely that the control rod
should be provided- mechanism temperature could exceed the tempera-

11.34 In the design described in the PCSR, the ture for which they are qualified, making seizure

control rod system is tripped for all faults by the IPS f the mechanisms a possibility.

and for faults more frequent than 104/ year by the (c) It appears possible for a control rod or rods to be '

secondary trip system in addition. Thus failure to disconnected from their drise mechanism. If so it
provide a trip signal for frequent faults is claimed to would hate a considerable effect on the DNB trip
be ' incredible' and subject to detailed checking this is and on the shutdown margin available under the
accepted. However the control rod system itself has no technical specifications.
diversity and its reliability will be limited by common .. . ."* ^ I*S' " '"##" " 'Y'" * " "5 E ' . *mode effects: this limit the Inspectorate would place at
the lowest at 10-5 failures / demand. It follows that in the plant examined during the Inspectorate's generie

review t supplement the control rods for steam line
,

order to meet the design target for fault sequences set
break faults. This has now been deleted and theby the CEGB it is at least necessary to show an

alternative means of reactivity insertion for faults Inspectorate will need to be consinced about the

more frequent than 10-2/ year. bility of the rod system to make the reactor sub-
cntical with two rods failed following a steam line

11.35 The argument offered is that the systems break fault.
provided to cope with ATWT situations will provide

11.39 In c nelusion, the Inspectorate has importantthis diversity. The systems required to operate are the
pressure relief valves, trip of the two turbir.cs, steam reservations concerning the adequacy of the reactor

dump blocking, auxiliary feed system and tt e boron tripping system. These mainly concern the adequacy of

injection system. This argument is the same as that the ATWT argument for the required range of faults

reviewed in the Inspectorate's genene review except and it is not at present satisfied that the proposals so

that the boron injection system has been added to far put forward would give a successful outcome.

prevent the occurrence of boibng in the reactor hot
legs and reduce reactivity during these faults. Pressure protection
11.36 The Inspectorate has a number of reservations
about the argument presented: 11.40 Since failure of the reactor pressure sessel
(a) It is only shown that these systems are effective could lead to a serious release, protection against oser-

for faults more frequent that 104/ year whereas pressure should be to the same standard as the reactor
the requirement described above is for faults more protection. The protection prosided against oser.
frequent than 10-2/ year. pressure conditions has been improved since the

(b) The means for initiating the boron injection generic review. However, a more comprehensise

system are to detect within the IPS that two or analysis than is at present provided in the PCSR is

more control rods have failed to drop following a needed to show that it is adequate to meet the require-

reactor trip signal. Few details are presented of ments. Furthermore, when the pressure sessel is below

this system and the Inspectorate needs to be full power temperature, the maximum allowable

convinced that it will have acceptable reliability. pressure is reduced but the new enselope of allowable
conditions has not yet been established. This further .

(c) For the ATWT argument to be acceptable, all the information is required before a decision on licensing
systems claimed to operate should be classified as is made.
part of the protection system and should be shown
to meet the single failure criterion. 11.41 Due to the lack of a specification the Inspec-

t r te has been unable to analyse the pressure pro-(d) The boron injection system requires the reactor
kct n n any etail. The following concerns basecoolant pumps to be running to inject the boron.
howeser been identified:floweser, the range of faults with frequency

greater than 10-2 > ear includes fault sequences (a) the safety relief salves are not testable in ntu,/

invohing the failure of coolant pumps. which will reduce their effectise reliability;

11.37 The control rods are a well prosen design. (b) following isolation of the charging system the cir-
lloweser the inspectorate has the following reser- cuit can still be re.pressunsed sia the sealinjeetion
vations about the claims made for the rod system: llow which is maintained:
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(c) it is not clear whether the safety relief sahe to the primary circuit outside the containment.
* *

systems are adequate following a single failure; Failure of this pipework, not all of which is
designed for full RCS pressure. could cause

(d) the power-operated relief sahes (PORV) are liable
damage to the amiliary building. Furthermore theto open when not required either through control
auxiliary building is not designed to contain largefailure or vahe sticking following operation. This
s lumes f highly actise water. It is claimed that

would gise rise to small LOCA faults either as an
initiating esent or as part of another sequence. [ailure f the RHRS is precluded by its design and

"N " P' "''
,

"'E"."* "I " ' #**"I#Block sahes are prosided to isolate such a faultv' by the claim that the system is pressunsed and atsahe. Although not described it is understood that
high temperature for a sery small period of time,it is the CEGB's intention to fit automatic closure
The inspectorate understands that changes arecontrol to these block salves uhich if done in an
proposed to provide a third isolation valve m theacceptable manner should reduce the frequency of-

suction line and to design the suction pipework upsuch occurrences to an acceptable level.
to and mcluding this valve to withstand the full

11.42 Further information will be requ red to remose RCS pressure. This modification would be an,

the Inspectorate's concerns before it can be satisfied improvement but does not fully deal with Nil's con-
that an adequate case has been made in the PCSR for cerns in that it does not consider:
the pressure protection of the primary circuit. ( ) the diversity of interlocking arrangements to

ensure that the suction valves cannot be opened
above the system design pressure:

Reactor heat removal systems (ii) rupture of the RHRS due to stresses induced
following normal actuation.

General (b) The arrangement whereby the RHRS pumps inter-

11.43 There is a frequent need for shutdown heat link with the containment spray system.

removal and therefore diversity is required. At (c) The approach to inspection and maintenance. The
pressure, decay heat is removed by evaporating feed RHRS is a system which is required to be oper-
water in the steam generators and discharging the ational whenever irradiated fuel is in the reactor.
steam to atmosphere via the safety relief valves or During inspection or maintenance there may be no
PORVs. When the temperature and pressure of the redundancy in the system. The reliability analysis
reactor coolant system hase been sufficiently reduced depends upon strictly limiting the period of
the residual heat removal system is brought into maintenance. Before this strategy can be accepted
operation. Diversity has been provided in the steam t should be shown that:
generator feed and venting routes in order to meet this (i) The occasion and period chosen for mainten-
objective but all high pressure heat removal routes ance is sufficiently small as not to unacceptably
depend upon primary to secondary heat transfer m the degrade the safety of the plant.
steam generators. Any mechanism which prevents such
transfer leads to common mode failure of pressurised (ii) The equipment to be maintained can actually

heat removal. The Inspectorate has identified the be maintained in the period given with allowance

presence of non-condensible gases, e.g. nitrogen and for subsequent testing / adjustment.

hydrogen, leading to the loss of natural circulation, as (iii) No action during the maintenance process will
possibly providing this mechanism. A further route for lead to an increased risk of a demand on or failure
pressurned heat remosal does exist, namely bleed and of the other half of this sytem.
feed. This is discussed but not claimed in the PCSR. It
is concluded that further consideration to improve the

, IIcat remmal following LOCA
safety case for high pressure heat removalis required
and, specifically, it is required that an alternative case 11.45 The mechanism for heat removal following a

such as bleed and feed be further examined. LOCA depends upon the size and type of breach. For-

,
any size of breach greater than 9.5 mm diameter, cold

11.44 At pressures and temperatures be!ow 42$ psig water is injected into the primary circuit from a single
and 117 *C, decay heat is remosed by a two-train, source-the refuelling water storage tank (RWST). It.

100% redundant system-the residual heat removal is claimed, without supporting evidence, that this
system (RHRS). The two trains are segregated I inability to meet the single failure criterion willintro-
ensure protection agamst internal and external duce a minimal edditional risk. The Inspectorate has
hazards. In the Inspectorate's esamination of the questioned this statement and understands that other
RHRS, areas base been identified where it considers arguments may exist which would require that this be
the safety case should be improsed. These are: a single source of water. Although no case has yet
(a) Breach of the residual heat removal system been provided the Inspectorate considers that one

(RHRS) leading to LOCA outside the contain- should be produced. It would need to see a strong
ment. The RHRS possesses the largest connection argument before accepting a case based upon a single

43



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ __ ___

tink if it is only provided with a single sent and outlet closely examine the esidence produced as detailed
, ,

line. design proceeds to ensure that a reduction in the
initiating frequency can be achiesed. While it appears

11.46 The water purnp to the RCS will be delivered aa En& ant unau ms can be ma& su6by four high-head and two low head safety injection
* #9"*" ''#" .s the Inspectorate reser es its#"

pumps. A significant change has been made from the "* " E# "" # "" " *# "
SNUPPS design in that four high-hcad pumps of an pr vided. Failure to achiese the intent could lead to
increased capacity are used as compared with two of " *" "# * " #" "'
lower performance in SNUPPS. The increased pump
rating has been provided at both the high pressure and 11.49 Pressurised tanks (accumulators) containing
low pressure ends of the performance curve. The borated water are prosided so that in a large LOCA
Inspectorate welcomes the proposed changes in the the bottom of the pressure sessel can be rapidly

high head safety injection system which should result refilled. In the generic resiew the Inspectorate -

in: questioned the ability of the four accumulators to
.

withstand a single failure and still provide sufficient
(a) Improved reliabih.ty of the system m the high water. US practice is to assume that the accumulator -

pressure injection mode, connected to the breached loop discharges sia the

(b) Lower peak clad temperatures in small break breach and is lost and that all other accumulators
LOCAs. discharge into the sessel. This question does not apply

to the Sizewell B design as each accumulator has been
(c) The ability, under certain conditions, of the high increased in capacity by 50%. Thus, esen with the loss

head pumps to provide a supplementary low head of one accumulator sia the breach, the three remain-
safety injection function. ing can withstand a single failure and still discharge

While there are some reservations about the overall sufficient water to refill the bottom head of the RPV.
reliability of the system to satisfy a low head safety w ng a i rge LOCA, long term heat
injection role, N!! considers that the four pump fillSI rem val will be performed by the RfiRS operating in
can provide effective and reliable protection against a a recirculating mode by drawing water from the con-
small LOCA. tainment sump and injecting it into the primary

11.47 Evidence shows that small LOCAs could be circuit. Since the system is likely to be contaminated

comparatisely frequent events. For example, these by radioactive material from failed fuel. post LOCA

have been caused by PORY failures (as in T.N!!, maintenance is not proposed. In siew of the long

ref.17), loss of RCP seals and failure of steam recovery period following this type of accident the

generator tubes (as in RE Ginna, ref. 44). Accordingly inspectorate has concerns about the reliability of the

the Inspectorate has asked CEGB to justify why a system. It considers that the need for post-accident

diverse form of high pressure safety injection is not maintenance should be reconsidered, in case suitable

proposed. The response is that PORVs are to be fitted provision can be made at the design stage. This would

wi h automatically controlled block valves for help to ensure that such work could be perfonned

isolation, additional seal protection not dependent without undue exposure to operators,

upon common sersices such as component cooling 11.51 The Inspectorate has also asked for further
water is to be provided for the RCPs and a different information on the performance of the containment
design of steam generator will reduce the probability sump screens in the LOCA and post LOCA ensiron.
of tube rupture. The Inspectorate also questioned the ment. The close proximity of the two sumps one to
provision of a single charging system (ECS) pump for another may mean that debris could block both
this duty m that: screens simultaneously.

(a) The system does not meet the single failure 11,52 It is considered that an adequate safety case
criterion. for the ECCS has not yet been made, and the Inspee-

(b) Not withstanding (a) the reliability of a single torate requires resolution of the matters discussed .

pump would be insufficient to satisfy the demand before a decision on licensing is taken.

on the ECS.
.

Ilowever, it is now understood that an additional ECS
pump is to be prosided. While this goes some way to Auxiliary feedwater system
satisfy concern about the ECS, the Inspectorate still
needs to be satisfied about the system's oserall reli-

11.53 The auxiliary feedwater system is an automatie
ability and its ability to meet the single failure system which prosides feedwater to the steam gener-
criterion in other areas. ators following reactor shutdown and when feedwater

11.48 It is the CEGil's intention to reduce the fre. from the main feed sptem is not asailable. The

quency of all forms of small LOCA so that disenity reliability required of the ausiliary feedwater sptem

of protection is not required. The inspectorate will depends on the frequency of fault situations requiring
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ij to operate and the availability of alternatise means a design basis LOCA, steam line break, etc.,
,

of heat removal such as ' bleed and feed'. should be discussed in the PCSR.

11.58 The Inspectorate has been unable to determine (c) Failure of the single sump isolation vahes may

what reliabihty has been specified for the system but it lead to problems in normal and accident con-
needs to be high and it is noted that disersity has been ditions. Satisfactory justification of this provision

prosided. From the arguments presented, it is con. has not yet been given.

sidered that the reliability may not be such as t (d) The sizing of the containment purge systems is
permit plant operation with a pump out of seruce. dependent among other considerations upon the

11.55 The method of routine testing described does source terms used see, for example, Section 12 on

not check the capability to inject feedwater into the chemistry and corrosion. Since underpredicting

steam generators. these terms could hase a significant effect on
,

layout, further justification should be provided at
11.56 There is a concern that, on present evidence, an early date to reduce the risk that subsequent
the feedwater storage capacity may be inadequate enlargement may be necessary.

,

following a seismic esent.
(e) Whilst degraded core situations are not included in

the safety case in the PCSR, it would nesertheless
containment systems be prudent to design the containment systems to

deal with this situation and qualify the equipment
accordingly,li.f7 Containment systems are defined by the

inspectorate as those systems or components necessary (f) Consideration should be given to isolation of the
for the required performance of the containment and containment on a high radiation level signal, as
any extensions of the main structure, such as pipe being of more direct concern than the high pressure
work or ancillary structures which communicate signal alone, particularly in the case of events such
directly with the containment atmosphere or the as small LOCA and ATWT sequences,
source of radioactivity. In the Sizewell B plant these

(g) The remedial measures which could be undertakensystems are taken to comprise the containment
IEolation system, containment cooling system, contain- in the event that the sump filters became blocked

f Ilowing an accident should be discussed.
ment spray system, containment gas mixing and
control systems, secondary containment systems,
containment sentilation and containment sump

semicossystem.

11.58 The inspectorate has reviewed the safety case
for these systems and concludes that more information General

is required than is available in the PCSR and its 11.59 The protection system requires several services
supporting reports before it can say that all matters for its correct operation. These include: electrical
hase been satisfactory considered. However ghen power supplies, electrical control supplies, compressed
resolution of the issues discussed below and those air (instrument air), water cooling (CCW and ESW),
relating to the general design basis (para 11.11 et . seq.) room cooling (HVAC), steam supplies and the reserve
an adequate case can be made prior to a demion ultimate heat sink (RUHS). In every case these services
being made on licensing. These items include some should be designated as part of the protection system.
where a significant impact on safety or layout may
arise and which therefore need to be speedily resobed: 11.60 in many areas the inspectorate has been

unable to assess the adequacy of such senices because
(a) A comprehensive examination of the requirements of the lack of a sufficient specification. This is

and function of a secondary containment should particularly true in the case of services feeding diverse
be presented, bearing in mind that at the time of protective actions. The inspectorate has requested a,

writing a secondary system completely enclosing schedule of the services required for each protection
the primary containment is being considered. The system component showing the exact point of
principal means of presenting leakage via the derivation..

equipment hatch is ' strict administratise control *,
Failure of this control could result in leakage 11.61 Failure of each service, including the electrical

direct to the environment the consequences or and pneumatic services, should be included in the fault

which hme not been discussed. Should these prove analysis as initiating esents.

to be unacceptable then it raay be necessary to
enclose this hatch within a secondary containment.

I""# "(b) Sescrat instances of failure of personnel air. locks
to seal hase been reported in the United States. 11.62 The electrical system proudes the means of
The consequences of such failures coincident with feeding the electrical output of the station to the grid
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and also of drawing power from the grid to supply a protection depends on two trains being available,
, ,

large number of plant items. From the safety view- such as following a large LOCA esent, the inspec-
point, supplies to components of the protection system torate is not yet satisfied that the system will hase
are particularly important since failure of these adequate reliability.
supplies would cause failure of the protection. Those

(d) The inspectorate is not clear at this stage about
parts of the electrical system insolved should them-

the denvation of senices to permit grid switching
selves be designated protection system.

operations. Evidence is required that these will be
11.63 The electrical system provides power for the independent of the diesel generators and station
protection system components at various voltage senices in accordance with the claims made in
levels. The basic sources of power are from the grid Chapter 15.
via the station transformers or alternatively from four
diesel generators. Control and instrumentation C0"Cl"5/08 *

supplies are supplied by battery 'no-break' supplies, 11.67 The electrical system is acceptable in principle
Other features of the electrical system have a less at this stage of the assessment subject to resolution of
direct but nevertheless important effect on safety since the concerns outlined above.

'

failures can be the main cause of faults requiring
action from the protection system. Instrument air system

11.68 The Inspectorate has doubts about theSystem assessment
acceptability of the instrument air system as describ:d

ll.M The system is divided into four essentially in the PCSR since it does not hase the same
independent electrical trains which are segregated for redundancy and segregation as the sptems it supplies.
protection against fire and other hazards, generally

11.69 The Inspectorate is not clear about the totalinto two double trains. In some cases, such as low
head safety injection pumps, and containment spray uses that are made of this system to control protectise

pumps, there are less than four trains of equipment to actions and a schedule of all such uses is required. In

be fed which in turn imposes operational and addition the instrument air system should be

! reliability limitations on the electrical system. designated as part of the protection system (it is stated
that it is non-safety) and an analysis performed of the, ,

| 11.65 Although diverse supplies are provided from failure modes. From the available information it
the grid and diesel generators, the electrical distri- appears that complete failure of the system would
bution system has little diversity, except in the case of result in loss of ability to maintain stable hot shut-
battery-backed control supplies. As a means of provid. down and prevent achievement of cold shutdown of
ing diversity of reactor heat removal, the station as a the plant.
whole is designed to withstand complete loss of a.c.
power for periods of a few hours by the provision of Essential cooling systems
steam-driven protection systems for heat removal in

11.70 Heat removed from the essential systems andthe pressurised state. Subject to detailed assessment
these provisions are generally acceptable. reactor auxihan,es is dissipated to the component'

| cooling water system (CCWS) and thence to the
11.66 However the Inspectorate has identified the environment sia either the essential senice water
following concerns as not yet acceptable and requiring system or the resene ultimate heat sink. In siew of
attention at the pre licensing stage: their close relationship the Inspectorate has examined

(a) An adequate specification of the duty and all three systems together. The CEGB's intent is to

reliability required of the electrical system is not pr vide a combmed system which is redundant and in

given. In particular, the voltage and frequency parts diyerse so that its resistance to common mode
limitations of the electrical plant have not been failure is increased. Additional protection against

s ified* failure has been provided in the form of equipment
not relying upon the CCWS for system cooling. .

(b) The Inspectorate is not yet satisfied that the
H. h.9 accepted that the essential cooling systemssegregation against hazards provided between

redundant trains is adequate. A hazard analysis is can be designed to operate in normal operation m
,

proposed by CEGB to demonstrate the adequacy accordance with the strategy outlined. The Inspee.
torate has reservations, honeser, about the claim that

of the proposals and the inspectorate wishes to
have this before a decision on licensing and in time per ti n in the normal mode demonstrates the ability

f the systems to perform post accident. Seseralfor discussion of alternatises should this be found
necessary. ghanges of status occur immediately after the safety

mjection signal. These changes melude a step increase
i

! (c) The inspectorate has been unable to establish to its in heat load of more than 12 times the initial load,
satisfaction the CEGB's intention in situations with pump tiow demand inercased by 50~a It is
where electrical plant items are unasailable due to appreciated that full size demonstration of the LOCA
failure, maintenance or testing. In eases where performance would be unrealistie and therefore a.
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.

pigorous analysis of the systems to demonstrate their monitor conditions well beyond the design basis,

ability to cope with such transients is expected. This accidents. The inspectorate will require evidence at a
has not yet been done. later stage that this has been provided.

j 11.72 The inspector:. e has recently been informed Reactor controls
that additional pumps are to be added to tne CCWS
to provide a direct link between the containment 11.77 Reactor controls are described in Section 7.6

coolers and the resene ultimate heat sink. At this time of the PCSR. Many of these controls are of signifi-
i there is insufficient information available to permit it cance to safety in that they cause and hence determine

to comment further. the characteristics of virtually all frequent faults on.

the plant.
11.73 The inspectorate has also questioned the

11.78 Whilst many failures of these controls arepotential for and consequences of ruptures in the large' -

included in the fault table in Section 15.1.9 of thebore seawater mains of the essential seawater system
within the auxiliary building as this has not been PCSR, further analysis is required of the controls for

c mm n m de failure.considered in the PCSR.*

11.79 The Inspectorate has not at the present time
examined the algorithms of these controls since they

sMew.telesed Inesrumeneden are based on existin, practice with the exception of the
,

reactor power control loop. !

11.80 All the controls take signals from theIntroduction4

I
.

protection system via isolation devices. The signal t

i 11.74 Control and instrumentation are involved with selection system is mentioned but is not described in
j all aspects of plant operation and are the main inter- sufficient detail to enable any assessment to be made,

face between the operator and the plant. Controls and
instrumentation that form part of the protection Control room

! system are covered in the sub-sections dealing with 11.81 A cont.ol room forms the major interface
protection. This sub section covers all other control between the sperator and the plant. It should be
and instrumentation systems haung a sigmficant but designed tr facilitate safe operation of the plant in all
less direct effect on safety and which the Inspectorate operating modes.
terms safety-related mstrumentation. Such instrumen-

i tation includes the following: reactor controls, 11.82 7 wo control rooms are provided, a main one

monitoring of the plant to meet operating rules, and also an emergency one with limited facilities for#

monitoring of the protection system, monitoring of situations where the main control room cannot be
s

accident conditions, communications, and fire manned. Few details are given of these control rooms'

detection. These systems are described in the PCSR but this is acceptable at this stage provided it is clear4

under Sections 7.3,7.4 and 7.6 and also under each what are the principles to be followed. The Inspec.

plant section of the whole report, torate has been told that the CEGB has set up a
working party to consider the detailed design of the

! 11.75 Because of its safety role, safety related control rooms and it wishes to be kept informed of
instrumentation should have similar treatment to the this work on a regular basis,
protection system namely:

Conclusions
j (a) It should be identified. The classification

procedure indicated in Chapter 3 of the PCSR is 11.83 Because of the limited time available the,

insufficient since it only has two classes for inspectorate has not been able to assess or discuss
! electrical equipment neither of which are with the CEGB the safety.related control and instru-

appropriate to safety-related instrumentation. mentation in any depth. However, whilst most of the

: (b) The design basis for each system should be stated, equipment covered by this report can be detailed by
.

the CEGB and assessed at a later stage, the Inspec-but this does not appear to be the intention. It
t rate will need to be satisfied that the CEGB sshould include measurement ranges, the situations,
inten ns for sa ty. ate instmmutadon are*

including faults and hazards, under which it is.

acceptable at the appropriate time,required and its reliability or redundancy. This will
determine requirements for segregation.

(c) Evidence should eventually be made available to overall conclusions

; show that the safety-related instrumentation will
'

perform its intended duties. 11.84 in the generic review it was concluded that the
Insputorate saw no fundamental reason wh

Accident monitoring
acceptable protection arrangements could not be

,

i 11.76 Instrumentation requried for monitoring provided for the PWR reactor system considered: this
accident conditions should be designed to sunise and remains the view.

:
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11. 0 It is cle:r th:t many improvements hase been Accepting that neither of these are mandatory a . .

mad: to the protection system since the generic resiew. safety case should nevertheless show that the
However the safety case as presented in the PCSR is agreed objectives base been met.
not yet acceptable for licensing. The reasons for this

(e) Further time for discussions to resolse what are inwill be found discussed above and require action irt
many cases complex issues.

the following categories:

(a) Improvements in presentation of the case.

(b) Better specification of the duties required of the
protection system. 11.86 The inspectorate expects to see its main

' " ' ' * * ' * ' re a decisicn on licensing is(c) Firm commitments to be made by the CEGB in a
, made. This can be achieved by clarification of the -

.

number of cases not least m design intent and
principle. safety case and design intentions and by gising of firm

commitments where appropriate. It can see no
(d) Further argument to demonstrate that the systems fundamental reason why this should not be achieved -

offered meet either CEGB or Nil principles. and an acceptable system prosided.

.

$

.
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12 Plant chemistry and corrosion

Materials
introduction

12.4 The inherent materials problem arises because
about two-thirds of the primary circuit internal surface

12.1 in a PWR, inadequate design and inefficient area is made up by the steam generator tubes for
control of the fluid chemistry of the primary and which the Westinghouse licence specifies the high
secondary loops and the associated ancillary circuits nickel alloy, inconel 600 (70- 75% nickel). Con-
may contribute significantly in both normal and fault sequently about one-third of the metal atoms in
conditions to senous component degradation and to contact with the primary coolant are "Ni, which gives

*

the collectise dose. Aspects of concern include the rise to the high "Co levels in the crud. In addition, the
integrity of the primary circuit, especially the steam cobalt impurity levels in inconel 600 can be
generator tubes, and the build.up of primary circuit responsible for about half the crud "Co inventory.

*

actisity, both solid and dissolved, which may lead to The remaining *Co arises mainly from the Stellite
high dose rates or releases to the secondary circuit and hard-facing alloys in heavy wear components (valves,
to the atmosphere. The more significant problems control rod drive mechanisms, etc.) which contain
arising from the assessment of the plant chemistry and 50-60% cobalt.
corrosion aspects of the PCSR are discussed and

,

summarised below. 12.5 Whereas the Inspectorate belieses that in
accepting the proposed steam generator tube material
there is little more that it is reasonably practicable to
do in lowering nickel levels, there is however some

Primary circuit activated corrosion ^ % capacity to reduce the cobalt levels. The CEGB has
made proposals to reduce cobalt levels in inconel 600
and if confirmed these are likely to be acceptable. TheIntroduction
claim that no low cobalt hard-facing alloy alternatives

12.2 Experience from operating PWRs suggests that are available for incorporation in the design needs
primary circuit activated corrosion products (' crud') more justification.
constitute the main undertpng source (at least 70%) of
the occupational radiation exposure from the plant.
The demonstration that these levels have been reduced Operating chemistry
to a lesel uhich is as low as is reasonably practicable

(ALARP) is fundamental to the case for the control of 12.6 The design intent is to control the primary
such exposures. The root of the problem is the coolant chemistry, particularly the pH, so as to
presence in the primary circuit materials of particular minimise the rates of general metal corrosion and
metal atoms, notably nickel and cobalt (respectively, release out-of-core and, as far as possible, to dissolve

precursors'of the main critical isotopes "Co and "Co), and retain in solution the corrosion products during
which can be released into the coolant by aqueous their passage through the core, in order to minimise
corrosion and erosion, and then activated in the high the potential for their activation. Within the broad
neutron flux of the core regions, especially by operating chemistry pH specification, a narrower
deposition on the fuel elements. These ' activated operating range is proposed, b'ased on closely
corrosion products' are then redeposited around the correlating the lithium hydroxide levels with the boric

primary circuit, and may give rise to very high shut. acid concentration. This should have beneficial effects
down dose rates in areas where inspection and on the crud levels. The Inspectorate is concerned,
maintenance are required. however, that the solubility data on which this

perating chemistry is based are derived from*

12.3 in Chapter 12.3.5 of the PCSR a number of agne he, a n km e predondnant cmd
potential means are identified of reducing these levels, species, nickel ferrite. % hat little literature there is on
and these are discussed below. The inspectorate has nicke! ferrite shows that the solubility behaviour with

.

,

reservations about the case put forward on these, in temperature and pH of the two species is not strictly
particular the reduction of cobalt levels in hard. facing similar. The Inspectorate therefore wishes to see
alloys (Stellites), the filtration provisions and validation of the chemistry on a nickel ferrite data
chemical decontamination. The Inspectorate has base, and a greater understanding demonstrated of the

,

requested a document setting out and justifying the fundamental processes of the crud problem.
CEGB s strategy for meeting the ALARP cntenon for
occupational radiation exposure (see Section 14), 12.7 The inspectorate also requires a consideration
included in which it expects to find a detailed of the possibly significant effects of the quality of the
consideration of the CEGB's position on these three operating procedures, including human factors and
issue 3. administrative control on the crud levels. -
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FCratica and this had been requested as a part of the ALARP. ,

strategy document.12.8 A deliberate attempt has not been made to filter

j primary coolant crud. The chemical and volume Off power chemistry
. control system (CVCS) reactor coolant filter is too
I coarse to remove crud efficiently, and reliance is 12.12 The Inspectorate will be looking for more

placed on uncontrolled removal by the system ion detail on the procedures proposed for pre-conditioning
;

exchangers. Neither is designed for this purpose. The of the primary circuit surfaces before start-up, and for
4

} Inspectorate requires a quantified argument as to why the increase of coolant ongen potential to control and

the means of crud removal by filtration cannot be minimise the cobalt 58 ' crud burst' which occurs in

I improved. The claims made in the PCSR that the refuelling.

CVCS removes active crud should be supported byi

"*'" "' *

{ quantitative evidence, which should be available from
j the considerable PWR operating experience. 12.13 If satisfactory responses are given in the

CEGB's ALARP strategy document, the inspectorate! 12.9 An adequate case is not made for the omission ,

w uld be able to consider the case on acthated
I of magnetic filtration, or at least for the omission of

e trosion product level reduction on a proper basis. ItI space for such a plant bearing in mind that space was n t be possible before then to state that no*
provided in the April 1981 reference design (ref. 45) sismficant modifications would be required.

.

i and appears to be recommended in the relevant
particularly on the Stellite and magnetic Gltration

| supporting report (ref. 46) by implication. The
issues. Early resolution of these issues is important,

| Inspectorate understands from discussion with the
j CEGB and from a supporting report (ref. 47) that a
j developed Westinghouse design is available. The

virtues of the technique are that the majority of the
crud is ferro-magnetic and thus readily extracted in Post accident chemistry and release mechanisme

,

j this way, and that it can process a substantially greater

; proportion of the coolant than the CVCS, and at introduction
: reactor temperature. A justification of this omission in

terms of what is reasonably practicable is required 12.14 This section considers the chemical aetisity4

j before a decision is made on licensing since this is a control procedures used in the esent of accidents

) potential means of substantial source term reduction, which release activity into the containment, considered

i and has significant layout implications inside the in PCSR Sections 6.2.5 and 13.9.5.3.
' containment.
i Assessment

,

12.15 To mitigate activity releases to the ensironment
Decontamination in most LOCAs and certain other design basis

accidents, significant reliance is placed on the contain.
- 12.10 Chemical decontamination involves the

ment spray system to entrain and to 1mmobiliseI addition of reagents to dissolve the corrosion products
effectively the activity which escapes m, to the contain.

deposited on the primary circuit pipework and
ment building atmosphere and sumps. The inspec-

I components, and the removal of the dissolved activity
torate has not yet been able to assess the efticiency ofi on to ion exchange resins for subsequent treatment
the proposed hydrazme and bonc acid spray system

_

I and disposal. This may be performed either on the-

f whole circuit or individual components. Some operat- soluti n, since n t nly are doubts expressed m the
PCSR as to the particular effectiveness of the'

ing experience of both methods exists. The potential
hydrazme on releases followmg LOCAs, but alsoI for dose reduction was highlighted in the
adequate support references to assess it are not

Inspectorate's generic review.;

; provided. Appropriate documentation is expected later
,

*'

12.11 In the PCSR it is claimed that no suitable in 1982. The efficiency of the system will also depend
process is currently available, but that appropriate on the use of correct and conservathe primary coolant
connections will be provided to incorporate the activity levels and adequate modelling of aethity.

,

. necessary plant at some future time. Coverage of the releases in accident conditions. Adequate short and
present state of the art on possible te:hniques is long-term control of the chemistry of the post. accident

j however, inadequate, particularly concerning the two containment sump solution, such that radio kotopes

i most favoured processes, LONil(Iow oxidation state are conserted and maintained in a non. releasable

j metal iron) and POD (PWR oxidathe decontami- form, remains to be demonstrated. The Inspectorate is
! nation). Further research and deselopment is in not yet satisfied that the dry buffering chemicals in
| progress, but it is the inspectorate's view that a more open racks on the containment walls will dinohe,

quantitathe assessment of the likely advantages and when required, in sufficient quantities to control the
problems associated with whole circuit decontami- sump pli, particularly since they may hase formed a
nation can be made on the basis of current knowledge, crust during storage.

$0
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12.13 The inspectorate also has reservations about inspectorate therefore requires a case to show

the compromiw between a high sump pH, needed to adequate protection for this problem, paying

maintain dissolsed iodine in,non-elemental forms and particular attention to impurity ingress control and the
to minimise acid chloride attack on primary circuit reliability of admiaistratise procedures.
and containment steels, and low sump pH, needed to
reduce the significant hydrogen esolution from alkali
attack of zine based paints in the containment.

*** # *** *'Y * "Y * "'
12.17 These post accident chemistry control con-

.
corrosion

oderations are also of concern to ' degraded core
accidents'. The conclusions from a study of those
situations may well prose to hase a bearing on the introduction-

present assessment- 12.22 Secondary coolant chemistry control is a vital
part of the prevention or reduction of corrosion of the

Concluums steam generator tubes, in Section 10 the present.

12.18 The Inspectorate awaits further information to overall position on tube integrity is summarised in the
assess the effectiveness of the containment spray light of the problems which hase been experienced on
solution and additive in mitigating actisity releases in earlier steam generators and the design features of the
design accidents and to remove its concern about the Model F steam generator which are intended to deal
strategy to control the containment sump solution pH. with them. This section resiews the specifically

chemical aspects of corrosion control. The main
concern is the possibility of inter granular attack
(IGA) in the tube sheet crevice region. However,
demonstration of chemical control to minimise otherPr6 mary coolant chemistry with respect to corrosion of
forms of tube corrosion, e.g. denting, is also import-the reactor coolant pressure M '--i(RCPS)and
ant with regard to radiological issues, such asmusiliary systems
exposures during maintenance and activity release to

12.19 At present, insufficient justification is given in
the PCSR for various specified lesels of the primary Secondary side
coolant chemical parameters. The ability to control .w e amsm rn granular

,

e
pH, oxygen and halide ion levels requires more sub- attack in the tube sheet crevice region has yet to be
stantiation, bearing in mind the potential for admin- identified, and this form of attack has not been repro-
istrative failures. In particular it is not clear what duced in the laboratory. Local high concentrations of
measures would be taken to control oxygen levels in hydde bn wem to be insoW, ht nwd mon
the coolant, so as to present RCPB or auxiliary pipe. . f rmation is required to establish the precisein

,

work corrosion, in the event of either failure of the mechanism, particularly the role of metallic impun,t,es,i
CVCS hydrogenation system or its non-operation I" ** f the doubts about the detection of this
during tntium purging of the coolant. attack, with or without accompan>ing stress corrosion.

12.20 The Inspectorate is especially concerned that fingers, the inspectorate expects to see further work

the chemistry regimes which could cause stress initiated, particularly long-term model boiler testing ,

corrosion cracking of stainless steel pipework and using the correct configuration and UK PWR
components, whether sensitised or non sensi ised, chemistry environment, including representative speci-

should be identified and it wishes to see prosisions fication transients and cycling. It requires a sufficient

made to monitor or forewarn of such corrosion. It is case to be presented to show that concentration of
noted that stress corrosion attack (' pure water aggressive chemical species is unlikely to occur in a
cracking') by the primary coolant on the Inconel 600 significant number of tube sheet crevices, whether

.

steam generator tubes has been ameliorated by the open or sludge filled. Current experimental data seem
adoption of a thermally treated material, although to be very limited and largely confined to crevices that

adequate chemistry control has nonetheless to be are too shallow.-

* * " ' " " 12.24 The Inspectorate is not yet satisfied that solids
12.21 Stress corrosion cracking of auxiliary system accumulation will not occur at these crevice regions

pipework by oxygenated, borated water, probably with since little relevant operating experience appears to

chloride impurities, nas been prevalent in US PWRs, exist, but measures adopted in the steam generator

and is the subject of an NRC inspection and enforce- thermal hydraulic design and the improved blowdown
ment bulletin (ref. 48), but has not been discussed in provisions should substantially reduce the tendency for
the PCSR. This could affect the integrity of a number deposition. The intentions with respect to crevice
of systems, notably HHSI, LHSI and containment flushing and lay up procedures will need to be estab-

sprays. In the ECCS case, cracked pipework might be lished, since they may contribute significantly to solids '

only one valve remosed from the primary circuit. The control.

$1
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Dentiett (e) A discussion is required of the concentration of ' '

12.25 Although adequate forewarnind of dentinc as a agdressise species during the times when the
bl wdown system is non operational, to show that

problem affecting tube integrity should result from the.

n adserse effects result.policy of tube inspection and plugging, it may still
hase radiological significance in terms of operator
exposure and activity Icakage. The Inspectorate Monitoring for the ' leak hefore hreak' argument
recognises that significantly reduced potential for 12.27 The leak before-break argument for tube
denting should result from the use of 405 stainless integrity monitoring and forewarnmg places reliance
steel support plates with a quatrefoil hole configur- on the ability to monitor accurately the activity
ation, titanium condenser tubes with double tube leakage rate in the blowdown system. No details are
plates, and improved solids control (ref. 49). Despite provided of how this is done, or the basis on which -

the climination of copper from the feedwater systems, the accuracy of the method can be assured,
however, there is evidence that nickel ions present in
the water would be equally likely to promote attack ,

(refs. 49,50). As yet the role of these ions and the Conclusions on steam generator secondar) side

exact chemistry of the denting process are still inad. chemistry control

equately understood. Prevention of chloride ion 12.28 Further information is required before the
ingress to the steam generator is necessary, but there is Inspectorate can be satisfied that the concentration of
as yet insufficient information to assess the design and aggressise species in significant numbers of tube sheet
control measures. The supporting experimental data crevices will not occur leading to intergranular attack
on 405 stainless steel are still short term, but operation in a region where an adequate detection method has
of a related steam generator at Surry 2 should provide not yet been prosen,
valuable lead experience of any long term effects.

12.29 The likelihood of denting would appear to be
General secondary roolant chemistry control reduced by the design measures adopted, but uncer-

tainties still exist over the mechanism, especially the12.26 The Inspectorate will require further infor-
r le f metali ns such as copper and nickel. Onlymation on the secondary coolant chemistry before it
short term test data are available, and the inspectorate~

can be satisfied that there is adequate controlin
willlo k for longer term assurance. Various general

respect of steam generator tube and other integrity
issues. In its siew the discussion in Chapter 5.7.3.11 of chemical control aspects require more attention, par.

the PCSR should be better organised. The following ticularly the apparently conflicting requirements for
preventing significant slippage from the condensateare matters of concern:
clean up lon exchange resins and escape of regenerant

(a) The measures to counteract the slippage of sodium chemicals into the feedwater. Stonitoring, tripping and
ions from the condensate clean up plant resins and sampling arrangements require more detailed dis.
the escape of regenerant sodium hydroxile to the cussion in the safety case.
feedwater would seem to be mutually conflicting,

12.30 The provisions for the '!cak before break'if high pH levels are to be proposed. Control over
escape of regeneran* acid and of acid resin fines momtoring of tubes remain to be described.

also needs to be demonstrated.

(b) There should be a discussion of the solids arisings
expected through the feed system, including the
maintenance of correct pl{ and oxygen levels, and

General conclusions on chemistry and corroelon
appropriate choices of feed heater materials.

(c) Afonitoring and sampling arrangements will need 12.31 In the chemistry and corrosion area there are a
to be described in more detail to give assurance of number of concerns arising because a satisfactorily -

their effectiveness and adequacy, particularly comprehensive case is not yet made in the PCSR. The
regarding measures to be taken if departures from

main issues have been summarised in the conclusions
specification occur, the adequacy of the tripping of N previous sub sections. The Inspectorate con. -

arrangements on high feedwater conductisity and siders that they should be addressed with some
the absence of on line corrosion monitoring.

urgency, particularly since this is the first commercial
(d) Store detailis required of lay up and off power water reactor in the UK. Ilecause of the safety

measures to protect the steam generator tubes implications it needs to be satisfied that proper
from corrosion. chemistry control is feasible and will be carried out.
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13 Pd-7vo waste management ,

mation of the magnitude of the radioactise waste i

se% esseeene M sources, and particularly the predicted lesel of actisity |

in the primary coolant. The main components of [

13.1 in this section those aspects of the proposed primary coolant actisity which are of concern to waste ;

design are resiewed which are concerned with the management are fission products from defective fuel, r

management of radioactive waste materials from the activated corrosion and wear products, and tritium,
t

point of production to their final discharge from the 13.5 In the PCSR, the notional fission product i,

site in acceptable forms and under controlled activity level in the primary coolant is based on an !

conditions. The collection, treatment and temporary assumed ' failed fuel fraction' in the core (values of
storage of radioactise waste leads inevitably to some 0.2%,0.02% and 0.005% are used at different places '

,

radiation exposure of workers on the site, while its in the PCSR). This makes an artificial correlation ,

idischarge from the site involses the possible exposure between the measured "'I concentration in the coolant
of members of the public. The Inspectorate requires and a supposed percentage of pin failures of a certain ,

!the safety. cme to provide sufficient evidence t average type. There seems to be no theoretical basis
demonstrate that the doses to on site workers and on which to extend the percentage of activity released
mernbers of the public from radiation sources as "'I, the only widely measured fission product, to
ongmating on the site, meluding radioactive wastes, any other isotope, in view of the gross uncertainties in ' i

will be kept within the prescribed limits. Further, it is the nature and extent of the fuel defects, the differing !

required that the doses to operators and to members behaviour of various isotopes and other broad
of the general public be kept as low as is reasonably assumptions made.
practicable (ALA RP).

13.6 It was pointed out in the Inspectorate's generic
13.2 As far as waste management is concerned, the review that the concept of a ' failed fuel fraction' was

,

! application of this latter requirement implies the unhelpful and misleadingt what is actually required for
necessity to arrive at a suitable balance between the shielding, waste management and fault calculations is

. I:dose received by station staff from waste treatment a primary coolant fission product source term based
and temporary storage on site, and the dose received on a wide range of measurements of relevant isotopes
by members of the public from wastes discharged from operating reactors. Recent discussions with the ,

from the site. In this area there is joint responsibility CEGB have indicated that it appreciates the uncer-
between the Authorising hiinistries (doe and hfAFF) tainties in using a notional ' failed fuel fraction' and it
and the Inspectorate. intends to substantiate the fission product source

terms in the PCSR by using a revised computer code
13.3 At this preliminary stage of the assessment, the ,

which discards the ' failed fuel fraction' concept and j
inspectorate's main concern has been to ensure that instead bases its predictions on more comprehensive ithe systems proposed by the CEGB n Chapter 11 of
the PCSR for collecting, processing, storing and dis- operating measurements and fuel escape rate !

coefficients. According to the CEGB, the predictions :
charging radioactive wastes are sufficiently flexible to of the new code show that the fission product source
give confidence that they can be engineered so as to terms in the PCSR are generally conservative. Whilst
allow the abose radiological principles to be met.

welcoming this approach, the inspectorate has not yet
Time has not permitted any in depth assessment of the oeen furnished with the necessary documentation to
detailed engineering prosisions for waste management

assess the CEGB claim.but at least one item has come to light which will have
to be resolsed before the design is accepted (see para 13.7 Another important contribution to the radio- t

|.
8.7) The assessment process will continue and actise source term in the primary coolant comes from |

' intensify so that the Inspectorate can be satisfied that activated corrosion and wear products (' crud'). It |
!

| (t has identified and satisfactorily resolved all appears that, in spite of the improsed data base since
!- important engineering issues concerned with waste the time of the generic review, no long-term corre- ,

'

| management prior to the appropnate stage of lation has yet been established between effective plant
construction of the plant. life and crud concentration. Therefore the overall con- |l

clusion is basically the same as that in the generic !

resiew, namely, that there is insufficient understanding |
Aseeeement of she nefety case in the PCsit of corrosion product arisings and behaviour to have |

I much confidence in the crud source terms listed in the
13.4 Design decisions relating to such factors as PCSR. In assessing the detailed engineering pro- !

'

installed process capability, tank sizings, storage sisions, particularly the solid waste treatment and |

capacity and the ultimate release of actisity to the storage facilities, the inspectorate requires the CEGB
external environment depend on an adequate esti- to use adequately pessimistic source terms in its calcu-
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lations to allow for the uncertainties in the available While it is not necessary for detailed information to b' *
e

dat:, including that relating to crud predictions. The supplied in the PCSR on all aspects of the abose, the
Inspectorate is not currently satisned that this has Inspectorate espects sulfleient information to be
been done. For example, of the nine crud isotopes prosided for it to be sure that the design intent fully
quoted in the PCSR and the relevant supporting meets the requirements.
report, only two have been ghen obviously conserva.

13.12 The waste management systems hase not beentive values compared with operating data and no
designed specifically to deal with the arnings whwhaccount seems to have been taken of soluble and non,
might result from a pouible whole eircuit decontamin-filterable corrosion product levels.
ation exercise it is anticipated that the additional
waW management fado wM wouM N nuM

13.8 The third major contribution to the primary
" #" "" " ' ' ' "* ""' " "

coolant source te n comes from tritium. The tritium the document which the CEGil is prepanng in support
originates mainly from ternary fission in the fuel,

sA SMategy On Sedon W
followed by diffusion through the fuel and cladding to

*

the coolant, it is also produced by neutron bombard. 13.13 The solid, liquid and gaseous waste
ment of the lithium used for chemical control management systems desenbed in the PCSR are, in
purposes. Both of these processes can be quantified general, judged to be sufficiently deuble to allow a
quite accurately and their treatment in the PCSR proper balance to be achieved between the exposure of
appears to be satisfactory at this stage, on site workers and the general public, each being as

low as is reasonably practicable. Howeser, although
13.9 Tritium locis in the primary coolant will be the PCSR gives some preliminary information on the
controlled by frequent discharge operations through effecthe dose equhalent to the individuals most at
the chemical and volume control system (CVCS): this risk from liquid and gaseous releases, the Inspectorate
is a signincant departure from the SNUPPS has not yet been able to assess the salidity of this
procedure. At this early stage it is considered that information. Consequently it cannot judge the extent
further information about the method should be pro. to which the present design achines a proper balance
vided to allow a complete assessment of the safety between the dose to workers onsite and that to
implications of this change to be carried out, members of the public from waste management. This

aspect will be pursued, in consultation with the
13.10 Mixing of primary coolant water with water in Authorising Slinistries, as the more detailed design
the refuelling cavity and the spent fuel storage pool deselops, and the CEGB will be required to make use
(SFSP) leads to the release of some gaseous tritium in of asailable techniques (such as cost / benefit analpio
the form of water vapour evaporated from the SFSP, to demonstrate that the proper ALARP balance has
This aspect of the waste management strategy will been achiesed.
require further assessment in conjunction with the 13.14 The facilities have not been designed
assessment of the tritium discharge policy to ensur? s ecifically to deal with the radioacthity which might
that the procedures hase been appropriately optimised

be released in serious accidents. in the remote esent
in respect of doses both to workers and to members of that a serious accident should occur, additional
the public. The Inspectorate will require additional

c px ty and dispersal arrangements would hase to be
.

Information to that provided in the PCSR to permit it
made subsequent to the cent, whiht relying on the

to carry out this assessment,
containment to contain the actiu,ty for such a period
#* ' " " * " * #' "*##" ' '" "'13.11 Although there is a good general description in

the PCSR of the waste management systems there is
insufficient detail in several areas such as:

(a) the design and materfah of construction of process
and storage facilities; Summary and main conclusions *

(b) the capacity and retrievability prosisions of the
solid waste storage facilities; 13.15 For a number of engineering aspects of the .

radioacthe waste management system there is
(c) the design of radioacthe transfer pipework and

insufficient detail in the PCSR to allow a full aucu.
drainage systems;

ment to be carried out. The Inspectorate expects the
(d) the methods to be used for detecting leakages of CEGil to provide sufficient additional information to

radioacthe materiah; allow it to identify and resche all important waste
managenwnt enginudng inues pnm to conmudon

(c) the plan for liquid waste sampling to ensure
U '' #"I E'#"I'appropriate control over diwharges;
13.16 There are some resersations about the(f) the aethe material solidineation sprem;
predicted arisings of radioactise waste and, in partieu.

(g) the proshions for filtration of gaseous aethity, lar, the inspeetorate needs to be satisfied about the

$4
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degree of conserv:tism in the estinction of fluion 13.18 Further information will be required to enible*

product actnity lesels in the primity coolant, a judgement to be mide of the extent to which a
pr per balance has been achiesed ketween doses to on-

i 13.17 Nesertheless, it is concluded that the radio.
'' * ' ' " " " ' ' ' *#* #" I ' E" #* *

aetise waste management facilities described in the . ^"* * "'" "I " # *
PCSR are sufficiently flexible to F se confidence that "!E##I'"I#*i

" "E' " ' ' ' #" '# # # E' E#' * *" #
the likely arisings, resulting from the normal operation

"' ##" "# ##
of the reactor, can be handled in a safe manner.

.
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; M Rodological peotectiori
j

primary circuit. An assenment of the formation.
safen asessement M transport and deposition of crud is ghen in Section;

j 12.

| 14.1 in the Nil's Safety Assessment Principics there
14.4 From the point of siew of minimising the indi-

j are three fundamental principles which apply to th? sidual and collectise doses recched from maintenance
j radiological protection of persons on and off the site

and inspection the ALARP strategy should arrhe at
during normal operation, namely:

the appropriate balance amongst the following *

| (a) No person shall receive doses in excess of the options:

|
appropriate dose equhalent limit as a result of

(a) choice of primary circuit materials to minimise the
normal operation,

formation of aethated corrosion products, particu-
! (b) The exposure of persons shall be kept as low as is larly "Co and *Co;

reasonably practicable.
(b) choice of operating conditions to minimbe the

.

(c) Itaving regard to principle (b), the col!cethe dose formation and transport of crud:|
equivalent to operators and to the general public (c) incorporation of alt reasonably practicable tech-,

; as a result of operation of the nuclear installation
niques to remose crud from the primary circuiti shall be kept as low as is reasonably practicable, before it can deposit in out of core areas,

a To demonstrate compliance of the design with the 'as especially those areas to which access is necessary
j low as is reasonably practicable' (ALARP) principle, for maintenance and inspection;

; the safety submission should specify a strategy for the
(d) establishment of reasonably practicable techniques

; limitation of doses to persons working on site, site for remosing deposited crud, i.e. decontamination;
i visitors and members of the public from normal
! station operation, maintenance and inspection. This (c) design of shielding and plant la>out so as to
! strategy should consider all sources of radiation and minimise the need for persons to enter high dose

! should incorporate all reasonably practicable measures rate areas;

; for reducing doses. It is required prior to licensing in (f) prosblon of remotely operated desices to asshti order that the Inspectorate may ensure that the more with operations, such as fuelling, in sersiec
; important aspects of plant layout and choice of design inspection and maintenance, which would other.

options are properly addressed at an early stage, whe invohe personnel working in high dose rate
a nas,; 14.2 in resiewing the proposed provisions to mini-

j mise the radiologicalimpact of the plant as set out in A auitable technique should be used where practieable
} Chapter 12 of the PCSR, the Inspectorate has been to quantify the benefits and the anociated costs of
I conscious of the exposure records of PWRs already each option
1 operating, and particularly those operating in the USA
i where estensive radiation dose data are available. 14.5 While the following discussion of the PCSR

Regular analyses (for esample ref. $1) show that the safety case emphaskes the need to reduee the main.

!' average annual collecthe operator dose equivalent is tenance dose, due attention should aho be paid to

! currently more than 400 man. rem per annum for the ensuring that doses during reactor operation, waste

; average US PWR. A breakdown of this aserage prouulns, etc., am as low as nasonably practieable.

; annual collecthe dose shows that maintenance
accounts for almost 70r ; refuelling, about 7r ; oper.*

e e

i ation and surseillance, about 10'e; waste proecssing, Aseseement of provleione for does control during
'

i about 3r ; and in servlee inspection, about 7P . Since remotor opetoedone e

] maintenance, particularly of steam generators and
,

primary coolant pumps, contributes such a large 14.6 During reactor operation the main souree of
]

fraction of the collecthe dose, special attention is
radiation, in addition to the Thsion proeco itself, is

needed to ensure that maintenance doses are made as ''N arning from neutron aethation of 09 gen atoms
. Iow as reasonably practicable.

in the primary coolant. These proecues can be quanti.
! 14.3 The high doses esperienced during maintenance fled accurately and the relesant PCSR souree terms
i operations on PWRs are caused by netbated corrosion are accepted as adequate for the general design of
I products (crud) deposited on the inner surfaces of shielding and primary plant layout although the details

primary circuit pipework and components. The will be subject to continuing aucument as the project
principal hotopes of concern are "Co and *Co and proeceds, llowever, the shielding requirements for a
these dominate the shut down dose rates around the number of primary plant components, such as resini
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b'eds, depend on the auumed lesel of failed fuelin the are laid down for maximum operator dose in normal'

circuit. The Inspectorate's resersations about the use operation and a further deeign objecthe is that the
of a notional failed fuel fraction to generate the fiuion station collecthe dose equisalent should not eseced 0.2

product source term in the pnmary coolant hase been man. rem /> car per N1We installed capacity (240 man-

daeuned in Section 13. Neserthelen, it is accepted rem / year for the 1200 MWe Sizewell 11 plant). The

that the use of a pessimistie notional failed fuel Inspectorate accepts that this latter, purely arbitrary,
fraction of 0.2% is hkely to result in an adequate target is ambitious and, if achiesed, would rank

generallesel of shielding, although rescr$ations remain Sirewell il with the top 10% of operating PWR$ in the

about the adequacy of certain detailed parts of the USA, lloweser, no adequate dkcuulon is presented in

shield design, which will hase to be resobed in the the PCSR of the oserall strategy for meeting the

detailed aucument phase prior to construction. ALARP principle and, in particular, it does not justify
* # "' '" #"" "" " #,

14.7 The shielding calculational methods hase not list ghen in para 14.4 abose, with less attention being
yet been aucued in any detail but the inspectorate apparently given to the other methods of dose
does not anticipate any particular problems m accept- reduction.'

ing these since they are quite well established and base
been used for sescral > ears on other reactor systems in 14.12 The claim in the PCSR that the predicted

the UK. doses for the Sizewell !! plant are ALARP is based on
the results of detailed consultation with Westinghouse

1 4 . 16 The secondary coolant of a PWR may become and Dechtel as well as detailed discunions with the
radioaethe as the result of steam generator tube

E#'" "I**"I'"#*'''** "" '" E
leakage. A consenatise prediction of secondary staff f many operating plants, plus a suncy Ithe
coolant aethit) is necenary to ensure: relevant literature. It is not disputed that this has

(a) adequate shielding and acceu provnions for gisen the CEGB a good insight into the problem of

certain secondary systems; minimising doses on a PWR. This insight has contri.
ed shnhan% m me Med he Mgedng ner-

(b) adequate capacity and performance of the che that was carried out in support of the PCSR.
condenser esaeuation filtration System; and Ilowever, from the point of view of demonstrating

(e) the correct radiological clauirication of the turbine ALARP, thk approach has two drawbacks:

hall, both in terms of direct radiation and con. (a) it is imponible for an aucuor to form a view on
tammation from secondary circuit Icals or faults. safety case arguments which are based on someone

14.9 It h judged that the case presented in the PCSR else's dhcuulons and personal consultation, and

n not yet sufficient to justify the claim that the (b) the use of nhting esperience from operating
secondary coolant activity lesch are conservathe. planu w tud to conhn N bgner to
Apart from concerns about the lesel of conservatism incorp rate design features which are included in
in the primary coolant source term, the auumed steam those plants and to be leu enthusiastic about
generator leak rate is only two thirds of the measured E" # 8" # "''' * " " " ' '#" "# '
salue from a number of operating Westmghouse

E '''' " "

pl.ints with detectable methity in the secondary circuit.
Aho, the methodology for estimating the partition of 14.13 Following dkeunions with the inspectorate,

hotopes to the steam generator gas phase is based on the CEGB accepted that the ALARP case in the PCSR

inadequately sahdated and esen incorrect and needed to be set down in a more quantified manner

conflicting data, and does not consider a sufficient and undertook to proside a supporting document later

range of isotopes. Further information will be required in 1982, outlining the ALARP approach used in the

at the detailed design stage to preside anurance that design and including, where relevant, the use of

the secondary coolant methity levels are adequately cost / benefit analysis to assist in forming a judgement

consersatne, both in normal operation and under on the estent to which ALARP has been met. The
.

fault conditions. CEGU has espreued confidence that this document
will satisfy the reservations currently held in respect of

14.10 The waste management strategy, and the , the demonstration of ALARP in the PCSR.
current uncertainties in predicting the doses resultmg,

from it, base already been dacuued in Section 13. -

Summary and main concluelone
-.

Assosoment of the PCSR case that doses see ALARP 14.14 The C0GD's radiological design guidehnes are
intended to proside a framework within which radi.

14.11 The CEGB's radiological guidelines are ation doses can be sontfulled and the ALARP

intended to proside a framework within which a principle can be demomtrated for both on site workers

design can be deseloped which saikfies the principle and members of the pubhc as a result of the normal

that doses should be ALARP. Specific design targets operation of the Sirewell PWR,

$7
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14.15 At this preliminary stage it is considered likely of individuals. In particular, the deugn aim should bd '

; th:1 the Shi:! ding and layout prosisions will prose to to reduee as far as is reasonably practicabic the,

be generally adequate. Iloweser, further information quantity of aetisated corrosion produets in the
will be required concerning a number of detailed primary sircuit, unless special personnel protection

<

areas, including the adequacy of the design prosisions measures, such as temporary shie! Jing, and remotel) '

to cope with conservative secondary coolant aetisity operated inspection and maintenance equipment can
levels, both daring normal operation and under fault be shown to be more cost effectise and to be capable
conditions, of reliable operation in setsiee.

14.16 It is accepted that its widespread dis < unions
and consultation with other PWR deugners and 14.18 The CEGil has agreed to furnish the Inspeetor.
operators have gisen the CEGB a good insight into the ate with a further report esplaining its ALARP -

problem of minimising doses on a PWR. This insight strategy and justifying its etaim that it has done all
has contributed significantly to the dose budgeting that is reasonably practicable to mmimise the produc.
esercise that has been carried out in support of the tion of crud and remose it from the primary circuit. -

PCSR, and whkh has auisted the Inspectorate con. To assist the formation of a judgement about what 5
siderably in its auessment of the radiological impact reasonably practieable in the light of pretent tech.

. of the proposed plant. nology (e.g. in respeet of reduction of soball in
J primary circuit materials, in.line filtration of sus.

14.17 The PCSR does not gne a sulfleient descrip. pended crud particles, desontammation, etc.), the
lion of the design strategy for keeping all esposures as CEGil has been asked to demonstrate it has made
low as is reasonably practicable, in good radiological reasonable attempts to quantify its ALARP judge.
protection practice priority is llrst ghen to the control ments by the use of cost / benefit analpis on the hnes
of sourecs of lonking radiation before that of control recommended by the ICRP (ref. $h.

!
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| C Fasel &torage ensi heeMNing |
| !

i... of connes-

-_ e._ :
15.t. It it proposed to disconnect the irradiated fuel '

storage pond from 1t6 cooling system for certain oper. i
l$.1 There are sneral aspects of both new and ations. When there is substantial fuel present, the heat !
irradiated fuel handhng and storage in the PWR whgh generated could cause significant water temperature !

are of safety signilleance. Potential hatards include rae and naporation. The elfeos of the water sapour i
escesme radiation esposure, release of radioaethe on the sentilation system hase not been esaluated not,

material from damaged fuel, and inadsertent criti. the potential effects of high temperatures on the pond
}

cahtb structure. The Inspectorate understands that this |

15.2 An esamination has been made of the safety problem is recognised and is being re.esamined by the [*

case set out in Chapter 1.1 of the PCSR for fuel CliGil. j
storage and handimg; from the receipt of clean fuel, i

loadmg into the reactor, subsequent dacharge and M*'#8'#*#'' #I *ub.cr6ticeNo
storage of irradiated fael, and fmally its dnpatch in 15.7 Sub.critkahty in the storage ponds should
flaikt from the site- always be guaranteed. Thk 16 achined, at described in .

the PCSR, by sarious means. They include the uw of
soluble boron dinohed within the cochng water,

4,,,,,,,,, physkalisolation, and suitable design of the fuel
storage racks includmg built in absorber. The deilgn
intent is generally acceptable but the detallt of the

15J The main pomti arking from our rotew to date crtikahty safety case remain to be aucued when a
are summarked as follows. report under preparation by the CE0li b recened.

Adm6n6deathe conteel
Heali movement ;

15.4 A general problem of concern in the use of g gg gg ;

adminktrathe control for safety purposes whkh arnes Iloaded irradiated fuel transport fla6L is not made in
in sescral of the handling tequences whkh may be i

the PCSR. Two main aspects require attent6on. One la ;carried out manually and where the anociated
the e$aluation of the conwquences if the flank itself h jreliabihty appears not to be que tioned, in the PCSR
damaged due to mhhap. The other la the naluation of 1

such impreche phrates as 'adminktrathe interlocks',
the damage the flank might do to sarious suosiated [and 'utiet admmatrathe control' are uwd. The uructurn, pankularly damage whkh would result in

{|nipectorate needs to know both the detailed
lou M cooling to the remainmg irradialed fust withinintentions and the confidence that can be placed on

ihne actions, partkularly when such administratne the fuel storage plant, j

actions may conuitute the first hne of defence against I

I80'd I#'I |hasards. A particular esample of such a situation
arnes in the case of loading fuel into the reaetor. 15.9 The procedures for deahng with failed fuel hase r

There remaint the ponibihty with manual control that not been adequalely described in the PC5R. Iurther i
a fuel suembly, either new or irradiated, could be information thould be prodded, to include the treat. ij

j loaded into an incorrect pmition in the reactor core, it ment of fuel whkh is identified at hasing failed within i

is the CI:Gil's stated intention to esamine the the reactor, as well at fuel whkh faib in storage. !
rehabihty of such administrathe controit and show !,

them to be acceptable. F.swensihweedo |
t

%ise of warene pond l$ lf The inspectorate is concerned that the effects i
,

of ienmk thock on the pond structuret appear not to :
15.5 There h some uncertainly in the PC$N concern. hoe been considered, whikt noting that measures are

'

ing the long term storage of irradialed fuel on the tite' propowd for the detecHon of water leakage from the
The pokey hat impheapons in ternu of the inilla! pond structure.
number of fuel 6torage pouuoni and the poiuble need |

10 add further storage poutions, probably in the '

W Wndw m w mpreense of irradiated fuel already stored. Attostated |

with thh 16 a drenlon on the final metall slie of the 18. l| The control of radianon dose to station
fuel storage pond. The Intent should be agreed before personnel durinit fuel uorage and handkng operadont
Ikenting because of the pou6ble impact on conurue. has been included in the radioloskal protection auen.
tion and on transportation arrangements. ment retlewed in Section 14.

39 h
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* '

inspector te has reservations. Som2 questions are
rdsed bestua of inad:quite prewntatien of the safety
case, while other issues, although presented in enough

15.12 While many aspects of the safety case detail for assessment at this stage, nesertheles', fall

presented are acceptable at this stage of licensing, short of requirements. While some issues need to be
there are areas affecting the strategy and the considcred prior to construction, the remainder should
engineering design information about which the be resolved prior to operation.
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|

16 Safety analysis

stration of this insohes analping the transient
,

|
Introductio" behasiour of the plant in relation to fuel and other

plant limits. (The transient analysis is dhcuued ini

16.1 A large part of the PCSR, namely Chapter 13, paras 16.M ct . seq.)

n desoted to the analpis of faults. The analpis i' 16.6 in the case of faults or fault sequences beyond
done by determining the range of potential faults and the design basis it is neceuary to show that their con-
esammmg those faults to ensure that the plant tribution to the metall risk from the plant is accept-,

indudes adequate prositions for deahng with them. ably small. The CEGil goes some way towards this in
The metall aim h to show that the full spectrum of the PCSR by descloping fault trees coscring sequences
potential fauhs has been cosered and that the like' generated from a selection of fault initiators and esti.
hhood of a fault terminating in a release of radioacthe mating the contribution to the rhk.
material has been reduced to a low enough level
conmtent with the sin of the release. 16.7 ' Incredible' faults are not cosered by fault or

esent trees, the safety case for those plant items being
16.2 The main potential for the release of radio * coscred in the relevant chapters of the PCSR.
aethity from the plant arises from the escape of

16.8 An important feature of the safety casefiuion produets from within the fuel and thence from
the primary circuit l'ault and esent trees base been presented in the PCSR h that, in general, it makes no

drawn up for selected faults and studies base been claim for the performance of any of the plant when
taken beyond its design basis. Going beyond thedone by the CEGil to determine the transient

behauour of the reactor pnmary circuit and core com- design basis means entering an area of uncertain con-

. ponents, in particular the fuel, during the course of sequences and hence, in the inspectorate's siew, the

| the fault. These studies take into secount the pessimhtie auumption has to be made that an uncon-

behas6our of the secondar) circuit and of the various
trolled release of radioacthity may result, it is

protection sptems that may come into play and affeet recognhed that in many cases this b grouly peul-

the probabihty and magmtude of a release to the mistic, but it is adopted at this stage of the aucument
as a matter of prudence. Further analysh would beatmosphem,

| espected to show a leu serious outcome for some of
16..) Despite the prmision of a protection system. these faults with a consequent reduction in their con-
there h the pouibihty, howeser remote, that it might tribution to the risk.
fail. A significant part of the safety analysh insohes

16 3 It h esident from the PCSR (Chapters 2 and l$)the production of fault and cient trees tracing fault
sequences which allow for pouible failures of systems, that thk penimhtic approach was intended by the

and determming the effect these failures will hase on CEGil, in the production of the fault trees, howeser,
r

the potential outcome. In principle, if the outcome is it appears that the intention has not been fully imple-

unacceptable a further hne of defence could be added mented in practice. An additional clan of fault has

to the deugn. Then n a point, however, when the been introduced comprning sequences which are

hkehhood of the sequen6e of failures becomes to bJond the design basis but which, it h claimed, will

remote that thh h not justined. not lead to a signiGeant nicase of radioacthity. Thote
sequences have not been included in the fault trees and

16.4 in the safety case, the CEGli has drawn a kne h> 1cc do not contnbute to the estimated frequency of
between thme fauh sequences for which the protection an uncontrolled relcaw. The inipeetorate's slew h
h claimed to be sufficiently effecthe (the design basil that, ai presented, thh proerdure k unsatafactory and
fauksi and the remaining remote wquences which are has led to an inconshtent presentation of the safety

,

'beyond design basis fauks'. There h a further dan of case.11 rahes questions about some of the results of
faula, the Cl!Gil's so called ' incredible' faults, whleh the fault tree analysh and, as a cornequence, about
may be regarded as a sub clan of 'be>ond design conclusioni drawn about the rbk from beyond design

,

b.un' faula, These faults are claured in the PCSR to bash faults. The Inspectorate would whh to see
be so temote that protection apamst them need not l'e further work done here to resohe the anomaly.
(onsidered. T hese claims generally felate to failures of

he fault sequences, transient and probabihty
preuure cirimi parts and, as such, ate nueurd in gg g g g pgg g g
Sectmn 10 of thk reglew.

N ompthe a substantial amount
16Jt ior the protection against design bam fauhs to of matenal and the time required to deal with Ihn,
be Judged effesthe the inspectorate would espect it to together with the late receipt of some of the reports,
be showti that, at the frequene) attributed to the fault has meant that autument of thn work h not com-
sequenses, the resultant radioastbits releases are plete and hence the slews presented here can only be
within the CI:Gll's deugri 6titena P,tri of the detnon- prmisional.
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' '
Inadsertent closure of .\lSIVs (c)

Fault och Feedline break (c)
Loss of all |I kV supplies (d)

16.11 The fault schedule presents a list of initiating Small LOCA (h)
esents based upon, but more extensive than, lists pro. Large LOCA (h)
duced in safety reports for previous PWRs. The SG tube rupture (h)
schedule also includes a summary of the protection Loss of all CCW (i)
provided and this is discussed briefly in Section 11 of Loss of main cooling water supply (i)

this report. In the PCSR these events are placed into
12 categories:

Event trees
(a) Inadvertent reactor trip -

.g
(b) Increase in heat removal by the secondary system with the PCSR is to identify explicitly, at the system

level, those sequences within the design basis (the sue-
(c) Decrease in heat removal by the secondary system

cess paths) which then require justideation by
(d) Electrical supply faults transient analysis of the claim that they lead to a safe

shut down state. The event trees also identify those
(c) Decrease in reactor coolant system tiow rate

sequences which go beyond the design basis (the
(O Reactisity and power distribution anomatics failure paths) which are subsequently analped by

***"' I*" "'
(g) Increase in reactor coolant insentory

16 E The 12 esent trees p4csented with the PCSR
(h) Decrease in reactor coolant inventory

are slaimed to be representatise of many other faults.
,

(i) Sprem related faults Trees hase not yet been drawn, howeser, for reactisity
faults, radi acthe waste storage plant faults and those

0) Radioactise release from a sub system or com- insohing internal and esternal hazards.
ponent

16,16 The methodology adopted employs several
(k) Internal hasards techniques for reducing the size of the esent trees to
(I) External hazards manageable proportions. These include division of the

tree into two parts (initiating and safeguards esent16.12 While not included in the whedule ' incredible,
faults have been listed in Chapter 2 of the PCSR, trees), applicati n of a low frequency cut off, multiple

branching, and the recombination of disergentalthough the list is probably not yet complete. In
branches where these are claimed to be equhalent.

seseral cases, notably steam generator (SG) tube rup.
These techniques are acceptable in principle but theture, the Inspectorate is not yet satisfied that the speci.

fleation of the design basis fault cosers a sufficiently inspectorate has reservations about the detaih of their

severe event. Oserall it is considered that there are a application, in partleular, the low frequency cut off
lesel f 10" per year appears to be too high, when

number of omissions from the fault schedule and the
shortcomings are espected to be rectified in later sub- applied to a tree in which a large number of branches

are terminated in this way, in view of the CEGirsmissions,
target of 10 ' per year for each group of initiating
faults.

Fault analysie 16,17 Event trees require analpis of the tramient
behaslour of the plant, firstly as an input to determine
the expected sequence of actions, and secondly to

Fault sequences demonstrate that design limits are not exeeeded for the

16.13 Each of the initiating esents Ikted in the fault claimed succeu paths. From the Impectorate's cum.
*

whedule can ghe the to a number of fault sequenees ination of the submissions prosided so far,it should
depending upon the state of the plant, the seserity of espect to see a better connection established between
the fault, the effect of control sptems, other plant the esent trees and the transient analpis. Each of the

'

failures, etc. Of these initiating events, the 12 shown claimed success paths should be clearly identified with
below hase so far been subjected to esent tree analph a tramient analpis which h claimed to bound it.
In the PCSR. The correspondmg category in the lht

16.18 The esents comidered in the tree are generally
of para 16.11 h shown in brackets, from which it

limited to sptems required to operate and they
can be seen that only sis of the 12 categones are rep.

esclude consequentul pauhe failures, operator errors
i g

and sptems which, while not required to operate, mas'

i Inathettent trip tal in fact do so during the course of the f ault. T he lauer
! Steam hne break imide containment (b) may be significant where, for cumple, a relict sabe

| Steam line break dowmtream of NINIVs (b) or a preuurner spray sahe ma) open and then f ail to

| 1.ou of main feed (el reelose,

i
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F$ ult tra 16.25 The failure rates quoted in the PCSR are for*

'# e a categ c mp nents, ra er man
16.19 Fault trees base been produced in the PCSR bem.g meMeah rewed m N conwnena M far as
corresponding to 11 of the faults listed in para 16.13,

#*** *Y ' '"#*I" * * * " " "
cceptable m pn."Yi.e. escluding steam generator tube rupture. The fault neiple at this

.

generic f ilure r tes is
tree analysis ghes information both about the basic stage f the design, but special attention will need to
failure modes and the probabilities of achieving the

*k '" "E "" ^ ''#
top esent of the tree (plant failure) or subordinate

##" *" '' ' " F# ''" * "**"*"" ""
gates of the tree, where these are of interest. The tMng poposals wW. ned to k cam tMough to me
analysis enables an estimate to be made of the com-

' pr cedures eventually adopted on the plant.
bined frequency of all failure paths for a ghen

- initiating esent. The fault trees are developed at two
lesels, one identifying the functions intohed and the
second esaluating, down to component lesel, the Nil effective barriers assersment
routes whereby those functions might fail to be
provided. General comments

'

16.20 A radioactise release occurs because the pro- 16.26 Satisfaction of the Nil's safety assessment
tectise systems prosided to guard against plant failure principles in relation to effective barriers is, as dis-
do not perform their duty adequately. This information cussed in Section 3, an important aspect of the Inspec-
is implicit both m the functional fault trees and also in ,,s assessment of the safety case for any nuclear
the esent trees; consistency between the two should be

plant. The fault analysis submission in the PCSR does
demonstrated for all 11 faults. This has so far only

. not immediately provide the information necessary to
been considered m the case of inadvertent reactor tnp

allow a proper assessment in this area and what the
#b inspectorate has been able to accomplish has also been
16.21 System fault trees are a distillation of a study limited by the short time available. Hence, the present
of the possible fault situations for the system. The conclusions ghe an interim view, to be revised when
trees by themselves proside too terse a summary of time and the provision of better information allow,
these studies to allow a judgement of their complete- which for all significant aspects should be before a
ness to be made, and they should be backed by decision on licensing is made.
failure mode and effect analyses linked to the system 16.27 The basic principles used by the inspectorate in
desenption. making judgements on the adequacy of safety pro-
16.22 Analyses of the fault trees for indisidual pro- visions are given in Part 2 of the Safety Assessment
teethe sptems hase not been given. The Inspectorate Principles document. Principles 13 to 15 relate to
espects to see failure modes for each system in terms radiological doses less than the emergency reference
of its component parts and support services derived, lesel(ERL). Fault sequences leading to such com-
so that a picture of the oserall failure pattern can be parathcly small doses are not systematically addressed
constructed and any weak systems identified. The in the PCSR, the intention being to treat the question
present method of analpis identifies only weaknesses at a later stage. This is acceptable, and a judgement
in certain support services without reference to the on this consequence band has not been made by the
syttems they serse. While oserall plant failure prob. Inspectorate at present. The principles require the
abilities are gisen, the omission of system level ERL to be made 'as remote as reasonably practicable'
mformation makes assessment of indhidual systems and the requirements of the safety provisions in terms
difficult. The CEGil has ghen a commitment to pro- of effective barriers, against which such faults are
side further information in order to make good this assened, are ghen in Principle 26. For fault sequences

deficiency, at this level of severity which are judged to have a
frequency of occurrence greater than once in a reactor

,

16.23 System fault trees hase been drawn up which programme there is a requirement for twc effecthe
so far esclude several types of fault, for esample con- barriers, while for less frequent faults one barrier is

,

trol system faults and faults in a number of common deemed sufficient. When two barriers are required,'

,

sersiees, as well as human error. The significance of they are expected to be independent and dherse.
these ominions will not be known until more infor- 16.28 An effecti e barrier is essentially a set ofmation has been prosided and analped.

engineered prosisions which will present a release of
16.21 The code used in the analym of fault trees is aethity for a ghen fault sequence or reduce the release
WAMCUT. Thn code u,es a probabihty cut off for to an acceptable lesel. This set includes all the systems,
minimal cut sets and the Inspectorate k concerned that e.g. power supplies, component cooling and control
the cut off salue used may lead to potentially import- sprems, required to support the proteethe systems
ant cut sets being mined. Oserall, there appear to be directly imohed, and aho includes any operator
no obuous drawbacks with this code but salidation of actions required. The barrier defined in this way bears
the code should be prosided in due course. no simple relationship to physical barriers to the
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,

'
.

release of radioactivity, such as the fuel cladding or target reliability of 10-) failures per demand (see para'
"

the reactor coolant circuit boundary. 11.47). .

.

: 16.29 The N!!'s principles in general require highly Disersity of shutdown
reliable barriers, a well proven barrier being expected
to have a reliability of about one failure in 10' 16.35 Because of the lack of disersity in the control
demands. Where two barriers are required, but where rod system, there is a significant set of sequences

,

this is a marginal requirement, a somewhat lower involving failure of this system (ATWT) for which the
reliability might be acceptable for one of the barriers. effective barrier principle has not yet been shown to

,
; Where only a single barrier is required but the be met. This problem is discussed in some detail in

j sequence frequency is low (much less than once in a paras 11.33 et seq. and 16.126 et seq.

j reactor programme) the Inspectorate might be pre.
.

.

pared to accept a lower reliability requirement for that S) stems interactions
1

barrier. 16.36 There is the possibility in this plant, as in

! 16.30 Safety prosisions which satisfy the probability others, of unexpected failure of equipment, plant com-
*

i targets of the CEGB's design safety guidelines are ponents, etc., as a result of interactions between sys-

! expected generally to satisfy the Nil's barrier require. tems. Such interactions can occur for a variety of

: ments, but individual cases need to be assessed on reasons and, in order that any need for changes to the'

I their merits. While the assessments discussed here are plant can be recognised, or further precautions pro-

! based upon studies supporting the PCSR, certain plant vided, at an early enough stage, an examination of the

| and test proced. ire changes proposed recently, but not design is necessary from the following siewpoints:

j yet assessed, could imxove the protection provided (a) Spatial interactions-escalation of failures can
*

i and alter these conclusions. occur as a result of the proximity to failed build-.

ings, systems or components due to either impacti e

Diversity of decay heat removal (DHR) or changes in local ambient conditions.'

; 16.31 A general area in which our examination of (b) Functional interactions-where systems are linked,,

i the provision of safeguards against frequent faults so performance faults or other failures in one system
] far indicates that the requirements for two diverse bar- could lead to unacceptable performance or esen
j

'

riers are not met concerns decay heat removal with the failure in one or more of the linked systems.

i RCS at pressure. Although there is diversity in feed
(c) Operat.ional interactions-the operator prosides a

I and steam dumping, reliance is placed on the steam
link between many independent systems and, asI generators (SG) for heat removal from a pressurised*

experience shows, both his actions and the written'

circuit. The SGs provide a highly reliable heat removal
route, but failure of all four units is possible, though pr cedures on which his actions are based are sub-

I ject to human error, which can lead to unacceptable
. most unlikely,

Interactions.,,

,16.32 The Inspectorate's basic approach is that'

(d) Hazard-induced interactions-the contribution of
.

reliance should not be placed on a single redundant
both internal and external hazards towards inter-syhm when high reliability is required, even though
actions between both buildings and systems needs

! no specific common failure modes can be foreseen.
consideration, since segregation and separation cani

j 16.33 In fact there is the possibility of a diverse heat be adsersely affected by such events.
| removal rotite, known as ' bleed and feed', in which

16.37 At the present stage of its development, the! steam is released from the primary circuit via a press-
! uriser power operated relief valve (PORV) under design does not include many detailed aspects of plant

| operator control and cold watei'is injected by th'e high lay out; incomplete information is available on

head safety injection (HHSI) pumps Biced and feed is auxiliary and service system pipework, on power sup-'
.-

? described in the PCSR but no credit for it is claimed ph,es and on control systems; operating procedures are -

I in the safety case. If the procedure could be substan, not yet available and a full consideration of hazards

! tlated it might be acceptable for many, if not all, cases has still to be undertaken. In view of this, only limited

|
where a second barrier is required. progress on systems interactions is to be expected. *

'

However, while accepting that there will be some diffi.
' ' # culties in carrying out a comprehensise examination ofEmergency charging system

; g

i 16.34 One important system which appears as a more systematic approach to this topic than is presented
barrier element for several faults is the emergency in the PCSR. The CEGB should carry out a suftkiently,

j charging system (ECS). As specified in the PCSR, the comprehensise study,'before licensing, of any aspects
ECS has only one pump and hence would have inad- which would be difficult to correct after the main,

| equate reliability, as well as violating the single failure features of the design are frozen. A longer term com.
I criterion. The CEGB has recognised the weakness of mitment is also required, to ensure that the as-built
k this system and is to redesign it with two pumps to a plant satisfies the design intent and that possibilities of
is '
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*
interaction hase been foreseen as far as is reasonably as to whether a sufficiently reliable effectise barrier
practicable. can be found for this case. Further work needs to be

done on this fault to refine the analysis in relation to
llarrier assessment for selected faults the radioactive release which might occur, to obtain a

16.38 The Inspectorate has assessed the adequacy of better understanding of the failure limits of the con-

the barriers for fise of the faults for which fault and tainment, and to improve the prediction of SG tube
esent trees have been submitted. These cases are dis, failure when subjected to the loads produced in this

cussed briefly below. Any judgements made here accident.

exclude consideration of contributions from common (b) Steam generator tube rupture
services and from systems interactions which have not
yet been identified. They are also subject to sitisfac- 16.42 The design basis fault is a single ended rupture

.

tory resolution of any reservations expressed elsewhere of one SG tube at a claimed frequency of 104 per
in this report on engineering aspects of the sprem. year, which puts it on the borderline between the one

and two barrier requirements. It is clear that only a
.

(a) Main steam line break (MSLB) inside the contain- single barrier is prosided and the Inspectorate's assess-
ment ment is directed towards its effectiveness. The main

concern is the escape of radioactive primary coolant to16.39 This fault leads to pressure and temperature
the atmosphere via the failed tube and a secondary cir-loads which approach the design limits for the con-
cuit relief valve.tainment and it also has the potential to cause steam

generator (SG) tube failures which would increase 16.43 Although the operator is not required to act
those loads. The claimed frequency of the fault is 10'' for 30 minutes, it is expected, nevertheless, that he will
per year, which would give a requirement for a single act as quickly as possible to isolate the faulty SG and
effective barrier. bring the plant to cold shutdown (about seven main

actions)in order to minimise the release of primary16.40 The actions required to protect against the
c lant activity. Hence the probability of operator

basic hlSLB (without SG tube failure) and to reach
cold shutdown hase been identified from the event error is judged to be higher than for other faults in

which he has fewer actions to perform and when thetree and transient analysis in the PCSR, and these
timing of those actio:'s is not critical.constitute some 18 barrier elements. Applying a com-

mon mode failure limitation of 10-* failures per 16.44 The reliability of the automatic protective
demand (f/d) to most of these elements (a few incor- actions is likely to be adequate, but the overall failure
porate diversity) could add up to a significant failure probability of the barrier may be dominated by oper-
probability for the barrier. In addition, some elements ator error and it could be too high for a single barrier
are expected to have a lower reliability. These include at this fault frequency. Further work needs to be done
blSIV closure, containment spray, isolation of on the analysis of this fault; e.g. it may be possible to
cha_rging line, SG PORV operation for cooldown, and justify some reduction in the assumed fault conse-
termination of HHSI, the last two being subject to the quences and to explore ways of minimising the
possibility of maintenance or operator error. Thus the possibility of operator error.
overall barrier reliability appears to fall short of the
expectation of the Nil's principles though further (c) Loss of component cooling water (CCW)

work needs to be done before a firm conclusion can 16.45 The main feature of this fault is that it results
be reached. n the loss of a large number of operational and pro-
16.41 The case of MSLB with consequential SG tube tection systems, including the reactor coolant pumps
failure is outside the design basis in the PCSR, which (RCPs), chemical and volume control system (CVCS),

means that no effective barrier has been demonstrated. containment spray and fan coolers, motor driven
The PCSR does give a sensitivity study for a single SG AFW, HHSI and residual heat removal system

- tube rupture with MSLB, but the Inspectorate has (RHRS). Thus the only state in which the plant can be
reservations on this analysis (see para 16.139 et seq.). maintained is intermediate shutdown. The claimed
Compared with the basic MSLB, the case with a single frequency of 10-' per year implies the need for a
SG tube rupture wou!d involve more stringent require- single effective barrier.*

ments on containment systems and on auxiliary feed- 16.46 Two cases are considered, both starting with
water (AFW) isolation and also some additional the plant at power. These are loss of CCW with no

. operator actions. The consequential reduction in bar- further faults and the grouped set of loss of CCW
rier reliabihty would have to be judged against the with all further failures identified on the event tree.
lower frequency of the sequence, but examination sug-
gests that an effective barrier could be demonstrated E.47 In the first case the barrier comprises some
for this case. There is, however, a concern that eight elements. These include RCP trip on motor
multiple SG tube failures could occur with a MSLB bearing temperature (which is not protection grade),
(see Section 10), albeit at an even lower frequency. the ECS (which, it is assumed, will be upgraded from
The Inspectorate has not yet come to any conclusion the PCSR specification, see 16.34 above), the press-

.
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uriser heaters (which need to be available in the fonc 16.53 Further consideration will need to be given to'
'

term) and the fuel storage pond make-up. Subject to this fault sequence, particularly in the light of the pro.
the prosision of substantiated reliability figures for the posed changes to the CCW system which should
systems involved, the barrier is likely to be acceptable. improve the position.

16.48 The second case includes loss of controlled 16.54 The case in the PCSR for the ' interface
main feed and a variety of additional failures giving LOCA* of the Rasmussen study (ref. 7) needs to be
secondary side depressurisation. The combined fre- strengthened. .\lodi0 cations are now proposed by the
quency of this set of sequences is estimated from the CEGB to the isolation between the primary circuit and
event tree to be about 3 x 10" per year. Sequences the RHRS which should make an improsement. How-
with blowdown via two SG relief valses would eser, the Inspectorate requires further study to be
normally require HHSI for RCS make-up and, since done on this fault. -

this is not available, it is recognised in the loss of
CCW study (ref. 54) that the ECS will need to be (e) Inadvertent reactor trip

shown to be adequate for this duty. It will also hase 16.55 This fault invokes the spurious generation of a
~

to be shown, however, that the high shut-off head of reactor trip signal during normal operation. It is
the ECS does not invalidate the excessive cooldown assumed to occur ten times per year and therefore
analysis. The barrier elements additional to those for requires two effective barriers. Subsequent failures can
the Grst case comprise some sesen protective actions. lead to LOCA. ATWT or sequences insolving rapid
The overall reliability of the barrier for this second cooldown of the primary vessel. .\ lost such sequences
case is likely to be low enough to raise doubts about are of sufficiently low frequency to require only one
its effectiveness, but the low frequency of the set of barrier.
sequences may permit a somewhat less onerous

16.56 Two sequences however cannot be treated inreliability requirement than for a more frequent fault.
this way. ATWT sequences may lead to a degraded

16.49 This fault will need to be reassessed in the light core unless the emergency boration system, together
of changes now proposed to the CCW system. with sufficient primary pressure relief, operates and

- stringent feed conditions are met. Pump seal LOCA
(d) Small LOCA sequences need two barriers for seal protection since
16.50 The concern for small LOCA is twofold. The loss of cooling to the seal may often be accompanied
radioactise primary coolant which is released to the by loss of cooling to the containment functions, the
containment could, with additional failures, escape to most important safeguard function following seal loss.
the atmosphere. Secondly, the loss of coolant could,

16.57 These special requirements, together with the
with failure of the ECCS, lead to the core being

general requirements for the initial inadsertent tripuncovered and the possibihty of meltdown. In either
fault, lead to the requirement for two barriers each

event the potential release would lead to a radianon
, involving ten elements. Of these, eight diverse pro-

dose greater than the ERL. As with SG tube rupture, '

visions are available in one of which, it is assumed,
only one barrier is provided, although the claimed

the ECS will be improsed as noted in para 16.34,
Iault frequency of 104 per year puts it on the border-

otherwise the seal protection element of the barrier
h.ne between requiring one and two barriers,

would be unacceptable. Neither pressuriser heating nor
16.51 The main elements of the barrier are reactor the RHRS hase diverse alternatives; the two barrier
trip, the containment systems, the ECCS and the AFS. criterion can be met only if the two states (inter-
The combined probability of the possible modes of mediate and cold shutdown) which require these two
containment failure in the original fault tree analysis functions are regarded as alternatives. However, when
was estimated to be 1.5 x 104f/d, and design and pro- cold shutdown is necessary, once or twice a year, the
cedural changes have been proposed by the CEGB to single non-diverse RHRS is required. In order to
reduce this value. However, it still remains to be satisfy the NII's barrier principles, either the possi-

~

shown that, with the changes proposed, the contain- bility of returning to and maintaining intermediate
ment now constitutes an effective barrier. shutdown, as put forward in the PCSR, should be

.
established with a high degree of reliability, or an

16.52 Given the . . .imtiatmg small LOCA, the subse- alternative mode of removing decay heat tieeds to be
'

quent probability of a degraded core is estimated in demonstrated. Barry (ref. 55), for example, considers
the PCSR as about I.4 x 104, allowing for proposed several alternatises.
improvements in test frequencies. This indicates an
unacceptably weak barrier for a fault of this fre-
quency. It has not yet been possible for the inspec-

"*I"* "* "' #* " *"* **torate to identify the dominant contributors to this
high failure probability from the analysis submitted,
but a large factor appears to derise from the CCWS, 16.58 The Inspectorate welcomes the considerable
which is required to support a number of the ECCS effort which has been desoted to producing the prob-
and AFW sub-systems. ability analysis in support of the safety case and the

66

.



att'empt made to show that the design meets the prob- design basis, it is claimed in the PCSR that the fault'

ability targets in the CEGB's design safety guidelines. consequences satisfy the CEGB's criteria. To demon.
The fault and event tree analysis is extensive and NIX strate this, the transient behasiour in design basis
has so far assessed only a part of it. Furthermore, a faults is studied in Chapter 15 of the PCSR. Part of
resision of the fault trees has recently been receised Chapter 4 claims to show that the starting point used
and is awaiting assessment. The inspectorate's com- for the transier_t analysis represents the bounding
ments and conclusions at this stage can, therefore, limits to the range of conditions which might be met

during the life of the plant. The design basis faultonly be regarded as provisional. -

transients aim shen to satisfy another set of limits,
16.59 The analysis has made a saluable contribution chosen to ensure that only a hmited amount of fuel
to the safety case. However, the selection of faults

. . failure occurs so that any release of radioactive
analysed is not yet complete m that it does not contain material to the atmosphere is within the CEGB-

representathes from some potentially sigmficant criteria. In Section 7 of this report the Inspectorate
classes of fault. The analysis also has limitations in

expressed reservations about the bounding limits and
- that it excludes protection initiation systems and many g gg g g gg ,

support sersices, operator errors and consequential sients reported here was done within the confines of
passise failures, such as breach of steam generator the information provided on transient analysis in the
tubes. PCSR, but any conclusions drawn are subjeu to the
16.60 it is necessary for the CEGB by analysis in the reservations of Section 7, which has implications for
safety case to show that individual fault sequences the whole of that analysis.
meet the intent of its design safety guidelines, or else 16.65 Reactor faults can broadly be divided into
to justify those cases where this cannot be demon- . . . .

those involving loss of coolant (LOCA) as the imtiating
strated. So far, the PCSR addresses only 1I faults and
a number of these apparently fail to meet the CEGB's [ault and other, non-LOCA, faults. The former have,

in the history of PWRs, been subjected to more study
10' vear target by more than an order of magnitude.

' since, in general, the latter can, in any case, endanger
The required coserage of the entire spectrum of the pubhc only m the event of some subsequent release
potential faults must eventually allow assessment fc lant from the primary circuit.
against more detailed consequence / frequency require-
ments. 16.66 Loss-of-coolant accidents tend to be associated

with gross failure of the primary pressure circuit, but
16.61 The inspectorate has carried out some limited

less impr bable events can occur invohing, for
asyssment against its effective barriers requirements.

example, release of coolant through the power oper-
There is insufHeient information available so far on ated relief valves (PORVs) or the safety valves. Other
which to make firm judgements, though it is clear that release mechanisms include failure of steam generator
some of the CEGB's proposed design changes will

tubes, leading to escape of primary coolant to the
help to remove shortcomings shown up by that assess- steam generator secondary side, and failure of pump
ment. Howeser, other potential shortcomings remain,

seals,
for example in relation to sequences involving many
operator actions, and in due course the Inspectorate 16.67 hiost of the remaining transient studies involve
will need to be satisfied, for example by well defined sequences which could lead to conditions resulting in
procedures or by suitable plant provisions, that effec- failure of the fuel in what is essentially an intact cir-
tive barriers can be demonstrated. cuit, although a number of these could then lead to

high primary circuit pressures which might result in16.62 The overall approach to locating and taking
PORV operation and the possibility of release. Other

account of potential systems interactions will also need
studies examine transients which might pose a threat

to be improved. Any aspects in these areas involving
to the integrity of the primary circuit and hence turnsignificant implications for the plant design will need
into a LOCA. These types of fault are discussed m,

to be cleared before licensing.
para 16.103 et seq.-

16.63 Finally, it should be noted again that the
judgements made here are subject to satisfactory resol-

* ution of issues arising from the Inspectorate's assess- Loss-of-coolant accidents (LOCAL
ment of the engineering of the systems involved in the
fault analysis. General

16.68 The Inspectorate devoted significant effort to

.

this fault at the time of the generic review. In prin-
Transient analysis ciple, the fault is the same, though the systems pro-

vided for dealing with it have changed. In the generic
16.64 In the safety analysis there is a discussion on review the desirability of considering alternative,
the division of faults between those within the design potentially better, ECC systems was pointed to. In
basis and those outside it. For those faults within the particular the system adopted in Germany, which
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* 'pumped cooling water to both hot and cold legs, torate has required the CEGB to justify these and
appeared attractise. The CEGB, however, has chosen other criteria used in the safety case. A brief discussion
to stay with cold leg injection on the grounds that this of the criteria is given in Section 7 of this report.
is a well studied design. The argument is accepted by 16.74 A wide range of LOCAs are studied in the
the Irispectorate, m view of the improvements made t safety submissions. They range from those with sery
the ECC provisions. g;g g gg g g
16.69 The process occurring during the course of the charging pump, up to failure of the major primary
fault were described in the generic review and are fur. circuit pipes. Within this range there are 3ensitivity
ther described in the PCSR. This report does not studies aimed at confirming the choice of bounding
repeat that discussion but limits itself to a review of fault and investigating the uncertainties referred to
the points arising from the assessment of the LOCA carlier. However, the link between the sequences .

safety case documents which the Inspectorate has so studied and the output of the fault and esent tree
far assessed. In addition to examining the effect of analysis is not made clear. It is difficult to assess,
LOCA transients on the fuel, the loadings on the con. therefore, whether the range of faults analysed is ade- -

tainment due to temperatures and pressures produced quate but, from the Inspectorate's preliminary work,
by the steam release in the LOCA and the potential it appears to be so.
radiological consequences of the faults have also been 16.75 The LOCA safety argument rests almost
assessed. entirely on computer calculations. In view of the diffi-
16.70 The detailed analysis of loss-of-coolant culty in understanding physical processes like blow-
accidents has long been recognised as difficult. Over down, refill and reflood, and modelling them for a
the years, the complexity of the theoretical models plant as complex as a PWR, the Inspectorate considers
describing the system has increased both in the degree that the main question to be addressed concerns the

of detailin terms of the number of nodes and in the adequacy of the calculation methods. The calculations
representation of two-phase flow processes, which has are claimed to be conservative. The approach used is

changed from a homogeneous equilibrium description to impose a bias on dominant parts of the calculation

to a variety of two-fluid models. Despite these to an extent which is claimed to outweigh the uncer-
advances there are still many areas of uncertainty. The tainties and produces an overestimate of clad tempera-
standard approach for dealing with these has been to tures. However, concern was expressed in the generic

use models for the analysis which have been pessimised review that conditions might be produced during a

according to rules established initially by the Nuclear LOCA which would invalidate the claims to conser-
Regulatory Commission (NRC) in the USA. One of vatism of the evaluation models. In particular, the

the problems with this approach is that these so-called possibility was suggested of a LOCA transient which
evaluation models do not describe the physical pro- might cause the fuel cladding to balloon so that it

^

cesses particularly well. It is also difficult to determine could no longer be cooled and sooner or later would

how conservative the results are. exceed the temperature limit. This topic is discussed in

16.71 At the time of the generic review the Inspec-
torate expressed a preference for codes based upon a
proper physical description of the fault processes. Validity of LOCA calculations

With such codes the aim is to get a best estimate of 16.76 In view of the imponance of the code calcu-
the transient, to which appropriate safety factors can lations, the Inspectorate has laid great stress over the
be applied. In the event, such codes have not been period of this review on the need for the CEGB to
developed sufficiently and the evaluation model provide validation of the codes used in the LOCA
approach has been used in the PCSR* safety case. To date only part of the validation pack-

age has been received. Confidence in the CEGB's cal-
^ 5'*85"'" ' culational methods should be enhanced when the

~

16.72 The overall aims are to be satisfied that the whole of it is available. In the meantime, those prob.
analysis has covered the full range of potential lems highlighted as a result of this review are discussed

LOCAs, that, after making appropriate assumptions below.
,

about plant availability and performance, the con- 16.77 Small breaks have received more attention over
ditions stay with,m specified limits, and that the calcu- the last few years, but any doubts about the calcu-
lational methods give results of an acceptable lations tend to be overcome by the proposed HHSI
"#""'* * provisions which result in large safety margins to the
16.73 ~ With regard to the specified limits, those fault limits being calculated. Therefore, the modelling
chosen in the PCSR were produced by NRC for licens- of the codes would need to be seriously in error in
ing purposes in the USA. The criteria used relate to order for the situation to be unacceptable. No pheno-
the peak fuel temperature reached in the course of the menon has been identified to date which would gise a
LOCA and to the degree of oxidation, both local and large enough effect to do this, though small break
core-wide, which must not be exceeded. The Inspec- phenomena are still being in estigated. The code
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vdlidation package is expected to enhance confidence 16.84 The use of conservative codes makes validation*

in this area. more difficult and the steps in the validation pro-
cedure need to be clearly stated. Claims to con-

16.78 As the break size studied is increased, a change servatism need to be justified by estimating the uncer-
occurs in the dominant flow regimes. This change is tainties in the various areas of the calculation.
not sufficiently explored in the PCSR when analysing
intermediate sized breaks. The current calculations, 16.85 Finally, it is possible for errors to occur in
howeser, proside some assurance that intermediate procedures such as coding and the preparation of

sized breaks will not prove to be limiting faults. input data. Such errors have been found in many
codes, including those produced by Westinghouse. The

16.79 The numerical representation in the LOCA Inspectorate has asked, therefore, that the CEGB
codes is another matter of some importance. The carries out an independent check of the safety case

,

properties of stability, convergence and accuracy are codes and the input data used. The Inspectorate will,
requirements of the codes. The safety submission in addition, wish to audit this activity.
needs to be improved in this area. It would greatly
increase confidence in the codes if some indication of Large breaks
their numerical accuracy could be given. In the safety

16.86 This and subsequent sections comment onsubmission it should be acknowledged that the LOCA
codes used do not give a converged solution and give specific aspects of the transients studied in the PCSR.

reasons for the coding scheme chosen. The sensitivity 16.87 The highest peak clad temperatures result from
studies used to demonstrate large break convergence large breaks in the cold leg. The largest break con-
are not entirely'consincing. For small breaks nothing sidered gives a slightly lower temperature than the
has been done in this area. The Inspectorate requires limiting case. For the limiting case a 200 *C margin to
this aspect of the case to be improved before licensing. the fuel limits is calculated. This margin is in addition

to the bias that is built into the calculations.
16.80 The codes contain numerous correlations and
assumptions. The range of applicability and the 16.88 The clad temperatures during the transient
accuracy of the correlations need to be given. Simi- depend on the power distribution in the core. In the
larly, the limitations imposed by assumptions, such as PCSR, the CEGB claims to have found the limiting
thermal equilibrium, need to be considered. distribution. However, an explanation is required as to

why a symmetric distribution is limiting in view of the
16.81 The safety submission is based on codes pro- asymmetric nature of heat removal during a LOCA.
prietary to Westinghouse and there are no independent
users of th: codes, though they hase been approved by 16.89 In the PCSR the possibility of heat transfer
the NRC. Confidence in the results would be greatly degradation during a LOCA due to a swelling of the

enhanced if the codes were open to outside use, as has fuel clad is considered briefly. This issue will need to

been the case with the RELAP series of codes. Some be taken further as part of the clad ballooning argu-

comparison of proprietary codes and RELAP have ment, since in its absence the present discussion is not

been given. More comparisons are required in the code sufficient.

validation submission. 16.90 With the present design of ECCS, the calcu-
I ted clad temperatures are sensitive to leakage across

16.82 Confidence in the codes will also be enhanced the SG tubes, in view of this sensitivity the
when they can be shown to agree with simple weII- Inspectorate will need to be assured of a high level of
instrumented experiments. Plant codes tend to lack the

integrity of SG tubes under the action of blowdown
flexibility to do this. In the case where a code is based

I 'C*S'upon results from one facility, as applies to
WREFLOOD and the FLECHT experiments, com-

Small breaksparisons with similar experiments on a different
facility are of particular interest. 16.91 In the PCSR, the CEGB claims that a cold leg-

break is the worst of small break possibilities. The
16.83 To be acceptable, the codes must be able to

gereased HHSI provision provides, as expected, a
. make reasonable predictions of integral experiments. sigmficant reduction m peak clad temperature. The

The USNRC have organised an extensise series of ***i"ing small break calculations produced no large
standard problem exercises which can be used to allow sensitmties. Again, while welcommg the range of.

comparison with calculation. Westinghouse have par- studies that has been done, the Inspectorate expects
ticipated with their proprietary codes, but the results

# '" '**## '".bmissions. In" * ' " " " * * * * # *#
hase not so far been made available to the inspec- particular, the possibility of maloperation of the plant
torate. The active participation of the NNC in the following the imtiation of a small LOCA is likely to
standard problems exercises organised by the CSNI of lead to a requirement for some sensitivity studies.
OECD-NEA is welcomed. They did not, however, use
the proprietary codes on which the safety case is 16.92 The proposed in-service inspection facilities

based. have overcome the concern which the inspectorate felt
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about small breaks in the bottom of the vessel (see PCSR and further information needs to be provided.' *

Section 9). The transient analysis that has been pro- The limiting fault in this regard is not, however,
vided for this fault gives added assurance. expected to be a LOCA, though that still needs to be

confirmed.
Stuck open pressuriser relief valse

"#'" "'16.93 Only the initial stages of this fault are con-
sidered in the PCSR and it is demonstrated that the 16.99 Subject to any further points arising from the
DNBR criterion is not violated. The long-term Inspectorate's fault analysis assessment and to the
behaviour in this fault is bounded by large breaks in comments made above, the range of LOCA faults
the hot leg. The Inspectorate's concern about the covered in the PCSR and the safety case for them is
frequency of this and other small LOCA faults is dis- judged to be generally acceptable. However, some

*

cussed in paras 11.47 et seq. faults which are stated in the PCSR to be beyond the
design basis and which the Inspectorate considers16.94 A stuck open PORV following a loss of feed

. . could defeat the ECCS provisions have been idenu,fied,
~'s viewed as being important since it can start' I""

, e.g. multiple SG tube failure consequent on a large
from m.ittal conditions which are different from those break. The Inspectorate has further work in hand to
currently assumed for small break LOCAs, and the

see whether this can be accepted or whether further
Inspectorate expects the CEGB to give further con-

, nformation will be required.
sideration to this point.

16.100 With the present limits, suitable safety
Breaks outside the containment margins are demonstrated in the PCSR. Resolution of

16.95 Whilst most of the pipework directly connected the clad ballooning issue might, however, lead to a
revision of the limits. This current view must thereforeto the primary circuit which lies outside the primary

containment is small bore, the consequences of failure be seen as provisional.

in terms of release of radioactivity can be significant. 16.101 The code validation package is available only
In the PCSR four such breaks are examined: failure of in outline as yet and it is not possible to form an
sampling lines, failure of lines in the let-down system, opinion on its acceptability. The Inspectorate has no

'

valve leakage into the RHR system, and steam gener- evidence which would negate the claim for overall con-
ator tube rupture. The completeness of this list has servatism in the calculations. However, code
still to be assessed. For breaks in the sampling and let- validation is of particular importance to the substan-
down lines, the leakage and hence the release of radio- tiation of the LOCA safety case.
activity is a direct function of the time taken by the

16.102 FinaHy, although it is not discussed .m this
. .. .

operator to isolate the line.
section (see Section 18), m the Inspectorate's view it is

, , _,

16.% Steam generator tube rupture is important in important that the CEGB should gain access to infor-
that there is no direct means of isolating it. The mation produced in international LOCA research pro-
Inspectorate's concern over this fault has already been grammes and should actively participate in on-going
expressed in the fault analysis discussion (16.42 et proFrammes in order to add to the data base necessary
seq.). to support the LOCA safety case.

Containment pressurisation

16.97 During a LOCA a large quantity of heat will Non-LOCA faults

be transferred frorn the primary system into the con-
tainment. It will give rise to an increase in pressure Introduction

|,

there, with the potential for causing a significant
deterioration of the leak tightness of that structure 16.103 For non-LOCA faults the Inspectorate needs

| and the release of the radioactive products contained to be satistled on essentially the same general points as

I within it. However, from the PCSR it would appear those already discussed in relation to LOCA: the range -

that the limiting fault for containment pressurisation is of faults covered, satisfaction about tne specified fuel

not a LOCA but the main steam line break. This fault and radiological release limits, and the validity of the
-

is discussed in para 16.103 et seq. and containment calculations. However, there is a difference in that for

thermal hydraulics in para 16.139 et seq. LOCAs the physical processes involved are so comp!ex
that the computer modelling problems can be difficult,

Pressure vessel integrity whereas in most of the non-LOCA faults there is not
the same degree of complexity and modelling'is corre-

16.98 The concern here .is that the combination of spondingly less difficult.
the applied stress and temperature to which the reactor
pressure vesselis subjected as a result of a LOCA 16.104 The Inspectorate has questioned in Section 7
would cause the vessel itself to fail. The inspectorate the justification of the fault limits specified and the
is not yet satisfied that the limiting LOCA in terms of input data which characterise the fuelin the initial

j pressurised thermal shock has been identified in the conditions assumed for the fault calculations. Satis-
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** faction on the range of faults covered in the PCSR is (b) Assessment
again a matter to be covered under the longer term 16.109 The analysis of the faults presented in the
fault and event tree assessment. Thus most of the PCSR was made using an iterative process between
assessment discussed below will be confined to the LOITRAN and the 3D code TURTLE to take account
extent to which the specified fault limits are satisfied. of the effect of a stuck rod. A full code validation is
The fault categories covered here m, volve: required, to complement the PCSR submission, before

(a) ine ease in heat removal by the secondary system, licensing.

(b) decrease in heat removal by the secondary system, 16.110 LOFTRAN assumes perfect mixing of the
primary coolant and the injected HHS1 fluid at the

(c) anticipated transients without trip (ATWT), po nt of entry. If this did not occur then the pressure

(d) reactivity and power distribution anomalies. vessel walls might suffer greater cooling in the down-
comer region. The Inspectorate expects the CEGB to
investigate the effect ofimperfect mixing.

.

Increase in heat removal by the secondar3 s3 stem 16.111 in the SNUPPS design upon which the
Sizewell B plant is based there is provision for injection

16.105 This fault can be brought about by decrease
.

of high concentration (20 000 ppm) boron solution
in feedwater temperature or increase in now, and by from a boron injection tank (BIT) into the coolant.
excessive increase in secondary steam flow, by means TMs pmvision has been deleted from Sizewell B with
meluding failures of steam system pipework and the result that, after the initial htSLB transient, there
madsertent opening of steam relief or turbine bypass is a subsequent return to a significant power level. The
vahes. The PCSR contains five faults m this category, Westinghouse TROJAN plant, which preceded
the most onerous being rupture of the main steam SNUPPS, was provided with a shut-down margin
line, which is discussed below. greater than that proposed for Sizewell B (1.69 Niles
16.106 No insestigations have been presented in the compared with 1.3 Niles), the greater negative reac-
PCSR on faults of this nature which have actually tivity provision reducing the subsequent power rise. In

occurred on existing plant, such as the overfeeding on addition, the PCSR calculation assumes that only one

Rancho Seco in h1 arch 1978 (ref. 56). The need for of the shut-off rods fails to enter the core. The Inspec-

such studies as background to the safety case has been torate expects the assumption to t.e that two rods

put to the CEGB and a commitment has been given to would fail, which would produce a greater power rise.

review these incidents. 16.112 The main argument in favour of deleting the
BIT is that the DNBR limit, which is generally ac,:ept-
able for other faults (though we have expressed some

hiain steam line break (51SLB) criticisms in Section 6), is n;t siolated in the PCSR
calculation of this fault. It is also argued that the high
concentration solution used in the BIT can cause prob-

16.107 in the PCSR, breaks are considered both lems of deposition in cooler parts of the pipework.
upstream and downstream of the mr.in steam isolation Despite these arguments, the Inspectorate has asked
valve (h1SIV) but not in the region between the valve the CEGB for justification that it has done all that is
and the containment, where such a rupture is claimed reasonably practicable, specifically in relation to the

to be incredible. (This claim is discussed further in BIT system and the shut-down margin.

Section 10.) 16.113 As far as fuel integrity is concerned, it is con-
16.108 Depending upon the particular sequence, the cluded provisionally from the Inspectorate's assess-
htSLB can have important potential consequences in ment that the sensitivity studies show the design basis
relation to the integrity of three parts of the plant: the faults analysed to be bounding. However, a firm con.
pressure vessel, the fuel, and the containment. The clusion cannot yet be given since the assumptions-

escape of steam from the secondary side of the SG about AFW and HHSI performance in the PCSR do
causes severe cooldown of the primary coolant and not correspond to the Sizewell B design. The design
can subject the vessel to high pressure at icw temper- offered should be an improvement, but this needs to-

ature and to a high rate of reduction in temperature. be demonstrated.
A reactor initially in the hot zero power condition may

I EI'55 * * * ** "I' N '****
be returned to power, as a result of the positive calculations are not presented to demonstrate that the
reactivity feedback induced by the cooldown, with a faults are bounding. The inspectorate will also need to
resultant increase in fuel temperature. The escaping be convinced that the assumption of availability of
steam may place a pressure and temperature load ff-site p wer is c nservative.
upon the containment. Finally a htSLB occurring out-
side the containment has the potential for the largest 16.115 For h1SLB inside the containment, sensitivity
release of radioactive material from design basis faults calculations have been made to determine the
in this category. bounding fault in relation to containment integrity.
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However, the assumption of water entrainment in the sideration. The CEGB needs to justify bounding
* *

escaping steam will need to be shown to be con- claims rude in relation to the radioactive release for
servative. It is clear from the studies that the success- this fault.
ful closure of MSIVs is crucial to the integrity of the

16.121 The assumptions and data for the fault
# "'" " * *"I *

transient analysis are in general conservative. W hile
16.116 Consequential single or multiple SG tube fail- some sensitivity studies have been provided they will
ures are stated in the PCSR to be beyond the design need to be assessed by the inspectorate before it can
basis for this fault. Although some sensitivity studies decide whether they provide an adequate appreciation
have been presented this matter has still to be of the margins involved.
resolved, as discussed in paras 16.139 et seq.

16.122 The results of the cases for each fault
,

Decrease in heat removal by the secondary system category for which transients are produced show that
plant limits are not exceeded and that boiling in the

16.117 In the PCSR ten faults in this category are primary loop does not occur, Howeser the claim that
considered, the following three being identified as tne this case bounds a number of other cases requires

'

most important as they require the greatest reliability further justification, preferably by carrying out
of the engineered safety features: transient analysis for the other faults.

(a) reduction in feed to all SGs-puts greatest 16.123 During some faults the SG tubes uncoser and
demands on reliabihty of the AFW,

the consequential reduction in heat transfer is of prime
(b) closure of ad MSIVs-greatest demands on importance to the course of the transient. Only limited

reliability of primary and secondary circuit over- discussion of the modelling of the SGs is provided,
pressure protection, despite the importance with regard to primary loop.

2
. . boiling and pressure relief through the PORVs and.

(c) main feedwater line break m. side contam- this omission should be rectified. A more detailed dis-ment-greatest demands on reliability of systems
cussion is required and consideration also needs to be

to maintain integrity of the fuel, primary and
given to stuck open PORVs.

secondary coolant systems, and contamment.,

The last of these faults the inspectorate believes to be ..'# " * ''*'Y ' '"#

down condition following the imtial transient should
the most significant and it is discussed briefly below. not, in principle, be difficult for these faults, tuouch
The assessment and conclusions drawn are generally

the discussion of this in the PCSR needs to beapplicable to the group as a whole.
expanded. Details of the energy release and mass loss
from the primary and secondary coolant are also

- Main feedwater line break (MFLB)
required to check whether the pressuriser relief tank

; (a) General (PRT) capacity would be exceeded.

16.118 Depending on size and location of the rupture 16.125 in the case of the ' reduction in feed to all
'

and on the plant conditions, this event could cause SGs', it is accepted that loss of feed to all SGs bounds
either cooldown or heat up of the primary circuit, that to a single SG. Nevertheless there is the possibility
with the heat up being considered the more important. of an asymmetric temperature distribution being devel-,

Breaks could occur upstream (inside the containment) oped in the core for the latter fault. Further analysis is
or downstream of the non-return valve (outside the required in support of the PCSR arguments.
non-return valve (outside the containment). Such a
fault determines the minimum auxiliary feedwater Anticipated transients without trip (ATWT)
requirements and presents a challenge to the pressure
limits of the primary and secondary circuits and the (a) General
containment. The latter is bounded by the steam line 16.126 Since the Sizewell B design possesses only one
break fault. "

fast shutdown system with a reliability probably no
better than 104 per demand, for frequent faults the

" "###
Inspectorate would expect an additional means of

,

16.119 Fuel integrity calculations claim to show that shutting down, which could be by means of an
no boiling occurs in the primary circuit and the fuel inherent characteristic of the system. The PWR has a

; does not suffer DNB. The Inspectorate expects to see negative temperature coefficient of reactivity, which
i further consideration given to SG tube failure in these will effect shutdown. Howeser, the CEGB has pro-

faults, because of the increase in stress to which they vided in the Sizewell B design an emergency boration
are subjected as a result of the fault. system (EBS) which will proside an additional, but

relat vely si w, neg tive re etisity nput when two or16.120 For main feedwater line failure occurring
m n contml ds M m insen.outside the containment, the fault is essentially the

same but additional failures of non-return valves and 16.127 It is necessary to show, for faults in the
,

main feed isolation valses are taken into con- appropriate frequency range. that the plant protection
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is acceptable in the event of failure of the main shm- Rod cluster control assembly (RCCA) bank'

down system to operate. The faults in which such withdrawal
failures occur are called anticipated transients without (a) General
trip. In the PCSR. the ATWTs discussed are limited

16.131 This fault involves the uncontrolled additionto initiating faults in the frequency range 10-8/ year or
greater. Within that range seven have been selected as of reactivity to the core caused by withdrawal of

RCCA banks. This causes a power excursion. A fre-potential ATWT initiators and, of those, the design
basis faults in the categories inadvertent reactor trip, quency of 104/ year has been assigned to this class of

reduction in feed to all SGs, and coastdown of a fault in the PCSR. The overpower transient has the

single reactor coolant pump, bound the rest of the potential for causing fuel failures, overpressurisation,
and radiological release. The insertion rate studied isinitiators,
claimed to exceed the rate which can be achieved by-

(b) Assessment the simultaneous withdrawal of two banks of rods,
this being claimed as the maximum possible with the

. 16.128 For the studies presented in the PCSR it has
proposed design.* been shown that, while the EBS does little to reduce

the severity of the initial pressure transient, it sup. 16.132 Faults have been studied in the PCSR starting

presses boiling in the hot leg and controls the sub- from the subcritical condition, and including low
sequent recriticality and repressurisation long enough power and power levels between 10 and 100%. For the
to enable the operator to effect more permanent shut- latter a range of reactivity ramp rates has been
down. The results of the studies presented are gener- studied.
ally satisfactory but they do not go far enough and the.
Inspectorate is left with a number of concerns (b) Assessment

expressed below and in Section 11. 16.133 While the results obtained appear acceptable,

(i) In the absence of a fast diverse shutdown system, the information presented needs to be augmented in a

ATWT events need to be studied in the frequency number of ways:

range at least down to 104 and possibly to 104 () Justification is required for the claims made on
per year. The CEGB has given a commitment to maximum speed of control rod bank withdrawal
extend the studies to cover this range and to and on the number of banks which can be with-
modify the EBS if the existing design does not drawn simultaneously. The withdrawal rate will
meet requirements. also need to be linked to the reactivity rates

(ii) The calculations in the PCSR use best estimate assumed in the analysis.

data, with a number of conservative assumptions. (ii) Adequate supporting evidence is required for
This is acceptable subject to the determination of claims that Doppler coefficient and moderator
the uncertainties in the predicted values of key temperature coefficient are pessimistic.
parameters by a programme of sensitivity studies.

(iii) The effects of the trip parameters proposed for
(iii) Justification is required for the primary circuit the Sizewell B plant, as distinct from the

pressure limit applied to ATWT faults. SNUPPS tripping scheme, will need to be demon-

(iv) The discussion in the PCSR of the return of the strated. The effects of tripping on each of the two

plant to the hot-shutdown condition after an lines of protection will need to be determined.

ATWT has occurred needs to be expanded. RCCA ejection
(v) Justification is required for bounding claims (a) General

related to the release of primary coolant into the
16.134 This infrequent fault could occur as the resultcontainment and the radiological consequences of
f mechanical failure of the pressure housing of a con-this.

trol cluster assembly causing ejection of the assembly.

16.129 The Inspectorate expects further information and drive shaft. As a result, a rapid positive reactivity
to be provided before a decision on licensing is made insertion occurs in the presence of an adverse core
to satisfy these concerns and demonstrate en accept- power distribution and a small LOCA. The initial,

able outcome for this range of faults. transient is so fast that it is terminated only by
Doppler reactivity feedback, and trip occurs well after

Reactisity and power distribution anomah.es the initial power spike has been terminated. Hence the
16.130 Faults in this category cause the fuel to gener- effect of the initial power spike on the fuel can be
ate power in excess of the cooling provisions. Such dealt with separately from the subsequent pressure and
faults can be brought about by, for example, single temperature transient. This secondary transient is
control cluster withdrawal, withdrawal of banks of dependent on whether or not the hole is blocked. In
control clusters, or reduction in the degree of boration the longer term the effects of a LOCA discharging
of the primary coolant. Two of these are discussed through a 7 cm diameter hole need to be considered if
below. the hole remains clear.
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(b) Assessment ents which subject the containment to thermal ana * *

P'*""'" * #" " * * ' ' "'"' .16.135 The extensive set of studies given in the *

when these loads remain withm the design basis. It isPCSR and supporting documents includes sensitivity
"'""#'I ' ' ''' ' '# I '"''studies and the effect of assuming ID and 3D neutron '

. . adequately demonstrates that accidents claimed to be-

tics.
within the design basis do not subject the containment

16.136 It is accepted that the analytical methods have to loads which might cause its failure. It is addition-
given pessimistic results. However, the treatmert of ally necessary to ensure, based upon the fault analysis,
fuel failures may not be pessimistic since the DNBR that the necessary range of faults has been considered
fuel failure limit has yet to be shown to be conserva- and that the codes used in the analysis do correctly
tive (see Section 7) and pellet-cladding interaction may predict the loads on the containment and the behav.

. provide an additional fuel failure mechanism. iour of the containment when subjected to these loads.
'

16.137 A complete assessment cannot be made until 16.140 In this section the thermal hydraulic analysis
additional information is provided on this point and with which these loads are calculated is considered. -

on the determination of the Doppler weighting and The behaviour of the containment structure in
hot spot analysis. Additionally, it is noted that some response to the loads is discussed in Section 8.
of the supporting information may not be entirely
relevant as it is based upon a 15 x 15 design. Assessment

!

Conclusions 16.141 The first objective of the containment thermal
hydraulics calculations in the PCSR is to show that

16.138 The submission made on the transient analy- the containment design pressure and temperature are
sis of non-LOCA faults, as far as the Inspectorate has not exceeded for a number of limiting design basis
essessed it to date, is generally acceptable, though a faults. The containment design pressure and tempera-
number of detailed reservations have been made ture for the Sizewell B plant are 3.44 bar gauge (50
above. The following points are of most significance. psig) and 160 *C (320 'F), respectisely. The design

4 - _(a) Multiple steam generator tube failures could cause basis leakage rate for the containment at this pressure
problems for the containment integrity and, in is 0.1% of the enclosed volume per day. At pressuresi

some faults where the containment is bypassed, a above 50 psig, the limiting design basis leakage may4

i significant increase in radiological hazard. This well be exceeded; in addition, the structural integrity
problem will need to be dealt with in a more com. of the containment may be at risk.
prehensive manner than it has been so far in the 16.142 In addition to the calculations for the main,

PCSR. containment structure, calculations are also presented
l' (b) Further information should be provided, and has to demonstrate the integrity of the internal structure
i been promised, in support of the ATWT case to housing the components of the nuclear steam supply

demonstrate a satisfactory outcome for the full system (NSSS) within the containment, and to
range of such faults. establish the bounding pressure and temperature

values n e A ca adont(c) Validation is required of all the codes which play a
significant part in the analyses. 16.143 The thermal hydraulic pressure and tempera-

(d) Systematic sensitivity studies will be required for ture calcul ti ns presented in the PCSR ha e been

the most severe faults to determine the effects of assessed from the point of view of the physical pro-

plant modelling and data. cesses described m the codes to identify the conser-
vatisms in the assumed parameters and correlations, to

(e) More effort will need to be devoted to studying ensure that the bounding fault conditions have been
the effect of stuck open PORVs and SRVs, since analysed, and therefore to establish the acceptability

!~ these constitute LOCAs starting from non- of the design pressure and temperature. The Inspector-
standard initial conditions. ate has a number of reservations about the modelling

' ~

(f) The effect of operator error will need to be con, of various heat-transfer processes in the COCO code
sidered in the analysis. and about some of the assumptions made. Particularly

,

significant is the use of the Uchida condensation heat-
(g) The claim that asymmetric faults are bounded by transfer correlation in the passise heat-sink model and

other faults requires justification. the claim that this correlation is conservative for the
,

containment calculations needs justification.

Containment thermal hydraulics 16.144 As a consequence of these and other con.
cerns, further calculations will be required to justify
the claim that the calculated peak pressure is lowerintroduction
than the containment design pressure for all the hmit-

16.139 It is implicit in judgements made in the tran- ing design basis fault conditions and to determine the
sient analysis, specifically in relation to those transi- part'icular fault which would result in the highest peak

74
:

- ,, _ _ ~ _ - _ _ . _ _ __ _ _ _ _ _ _ _ ._ -- . _ .



- _ -~ _ - - .- . . - . .

. .
pressure. In addition, the containment temperature prosided that satisfactory results are obtained from
design limit is exceeded for two of the design basis relevant sensitivity studies, particularly on main steam
faults and this will need further consideration. line break coincident with steam generator tube

" E*"'#5'16.145 Although it is assumed in the PCSR that.
steam generator tube rupture coincident with a main
steam line break is beyond the design basis, the CEGB Fault sequence probabilities and consequences
has in addition produced sensitisity studies mtended to

_

show that steam generator tube rupture would not
cause the containment design pressure to be exceeded. 16.149 The radiological consequences of the faults

However, in the Inspectorate's siew these studies were analysed in the PCSR have been calculated using

not carried out for the correct transient. From other methods and data which have generally been endorsed-

i studies (ref. 57) it appears that, had the correct transi, by the PWR Radiation Physics Group, consisting of

ent been used, the rupture of a single steam generator relevant specialists from CEGB, NNC and UKAEA.

tube could cause the design pressure to be exceeded. From the preliminary assessment it is accepted that''

in the event of more than one tube rupture the design the models used are generally satisfactory although the

pressure might be significantly exceeded. It is therefore Inspectorate still requires further information about
i

considered that relevant sensitivity studies, using the certain detailed aspects, particularly concerning the
dose models used.correct limiting design basis transients, should be

carried out for main steam line break with coincident 16.150 The Inspectorate is more concerned about the
steam generator tube ruptures to assess the peak con- mixture of 'best estimate' and ' conservative' assump-
tainment pressure. Similar studies should also be tions that have been used in the consequence calcu-
carried out for LOCA coincident with one or more lations in the PCSR. In general, conservative assump-
steam generator tube ruptures. In addition, analyses tiens appear to have been adopted in the atmospheric
are required for the steam line break fault with failure dispersion and dose models. However, the assumed
of more than one relevant MSIV to close. equilibrium fission product inventory in the primary
16.146 !! is not possible at this time to give an assess. circuit is a best estimate value derived from operating

ment of acceptability of the subcompartment calcu. Westinghouse plants and corresponds to a notional

lations in the PCSR since sufficient details concerning failed fuel fraction of 0.005%, whereas the reactor

the basis and validation of the TMD code have not yet could be operated with significantly higher coolant

i been supplied by the CEGB. However, the calculations activity. Also the fission product ' spiking' model,
provided show that in some areas of the steam gener. which represents the increase in iodine and caesium

ator and pressuriser compartments the design pressures activity that occurs when the reactor is tripped or the

are exceeded. The claimed conservatisms in these cal- primary circuit depressurised, appears to give best esti-
culations will need to be adequately demonstrated mate rather than conservative values. Again, the
since, if the subcompartment design pressures were assumed primary to secondary leak rate in the steam
exceeded, extensive structural damage invoking failure generators is less than the average value measured on

of pipework, component supports, instrumentation, a number of Westinghouse reactors which had detect-
etc., could possibly lead to a degraded core. able activity in the secondary coolant. As the design

progresses the Inspectorate will require sensitivity
16.147 E.mally, details should be provided of the cal- studies on these and certain other of the more import-
culation of jet impact loads and thermal loads which ant assumptions in order to be able to assess the con-i

could damage the subcompartment structures, as well senatisms in the calculated doses and hence identify
as pipe restraints and instruments located m the path any fault sequences which do not appear to be satis-,

of the jets. Suitable modelling of j,et effects will be factory, so that they can be given closer attention. In
required in order to assess the possibility of degraded addition, it would expect such calculations to be used
core situations resulting from their impact loads. by the CEGB, to determine operational parameters,

; such as the maximum allowable primary coolant
Conclusions fission product activity level (' failed fuel fraction').

S me preliminary information has recently been pro-
16.148 In summary, it is considered that whilst the'

vided on the sensitivity of the calculated consequences
.

| codes used in the thermal hydraulic calculations for
t certam maj r assumptions but the Inspectorate has

I the containment are generally acceptable, a number of n t yet had the opportunity to assess it.
f further analyses will be required before it can be

accepted that the containment design pressure and 16.151 In the PCSR it is claimed for most of the
; temperature are set at the appropriate level so that the design basis faults that there are large margins between

| containment will withstand the thermal hydraulic and the calculated dose at the site boundary and the
other forces which could result from the relevant fault Inspectorate's assessment reference level. However,'

conditions. These analyses will be required prior to a there are some reservations about the analysis upon
decision on licensing. They should not raise any major which these claims are based, in particular, those
difficulties in the Inspectorate's future assessment expressed in Section 7 of this report. In view of these
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and the points made above the Inspector ~ ate cannot as apparent lack of pessimism in a number of the
yet say whether or not the margins are sufficient. assumptions made. Preliminary sensitivity studies have

ream een ca e ut y EGB for some of
16.152 Time has not allowed a detailed assessment of the main assumptions and the Inspectorate under-
the extent to which releases from the higher frequency stands that these are to be extended; so far it has not
faults satisfy the N!!*s principles and the requirements had the opportunity to assess their validity.
of the CEGB's Design Safety Guidelines, but in
general it is claimed in the PCSR that these releases
are small. In any case the consequences of such
releases, being mainly within the acceptable release
levels for normal operation, are small.

N *

16.153 The situation with regard to faults beyond the
design basis is less satisfactory. As pointed out earlier,
the fault tree studies carried out to date do not cover 16.157 The analysis produced for this part of a

,

the whole spectrum of potential faults. The CEGB safety case is extensive and complex. The different
claims in the PCSR, however, that the faults chosen parts of the analysis, the fault and event trees and the
are those which place the most onerous demands on transient studies, have to be linked together and this

the various protective functions and goes on to con. involves iteration from one set of studies to the other
clude that the summated frequency of these faults, to produce a consistent and satisfactory safety case.
which is calculated to be below 10-5/ year, represents As plant deficiencies are indicated by the analysis
the contributions from all 'beyond design basis' faults. there has to be further iteration with the designers.

The Inspectorate does not, however, accept without When this process is coupled with the large number of
supporting analysis that the faults which have not yet faults that are covered, the time taken to reach a

been the subject of fault tree analysis, and failure position considered satisfactory to the inspectorate is
modes excluded from the analysis, will make a necessarily long.

negligible contribution to the overall risk of the plant. .*# " # "I * "*""#* Y '' 8**

Hence, it is concluded that the PCSR does not show f the iteration process; the Inspectorate's assessment
how far the CEGB has gone towards satisfying its is based mainly on an early draft of the PCSR. It is
design target of 10_*/ annum for all faults giving a sig- inevitable, therefore, that the Inspectorate should find
mficant release. numerous deficiencies. As the process proceeds and

. .

16.154 Despite these comments, the Inspectorate con. the CEGB responds to the comments, the plant may
siders that the event and fault tree analysis has made be modif!:d (this has already happened, though in
an important contribution to the safety case and has general too late to assess the consequences of the

provided a useful demonstration of the techniques. It changes), additional studies may be done, or it may
needs, however, to be improved and expanded. nil is convince the Inspectorate that the criticisms were

also concerned that the numerical results obtained unfounded. Shortcomings have been found in the
should not be used or quoted without careful qualifi. range of faults for which event and fault trees have

cation as to their limitations. been produced. Conclusions drawn about the sum-
mated risk of large releases from the plant have been

16.155 Fmally, the Inspectorate expects the CEGB t criticised; the correlation between the fault analysis
extend its analysis of 'beyond design bas,s' faults and the transients studied needs to be improsed andi

further than those sequences considered in Chapter 15 more transient analyses are required. Computer codes
of the PCSR, to explore the potential for any esca- used throughout the analysis need to be validated.
lation m the predicted consequences of such remote

,

fault sequences and to explore the comparative overall 16.159 On the other hand, the Inspectorate welcomes

risk from this range of faults. To satisfy this require. the use of event and fault trees in the safety case and

ment the CEGB is preparing an analysis of such the commitment to do more work in this area. Gener- ,

' degraded core' accidents in parallel with the DBA ally, the transient analyses are extensive and thorough.

fault studies presented in the PCSR. This analysis has in matters like the possible effect of clad ballooning

not been completed early enough to allow it to be on the course of LOCA transients, while NII is not yet .

included with the PCSR but the Inspectorate satisfied, it is well aware that considerable expense and

understands it will be supplied in mid-1982 so that it effort are being expended to address the problem.

should be possible to pablish a preliminary assessment 16.160 The Inspectorate expects the CEGB to deal
before the public inquiry. with the various points raised here in future sub-

missions. Any deficiencies will need to be corrected.
Representatise studies covering the whole spectrum of

. faults will need to be produced prior to a decision on
""# " "' licensing. It may be that some of the concerns will

16.156 The inspectorate's main concern about the require changes to the plant. Some of the points made
radiological consequence calculations arises from the in the effectise barrier assessment are in this category.
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Of particular concern are the possible problem of two other areas which require closer study. Finally,

- steam generator tube failure and the implications of the Inspectorate expects the CEGB to ensure that, as
conwquential tube failures on containment integrity. far.as reasonably practicable, the design satisfies the
Operator errors and potential systems interactions are target criteria of its design safety guidelines.
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17 Decommissioning

with a process which will be taking place some 50 or
'" 100 years in the future it is not possible to proside

exact details of what will be done and when, if only +

17.1 Each nuclear power station must be decom- because the technology which will then be available
missioned at the end of its operational life and the cannot be properly conceived at this time. However, it
CEGB's proposed strategy and general procedures for is reasonable and acceptable to demonstrate in broad
the decommissioning of Sizewell B are outlined in the terms how the work will be performed, to indicate -

PCSR. The very valid point is made that some hun- what are likely to be the main constraints and to show
dreds of PWRs will have reached the decommissioning that the operation will be technically feasible. In this
stage before this particular reactor, and the experience latter respect some of the statements in the PCSR need -

gained will be a major influence in determining the to be substantiated.
decommissioning procedure and methods that will be 17.8 The main defect of the case put forward is that
adopted. The proposals m Chapter 16 of the PCSR it does not examine what might be done now at the
deal with the phasing of the operation over a number design stage to assist in the decommissioning of the
of years and indicate the general magnitude of the plant in the future.
task as well as highlighting particular features.

. 17.9 More information should be provided on the
17.2 .The overall approach is reasonable and accept- following:
able, but more information will be needed for full
acceptance. (a) Those features adopted to assist in the actual

dismantling of the plant, bearing in mind the dif-
ficulty of operating in a radioactive environment.

(b) Those active isotopes which will be dominant at
General procedure for decc.. .- %-Jng various times following shut-down and which will

thereby play a major role in determining the pace
17.3 in the PCSR the main sources of radioactivity and mode of decommissioning to be adopted.
present after final shut-down are identified and the (c) The manner in which the effects of such isotopes
anticipated specific and total activity of certain major can and will be minimised by action taken at the
components are specified, design stage, e.g. by specification of materials,
17.4 The three-stage procedure outlined is in accord- replacement of some elements, etc.

ance with international consensus and some indication (d) The action taken to identify the essential inform-
is given of the time-scales mvolved. In particular it is ation requiced for decom:aissioning purposes and
estimated that all irradiated fuel should be removed the consequent action at the design stage to ensure
from the reactor and from the site within five years that such information can be made available at the,

from shut-down, thereby sigmficantly reducing any end of the reactor life.
potential hazard to the public from the shut-down
reactor.. (e) The design features to be adopted to minimise to

. the extent practicable the production of waste,
17.5 Those types of accident which might cause particularly those forms of waste which are likely
hazard to the pubh,c in the later stages of decom- to present the greatest difficulties in disposal.
missioning are noted and a commitment ts made to
perform suitable detailed safety analyses at the rete. (O The features incorporated in the design to assist in
vant time during the decommissioning procedure to decommissioning following an accident. -

minimise their chance of occurrence.

17.6 It is recognised that the control of doses to .

workers during the dismantling operations will be a conclusions
major determinant both in the timing of the decom-
missioning and in its mode of operation.

17.10 The Inspectorate considers that the case pre-
sented is acceptable as a general statement of decom-
missioning intent with some indication of the likely
main constraints and the procedures to be adopted

Conwnent during the decommissioning process. However it is
concluded that the information supplied needs to be

17.7 The approach in the PCSR on decommissioning considerably augmented in certain areas before the
is generally acceptable. Clearly when one is dealing submission can be considered to be complete.
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17.11 Nevertheless it is agreed that decommissioning ally present a significant hazard to the public. For
is technically feasible and that once the fuel has been these reasons it is accepted that decommissioning is
removed the residualinstallation should not potenti- not a major safety issue in the licensing process.
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18 Rese:rch cnd dev lopment

18.1 This section is based mainly upon Chapter I of grammes may be needed to meet the concerns
the PCSR but takes into account information con- expressed in Section 9 for validation of the R6 frac-
tained in a number of other chapters. ture methodology. Completion of the defect detection

. trials (bDT) and collaboration in the PISC-II
18.2 In general the CEGB's programmes are aimed programme will help to support the so far encouragina
at providing a balanced investigation into the more results of the initial DDT programme. The require [ ~
important aspects of the PWR from an ' informed ment to measure toughness rather than charpy energy
buyer' viewpoint only. There is no requirement in the ~

_ , in surveillance specimens may necessitate further
~

PCSR for basic R & D work except for cases identified research. Both research and development activity may
m the Nil's generic review and TNil-2 (ref. 58) be required in connection with the setting up of an
requirements. The main issues from the generic review '

independent validation centre for inspection.
are covered by the R & D programmes of the CEGB
and the NNC, backed by the same basic UKAEA pro- 18.7 The inspectorate has identified the need for
gramme. specific programmes to address the issue of cresice

# *" # #** 8#"#I "' * I' "18.3 Part of the strength of the PWR safety case lies
supp rt of the case for the reactor coolant loops and

in the world-wide programmes of safety research
devoted to the system. The UK has become involved *#'"*' . structures there is a need for research m dese-

"I * 8" ' " " * "8 #" # " #in these programmes, for example via participation in
emissi n techniques to provide mformation on a con-the Halden Project and in the NRU fuel rod cluster
tinu us at-p wer basis on the integrity of critical com-

experiments, and entry to further projects is being
ponents.

negotiated.
'' # # "" # # '"#'18.4 Validation of LOCA calculational codes is an
which require R & D inputs does not appear to have

area that relies heavily upon the USNRC LOFT
been considered directly m the R & D programme. In

facility. Not having built commercial PWRs, the UK
pa u ar, mamn is necess y at suhmhas not so far participated in the LOFT project.
u e stan g has hea@ been acqsed, a wm WUnfortunately, the future of this facility is in doubt
acquired at the appropriate time, in the areas of theafter mid-1983. A US decision not to proceed would

leave a significant gap in the availability of large """.s Ived safety issues so as to remove any doubts m
relati n t them concerning the basic design decisionsexperimental facilities. A proposal has recently been
for Sizewell B.made to continue the project with m. creased funding

being required from outside participants. The inspec- 18.9 A systematic and comprehensise accumulation
torate would expect the CEGB to become involved or and analysis of fault and incident data from world
to encourage UK participation in this project through experience of PWR operation is an essentialingredient
the UKAEA unless an alternative can be offered. in the safety assessment of the plant. The Inspectorate

has developed and applied for its own use a meth-
18.5 In a number of areas, including RPV and steam odology for utilising such data. It is concerned that
generator tube integrity, the PCSR makes reference t there is little evidence that the CEGB has yet deve-
R & D programmes, but as noted earlier, the CEGB loped such procedures to an adequate level.
has not provided in the PSCR sufficient details of
their work content or objectives. In view of the ser. 18.10 In summ:.ry, UK work on PWR safety has
iousness of failure in these and other such components been limited in the past and is still far from compre-
the focus of the various R & D programmes should be hensive. It is a continuing process, and the Inspec-

expanded and further information provided. torate would wish to see a greater part played by the
,

CEGB, in particular to address the issues raised in this
18.6 In the case of the RPV, substantial programmes review. There is a general need for increased UK
of R & D will be needed to give effect to the LWRSG effort in this field and for greater international partici-

.

(ref. 25) recommendations. Further experimental pro- pation by the CEGB.
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19 Conclusions

19.1 in considering the siews expressed in the various acceptable though a number of issues remam to
sections of this report, and the conclusions reached, it be resobed, notably in relation to the need for
should be borne in mind that the pre-licensing process the CEGB to do further work to demons * rate a
intohes a dialogue between the licence applicant and satisfactory design basis in the case of earthquake
the Inspectorate which, in the normal course of loadings (4.2 - 4.9, 4.12 - 4.14).
events, would extend over some two or more years.

(2) Although the human factors issue is not
This process was temporanly suspended at an early adequately considered in the PCSR, the CEGB
stage in the inspectorate's assessment of the CEGB's*

has given a commitment to apply ergonemic prin-
pre-construction safety report and its supporting

ci les to the design and operation of the station.
documentation so as to provide a review of the

Provided it shows evidence of utilisine sufficient,

position for the public inquiry. Indeed, because of the
expertise and resources this should lead to an

timing of this report, and of the interactive process
acceptable position (4.24).

carried out between the Inspectorate and the CEGB up
to the time it was written, the PCSR published in May (3) The CEGB's broad approach to quality assurance
1982 is different in a number of details from that of is acceptable. However, written programmes and
the draft of December 1981, which is substantially the procedures for the main safety items have not yet
subject of this review. This is to be expected, and it been made available and are required as a matter
reflects a process of continual development and of urgency especially in relation to the early order
improvement of the design and the safety case as a items (4.29).
result of both internal appraisal and re-appraisal by (4) The case made for protection against internal and
the industry and the CEGB, and also discussion with external hazards is not yet satisfactory and needs
the inspectorate of the case presented and the safety to be cleared before a decision is made on licens-
issues. ing. In particular further information is required
19.2 The safety case set out in the PCSR describes a in relation to fire (4.41), aircraft crash (5.20), gas

design which is based on the Westinghouse SNUPPS cloud explosions (5.21) and earthquakes (4.11,

plant and has been written using information from the 5.23).

standard safety analysis report for that system in the (5) The Sizewell site was accepted for the existing
United States as its basis. However, the treatment is station as one which fell within the policy and
in parts uneven, for example, in some p' aces the text characteristics for more remote sites, and it
is related to American requirements, er even to remains within that class of sites which would be
the SNUPPS design, rather than to the UK PWR. acceptable for any reactor system licensed for
More importantly, there are shortcomings in the commercial operation in the UK (5.11).
manner in which the safety case-the argument to (6) For the most part the Inspectorate is satisfied
show that the design intent meets the safety criteria with the information on the nuclear design and
and requirements-has been presented. The Inspec- see no reason why its concerns, which require
torate expects the CEGB, since as the operator it will additional information or further justification,
be responsible for the safety of the plant, to justify cannot be met by the time a decision on licensing
the safety of its design. As a part of this, the CEGB is required (6.15).
should satisfy the intent of its own criteria. It is all the
more important that a clear demonstration of this is (7) In the case of fuel behaviour in general, most of

gisen for a system which has not previously been the main fuel issues raised in the generic review

licensed for commercial operation in this country. have been taken into account. However, reser-

Whilst many of the reservations made in the generic vations remain about the adequacy of the case set
.

review hase been considered in the PCSR there are a out in the PCSR to demonstrate satisfactory fuel
number, of importance in relation to safety case performance in the design basis accidents and

requirements as well as design features, which have further information will be required before licens-.

not yet been dealt with. The Inspectorate expects to ing (7.39 et seq.).

see an improvement in this area in subsequent issues (8) The safety case has not yet been presented on
of or amendments to the PCSR. clad ballooning, and so a judgement cannot yet

19.3 The conclusions of this review are set out in the be made on this topic (7.42).

various sections of the report as appropriate. The (9) Whilst there are a number of specific concerns
position with regard to the more important safety and qualifications which will need to be cleared,
aspects is summarised here for convenience (the nune the inspectorate is generally satisfied that the pro-

I bers refer to paragraphs in the text): posals made in the PCSR for the containment
(1) The basic intent with regard to design criteria for and other civil works and structures provide an

components, systems and structures is generally acceptable basis for licensing (8.12).
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(10) Though much valuable progress has been made this remains the view. It is clear that many
since the generic review, a satisfactory safety case improvements have been made to the protection
to meet the Inspectorate's requirements has not system since the generic resiew. However the
yet been made for the reactor pressure vessel. A safety case as presented in the PCSR is not yet
number of shortcomings in the case put forward acceptable fer Ikensing. The Inspectorate expects
have been identified which should be put right, to see its main concerns resolved before a
and more information should be provided, vetore decision is made on licensing, by clarification of
the CEGB's claim that fa3ure of the RPV is the safety case and design intentions and firm
'incredib!c' can be accepted. Whilst these short- commitments made where appropriate, and can
comings inhibit acceptance of the safety case as see no fundamental reason vhy this should not
presented in the PCSR, the Inspectorate believes, be achieved (11.84 et seq.). -

nevertheless, that there are no reservations that
cannot be overcome and that an acceptable safety (15) There are a number of concerns arising from the
case can be made. It requires a satisfactory case inspectorate's assessment of the case for plant -

to be provided before a decision is made on chemistry and corrosion due mainly to the need
licensing (9.49 et seq.), for more information to support the intentions

set out in the PCSR. This information is needed
(11) The Inspectorate is not yet satisfied with the case to show that proper chemistry control is feasible

made to support the claim of ' incredibility' of and is to be applied, and to satisfy the Inspec-
failure for a number of pressure circuit com- torate with regard to the case for control of
ponents (other than the pressure vessel), including activated corrosion products in the primary cir-
the coolant pump bowl, pressuriser, steam gener- cuit, before licensing (12.1 er seq.).
ator shell and head, ECCS accumulators, primary
circuit component supports, reactor internals and (16) The radioactive waste management facilities des-
the main steam line 'no break' zone. There are cribed in the PCSR are considered to be suffici-
also reservations about the case made for steam ently flexible to give confidence that the likely
generator tube integrity. Apart from the latter, arisings, resulting from the normal operation of
the concerns relate mainly to the supply of the reactor, can be handled in a safe manner.
information rather than to the technology Further information will however be required to
available and, if the appropriate information is satisfy the inspectorate that the estimates of
provided, it should be possible to make a primary coolant activity levels are conservative
satisfactory case before a decision is made on and to enable a 'udgement to be made of the
licensing (10.57 - 10.59). extent to which a proper balance has been

achieved between doses to on-site workers and
(12) The general design basis for the protection system those to members of the public (13.15 er seq.).

is not yet satisfactorily presented in the PCSR.
Before licensing the inspectorate requires an (17) With regard to radiological protection, it is con-
improvement in the safety case in the following sidered likely that the shielding and layout pro-
areas: classification of protection systems, appli- visions will prove to be generally adequate. How-
cation of the single failure criterion, hazard ever, further information will be required con-
design levels, segregation against fires and tech- cerning a number of detailed areas, particularly
nical specifications for main plant items. In the CEGB's design strategy for keeping all
addition, justification is required where protec- exposures as low as reasonably practicable and
Lion provisions included in earlier plants appear the adequacy of the design provisions to cope
to have been downgraded, in particular, the with conservative secondary coolant activity
reduction in shut-down margin and the removal levels, both during normal operation and under
of the boron injection tank system (11.19,11.38, fault conditions (14.14 et seq.).
16.112).

,

(18) The safety case for fuel storage and handling is in(13) The integrated protection system is a new system,
not previously licensed for nuclear protection general terms acceptably stated in relation to the

,

hazard. However, some issues arise becauseduties. Whilst the Inspectorate has no objection
in principle to the technology employed, it is not neither the strategy nor the engineering design

yet satisfied that the hardware and software have information required to confirm an acceptable
safety standard are adequately presented. Thebeen shown to be acceptable and there are a .

number of specific concerns which need to be Inspectorate expects these issues to be resolved at

resolved (11.28).
the appropriate time (15.12).

(14) In the generic review it was concluded that the (19) Oserallit is considered that the fault schedule is
inspectorate saw no fundamen:al reason why incomplete and the Inspectorate expects the short-
acceptable protection arrangements could not be comings to be rectified in later submissions
provided for the PWR reactor system considered; (11.20, 16.12).

i
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(20) The probability analysis, and the event and fault priate level so that the containment will withstand*

trees, put forward in support of the safety case the thermal hydraulic and other forces which can
are extensise and the Inspectorate has only result from relevant fault conditions (16.148).
assessed them in part. However, it is noted that

(26) With regard to decomm. .issionmg, whilst some
.

the selection of faults analysed is not yet com-
improvement will be sought in the case put

plete in that it does not contain representatives f rward, there are no issues which are sufficiently
from some potentially significant classes of fault

important at this stage to influence licensing
and it excludes protection initiation systems and

II I
many supporting services, operator errors, and

*

consequential passive failures such as breach of (27) R & D work in the UK on PWR safety is a con-
steam generator tubes. Furthermore, it is nec- tinuing process, and the Inspectorate would wish
essary for the analysis in the PCSR to show that to see a greater part played by the CEGB, in'

indisidual fault sequences meet the CEGB's particular to address the issues raised in this
design safety guidelines (16.58 et . seq.). review. There is a ger:eral need for increased UK

(21) There is insufficient information available and '" ".in this field and for greater international
participation by the CEGB (18.10).

there has been insufficient time so far on which
to make firm judgements in relation to the Nil's
effectise barrier principles, though it is clear that 19.4 During the course of the genene review and the
some of the CEGB's proposed design changes inspectorate's subsequent assessment of information
will help to remove shortcomings shown up by provided in support of the Sizewell B safety case
that assessment. However, other potential short- leading up to the PCSR, a number of important safety
comings remain, for example in relation to issues were identified. These are summarised in para
sequences involving many operator actions and to 2.10. The Inspectorate's assessment of the PCSR to
the overall approach to locating potential systems date suggests that, while there are still concerns out-
interactions. Further information needs to be pro- standing, a substantial number are now judged to be
vided and further assessment carried out, so that satisfied, or should be capable of being satisfied,
those aspects having significant implications for mainly by provision of further information and
the plant design can be cleared before a decision argument in support of the CEGB's case. The Inspec-
is made on licensing (16.61,16.62). torate is satisfied with the progress being made with

(22) Subject to any further points arising from the these issues and they should not be a bar to licensing

Inspectorate's fault analysis assessment and to the although, as has been mdicated, a position acceptable

reservations about fuel behaviour and limits, the to the inspectorate will have to be reached before a

range of LOCA faults covered in the PCSR and decision on licensing is made.

the safety case for them is judged to be generally
acceptable (16.99). 19.5 However, there are some important areas

(23) The code validation package is available only in remaining where the position is not yet satisfactory,
outline as yet and it is not possible to form an namely:

opinion on its acceptability. The Inspectorate has (i) hazards presented by fire, aircraft crash and
no evidence which would negate the claim for earthquakes, where an improved case needs to be
oserall conservatism in the calculations. How- made or design changes may be required;
eser, code validation is of particular importance
to the substantiation of the LOCA safety case (ii) fuel clad ballooning, where an acceptable strategy

(16.101). for developing a safety case has been presented
but the case is awaited. If this does not prove to

(24) The submission made on the transient analysis of be acceptable then an alternative case, possibly
non-LOCA faults, as far as the Inspectorate has based on changes to the fuel design or to the,

assessed it to date, is generally acceptable though mode of operation of the reactor, will need to be
a number of detailed reservations on the case put made;
forward remain. The more sigmficant points

,

include: protection against ATWT faults; steam (iii) there are still reservations about the case made for
generator tube failures; validation of the codes steam generator tube integrity and the effect of
used; systematic sensitivity studies; further study multiple tube failures in fault conditions. Some
of the effect of stuck open PORVs and SRVs; development work or design changes may be
and the effect of operator error (16.138). necessary;

(25) The codes used in the thermal hydraulic calcu- (iv) the reactor protection system, including the inte-
lations for the containment are generally acceptable, grated protection system, where funher
However, further analysis will be required before justification of the proposed design is necessary
it can be accepted that the containment design and more time will be required to develop the
pressure and temperature are set at the appro- case;
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(v) 5 fety analysis assessment, which will require case for integrity of the pressure vessel and the use of *

more time and more information and where the microprocessor technology for reactor protection, the
Inspectorate has concerns which require attention. Inspectorate is now satisfied in principle that a case
such as code validation and the adequacy of pro- can be made. It expects more work to be done by the
tection against the full range of ATWT faults. CEGB also, to provide further information to

demonstrate its case in the areas where a satisfactoryin addition, the case for severe accidents is to be made
case has not been made or where there are satery

as a separate submission and has not yet been received.
issues to be resobed. This may require further modifi-

19.6 In summary, the Inspectorate's view at this eations to the design,
stage is that the safety case provides confirmation of
the view expressed in the generic review. There is no 19.7 in the Inspectorate's view a satisfactory design
fundamental reason why a PWil should not be is achievable and can be developed so as to meet the *

licensed for commercial electricity generation at safety objectives and give assurance that there will be
sizewell B. However, further assessment work will be a small chance of significant changes to the design

'

necessary before Nil can be satisfied that the design needing to be made for safety reasons once construe.
described in the PCSR is acceptable for licensing tion has started. Only when the Inspectorate is
although in a number of important areas, such as the satisfied that this is the case will a licence be granted.

Her Afajesty's Nuclear Installations inspectorate (Nil /R/37/82) June 1982.

.

O

84



4

20 R f:renca

1 Hansard,18 December 1979. 17 Thc accident at Three N1ile Island, Report of the
President's Commission, October 1979

2 HSE, A Report by the Health and Safety Executive Washington DC.
to the Secretary of State for Energy on a resiew of
the generic safety issues of pressurised water 18 International Atomic Energy Agency, Safety guide

reactors, Health and Safety Executive 1979 (HNISO on seismic analysis and testing of nuclear power

1982). plants, 50-SG - S2, Vienna 1979.

3 National Nuclear Corporation Ltd, Sizewell B 19 Hht Nuclear installations Inspectorate, Ergonomics /.

PWR reference design, PWR/R500, September human factors in the design and operation of
1981. pressurised water reactors, Operators in Nuclear

Safety Working Group report Nil-ONSWG(82)~

4 Central Electricity Generating Board, Sizewell B P.1,1982.
PWR pre-construction safety report (Draft),
GDCD/SYB/XRO2, December 1981. 20 HN1 Nuclear Installations inspectorate, A guide to

the quality assurance programme for nuclear power
5 Central Electricity Generating Board, Sizewell B ants, WR/3808, hsue 2, Neember M8.

PWR pre-construction safety report, April 1982.
21 W S Gronow, Application of safety and siting

6 National Nuclear Corporation Ltd, Sizewell B
p licy to nuclear plants m the United Kingdom,

nuclear power station reference design, April 1982.
paper Sht- 117/21 from IAEA Conference on

7 N Rasmussen, Reactor safety study. An assessment environmental contamination by radioactive

of accident risk in US commercial nuclear power materials, IAEA, Vienna,1%9.

plants, WASH 1400, (1975). 22 Hansard,5 December 1973.

8 United Kingdom Atomic Energy Authority, An
23 George Wimpey and Co Ltd and Soil hiechanics

assessment of the integrity of PWR pressure
Ltd, Investigation of Sizewell site, 1968 - 80.

vessels-a report by a study group under the
Chairmanship of Dr W hlarshall, UKAEA Report, 24 National Nuclear Corporation Ltd, Resistance
HNISO,1976. against liquefaction of the Sizewell site,

PWR/R253, Issue C, November 1981.
9 Hht Nuclear Installations inspectorate, The generic

safety issues of pressurised water reactors: an 25 UK Atomic Energy Authority. An assessment of
account of the study carried out by the Nuclear the integrity of PWR pressure vessels, Second
installations inspectorate of the Health and Safety Report of a Study Group chaired by Dr Walter
Executive, Health and Safety Executive, July 1977. Starshall, CBE, FRS, Alarch 1982.

10 Hansard,25 January 1978* 26 LE, Steel, Status report on the surveillance of

11 US Nuclear Regulatory Commission, Unresolved radiation damage of US reactor pressure vessels,

safety issues summary, NUREG-0606. Post-Sht!RT Seminar No. 8. Paris, August 1981.

12 Hht Nuclear Installations inspectorate, Safety 27 House of Commons,1st Report from the Select

assessment principles for nuclear power reactors, Committee on Energy, Session 1980-81, Vol.111,

HSE, April 1979. (HNISO, July 1982). App. 20 and Vol. II, pp. 455,456.

13 Central Electricity Generating Board, Design safety 28 National Nuclear Corporation Ltd, PWR materials
,

criteria for CEGB nuclear power stations, property data base fracture mechanics parameters,

HS/R167/81 (Revised), h1 arch 1982. PWR/R422, Issue C. November 1981.

14 Central Electricity Generating Board, Pressurised 29 S J Garwood, Crack propagation toughness of*

water reactor design safety guidelines, DSG 2 structural steels at temperatures above the brittle-

(Issue A), April 1982. ductile transition temperature, Report 3545/8/79.
The Welding Institute, N1 arch 1979.

15 American Nuclear Standards Institute, Nuclear
30 Plate inspection programme, Report from the Plate

safety criteria for the design of stationary pressurised
Inspection Steering Committee on the Ultrasonic

water reactor plants. ANSI N18. 2- 1973. Examination of Three Test Plates using the 'PISC'
16 US Code of Federal Regulations, General design Procedure based on the ASN1E XI Code,

criteria for nuclear power plants,10 CFR 50. OECD/NEA. Committee on the Safety of Nuclear
Appendix A. Installations, November 1979.

'

85



_ _ _ _ _ _ _ _ _ _ _ _

* '

31 US Nuclear Regulatory Commission, List of 46 National Nuclear Corporation Ltd, Review of
generic tasks in the NRC program, Task No A-3, primary circuit chemistry and its implications on
NUREG - 0510. occupational exposures, PWR/R524 Issue B,

anuary 1982.
32 US Nuclear Regulatory Commission, Steam gener-

ator tube experience, NUREG -0886. 47 National Nuclear Corporation Ltd, Shielding
s urce terms f r the radwaste plant and secondary

33 US Nuclear Regulatory Commission Oserall steam
system demineraliser, PWR/R465 Issue A, August

generator program, Policy Issue statement by
I I'William J Dircks, SECY-82-72 dated 18

Iebruary 1932. 48 US Nuclear Regulatory Commission, Pipe cracks
in stagnant borated water systems at PWR plants,

34 US Nuclear Regulatory Commission, Coordinated ,

NRC IE Bulletm 79- 17, 26 July,1979.
program for steam generators, Policy Issue state-
ment by William J Dircks, SECY-32-72, dated 49 Westinghouse Electric Corporation Nuclear Energy
25 March 1982. Systems, Reliability and safety evaluations of the -

Westinghouse N!odel F steam generator, WCAP
35 US Nuclear Regulatory Commission, in service

, part 2, n L
inspection of steam generator tubes, Regulatory
Guide 1.83. 50 E L White and W E Berry, Effects of copper and

nickel compounds on the corrosion of pressurised
36 US Nuclear Regulatory Commission, Basis for

****'''***'***E*"#'##**'' '

plugging degraded pressurised water reactor steam Nuclear Technology 1981, 55, pp.135 - 50.
generator tubes, Regulatory Guide 1.121.

M u ear esulamy CommWon, Occupadonal
37 US Nuclear Regulatory Commission, Evaluation of '* * " ##* #*** #' E "##! steam generator tube rupture events, reactors: 1979 Annual Report, NUREG -0713,

NUREG - 0651. Vol.1. N! arch 1981.
38 C V Dodds, et al., Eddy current inspection for $2 Recommendations of the International Commission |

steam generator tubing, Annual Progress Report on Radiological Protection, Oxford, Pergamon
for Period ending 31 December 1980. Contract N Press, ICRP Publication 26, Ann, ICRP 1, No. 23
W-7405-Eng26. Prepared for USNRC by Oak 4g9777
Ridge National Laboratory, June 1981.

53 National Nuclear Corporation Ltd, The role of
39 G Dau, et al., Special report-Section 4-Steam event trees and fault trees in the safety case,

generator tube integrity, Electne Power Research PWR/R$20, Issue A (Preliminary).
,

Institute, Report EPRI-NP-2088-SR,
Charlotte, NC, December 1981. 54 National Nuclear Corporation Ltd, Event tree

analysis total failure of component cooling water,
40 EPRI Study, Assessment of industry valve PWR/R543, Issue B.

problems, EPRI- NP-241, November 1976.
55 D L Barry and P R Bennet, Study of alternate

41 US Nuclear Regulatory Commission, Summary and decay heat removal concepts for light water
bibliography of operating valves in LWRs, August reactors-current systems and proposed options,
1979. US Nuclear Regulatory Commission NUREG/

42 National Nuclear Corporation Ltd, Separation / CR1556, April 1981,

segregation design for Sizewell B, PWR/R398, 56 B C Lexal and H Wyckoff, Instrument and control
Issue A, N! arch 1982, bus power loss at Rancho Seco on Ntarch 20, 1978.

43 National Nuclear Corporation Ltd, An assessment Nuclear Safety Analysis Center, NSAC- 13'

of the Westinghouse IPS for the British PWR, November 1980. ,

PWR/R382, Issue A,16 N! arch 1982. 57 H Pearce, Calculations of containment conditions

44 US Nuclear Regulatory Commission, NRC Report following a major LOCA or a steam line break,
'

on the January 25,1982 steam generator tube National Nuclear Corporation Ltd, PWR/R503,

rupture at R E Ginna Nuclear Power Plant, July 1981.

NUREG-0909, April 1982. 58 US Nuclear Regulatory Commission, Special
45 National Nuclear Corporation Ltd, Sizewell B Report to Congress, Identification of new

nuclear power station reference design issue A, unresolsed safety issues relating to nuclear power
PWR/R330, April 1981. plants, NUREG 0705, N! arch 1981.

86

[



s
-

21 Abtweviations

Loss of fluid testAuxiliary feed system LOFTAFS --

Computer code which is a libraryAFW - Auxiliary feed water LOFTRAN -

Advanced gas-cooled reactor of transient routinesAGR -

Low oxidation state metal ionALARP - As low as reasonably practicable LOMI -

Light Water Reactor Study GroupANSI - American National Standards LWRSG -

Institute Main feedwater line breakMFLB -

ASME - American Society of Mecham. cal Main stem isoWie yhMSIV -

Engineers
. . MSLB Main steam line break* -

Amencan Society for Testmg mwd /teASTM Megawatt days / tonne-
4 -

#8***" ##I# ~

nticip ed transients without tripATWT* -

* " * ' " #*# '* "~

BIT - Boron injection tank "#'### ''##* '"EPII 'U***-

British Nuclear Fuels LtdBNFL -

Operating basis earthquakeOBE -

Condensate clean up plantCCP -

Pellet / clad interactionComponent cooling water (system) PCICCW(S) --

Pre-construction safety reportCentral Electricity Generating PCSRCEGB --

Plant inspection SteeringBoard PISC -

COCO - Westinghouse code for Committee
PWR oxidative decontaminationcontainment pressure analysis POD -

Power operated relief valveChemical and volume control PORYCVCS -
-

Preliminary safety reportsystem PSR -

CRDM - Control rod drive mechanism Quality assuranceQA -

Committee on the Safety ofCSNI -

Rod cluster control assemblyNuclear Installations RCCA .-

Reactor coolant pump(OECD - NEA) RCP -

Reactor coolant pressure boundaryContainment spray system RCPBCSS
-

-

es u cat remod sptem-

Defect detection trialsDDT Reacthity initiated accident- RlA -

Departure from nucleate boih.ng RPVDNB Reactor pressure vessel-
-

Departure from nucleate boihng RUHSDNBR Reserve ultimate heat site-
-

'*" RWST Refuelling water storage tank-

EBS - Emergency boration system Sp fd W WSFSP -

Emergency core cooling systemECCS -

Steam generatorSG -

Emergency charging systemECS -

SLB Steam line break-

SNUPPS Standardised Nuclear Unit Power-

me ency refer cc level-

ESWS - Essentist service water system S fety relief valveSRV -

Safe shut-down earthquakeFull length emergency heat transfer SSEFLECHT --

South of Scotland ElectricityFinal safety analysis report SSEBFSAR --

Board
Generation Design andGDCD -

(CEGB) Construction Department TMD - Transient mass distribution code
for c nta nnwnt subcompannwnt'

Heat affected zoneHAZ -

"'' High head safety injectionHHSI -

Th hd-

HSD (CEGB) - Health and Safety Department Two-group, two-dimensional. TURTLE -

Heating, ventilation and air
neutron diffusion codeH\AC -

conditioning
United States Nuclear RegulatoryUSNRC -

International Commission onICRP -

' " Un ed ingdom Atomic EnergyUKAEA -

IGA nie a u at ta- ^" I
IPS - Integrated protection system

WREFLOOD - Westinghouse code simulating
Linear clastic fracture mechanicsLEFM -

rell d conditions
Low head safety injectionLHSI -

Zero period accelarationLoss of coolant accident ZPALOCA --

87

- .
w__. -_____ -- - _ _---_-_-________ __- .____ _ - _ _ _ __.



_ _ _ _ - _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _

. .

-
s

22 Gossary of terms

This glossary is intended to proside a helpful espla- limits for workers and members of the public are rec.
nation for the reader without going into the detail ommended in ICRP 26.
necessary for technically accurate definitions.

Effective harrier: a set of engineered provisions which
present a release of activity for a gisen fault sequence.

Magnetic filtration: a means of estracting ferro.
magnetic solid particles from the coolant water by

Activity (radioactivity): the number of nuclear trans- trapping them in some magnetised matrix appropriately *

formations occurring in a quantity of material in unit positioned in the coolant circuit,
time, in this report radioactivity, radioactive material p
and activity are used in an mterchangeable fashion. *

gg ; g gggg g
Asial offset: a measure of the estent by which the mechanical interference with the expanding fuel pellet.
axial neutron flux shape differs from a symmetrical p ,, g, ,j , ; , ,

distribution.
directly in the event of faults to present damage that

Buffering: a property of certain chemicals to maintain could lead to the escape of radioactisity.
a relatively constant pH irrespective of the amount of g ; , ,
acid or alkali added,

systems are protected from hazards which might
Crud: metal oside and other corrosion products which otherwise disable all of them. Segregation is normally
become entrained in the primary coolant water, and achieved by physical barriers or by spatial separation.
which can become activated and deposited around the

Separation: one form of segregation which is achiesed
primary circuit,

by maintaining redundant or diserse systems some
Crud burst or spilie: the spontaneous dissolution of distance apart, this distance being dependent upon the
solid crud, into the primary coolant, which occurs hazard being considered,
regularly at the start of refuelling hence causing a

Single failure criterion: no single failure within thesignificant increase in coolant "Co actisity. .

protection system should prevent any protectise action
Departure from nuclease boiling ratio (DNHN): term achiesing its required performance in the presence of
used to define the safety margin between operating any specified fault or external hazard initiating a
conditions and the departure from nucleate boiling. demand on the protection system.

Dow equisaient: the quantity which expresses the Train of equipment: one of sescral sets of identified
biologically effective dose resulting from the exposure redundant equipment capable of performing protectise
of humans to ionising radiation. Dose equivalent action.
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