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* CONCLUDING STATEMENT
OF THE '
REGULATORY STAFF '
Accéptance'cfiteria
. for Emergency Core Cooling Systems
for Light-Water-Cooled Power Reactors
Docket RM-50-1
April 16, 1973

I. . INTRODUCTION

A. Regulatory Staff Conclusion
Pursuant to the Board's Order of March 15, 1973 the Regulatory
staff here riles its Cbncluding Statement in the  above—captioned’

1/

érbceediné.—- The.staff in preparing this:Statement has considered
the enrire evidentiary record of the proceeding as well as argumenté
contained in the Concluding Statements filed by the other partici-
pants and the various responses-commenting on those Statements

The pr0poaal of the Regulatory staff for resolution of the

issue set down for rule making—/

is the Proposed Rule set forth in
Chapter II of this Statement. This Proposed Rule contains the
criteria and'evélﬁation models now proposed by the staff for -

future use.

Pursuant to Commission Order of December 12, 1972, the staff reserves
the right to file a Supplement to this Concluding Statement in light
of the NEPA portion of this proceeding.

"[W]hether or not the subject interim policy stateément should be
retained in its present form or adopted in some other form," Commission
order dated November 26, 1971, 36 F.R, 22774.

g g




B. Informatibn_Basis '

‘In keeping with the décisional premises éstéblished'by the
Commission for tﬁe proceédingéj the staff has relied in this:_-
Stateinenﬁ exclusively on the' evidgntiary record. Ad'ditional

- information 1a£g1y proposedi/ for”ihclusioﬁ in the record has
Egﬁ;been ﬁsed'by the'staff as a basis for i£s ébncluéions, bécause
suéh information.is‘not in the reéofd and bécausé theriﬁférmation
is not cot@iete enough to pefmit an adequate staff evéluation;'
Mofeovef, the staff is of the opinion that"ampié time was afforded.
ﬁo'all parficipéﬁts in this prdcéeding_tb,éubmit such informétioﬁl

,by‘Wayfof';ﬁdfﬁjteéﬁimpny subjééf tb'qﬁgstionihg at the:timés _
_providéd‘fof such submisaion; As the staff hasiﬁointed out,éj

ongoiﬁg'rgsea;éh énd developmeﬁt prog:ams are_éoh;inﬁing to
dévelop new analytical aﬁd,ekperimental informgfion rélated to

ECCS technology. This is expected to confinue;,fhe staff believes:

it to be inpartant that it does continue.
The stﬁff, correspondingly, will continuelits préséné

" practice of reviewing all ne& information as it becomes available.

3/ "Public Rule.Making Hearing: Supplemental Notice" dated January 6,
1972 and January 18, 1973.

4/ Concluding‘stétements of participants Babcock & Wilcox (Appendix B),
Westinghouse (pages A-10, A-15), letter Reis to Goodrich, et al. om
behalf of Combustion Engineering, February 22, 1973.

3/ Staff Testimony, Sections 1.2 and 1.3; Staff Supplemental Testimony,
pages l-4 and 1-5. - '
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SuCh'ehdnééshfﬁhEééé'régulatiohstas may be shown to be eppro—'

.Tppriate as a result of review of new information will, of course,

be proposed by the staff, as warraneed

Changes with Respect to Interim Policy Statement

Changes in the proposed rule with respect to the Interim Policy

_Stetemehtﬁ(IPS).of 1971 were foreshadowed in the~Supplementa1 Testi-
E monyjof the Reguiatory staff (Exhibit 1113) filed in October 1972.

The technicel'discussions of the Suppleﬁental Testimony have now

been related to the entire'technicallreCOrd and the proposals
modified, where needed, in Chapter_IiI of this Statement,-which

gives the staff's reasons for now proposing each item in the

o Proposed Rule and the staff's consideration of the proposals of

'the other participants.

The principal changes are the following

1. Criteria

Peak Claddi_g Tem erature. .- The new limit of 2200°F replacesbthe

old 2300°F, based on data in the record from zirconium

embrittlement experiments.

Maximum Cladding Oxidation. This is a new criterion."ilt is

‘based on data in the record from zirconium embrittlement

experiments,

L 0%




2, Evﬁluation Models .

Cladding Swelling and Rupture. These phenpmena are now ‘ .g

required to be taken into account ex?l;gitly‘wﬁén and where
they are,calcﬁ;gtgd,tpAqccur..>Thg effects of calculated
cladding swelling and rupture are expected to'be significant
in calculations of gap conductance;-dxidafioﬁ on the outside
and iﬁside suffaces of the clad&ing, core flow during blow-

down, and local core flow during the steaﬁ—only portion of

'PWR;reflood> and thus to affect signifidantly the-calculated - i

peak claddiﬁg temperatures. . o e ﬂ;""'%,

Core Flow Distribution During Blowdown fPWR's’oﬁlx). . The
previously used 0.8 factor felating calculated average.iore

flow to hét'chénnel flow is rebiaéed §ith a mbfe realistic

hot region flow calculation. o : ' ‘ i

Other.less significant qhanges and clarificétiops have been
propﬁsed‘by the staff to take into account the incrgaée éf | ‘ !
knowledge of ECCS phenomena, as*reflécted_by the information
contained in the record of the proceediﬁg.

D. Application

The staff's proposed application of the Propdsed Rule is

given in subdivisioms (2), (3), and (4) of Paragraph 50.46(a). - :

The proposai requires rapid confofmance: Licensees with operating




plants 'ai'é féﬁui;red :‘ to- make . x;-éiriaed_ ECCS calculations .in éccoidghce_
, ﬁth'j:he_ new regulations -' las' soon as possible,-' but no later than
4 months af:ér pﬁblicaﬁion of the new regﬁlations. In addition,
operaﬁion of these plants must be modified when tﬁe new calcula-
tions are éuﬁﬁitted to the Coﬁmiésion; ifithié is necegsary to
bring them withiﬁ the new_criterié. In this way, their operation
will aiready have Been @difiEd as required during the_ time that
' thevConuni,ssion is copciuctitig its review of'Ath4e new calAcul‘ations‘.
.Of goursé,‘iﬁ the Commission finds that additional calculations
or'ﬁ@difid;ﬁipné.ﬁiillbe>needed; they will be required. | |
The basic juétification for allowing a transition period is
the evidence in‘the recordéj tﬁat the Inferim Poli&y Statement
now in force ié accepﬁable on an interim basis to evalﬁate the
performance of ECCS. |
The proposed new regulations are believed by the staff to
constitute an imprdvement over thé Interim Policy Statément,
The'oﬁly sigﬁificant change in the acceptance criteria themselves
is the replacement of a single temperature 1imit by a combination
of temperéé#ré and oxidation limits - a change foreseen in fhé

7/

Interim Policy Statement itself.— The changes in the evaluation

éj Exhibit 1001, sections 1:.2.6 and 1.3, Transcript pagés 8136—8140;
19,727-9; 19,778-9; 19,801; 19,804-06; 20,400-412. ’

7 Section IV.A.1l.

'



»models require narioue’aspects=ofuthe‘calculation to be done
.better; define better the procedures and parameters ueed and
take better account of the various physical phenomena now known
to occur during postulated ‘LOCA's. |

- It is worth noting.that,such changes in evaiuation'models
are,not to be accomplished overnight, especially inﬂviemgpfwthe
requirements for.convergence. noding, and sensitivity studies of"
the new evaluation modele, newly clarified in Section ITI.A of =
the propoeed Appendix K. |

.The continued acceptability of the Interim Policp Statement
and. the need for development and validation of the new evaluation

‘models are the justification and basis of the transition period
proposed by’the_staff.
E. Additional Matters

Procedural Setting

In assessing the technical record developed in this proceed-

ing. it is useful to bear in mind the liberal procedurai framework

for public participation within which this record was made. Over

and Ebove the procedural dictates of applicable law in regard to

rule making, the Commission, as a matter of discretion, provided

for an oral hearing and other procedural features designed to

blend "on an experimental basis, limited adjudicatory-—type




"“appropriate~documents’available

pants is "the opportunity for relevant Guestioning of the witnesses

w8/

procedures with more traditional rule making processes

emong.the_key trialftype procedural rights afforded the partici-

9/ 5

Participants were also required to make
n10/ | |

of other participants,
. and to "produce on'request
the documente on which they rely zi/-.Finally; of central
importance is the Commission s own commitment to rely in dits
rule-making decieion on the_record of the.proceeding;lg/
| The.procEdures afforded were amply used. Indeed, one of the
_seven primary participants (Consolidated National Intervenors

or "CNI") was accorded over 50 actual hearing days (of the total

of 122 thus far) within which to question other participants’

" witnesses. Moreover, although there was no formal discovery, as

such many hundreds of documents running to tens of thousands of

'pages-were made available. Estimates of the quantity of documents .

provided the participants run far in excess of 50,000 pages.

Nor were the documents made available by the staff selective, in

terms of all being supportive of its views. Internal memoranda,

'properly,privileged,-yere released as a matter of Commission

8/

9
10

9/

/

12/

Commission ﬁemorandum_of June 16, 1972; page 2.
Supplemental Notice of Hearing, dated January 6, 1972, Rule 1.

Ibid., Rule 3.

A/ 14,

Supplemental Notice of Hearing,iRule.2.




.discretionQLQ/ Drafts of drafts and similar materials far beyond

the reach of the Freedom of Information Act or normal evidentiary
disclosure were voluntarily provided, and copies of the.comments
of all of the staff‘s consultants on its~draftAtestimony-we:e made

freely;aVailsble. gThese comments include reference to areas in

" which'nnsnimity'on technical matters does not exist. The staff's

prodigious effoft to make any and all documents - however remotely
relevant - &vailable has afforded the participants and the public
with an extensive record of a highly complex technical subject T
Included withinithe documentation, as could reasonably be_expected,A
ere shadings of technical opinion on various facets of the tecﬁni— |
cal issues involved. |

‘The area of doCnmentsryinaterials was not the only one.in

which extreordinary effort was expended in order to be certain

that the record was as full and\complete - with ail shades of

: technical,obinion - as possible. Thus, although no subpoena

power, as such, was provided for, in.addition to presenting
thirteen witnesses in support of the staff's position the staff -
also presented five witnesses from the Oak Ridge National Laboratory

and senen from the Aerojet Nuclear Company. Certain of these

witnesses, at least initially, expressed some disagreement with

13/

‘Commission Order of February 4, 1972.




various technical views of the staff. Finally, the staff made

available for-the evidentiary record the views-of those two mem-

bers of tne‘invoived staff who, in large measure; disagreed with

the original staff position.

In connection with the preparation of the staff's Supplemental
Testimony, every point of view available was sought. In eddition,
'all;of the views expressed during the‘deve16pment_of the Sufple’
mental Testimony were‘carefnlly documenteovand-then,made publicly
available}“_Thia documentetion 1nc1uded=not only the detailed

commente:of the staff's consultante submitted in written form but,

’in‘addition;éeopies of early drafts of the Supplemental Testimony

and even over one hundred pages of secretarial notes of oral dis-

14/

cussions between the staff and its consultants. Moreover, during

the redirect/rebuttal phase of the proceeding, after having made

;available;ten.witnessee ‘for questioning, the staff responded

- positively to a request that it make available for questioning a
: A .

group of additional witnesses. Two of these witnesses had nothing

whatsoever to do with the staff's Supplemental (redirect/rebuttal)

‘Testimony. However, with respect to the remaining thirteen wit-

nesses requested, the staff stood ready to make such persons

gvailable, The party requesting such witnesses did not pursue

Iy

Transcript page 20,235.

™
. i}%-
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frules concerning relévancy and the scope of questioning.—

- 10 -

éhé matt;r‘furthéf ﬁhen it beéaﬁe appérenf.thaﬁ:thg ﬁeériﬁg
Boafa-was; in:iigﬁt of pést pErférﬁaﬁces, insisting on féa;onable
15/
In allievents, the recof& of tﬁis pféceed;ng.reflecté”that;
by any objective standards, a full and open hearing has béen' EE
afforded. o .

Several blanket éllegationa of procédur#l errbrAhave been

‘made by one participant.lg/ The approach adopted is to assert a.

”édntinuing exception to -each adverse ruling in this proceeding,
but not to identify among the more than 22,000 pages of transcript

and hundreds of pages of Commission and Board Orders just where

each so-called "adverse ruling" occurs. This posture on asserted

errors in the record renders it effectively impossiﬁle to mean-

‘ingfully review the broadside claims of procedural misstep. It

is the staff's own view - a view based ﬁpon its day to day fa-
miliarity with the proceeding and anggnsitivity.to_the possibility

of prejudicial error finding its way into the process-— that no

'pfejﬁdicial-error undgrmiﬁes this record. Obvioqsly, in a record

of more'than'22,000 pages, é-large‘prdportion'of which coﬁstitutedi

hostile questioning of adverse witnesées'by CNI,‘the possibility

Transcript page 21,959. The essence of the Board's ruling was
that quéstioning must be directed to the technical areas on which

these witnesses had expressed viewpoints, whether ‘supportive .or not.

CNI Concluding Statement, page 25.
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of some error in.procedural_rulings cannot be dismissed. However,

nothing which could reasonably be deemed substantial or prejudicial

‘error has been noted. In the absence of particularization of

error and substantiafion as to prejudicial effect, CNI's generalized

aséertibns in‘thié regard ought not be further considered.

" Error in the procedures éstablished for obtaining the views

~_'6f the Adﬁiaory'Committee on Reactor Safeguards (ACRS) is also per-

17/

“cedved by this participant.— The claim of grrof ié pressed in

the face of specific responses to speclific interrogatories filed

with the ACRS by that participant. Indeed, it is possible that

" this charge of procedural error emanates from a certain dissatis-

faétion.with one of the ACRS responses to an interrogatory. That

: ACRS,resansé was to the effect that although certain aspects of

ECCS analyéis have not yet been 'proven to be comservative, the

';QQ$Q3$ﬁnevetthelesa believes that they can be handled in such a

manner tﬁat_theré'ie reasqnable dssurance that, with the appro-

priate use of the Interim Acceptance Criteria and other éppli—

cable design and evaluation criteria, water reactors of current

design can be operated without undue risk to the health and

~ gafety of the public."=—

18/

Be that as it may, the contention that

-lgj

Concluding Statement of Consolidated Natiomal Intervenors, (here-
after "CNI Statement") page 2.14. '

Exhibit 1115, page 7.

U oG




the Commission should require-the 15 members of the ACRS to appear

_ and give testimony in this proceeding was carefully considered

,by the Commission in its Order of January 26, 1972, prior to the

-start of the hearing. For reasons. grounded in the statutory

] makeup and functions of the ACRS and set forth in some detail

in the Commission Order, the matter-of ACRS reeponse_to the k

_request for its further'views was deElt_with:indthegform'oflv R .i'e
permitting a reasonable number of.relevant interrogatories.- |

While we believe this course to«be'eninently reasonehle; glven

the considerations delineated‘by the Commission and the menifdldu

avenues open for the development of asfullhrecord, declining to

order ACRS‘participation in this proceeding other than.bf‘way of - - L
interrogatories is purely a discretionary -decision which in mo

way constitutes procedural or substantiuedlegal error, -

: Rﬁling&ibnichpe of Proceeding
Of all the morevspecific claims of procedural error, none is
pressed with greater vigor than the claim hy CNI that Commission and
v . (- o .

Board rulinge'on-the scope of the proceeding were wrong,: Regrettably

N
;
i
i
H
;
i
|
t
3
|
i
i

this -zeal even begets the assertion that the scope rulings of the

Board constituted "prejudicial misconduct."lg/

The various rulings
as to the scope of this proceeding by the Commission and the Board

proceed from reasonable, logical and clearly sound legal bases, as

12/ CNI-Statement,/page 2.8.

L OF R0
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we sha11~demonstrete below mith respect to the'individual rulings
~involved. Apart from the foregoing,'however, there is also another
important) indeed, -almost overriding—coneideration'to be kept in mind
"with respect to scope rulings in the context of a rule—making\pro-
ceeding.- An issue or subject ruled Beyond the . scope.of-this rule—lA
making proceeding is not proper within the scope of any rule that
ultimately eventuates; Thus. rulings that have the effect of narrow-
ing or expanding the scope of the rule making merely. result in a
narrowing or enpaneion of the potential coverage of any ultimate
rule. And the breadth of the rule ~ be it narrow or broad - cannot
be the source of "prejudice" to anpone, since matters ruled within
the seope of the proceeding are proper for consideration here; while
mettere ruled beyond:the scope of the present rule making are subject
to coneideration either in individual liceneing proceedings or in the
‘context of a petition for further rule making.
In addition to the fact that scope rulings are neutral" in the
sense of prejudice to any participant there is an important practical

consideration which should be remembered in considering complaints

- ostensibly engendered by such. rulings. There is a practical necessity

to place some outer bounds on the matters that can be usefully coped
with in a single proceeding. The record of this very proceeding

stands as incontrovertible evidence of this need.
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:The rulings on scope by. the Conmdssionfand the Board were reason—
ablev and practical and did not prejudice any participant. .
Criticisem of scope,rulings‘was centered by CNI on some eiéht
. general areas. | o

20/

l. Causes of the’ loss of coolant accident..:

2 i‘/

2. Probability that a loss of coolant accident would ever occur-—— A

The first two scope rulings excluded from thlS hearing 'on the
'lintrinsic merits of the ECCS criteria"gg/ the peripheral considerations"‘
of € what mechanism might cause an accident which the emergency core
'cooling systems would be called upon to control and (ii) what .

;is the likelihood of such an accident ever happening These subJects

'ffmay merit exploration in an.. appropriate context but they are wholly

“:beyond the proper scope of a- rule-making proceeding which assumes,l

- as its reason for being,vthat an accident stemming from a specific
‘circumstance'has already occurred. This rule making-is concerned
-with the validity of performance criteria for systems designed to
control such:a postulated accident. In short, relevance isldictated"
‘by the fact that an accident with a particular genesis is assumed to

occur and the question is whether the ECC system required by the

criteria Wwill controh it;gé/

20/ . _

—~' CNI Statement, pages 2.7 and 3.18-3.28.
21/ ' ‘

CNI Statement, page 2.7.

ZZ( Commission Order of February 23, 1972.

23/ 0f course, the remote likelihood of such an accident occurring is
one necessary pre-condition to the postulation of any radiological
impact on the environment, and, as such, it is dealt with in the
Staff's Final Environmentai Statement.,

Ha g




- designed to prevent consequences. And'again as fascinating as it

_may be to dwell on the hypothesized aspects of an uncontrolled core’

‘criteria. If the emergency core cooling system should ever be called

,4; Defense-in—depth

- 15—

3. * Consequences of a.Logé.gé/

-In a categOry similar to the first two scope rulings; but at the
opposite scope boundary, is the subject of consequences of a LOCA.

This -rule making’is focused onlthe"validity"of'criteria for 8ystems

25/

melt down doing 80 was ruled—— beyond the scope of this proceeding

because it does not deal with the technical adequacy of the ECCS

_upon to cool the core, ‘and should it fail to do so, serious consequences
could - but not necessarily.would ~ ensue. Nevertheless; the nature
of such consequences is not, for the reason just mentioned the

- proper focus of this rule making.

26/

27/

The_charge—-— that the so-called defense-in-depth con'cept was
excluded from consideration in the proceeding is<exaggerated, as
reference to the Commission's Order of February 23; 1972 will quickly

show., That_order, which issued sua sponte because of "the slow pace

.at which the hearing is moving" and "the relative lack of consideration

ofvsubstantive issues in the questioning to date," provlded "firm

_gﬁ/ CNI Statement, page 2.7.

23/ See, e. g Board ruling at, Transcrlpt pages 16,595~ 604
26/ CNI Statement, pages 2.7, 3.2-3.17.

27/

CNI Statement, page 3.2 et segq.
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guidance to th'.e. participants as to the purpose and attendant scope-
" of this hearing.'?’ With respect to defense-in-depth, the Qrder says
that "[ﬁhile]"a desirable-hearing record should contain testimony and
. questioning regarding these oontextual matters [as was in fact the:

: ,case], the primary focus of record development should be with regard

- ;‘to the technical considerations involved in the ECCS criteria them-

' selves. . 'I‘he basic idea concerning these peripheral issues however,

was "to maintain a sense of proportion and perspective. ,

5, SteaJenerator tube fai-lures.z—e/
6. Pressure veseel failures 9/ . E .

S Fuel densification. =3 |
| -In its Order of February 23 1972 the Commission observed with -

re's"pect to scope rulings that "the tec_hnology. and-'th_e isgues may not

present clear-cut answers to questions of inclusion_.[_o.f 'matters in

the hearing record].'; Some cases are clearer than ‘.ot.hers,' however.

Thus, ~where-"the integrity of steam generator tubes and reactor pressure

31/

vessels are. covered by other Commission regulations such matters

are properly excluded from the scope of the present proceeding which

N
[0

/ CNI Statement, pages 2.7, 3. l.

N
\O °
~

CNI Statement, pages 2.8, 3.1.
o/ CNI Statement, pages 2.8, 3.26-3.41.
31/ 10 CFR Part 50 Appendix A, General Design Criteria.

2 18
-
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is ¢ concerned with emergency core cooling systems' abiiity ‘to control

the consequences of a large pipe rupture, not a break An a:pressure A—{ '

vessel or cracks in steam generator tubee;swhic 'problems are'dealt T;N
“with eleewhere. N o |
Simiiarly;gtne question of fuel deneification'- a phenomenon

- which came to~light wholly outside the Ecc5~hearing_buﬁ-whiie it -
was still going on - is treated on an ad Egg,'case-by;case-basie.
Thejstaff'chapter on this subject in its Supplemental Testimony - :
,included for infornation‘purposes - made just this pdintvand was
etricken_gn that basiaias beyondétne scope of the proceeding. In

._ all evente,‘eince the'question is not within'theiocope of thie |
rule making;tit is properly a eubject for consideration and has been
so considered'in individual cases that have arisen.".

8. ' ECCS designs and design changes.22/

CNI.iefof the view. that limitations imposed during the hearing
on exploring individual ‘ECCS designs of particular manufacturers
"has no support in applicable law and is, in fact, directly incon-—
-sistent with the requirement of thé Atomic Energy Act and.NEPA."éé/
Just ﬁhatd"the.requirement' i1s which produces the asserted incon—

sistency remains unspecified. Be that as it may, when the primary

focus of record development should be with regard -to the technical

327
33/

CNI Statement, pages 3.29-3.36.
CNI Statemeut,_page 3.33.
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considefations~involved in the_ECCS criéerié thenmglﬁés,“éﬂ/ the
question of gompliancé with any par;;cular criteria andjthé_details
:“pf_;hq‘design developed to bring about that compliance are proPerly
excluded from the scope of the proceeding. The criteria do not -and

' wbuiH not operate to approve individual desighs}»~Raﬁhgr, they.

" .establish tthéerformance~étandar35'Which'désigns, whatever they may

%Lg;; gﬁét:lifé ﬁp-tb}.“This proceeding is ébﬁcerned with:whaﬁ the
performénée standards should be, néf with whethef an iﬁdividual
design meets.thé's;andardé, once they are established. This latter
H'guestioq is éroperlf:tﬁé.goncern_of indiQidualfreéétOr ;iCensing

“proceedings.

' Shades offTechnical-QpiniOn'v., N

Ainvan Ofder 1ssued éribrato:tﬁé‘commencemenf of théjﬁééfiﬁg;'the
Commiaéion'bbsérved‘that "[;]hé sﬁbject matter of thié rule'ﬁaking
proceeding is one of technical complexity oﬁ'which thére is variance
~in tgchniéal opiﬁioﬁ.ﬁgé/ There can be no.ignOring thelfact that
~ technical opinion. on the enormous vgriéty of cémplex<te¢hnical‘
subjecté involved in ECCS eﬁaluations is nof in all'cages unanimous.
Examples of diéagreenmnts with this jgdgmeht or that View; both iﬁ |

the direct-phaee,of'the hearing and in the redirect/rebuttal phase;’

can be found in the record. By the same token, however, there can

34/

Commission Order of February 23, 1972, page 6. .
35/

Commission Order of January 26, 1972, page 3.




_experts believe the staff 8 Proposed Rule to be conservative

' Moreover, when the staff developed its Supplemental Testimony ,—

219 -

. be no ignoring the fact that the vast majority of knowledgeable

.36/

3'7/

g Indeed many regard the staff 's". views ‘as. excessively conservative

Just as the Commiseion found it in the public interest to
release otherwiee p‘rivileged_'internal mex_noranda, many'of which con-
tained criticisms of the po_sition being e;_;presse_d: by the staff, so .
too the staff deemed it eppropriate_-to_preeen~t._ for' the' record the
views of those of. its coneultante and advis-ors'vwhich differed frotn
the coneeneu_s.of staff e-:q-)erts. The staff thus sought -to present for
the record 'ell shades of ltnowledgeable opinion regardlees' -of whether’
or not the opinion hanpene'd to coincide with the staff consensus-.~>

38/

1t solicited and received views from all of 1its consultants, epread

- these views on the record and, where disagreements persisted, -explained

vhy the staff -holds the view it does. As will be noted from a perusal

of Exhibit 1113 ‘there are still some differences among our consultants,

even with respect to the more conservative position -reflected in our -

Supplemental Testimony. The remaining differences, however, cannot

be fairly characterized as destroying an overall consensus among the

staff and its consultante with respect' to the conservatism and adequacy

36/

The staff's redirect/rebuttel Testimony, Exhibit 1113, reflects
those few instances when anyone at elther ANC, ORNL, PNL, or on the
staff itself disagrees with a staff technical judgment. :

31/ The vendors and the utilities all regard the revised criteria sug-

gested by the staff as conservative. See Final Statements of B&W,
CE, GE, Westinghouse and the ECCS Utility Group.

38/ Eanibit 1113




'.;and evaluation criteria water reactors of . current design can be

operated without undue risk to the health and safety of the public."_
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of the numerous engineering judgments involved in the staff's Proposed

,Rule.

Any attempted portrayal of the total picture of-informed technical

opinion should take appropriate account of the views of the ACRS.
\Thoee-viene, previouely‘adverted'to in another connection, are that

-falthough certain aspects of ECCS analysis have not yet been proven to .

be coneervative, theee aepecte can nevertheless be handled An Such Fa
manner-that there is reasonable assurance that, with the appropriate

use of the Interim Acceptance Criteria and other applicable design

39/

L Finally, the views ~of’MiJ,~j_t°n 'Sh&w, Director of the Commission's -

Division of Reactorvﬁevelopment and Technology, reflect his support

40/

for the adequacy of the Interim Acceptance Criteria.—

The Evidence

Although the vast record thus far developedwin this proceeding
| 41/

“has been marred by excessive focus on peripheral matters—' and

seemingly interminable arguments‘anong counsel and between couneel

and the Board in an atmosphere too closely "akin to a criminal trial

39/ Exhibit 1115, page 7. Identical language also appears in the ACRS
letter to Chairmen Schlesinger of January 7, 1972 attached to the
. Commission Order of January 26, 1972.

40/

— Transcriptrpege 7183, 'See also Exhibit 1005, page 2.
41/ See’ Commieeion Order of February 23 1973, page 2.
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42/

: portrayed in the popular media there is neverthelees, a sub—
'_'_stential amunt: of testimonial and documentary evidence on the o
."central.technicelhiseues in the proceeding. Each of the principal
participants, including the etaff,-presented evidence in support of
its views. In addition, the staff presented for the'evidentiery. o
record certain divergent technic,al- viewpoint_s- on particular technical

3/. The open inquiry directed by the Commission in this

subject areae.
rule-making proceeding has adduced evidence from the ‘varlous partici— '
pants - of diverse qualitative welght - which 1s designed to support
points of view running across the entire decisional spectrum (from

~ gsupport for e peak clad temperature of 2700° at one end to a call
for a virtual moratorium on powe‘r-reactor ldcensing at the other).
Nevertheless,,.it ia the staff's view that a critical evaluation of

 all of the evidence in the record of this proceeding as' it has

developed thus far will show that the reliable,. probative and sub-

stantial evidenceﬁ/ provides full and firm support for the improve-

ments to the Interim Criteria proposed by the staff.

42/ Commiss‘ion Order of February 4, 1973.
ﬂ/ See, e.g., Exhibits 1043 and 1044, ,
ﬁ/ The evidentiary test of '"the preponderance of the evidence", urged

by two participants (General Electric Company, Initial Closing
Statement, page I-9 and CNL Statement, page 4.47), lacks legal
justification., This proceeding, as GE itself has pointed out, is
"within the spirit...cf rulemaking ections comducteé on the
record." Such actions are governed by the evidentiary test of

5 U.§.C. 556 which requires that rules growing out of rule makings
on a record be supported by '"the reliable probative and substantial
evidence,"

LEFLY
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II. PROPOSED RULE . -

,A.'. ,. 'I'ne‘P‘roposed 'Stateme;nt of COnsitletations

| On June 29, 197l_', the Atomie Energy Commission pub‘l'ished.an
-Interim‘ Policy Sltatement:' "Interim -Accepta'nce Cri‘tei:ia for 'Emergency ‘
Core Cooling Systems for Light—Water Power Reactors" (36 F R. 12247)
4which was subsequently amended (December 18 1971, 36 F. R. 24082) ' The
Interim Policy' State-ment, as amended, includes : (1) jgenerali criteria '-
for eme’rgency .eote cooling systems 'applicable to all light—water power
' reactors,. (2) requirements for enalysis using a sui}table evaluation
model, (;3) provisionsl;for applicetion_'to_ various classes of reactors
by speci»fietl-dates, (4) provision fot vard ance under' stated conditio'ns,-
and (5) sn appendi:t delineating acceptable ‘e_valuetionmodels..

‘ Following-promulgation of the 1971 Interim Policy "Stat'emen't, AEC
reactor licensees and -applicants for reactor li‘qenses e.brought their
freectofs ‘or deslg11s, as appropriate, into conformance wlth the published
criteria as reiluired by' the Stetement. (Some "bhack.vfitting" of older
reactore :Ls still being completed )

As anticipated in the Statenent and in response t‘o requests, a
'rule-making hearing was subsequently held 'for the ‘purpose of aiding -
/the Commission in its determination as to whether-or not the,‘ snbject
-i'nterim policy statement should be retained in its present form or

adopted in some other form,'" (36 F.R. 22774, November 26, 1971).
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The hearing board consisted of Nathaniel H, .Goodrich, Esq;,
. presiding, Dr, Lawrence R. Quarles, ‘and Dr. John H. Buck. The
.rffollowing were participants in the hearing.. The Babcock and Wilcox
siCompany B&wW, Combuetion Engineering, Incorporated (CE) Consolidated
National Intervenors, a group of about 60 organizationS'and individuals
(CNI), The EQCS‘Utilitiee Group, comprised ofil72electric utility
.comﬁanies (cuy, General Electric Comnany.(CE); Lloyd Harbor étudy
Group (LHSG)., AEC Regulatory Staff (Reg), State of Maine (Maine),
State of Minneeota Oﬂinn.), State of Vermont (Vt.), and- Westinghouse
: Electric Corporation OW) '
-In addition, statemente by way of’ 1imited appearance were made
by the following.
Mrs, Ann Carl, on behalf of Lloyd Harbor Study Group (afterwards a
Participant)
Dr. Ralph E. Lapp
'Dr. Norman C. Rasmussen
Mr. HaroldvReie, Esq., on behalf of Iowa Electric Light and‘Poner
Company. |
Dr. Richard Wilson _
The massive evidentiary record tnereafter developedéé/ consists of

more than 22,000 pages of verbatim transcript of oral proceedings,

zs]lhe record of this proceeding is maintained in Docket RM-50-1 in

the AEC Public Document Room, 1717 H Street, N.W., Washington,
D.C., and is agvailable for reference during normal business hours.

WYL ST




together with additional thoueands of pages of written testimony and

‘eviﬂentiary exhibits .

In implementation of the National Environmental Policy Act of

"':’.‘-_.'-'1969 (P L.,91-l90), a Draft Environmental Statement concerning the

.propoaed rule making was. forwarded to the Council on Environmental
Qua.lity on ,_December 6.,» 1972, and circulated for comment to p_erticif
.-p.a‘nts in the hearing a‘nd—‘interes,ted, Federal"Agencies' onlzDecember 7.,l
'1972. Notice of public availability _of"the Sta‘tenlent 'an_d an-invita—
tion’ for connnent 'was“'also published in the Federal Register at that
Atima‘. Comments on the Draft Statement were received and a Final

Environmental Statement was published on
| 6/47/

The Commiasion provided— an opportunity for public hearings

on thoee aspects ‘of the Final Environmental Statement which were non-. -’

duplicative of matters .dealt with in the earlier” phasesA of the subject -

rule-making proceeding.
| Protection of the public health and safety from radiological |
effects is a statutory responsibility of the AEC under the Atomic
lEnergy Act and has always been fo_remost in its Regul'atory program.”
Protection against a highly mlikely-loes-.o.fe-coo}.arit accident- has long
- been an eseential part of the 'defense-in—ldep'th concept used by the

nuclear power industry and the AEC to assure the safety of nuclear

%7
47/

Commiseion Order of December 12, 1972. ' ]
Commission Order of March 16, 1973,

1Ak
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power plants:"ln this concept, the'primary assurance of safety is
accident prevention by correct design, construction and operation of
:}“the.reactor. Extensive and systematic quality assurance practices are

renuired and applied at every step to achieve this primary'aSSurance ‘
of safety. 'Nevertneless, deviations from expected behavior are postu=
‘latedﬁtoﬁoccur; and protective systems are required and provided to
céké corrective'action in such events. Notwithstanding all this, the
occurrence of serious'accidents is postulated, in spite of the fact
that tnev are highly unlikely, and engineered safety features are
provided to mitigate the consequences of these unlikelyievents. The
loss—-of-coolant accident (LdCA) is such a postulated improbable.acci—
dent;'the.emergency core cooling system (ECCS) is one of the‘engineered
.safetv features required to mitigate:its'consequences. |
The regulations set forth below like the 1971 Interim Policy
Statement deal with the effectiveness of the ECCS. In developing
such regulations, the assumptions are made that a LOCA has.occurred
and that certain ‘ECCS equipment functions according to its design
(and other equipment does not) Starting from thege assumptions,
calculations are made of the effectiveness of the ECCS in cooling
‘the core and~maintaining the temperature, geometry, and'oxidation
-of the cladding within acceptable limits. Tnese regulations establish
acceptance criteria for ECCS performance and set forth certain required

-and acceptable features of evaluation models as well as descriptions
‘ g
)

{ | e vz
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of evaluatiou'ﬁodels'for-use in makiug“the.calculatione“of cooling
performance.-wu ._ | . 1 - R

A Other aspects of a postulated LOCA and ECCS acceptability, such

as (1) the design, redundanqy, and reliability of a particular ECCS
‘design, (2) the effect of LOCA blowdown forces;on core internals, (3)

the deaign and‘reliability:oroa particular ultimaté heat sink design,

or (4) the radiological:implicatious outaide:contaiument;'are not treated
in these regulations but'are_required to be evaluated pursuant to‘

other appiicable AEC regulationa.

The regulations which are presented ‘below apply only to light—

water reactors with cylindrical Zircaloy—clad, oxide fuel. Emergency

core cooling systenﬁ for light-water reactors with stainless steel
‘cladding and those with non- cylindrical cladding will continue-to

be considered on a case-by-case ‘basis.

Fuel densification must be taken iuto'account~asfapbropriate in

alliECCS evaluations. AFor reactors within tue scope of tuese regula-
| tioas, tuis is to.be accomplished b& ensuring that theiparameters

used in the evaluation models;.and.the-derivation?of operatiug limita
from the result&fof calculations using'the evaluatiou.models, include
where appropriate the effecte ofmauy postulated or'obeerwed dens 1fi-
cation. Because of differences in fuels,.this must be cousidered on

a case-by-case basis.

s dAfF h i
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. ’lhe new regulations effect chmées in the. criteria and evaluation
models set forth :Ln ‘the 1971 Interim Policy Statement (IPS) The V
technical bases for such changes are set forth in great detall in
the rule-making- hearing records in the 'ECCS proceeding; see .especially -
"C_oncluding Statement of the Regulator& Staff, April 16, 1973" and
"Supplemental Testimony of the AEC Regulato:y St_aff; October 26, 1972_,""
both in Docket RM-50- f*_@_/ 'I'he 'si.gn‘ificlant ohanées are} summarized
as follows:- | -

1. The peak cladding temperature criterion has been reduced to

' 2200°F and a new cladding oxidation criterion has been added, based

on data from embrittlement experiments.
2. Required and Acceptable Features of Evaluatfon Models -
Many of these consideratione are contained in Appendix A to the

IPS. in some cases, the IPS language has been clarified. Other

* considerations were mot included in the IPS and have been added

based on the record of the ECCS proceeding.
3. Complete Evaluation Models - The origin of this material

is in the IPS Appendix A. 'The descriptions and ’requirements have

" been brought up ‘to date as required by increased’ knowledge obtained

sin_ce publica.tion of the IPS and contained in the record of the

ECCS proceeding.
. \

As provided in the regulations which follow, each reactor

falling within the scope of the regulations shall be evaluated for

48/,

See footnote 45, supra.

-
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ECCS cooling performance by the use of calculations'to be performed |
dn accordance with an acceptable evaluation model An applicant or
rpulicensee may propose any auitable evaluation model for a particular

reactor. " Such a. proposed evaluation model will be reviewed either
| on a case-by-case basis or (if appropriate) as a proposal for rule _

making. - | :

'Theirule does, hoWever, set fortb certain.required‘and acceptable:
‘features of evaluation models. In addition, the rule describes certain
'revisions-needed in order‘that previously accepted evaluation'models
maey be made acceptable under the new requirement. The.AEC expects
. that the present descriptions (including required- changes) will be
replaced, after review, finding, andrrule making_as discussed above,
‘with more definitive descriptions with the'required'cbanges intégrated
therein; | . |

f For certain classes of reactors, no evaluation'models'have beenA
presently accepted for postulated'breaks smaller in area_tban 0.5 square
~ feet. For such breaks in such'reactors, it is expected that evaluation
models will be evaluated on & case-by-case basis '

| Evaluation models based on’ computer programs developed.as part of _
the AEC Safety Research»?rogram are under active development. Models

suitable to both BWR's and PWR's are anticipated, and should be made

availsble about January 1, 1974..

oL
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Tﬁe regulgtioﬁa set out ﬁelow are not intended to stifle 1mpiovemen;s
and inﬁovations,in performance e&aluation or in ECCS design. The récord'
of theA:ule;mAking hearing sets forth the results of{research programs

direcﬁed toward increasing the knowledge relevant to ECCS performance.
}The nuclear indust%y and the Commission have underway at the present
time several such programs;hboth analytical and experimental. The
- Commission expects that béth governmental and_privateiprogfams will be
pursuéd diligently, md'gxpecta to cons*i-der promptly the new knowledge
as it becomes avgilable, and to consider Sucﬁ.changes in these regula-
tione as they appear appropriate in the light of all igférmation then

available.

B. .The Proposed Rule

1. A new sentence is added to Séctipn_50.34(a)(4) of 10 CFR Part 50 i

tb read as follows:

§ 50,34 ,Cdntents of applications: techniéal information

(a) *%* | »

(4) *%% Analysis and evaluation of ECCS cooling performance
-following postulated loss-of-coolant accidents shail be ﬁerformed in
’accor&ance with tﬁe-reqﬁifgments of § 50.46 for facilities for which’
”éonétfuction permits may_be~is§ued éftef [one year from date of publica—.
tion of rule];

2. A new sentence .is added tc‘Section 50.34()(4) 10 CFR fart.— 50

to read as follows:

L?" zfﬂ‘? fw’l"? .
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hf 5-50;34‘1Contents of“applications; technical‘infornation;:;-
_“{.5;(;1;;¥**5':2;.‘J}:'ilj S : L.

(4) Rkk Analysis and evaluation of ECCS cooling. performance
following postulated loss—of-coolant accidents shall be performed in
accordance with the requirements of §. 50 46 for facilities for which .

a license to ‘operate may be issued after [one year from date of publica~
tion of rule]. In the event the facility has previously been determined
to comply with the requirements of § 50;46‘pursuant to § 50.46{a),
‘additional'analysis and evaluation need‘onlv"be submitted‘if pertineht
information developed since the prior submittal would alter the prior
analysis and evaluation. | ' l' ‘ " o

3. A new § 50.46_13 added to lO CFR Part 50 to read'as follows:
§50,46 Acceptance Criteria for Emergency Core Cooling Systemglfor Light
Water Nuclear Eower Resctors. o ‘ |

(a)(l) Except as provided in subparagraphs (2), (3) and (4) of
this parsgraph each’ boiling and pressurized light-water nuclear
' power reactor fueled with uranium oxide pellets within cylindrical
Zircaloy cladding shall be provided with an_emergency.core'cooling _
.éystem (ECCS),which shall be designed such that its calculeted cooling_“
- performance following postulated loss-of-coolant accidents conforms
to the criteris BEL forth in paragraph (b). ECCS cooling performance,

-shall be calculated in accordance with an acceptableievaluation

Y- FY T SR
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model, and shall be caleulated for a number of postulated 1qss;ofa
coolant accidents dedifferent sizes, locations, and other ﬁrdpertieé
sufficient to provide assurance that the entire ipectrum'of postu-

lated 1oss—offéoolant accidents is covered. Appendix.K; ECCS

Evaluatioh Modélé, sets forth .certain required and acceptable -features

¥ o v

" of acteptable e§aluation models, and descriﬁes‘certain evélﬁation

models. Confof;ance with the criteria set forth in paragraph ' (b),

with ECCS cooling performance calculated in accordance with an

»lacceptablé*evaluation model,_may.feguire that restrictions be imposed

‘on reactor operation.

(2) With respect to- reactors for which operating 1iceﬁées.have
‘been or“ﬁay be issued after January 1, 1968-but.Beforé [one year after
publicaﬁion of rule] the following shall_apblj:f

(1) An eValﬁation»in accordance with subpéragraph (1) of this
parggraph'taa'éﬁail be submitted to the Commission as soon as practi-
cablé; Sut in no eventllater than {4 mcnth£7i£ﬁ¢f publiéatiqn 6f rule],

except for good cause shown. The evaluation shall be accompanied by

. such proposed changes in technical specifications or license.amend-

ments as may be necessary to bring reacter opuﬁiﬁion in‘confofmity'
with the subparagraph.
(ii) The facility shall meet the requirements of subparagraph

(1) of this p;ragraph (a) no later than [one year after publication

of rule].
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(iii) Pending determination by the Commission whether the facility

'-,meets the requirements of subparagraph (l) of this paragraph (a) "i-“ ﬂ;~ep”

including pendency of any.proceedings under Subpart G of Part 2 of
this chapter 'tj:hatl may be required on this ma'tter_,A the facility may
continue or. commence: operation provided that: |

x) There -has been’ a prior determinatiOnlby thewéommissionﬁthat.
the facility _meets the Interim Acceptance Criteria for .E;.merge_ncy‘Core_'
Cooling Systemsvpublished on June 29, 1971 (36 F.R:-12247), as amended_
(December 18, 1971, 36 F.K. 24082). |

(B) Such operation after‘the date of submittal of the evaluation in
accordance with subdivision (2)(i) of this paragraph shall be conducted
within- the limits of both the proposed technical specifications or
A'license amendments submitted with the evaluation and ‘the technical
specifications or license conditions previously-imposed‘by the‘Commission
in accordance”with-the'other regulations in this chapter and the .
Interim Acceptance Criteria referred-to in subdivision (2)(iii)kA)-of
this paragraph. | |

(C) Further restrictions on reactor‘operationﬁwill be'imposed if
‘the Commission finds that the evaluation submitted pursuant to sub—f
division (2) (1) of this paragraph is not consistent with subparagraph

(1) of this paragraph (a) and as a result such further restrictions are -

required to protect the public hezith and safety.

IRl et
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(3), With.fespect«to,re;ctpré fo:“whichropefating licgnse§ hggg_:”
' _beén;issued»onlor-before~January‘1, 1968, théffdllowing;shall'apply:

(1) An evaluatibﬁ in accordﬁﬁce‘withfsubparagraph (1) of this
pa?agraph (a) shall be submitted to the Commission'és sooﬁ as practicab1e;'
but in no event later than [4 months after publication of rule] except
- for good cause shown: The évaluatidn shall be‘accompanied by such -
changes in technical specifications or license amendments as may be
necessary to bring reactor operation in conformity with the subparagraph

within the time period specified in subdivision (3)(ii) below.

'kii) The faéility ghall meet tﬁe requirements'of subparagraph (1)
_of this paragrgph (a) no later than [July 1,11?74 or 1 yea;'after publi-
cation of rulg;'whichever is later.] . - _ ‘
(111) 'Pendiné determination by the Commission whether the facility “;
meets the requirements of subparagraph (1) of this paragraph gg), iﬁ—

cluding pendency of any proceedings'under Subpart G of Part 2.0%*Thisww"

chapter, that may be required on this matter, the facility may continue
operation, provided that interim ECCS improvements, augmented inservice C

1nspgction, and augmented detection of primary system leakage instituted

in accordance with sections IV.C.(b)(2), (3),.and (4) of the Interim
-_ Acceptance Criteria for Emergency Core Cooling Systems published on

June 29, 1971 (36 F.R. 12248), as amended (December 18, 1971, 36 F.R.

240t82) shell be continued.

v f
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; (4) ‘Const'ruction permits may be 1ssued- after [publication of rule]
‘but before [one year after publica\tion of rule] subject to- any appli—
cable conditions or restrictions imposed pursuant to other regulations
:Ln this chapter and the. Interim Acceptance Criteria for Emergency Core
‘Cooling Systems published on. June 29 1971 (36 F.R. 12248) as amended

(December 18, 1971, ,__36 F.R. _424982): -Provided, ho?;gg:ver, that no oper-

" ating license sha.ll be issued wnless -the Commission determL"nes‘, am’ong
other things, that the proposed facility meets ‘the requirements of
‘subparagraph (1) of this paragraph. |

®) (1) 'Peak Cladding Temperature. : 'I'he caléulated maximum fuel

element cladding temperature shall not exceed 2200°F.

(2) Maximum Claddij Oxidation. The cslcu.lated total oxidation of

‘the cladding shall nowhere exceed 0.17 times *the total cladding thiclce.‘;g.i.‘

R

ness before oxi'dation. As used in this subparagraph total oxidation
means the total thickriess of cladding metal that would be locally con-
verted to o::_i.de if all the oxygen absorbed by and _reacted with the
¢ladding locall}; were converted to s_toichio}metric zirconium dioxide.

If cladding rupture is 'calculated to,.occur,. the inside. sur-f.aces .of the .
1 adding shall__be_ 4included in the oxidation, beginning at the calculated
time of rupture. A Cladding»thichness before oxidation néans theradial
distance from inside to outside.the cladding", after any calculated rup-
ture or swelling has occurred but bei’ore'sigriificant"oﬁdation. Where

the calculated conditions of transient pressure and temperature lead to

ALY o
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. a prediction of cladding sWellipg,;w;th or withpu; gléddiﬁg rupture, the _
.unoxidized clédding thickness shalllbe'defined as the cladding.cross—
sectional afea; taken at a horizontal plame. at the elevaﬁ;on of the
fuptufe;,if\it occurs,-or at the elevationbof the higﬁest“cladding
tempefature if no‘rupture is calculated to océur, divided By the aver-
age circumference at that elevation. - For ruptured cladding the -circum

ference does not include the rupture opening.

‘(3)' Maximum Hydrdgen Gene;a;ion; The calculated total gmount of
hydrogén genefated'from the chemical reaction of the cladding Qith water
or steam.spall not excéedro.Ol fines Ehe'ﬂyﬁéthetigéi<émount_that.wou1dJ
be'gengfafed‘if all the ﬁetal in the cladding cylinders-surrounding'the'
fuel, excluding the cladding éurrpunding the~p1enum3volum¢, were to
reacf. | | |

W

{(4) Coolable Geometry. Calculated changes in core geometry shall

be such that_thé core remains aménabie to'cooling.

(5) Long-Term.Cooling. After any calculated s.‘uccessful initial
opération ofﬂthe ECCS, the célculated core temperature 8hall be main~-
tained at an acceptably low value énd-decay heat removed for the ex-.
tended pefiod'bf'time required by ﬁhe iong—lived radioactivity femaining ,
in the ;o;e. . | |

.{c) As used in this section:

{1} Loss-of-coolant accidents {LOCA's) azre arccidents that resul:

from the loss.of reactor coolant,.at a rate in excess of the capability>

]
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- of the reactor coolant makeup ayatem, from breaks in pipea in the

| reactor coolant preeaure boundary up ‘to and including a break.equiva—

lent in size to . the double—ended rupture of the largeet pipe in the.

. reactor coolant aystem. _

(2) Anzevaluation model is the calculational framework for

Aevaluating the behauior of the reactor system during a postulated
LOCA including one or more computer programa and ‘all other information

: neceeeary for’ application of the calculational framework to a apecific
1LOCA, such as pathematical_modela used, aasumptions_included in the
programe,uprocedures‘for treating the program-input and output infor-

: mation; epecifiCation of:those portions of analysis not includeo in-
computer programa;-valuea of parametera, and all other'information
neceeaary to specify the calculational procedure. | “

(d) The requiremantsvof this section are:in,addition to any other
requirements apblicable'to ECCS.aet forth in this Part. ‘The criteria
'.aet-fortn in'paragrapn (b),:with cooling performance_calculated in accor-
dance with an.acceptable evaluation model, are in implémentation of the
general, requirementa'with respect to ECCS cooling performance design set
"forth in this. Part including in particular Criterion 35 of Appendix A,

'4.' A'new Appendix K is added to 10 CFR Part 50 to read as follows:

Appendix K - ECCS Evaluation Mbdels

I. Definitions.
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II. - Required and_Ac’ceptablAe Features of Evaluation Mddels. '

III. Complete Evaiua'tidn -‘Models .

I. DEFINITIONS

As used in this appendix:

A. Blowdown means the portion éf loss-—éf-coolaﬁt Iaccident (Loca)
during which pﬁn;ary" -.system';;r;aéure is higher thén éoﬁtﬁiﬁﬁéﬁt.xpré‘ssﬁre
and is ﬁeéreasing with timé, Iand primary fluid 1is éxpelled from the |
postulated bt;c-':ak.. | '

B. . Computer Program means the sets of statements, in suitable

computer language, necessary and sufficient to perform a calculation-

on a computer.

C. Conservatism means the property of a caléulation; less favprable L

than "realistic'" in order to provide margin for errors or unknowm'a,' and
sometimes to take sensitivity into account.

D. Moody Multiplier means the dimensionless mult_iiplicative constant

us ed ﬁo modify predictions of Moody's equétions (see belm-r') f.or flow _ouﬁ
of pipes. | '- \ |

E. 'Realism means the property of a':calcu]_.ation that 1s intended to
| predict the édgrse of actual or postulated gvénts«within some degree of
appro;d.matipn that may or may not be stated. | |

F. Reflll means the portion of a loss;of—coéléﬁt accident ;fte;

bioy?doWn and extending until the level of reactor coolant rises to the

bottom of the core. This period does not occur for LOCA's in which

L.

Fo

in
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the reactdr-ccolaut level does not_go’helow.the'bottOm.of the core.

G. Reflood means the portion of a loas—of—coolant accident after’
retill during which the coolant level rises in the ccre:

H. Senaitivitz means the degree to which calculated Fesults vary

with a specified change in input information. "

‘I.*”iosa—of-coolant accidents‘and-evaluation*mcdels are_as?defined in
§ 50.46(c).

II. ,REQUIRED‘FEATURES OF EVALUATION MODELS

“A. Single Failure Criterion. The combination of emergency core
cooling subsystems assumed to operate in analyses shaLl:be.derived from
a fallure modes and effects analysis, using the &ingle failure criter-iohf

B. ,Break Characteristics and Flow

1. The spectrum of LOCA's specified and defined i 10 CFR §§ 50.46(a)
,and (c). shall be analyzed. | | =-

2. Where the fluid reaching the break is calculated to be subcooled
or saturated liquid, a discharge model appropriate to these conditions
shall be used to calculate break flow.

3. For the period of transition from'saturated liquid to low-
quality two—phase fluid at the break exit plane, a discharge model
appropriate to these conditions shall be used to calculate break flow.

4. Where the fluid reaching the break is calculated to be a two-

phase fluid, or-saturated vapor, the Moody discharge model (Moody, F.J.
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. "Maximum Flow Rate of a Single Component Two-Phase Mixture," Journal .

-\Of Heat Transfer, Trans. American Society of Mechanical Engineers, 87

49/50/51/

No. 1., February 1965) shall be wséd to calculate break flow.

'5, Over the entire spectrum, the postulated break shall be

assumed to occur instantaneously ‘and shall b_e modeled as discharge
“from a single node as though through ‘an'open pipe having thé' postulated
 break area, and with a Moody multiplier (MM) of wunity where the Moody

.- model is used.

6. For poetnlated breaks in pressurized water reactor inlet lines
and boiling water reactor recirculation lines, analyses shall be made
assuming that the pipe faills as a complete instantaneous severance -

(guiliotine). Flow shall be assumed to occur wnimpeded from both ends

of the open pipe without interaction between the dis char‘ging fluid

streams. . This model shall be used with at least three constant values
of MM -ranging.fro.m 0.6 to 1.0, If the trend is for peak cladding

temperatures thus calculated ‘to increase. as' MM decreases , the range

- of MM shall be extended to smaller values wntil the maximum peak clad

The incorporation by reference ‘provisions of ‘Section II of this
Appendix were approved by the Director of the Federal Reglster
on .

50/'I'he -staff :Ls filing in this proceeding a complete list of all

documents incorporated in the Proposed Rule and .addresses’ of the
respective publishers.

51/

—/ Copies may be obtained from [address of pub'lisher] . Copies are /
available for inspection at the Commission's Public Document
Room, 1717 H Street, N.W., Washington, D. C.

L -
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temperat ure has b.een re'ached'_t.hat.i'_s. ,, until furtherir,e,du_é\tion inMM

" reaults in a lower peak clad temperature. ) |
; 7 Noding detail in the vicinity of the break shall be sufficient
to assure that the flow diacharge calculation is perforned with

appropriate local fluid conditione.

C‘nemical Reactions and Heat Sources. The following chemical

reactiona and sources of heat shall be accounted for as a function of
7
time and other varisbles as follows:

1. The reactor shall be asgumed to have been operating continuously

at a power level no lower than _l.OZ.Itimes.maximum licens,ed,power level _
(to allow for inEtrumentati_on error), with the maximum'peaking factor
" allowed by- the technical specifications. A range of power distribution
shapes and peaking factors representing power distributions over the.
core lifetime shall be studied ano the combination selected that results
in- the most severe ‘c.alcul.ated conseq-uences for tbe(spec,trum;of' postulated
breaks and s_ingle fallures analyzed. |

2. TFission heat shall be calculated using reactivity"and reactor
kinetics. Shutdown reactivities due to temperatures and volds shall be
glven thelir mininum values ,.' includingA allow.ance fo:r mcertainties , for-
the range of po.wer distribution shapes and peaking factors studied in
paragraph 1l of this Section C. Rod trip and -insertion may be assumed

if they ere calculated to occur.
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3. Redieeetive décay of actinides,>including neptunium and:plutonium
generated during operation, as well as isotopee of nranium, shall be |
calculated in accordance With fuel cyele calculations and known radio-
ectivity properties. The most unfavorable time in the fuel cycie‘shell
be assumed independent of whatever such assumptlon ‘was made in con-.
nection with paragraph 1 of this Section C. ‘

4. Radioactive decay of fission products shall be estimated using
1.2 times the values for infinite operating time in the ANS Standard |
(Pr0posed American Nuclear Society Standard —H"Decay-Energy\Release Rates
'Following:Shntdown7of Uranium-Fueled Thermal Reactors," Approved by

Subcommittee’ANS-5, ANS Standards Committee, October 1971).2l/

The
:fractidn of the.gamma decay energy generated that.is depqsited_inlthe.
fuel (including the cladding) may be equal to-or 1ees than 1.0; if the
value used is less than 1.0, it shall be justified by a suitable
:calculation.

5. The rate of energy release,:hydrogen generation, and cladding
pxidatidn from tne metal /water reaction shall be calculated using the
Baker—Just equation-(Beker, L., Just, L.C., "Studies of Metal Water
Reaétioné'at High Temperatures, III. Experimental and Theoretieai Studies

/ with a

of the Zirconium—Water Reaction," ANL—6548 May 1962) - 21
coefficient of unity. The reaction shall be assumed not to be steam

limited.- qu rods whose cladding is calculated to rupture during the

.LOCA (see Section IT.H), the inside of the cladding shall also be
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'maaahmed'to react,"'Thejcalcdlation of the reaction.rate'on.the insdde
of the claddin'g shall also follow the Baker-Just eq;oation.with’ a
coefficient of wnity, atar_ting at the time when the clidding is
B calculated to rupture, and:exten‘ding axiall& n_o less than 1.5 inches
each»way from the axial location_ of the rupture, with the reaction
assumed not to be-steam 1imited. .
» 6. Heat transfer from piping, vessel walls, and non—fuel internal.
hardware shall be taken into account.

7. Heat transferred between primary and secondary systeus through

heat exchangera shall be taken into accowunt.

D. Frictional »Press'ure Dmpa". The frictional loe-ses in pipes and
.ot'her "conqionents .includi-ng the. react_.or core shall be ca‘lculated‘ using
models that include realistic variation of friction factor with Reynolds
nunber, and realistic two-phase friction multipliers that have been
4 adeqvuately verified by._ comparison With experimental data. The modified

Baroczy correlation (Baroczy, C.J., "A Systematic Correlation for Two-

Phase Pressure Drop," Chem. Engng. Prog. Symp. Series, No. 64, Vol. 62,
1965)15&/ or a combination of the Thom co'rrelation (Thom, J.R.S.,

"Prediction of Pressure. Drop During Forced- Circulation Boiling of
1/

for

Water," Int. J. of Heat & Mass Trans fer, 7, 709-724, 19_64)—
pressures equel to or greater than 250 psia .and the Mar.tinelli—Nelson

.correlation (Martinel . R.C., Nelsor:, D.B. ”Predict'?on of Pressure

Drop During Forced Circulation Boiling of Water," Transactions of ASME

NPRPY- -
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695-702, 1948)2'—/ for pressures lower than 250 psia is acceptablé
for calculating two-phase _frictioh multipliers.

E. Momentum Equation. The following effects shall be taken into_

accomnt in the conservation of momentum equation: 1. temporal change
of mnehtum; 2.. momentum convection, 3. area change 'mbmentum flux,

"4, momentum change due to compressibility, 5. pr‘eésure-loss due to

wall friction, 6. pressure loss due to area change, -and 7._."gravit.at'ional
acceleration. Any omission of one or more of these tefms nder stated |
circumstances shall be justified by comparative analyses or»by experi-

mental data.

F. Critical Heat Flux.

1, Correlations developed .f'rom -;approp.riate steady-state and
t:"ansient-stat'e éxperlmental déta a'i'e acc;.eptablé for use in p;edicting
the critical heat flux (CHF) during LOCA transients. The computer
prpg.rams in which these correlations are used shall contain suitable
checks to assure that the physical parameters are within the range
of paramet’ers- specified for use of the correlations by their respeét_ive
éuthors.'

2, Steady-state CHF correlations accéptable for use iﬁ LOCA tran—
glents include, but are not limited to, thé féllbwi-ng: .I

(aj W-3. L. S. 'fongf "Prediction of Departure from Nucleate Boiling‘

for an Axislly Non-uniform Heat Flux Disctribution," Joumnal of Nuclear
51/
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(b) B&W-2, J._S. Gellerstedt, R. A, Lee, W. J Oberjohn R. H.
'"Wilson, L. J. Stenek "Correlation of Critical Heat Flux in a Bundle

L Cooledibj Pressurized'Water,";Two-Phase Flow ‘and Heat Transfer in Rod

Bundlés, ASME, New York, 1969;§;JY
(c) Hench-Levy. J. M.-Healzer;_J.~E. Hench,~E; Janssen, S. Levy
"Design Basis for CriticaliHeat Fluxiconditionfin hoiling,Water Reactors;"
APED-5186, -GE Company Private report, July 1966, 52/

(d) Macbeth. R. V. Macbeth, "An~Appraisal of Forced Convection

'Burnout Data," Proceedings of the Institute of Mechanical Engineers,
1965~ 1966, 2% s/ |
(e) Barnett. P G. Barnett, "A Correlation of Burnout Data for

'Uniformly Heated Annuli and Its Uses for Predicting Burnout 'in Uniformly
Heated Rod Bundles," AEEW-R 463, 1966 51/

(f) Egghgg. E. D. Hughes, "A Correlation of . Rod Bundle Critical
’ HeatvFlux for Water in the Pressure Range 150 to 725 psia," IN-1412,
Idaho Nuclear Corporation,_July 1970, 21/ .

3. CorrelaLions of appropriate transient CHF data may be accepted

. for use in LOCA transient analyses if comparisons between the data and

-the correlations are provided to demonstrate that the correlations

éz-éopies are on file in the Commission's Public Document Room, 1717
"H Street, N.W., Washington, D. C. Since the document contains
proprietary information (10 CFR §§ 2.790 and 9.5(s) (4)), ite

" gvallability is governed by 1C CFR §§ 2.744 or 9.10. :
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- predict values of CHF which.allow for uncertaintp in the experimental‘
data throughout the range of parameters for which the correlationa are
to be uaed. Vhere appropriate, the comparisone ahall uee statistical |
uncertainty analysis of the data to demonmstrate the conservatism of the
transient correlation.

4:'.Traneient CHF correiations'acceptable for uae in LOCA transients
»include,.but are not limited to, the foilowing:

(a) GE'transient'CHF. B. C. Slifer, J. E. Hench, "Loss-of-Coolant

-Accident and Emergency Core Cooling Models for General Electric Boiling -
. : E . e . X
- Water Reactors," NEDO-10329, General Electric Company, Equationm C~32,

april 1971,3%/

5, After CHF is first predicted at an axial fuel rod 1ocation during
blowdown, the calculation ehall not use nucleate bolling heat tranefer
correlationefat that location subsequently during the hlowdown even”’
if the calculated local fluid and surface conditious would apparently
justify the reestablishment of nucleate boiling. Heat tranefer~aseump¥
tions characteristic of return to nucleate boiling (rewetting) shall
be peruitted when justified by the calculated local fluid and surfaeep_‘
conditions during the reflood portion of a LOCA, | T

C. Post-~CHF Heat Transfer Correlations.

1. Correlations of heat transfer from the fuel cladding to the
surrounding fluid in the post-CHF regimes of transition.and fiim boiling

shall be compared to applicable steady-state and transient-state data

) G ETE R




- 46 -

using statistical correlation anq uﬁcertainty analyées. Such cgmpafison
» ghallrdemonstraﬁeAthat'the correlations predict values §f heat transfer
coefficient equalvtd or less than the mean value of the applicable
experimental heat transfer data throughout.the range of parameters for
which the correlations .are to be used. The . comparisons shall quantdify
.the rélation of the.correlations to fhe statisticai wcertainty of the
appligable'dataL |

2. The Groéﬁeveld ﬁlow film bqiling correlafiqnl(equatioq 5{9 of
D. C. Groeneveld, "An Investigation of Heat Transféf in-the Liquid
Deficient Regime," AECL{3281,'reﬁiséa Decgmbef_1969),él/“thglmodified
Dougall—Rohsénow flow film boliling correlation (D. H. Roy, "Direct
| Testim&ﬁy on ﬁehalf of Babcock and Wiigox, AEC D&;ket.ﬁo, RM—Sd—l,h
March 23,.1972; page 7—8§l/; and R. S. Dougall and W. M. Rohsenoﬁ, "Film
Boiling on the Inside of Vertical Tubes with Upwafd”Flow of the Fluid at
qu.Qualities," MIT Report Number 9079-26, Cambfidge, Massachusetts,
Sgp;ember 19632£/), and the Westinghouse correlation of steady-state
transition boiling ("Proprietary Redirect/Rebuttal.féstimpny of
Westinghouse Electric Corporation,” U.S.A.E.C. Docket RM-50-1, page 25-1,
October 26, 1972)§z/arg acceptable for use iq'thé”ﬁosthHF boiling'
'regimes; Iﬁ.additiqnithe t;ansitionAbbilihg cqrfelatiéﬁ of Mcbonough,
Milich, and King.(J. B. McDonough, W. Milich, E. C. Kiﬁé; "Partial
Film Boiling with Water-at 2000 psig in a Round ﬁErtical Tube,'" MSA

Research Corp., Technical Report 62 (NP-6976), 1958)§lj'is sultable
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"for use betiween nucledte ahd‘film’boiling;' Use of'all these
"corrélatiéﬁs shall be restricted as follows:
"(a) the Groeneveld correlation shall not be used in the region
near 1ts low-pressure sinéﬁiarity, |
(b)}theffirst term (nucleate) of the Westinghodse.correlation and
ﬂizﬁe éﬁti;e ﬁcﬁbnough;yMiliéﬁ; aﬁd King éorr;iégién{sh;il,nét be
' used during the blowdown after the temperature difference
between the clad and the saturated'flgid first exceéds 300°F,
f(cj transition boiling'heat transfer shall mot be reapplie& for the
remainder of the LOCA-blowdown, even 1f the clad superheat
‘fetﬁrns below-BOO;F, except fér the reflood portion of tHe-
LOCA when justified by the calculated local fluid and surface

conditions,

H. _Cladding Swelling and Rupture. Calculations pflgap conductance,‘
cladding temperature, cladding embrittlement, and hydrogen generation
from claddingfwgter_chemical_rea;tions Bhall,téke‘sweliing and rupture of .
“the claddiﬁgfiﬁté aéébuntiﬁherefer the‘courée bf thé.postulated 1oss—of—_
coolﬁﬁt_acéident, calculgted inléccordance with an accepted evalgation
4mode1,.1eads,to predictiohs of cladding swélling orurﬁpture. Each .-
.evaluation'modél, therefpré, shall where required inciude a.model for

\

predicting cladding swelling or'rupture from considgfation of the

cladding axial tempefature distribution and the pressure differential,

N

b-

<
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both as functions of time. To be‘acceptable, a Bwéllihg and rupture -
model shall be baéed on .applicable data in a conservatiVe way .

I. Initial'Stored>Energy in Fuel. The étéadyvétate‘temperature

) distribdtion_and storedAenergy in the fuel before the accident shall’ -

be evalﬁated as a function of power density, fuel dénSity, cold gap

.dimension, fuel thermal conductivity, fuel heat capacity, cold-f1ll gas

composition.and pressure, and burnup (cracking of fuel,:épfbed gas and
fisgiangas release, changes in fgel dehsity, cladding_qreep). The )
values qsed.énd the burnup'ﬁhosen (time in éore lifetinﬁ) shall be a
such as to maximize .the' .cal.cu.l.ateb,%l:‘init_;'i_ail_.s‘t_:.:ored gné;gy in the fuel.
For this calculation, the.reactbr:operating power'shailhﬁe assumed
to.bé no.iesé thén 1;02 times maxiﬁum licensed po@éf. - |

J. Fuel Rod Thermal Parameters During Postulated Accidéht.

1. The‘célculations of ‘the fuel and the cladding températureé as
fuﬁctiqps of tiﬁe_shall use_vélueé for gap conductaﬁce,énd other
thermal paraméters:és functions of temperaﬁure'and other applicable
time dependent vériables.

2. 1If claddihg swelling or ruptﬁre is calcula;édvio occur, the gép
'condﬁctance'shall be varied in'agcqrdan;e with the'chéhéé-in ité diﬁeﬁ—

sions and any'ofber applicable variables.

K. Modeling of Rotatlng Pumps. The characteristics of rotating
primary system éircuiating pumps (axial flow; turbine, or centrifugal)

shall be derived from a dynamic model that includes momentum tramsfer
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between the fluid -and the rotating member, with variable pump speed-as -
a function of time.. The pump resistance used for analysis should be -
justified, The pump model for the two-phase region shall be verified by

applicable two-phase pump performance data.

L. Containment Preseure. The containment pressure used for

evaluating cooling effectiveness during reflood and spray cooling shall -

not exceed a pressure calculated conservatively for this purpose. The
calculation shall include the effects of operation of all installed
pressure-reducing systems and'processesi

M. Spray Cooling Heat Tramsfer (Applies Only to Boiling Water

- Reactors). Following the blowdown period, convective heat-transfer

shalllbelcaiculated using coefficients based on apnrcpriate experimental

data. For reactors:with jet pumps and having fuel rods in a7 x 7 fuel

assembly a;ray, the fcllowing convective coefficients are acceptable:
1, During the period‘follcwing lower plenum flashing but prior

to the core spray reaching rated flow, a convective heat transfer

) coefficient of zero shall be applied to all fuel rods.

.2, . During the period after core ‘spray reaches rated flow but prior

to reflooding'(aee paragraph 3)' convectiVe heat transfer coefficients of

2,0, 3.2, 1. 5, and l 7 Btu—hr -1 it 2—°F—l shall be applied to the fuel
rods in the outer corners, outer row, next to outer row, and to those

remsining in the interior, respectively, of the assembly.




- 50 -

3. After the two=~phase reflobding fluid reaches the level under

consideration, a convective heat transfer coefficiéﬁt of 25 Btu—hr_l‘.

--ft-2-°F-l~shall be applied to all fuel rods.

N. Channel Box Wetﬁing,(Applies Only to Bolling Water Reactors).

| Follawing the blowdown peridd,'heat transfer frém, and wetting of, the
channel box shall be based on appropriate e#perimental data,” For reac-
tors with jet“pumps and fuel rods in a 7 x 7 fuel assembl& ér;ay, the.
foliowinguheat transfér coéfficieﬁts and wetting time correlation are

acceptable. .

et

1. During the period after lo;;;”;ienum flashing; but p;ior to
~ core spray reéching rated flow, a convective coefficigpt'qf.?ero shall
be applied to the fugl assembly channel box.

2, Dufing the period after core spray feacﬁes réted flow, but
prior to wettiﬁg of the channel, a convective heat transfer coefficient
of 5 Btu-hr_;—ff-2-°F_l shall be applied to both sides of the channel
" box, |

3. We;ting of the channel box shall be aséuﬁed to occur 60 seconds
after the.tiﬁe determiﬁed-uéihg'fhe éOrrélatidn based on the famanouchi
o énalysié‘k"LQsS—of-CoolantvAccident and Eﬁérgency Core Cooling Models
for Genéral Electric Boiling Water Reactors," General Electric Compaﬁy
Report NEDO-10329, April’ 1971).2%/ | | |

0. Core Flow Distribution During Biowdown (4pplies Only tc Préssurized

Water Reactors).
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1. The flou rate through the hot regionuoﬁ\the corenduring
-blowdown shall be calculated as a function of time.l For the purpose.
of these calculations the hot region chosen shall not be greater than the:
size of one fuel‘assembly; Calculations of average flow and flow in the
hot region shall-take into account cross flow between regions and any -
floﬁiblockage calculated to occur:during blowdown as a result of cladding
'swell'ing’or_rupture. - The calculated flow shall be smoothed to eliminate
any_calculated rapid oscillations (period less than O.l seconds).
2.. If fuel cladding swelling or rupture is calculated to occur in
‘the hot region during blowdown the hot region flow shall be multiplied
by a flow reduction factor of 0.8 to form the flow input data for the
hot . channel heatup}calculation. o |
3. A method shall be specified for determining thehenthalpy'to be
-used as input data to the hot channel heatup analysis from quantities
'calculated in the blowdown analysis _consistent with the flow distribu—
;tion calculations |

P. Cooling‘Water'Injected During Blowdown (ApplieS'Only to Pressu~

rized Water Reactors), For postulated cold leg breaks all emergency
cooling water injected into the inlet lines or the reactor vessel ;

during the bypass period ghall in the calculations be subtracted from
the reactor vessel calculated 1nventory° This may be- executed in the

* . .caizulation during the bypaes period, or as an alternztive the zmount

3. : AY. ,
! | A Fa
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of emergehcy core céoling water calculated to be'injected.dufing.the
bypass peripd méy be subtractedAlater in the calculétion'from thé-
‘water_femaiping in the inlet lines, downc&mer, and réactof vessel
lowef plenum after the bypass périodf fhis bypassing éhall end in the
calculafiéﬁ.at'a tiﬁé designated as the "end of byﬁasé," after which |
‘the expulsidn.or‘entrainment ﬁechﬁnisms reépdnsiblé-for the bypassing

" are calculéfed not to be<effective.> Thé énd—of-bypaSS defiﬁition used
in fhe calcuiétiqn shall be justified by a suitablé coﬁbihation'éf
anéleis ﬁnd experimental data. Accepfablé»methods forAdefining.
Wend.éf»bypass"-inciude;Abut are not limited to, theAfolloﬁing:

1. ffediction by the blowdown éélcplation of downward‘flow in the down-
comer for the rémainder of the blowdqwn period; 2. Predictioﬁ of a
threéhold fdf-droplét entrainmént in the{upwa?d veloéity, using 1océ1
fluid conditioﬁs and a conservative critical Weber nﬁmber.

“Q. Reflood Heat Transfer (Applies Only to Pressurized Water -

" Reactors). - For the early portion of the reflood period, during which

droplet entrainment or fluid oscillations do not tranquft a two-phase

| ﬁixﬁdfé-to the core hot_spot;'ﬁeéf.tréﬁsfer éalculatidns shall be fof
s;eam—onlyf¢oolingAand‘ghallltake into account any flow blockage
calculated to occur as a reéult qf cladding sﬁelling'or rupture as
such blockage might affect both iocal steém flow and heat transfer.

A transition to reflood heat transfer coefficients based on appliicable

experimental‘daté, including FLECHT results ("PWR FLECHT (Full Length
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-Emergency Cooling.Heat Transfer) Final Report;" Westinghouse Report

/

WCAP 7665, April 1971)= L shall be made when calculated conditions are
sufficient tn_t:ansport a two-phase mixture to the_hot spot: The
criterie for such transiﬁion shall be'justified by analysis snd/or>
experimentel’results.' The use of a correlation derived from FLECHT data
shall be:demonsfrsted to be conmservative for the trsnsient to which it is
applied; presently available FLECHT heat transfer correlations ("PWR '
Full Length Emergency Cooling Heat Transfer (FLECHT) Group I Test Report,"
'.Westinghouse Report WCAP-7435, Janusry 1970;'"PWR FLECHT (fnil Length
Emergency<Cooling‘Heat Transfer) Group IT Test Report,""Westinghouse
Report WCAP-7544, September 1970; "PWR FLECHT Final Renopp Supplement,”
Westinghouse Report WCAP-7931, October 1972)——/ are not adceptable. ﬁew
correlations or modifications to the FLECHT heat transfer correlations
are acceptable only after they are demonstrated to be conservative; |

. bylcomparison ;o'FLEéﬂT data, for>s range . of parameters consistent

with the'trensient to which they are applied. |

R. Steam—Liquid Interaction in Pipes (Applies- Only to Pressurized

WatEr Reactors). During the refill and reflood periods steam flow
through primary coolant pipes is snngect to potential interference by
injected emergency core cooling water. This effect’sﬁall be included
as eppropriate'in the thermal and hydséulic aspects of rEflooding rate

calculations. During refiil and reficod the calculated steam flow in

reactor coolant pipes shall be taken to be zero during the time that

iz o
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accumglﬁtors‘a;e discharging'watér»iﬁfo-tﬁose pipes;-gnd emergency
éooliﬁg water shall be assumedlto mix homqgeneouslyAwiﬁhjsteam,4un1ess
expérimentai evidence is avaiiable-fegérding the realistic thermal-
hydraulic intefactioﬁ betwéeﬁ thé-s;eém a@d the liquid. = The

. thermal—hydféulicvinteraction between,sﬁeam and all emgfgency core
cooling water!sﬁall Bé'taken into account in calcﬁléting'cbre -
.refloodiﬁg rété;_

S. Reflooding Rate Calculations (Applies Only to Pressurized

Waﬁer Reactoré).v The refilling and'reflooding flow rate shall be
calculated ds-a function of time using an accéptable thermal and
hydraulic mcdel. Core refloo&ing Calcu;ations,which negleét

dynamic effects leading to fluid oscillations in thg sysfem gre'

acceptable, as are calculatioﬁs whiéh.include dynamic éffects. For

bqtb calculational4options; éore and system thermal-hydraulic
phénbmena shéll be modeled and reactor primary éoélaqt pumps shall' |

be assumed to ﬁave locked'impellers. The ratio of'total fluid-flow
.at the core exi; plané‘to the total liquid flow at tﬁe core inlet
plane (tar;Yovéf r%ﬁé f%aétion) sh;ll be‘ﬁged'to deté?miﬁé'the core

exit flow ard shall be determinedﬂinléécérdqnce with applicable .

‘experimeg;al'data (for example, "PWR FLECHT (Full Length Emergency
Cooliﬁg HeatOTransfet) Final Repott," Wéstinghbuse Report WCAP—7665;
April 1971; "PWR Full Lengﬁh Emergency Cooling Heat Transfer (FLECHT)

Group I Test Report," Westinghouse Report WCAP-7435, Jénuafy 1970; |




_55 -

."PWR'FLECHT'(Fdll‘Lehgtthmergency Cooling Heat Tranefer);Group II
Teet Report,"'Weetinghoﬁee Repcrt WCAP?7544; Septeﬁber 1970; “PhR
FLECHT Final Report Supplement,"\Westipghouse Report_WCAP-7931,.
October 1972) 51/ | |

The effects on the reflooding rate of the compressed gas in the
: accumulator, which is discharged follohing accumulator'water r

discharge, shall also be taken into accodnt.

III. COMPLETE EVALUATION MODELS

A.. Documentation

’_1.(Aj -A descripticn'cf each propoeed evaluation'mOdel shall be
furnished. The description shall be sufficiently complete;tc permit
technical’review of_the ahalytical'apprcach including the equatione
ueed, the assumptions made, and the values of all paremeters or the
ptocédure for their selection, as for example, in accordance with
a specified physical law or empirical correlation.

| (b) 'The description shall be sufficiently detailed and SpeleiC to

require eignificant-changee-in the‘evaluatioh'model to be specified in

. amendments of the description. Fcr~this purpoee, a-significent change--f

is a change that would ‘result in calculated fuel cladding temperatures
different by more than 20°F than the temperatures calculated (as a
function of time) previously for a postulated LOCA.

(¢) A complete listing of each computer program, in the same form"
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'as_used in'the;evaluation.model, shalllhe furnishedlto.the Atomic Energy
Commission. |

2. For each computer program, solution COnvergence shall be demonfi
. strated by;studies of system modeling or-noding and»calculational time
steps.

3, . Appropriate sensitivity studies shall be performed for each
evaluation;model, to evaluate(the;effect'on the calculated‘results of
variations in noding,'phenomena assumed‘in the calculation to pre-

. dominate, including pump operation or 1ocking, and values of parameters.
over their applicable ranges. Forvitems‘shown to be sensitiye, the
'choices made shall be’ justified.
4._ To the extent practicable, predictions of the -evaluation model
or portions thereof,‘shall be compared with applicable experimental

information.:s;;v;?f

B. General Standards For Accgptability - Delineation of all details

(in addition to the required features set forth in_Section II) of the
.basis-for general acceptance of evaluation models is not possible,
because of their-complexity:“.Elements of evaluation models reviewed
will include technical adequacy of the calculational methods, including
compliance with required features of Section II, and provision of a
.level of safety and margin 6f comservatism comparable to other acceptable
eveluation models, taking into account.significant differences in the

reactors-tolwhich they apply.

A LR
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" C. Evaluation Models = The followihg evaluation models, when - -
‘o _ N

modified as provided below for each, will be acceptabie:

1. AEC Evalﬁatioﬁ Model for Pressurized Water Reactors.

(a) This model will be agéépgéble'for applicaﬁiqn to ﬁressurizéd-
water reactors using 2, 3, or 4 primary coolant loops, and for ?bstuléted '
ﬁrééke:withlareaa‘af 0.5 square féet.and larger. H

A(b)‘ Thé-computEr programs, parémetérs,'ana other %éaéﬁféé'ofiphis
evaluation model are as described in the following references:

(1) "RELAP3-A Computér Progr;m for Reéctor'Blowddwn Analysis"

Idaho Nuclear Corporation Report IN-1321, June 1970.él/

(2) A suitable refill and reflood m@dglfaﬁd computer program to

_determine éystéﬁ'behaviorAfrdm‘the.end of blowdown to completidn of

. core reflooding.

(3) "THETAi—B,-A Compﬁter Program for Nuclear Réactoé-Core Thermal
Analyses," Idaho:Nuclear.Corpdration Répért IN-1445, February'197l;§£/

(4) ."GAPCONE A Computer Program to Predict Fuelftd-Clédding ﬁéat
Transfer.Coeffigients in Oxide Fuel Pins," Hanford Engineering Develap—
meqt'iaboratory Report HEDL—TME—725128,:September 1972.£l/4

(5) _Ihom,'j.R.S., et’aii, "Boiling in SﬁE—Cooied Water. during Floﬁ

Up Heated Tubes or Amnuli," Proc. Inst. Mech. Engrs., Vol. 180, part 3C,

1965-1966.2%/
(6) Dittus, ¥.W., Boelter, L.M.K., "Heat Trausfer in Automobile

Radiators of the Tubular -Type", Pub. in Eng., Vol. 2, n. 13, Univ. of
51/ | '

f ol
pigaht
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(cj The,analyt;qii“methpds employed in fﬁe above reports aqd‘thg‘
ééﬁﬁ#tef programs should be'mpdified:as_required to incipdg phg following
~ considerations: |
.(l) Blowdqwn Analeié
(1) Thé:break flow model and the noding qucificéfions described
in Section II.B shall be used. - | | |
.-(11). The transfer éf heat from the sourceékde8cribed in Section II.C .
éhall be included.
(iii) Friction pressure drop calculations shall be treated in
a‘cg;jlrdancé. with Se\c:t;l;on II.D. |
(iv):_The conservation of m&mentuﬁ equation.shall5bé treated in
'aqcordance with Seqtion3II.E.-f |
() Reactor rectrculation pump dyndniciperfornance shall be treated.
:iﬁ”accordaﬁéé'with'Séction II.K. -
(vi) - The reactor core heat tfansfér,correlations shall Be treated
‘ %n accordance with Sections II1.F and II.G, |
" (vil) The following.fluid héat.transfer correlations shall be'used
for the core region, as appropriate:
‘Nucleate Boiling—Thom | |
Single Phaéé Forced Convection - Dittus-Boelter
(Viii) quling water injection into the reactor coolant system shall

‘be treated ‘in accordance with Section IT.7.



-

(ix) Nitidgenf&iéﬁhargéd from accumulator tanks shall be treated
“in accordanée with Sectiomn. II.S.
(x) Core flow iq‘the hot region dﬁringlblbwdowﬁ shall bevcalcﬁlétéd
in aééordance with Secfion I1.0, |
(é) Fuel Pin Thermal Analysis
(ij The conservation of fluid éﬁergy equétion'shal1 be solved for
one—'and two-phase,fiow conditionms.
(11) The calculation of critical heat‘flux‘shall be performed in
acéordanbe with Section II.F.
(iii)>~Euel element heat transfer shall be tréatéd, as appropriate,
in accordénce'with Sectibné IT.C, II.G, 1II.H, II.I, aﬁd I1.J. .
(iv)‘ Thé following fluid hegt ﬁransfer cqfrelations.shall be used,
as appropriate: |
Nucleate.Boiling - Thom

Single Phase Forced Convection - Dittus-Boelter .

(v) Core flow during blowdown shall be used as input data to the fuel

pin thérmal.aaalysis in acgordance.ﬁith Section II.0,.

(vi) During blowdown, the core pressure and hﬁt.region inlet enthaipy
derived from the blowdown analysis éhéll be ﬁsed'és‘input-to the fuel pin
thermal analfsis. | N

(vii) During the reflood portiéﬁ of a LOCA;%élad;to—fluid heat-
transfer'shall be treated in accordance with Sectién Ii.Q, and coﬁtain_

mént pressure shall be treated in accordance with Section II.L.

-ird

T A TR
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(3) -The reflood analysis.

(i) Calculafion‘qf reactori;essel watef inventory shall be treated.
in a'cccjrdance wi'th Se_étion II.P. |

(11) The containment pressure uéed in the reflood analysis shall.be
't:eated»in;accordancé'with Section II.L.

(iii) ~Fluid preséure.drop ih_ﬁhe primary_side'of the steam generators
" ghall Ee calculated considefing heat trénsfgr from the secondary side and ;j
with the inlet conditions calcﬁléted'according to Sectidn II.S. |

(iv)A Steam flow calculations shall be treated ip accordance with
- Settion II.R, and appropriate congideration gshall be given to feacﬁér'

internals.veﬁf‘valves. |
(v) -Refiii éhd feflood rate célculations'éhall be tfeatéd.iﬁ

,-accéraaﬁce with.Seétion¥EI:Sf - |

" 2. -Babrock and Wilcox Evaluation Model.

() This model will be accepﬁable for application to prgssﬁ;ized—
‘water reactofs, with and without'reactor internaléIVEnt'valves, for
postulated breaks with areas of 0.5 square feet and larger.

() ”fhe computer programs, parameters, and other featufes of this
‘evaluation model are as described in the following references :

(1) "cﬁAFT = Description of Model for Equilibrium LOCA Analysis
Program" Repq£t EAW-10030, October, 1971.2%/ -

(2) "REFLOOD - Description of Model for Multinode Core Reflood

Analysis," Report BAW-10031, October 1971.2l/




(3) "THETA 1-B, a Computer Program for Nuclear Reactor Core Thermal-

Analysis," Idaho Nuclear Corporation Report IN-1445 February, 1971.— 51/

(4) "Multinode Analysis of B&W's 2568 MWt Nuclear Plants during a
Loss-of-Coolant Accident" Report BAW-10034, October 1971.§1J
(5) "REFLOOD - Description of Model for Multinode Core Reflood

Analysis - Supplement 1," Report BAW¥10031 Supp. 1, April 1972 31/

(6) "TAFY - Fuel Pin Temperature and Gas Pressure -Analysis,"

Report BAW-10044, April 1972. 31/

(7)) ”Multinode Analysis of B&W's 205- Fuel Aeaembly Nuclear Plants
during Loss=-of-Coolant Accident," Report BAW-10045, May 1972. 51/

(8) "Multinode Analysis of B&W's 145-Fuel, Assembly Nuclear Plants
‘during Loss-of-Coolant Accident," Report BAW-10048, June 1972. 51/

(9) Response of B&W to Regulatory questions regarding B&W Report
10048, September 18, 1972. 51/

(10) "Multinode Analyeis of B&W's 145-Fuel Assembly Nuclear Plants :
during Loss-of-Coolant Accident," Supplement 1, Revision 2 of Report
BAW-10048, October, 1972.5%/ | |

(11) Thom, J.R.S., et al., "Boiling in Sub-Cooled Water during.

Flow Up Heated Tubes or AnnuliA" Proc. Inst Mech Engrs., Vol. 180

‘part 3C, 1965-1966. 31/

(12) Dittus, F.W., Boelter, L.M.K., "Hest Tranefer in Automobile
Radiators of.the Tubular Type", Rubl. in Eng., Vol. 2, n. 13, Univ. of

Calif., pp. 443-461, 1930.2%/

t P L~y
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V(é)n The anélytical méthods employe& in the gbove refortsAand computer
programs ghouid bé.modified‘as requi?e@ to include-the'followiﬁg
considerations: |

¢H) CRAFT computer progfam; '

1) ?he break ﬁlow mgqelland the noding specificatiohs"aescribed
in Section II.B shall be used. |

(1i1) Thé fransfe; éf ﬁeaﬁ from the sources described in Section 11.C
shall be inqludgd. |

(iii)_*Ffiction pressure drop calculations shalllbe'treated in
accordﬁﬁée with Section‘II;D; |

(ivj The conservation of momentum equation shall be treated in
aécordance with Section iI.E; | |

v) .Reactor recircﬁlafioﬁ.pump dynamic performance shall be treated
in accordance with Section IIL.K.

(vi): Reactor core heat transfef c;rreiétions shall be treated in
accordance witﬁ Sections II.F and II.G.

(vii) ZThe following.fluid heat transfef correlétiqps shall be used
for thg core region,:as‘appropriate: | |

Nucleate:Boilingv- Tﬁém

Single Phase Forced Conyectioq - Dittua;Béelter

(viii) Cooling water injected into thé reactor coolant system shall
be treated in accor&ance wilth Section II.P.

(ix) Nitrogen discharged from accumulator tanks shall be treated

in accordance with Section II.S.
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(x) Core flow in the hot region during blowdown shall be calculated

invaccordancé with Sectién II1,0.

(2) THETA 1-B computer program.

(i) The conservation of fluid energy equation shall be solved for
'all one- and two-phgse fldw.cqnditions. |

: (11) The calculation of -critical ﬁeat flux shall bé perforﬁeé in
accordance with Section II,F.

(iii) The fuel rod heat transfer shall be treated, as_approﬁriate,
in accordance with Sectioms II.C, II.G, II.H, II.I, and II.J.

(iv) The following fluid heat ;ranéfer correlatiéﬁé shéil be uséd,
as appropriate:

Nucleate Boiling - Thom

Single Phase Forced Convection - Dittus-Boelter

(y) Core flow during blowdéwn shall be input to the THETA 1-B
program in accordance with Section II.O. -

(vi) During blowdown the core pressure and entering plenum enthalpy
derived from the CRAFT computer program shall be used asvinput to the
THETA 1-B ééix_nputer program. |

(vit) Du;ing the reflood portion of a LOCA, clad-to-fluid heat
transfer shall be treated in accordance with Séction 11.Q, aﬁa'coﬁtain—
ment pressure shall be treated in accordance with Section II.L.

(3) REFLOOD computer program.
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(1) Calculation of reactor vessel watér-inventory shall be
treated in accordance with Section II.P.
(11) The -containment pressure used in the reflood analysis shall be

treated in accordance with Section II.L.

(111) Fluid pressure drop in the primary side of the steam generators

shgli be calculated céﬁsidefinéhéééonda;y side.héét'trénsfer*and with
the ihlet‘cOnditionslcélcdiatéd dccbrding'to Section II.S.
. .(iv). Steam flow calculations shall be treated in accqrdaﬁce with
Sectioﬁ II[R, éné approprigté considergtion shall be given to reactor-
internals vent valvgs;

) Refill,apd'reflood rate cglculations.shal;.bé treated inl

accordance with“Seétion II.S.

3. Combustion EngineeriquEvaluation’M&del.

(a) This”modél will be acceptable for application to Combustion
'Engineefing*pressﬁrized water reactors for-postulated‘breaks with areas

of 0.5 square feet and larger.

(b) The computer preograms, parameters, and other features of the

evaluation model are -as described in the following réferences:

(1) "Description of?Loss-Qf—Coolént Calculational Procedures,"
52/

CENPD-20, Proprietary Combustion Engineering Report, August 1971.
"

(2). "Descriptibﬁ'of Losg-o0f-Coolant Célculational.Procedures,

Proprietary.Combustion Engineering Report, Suppiement 1 to-CENPDn26,

October 1971.22/
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" (3) "Steam Venting Experiments and Their Application to CE Evalua-. ...

tion Model," Proprietary Combustion Engineering Report, Supplement 2 to

CENPD-26, November 1971.22/

(4) '"Moisture Carry—over During PWR Post-LOCA Core Refiii,“ informal
proprietary Combustion Engineering submittal, Novemnber 1971.22/

(5) Thom, J.R;S;,‘et al., "Boiling in Sub-Cooled Wafgrlduring“Floﬁ

Up Heated Tubes or Annuli," Proc. Inst. Mech. Engrs., Vol. 180, part 3C,
1965-1966 .2/

(6)  Dittus, F.W., Boelter, L.M.K., "Heat Transfer in Automobile
Radiators'bf'the'Tubular‘Type, Publ. in Eng., Vol, 2, n. 13, Univ. of
Calif., pp. 443-461, 1930.2%/ | |

(c) The analytical mgthods employed in Eﬁé above reports and
computer progfaﬁs shéuld be ﬁodified as required td include the féliéw—
ing considerations:. ”

(L) CEFﬁASH cbmbuter program,

(1) The b;eakAflow ﬁodel and noding speéifications described in
Section II.B shall bé used.

, (ii). The trénsfer of heat .from thé gources descfibed in Section II.C
shall be included.

4(iii) The friction pressure drop calculationé shali_be treated in
accordance with Section II.D.

(iv) The conservation of momentum equation shall be treated in

accordance with_Sectidn II.E.

-




“(v) iReactor recircolation pump dynamic performance shall be treated
in accordance with Section II.K.
(vi) Reactor core heat transfer correlations shall be treated in
.accordance with Sections II. F and II.G.
(vii) ~The following fluid heat transfer correlations shall be used‘
for the core region, as appropriate: - ) - |
Nucleate»Boiling - Thom
Single Phase Forced Convection - Dittus-Boelter
(viii) Cooling water injected into the reactor’ coolant system ahall
be treated in accordance with Section II.P.
T(1%) Nitrogen discharged from safety injection tanks shall be treated
in accordance with Section I1.S. '
(x) Core flow in the hot region during blowdown shall be calculated
in accordance with Section . II 0.
(2) STRIKIN computer program.
(1) The fuel rod heat transfer shall be treated as appropriate, in
: accordance with Sections II.C, II. G, II. H, II.1, and I1.J.
.' (11) The following fluid heat transfer_correlations shall be used,
as appropriate: | |
Nucleate Boiling - Thom
" 8ingle Phase Forced Convection —'Dittus—Boelter
(iii)'vcorelflow during blowdown shall'be‘input to the STRIKIN program

in accordance with Section II,O.




(1v) During b’ldwdown ‘the éore 'pressure and gnteri’ng plenum enthalpy
derived frém the CEFLASH compﬁter’prqgram shall be Aus.ed. as input to the
STRIKIN computer program. -

(v) D'ur-ing-.the reflood pérti_oﬁ of a LOCA 'cl'ad—t'o.-_,fl‘t,iid heat transfer
shall be ti-eat‘e»d in accordance with Section II.Q, and ¢éontainment - |
pressure shall be tr_éé.te'd" in accordance with Section II.L.

(3) PERC coﬁputer program.

(1) Calculation of reactor vessel watér inventory- shéll be ﬁrgated
in accordance with: Secﬁioh II.P. |

(11) . The con_tainment-_press\'i\re used in the reflo‘o.d‘ra.na]:yses shéll be
treated in'ﬁck;ordance with Section II.L.

' (i1i) "F.lliid- pressure drop in the primary side of stéam 'generators.
s.halil' be -qaic1ﬂéted conéidering secondary'side heat transfer and with
_the inle; c_:qn_ditions calculated according to Section II.S.

.(i-v) .. Steam _'__.flow calculations shall be treated in accordance with
Section II.k. |

(Q) Ref111 aﬁd reflood réte cal culations shail be treated according |

~ to Section II.S. |

4. Gengral Electric Evaluation I—'iod_el.

(a) This model will be acceptable for appJ_icatiovn.to Genexn-'.a.l Electric
C;)mpa'ny boiling water reactors using jet pumps and a 71 7 fuel rod array.
in ezch fuel aaa_e'mbly. | ' |

(b) The computér pfograxté, parameters and other. features of the

evaluation model are described in the following reference:

e
) et A
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(1) "Loss-of-Coolant Accidentland Emefgency Core Cdoliﬁg Mddéis for .
| | 51/
a. Short-Term Thermal Hydraulic Model, Appendix A; NEDO-10329
b. Loné—Term Thermal Hydraulic Model, Appendi# B, NED0O-10329
‘¢. Tramsient Critical Heat Flux Model, Appendix C, NEDO-10329
4 “dﬂ  C6ré.Héétup*ﬁbdel,'Appendix D, NEDG-10329 I'

(c) The analytical methods employed in the above report and computer

-'progfama should be modified as required to include the following con-

Sidgrations:
(1) Short-Term Thermal Hydraulic Model.

(1) The break flow.and noding specificafions described in

V.Section II.B shall be used.

(11) The transfer of heat from the sources described in Section
II1.C shall be incIuded.

'(111) The friction pressure drop calculations shall bé treated

'iﬁ'acéordance with Section II.D.

(iv) The conservation of momentum equation shall be treated in

. accordance with Section IL.E.

- (v) Reactor recircqiation puﬁp pérformance éhall_be treated in
accordance with Section IL.K.
(2) Tfansient Cfitical Heat‘Flux Model.
(i) . The calcuiation of ecritical heat fiux shall be performed ,in

accordance with Section II.F. For 1967 and 1969 product line reactors
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‘with a 7 x 7 fuel‘r;dearray;in-an asséubly, the critiéél'heat flux
correlations specified in Appendix C of NEDO-10329 are acceptsble.

(11) The fuel r;d heat transfer shall be treated in accordance
with Sections II.C, II1.G, II.H, II.T, and II.J.

(3) Core Heatup Model. S

1) Thé'fuei‘fod heat transfer shall be treated in accordance
with Sectioms II.C, II.F, II.G, II.H; II.I, II.J, II.L, IL.M, and
II.N. For 1967 and 1969 product line reactors with a 7 x 7 fuel rod

-array in an assembly, the critical heat flux correlations specified in

Appendix .C 6f NEDO-10329 are'acceptable."'The“emissiﬁity-of Zircaloy

shall be assumed to be 0.67 prior to wetting and 0.9 affer wetting.

(4) Long~Term Thermal Hydraulic Model.

(1) .The 5reag fiaw‘;;d no&ing specificationsideécriﬁéa in
Section II.B shall be used.

- (11) Theltranefer of heat from the sources described in

Section II1.C shall be included.

(111) The friction pressure drop éalCUlafions shall be
tfea;eq ?n acéordahce with:Section 1II.D. “ |

(1v) Theﬂconservagiqn of momgntum gqua£ion shall Ee treated
in accordance.with'$¢ction II.E.

(v) Reactor recirculation pump performance éhgil Be treated

in eccordance with Section II.K.
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i 5. Westinghouse Evaluation Model.

(a) This model will be aCceptabl-e for application ‘to Wes tinghouse »
pressurized wate.r reactors using 2, 3, or 4 primary 'coolant loops, and
- o for post.nléted breaks.'vgit'n areas of 0.5 square feet and »iarger. o
(b) The contputer programs, parameters,.‘-and other features of the
evaluation-modei.-are ‘as” described in the following references:

1 "West’ithouse PWR Core Behavior Following a Loss?-o'f—Coolant

Accident," WCAP- 7422 L, January 1970 (Proprietary) 22/

(2) "Emergency Core Cooling Performance," Supplemental Proprietary

Westinghouse Report, June 1971.7~ 52/

(3) 'iWestin'gl‘zouse PWR Core Behavior Following a Loss—of—Coolant

' Accident," WCAP 7422, August 1971. 51/

A(,4)' "Additional Testimony of Applicant Concerning Emergency Core

Cooling System Performance," Indian Point Station, Unit No. 2, USAEC

Docket No. 50-247 July 13 1971. 2L/

(5)- "A Comprehensive Space-Time Dependent Analysis of Loss-of-Coolant

.(BATAN 4 Digital Code)," Wes tinghouse Report WCAP-7750, August 1971.2/

(6) K "-'LOCI‘A—RZ .Program: -Los.s—of—‘Coolant Transient ,Analysie,"'
Westinghouse Report WCAP-7437L January 1970.-5—%/ |

(7 mo;n, J.R.S., et al., "Boiling‘in Sub-Cooled Water during Flow
Up Hented"l‘ubes or Annuli," Proc. Inst. Mech. Engrs., Vol. 180, Part BCV,
51/ '

1965-1966.
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(8) Difths, F. W., Boelter, L. M. K., "Heat Transéef in Automobile
Radiators of the Tubular Type", Publ. in Eng., Vol. 2, n. 13, Unlvy, of
Calif., pp. 443-461, 1930,5%/
" (c) The énalytical methods employea:in the'abovézfeporté and coﬁputer
programsjshdﬁld.be modified as required to includemfhe.following-
cbnsiderationsé |
(1) SATAN computer program.
(1) The break flow model and.the noding specificétions described
in SectioanI.B shall be used. -
“(ii) The transfer of heat from the sources descfibed in Section II.C .
shall be included.
(111) ,Fric;ion pressure drop calculations shall_be treatéd in
‘accordance with Section iI.D. |
(iv)- ThéAconservation of momentum equation shall be treated in
accordance with Section II.E.
| ) Reacfor recirculation ﬁump d&namié performancg shall be
treéted in accdfdance with Section II.K.
(vi) Reactor core heat transfer correlationS'shall_bg treated in
| accordance'with Sectioné Ii.f and II.G..
(vii) 'The.folloﬁing fiuid heat transfer correélatioms shail bé used
"for the core region, as appréériate: |
Nucleate.Boiliﬁg ~ Thom

Single Phase Forced Convection - Dittus—Boelter
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(viii) Cooling water injected into the reactor coolant system slri:‘all»
be treated in e.cco_rdance with Section II.P.

_(ix) Nitrogen discharged from accumulator tanks shall be treated’

“dn aeéordance with Section II.S.

(5:) - Core flow 4in the hot region during blowdown shall be calcu-

.lated in hccprdance_with Section II.O.

(2) LOCTA computer program.
1) The ca.lculation of critical heat flux shall be performed in

accordance with Section II.F. In applying the W-3 correlation a simple

grid design ehpuld be assumed.

(ii) The fuel rod heat transfer shall be treated, in accordance

with Sections II.C, II G, II.H, TI.I and II. J.

(111) The follqwing fluld heat transfer correlations shall be used,

" a8 appropriate:

Nucleate Boiling - Thom
Single Phase Forced Convection - Dittus-Boelter .

(iv) Ce're_ flow during blowdown shall be input to the LOCTA prograin

" in accordance with Section II;O.

(v) During blowdown the core pressure and,entering plenum enthalpy

. derived from the SATAN computer program shall be used as input to the

LOCTA compurer program.
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(vi) During the reflood portion of a LOCA, clad-to—-fluid heat transfer

shall be treated in accordance with Section II.Q, and containment pressure

-shall be treated in accordance witn Section II.L.

(3) Reflood computer program.
(1) Calculation of reactor vessel water inventory shall be treated
in accordance with Section II.P.

-(41)~ The containment pressure used in the reflood analysis shall

Abe treated in accordance wlth Section II.L.

(111) Fluid pressure drop in the primary gide of the steam generator
shall be calculated considering secondary side heat transfer and with
the inlet conditions calculated according to Section II.S.

(iv) Steam flow calculations shall be treated in accordance with

Section II.R.

(v) Refill and reflood rate calculationa shall be treated inl

accordance with Section II.S.




PAE 79NN B 5 !

III. TECHNICAL DISCUSS ION

A, Diséussion of Criteria

PEAK CLADDING TEMPERATURE AND MAXIMUM OXIDATION ; '- i

 The Proposed Rule, §50.46, Acceptance Criteria (b)(1) and (b)(2) N |

~ (b)(l) Peak Cladding Temperature. The dalculated
. ma¥imum fuel element cladding temperature shall not-exceed
'2200°F, . ~ '

: - (2) Maximum Cladding Oxidation. The calculated total
oxidation of the cladding shall nowhere éxceed 0.17 times
the total cladding thickness before oxidation. As used
in this subparagraph total oxidation means the total thick- ‘
ness of cladding metal that would be locally converted to {
oxide 1f all the oxygen absorbed by and reacted with the
cladding locally were converted to stolchiometric zirconium
dioxide. If cladding rupture is calculated to occur, the
inside surfaces of the cladding shall be included in the
oxidation, beginning at the calculated time of rupture. : o Z
- Cladding thickness before oxidation means the radial ,
distance from inside to outside the cladding, after any i
calculated rupture or swelling has occurred but before
significant oxidation. Where the calculated conditions
of transient pressure and temperature lead to a prediction

.of cladding swelling, with or without. cladding rupture, the-
unoxidized cladding thickness shall be defined as the
cladding cross-sectional area, taken at a horizontal plane
at the elevation of the rupture, if it occurs, or at the
elevation of the highest cladding temperature if no rupture
is calculated to occur, divided by the average circumference
at that eélevation. For ruptured cladding the circumference

. does not include the rupture opening.

Discussion of Peak Cladding Temperature and Maxdimum Oxidation
Criteria (b)(1l) end (b)(2) are proposed to replace the single
clad ter_nperattire 1imit.qf 2300°F gpecified a5 an Interim Accep-

tance Criterion in June 1971. ’ _ o !

PRy
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Understanding of the proper limits on cladding behavior has
evolved through a number of stéges. Eﬁch stage represents increased
understanding 6f zirconium embrittlement and other physical phenomena.
" The étages are .gall related, but in a complex manner as.described in
the_fbllowing paragraphs.-

A maximum glad'temperqtgfe 1iﬁit is gpecified in order to preclude
clad melting during'a LOCA and to limit energy release associated
with the zirconium-steam reaction. These.réésons were addressed
in the staff Direct Testimony (Exhibit.ldo;,‘Secfion 2.2), aqd
they remain as valid justification for sﬁecifyiné é maximum clad
temperature limit. Howévef, melting'and energy reiease from
zirconium—steam';eaction are not the basis for specifying_a
2200°F limit; in fact, a 2300°F limit would be sufficient in
thié regard., A 23005F limit is also sufficient in tﬁe staff's
présent opinlon-to liﬁit'cladding.damage by eutectic formations,
even though the staff Supplemental Testimony suggested a 2200°F A
limit to pfeclude a damaging amount of zirconium-nickel or zirconium
iron eutectic (Exhibit 1113, Section 19). The staff clarified that
earlief‘suggestiqn by stating in.réspoﬁse to questioning'théé if«

‘the effects of grid spacer flux depression, cladding pre—oxidation,
an& other factors were considgred, a peak cladding temperature of
2300°F would be sufficiently low to Ilimit damspe by eutectics

(Transcript 20,538-41).
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Limits_on_both'thé temperature'énd the'dééréé of feéctibn
weré‘first shown to be necessary to quéntitatively limit embrittle-
ment ana fragméntation by ‘the quehch tgsts of Hesson (see Exhibit
1113, page 18-1). Several series of q;ench experiments have since
been pgrformed wi;ﬁlﬁomparable results (Exhibit 509; Exhibit 1151,
pagé 16—34;.Exhibit 1122, Appéndix A} Exhibit 1066;'Séctioh 2.1 and
Tranadript_13,374i6; Exhibit 1137, Section 6). .Some of the éuenched
samples frOm-the ORNL experiments (Exﬁibit 509) were.subjected
toAdiametrai EbmprEasion By impact 1dédé...From:thié information
OR&L was able to éorrelate the degree of cladding'embrittlement
to the pa;émetef Fw. (Fw is the fraction of mate;iaizrémaining'A
as prior-8 phase; therefore a correlation with'g penetrationt
ig.a correlation [of different form] with'Fw;.see Exhibit 1113,

Section lB.).-Additional metallurgical and slow compression

mechanical tests on other quenched.samples from the ORNL experi-
ments (@Ehéhiﬁ_llﬁé) indicated that an importént.considération

was the amoﬁﬁf and distribufion of oxygen in the nominally ductile
priof—B_phaée.l However, these fagtors coqld not be correlated as
functions of time ahd temperature in Fhe sa@e manner ag the [
penetration., In péfticﬁlar, the slow compression tests indicated
& greater degradatidn in cladding ductiiity at higher temperatﬁres
than would be éxpected'from considerations of { penetration alone.
It was on fﬁis-basié that the staff previously suggested a 2200°F

‘maximm cladding temperature (Exhibit 1113, page 18-18).

IR £
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“To preclude clad fragmentation and to‘adcounttfor:éféects

‘noted in the_fesfs described above, a 1iuq;l6f ET/Wo-fp.Z47was

garlier sﬁgges;éd by the Regulator& staff as an embritfleﬁgnt criterion’
(Exhibit 1113, éage 18-18). This limit was inferred from quencﬁ tests
and mechanical tééts.' Criterién (b)(2) is now propoéed_as a begter
metﬁbd of Qpeéifyiﬁg a similaf limit oﬁ the‘extent qf'giadding oxida-
tion; The béses for proposing this- method are.déSCribéd be;ow.

" The &égradatibn in cladding ductility'és descriﬁed,by the>sta£f
(Exhibit.lll3, SeétionAlB.O), has been asserted to be‘aﬂ.insufficient |
reason to'limit:cladding Femperaturé to 2200°F (Westinghouse Concluding
‘Statement, pagé A-6; B&W Concluding;Statement, page 238; GE Concluding
Stétement, paée-ﬁ—30;~CE Concluding Stafement,.pages 2-8, 9; ECCS
'Utility Groub.Conclﬁding Statement; page 39).. Howe&er, it will be -
'demonstratedfbeléw that the phenomenon of degraded:ductility of oxidized .
cladding as a function of”temperature 1s well supbofted by evidénce in.

Athe hearing rééord.

- A limit of 2200°F is consiStent.with the regultg‘of the impact tests
at'ORNL,'deépite the sﬁggéstion that the impact tgsfs shcwed no inability
to correlate 7ZDT with: Fw (E&W_Concluding-Statemént;'pégé 238). In fact,
the phenqmené suggested by the ORNL slowlcompression Lests could ﬁot have
been detected by the impact teats. lWhat’was observed in the slow com;,
preséion tests was that 6 samplés exposed at 2400°E for only two minutes
and with rélétively high values of Fw (all greater'fﬁap 0.65) all |

fractured with nil ductility. On the other hand, no impact test
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~sanules éxposedvat»2400°thad values of Fw~greater than_0;44. With
such low valuea of Tw (large gepenettatiOns), brittlelfailure would be
expected; vlhis is consistent'With the results ohsefved with samples |
'expoeedlat,IQWer.temperatutee.which also had low Fw. ~6nly when brittle
failure was?deteeted'at high W in the slow compression tests did the |
Buspicion arise that ductility was a function of both Fw and the
exposure temperature | |
B&W supports the concept of deviation from linear behavior in

correlating the ductility with Fw as the temperature increaseq (B&W
Concluding Statement, page 239). However, B&W asserts that tbe |
deviation‘oecuts at- a temperature higher than-2200°F, B&W bases

their aésertibnion the belief that the actual temperatufes.above
i2200°F in_theioﬁNL exuerinents were higher than thefteported values
(B&W Concluding“Statement, page 239). B&h also assertslthat the -
reaction in the ORNL tests was steam limited. The’staff believes that
_the;reaetion.haelnot stoichiometrically steam limitédﬁif the total
~stean-availahle'is considereqf However, at the surface of the sample
the reaction may have been oxygen limited. The stean'flow for both
the.OBNL‘andaB&W_tests waeicertainly in the'laninar fegiﬁe. In fact
this also aﬁpeare to be the case for both the.ANL teete‘(see Exhibit
1113, page 18-1) and the CE tests (Concluding Statenent). If so,
then diffusion through: the steam boundary layer would tend to decrease

the oxygen concentration_at the surface.
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The staff believes there iavsome'Validity to the B&W claims
concern;pg qtéam—limiting_and highe;—thaﬁfreportéd témbéfétures( To
answer theee'questioﬁs, future experiments should be performed with
steam in thg-tuégulent flow regime. Also, the tempeféfure of the
expefimental'éémples”should‘be measured, ra;her than.iﬁfefred from 
" the heater temperatures. If the:ORNL exposures were indeed at highér
temﬁeratures,ﬁhﬁn reportéd, as claimed by B&W, then'aéy'effect of these
errors in tgmperéture could not have Been éerioﬁs~drfthe’ORNL reactiéﬁm“
kingtics daﬁa“would.not correlate so well with other datg sets. Op the
othér'hand,_if laminaf fiow was a real problem.andAinQQlVea conseqﬁéht
steam lindting,ﬁthe rate information at high t¢mperatufés may be non;
consgrvativ;. |

B&W has expfesséd concemn that several samples from the same experi-
mental tube, noﬁinally isothermal, showed‘variations ih_Fw of 30 percent
(B&W Concluding Statement, page 247). Such a variatidn could be caused
lby imp;ecision:in ﬁeésurement of'the'q/B bowndary or-Byhaxial temper-~
ature varia&ionsiin the tests. The temperature variatiéns are important
because alpha incursions into the B phase begin to occur as the ox&gen
concéqtratién'in the 8 phase approaches satufation,énd'the’a/B boundary
becomes soneWhét irregﬁlar. The actual technique used to measure the
o/f boundary is'very precise and should not be the source of the 30
percent variétion‘ However, the w«/B boundary is very i;regular, and
therefore the reported value of £ 1s dependent tupon s;bjective judgment
by the experiménter. Although variations in Fw aré.imﬁortant in the

statlstical analysis of the information as applied to rate-equation

Y7
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d‘erivati_on,A .these varila‘tiona: are tmi;dpo_rtarit in c_:orr’ef_Léting the
nechanieal:properties of the clad-as'a-function of Fw since the
: meaeiired‘valhes' of Fw and temperature are used. |
At the tine of the staff Supplemental Testinony (Exhibit 1113,
-pages 18—14 to 18- 16); the ORNL slow conpression test results were new.
The principlesnof beta—phase'oxygen concentration were acknowledged and
discussed (Transcript 21, 321—3 20 935—9 .20,631- 8 21 498-501;
a20 627 8), but the principles were not sufficiently developed ‘and
aupported With calculations and measurement to allow mwre than the
.simple limitation of 2200°F. It was stated (Exhibit_lll3; page 18-18)
that: - o '. (. S
"The staff recognizes ‘the importance of oxygen concentration
~in the B phase in determining the load bearing ability of Zircaloy
cladding, and the implication from the recent compression tests
that this may not be satisfactorily characterized above 2200°F
by a ZDT as a function of remaining B fraction only '
| VThis‘principle stilllholds. Moreover, the considerations of temperature
errors and steam limiting serve to relnforce the_anggested need for cautien
in interpreting.data taken at ‘high temperatures. | |
As oxygen saturation is reached in- ther beta phase,‘ precipitation
of alpha zirconium in the grain boundaries and other rapid dlffusion
paths can occur,as shown by the ORNL (Exhibit 1126)'and‘CE (Concluding
‘Statement) e#periments for exposurea helow'2400°F for long ekposdre
times. As the temperature rises gbove 2200-2300°F; solid solution
hardening in the 8 phase appears to contribute significantly to forma-

tion of a brittle structure. That is, brittle failure occurs even

WELs 54
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though alpha incursions are not observed and the fraction of remaining
B is greater than that observed in lower temperature tests This 1is
confirmed by examination of the six samples from the ORNL specimen
exposed at 2400°F for two minutes (Exhibit 1126). A high fraction of
remaining B (Fw >0 65) and no incursion of o into the prior—B region
. _were observed, which observations are consistent with high saturation
concentrations-at elevated‘tenperatures_(See phase diagram, Exhibit 1122,
page 2-5). Solid solution hardening is a well knonnsnétallurgical
jphenomenon and does not require saturation concentrations, but JUSt a
sufficient concentration which can occur at the higher temperatures |
without saturation. |
Westinghouse (Exhibit 1151, page 16— 34) displays the available
quench test data in such a- way that the oxygen content required to
cause quench failure shows a definite trend to decrease with increasing
temperature. This is quite consistent with higher oxygen concentra—
tion and possible solid solution hardening'in the beta phase at higher
exposure temperatUres. This 1is because mos t of the‘oxygen goes into
the oxide andfoxygen-stabilized alpha”layers. Therefore,-if the
relatively small amount of oxygen in the beta:layer;is.controlling,
' brittleness:can-occur without the heavy.oxide and alpha?layers; ime;,
with less total oxygen content. B
Although CE claims there is no anomaly exhlbited by the data.for

- failure loads -of specimens exposed at temperatures above 2200°F, they

did suggest_a,trend to lower failure loads with increasing exXposure

EATAE
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- témperature for ébmparaﬁle vﬁlues of Fw (CE Rebuttal Testimony;'Sectioh>r

2). The hardness measurements presented in Exhibit 1126 also show a

———

‘trend to increasing hardness, and therefore decreased_duttility; with

e T

increasing exposure temperature.

From'tﬂe fﬁregoing ﬁﬁere 1s ample evidence that7lbéd'béaring abilify
and ductility decrease with increasing exposure temperatures, even for

. ttansients'wiph éompérable Fw Qr.gT/Wo. 1Increased soiubility of oxygen
in the‘priorfB‘pHase has been discussed as a contributing.faCtor
(Transcript 20,627-59; Exhibit 1113, Section 18). CE has suggested

that hardness determinations are a measure of oxygen concentration

(Transcript 2d,627—§9)-as well as brittleggss.. This implies:that
soli& solutiép hérdening may be.a contributing factéf to the observed
‘degraded beﬁaviqr at higher temperatures and high sp;ﬁﬁilities.

GE éuggeété-that quench expérinents eﬂhigit ttanéiénﬁs more severe
than BWR LOCA ffansients in terms of tenperéture as weli as time at tem-
'éeraﬁure (Exhibif 1122, page 2-5; GE Concluding Statement, Section M).
Hoﬁever,‘those discussions do not establish what constitutes-a mo?e severe
ﬁrans;ent. It can be inferred tﬁat.if the exﬁe;imenial temperature-~time
" curve is outéide_the LOCA traﬁsient'curves, GE considefs'it.to be moré
severe. Thaﬁ.is, 1t is more severe forvthosé times é;AWhich'the temper-*
ature in the experiment is greater than the calculaté@ femperature in the

LOCA. It is possible, however, that this is not a sufficient measure of
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severity. 4 'e_low'er cooldown prior to quench may enhan.ce'.jlocal oxygen

‘concentration. in -grain boundari.es..and‘thtm promote fragmentation. Thus, .

a specimen whic:h is at a higher temperature for 1onger time, but is-

———

cooled rapidl prior to quench, m may_ actually exhibit greater strength

W In fact, GE clites an example (Exhibit 1122, page 2-5)
where a samp'le,:_-Wh'ich was slowly c’ool-ed_,A falled. 'fhe: e};tent of oxida-
tion in the,'_vsample ~vias less- than -would be expected for r;ailure on the
basis of other a"amples which were: rapidly quenched. GE f'attributes this
to long coo.l.down near the transformat._i‘on temperature where precipitation
of oxide in the grain boundaries is the cauee of the ‘b,r:ittle behavior.
Consideration of the phase diagram as presented by GE in-Exhib it 1122
suggests to the staff that in the o zirconium at the bonndar'y between

the o phase and the Zr0, the oxygen concentration is very hlgh and is

2
relatively independent of temperature. None of the o phase at the

a/Zr0 boundary has an oxygen concentration as low as the concentra-

2
tion of oxygen at the o/B boundary. Therefore; precipi.tation of ZrO2
in the prior—B region is very unlikely ‘Some small anomts of oxide
precipitation might occur near the on/ZrO2 boundary. Thus 4 more _'
likely explan.ation of the GE observation is ,that a-’phaSe _.precipita—
tion oecurred in the grain boundaries. This could occur: during the
cocldown wntil the transformation temperature is reached (about
1550°F). |

The slow cooldown and the high temperature phenomena discussed

previously cai be related. At high temperature, mo-re okygen is
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dissolved in tﬁé'B phase, Asvcéoidowh proceeds fromihigh temperature,
thg'conqengr;tion of oxygen during phase transformation would préduce
a‘phaée ziréoqium with\a very high local oxygen concentrétﬁgn; as has
been éhown expgrimetltally. Thus, important cbnsider}ations with respect
to gmbrittlemenﬁ are the cooldown rate and the température from which
codlddwﬁ:OcCUrs.l |

The staff Believes that because of high‘tempergtureidég£adation and-
8low cboidowﬁ phenomena (both étrongly suggested by the experimental
.EVidence_ci;ed)‘the suggested 2200?F limit should_beAinmosed. After
j,gxpérimentél aﬁd énél&ﬁiéal_information Beéoméé availabie oﬁ these |
phenomena, reton;idefation of this iimit would be proper.

TheIStaffidées not believe that the stress céiqulgpipns performea.
by the vendore. (Exhibit 1122, Section -4; Exhibit'llSl; éection 2; Exhibit
1144, Section_2:2) can be relied upon for making liceﬁsing decisions.-
The cal culations have been uééd primarily to demomstrate that quench
loads are sé;predominant that all other léads can.be effectively
ignored. The étaff believes ﬁhat quench'loads are likély the major
lqadg, but the:staff does not believe tﬁat.the evidence is as yet
.conclusivé'e;ough to ignore all other loads (Exhibit 1113; page 18-9).
The oxidation of'zirconium proceeds in such a ﬁannefutﬁét'the_mate;
rial can in go Way‘be considered homogeneous. As.oxygen saturation
is approached in the beta phase, incursions or fingers of alpha

zirconium protrude into the beta region. During cooldown and prior




- 85 -
..t-:o quen.d'l."p'recip'itation" can occur along grain bour'xdari\:'es. Even
“ without this irregular Eprmulaticn of oxygen rich a;ziréon_ium, the
_stress calculations are'o'f doubtful quantitative value because an
oxygen gradient imuld exisfi in the 'B>phase. Property data for variously:
oxidized zirconium samples are simply not available (Exhibit 1113,
paée 18-9), and the important me”chanical' propertieé very likely'are

strongly related to oxygen concentration and distribution. In short,

property data for varying oxide concentrations, disj:riButions, and appli-

cable morphologles must be obtained before a calculational approach to
stresses and loads can be relied upon. It is worth noting that two vendors

suggested the incorrectness of the calculational approadles taken.b; each

other, and in particular the role of the oxide in these stress. ~calculations .-

A(GE Conéludihg S'tatement, Section M; Wes tinghouse Concl.u'di'ng Statement) . |
The staff recognizes that the failure mode in ring compression tests
is not theve.iame- a8 would occur during a LOCA (GE anplgdiné Statement,
Section M). Héwever, such tests do allow investigation’land quantification
of cértain phénome.na not readily studied in.__q,ue‘nch tests. Load deflectioq
data allows assegsment - of stress and strain reiatioﬁshipé. DuctilAe—
brittle transition can. be assessed at known temperaturés (ZDT), whéreas
-the pre;ise q.uenchAtempé;raﬂtv;zres.; il"l qugnch ‘experim'ents are not known.
Maximum cross héad travel. in an experimental "apparatué' is not as
importanf a concém as has bgen suggested (Exhibit '1078', Section 2.2.6;

B&W Conc"-_uding Statement, page 259). What is of interest -is the strain
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(elasfic and-plasﬁic) upbto failure. 1In facﬁ,'bdmbUStion Engineering
(CoﬁcludingvStatgﬁenﬁ) hag_sugggsted that détermination of straln for
a sample éubjected to ring compréssidn:could, in part, form the basis
for ‘defining a-iimit on degradation éf cladding duétility. .However,
the staff does not believe that straln can now be determiﬁed from
either digme;rai compression tests or from calculationé Qitﬁ'éufficient
accuréCY'for:iiéénéing evaluations .

Varicus pethods-fof defining a cléd embrittlemenfvlimi£ have been
eugggsted.  Sgﬁefai have_been compared by GE (Exhibit 1122). All |
nethods'defihefalﬁumerical’limit and a calculational procedure for
,comparing teﬁperagure histories to that limit. Any metﬁod can be made
moré'consefva;16e by adjusting the limit or the'calculétional procedure.

Wegtiﬁghdﬁge,suggested that a 1imit based on a parameter relating
to oxygen.in,fﬁé B phase would be better than a limit nged on the
fvaer of ET/W& or equivélent zirconium convgrted to oxlde (Concluding
Statement, Séction III-B). The staff agrees that this would érbbably
be more meaﬁiggful than some of the other methods discussed above.
;1"HOWéver,-the.§té;e of the art does not now permit gséessﬁenf of ;ﬁch-

_a’ﬁ hhase pataﬁeter'(onlyrplosed sqlutions“for-semiiﬁfiﬁite geometry
we;é presented -in the hearing; no finite différénce'solﬁtiohs were
presented). ‘

Westinghouse (Concluding Statement, Section LIZI-B), GE (Con;

cluding Station, Section M), B&W (Concluding’gtatemeﬁt)'and the ECCS

JAn et




- 87 -

Utility Group (Concluding Statenent)-favor a limit on'percent oxidation
(defined as the percent of cladding converted to oxide i1f all the
oxygen absorbed by the cladding were converted to stoichiometric ZrO ).
Ihey also favor more realistic equations such as Klepfers or the
Westinghouse correlation (Concluding Statement page A—lO) to calcu~
late the percent oxldation. Table 1 presents a summary“of recommen— -
dations by various participants. | ‘

GE (Concluding.Statenent, Section M), B&W (Concluding Statement),
and the Utilities (Concluding Statement) aesert'that~percent reaction;
‘siﬁée it includes total'oxygen upt ake, satisféctorily.accounts>for‘ |
the oxygen in the B phase. However, percent oxygen do’esA. not in ‘any
direct umnner account for the concentration distribution throughout
the B phasea- As an example, a sample at 2200°F, 1if exposed for a
sufficient time, could be expected to have an average‘B ‘phase oxygen
content greaterithan 5060 ppm. However, a sample exposed at 2100°F
couldgngxgg;reach this concentration because the saturation concen-
tration is less,than 5000 ppm at 2l00°F (see phase diagram preaented
by GE in Eﬁhibitzllzz). Although the amountbof OXy gen in_the B phase
ﬁay be'a small‘fraction of the total oxjgen (about 4-20 percent), it
" is an:inportent factor in deternining the load'bearing.ability of the
cladding. |

Although percent reaction is not the most direct method for

characterizing degraded cladding, certain features of the 17 percent

reaction limit support its use as a limit, at least for the present.

/Lﬂﬁﬂf*é




TABLE 1

REOOHMENDAIIONS FOR EMBRITTLEMENT CRITERIA AND METBODS.

Temperature 0x1dat10n :

. CGlad Thihning - Zirc-Water

, , ‘ v Inside A .
-Participani: Source Limit -°F Limit - Reaction Percent Expansion Reaction Equation
'Utilities  Conclusions 2500 12-17% clad reacted = 0-75% of 0-40 Klepfer
o o ‘ - outside ' ’
B&W Conclusions 2400 197 clad reacted -0 , i : 0 Klepfer'
G.E. Conclusioné 2300% None#* 0 -0 Baker-Just
C.E. Conclusions 2500 Fw > 0.65 2/3 of outside 50% C.E. \
. . . : N m
Westinghouse Conclusions 2700 gt /wo <0,47%% 0 0 Westinghouse o
: - 4 . o I
Staff Rebuttal 2200 gt/wo <0.44 100% Baker- Calculate Baker-Just
' ‘ : " Just after '
rupture***
Staff Conclusions 2200 17Z'clad reacted 100% BakerQ Calculate Bakeernst
Just after ’ '
rup ture***

* G.E. bﬂlieves 2700°F and 17 percent reactlon are, better limits but does not recommend any change
from 1nterim Acceptance Criteria. C

*% Westinghouse states that this is equivalent to 16 percent-clad reaction.

*%% Within 1.5 inches of the center of the ruptnre.

C’,’ it 5’ g7
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The 17 percéﬁt reaction limit has been well téétéd.;; é.iimit'for
quench exﬁeriments (Exhibits 509; 1151, page 16-34; 1122;.Ap§endix a).
Its use wiﬁﬁ thé,Baker—Just equationAis,conservati§é_wh§q coﬁpéred_

to the préviously suggested limits of ET/Wo <0 .44, ;This.ié shown in |
Figure 1 for isothermal conditions; Four iines of'conéfgnt calcu—
late& ET/Wo‘are constructed on. the plot of'perceht-reaction versus a
:parametér propoftional to the square rooéﬁaf exposutef?ime. Thefsolid
'gT/Wo lines are based on Pawéls equation (Exhibit 11335,‘andlthe |
dashed liﬁes are based on Exhibit 509, page 9, Figure 5. As can be
seen, the ET[W0'= 0.44 lines are both aboye the 17'percént-fééction 
.line. .The,£T/Wo = 0.35 lines bécome more conse;vatiye‘than”the'i7
percent limit for tenpefatures below‘aﬁout ZIOQBF for iéqthefmai
exposure. This 0.35 valug 6f ET/W6 is nearly equivalgnf'to thé:

Fw = 0.65 fecommendea by CE (Concluding Statemenf, Secfibn 2.1.).>

Upon reconsideratioﬁ siﬁce the Supplemental Tesfiméﬁ& ﬁhase of

the hearing, thé[Regulatory staff doeévnot‘believefthaffevaluation of
several different methods for calculating ET/WO wéqié'ﬁé suitablé.‘ It
should Bé noted by comparing‘tﬁe solid and dashed EE/?& curves that the
method. of caiéalation ia-exgremely important. Both“éoiid and dashed |
curves were derived from the same dat; sef (Exhibi;v569). The dashed
curvee were based on an_Arrenhius type.equation sﬁch'és Békér—Just;
whereas, the solid lines were strictly‘enpirical without-éarti;ular‘
regard for'kinetic theory.l It is apparent from the fiéure that differénf

oxi dation correlations have advantages in different regioms. In
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pafticular the empirical correlation is very beneficial in the regime
from42206°F to 2400°F. Tﬁat is, the same isotherﬁél fime-temperature
; expoéure thaf results in a calgulated gT/Wb = 0.44 using the empirical
‘equation rééults»in:about 25 to 30 percent clad converted to oxide
uéing ngefeJust in this temperature'qénge; It is in»this particular
regime that the staff is urging caufion; . The upward trend of thehdashed
lines with increasing temperatures indicate that even Pawél's Arrenhius
equation tends to bé'béneficial at higher temperaturgs.. Thefefore,
Baker-Just with,ithkﬁéyn 1n§feasing conservétism with increasing
tempé:aturé is preferred (see discussion fbf”Séétion II.C.S).:

of primary inie?eét ié the coﬁpa;ison of the proposed oxidation
llimit (17 percent equivalent cladding converted to pxide) and the pro-
posed methﬁd.(Baker—Juét) with experimental data. By comparing cal-
culated total oxidation as a function of /Ef to theﬂokidatiqn limits_
for various experiments, isothermal data may be evalﬁated quite readily.
Isothermgl calculations for'éarabolic behaviof aré fepreéented by
straight 1inéé of constant temperature in Figure 1. Variations of
thickness qu whether or not the reagtion was considered to be one-
sided or two-sided (N =1 or 2)“can bé>aécomﬁgdated‘in this figure.

The ORNL slow compréssion.and impact tests (Exhibit 509) are repre-

sented as horizontal intersections of the reé:tiqn_isotherms. The
numbers represent deformation temperatures. Numbers to the right of

the isotherms are impact tests, to the left are slow compression tests.

LA R4S
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Ifthe number appears sbove the horizontal line the »sariple or samples
M,failed with aero ductility as}determined by the experiment. .By this
criterion no“samples.tested hy slow‘compression ébové.éoobr failed with
' nto ductility 1f the calculated reaction was less than 17 percent.
All of. the failed samples tested under impact had greater than 17 per-
cent cal_culat_ed reaction. The CE single sided data :dichSsed in the
'heating (Ttanseript 13,374-6) are.represented by‘sdnareslon~the
'isothettBA If the sample fractured on compression by CE's loading

. standard it was considered to have failed and is represented by a
ifilled-in square. By this standard only’ sanples above 17 percent cal-
culated reaction failed. To use Figure 1, oxidation may be calculated
for transient cases by standard methods (see for’ example Exhibit 1133).
However, the calculated transient lines have no relationship to the
calculated isotherms. Also, since the lines 6f constant 6 /Wio are based
-on isothermal calculation and keyed to Baker-Just isothermal curves, |
they do noﬁ represent true &, /Wo limits for transient oxidatlon Five

| of Hesson 8. transients (see Exhibit 1113, page 18- l) were presented by
GE (Exhibit 1122). These transients were integrated using the Baker—.A
‘Justfeqnationfand are shown in Figure 1. -If the sample failed as. |
.defined by‘hesson, the curve is terminated with an X.j A circle indi-
cates termination of a transient for an'unfailed specinen. The‘coné
parison‘with'the 17 percent limit is good, two transients failed with

‘reactions calculated to be about .19 and 30 percent and three survived

Y. P ¥
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'wi:h,reaccions calculated to be 10 ‘10, and 20 percent ‘The 17

percaut limit satis factorily bounds the behavior of calculated tran-
si-ent o:d.dation for the failed specimens.
Two additmnal experinental data sets are worthy of note. Westing-

hous. experlments showed that only their samples with a reaction

mmured to be greater than 17 percent failed upon quench (Exhibit 1151, .

.page 16-34). However, the tra_neients are not amenablé to Baker-Just

‘cal culation =eince they were exposed in air. The General Electric TTE
experiments (Exhibit 1122, Appendix A) demonstrated approximately- the

same quench f’ailu_re behevior'i Howevef, the effect .of the reaction of

- alumina with the inside of the cladding makes the comparison with

re‘milte_pf celculations' ‘somewhat doubtful.

In somery, ‘the very good comparison between the 17 percent limit

and a-.wide.-vari'ety_of experiments c‘_alculated‘ with the Baker-Just equation

V supports addption of this procedure.

- The etaff believes that properly designed experiments would be
necesaary in. order to justify reconsideration of the conservative

enbrittlenent criterion we have now proposed Quen_ch and metallurgi-

cal examination sh_o'uld be included in such experiments :'Sog.ggestions
for examining slow coo'ldown,;: diffnsicng and‘. reaction ‘rates have

" already been made (Exhibit 1113).

V2T
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MAXIMUM HYDROGEN GENERATION

.‘Them?toggped‘R&iéj §50.4§L7AcCeptance'Criterion (b) (3)- -

(3) Maximum Hydrogen Generation. The calculated total amount
of hydrogen generated from the chemi.cal reaction of the cladding
with water or steam shall not exceed 0.0l times the hypothetical
_amount that would be generated if all the metal in the cladding
cylinders surrounding the fuel, excluding the cladding
Burtounding the plenum volume, were to react. :

Disduésidnldf Maximum Hydrogen Generation

The proposed maximum hydrogen generation limit is essentially

the same as the previous Interim Acceptance Criterion 2. However,

there“is‘nOW'a more detailed specification of the amount of metal

to be cqnsigeréd'in treating this important source of hydrogen

(Staff Testimony, Exhibit 1001, Section 2.3). Combustion Engineering

. suggeétg,;hat“because ail past ctiteria, and now the ;ecommended
criteria offthe.Proposgd Rulé; apply'tQ'the core hot spot, limits
‘on core—wide'iirconium-water reaction are unnecessary (CE Concluding

.Statément,w§ection 2,2). The CE suggestion is true with respect to

cladding integfity, but it does not address the‘hydibgén generation

;nspeéts of ;he\criterion. That is, the fact that core-wide

- zirconium-watér reaction has not been the 1imiting criterion for

LOCA transients considered to date does not negate the soundness

of estgblishing such a limit. Elimination of this_criterion on the

‘basis of past cslculations prejudges the nature of czlculated transienrs

in the futiure. For example, reductions in reactor powér peaking -

AR
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factors have occurred in the past, and they can be anticipated. for
the future. Each such reduction results in more cihdding being at
higher témpératures in LOCA nnalyses, and, hence, there is a poten-
tial for increased hydrogen generation. Therefore, the upper limit

.of ome petcent}sﬁould be maintained for maximum hydrpgen generation,

oG i
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(X)OLABLL GEOMBTRY

‘The Pr@osed Rule, §50.46, Acceytance Criterion (b)(l;)

(4) Coolable Geometry. Calculated changes in core geometry
shall be such that the core remains amenable to cooling

, Discmsion of Coolable Geometry

' The question of maintaining a substantially intact (and thereby

| coolable) geometry. requires simultaneous consideration -.of LOCA
induced environniEnts and associated fuel. cladding res‘ponse{ The
previous Interim Acceptance Criterion 3 reads: |

"'me clad temperature transient is terminated at a time .when

core geometry is still amenable to cooling, and before the .

cladding 18 so embrittled as to fall during or dfter quenching."

| Since definition of coolable geometry is implicitly. dependent on
calculational procedures, the staff has now proposed the above
revised word-ing ‘for this criterion.

(bolable geometry aspects were'disc.ussed throughout the hearing,
bixtin terms of :related 'phenomena, viz: cladding embifittlemént
(Transcript ‘ 9_685—8; 12,860-70; .1‘24,.144—6) 3 claddilig d'uctility

_(Transcript 3059 9555-6)j cladding maximum temperature (Transcript
'6220 -6) ; coolant blockage (Transcript 4117-4300; 9473 43 11,226-234) ;
clad swelling (Transcript 9707~ 8 9780—4 14 ,016-7).. Coolable
geometry aspects must therefore be reviewed in terms of such

: consiaerations.

Enbrittlement of the fuel cladding is a key factor in coolable

geometry conside’rations (Exhibit 1001, pages 2-8 to.2-9) since it can

[ /IQ:L
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result 'in'-pot:ential clad failure with attendant coolant <.chann'el .
blockage effects .A ‘Enbrittlement' (which lis inseparahle “from ductility
;consideratiohs,for'lpCA evaluations) is discussed in.the.Staff
- Tes timony (Exhihit 1001, pageh2-l to 2—16) and Supplemental Testimony
(Exhibit 1113 ‘Sections 18 and 19). As discussed in preceding
sections, the staff's conclusions regarding embrittlement (or loss
of ductility) have resulted in recommendations for revised criteria.
which 1imit;clad temperature to 2200°F andehich specify that the
calculated total oxidation shall nowhere exceed 0.17 times the
total cladding thickness before oxidation. . V
Clad ductile behavior, characterized as swelling or ballooning
during the hearings, can result in coolant channel flow blockage
with attendant'flow-redistribution or altered heat transfer behavior.
The steff's review of opinions and concerns regarding flow blockage,
and its coolable geometry aspects, is contained in Section 20 of
- Exhibit llLB.j;ln brief, the staff's conclusions based on this
evidence are; for PWR's | |
1). OBcillatory“reflood behavior- (as typifiedfby-PWR—FLECHT—SET) may
:providejanienhanced heat transfer-rate Also, ECHT tests with
blockage plates indicated better cooling at the location of
measured peak clad temperatures than did FLECHT tests without
blockageﬁ iA | |
2). Calculations'show that.althongh high core;side (e;g., 60 percent

in the radial plane) flow blockage causes'increased'core pressure

WoBsT
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' drops, thefe are iﬁsignificant changes"in‘tctal cofe'flow &uring‘
both blowdown and reflood. B - | -, L - ;
- 3) Once ballooning, or rupture, is predicted to occut‘durlng blowdowc,
a 20 percent-reduction in hot channel flow is apprpprlate to
account»fof;floﬁ redistribution between eubchannels‘in the Hot(
tegion.A . .
‘4) Heat transfer acc steaﬁ flow,redistribution effectsbrelated to
calculated-blockage'Bhould be evaluated for tbe'eafly portion of
,thelref10q&?transient fer which droplet entraiﬁment'has not been
establiéhed;}of for thch calculatiohe_indicate;that oecillatiops
are not~significant enough for a two-phase mixture'to reachlthe
.core midplane. |
For BWR's the staff concludes on the basis of Exhibit 1113,
Section 20, thatcthe effects on heat transfer of clad swellln0 w1thoct
rupture are small and will not increase clad temperature more than 60° F
above those‘cprrently calculated. For- example the ZrZK tests (whlch
had'extensive.balloonipg) showed no measureable change in convective
‘heat ttansfef éuring the spray cooling mode (Exhibit ll13, Section 16).
The fclldﬁing comments are offered in view of eipfessed concerns -
,regarding £low- blockage (e. g., Exhibits 1041 1044 and 506) First
of all, CNI described core Dlockage as produc1ng an "uncontrollable
‘event' (Exhlblt-l04l, Chapter 7). This pOSition has been~tempered

in CNI's Conclcding Statement (pages 5.3-5.13) which diecusses flow
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blockage in termé,bf "knowledge of extent of blockéégﬁfand'"khowledge

of the consgqgénCes of flow‘slockage;" The stéff éoﬁéladeé that
evidenge ;oﬁtainéd in4ité Direct and Supplemental Téétiﬁﬁny (Exhibit
1001, Séctiq@ 2,4 and Exhibit‘1113, Sectién 20) is;a_prépér basis
for réjectigg“CN;'s ﬁ;ncontfollable event"_hypothegié; ‘Furthérmore,
the staff'cﬁutiohs against é#aluating flow blockagéipﬁéhomeﬁa in
terms of pnlflﬁarfial undefétaﬁding of selective expérimental
evidence wiﬁhguﬁ suitable interpretation and transpbsiéidn of this
informationliﬁﬁd credible LOCA circumsﬁances (e.g.;:ééngxhibit 1041
and ensﬁiné=§u€étioniﬁg“6f'CNI b&uGeneral Electriq:;tszanscriﬁt |
Volume'96,.i§:£égg).

CNI's Céﬁéluding-statément,‘pages 5.3-5,11,;dé§eﬁds strongly on’
,fstatements régarding fuel pin sweiling which wéré‘mﬁde:by ORNL
(e.g., Exhibif'SOG énd Transcripg 4909-28), and it féfg;s to ORNL
'cﬁlculationé ;f channel blqckageé in excess of 100 pércént (ﬁage
5.5).. ORNL'béréonnel teéﬁiéied (franscript 8629~31){that their
clgd-swellihglﬁésts and analyses were based on ;faticAéonditiQns.
They also teqﬁified-that fﬁe expected. conditions fbf;a-LOCA would .
fequire a ayﬁéﬁic analysis.~ The Westinghouse Coﬁciuaing Stateﬁent
(pages c-23 to C-34), summarizing thé resuits of quesﬁions addressing
ORNL's flow'blockage calculatioﬁé, points out a serie;.of errors
and discrepancies in Exhib;t-lOSO.(see Westinghpusngoncludiﬁg

—

Statement, Qageq C-33 and C-34).

NI
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The sts.ff hasbeen awsre of hlo'ckage-problem areas | (e.g.,
concerns expressed in Exhibits 506 and 1044) and these were reviewed
again during preparation of Supplemental Testimony (Exhiblt 1113)
In addition questions were raised by ORNL concerning flow blockage
effects on clad temperatures during reflood.. (pages 20—12 to 20—15 of
, Exhibit 1113) The staff has concluded that these ORNL evaluations
are not valid for the entire span of reflood heat transfer up to
turnaround (page 20-15 of Exhibit 1113), because they are not
subs tantiated by the existing experimental data. However, early
reflood heat transfer in the period of steanxéonly coollin'g‘ can be |
influenced b,_y-~'1ocal bl’ocltgge, as discussed under Sect_ion II;Q,
below. B
CNI's ins‘is't.ence (Concluding _Statemeht, oage 5.4) that:

"The extent and distribution of blockage in a core 'is a
prime input to the proper analysis of a LDCA._

is inconsiste‘nt With observed physical phenomena. Flow‘blockage is -
not a prime input to a LOCA analysis since it wonld .con'stitute an

a priori assn'mption. Rather, the staff concludeé that flow blockage
should be t-re:s‘ted in concert with evaiuations of clad st'ael'lin.g and
rupture' fuel thetmal parameters; transient gap’ conductance, core.
flow distrlbnti_on; cladding-water reactions; and reflood heat
transfer. The-refote, the staff rejects the proposal that -has been
sugges ted in the proceedings ; namelly that a specific p‘enelty be

assigned to the <pe‘ak cladding temperature to account for the effects of
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flow blockage and redistribution (see page 7-13, Ek_hibi‘t 1113). Instead,.

the staf‘f -recomnen-de adoption of suitable evaluation'-models which address
the specific physical phenomena, thereby providing a means to assess
-' flow blockage effects and attendant clad temperatures. , |

' Further epecific opinions related: to coolable geometry are
sm_lunarized in the- following paragraphs and th.en rel‘a.;ted.to the staff's
gonclusions;. o

B&W' 8 Concluding Statement discusses flow blockage and attendant
clad swelling during both blowdown (pages 165- 184) and reflood (pages
| 223—231) B&W concludes (page 183) that clad swelling does not have
a significant effect on cladding temperature response during the |
blowdown phase of the LOCA, and is '"the product of constraints imposed
in the calculational methods.'" B&W also addresses flow redistribution A
‘and fuel elene-.n__t' clad swelling as it pertains speci’fi-(_:"ally to the
- reflood phasef._ an‘d_concludes (page 231) that. 'ltlle effe~c':'ts of fuel
elenent c.lad sv;z_elling and- flow redistribution during the reflood
stage of the I.OCA are inherently small."

| CE's Concluding Statement recommends a cladding omdation

criteria (Section 2 .1) based on temperature time exposure limits,
and states - (page 2-17) "that a coolszble geometry will be malntalned
in the core during a postulated LOCA" 1f the criterion recommended
by CE is adhered to. .

The Wes tinghouse Concluding Statement (Appendix B) discusses

assenbly flow-Ab'l,oc‘kage and summarizes (page B-4) ''the .technology
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detailed by Westinghouse in its testimony provides an adequatev
technical base and clear calculational approach for the evaluation
of assembly flow blockage for calculating the generic local effects
of a loss-of-coolant accident transient.

GE's Initial Closing Statement, Volume 2, pages 0- 1 to 0-4,
briefly discusses_flow blockages as a "highly localized phenonena of
clad bulging and concludes (page 0-4) "The overwhelming weight of
evidence (and all of the reliable evidence) indicates that flow
blockage 1s not & concemn for the BWR." and ".a.flow blockage
considerations do not warrant any changes in the GE model " | -

All participants have relied on calculational techniques
related to observed or measured phenomena to establish their views
and opinions regarding coolable core geometries. Therefore, they
have all implicitly agreed with the staff conclusion that "coolable
geometry is intrinsically related to the use of calculatlonal
techniques (evaluation models) v

In summary, the staff concludes that the- concept of ‘coolable
geometry is appropriately addressed via the evaluation—model ‘require-
ments. outlined in Appendix K of the Proposed Rule. Several features
. of these models,_typified by Chemical Reactions and Heat Sources (I1.C);
Clad Swelling and Rupture (II.H); Initial Stored Energy in Fuel (11.1); -
Fuel Rod Thermal Parameters During Posculated Accident \II J), Core
Flow Distribution During Blowdown (I1.0); and Reflood Heat Trans fer

(11.Q), whenvtaken together provide an interactive neanS'to evaluate
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' fcoolablé geqmé;ry" aspects. Sweliing (or Bailooniﬂgl, stéém—water
jreact;ohé, éép gonductance,-flow redistribution,‘andvreflooding_.

;ates, wouldigherefore be apélyzed in detail.v Thus, changes in cofe
geometry can}bg.ﬁécounted for and evaluated to determine if the& are

such that the'éofe remains .amenable to cooling,
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LONG~TERM COOLING

The Proposed Ru‘le".L §50.46, Acceptance Criterion Cb)(S)'

(5) Long-Term Cooling. After any calculated successful
-initial operation of the ECCS, the calculated core
temperature shall be maintained at an acceptably low
value and decay heat removed for the extended period
of time required by the long-lived radioactivity re-

-"maining in the core,. . o

Discussion of~Long—Term Cooling"

The need'for‘long—term'cooling_ of the core results from the'long—térmI

nature of. th.e ~fias ion-product decay process. Follow'ing the 'te-rnri.n'a—_
,:t'ion' of the"f'_ueJ_. cladding temperature transient there is a substantial
amount of decay heat generated in the core (_Exhibit iOOAll-,.page 2-25).
This proposed criterion assures that adequate proVisi'one to remove
ithe decay heat load are incorporated in the design of the fac1lity
'(Exhibit 1001 page 2 25)

The Interim Acceptance Criteria, and therefore this specific cri=-
teri‘on', have be'en supported by both Babcock and Wilcox,(Exhibit 1059,
page 8.1) and Weatinghouse (Exhibit 1078, page 84). .‘General Electric
states that (Exhibit 1069, page 72) "Attainnent of thls »obje’cti‘ve
[long-term cooling] 18 an appropriate requirement . Combustion
» _Engineering al_eo supports this specific criterion -(E}diihit 1066).

The sta’f_f. reaffirns its previous conclusion (E:rhibit 1001) and

recommends that the above criterion be adopted.

[ 7 =)
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_ Bx  Discussion:of Evaluation Models:

BREAK CHARACTERISTICS AND FLOW

~ The Proposed RuleJ pendix K, Section II.B

B. Break Characteristics ‘and Flow

1. The spectrum of LOCA's specified and defined in 10 CFR
§§50.46(a). and (c) shall be analyzed.

2. Where the fluid reaching the break is calculated to be
subcooled or saturated liquid, a discharge model appropriate
to these conditions shall be used to calculate break flow. '

3. - For the period of transition from saturated liquid to
low-quality two-phase fluid at the break exit plane, a dis-
charge model appropriate to these conditions shall be used
to calculate break flow.

4. Vhere the fluld reaching the break is calculated to be
a two-phase fluid, or saturated vapor, the Moody discharge
model (Moody, F.J., "Maximum Flow Rate of a Single .Component,
Two-Phase Mixture," Journal of Heat Transfer, Trans. American
Society of Mechanical Englneers,.87, No. 1, February 1965)
shall be used to calculate break flow.

5. Over the entire spectrum, the postulated break ‘shall be
assumed to occur instantaneously and shall be modeled as dis-
charge from & single node, as though through an open pipe
having the postulated break area, and with a Moody multiplier__
(MM) of unity were the Moody model is used. :

6. For postulated breaks in pressurized water reactor inlet
lines and bolling water reactor recirculation lines, analyses
shall be made assuming that the pipe fails as a complete
instantaheous severance (guillotine). Flow shall be assumed
to occur wimpeded from both ends of the open pipe without
interaction between the discharging fluld streams. This model

-shall be used with at least three constant values of MM
ranging from 0.6 to 1.0. If the trend is for peak cladding
temperatures thus calculated to increase as MM decreases, the
range of ‘MM shall be extended to smaller values until the
maximum peak clad temperature has been reached; that is,
until further reduction in MM results in a lower peak clad
temperature.

. 7. ‘Noding detail in the vicinity of the break’ shall be
suff cient to aeaure that the flow discharge calculation is

* performed with appropriate local fluid conditioms. ..

Discussicn of Break Characteristics and Flow

The earlier recommendations by the Regulatory staff (Exhibit 13113,

Section 5) regarding the calculation of flow from the'broken pipe

e a s A




_during blowdown have:been simplified in the Proposed'Rule. In

AExhibit 1113 the staff recommended that certain blowdown analyses be
performed with the Henry-Fauske critical flow model in addition to
the break spectrum blowdown analyses with the Moody model The

' Proposed Rule does not require the»Henry

auske Calculations
because.the staff»hasfconcluded that 1€ Moody.model in conjunction
- with analysas of a spectrum of break sizes is sufficient for the
purposes of assessing ECCS.performance. This conclusion is based
on the evidence that the Moody model overpredicts the rate of
blowdown and therefore realistic.predictions of—blowdown, such
as obtained with the Henry-Fauske-model (Exhibit lll3; page 5;7),
are necessarily contained ‘within the required analyses of a |
spectrum of breaks (Exhibits 1069, 1148, 1006A 1059 and Transcript
pages 7484' 14 382; 20,789). Section E of the GE Concluding State-
- ment gives a'thbrough delineation'of the differencesfbetween PWR's
and BWR's with respect to the calculation of break flow. As stated
above, the Regulatory staff agrees with GE s conclusion concernlng
the lack °f‘“¢?d,t? repeat blowdown calculations with;the Henry—Fauske
model (see paées E-12 to E-14 of GE Concluding‘Statenent); but we
have reached;this cdnclusion with respect to both'PWR’s ‘and BWR's

The staff has furtner concluded that the dlscharge flow model of
Fauske (Exhibit 1_I_OS) as proposed by CNI {Exhibit 1069;,Section ’:?S

inappropriate,for‘use'in calculating blowdown from;a,postulated pipe
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break for either PWR's ot BWR's for reasons set Eortﬁ in Exhibit'lll3,

Section 5, page 5-3 to 5-4; the'conditions described there,lfor which

the Fauske-model is applicable, cannot occur for pipeibreaks in either

| PWR's or BWR's. B&W and GE also address the 1nappropriateness of the

/

Fauske model for PWR's and BWR's on pages 108 to lll and in Section E

respectively, of their Concluding»Statements.;

In its Concluding Statement GE concludes that BWR LOCA analyses

are insensitive .to the assumed break characteristics. The noding
and modeling sensitivity studies required by Section III. A,
Appendix K of the Proposed Rule provide a method for systematic
-evaluation of analytical models of such phenomena as break character
(split or guillotine) The staff concludes that the recommendations
ofvthe GE Concluding Statenent, pages'Evl4 to E—25IandAspecifically
number (2) on page E-22, should be'enaluated, just'as other noding
configurations should Be evaluated, in aecordance'with'tne proposed
Section IIl;A.:: |

The ﬁestinghouse Concluding Statement on page 79 recommends that
a criticality flow check be incorporated in SATAN—V'for internal
choking calculations; lThe staff agrees in'principle‘nith tnis
tecommendation for_annlication to'all PWR evaluationlmodels;
However, the staff concludes that additional information is needed
to desc* ibe the form of the flow check to be used. Teehnical
review of Various methods of performiné sucn a»flochneck would be

required (Tranéeript pages 14,498 to 14,507) and the methods should

v 0D . o
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Bé eéalnatedpin‘eccordance with Seetion-lII.A Appendile of the
7;Erppesed Rulejx H o |

. The'steff:has concluded that the critical flow‘mcdel of Moody )
: is apptoptinte for use in break.spectrun analyses of BlewdoWn

ltransients in BWR's and PWR's on the basis that it overpredicts

’"=~f:blowdown flow (Exhibits 1148, Section I; 132; 1113, Section 5;

“ and Transcript pages 21 530 to 21 »337: 21,394 to 21 398 and 21,421
to 21 433) whenever ‘the break exit plane quality 1s greater than .
:about two percent (Transcript pages 21, 422 15 ,555; lO ,790).
'However, for the blowdown period during which subcooled ‘liquid,

qaturated liquid or low quality two—phase fluid ex1stq at the

break exit plane, the Moody model underpredicts experlmental discharge

data (Exhibits 1151~ 1113, Section 5; 1137, Section 3; -and Transcrlpt
._ pages 21, 422 23) Therefore,~the Proposed Rule reqqireslthe-use of
- a model which is more appropriate to these flnid cenditions; One
snch'modellcpnteine& in the evidence of this procee&ing is the
.Vmoditied Zalendek model of Westinghouse (Exhibit 1151 Section 3),
The Moody model may also be applicable for early tlmes during blow-
down before the ‘exit plane quality reaches two percent if 1t is used
“with a Moody multiplier of greater than unity (Exhibits lllB
Section 5' and Transcrlpt pages Fl to F6, and 12, 949) ' The-staff
_cOﬂCLUdeS on tne Dasis of this evidsnce that models eppropriate te
-inhese.flow5regimes do exist. However, additional'infermation
deséribingfnen-those models are incorporated in thezeonputer pro-
;grems shpnld:be evalueted in accordance with the propesedeeetion lII;A

of Appendix K.
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DECAY HEAT

"lhc

mmged RuleJ Apgendix K, Section II C. 1—4

C. Chemical Reactions and Heat Sources. The following

':chemical reactions and sources of heat shall be .accounted for

as a function of time and other varlables as follows
- 1. The reactor shall be assumed to have been operating

' oontinuously at a power level no lower than 1.02 times maximum.

licensed power level (to allow for instrumentation error), Wwith’

the maximum peaking factor allowed by the technical spec1f1cations., .

- A range of power distribution shapes and peaking ‘factors repre-

senting powver distributions over the core lifetime shall be.
studied and the combination selected that results in the: most

-severe caléulated consequences for the spectrum of postulated
‘breaks and single fallures analyzed.

.2, Fission heat shall be calculated using reactivity and

'teactor kinetics. ‘Shutdown reactivities due_ to temperatures

and voids shall be given their mnimum values, including

‘allowance for uncertainties, for the range of power distribution

shapes and peaking factors s'tudied in paragraph 1 of this -

.-Section C. Rod trip and insertion may be assumed if they are

calculated to- occur.

3. Radioactive decay of actinides including neptunium and

‘_'plutonium generated during operation, as well as isotopes of

uranium, shall be calculated in accordance with fuel cycle cal-

‘culations and known radioactivity properties. ‘Thé ‘most unfavor-
.able time in the fuel cycle shall be assumed, independent of

vhatever ‘such’ assumption was made in connection w:Lth paragraph

1 of this Section C.
4. Radioactive decay of fission products shall be estlmated

" using 1.2 . times the values for infinite operating time 1n the

_ANS Standard (Proposed American Nuclear Society: Standard - "Decay

. Energy Release Rates Following Shutdown of Uranium-Fueled Thefmal

Reactors," Approved by Subcommittee ANS-5, ANS Standards Committee,
October 1971). The fraction of the gamma decay energy. generated .
that is deposited in the fuel (including the cladding) may be

"equal to or-less than 1.0; 1f the value.used is less than 1.0,

it shell be justified by a sul uitable calculation.

e I
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| Discussion of Decay Heat
Section II C of Appendix K of the Proposed Rule requires, for
icalculations involving the fission product‘decay heat,ithe'use of -
the pronosedAANS;standard for decaylheat_with'an addedfiactor of
- 20 oercentifor uncertainties. Additionally, the assumption of
'infinite operating time at maximufi peaking factors allowed by the ;
ftechnical specifications is required. As was discussed in the
Reghlatory Staff Testimony (Exhibit 1001, 3-25) and Supplemental

Testimony (Exhibit 1113, Section 22) the decision to use 1.2 tlmes

the proposed ANS standard was based on a study of available litera—
ture soureesyon theoretical and experimental_work on the,subgect, ) s o

including (but: mot limited to) the report by K. Shure (Exhibit 1001,

page.3f25);qnlthe correlation“which wasinsedfas a baselinvthe pro-

\nosed ANS'standard for the most representative values'of decay heat,
and experimental work subsequent .to the Shure studies.‘ The 1971 staff - i
',review (Exhibit 1001) concluded that the Shure curve. of decay heat |
could serve as a- reasonable best estimate of decay heat and that che

A calculationalfand'experimental.information suggested an‘uncertainty

about this'Base of the order of'lS percent. . Thus,:the-use of the

proposed ANS standard with its stated uncertainty of 20 percent could
serve as a convenient reference for a conservative standard for decay
heat. The use of this model is intended to provide a reasonable degree

of'assurance'that the actual decay heat will not exceed that used in

Y E
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Ry

..-celculet'ions It is _conservetive in the following s.ehee:: the
_available,,,_,in-formetion indicates a high probability thati the correet
values are eioee to.the Shure curve; therefore, there is a high
- probability that such a standard p-rovides a considerabie margin in
calculations. ‘- |

No exéerimental evidence concerming decay heat has-'bee-n presented
in the course of the hearings or elsewhere that is in disagreement
-with the Btaff conclusions in this regard. ‘With one exception the
-A ) various 'parti_cipents agree- that the ANS + 20 percent p:escription
constitute_s:@ --g_dequate—l.y cpnservative forinulatioh (se.'e .'Conclhding
Statehents‘ o‘f‘:. the ECCS Utility Group, 69; Conbustidn _Engineering,
'3-57; General 'E_lectri‘c', H-3; Babcock and Wilcox, 87A)‘. <:'I'he exception .
is that.pteeente'd by CNI (CNI Concluding Statenent;f~5..15;-l7 and CNI
_ Rebuttal Test.imny, Exhibit 1153, page 2.1-6). | This 'dis.agre.ement
1s stated t_c:}.be based primarily on the doctoral thesis work of T. R.
_ lh'gland.. ‘ England presented predictions of decay heat whieh' resulted
from his cal_éh,l_étions hsing an inxprerd computer-pfegrem of th’e type
which conbiﬂes eehtributions from individuai fissi’oh p.rodqcts 'to
synthesize the decay heat. |

The staff carefully congidered the England work in Alts :
Supplnmental Test'fmony (Exhibit 1113, Section 22). The' primary
contr_ibution,tg"ECCS-related decay heat concems reeulting from

Ehgland's calculation was an indication that neutron eépture effects

Y X
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K in the fission'product chains for large neutron—fluk—time histories
”"eauue important increases in decay heat release rates. However, as
discussed in Section 22 of Exhibit 1113, it is important in using
. the Bngland calculations to consider carefully the flux—time histories

jappropriate to power reactor operation. It is.incorrect simply'to

‘ petuse generalized introductory Stal ments.inAEngland's thesis and

.:pick out a 30 percent increase in decay heat as was - done in the CNI ‘
-fSupplemental Testimony (Exhibit 1153, page 2.3). The staff carried
out an analysis of the.- England work, using the England ‘thesis results,
lin conjunction with an'attempt to get the England computer code
-uonerational,for'other studies. This analysis was presented'in the
Staff Supplemental Testimony (Exhibit 1113, Section 22),
" The staff analysis showed that using the England results directly

2from the. thesie, even though thesge results involve exce351ve fuel
| hburnup'(Exhihit lllB,'pages 22-l0 and 11), and applying them to
A;'anpropriately'conservative pouer reactor flux—time histories gave
decay ‘heat rates well w1thin the ANS standard p]us 20 percent;

The staff also received near the end of its rev1ew (Exhlblt 1113

[

. page 22- 14), the results of a récent analy31s by K. Shure (LxhlblL

_ 1178), updating and evaluating the England work _Shure s work
fcorrected errors in the computer code England had used, improved its
.innut data,.and carried out calculations using more~apnropriate fuel
operating histories (without excegsive burnup). This work is, of

course, of special interest: it serves as an additiondl review

Y7 X
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'L_by'a person’ﬁeli known in the field and working.at the laboratory

. (Bettis Atomic Power Laboratory) where England 8 work on fission

products had begun. Shure found in the review that (Exhibit 1178,
L page 11). _ “

"The dramatic effects of neutron absorption + + » due to an -
.jincreased neutron flux 1evel are. almost. completely ‘attrib- _
" utablé to the very significant fission rate history, differ— '
'nce -as;:a: consequence of increased fuel depletion.‘_V‘w

: The results of this study were summarized in the 1ast sentence fi
:of the abatract'of'K. Shure's. paper (Exhibit 1178,.page<l),
“For - practical U235 fueled reactors, it is shown that neutron
absorption effécts on fission product energy release are -
“unimportant and the U 3 fission product energy release
"“values in the proposed ANS standard on the subject :are within
~a few percent -of the values obtained from two recent programs
. and their updated libraries."‘
‘Thus, it can reasonably be concluded that a thorough review
" of the problem initiated by the England thesis confirmed that the ANS-
‘.standard plus 20 percent is conservative for usecin'LQCA calculatidns.
The ORNL work reviewing the experimental data relenant to decay
'heat which was mentioned on pages 22-15 and 16 of Exhibit 1113 has

been completed"r Since this completed work is not on-the record of

‘ this ptoceeding, it was not relied upon by the staff 1n reaching the

Vconclusions stated above. However, it is comforting to know that in .

its final form‘it introduces no unexpected information sources~and
‘contains nothing inconsistent with our own reviews of the experimental

- information;»iie., expected values are close to the Shure curve (for
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shutdown times of interest) and _include- adequate ailowance for
uncertainties; decay heat is within Shure plus 20‘.pe.r'o‘ent. -

1t has heen pointed out (B&W Condudin'g'Staternerlt-,: nages 84-87
- and the B&W supplemental Testimony, ,Exhibit 1137, page ll 3) that
_ the IPS preseription for determining decay heat contains an »
inherent conservatism above and beyond any consideration of data
mcertainties.' This conservatism r_esult:s from the xeq.uired use of
" an infinite,irr'adiation time at design.peaking conditione. _Sinoe
no reactor. in general and, in particular, no peak power ‘density
- fuel pellet operates at design peaks for an infinite time this
i require_ment does:indeed-'provide an additional conservatism, but
one difficpit’ t;o;vquantify. Discussion and exavmpl_es'-Ao-f probabilitiee
.or fraction of time near.design peakin’g factors have be'en‘ given in )
the ahove cited B&W -reports and in the Staff- Supplemental Testimony,
Exhibit 1113 pages 2-3 to 6

Using the. fdrmulation given in E_i{hibit 1113, paée 2-2—6 and |
Figure-22.2 for finite irradiation time, the decay"heating rate is

reduced by 2 azid 4 percent 100 and 1000 seconds after- shutdown,

.tespectively, for continuous operation at design peaking for 10 000"

hours rather than for infinite time Operation for_l0,000 hours at
0.8 of uesign peaking followed by 1 day operation at‘des‘ig.n peaking
just before _shutdown reduces the heating rate b); 5 and 18 percent at
100 and 1000 seconds after shutdown. In an example cited by B&W .

(Exhibit 1137, pages 11-3 to 5) xenon-produced power peaking,

Yiése
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. 'resulting from a. severe power chan-ée maneuver prior to the LOCA
"teduces the decay heating compared to the "infinite" assumptlon by .
more than 15 percent in the same shutdownv tlme_ranga;_ |
- The staff recognizes the existence of this canse;'vatism; and .
-believes that :Lt is prudent to preserve it as an additional 1if not

precieely defined margin in the calculation.

U4z




- 116 -

Z1 R(X)NI UM—STEAM REACTION

'l‘he Pr@osed Rule Appendix K, Section 11.C.5

5. Thé rate of energy release hydrogen generation -and
cladding oxidation from the metal/water reaction shall be :
calculated ‘using the Baker-Just equation (Baker, L., Just, L. C. R

. "Studies of Metal Water Reactions at High Temperatures, III.
' Experimental -and Theoretical Studies o6f the Zirconium-Water
Reaction,' ANL-6548, May 1962); with a coefficient: of wity.

The reaction shall be assumed not to be steam limited. For rods. . . .

whose. cladding is calculated to: rupture during the LOCA .(see
_ Section IT.H), the inside of the cladding shall also be
" agsumed to6 ‘react. The calculation of the reaction rate on the
“inside of the cladding shall also follow the Baker-Just equation
with a coeffic.ient of imity, starting at the time when the
cladding is calculated to rupture, and extending axially no
 less than 1.5 inches each. way from-the axial location of the
rupture with the’ reaction assumed not to be steam limited

Discussion of Zirconium-—Steam Reaction

In their Conclu\ding Statements three reactor vendors (Westinghouse,

' B&W -and CE) and the Utility Group have suggested the use of an equation

for calculating the zirconium—steam reaction that is more realistic

than the Bal;er—Just equation which was specified by the Interim
Policy Statement. _Seve'ral dat-a ‘sets have been conside'red by these
participantsi'-., The mos t comprehensive sets are from "CE (data

mntioned in CE Concluding Statement are not presently available

Ato the staff or, other participants), ORNL (Exhibit 509), _and BMI ‘(this

data by Lemmon Was consider_ed by Wes tinghouse in its, D_i_rect Tes timony).
The data sets'. are cons-istent with one another.. The Balter—Just
equation is a'good predictor of these data around 2000 F but becomes
more conservative (1.e., higher reaction rate) at higher temperatures.

Ar 2300° F the Baker—Just equation is higher than the ‘mean of the. data

e
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-by about ‘a factor of two. ‘l‘hat is, for isothermal e:fpos—ure at‘ 2300°F,

Baker—Just would predict about v2 times more’ total reaction than
‘ 'wo_uld -_be,expe-c_ted from_ the mean of the data. The da_'tga- itsel_'f has.
...a suhstantiél .'snread. | 'Statis,tica-l' analyses were: perfv'orineld for the
- "ORNL dat:a by Westinghouse (Exhibit 1078 Section 3 5) and by ORNL

.Best estimate equations were calculated by both organizations with

’:'..,simllar results. One-sided tolerance limits were established

for the data’ by ORNL (see Figure 1). The limit presented in Figure
‘1 is such that there is 95 percent confi dence that 95 percent of the
data in a true- population would ..fall‘below the tolerance line. " The
- 'Bra.k'e'r-'-Jus.t 'equa.t‘i-'on over ‘the range of interest falls : about midway
between the tolerance liné and the Hobson (ORNL) best—estimate line.
'l‘hie indicates that the Baker—Just equation is appro:dmately an 80 |
._percent tolerance line for the data. The staff beli-eyes_ that this
emd’unt of tolerance to account for umcertainty in thefapplication
of this data is 'not excessive, and the staff concludes that use of
Baker-Just shquld continue to be: required Confidence limits of

99 percent were also calculated for the Hobson best estimate line
(see (Figure 2._».):.'_ "‘The'Baker—J‘ust equa'tion falls above the 99 percent
‘ll:l_'mit‘ for the li'ohslon b_es“t‘-'-e's'timate ;line. That is ,' it can be stat’edi
with 99 percen,t confidence that Baker-Just nould_ not correiate a |
true populatio_n in the range of the data. Tnis is the. meaning of the
t-test performed b.y Westinghouse .(Exhibith78, Sectio'n 3.5), which

showed that lines falling above the confidence limit for a best

{
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:estimate‘correlation could not be considered true correlations of
.the population. That is, the t-test is uwsed to determine "Fit" of
the cortelation.to the data. - Tolerance limits on the spread of the
data itself must be evaluated to determine-conservatisms;

' . Some eualuationsuof the conservatism of the Baker;Just.equation
have been reconsidered in 1ight of the -Westinghouse'an'd the ORNL |
analyses In evaluating total oxygen cons umed by the cladding,
Westinghouse has considered ‘the oxygen absorbed by the a "and B
phases and the thickness of the oxlde - (Exhibit 1078, section 3.5,
Appendix ). B&W in its comparison of neasured oxide thickness
to that calculated by Baker-Just, has.apparently neglected the fact
that all of-: the oxy gen does not go to forming zirconium oxide but .
some 1s absorbed by the o and B phases (Exhibit 1137, section 6)
ﬂxerefore, the measured thickness should be increased by an amount
'equivalent to the amount of oxygen absorbed by the o and B phases
in order to make a correct comparison with Baker—Just. By using
methods sindlar ‘to those outlined by Westinghouse (Exhibit 1078,
section 3. 5 Appendix A), the staff estimates that the measured
values of the points in Flgure 6. 1 of B&W's comparison should be
| moved'to the,right (increased) by about 10 to 50 percent of their \
'present values_'in order to account for dissolved OXy gen. This would
indicate far less conservatism than is 1mplied by Figure 2.

GE in its Concluding Statement , page N—6, has sought to demonstrate

the conservatism of Baker-Just by referring to the‘analysis in the PWR
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FLEcuTzreborg’(akhibic 150, Appendir B). ihe staff agrees that, for
one temperature transient of the. 21 mhich appear ih.Figure B-12 of
Exhibit 150, the Baker-Just prediction was high by‘neariy a factor
’ofhtwo. HomeVer,.it appears that the:samé.neglect of:dissolved |
'oxyéeu describedlabdve for the B&W comparison 1s applicable to the
comparison'iu-E#hibit{lSOt' Therefore,'proper assessmeut-ofl-‘
conservatism CahnOt be made from these-figures.~
The statistical analysis of the ORNL oxidation data (Exhibit 509)-

indicated that additional oxidation rate data would surely lower the

tolerance 1imits and allow better assessment of a proper rate equation.

4A€ince the B&W Concluding Statement, page 239 .now suggests a’ possible
'iinou conservatism because of steam limiting in.the ORNL experiments,_
:it is the staffls conclusion that additional experiments must be
performed before Baker-Just is abandoned»as the method for calculating
.energy releaée and hydrogen generation. The use of Baker-Just for
~assessing embrittlement was treated under the discussion of criteria
(b) (1) and (b)(2), above.
As'statea in the Staff Supplemental Testimony (Exhibit 1113,

.Gection 18 O) the ratiolof‘insioe oxidation to.outsidejoxidationlis
related to exposure temperature, azimuthal and axial location-in the -
fuel element,ﬂand rupture opening size. For the FRF—l.tran51ent with
an 1800°F pgék temperature the ratios of inside te outside cuidatiorn
were about'l;OléExhibit 1113, Section 18.0). For~FRFf2 (Exhibit 1123)

the ratios were substantially less but the scatter in the data is

 LARNES
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significant. Aﬁore dé;a is needed in order to reallstically deséribe
the functidnalidependence of inside reaction on teﬁperaﬁure and
other variabiés.r Since inside-reaction data is<missinngyet”é wide
temperature range'and gince many inferences must be médé»from the
existing transiént data in ordér to apbly it ﬁo ﬁOCA, ﬁﬁe staff

" cannot now justify caiculafionélﬁerfdfmed.in a leés”cbngervativé
manner.than £he fﬁll reaction rate recommend in the'Proposed‘ﬁule.
The available data does suggesﬁ, however, that reaétipn need bnly
be considered for an axial region extending 1-1/2 iﬂéhéé in both
direétiénsifrom the center of thé rupture (Exhibit 1123). Over this
fegion, Ehén,'it is concluded that fﬁll,reactipn:shoﬁid §e_applied '

after rupthre is postulated tb'occur.

L4BEY



- 123 -

REACTOR INTERNALS HEAT. TRANSFER.

'~ The Proposed ﬁnle, Appeh&ixAK,,Section'll.C.6

6. Heat transfer from piping, vessel-walls, and non-fuel internal .

hardware shall be taken into account.

 Discussion of Reactor Internals Heat Transfer

. Heat transfer from piping, vessél walls, and nanfuel internal

hardware should be accounted for in the calculaticn because a largei

-amount of stored energy-is contained in the metal of'the reactor system

and can be significant in the evaluation of the smaller po stulated

pipe breaks - (Transcript 10,087 and Exhibit 1031) .This energy source

'nis already included in most blowdown, refill, and reflond models 80

as ‘to provide e realistic representation of the energy~content of

‘the coolant throughout the accident.

EOEd
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PWR PRIMARY-TO-SECONDARY -HEAT TRANSFER

The Proposed Rule, Appendix Klfseétion IT.C.7

7. Heat transferred between primary afid secondary systems through
heat exchangers shall be taken into account.

Discussion of PWR Primary-tofSecondagy ﬁeat Transfer

Heét trﬁnsferrea between primaty'éﬁd sééondary sysééms thréﬁgh“heat
exchangers should be realistiéally accounted fof in.thé”blowdown, réfill,
and teflood.célculations because.énergy-loss or gain frdm the primary
system coolant can effect the calculated course of the éccidént (Tran-
script 10,087 and Exhibit 1031). All PWR blowaﬁwn codes presently

include provisions for modeling this enefgy source.

LLARI 2,
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TWO-PHASE PRESSURE DROP

The Proposed Rule, Appendix K, Sectlons II.D and II.E

‘D.  Frictional Pressure Lrops. The frictional losses
in pipes and other components including the reactor core shall
be calculated using models that include realistic variation of
friction factor with Reynolds number, and realistic two-phase

- friction multipliers that have been adequately verified by com-
- parison with experimental data. The modified Baroczy correla-
tion (Baroczy, C.J., MA Systematic Correlation for Two-Phase

Pressure Drop," Chem. Engng. Prog. Symp. Series, No. 64, Vol. 62,
1965) or a combination of the Thom correlation (Thom, J.R.S., -
"Prediction of Pressure Drop During Forced Circulation Boiling
of Water," Int. J. of Heat & Mass Transfer, 7, 709-724, 1964)
for pressures equal to or greater than 250 psia and the-
Martinelli-Nelson correlation (Martinelli, R.C., Nelson,. D.B.,
"Prediction of Pressure Drop During Forced Clrculation Boiling
of Water," Transactions of ASME, 695-702, 1948) for pressures
lower than 250 psia is acceptable for calculating two phase
4friction multipliers .

E. MSment i Equation The following effects shall be
‘taken into account in the conservation of momentum equation:
1. temporal change of momentum,.2. momentum convection, 3. area
change momentum flux, 4. momentum change due to compressibility,
5. pressure loss due to wall friction, 6. pressure loss due to
area change, and 7. gravitational ‘acceleration. Any omission
of one or more of these terms wunder stated circumstances shall
be justified by comparative analyses or by experimental .data.

Discussion of Two-Phase Pressure Drop

The conclusions of the Regulatory staff regarding the_célculation
df'two-phase_friptional pressure drop and the calculational represen-
tation of moméntuﬁ conservation are exactly the same as the earliér.
suggestions contained in Section 4.0 of Exhibit 1113. These conclu-
sions-require realistic anaglvtical treatment of ¢ Yf—abaqc friction and

of momentum conservation, as reflected by Sections II.D and II.E.

A"
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. Section iI.E-allows for simpiification of the'momentuﬁ'equatibn when

such simplification is»ﬁarranted and has been demonstrated to be.
inconseqﬁeﬁtiél to the LOCA calculation.

The reaSbné'for,reQuiring realism in these agpédts of LOCA -

- analyses were.delineated in Section 4.0 of Exhib;tiillB. The recom-

mendations of;thaf'section_wére supported by the cohsultants to the
Regulatory.éféff (Exh;bit'ills and_pagéi4—9 of Exhibit 1113). However,
the Concluding-stétEments éf'other participanté havé>n6t‘agreed with
the ﬁqﬁessiﬁy:fqr r§alistic tféa;ment pf.thesé~phenomeﬁé;':Tﬁé afeas
of'disagreeﬁént a;evad&féséedvbeiow; : |

.CNI diécﬁéseé'the momeﬁﬁui'equation on pége 7.5Abf:their Cdnclud_

ing Statement where they reach the conclusion that the Regulatory

.staff is lacking in "...diligence in gathering»infbrmation..." because

of its request.for the derivations of the conservation of momentum

equations used by the reactor manufacturers (pages 4-2 and 4-3 of

Exhibit 1113); Technical judgment by qualified experts and comparison .

.to appropriate experimental data are suitable bases for deciding which

of the many possible mathematical representations of the momentum
equation are acceptable for use in anaiysis of LOCA's. To aid iﬁ that
technical judgment the Régulatory staff asked the reactor manufactﬁrers

(see page 4-10 of Exhibit 11I13) to show in considerable detzil their

developments of the momentum equations contained in'their ECCS evalua-

“tion models. ‘These-developménts were reviewed by the staff and ANC,
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“and the.manufacturers mere questioned at the hearing in-this regard
(e.g.,ATransc.rvipt pages 21,644-21,648, aund 2-1,533-21,548)." The staff
hae concluded'es suggested.in.Exhibit.1113 that'it is now possible to

“incorporate more computational detail in the momentum'conservation

equations. Whether the'inclusion of that detall is important for,

particular LOCA's in particular reactors is a subject for 1nvestigation-‘

using the sensitivity studies required by Section III A, Appendix K =
_fof the Proposed Rule.: CNI has brought 'to.. this proceeding no new fn'
.jtechnical information concerning the momentum equation.~; R

_Several‘reactor manufacturers have disagreed with the'position |

of the Reguiatory-staff regarding the needﬂfor-more_computational ;f:a'
Ldetail_in'thelmomentum conservation equations (i.e., the,neéd for
inclusion of momentum flux terms) The arguments are contained in
.their Concluding Statements as follows. B&W pages lOl—ld6- and GE,
Tpages C-1 to C-S;, The B&W and GE positions ‘can be characterized 1n

a few words - inclusion of momentum flux terms is inconsequential to
most areas‘of LOCA analysis.: The.Regulatory staff poéition can also
be briefly characterized - with the present state of technology momentum
flux terms can be modeled in LOCA analyses, and the effects of adding
these terms should now be systematically 1nvest1gated. The Proposed
- Rule, Section II.E of Appendix K, and appropriate‘comparative analyses

or sensitiuity studies, Section III.A of Appendix K, will satisfy the
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' concerns of the Regulatory staff in this regard. Iflthe‘ sensitivity
atudiea confirm that the increased computational detail is unnecessary,
then the vendors concerns can be satisfied by the exclusion of these :
" terms as del-ineated in Section II.E. |

On a related point, .the evidence described below is in disagreenent. -
with the assertion by GE at page C-5 to C-6 of their Concluding State—-‘ |
' ment that momentum flmc effects are insignificant for the thermal— L —
, «hydraulic characteristics of BWR’s. Westinghouse also appears to |
disagree with GE in this regard (see pages 34 to 35 of Westinghouse
Comment on Conclfuding Statements of Other Participants). According
.to testimony' hy ‘GE witnesses, momentum flux and form lo‘ss .are a larger
fraction of total pressure drop in BWR's than in the case of PWR's which
were described by Westinghouse and CE witnesses (compare Transcript
pages 14, 443 and 14,444 with Transcript pages D-22 to 23 and with
Transcript page 15,591). The contvradicting'opinions »amng the“vendors
and the Regulatory staff consultants (Answers of L. J. Ybarrondo to CNI
interrogatories, August 3, 1972) regarding the significance of momentum ’_
flux are the basis upon which the staff has proposed Section II.E of .
Appendix K of the Proposed Rule.

Section D of the GE Concluding Statement disputes.the position
of the Kegulatory staff with regard to the need for realistic correla-

tione of =wo-phase friction mul:tipliers {(pages 4-4 and 4-6 of Exhibit

LB




1113). GE clains_(page D-l'and D-2) that Exhibit 1113 lachs-analyses

or data tohsupport_the poeition that the'Thomlcorrelation is prefer- -:

able to the MertinellieNelsOn correlationf(eee Section II.D, Appen—

dix K of.Proposed Rule for sources of these correlations) for pressures

greater than 250 -psia, . To the contrary,'Exhibit ll13‘ page 4-4,

clearly states that “The Thom correlation is superior to-the Martinelli—
) Nelson correlation in. accounting for the dependence of two—phase
vmultipliers on fluid quality‘* .3, "' 'I‘he analyses and data which GE ..

.jclaims as lacking were in fact presented by Thom in his publication
gof the_correlation and by ANC on pages II1 4,3_13 to III 4,3-15 of

'Exhihit 11033, The lhom correlation (published in. 1964) is 2 refine-
ment of the Martinelli-Nelson correlation (published in 1948) The

- statement,by GE-(page D-7 of Concluding Statement) that they have

used the,MartinellieNelson correlation since before the-Interim

Policy Statenent was issued 15 certainly not a technical justifié,

cation forhits continued use. In summary, the‘MartinellifNeISon

correlation was made ohsolete.by the more recently published Thom

and modified Baroczy correlations which are recommended by the staff.

_Section II D will assure that- all LOCA analyses are performed with

the best information now available with respect to two—phase

frictionzl pressure drop.
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BLOWDOWN HEAT TRANSFER

The Proposed Rulc, Appendix K, Sections II.F and II».—'G"' ‘

F. Critical Heat. Flux.

1. Correlations developed from appropriate steady-state
and transient-state experimental data are acceptable for use in
predicting the critical heat flux (CHF) during LOCA transients.

The computer programs in which these correlations. are used
‘gshall contain suitable checks :-to assure that the. physical:
-~'.paraneter8 are within the renge of parameters specified for
.use of the c¢orrelations’ by their respective authors. :

S 2. Steady-state CHF correlations acceptable for use in _
~~-LOCA transients include, but are not limited to,.the following:

(a) W 3. L. S. Tong, "Prediction of Departure from
Nucleate Boiling for an-Axially Non-uniform Heat Flux Distribution,
Journal .of Nuclear Energy, vol. 21, 241-248, 1967.

(b) B&W-2. J. S. Gellerstedt, R. A. Lee, W..J. Oberjohn, R. H.
Wilson, L. J. Stanek, "Correlation of Criticél Heat Flux in a Bundle
Cooled by Pressurized Water," Two-Phase Flow and Heat Transfer in
Rod Bundles, ASME, New York, 1969.

(c) Hench-levy. J. M. Healzer, J. E. Hench, E. Janssen, S. Levy
"Design Basis for Critical Heat Flux Condition in Boiling Water
Reactors,' APED-5186, GE Company Private report, July 1966. -

(d) Macbeth. R. V. Macbeth "An Appraisal of Forced Convection
Burnout Data," Proceedings of the Institute of Mechanical Engineers,
.1965-1966.

(e) Bamett. P. G. Barnett, "A Correlation of Burmout Data for
Uniformly Heated Annuli and Its Uses for Predicting Burnout in
Uniformly Heated Rod Bundles," AEEW-R 463, 1966.

(f) Hughes. E. D. Hughes, "A Correlation of Rod Bundle Critical
Heat Flux for Water in the Pressure Range 150 to 725 psia," IN-1412,
Idaho Nuclear Corporation, July 1970. '

3. Correlations of appropriate tramsient CHF data may be
accepted for use in LOCA transient analyses. if :comparisons between .
the data and the correlations -are provided to demonstrate that the

" correlations predict values of CHF which allow for uncertainty in
the experimental data throughout the range of parameters for which
the correlations are to be used. Where appropriate, the comparisons
shall use statistical uncertainty analysis of the data to demonstrate
the conservatism of the transient correlation.
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4, Tfansient CHF correlations accepteble for use in LOCA
transients include, but are not limited to, the following:"

(a) GE transient CHF. B. C. Slifer, J. E. Hench, "Loss-of-Coolant . -

"Accident”and Emergency Core Cooling Models for General FLlectric
Boiling Water Reactors," NEDO—10329 General Electric Company,
Equation.C-32, April 1971. ..
5. After CHF is first predicted at an axial fuel rod

location during blowdown, the calculation shall not .use nucleate
boiling heat transfér correlations at that location subsequently
during the blowdown even 1f the calculated local fluid and surface
conditions would apparently justify the reestablishmient of
nucleate boiling. Heat transfer assumptions characteristic

of return to nucleate boiling (rewetting) shall:be permitted .
"when justified by .the calculated local fluid and .surface condltions
- during the reflood portion of a LOCA :

G. Poat7CHF Heat.Transfer Correlations}

. l}-JCoffelations'of heat transfer from the fuel cladding to
“the surrounding fluid in the post-CHF regimes of transition and
film boliling shall be compared to applicable steady-state and

... transient-state data using statistical correlation and uncertainty

analyses., Such comparison shall demonstrate that the correlations.
predict values of heat transfer coefficient equal to or less than
the mean value of the applicable experimental heat transfer data

' ~throughout”the range of parameters for which the correlations are

- to be used,. The comparisons shall quantify the relation of the
correlations to the statistical uncertainty of the applicable
data.

2. The Groeneveld flow film boiling correlation (equation
5.9 of D, ‘C, Groeneveld, "An Investigation of Heat Transfer in
‘the Liquid Deficient Regime," AECL~3281, revised December 1969),
the modified Dougall-Rohsenow flow film boiling correlation
(D, H. Roy, "Direct Testimony.on Behalf .of Babcock  and ‘Wilcox,
AEC Docket No. RM-50-1," March 23, 1972, page 7-8; and R. S.
Dougall and W. M. Rohsenow, "Film Boiling on the Inside of
Vertical Tubes with Upward Flow of the Fluid at Low Qualities, o
MIT Report Number 9079-26, Cambridge, Massachusetts, September
' 1963) and the Westinghouse correlation of steady-~state transition
boiling ("Proprietary Redirect/Rebuttal Testimony of Westinghouse
Electric Corporation," U.S.A.E.C. Docket RM-50-1, page 25-1,
October 26, 1972) are acceptable for use in the post-CHF boiling
regimes. In addition the transiticn beiling correlation of
McDonough, Milich, and King (J. B. McDonough, W. Milich, E. C.
King, "Partial Film Boiling w1th Water at 2000 psig in a Round

N
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Vertical Tube " MSA Reseédrch Corp., Technical Report 62 (Np- 6976)
1958) i1is’ suitable for use between nucleate and film boiling. A
Use of al]_. these correlations shall be restricted as follows:

(a) the" Groeneveld correlation shall not be used in the region
‘near its low-pressure singularity,

(b) the first term (nucleate) of the Westinghouse correlation
-. and the entire McDonough, Milich, and King correlation
. shall not be used during the blowdown after the temperature
. : difference between the clad and the saturated fluid
: :first exceeds 300 F ' .

(c) transition boiling heat transfer shall not be reapplied
for the remainder of the LOCA blowdown, even if the clad
"superheat retumns below 300°F, except for the reflood
- portion of the LOCA when justified by the-calculated
~ local fluid and surface conditions. : :

Discission of Blowdown Heat Tramsfer

'i'he subj'ectof heat transfer from the fuel cladding_-to the reactor
coolant during ‘hlowdown was treated in Sections 11, 12, and 13 of
'the Supplemental Testimony of the Regulatory staff (Exhibit 1113)
Suggestions contained in the above sections of Exhibit 1113 are
_slightly different than the final conclusions of the Regulatory
staff which are’ reflected in the Proposed Rule. -

In Section II.F. the staff now recommends _approval of six st‘eady—'
state criti.cal .heat- flux (CHF) correlati'ons for use 'd.uring blowdown.
In reconmending' these s8ix correl'ations =-th_e staff haa'»ﬂ c'on'cluded' that
earlier sug'ge'stihons (Section 12.0 of Exhibit lllB) 4':regarding statis-
tical analy'sesvovf CHF data are not necessary for aSsu'rance of

conservative treatment of blowdown heat transfer. The present

W Tl
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reconmendation:of specifically approving six steadyrstate CHF -
. correlations yields a realistic treatment of steady-state CHF data.
AThe evidence presented in the course of this proceeding demonstrates
that-realistic correlations‘of steady—state CHF data, i.e., correlaf
tions such as those now recommended in the Proposed Rnle,ﬁyield con-
aervatiVe predictionsuof the occurrence of CHF‘(i;e;;‘at'an'earlier
'»time than in reality) when used to analyze transient (blowdown)
fluid phenomena which are within the ranges of the steady—state
:experimental data base (Exhibita 206 613 1059 Sections 4 and
'i7 1113, Section 12; 1137 Section 2 and 83 1144, Section 5 and
Transcript pages 10 153—4 20 274—6 and 21 118—135) "Thus,
: experimentally verified steady—state correlations assure conserva-
tism in the prediction of transient CHF

In Section II F the staff has reconmmended the approval of one
transient CHF correlation on the basis of data and analyses con—
tained in Appendix C of Exhibit 132. Section II.Fialso'outlines
procedures to be followed in the evaluation and potential use of -
‘other correlations ofltranaient CHF data. Those procedures can be

o \ .

’characterized as requiring conservatism in the treatment of transient
CHF data. The :reason for requiring this-conseruatism is related to

the sources of uncertainty in the realistic prediction of transient

CEF

s
{0

(Exhibite 1112, Section 12; 1137, Section 2: and Transeript pages

13,311; 15,525).

o ot L
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Westinghouse (Exhibit 1078, page 72) and B&NW (Exhibit 1059,
Section 4) have proposed that a bwitching criterion™ be‘used with
DNB calculations to permit return to nucleate boiling (rewetting) if

a ‘DNB ratio of less than 1.0 is calculated to persist for less than

"3 milliseconds (B&W) or 50 milliseconds (Westinghouse) Section II F.

.\of the Proposed Rule excludes such a criterion on. the basis that
'tine-hysterisisieffects'in rewetting—heat—transfer phenomena are not
sufficiently well understood at this time (Exhibits 1001, page
4-32; 1113, page 11-2; and Transcript pages 14 412—417)

At pages 4 11 to 4.13 and 5.48 of 1its Concluding Statement
CNI notes that the record of this.proceeding contains a
controversy about the realistic prediction of CHF and the realistic
-prediction of rewetting heat transfer during blowdown. However,
CNI further suggests that there is controversy concerning the con-
servatism in'the'treatment of these phenonena in LOCA analyses.
‘That suggestion'is.not aupported-by the evidence, as ahown by
the following, lhe Regulatory staff, the reactor manufacturers,
and the~laboratoriesAconsulting to the staff, have tor some years
agreed, and the'lnterim Policy Statement required, thatnin lieu of
conpletely’definitive information regarding the realistic treatment

of these_phenoﬁena, they should be analyzed with,conservative

assumptions (Eﬁhibits 1601, 1006, 1059, 1066, 1069, 1078). That

is why, as diSCussed in the foregoing paragraphs, the transient CHF

LAY~ N
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18 required to‘be conservatively predicted either b}.use of realistic

steady-state correlations or by use of conservative tramsient correla-

tions, and the clad rewetting ohenomenon during blomdown'is'conservar -

ltively‘required to be neglected. "ONI also states at page 5.48 of
-their Concluding Statement that: o
"Mbreover, 1f, as expected there is flow oscillation during
PWR blowdown, it is postulated that the critical heat flux
may be exceeded locally and regioms of dryout propagate<
within the core and especially accelerate dryout and aggra-
._vate temperature rises in the hotter regions. :
Since this statement has no accompanying reference to:the record,
the staff interprets it to be a proposal by CNI to somehow calculate.
a. delay CHF in the core hot reglion to allow for CHF pro,pagation
from the cooler core regions (1.e., to .calculate "dryout propagatlon
to .the 'hotter regions . Allowance for such propagation would

decrease the conservatism of the methods required by.the Interim

Policy Statement and the Proposed Rule by increaslng the calculated

time of CHF in the hot (high power) regions Such delay.and corres—

ponding.decrease in conservatism_is mwarranted by the'evidence and
should not be:adopted by the Commission.

At pages s.ll'to 4.l3 and 5.46 of its Concluding‘Statement
CNI claims that blowdown heat transfer data are .not available for
geometric and thermal/hydraulic conditions tyoical of large power
reactore. Such-ie not the case as evidenced by the weaith of heat

transfer dataﬂauailable to this procéeding for tube, annular and
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rod a-rray-n geometries with steady and transient eonditions of flow,
pressure and temperature (see for example, Exhibits 132 206;
613; 1059, pages 4-54 to 4-58; 1061; 1113 Sections ll and 12; 1137
Sections.ZA and 8' 1151; 1152)

At pages 7 13 and 7.14 of their Concluding Statement CNI

presents° -
", .. the eapstone ‘to the Ré"g'nlat"ory' staf'f"s wprofessional
approach to blowdown heat transfer is the section of
_Séétion 12 of their supplemental testimony in which they
'review briefly the new test data avalilable from B&W'
(Ex. 1113, pg. 12-1)."
The B&W blowdown heat transfer tests provide sigi‘ifi.cant_ info_rmation
mhicn should notg,be diminished in stature by these CNI statements.
In contrast to the CNI cliaim's the.Regulatory staff‘ and its consiiltants
at ANC and ORNL reviewed the same. information regarding the B&W
blowd0wn heat transfer data and test conditions that was ‘available
to all participants in the hearing; namely», the Direct and Rebuttal
Testimony of B&W and B&H 's answers to staff questions (see Exhibits
1059; 1137; and Section 12 of Exhibit 1113). The Regulatory staff
Awas tne onlj participant in .th-e ECCS hearing to question B&W concern-
'in'g' the test conditions,- and to thereby demonstrate that..»the tests |
are applicable to TOCA analyses (Exhibit 1137 and Transcript pages
21;128- 21 137) |

0 Section II,G the staff recommends approval of two flow film

boiling heat,vtran'sf_er correlations for use during blowddwn; the
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modified Dou‘g“a‘lvi-—{Rohsenow equation -a'nd .Groeneveld.'.s _eq'uat_ion for tubes
and annuli (Equation 5.9 of AECL—3281) The reconmendations are based
on comparisons of these two ‘correlations with statistical -analyses of
applicable heat transfer data (Exhibit 1177, 1144 1127 1113,

Section 13; and Transcript pages 20 551 20,568 and 20 695 20,714).

. These references show that the ‘modi fled. Dougall-—Rohsenow correla- :
"tion and the Groeneveld correlation provide. realistic estimates of

 gtable flow film boiling heat transfer coefficlents in rod bundle

geometries t_y.p‘ical of reactor cores. The modified'Dougall—Rohsenow

co rrelation 'a_ls.oﬂ has_ythe adumtageous' features of mathematically
continuous behavior at the interface with single phais'e forced convec_tion
to steam and of continuous b'ehavior at low pressure 'l(E_khibit 1137).

The staff concl‘uaes ‘that the assumpt,i-on of stable f-'il_m‘ :boi‘ling heat

transfer coefficients during blowdown is the mogt conservative

‘assumption possible because stsble f1lm boiling s the worst possible "

flow. boiling heat transfer regime (Exhibit 1113, Section 13)

In Section II.G the Groeneveld correlation is restricted ‘to fluid
conditions which do not approach the correlation 8 point of
singularity at low pressure This condition can be. satis fied. in

practice by graphs of heat ‘transfer coefficient showmg that no’

'abnormally lar.ge coeff:Lc:Lents result from using thev._Groeneveld

correlation at low pressures (page 12-1 of Exnibit 1113).

e e e i
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~The restrictéd use of transition boiling heat transfer coeffi-
- clents specified in Section II.G is in accord with the fécomniendations
of Section 11.0 of Exhibit 1113. The McDorough, Milich and King

" correlation provides a convenient method of assuring continuity between

nucleate and filﬁ boiling heat transfer coefficients and thus promoting -

the computa_tibria'l stab1lity of .the computer solutioﬁs 'The correlation
is based- o‘n-high pressu«re.‘ data in wé;ter, and thg eff}éc:'t—<.q-f ‘the correla-
tion on core heat trans fer during a LOCA is --atﬁall (Tr'anécript page
13,306 and’Eghiﬁit 1001, page 3-34). o

The Thom and 'D:Lttus—Boeiter heat transfer ~cc‘>rrei.ét’iqns .are .con-n
éistently sp‘_c'a'c-:‘i.figd for use in. al;l. .-...the evaluation mo.r:iels' oﬁf Sec'ti_on(
I11.C, _APPend:lfxi K of the Proposeci Rule. They. were éres.q’éntA:ed and
discussed .in.E:-:hibit' 1001, But ‘their use was not a gub_jéct of

“contention 4i‘!41 ‘this proceeding.
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CLADDING SWELLING 'AND -RUPTURE

-:rhé. Proposed Ru_vleL Appendix K, Section II.H .

H. Cladding Swelling and Rup ture. Calculations of gap con-
ductance, cladding temperature, cladding embrittlement, and
hydrogen -generation from cladding-water chemlcal reactions shall
take swelling and rupture of the cladding into account wherever
. the course of the postulated loss-of-coolant accident, calculated
in accordance with an accepted evaluation model, leads to pre-
.dictions of cladding swelling or rupture. Each evaluation:
model , therefore, shall where requi red include. a -model for
predicting cladding swelling or rupture from consideration of
the cladding axial temperature distribution and the pressure
differential, both .as functions of time.. To be acceptable, a
swelling .and rupture model shall be based bn applicable data

in a conservative way .

Discussion of Cladding Swelling and Rupture

The stafﬁ recognizes  that the mathods required'in che Proposed
Rule for accounting”for awelling;}rupture, and zirconiumFSteam reaction
inside the cladding (discussed ‘above in Section II.C. 5) in the fuel pin

heatup calculation are likely to be restrictive (Exhibit 1113, Sections

10 and 18); - In contrast to this restrictiveness, Westinghouse‘has

" Buggested thaﬁ'because_clad bulges have survived mcchanical tests

(Exhioit lO?s;ﬂappendix D; Exhibit llSl,.Section 13);.the bulges_can
be effectively ignored. It is the staff's understanding that in these’
tests the undeformad, wn ruptured regions_aiso-suruivad undcr expectéd
duty . Therefore, it is“not clear from these testsdwhicnfregion,
bulged or unﬁulged, haa leaa resistance to ffagnentacion;A The staff

is not aware of any experimental information to euppori the conclie—

‘sion that the bulges are more resistant to fragmentatiOn.' However,
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cladding could'be performed to answer this question.
It has been pointed out that the bulged regions constitute a

emall fraction of the core and therefore, need not be considered in

. LOCA analysis '(Westinglouse Concluding Statement, pages 63, 64; GE

Concluding Statement, Section M; B&W Concl_uding Statement, page 244).

It is‘ true that-.-c.'.l.ad fragmentation of one local ruptured region of.

- one pin .would not impair the coolability of the core. . However, the

staff is not aware of any experimental .information ‘which would aid

in quantitati'{rely' assessing the effect on core cioolab.il-ity of

nume rous ruptured reglons with associated fragmentation. If the

hot spot with its assoclated bulge were to be ignored along with
other ruptured fuel elements, it is not clear that these other bulged

regions would not fragment 1f the hot ‘8pot fragnented ‘nor is 1t

“known to what extent fragmentation of a widespread rupture distribu-

‘tion would i.mpai'r ECCS effectiveness. Therefore, unt.il realistic

qvantitative ‘. as.seesnents can be made, the staff belieues that swell-
ing and rupture should be treated in LOCA analysis as specifled in
Section II.H so as to preclude fragmentation of the core hot spot.
CIf rup_ture occurs at elevated temperatures (grea-ter than about
2000°F), enhanced energy release rates from zirconiumwater reaction
may result front ‘the exposure to steam of a fresh, unreacted, inside

cladding surface. The consequences of rupture at temperatures below

17 Kore?

e
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about 2000°F were discussed in Exhibit 1113, Sectioﬁ‘lOi’pageg 10716L_31

to 10;22; Fpﬁta glven traﬂsient it is.not obvious whethér highé or
low~temperature iupturg fesﬁlts in fhe ﬁpst se&ere'c;adding tempera—
‘ture transiéﬁt; .For a given pressure différence acrééé the cladding,
the ruﬁtufg-teﬁperature dgﬁa shows a spread of a few”hUndred psid
(Exhibi; 1007£b'Page 18), In o;de: tovassure conservétiém; as requirea
by the ProéésedQRule,_iﬁ“is.neéesgary £o'explore'a réﬁgé:of'rupgure
feﬁberatu;es Sui#;ble to tﬁe}apblicablé pressure differenpials in

order to deterﬁine the worst case for.a given accident analysis.
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INITIAL STORED ENERGY IN FUEL

" Proposed Rule, Appendix K, Section II.I

I. Initial Stored Energy in Fuel. The steady-state temperature
distribution and stored energy in the fuel before the accident shall
be evaluated as'.a function of power demsity, fuel demsity, cold gap
dimension, fuel thermal conductivity, fuel heat capacity, cold-fill .
gas composition and pressure, and burnup (eracking of fuel, sorbed o
gas and fission gas release, changes in fuel’ density, claddlng creep). :
~ The valies used .and the burnup chosen (time in core lifetime) shall
be such as to maximize the calculated initial stored energy in the
fuel. For this calculation, the reactor operating power shall be
assumed to be no less than 1.02 times maximum licensed power.

Discussion of Initial Stored Energy in Fuel

Utlder nefnyel operating conditions a rather steep l:enper.ature distri-
bution exists'in feel pellete_due‘to the low thermal-con&uctivlty of |
uranium oxiee gnd the high heat generetien-rate. Typically, a’ hot
fuel pellet hae centerline temperatures in excess of 4000 F .while the
pelletlsurface ;emperature is in the neighborhood of lOOO“F (Exhiblt 1104,
Dages c-8 to-CFIO) Heat transfer between  the oxide pellet and the
-metal cladding is controlled by the size of the gap between these two
materiels and~the compogition and denslty of the gasutbat fills the
gap. The hegtltransfer coefficienp from'the'cladding to the coolant
-15 high fesuiﬁing in claddiﬁg temperatures less than ldO?F'above
coolant tempereeute (Exhibit 110A, page C-10). During the course o6f a
ﬁostulated LDCA the heat generation is rapidly re&uced,to a lower rate
(Exhibit llOﬁ; page 7-23; Exhibit 132, page.D—ll) and a.ehafp decrease
occurs in heaewflux from the claddlng to‘the coolan?'(Exhibiﬁ 1104,

page 7-17; Exhibit 225, Figure VI-5; Exhibit 232, Figure 5-2). The

VL one it s
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temperature starts to equalize within the fuel pellet and between the
pellet . and the cladding, resulting in cladding heatup. Thus, stored
energy from the fuel pellet is one of the primary,heat'sources.that
determine cladding temperature rise~following a LOéA

The stored energy varies with the characteristics of the fuel

1pe11et (density, thermal conductivity, heat capacity) and the thermal

conductance’ of the gap. The physical condition of the fuel ‘pellet

changes during operation due to thermal cycling and irradiation effects.

During heatup the pellet expands, changing the fuel density and thus

the size of the gap. "At the same time the thermal conductivity and the i

heat capacity of the pellet also’ change because they are a function of

S

temperature (Exhibit 132, pages D-7 and D—8) Repeated thermal cycling

of the fuel. results in cracking up of the pellets._ This again w1ll

influence the thermal -conductivity and the gap size.

Fuel element. thermal characteristics are a function of many

variables (Section 10, Exhibit lll3), as described below Fuel

irradiation, has two effects: irradiation-1 nduced'densification on

a relatively fast time scale, and irradiation-induced'snelling on a
slower time scale;- Both of these effects will change the pellet
density and conductivity and will effect the gap size. The»gap size>
depends on variations in the dimension of the cladding; The gap size
also depends:on thermal expansion and on the large eaternal cladding

pressure which will produce a slow creepdown of the.cladding_onto the'

c
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f_uel. The deneity and composition of the gas in the gap will depend
_onthe sorbe;d_"gas.’co‘ntent of the fuel, the fission gas release rate,
and the initiel comp051tion and pressore of the fill'gae. Since most
~-of‘ the paran-le'ters mentioned sbove are dependent on oow_er densi'ty,
‘furtherwcomplicetions are introduced by changes in ﬁﬁé nower density
of a given fuel pin doring_a-é.ff_u'el cycle.: . |

The a‘te‘a'dy-'-'state temperature distribdtion and st'ore.d energy of
'> the fuel ahould be evaluated as a function of power density, fuel
density, gap dimension, oxide thermal conductivity, oxlde heat
capacity and 'f'ill gas compos’ition and pressure. The Reg'ulatory
gtaff 1s of the opinion that all of the above-mentioned effects are
sufficiently important in the evaluation of the stored energy of the
-‘fuel-that they should not be ignored in LOCA calculations (Exhibit 1113,
Section 10). ' _.Fnr'thernwre, the inflnence of temperature’ Aand bumup
should be-.tal'_ce:n‘- into -account in evaluating these paranneters. Because
of the importance and coxnplexity of stored energy calculations, the

analytical models used should be verified by experiments, and the
' ' - ( .

~

combination.Othhese'paraneters’ should be selected in a manner such

~.

. that the calculations either predict or overestimate the stored energy
at a point during core. life when the calculated cladding temperature

" for a 1OCA is a maximum. Also, uncertalntles :theren.t in the measure~
ment of the oﬁ'eraiting power level of the core should -be accounted for

in the stored energy calculations; thus, the P_ro'pos'e.d ‘Rule requires
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that the power level assumed for LOCA calculations ‘s’hb”uld not be less

than '1‘02'timéf’f' _tn-e:_l_ic_ensed pov;:er.'

These COnciusions with regard to stored energy -.reeult in more
detailed req‘uireinents than those of the Interim Policy 'Stateme-nt.
When. t_he IPS was prepared, the Iinpor'tm'cewoﬂf stored e'n‘e"rgy ‘on LOCA

calculations was recognized. However,' due to the va‘riability ‘of

analyltical methods employed,by -various nimu,facturera;.no general
rule was iésued ‘on stored energy ; ra’thér the me'thod- 't'oi_be used was -

specified in the deacription of the evaluation models A considerable

amount of information regarding stored e.nergy has been introduced into

evidence, an_d it is‘summarized in the SupplementalTestimony (Exhibit .

1113, Section 10), where the following conclusions were ‘reached:

(D "Variations existed in steady-state gap models which could
influence stored energy by an amount equivalent to about
200° F over the anticipated range of influentdial parameters

(2) "Variat:ions existed in U02 thermal conductivity used to
calculate initial stored energy and transient energy
release, which could affect clad temperatures by. about
100°F over the range of values expected."

© (3) "Th,e«_'actual steady-state gap conductance «i. 18 @ complicated
function of power demsity, initial fuel pin dimensions, fill
gas ccmposition and internal fuel pin pressure, fuel density,
fuel conductivity, bumup, . fuel microstructure,. fuel cracking,
and clad creepdown onto the fuel. Thereforeé, no single value
of gdp conductance can be- used to represent 1nit1al stored
energy. throughout fuel lifetime in LOCA calculations."

Such substantial differences eidist {Exhibit 1113, page 10-12) in

gap coefficients, even among one manufacturer's designs, so as to

_,M-T_.t.;.__w B,
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 warrant the -eiraluation of steady-state gap coefficients on a case-by-

case _basis. ) 'fhie'_.does not nean that generic models could not be
approved at 'a"later time, but, rather, that stored energy models
should be'iqtegrel parts of the manufacturers' tesPectiue evaluation
models. |

Further indieation of gap conductance variatiou with Iinear
power densitj and buihlup was presentedhin the Redirect Testimony of

Westinghouse‘-(E:&libit 1151, page 24-7). The B&W Coueluding Statement

(pages 69 to 76), through the description of the B&W'model, indicated

the *imp_ortane'e and comple:thy‘.of‘thve stored energy calcul'eti_ons.

CNI emp,hasiz_edv th"e 'impovrtance of gap couductance',and stored energy
calcuiations' in i,LOCA ‘evaluatioh (‘(CNI Concluding Ste't'__ement, pages 5.17
and 5.18).

’

GE (Initial Closing Statement, Section K) maintalns that since

the IPS accepts‘ a constant gap coefficient of 1000 Btu/hr—ft2—°F fof

certain GE designs, all BWR's should be licensed in the future using

this value. However, requi rements set forth in the Regulatory staff's

.Technical Report on Densification of Light—Water Reactor Fuels, dated‘

November 14 1972 (pages 69 ~72), have already superseded any previous-
approval of va gap coefficient of_ 1000 Btu/hr—ftz— F. Also, gap con—

ductance is a function of many variables which are in tum dependent

on a specific design or on the specific operating condition of a

plant. These dependences must be taken :Lnto accomt.. In comnection
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witﬁ specifi_?"GE..:—.:.desi.gned ‘pla_nts, thgge is sufficieht ':'e‘;vi»de'n_ce_
(E:ﬁiﬁit 253). Eq :écc_)‘@}ze that LOCA analysis of at least certain

BWR designs is yefy sensitive to the selection of the gép condictance.
It should alsb' »bg;noted ‘that GE "has not, preSente.'d fb;’ :the record the
GE eciuivalenﬁt'-;b.-f:.the paranetric study on gap: conductanéé discussed in
Exhibit 253.- Th}érefqre, the Regul atory staff ¢on'c1u£ieé-that the so-
called .'.'apprc:n;re':d"é gap héat transfer coefficlent of 10.0_0;‘Btu/hr—ft2-°F
for BWR's ié_ Qn'lyv‘ of histor‘ic‘si-_gr}i-fican‘ce ;rxd reco%nxnen;is that all
-vendors calculate, for eacﬁ case, ‘the value of the gép_ :g:oefficztlent,

- accounting forall effects specified in the Proposed ‘Ruie.

R S
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FUEL ROD THERMAL PARAMETERS DURING POSTULATED -ACCIDENT

The Proposed Rule Appendix K, Section II.J

J. Fuel Rod Thermal Parameters During Postulated Accident.

1, The 'calculations of the fuel and the cla‘dding temperatures
as functions of time shall use values for gap conductance
‘and other thermal parameters as functions of temperature
an‘d~other applicable time-dependent variables.

2.7 If cladding swelling or rupture is calculated to occur, the
-gép. conductance shall be varied in accordance with the
~Achange in its dimensions and any other apPlicable variables.

Discussion _of_~ Fuel Rod Thermal Parameters During Postulated Accident

During" th_e: pdstulated LOCA transient, thefcladding o:-f the hot fuel
rod is being heated by transfer of energy from the fuel and cooled by
trans fer of’ energy ‘to the coolant. In addition heat generation occurs
within the cladding due to chemical reaction with oxygen at elevated
temperaturesj, ”Heat ‘transfer from the cladding to the c_oolant depends
on the therurohyidraulic parameters of the coolant, and it is described
in the'disc'“uss:ions of Sections II.F, II.G and II.Qof;_Ai:n:pendix K of
the Proposed'.'l(ul-e. Heat transferred from the fuel to the cladding

1s controlled by the temperature of these. two surfaces and by the

-existing gap conductance. The thermal parameters (thermal conductivity

and heat capacity) of both the fuel and the cladding influence the
respe tive surface temperatures. Since these tnermal parameters are
temperature dependent (Exhibit 110A, page C-6; Exhibit 123, pages D-7

and D—8), theyn vary during the transient. Depending on the surface

WY
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temperatures ;hd;on thehsize of the gap, the significaﬁt mpde of heat
,;raﬁsfér'thfdughléhe gap can also vary. In small'gaﬁs heat is trans-
ferred by cpnduction throuéh contact points‘and by cénduétioh and con-
vection through ghe filler“gés; At elevated temperatureés radiative
_hgat transfer'Between fuel and cladding could become imporfént
: (Exhibit 1113; page'iO—Zl). 'For conditions where the gap size is very
-larée_ke.g., éwgllen or perforated cladding), and thé fuel and clad
surface tempefatures are substantially different froﬁ oﬁe another,
radi&tion becbﬁeé.thé principal mode of heat transfer. lThus,'vafia—
tipns_in the gas{pqmposition, ;he size of thé gap, and'the transient
values of théfthefmal parameters could iﬁfluence claddiﬁé heatup.

Tﬁe Régdiafofyvstéff has conciuded an the basislof'tﬁe above>
evidence thatv&ﬁring ﬁdétulafed‘LOCA transients the fgél pellet and-
claddiné tempéfatures vafy within a sufficientiy brééd range to
necessitate‘thg ;ime—dependent évaluétion of the thermal parameters
(e.g:, thermai=donductivity and heat capacity)...Furthermore; in some
cgées, the éladding temperatures reached dﬁring the'tfénéient are
high enéugh-to prodﬁce éladding-swelling and perforation. The staff
furtber believesithat fdlldwing the dnset of clad swelling, thé fuel
pin heathp caiculétion should account for t?e>iﬁcrease in gap size,
the thinning of the cladding, thermal radiation across the gap; and
the presence of fission gases-and/ér.éteéé in zhe gep (see aiso the

discussion offSection'II.H, above).
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This poeition is an extension of ‘the previous Interim Policy
Statement requi;rements. The evaluation models. approved under the
IPS provide A-'f'or..'calculation of the thermal parametere ae a ftmction
of.temperatur-e and therefore time. Increase in gap size. due to
cladding strain, however, is not calculated in these models. One
of the models (Westinghouse) at tempted to account for gap ‘size
variationa by- 'changing the value of the gap conductan.ce'during the
transient (Exhibit 1001, page 3-23). However none of the presently

accepted evaluation models has the capability to actually change the

_geometry of the cladding during the course of the .postulated-v accl- .

dent. Neither_do the various evaluation models have a the rmal radia-
tion term to’ account.for increased heat transfer ac_ross ‘the gap. at
elevated fue‘l 'eurface temperatures. |

There ia .:e'_vi-dence to show that variations in thermal parameters
and in gap c"ondulct:ance can alter the results.of the cladding heatup
calculations':-- AThis evidence is summarized in the Re’g'ulat-ory staff's
Supplemental Testimony (Exhibit 1113, pages 10-1 to 10—4 10-13 and -
10-14). Probably the most important of the transient effects 'is the
change in'gap ..conductance. B&W (Exhibit 1059, page. 6- -9) showed that,
for a severe IDCA transient swelling and rupture could occur in 1 to
2 seconds. Th:Ls is in agreement with the CE Redirect Testimony
(Exhibic 114'{},« page 5-3) which pred_-.cts swelling and rupture during

blowdown wi-tho_ut- specifying the exact time of rupture. E This is also -

viseve ¢
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consistent with staff calculations which indicate rupture times as -

low as 3 seconds (Exhibit 1113, page 10—16) In addition, the

'Regulatory staff performed a parametric study in which the,gan size

-was assuned to undergo a step change, and the gap coefficient was

-calculated as a function of time including thermal radiation effects

‘(Exhibit 1113, pages 10-16 to~_lO-—23). The findings of the staff's

study were: .

1.

If ciad‘sWelling occurs, the reduced gap coefficients for the

remeining portion of the blowdown period are the controlling
resistance to the removal of stored enérgy from the fuel

pellet..

Because of thermal radiation higher gap coefficients could
develop just prior to and during reflood thus enhancing the

stored»energy transfer during this period.

The réduced heat capacity per unit heat transfer area, due to

thinneqfcladding, contributés to the increase in clad temper—

ature .rise.

\
The.onset of sweiling istsn important.parameter;' ff>sweliing
occursAearly in the tramnsient, the 'delayedlreJ'_e;ase.'of'fnei,j
pelietistored energy increases the peak cladding,temperature

If swelling occurs late in the transient, a lower gap
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‘ conductance.during reflood can be beneficial to the clad

temperatyre transient.

Westingh _ous e‘ reported cladding temperature calculations where the
heat transfer area of the cladding was increased at- the. time of rup-
ture’ (Exhibit 1151 pages 13 1 to 13—4) The results of these calcu-

lations augment the Regulatory staff‘s findings. The Westinghouse

conclusions are as follows..

"Because of the decreased pellet—clad gap heat transfer co-
efficients, less energy is transferred to the cladding during
blowdown. Thus, the effect of blockage in this case is primarily
_ ‘on pellet temperatures rather than on clad temperatures during
the blowdown period. Clearly, the increased péllet temperatures
of the blocked core cause faster cladding heatup during the
_adiabatic period between end of blowdown and recovery of the

bottom of the core (30 seconds), and during the initial'phase
of reflooding _

B&W performed a dynamic blockage analysis for a design basis
LOCA in a typicalvB&W plant (Exhibit 1137, pages 5-3 end 5-4).  The

effects of clad:swelling resulted 1in a 51°F increase in peak cladding

temperature. - Based on this analysis, B&W concludes tﬁat (Concluding

‘Statement, page l83):

"fuel element clad swelling does not have a significant effect
" on cladding ‘temperature response during the blowdown phase of

the LOCA, and indeed, over the course of the entire tramsient.”...
"the effects of fuel element cladding swelling need not be

considered in LOCA evaluations."

-The Regulatorj staff finds that B&W's conclusion is not justified

at the present time for the following reasons:

o 080
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1. The'B&W.célcufations did ﬁot account for clad thinning or

‘for radiation from the fuel to the cladding.

2. A 51°F increase in peak éladding tehpérature can be
_significént.

3. ‘Thezéiﬁgle calculation for a glven system and bréak size-
which produced a 51°F increase in peak claddiﬁg temperatqfe

does not demonstrate that all other cases are conservative. .

4. New calculations with new assumptions (considering for example
zircbnium—wafér reaction on both sides of the clédding) could

lead to different results.

With reépedt‘to-the staff parametric study oh(gap conduct ance
(Exhibit ill3,:page3 10-16 to 10-23), B&W states (Concluding State-
ment , page 187); ‘ N

» "The'study:p:ovides no support for the*propoéition that the
conditiqns-which could cause an adverse effect of cladding
temperature response would be reasonably expected to occur

during the LOCA." - '
~On the contfaiyzthe range of parameters covered in the staff study
-was selected on the basis of present day LOCA'céiéulétions (Section 10,
‘Exhibit 1113). The conclusion drawn from the study is that transient

variations in gap conductance may produce significant variations in

the calculated cladding temperature for some conditions.
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The GE pqsit:l..qn'_ .(I"nit:_L'al Closing Statement of GE, Section K) is
as follows: 'ﬁqring_ th"‘el_a"-courste': of the'hearing, themvp‘ar‘t.:.icipants‘ did
-not provide e'videnc;_e that variations in gap conductance’ 'during the
LocA tr_ansie'ﬁt.‘v‘vould have a significant effectA: on BWR clad temperature
response. Th'efefore, 'fhe GE evaluation model (app;-ove'd un&er the
_ Interim Policy "S;:atenien_t) , which did not‘ account specifically for
this effect, ~mu.s_c. be acceptt;ble in the future. 'I’hg Regv_.xlatory sfaff

does not accept this position for the following reasons:

1. GE has not presented for the record BWR cladding temperature
calculations that adequétely accomnted for possi.ble' variation

in the gap conductance during the postulated LOCA. The only

GE calculations available ‘(E'xhibit 1113, page 10—14_) did not
ac_count'l for clad thinning due to clad swell’in'g'én"d did not
~account for an increase in gap heat transfer at higher

'tempé_ré.t ures due to radiation.

2. 'I'he.:G'E' _eQaluation model was not apvproved for mo.re than an
inte_'rir,vﬁ period.. Before a more permanent' ;ppx;ox'ral cém be
graﬁt;é?l, GE should ciemonstrate the acceptability of the method
in light of today's kﬁowledge ‘coﬁé:erning tr'ans-ie‘nt éap~

conductance.

Ve
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CNLl's opinion on variations in the gap conduct ance during a LOCA
is ekpressed on,pages 5.18 and 5.19 of the CNI Conciuding Statement _
as fcllows:

"CNI further believes that the changes in the gap conductance

that will occur during LOCA conditions are poorly, indeed in-

adequately, established and that the reactor vendors are using

‘values of conductivity and evaluations of gap changes which,

although within the excessive range of presently assessed

uncertainty, are most favorable to establishing ECCS effective-—

ness. (See staff Supplemental Testinnny, Exhibit 1113
'Reference 10 33)."

The CNI contentiqn, that reactor vendcré are using values of oxide
conductivity and gap conductances during the transient which are most_
favorable to establishing ECCS- effectiveness is not supported by
reference lO 33 of the staff Supplemental Testinnny Ihe4author nf

this reference presented a discussion of the difficulties associated
with meaeuréﬁents cf oxide conductinity and gap conductance. He also.
eummerized tne epproaches thet”var;ous reactor vendors have taken in °
the past ‘in their safety evaluation. But, he did not reach a conclu-
sion similar_tc.the CNT contention, nelther did he present information
from which snch a;ccnclusion wouid follow. 'Furthermore3 reference 10:.33

is not in evidence.

A . T
Lo A
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PUMI' MODELING - - . - -

The Prqused Rule Appendix K, Section II.K

K. Modeling of Rotating Pumps. The characteristics of rotating
primary system circulating pumps (axial flow, turbine, or centri-
‘fugal) shall be derived from a dynamic model that includes
momentum trans fer between the fluid and the rotating member, with
.variable pump speed as a function of time. The pump resistance
used for analysis should be justified.’ The pump model for the
two-phaseé reglon shall be verified by applicable two—-phase. pump
performance data.

Discussion of Pump Modeling

The primary coolant pump models contained in the.PwR evaluation
models are a eontrolling facter in calculating core floﬁ for a
postulated eeid,leg breek (Transcript 6309), because the systeﬁ
pressure distribueion tends to reveree the flow‘thnough the core’
during part of the blowdown (Exhibit 1113, page 6—liﬁ Since the blow-
down core fiow'feversal‘is opposed by the driving=head of pumps in the
unbroken reaector-coolant loops, realistic pump modeling is necessary
in order t04p£operly calcelate core flows, which then establish theA
rate of energygxemoval from the fuel rods during,bloﬁdoyn (Exhibit 1113,
page 6—1)2 Onfthe other hand, to the extent that blowdown heat trans-
fer 1is dependent on turbulence and rate of system depressurlzation
(Exhibit 1137,.page 2.2; and Exhibit 1113, Section ;2), dynamic pump
modeling has less significance. B&W's Concluding étatement; page 118,

also references this effect.

g
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Thé major~Question ;a}sgd,about purp queliqg was pump performance
during theAt.wo-phase_..portion 'o-f‘.bl'c.wdown (Transcript 6312 and 7479;
Eshibit 1176, page 5). This question results from the limited data
on pump peff“b’i-l‘i:énce under two-phase conditions. Bécause c->f. the
litﬁiteddata a\.ré.il'abl.e at the time of the Supplementél Testimony, the
sﬁaff peff.orn'efd sensitivity studies -assuming cc'mditioris_ wherein tj.hé
{pumps; (a) Qere ésaﬁmgd to cavitate when the pump sUction-pfessure
was reduced to 'ti'xe saturation pressure, and ‘(b) the pump coét#nu}ed
to operate (ﬁuﬁpghead not' degraded) in the two-phase region (Exhibit
1113, page 6—3). These analyses were performed to bpund the effects
of pump moaeling,'and they resulted in a maximum»céléulated cladding
temperatufe-difference of 100°F for the ten cases examihed (Exhibit
1113, page 6j4)} On the baéis of this sensitivity study the staff -
:has proposed'aarequiirement_ for experA:i;vmental pump perfo.rmance data in
the two—bhaséAf}ow fegion (Transcript 21,000). Secﬁion IT.K of the
Proposed Ruléfreflects this staff conclusion.

The~uSe'df’3ynamic pump models is also supported in the Concluding
Statements of both ﬁabcock-&'Wilcox and Westinghouse; Combustion

-.Engineering did not comment on pump modeling during blowdown. The
Babcock-& Wiicox;anQZWestinghpuse,Concluding étatemeﬁts state .the

following:

030
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B&W (page 122) - "It is B&W's position that the dynamlc pump
model is, indeed, a better representation of the fundamental
physical behavior governing pump performance during the two-
phase regime in blowdown."

Westinghouse (page 72) - "...Westinghouse recommends that in
the Westinghouse evaluation model, pump behavior during blow-
down be analyzed by using the proposed pump model with the
pump homologous curves to describe the pump behavior under ’
transient conditions.

CNI in :LtAs'. Concluding AStatement presented a series of qhotations
conceming pump models (page 5.42). CNI suggested.n.o altemati.ve‘.to
.dynamic pump ttddeling, and 1t cited no evidence contrafy to the
adoptidp of'c:iynamie pump models (pages 5.11-5.43). Als'o:, CNI presented

no opinion with regard to the staff position as previoushly stated in

the Supplemental Testimony (Exhibit 1113, Sectiom 6).

BUR's

I;;e core flc;w in a BWR during blowdowrt is determined by the perfor-
mance of both 4'the je,tv pumps and the recirculation pumlps"(Exhibit 1113, |
page 6:.2). Tﬁe'Bwﬁ mode]l for reclrculation pumps assumes that the pump
head is not .:degraded until the pump suction pressure, reaches saturation
“pressure (Exh:tbit 132). At this time in the 1LOCA, the pump head is
assumed to decrease linearly going to zero at onme percent suction -
quality. Since.calculations (Exhibit 132) indicate that the jet pumps

- wcover before this condition is reached, it is conservative to assume

core flow goes to zerc when the jet pumps uncover; f.e., before the recir-

culation pump'.':s;.lction conditions reach one percent qﬁality (Exhibit 1113,

1} /)ﬁ&"'?m
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page 6-2). Thus, two-phase pump performance for BWR"I'jeci‘rculation punps

‘i-s not an issue by virtue of the evaiuation‘ model e;ss'umptionﬂ_.of zero
core flow wheﬁ the jet pumps unt_:.o,x@r.

Thel-- Concluditig Statement of GE stateé ’_(page G-4);

"Clearly, the detailed technical evidence in the record fully

supports the: adequacy of the pump modeling in the GE evalu—

' ation model " :

The staff agrees in part: the BWR evaluation model _(Exhi};pit‘-l32) 1is
satisfactory fdr ‘LOCA‘s Where op.eration-of fhe_ pump in the two-phase
reglon does n_o.t: control the calculation of core flow. However, the
'staff reservés judgment on the BWR pun_:p-model fof potential condi-
tions whére éo;-e flow can be shown to be controlled by recirculation

pump performance in the two-phase region.

o ot
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. CONTAINMENT PRES SURE

The Proposed Rule ApLendix K, Section II.L-

L. . Containment Pressure. . The contalnment preséure'used for
‘evaluating cooling effectiveness during reflood and spray
> cooling -shall not- exceed ‘a pressure. calctflated conservatively
" for this purpose. The calculation shall include the effects
of operation .of all installed’ preseure—reducing systems and
-processes.

Discussion of Containment Pressure

As shown :Lﬁ Exhibit 1113, Section 15, the containment pressure
during the re‘f]'.c')o'ld stage of PWR's 18 a consideration in determining
bo;h the core re_flooding rate and the fuel clad-to-fluid heat transfer
-lc‘oeffic‘:ients‘ as’ Vderi'v'ed from the f'LECHT experiezents. A lower assumed

_ or calculated containment pressure would tend to .decrease both the

core reflooding rlete and heat trans_fer.coefficients, thereby increasing

the calcu'latved cladding temperature. The Interim Policy Statement
required that»tlhe containment back pressure assumed. for the-teflood
an“a.ly'sis'.,shgﬁid not be higher than 80% of the increase in pressure
calculated. fc__:r'.th.e accident. The coneervatism of the IPS requirement
was queétior:le’.d d-ﬁring the proceedings (Transcript 6503). The staff

. presented an-evaluation in Exhibitl 111‘3, Section 15, whi_ch' demon-

| s-tr;ited .thatlthe IPS method was conservative for reflooding consid-
eretions in le;-g'e dry containments since the containment pressure
azgumed forez_iaiysis was lower thzn the realiscically anticipated

containment pressure with full containment safeguards in operation.

Lt
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The PWR evaluation models 1n the Interim Policy Statement applied
~only to large dry containments. Ice condenser and subatmospherlc
containments were not considered. The Proposed Rule -applies to all
concainment syscems and requires that tne nressure shall be conserva—
_tively calculated assuming all pressure reducing systems and processes
are operable.‘ This would be .done for each. LOCA and for each contain-
ment design.

.L.The calculation of the containment pressure during reflood was
discussed ln the Concluding Statements of B&W and CNI. B&W agreed
_wlth the conservatisn of the calculation and.steted (bagé 5;47):.
"The B&W ﬁethods of analysis for containment back preesure in

accordance with the IAC have thus been demonstrated to -produce
a lower than expected value of containment back pressure during

the LOCA analysis "
CNI_diSag;eed with the staff poSi;ion (Seccion‘lS of Exhibit 1113)-
and said in their Concluding Statement (page 5.47):

" .. the containment pressures are not known w1th adequate
precision." '

CNI offers no.evidence to eupport this statement,'nor.does it present

any alternate:to the etaff proposal."The staff-rejects this CNI con-
clusion which_le'contradicted bylthe evidence (Exhibit lll3;-Section 15).
BWR calculatlons of core-cooling effectiveness conservatlvely ass ume
that the containment is at atmospheric pressure](Enhibit 1113, page 16—26).
- Thus, containment pressure is not ar. issue for BWR'S sln:e no credit¢ is

given for improved heat transfer at higher containment pressure.
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SPRAY COOLING HEAT TRANSFER

The Proposed Rule, Appendix K, Section II.M

M. ‘Spray Cooling Heat Transfer (Applies Only.to Boiling Water
Reactors). Following the blowdown period, convective heat transfer
‘shall be. calculated using coefficients based on appropriate experi-

 ‘mental data. For reactors with jet pumps and having fuel rods in a
7 x 7 fuel assembly array, the following convective coefficients are
acceptable

1., During the period following lower plenum flashing but prior
to the tore spray reaching rated flow, a convective heat transfer
coefficlent of zero shall be applied to all fuel rods.

2. During the period after core spray reaches rated flow but
prior to reflooding (see paragraph.3), convective heat transfer co-
efficients of 2.0, 3.2, 1.5, and 1.7 Btu-hr !-ft™2-F ! shall be

" applied to the fuel rods in the outer comers, outer row, next to
outer row, and to those remalning in the interior, respectively,
of the assembly

3. -After the two-phase reflooding fluld reaches the Jevel under
consideration, a convective heat transfer coefficient of 25 Btu-hr™
~ft™2-°F"1 ghall be applied to all fuel rods.

Discussion of §pray Cooling,Heat Trans fer

The heat transfer coefficients specified in the Proposed Rule are
unchanged fron_those previously specified in the Interim Poliey State-
ment and are based on the results of tests performed in the BWR Full
Length Emergency Cooling Heat Transfer (FLECHT) program. Such coef-
ficients'conservatively represent tne conditions exoected-in a BWR
'followingAa.oostulated IOCA only if the tests on(which-the coefficients .
ere based areAapplicable to the épecific LOCA conditions uwnder considera-
tion,'and'tne-coefficients are anplied-in such a manner that  the

temperature response of the fuel clad is conservatively predicted.
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- BWR FLECHT Test Adequacy

The BWR FLECHT program and tﬁe'adequacy.of the tests“were discussed
in Section 16 of the staff's. Supplemental Testimony (Exhlblt 1113), in

Section III-B of the ANC Direct Testimony (Exhibit 1006), in Sectlon IV

of the GE Direct " Testimony (Exhibit 1069) in Sections L, M N and 0 of
the GE Redirect and Rebuttal Testimony (Exhibit 1148); and in Chapter 5
of the Dirett_TeStinDny of CNI (Exhibit 1041). The ?WR manofacturers
have generally taken a paroehial view of system—relatedjECCS problems
8o that onlylGE,}CNI and now the staff haye discussed the BWR FLECHT -
program in theirVConcluding Statements.

The Regulatory staff concludes that.the'BWR FLECHT tests are an
.appropriate basis for developing a BWR core heatup model because the
tests closely simulated ‘the reactor fuel bundle geometry and materials
and the_test eopoitions were representative of the conditions expected
during the spray_cooling phase of a postulated LOCA in a BWR. (Exhibit
lllB, Section_lﬁ).

GE has concluded (GE Initial Closing Statement, page P-1):

" "The BWR'FLECHT program has provided major experimental verification
for a number of the inputs in the BWR evaluation model, and has
ylelded information of interest on such other matters as flow blockage
the lack of significant oxidation on the inside of fuel rods, and
overall BWR ECCS capability."

CNl‘has coricluded (Exhibit 1041, page 5.2, and CNI Concluding
Statemwent, oage 5.37):

"The FLECHT experiments do not provide a sound basis for'assessihg
the efficacy of the core spray or reflooding system...[and the




FLECHT] program was characterized by marrow acope, limited range

of parameters Gmany -inappropriateé to the tasks at hand), the use

of incorrect materials, crude and incompetent instrumentation

and operating techniques (with consequent major. ‘equipment mal-

functions), and, as a culminating weakness, expansive and over-

generous. interpretations.A

: _Although the staff agrees with GE's fathef'genei317conc1usion,-

they present no clear rationale for their conclusion with record
citations. :The'stéff disagrees with CNI's characterization which is
unsupported by the record of the hearing, as is demonstrated below by
an analysis of each item.

The BWR-FLECHT program consisted of 143 tests using ten heater
bundles (Exhibit 137, page 2), which is indicative of'afbroad, not a
narrow, acoﬁe} The broad range of parameters in the tests exceeded
the range of parameters expected for a postulated LOCA and was appre—
priate to the task of determining on a quantitative basis the heat

transfer mechanism in a fuel assembly during the operation of the

spray - cooling system (Exhibit 1ll3, pages 16-16 through 16-27). The

. materials . e., stainless steel bundles and Zircaloy bundles) were

properly chosen, provided the maximum amount of heat'transfer data
from the prbgfem, and were the logical choice for reasons stated in
Exhibit-lllS;.page 16-2. Characterizing the instrumentation and oper-

ating techniques as ''crude and incompetent" is not based on facts, but

“on an unrealistic expectation that complex tests can be performed

flawleasly, and an incorrect judgment that failures are due to

RENST
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dncompetence'or intent. No serious equipment malfunctions occurred

during the stainless steel tests. Most of the mal functions during

the Zircaloy test870ccurred more than three minutes after the spray

flow waa.initia inje Aeflooding of the core following a postu— o

-:lated LOCA occurs within three minutes after initiation of the .sprays,

the malfunctione did not Beriously affect the;data'during the test

period of intereet,_;Althongh'CNi considers the interpretations of

‘the tests to be '"expansive and over-generous,' nowhere is it demonstrated -

that such iInterpretations were used in developing the Interim Policy
Statement.
CNI specifically faul ted the tests because of the use of stainless

steel heaters, the lack of energy balence computations, the inadequate

’ simulation'ofAflowiblockege;-the method of deriving heat trensfer_co—

efficients, the_anomalous and Inconsistent reSulte, and the experimental
problens (Exhibit 1041, pageﬂS.Z). CNI fnrther stated that the spray flow
and bundle power were not repreeentative of BWR's (Exhibit 1041, pages 5.5,
5.35 and 5.38). GE specifically refutee the CNI contentions relating to
the tenperature.response~of the Zr2K bunoie, the usefulness of the Zr2K,
Zr3M, and Zr4M tests, end_the-pse of stainiess‘eteel (GE Initial Closing
Statement , éection.P).' Except for flow blockage which is diseussed |

elsewhere in_this‘Concluding Statement (Acceptance Criterion (b) (&),

Coolable Geometry), the specific arguments are discussed in the

following paregraphs.
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B

Stainless Steel Heaters -

"Although the truenpurpose of using stainless steel cladding in 138

out of 143 FLECHT [test
the necessity and desirability of performing the majority of the tests
using stainless-steel—clad heaters has been demonstrated The stainless
steel heater-rods were chosen because of their durability which permitted-
a series ofitests to be run with eachltest bundle. The capability to
perform multiple tests with a single bundle improyed'the accuracy of the
derived heat transfer coefficients (Exhibit 1069, page 17) and provided
heat transfer data applicable,to 2 range of reactor types and conditions
'(Exhibit lll3 , page 16-2). The Zircaloy—clad heater test bundles did not
have this capability (Exhibit 1113 page 16—2) Thus, the stainless—
A steelfbundle tests were performed so as to obtain parametric heat
itransfer informstion,ﬂwhereas the Zircaloy—clad bundles were used to -
~determine whether-any'significant anomaly eaisted:in thevtransient
heat transfer behavior of Zircaloy. |
| Energy'Balance

lhe contention by CNI that the simplified energy balance:calculated,
for the Zr—éAtest by ANC (Exhhibit 1041, page 5.97) demonstrated that the
.power, spray rate, or drain rate might be significantly in error and
result in ineorreCt conclusions 1is not supported by the record of the
hearing. lhe test engineer responsible for the Zr-4 test testified

that =& simplified energy balance would be expected to be in error and in

LLEETY

is not’ apparent" to CNI (Exhibit 1041, page 5. 9),




any case an energy balance of this sort is not necessarily germane to

" the heat transfer test" (Transcript 13 872) By contrast, a detailed

transient energy balance for each heatercrod in the SS2N test bundle_
t;ias made in o'rd_er to derive the convec,tive heat ‘tramsfer coefficients
from the data (Exhibit 1113, page 16-28; Exhibit 1069, page 18).
,Using‘these-heat transfer coefficients to pre&ictﬂthevtemperature
response'of the_Zircaloy bnndles also required detailed transient
energy balances for each rod.inAthe Zircaloy bundles (Exhibit-lllﬁ,
page 16-33). Therefore the determination that there were no signifi-
_cant errors present in the tests was.baSed on the.predictions of
temperatures In the Zircaloy tests using the model and heat transfer
coefficients which were derived from detailed energy balances rather
. than from a simplified%energy balance:

| Derivation of Heat Transfer‘Coefficients

The:method of deriving heat transfer coefficients does arbitrarily

| assume a sink tenperature (Exhihit 137), but this does mot distort the
results as suggested by CNI (Exhibit 1041, page 5.2); 'Because the sink‘
temperatnre was arbitrarily assumed to be a constant 212°F (the satura-
tion tenperature of steam at atmospheric pressure),vsome heat trans fer
coefficients1deriVed from the data were negative. The reason for CNI
| concern in thisAregard appears to relate to heating of the clad by the
_steam (Exhibit 1041, page 5.14) which may not be "allowed for in the

utilization of the experimental. results" (Exhibit 1041, page 5.15).
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- The mathematics ‘of -éﬁé%care:"héatl;pi model pred fet ‘n.égé.t—i_\ﬁre heat

A t;aﬁéf@r'éoéfficieﬁgs ﬁhen’tﬁeiéink tempeféﬁurelis higher thén the

. roalsurface tgﬁpe;éture; Since thé sgeém temperéture must alwa&é be
below.the;highestlrod surface teﬁperature,'heatiﬁg of rods b& the
steam, as.inaié#ted by negative heat transfer cqefficients,-éannot
affect the hot spdt.temperature and need not be included in the clad
heatup modgl. ,Therefore,'tﬂe method of deriving heat ﬁransfer coef -
.ficients does no£Adistort the~reéultsmaf the experiments or the
calculation opreak.clad temperatures following a postulated LOCA.

Anomalies
CNI c&nteﬁds that, "analysis of FLECHT data has nmot been able to
reconcile several grossly anomalous and inconsistent results." (ExhiBit
1041, pages.S.Z) Inconsistencies betweén‘températures measured in
different ruﬁs.(Exhibit 1041, page 5.15) and different tests (Exhibit
1041, pages 5.19, 5.101), and interpretation of thermocoﬁple traces
(Exhibit 1041, pages 5.46, 5.48, 5.60)-are the specifié.illustfations
'péesented.bthNI. |
CNI cites the apparent inconsistency between the témperétures

measured in run 33 of the SS2N test and--the temperatures measured in
run 6 and rﬁnbl3 of the same test (Exhibit 1041, page 5.16; Exhibit
127, Figure 6). As'explained in the original report (Exhibit 127, . -
page 7) temperafures measured early in bundle l1ife were slightly |

lower (50°F) than temperatures measured late in bundle life. This

’
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occurred because a.series of“rnns with both spra& cooling and bottom
flooding (runs 2% through 31), in which the bundle was cooled more . - -
quickly, was pe;formed just prior to the purportedly anomalous test |
run. -Therefore the difference in\tempefatures wac:attributed to the
distcrtion and'towing of the heater tods.‘ Post-test inepection of:
tne bundle confirmed‘that the>:ods were bowed andldistorted. Rod
distortion 15 fUrther verified by noting that all the runs (33, 34
and 35) perfctmed at‘the same power, but after the combined spray-
“flooding runs;‘were consistent among thems elves (Exnibit 127, Table 1).
In addition, other,runs (2, 4, 9 and 17) performed prior to spray-
flooding runs.were also consistent among themsel ves (Exhibit 127,
Figure 7) This minor perturbation is npprOximately theﬁamount
predicted to occur due to bundle distortion, it is well understood,
it is not significant, and it was considered in develoning the evalu-
ation models of the Interim Policy Statement’(Exhibit_lll3, page 16-=7).
CNI cites.as another apparent inconsistency the difference between
& the temperatntee measured in two tests using the SSiN and the 8S4N
nundles wﬁich CNI considers to be."closely the same" (Exhibit'loél,
page 5.19B),:'However,ithe tests'bundleslwere not the S;me since the
exiai power peéking'factbfs differed (Transcript 7013; Exhibit 1113,
pege 16433).iAThis difference in peaking caused approximately half of

the difference in measured temperatures. The remaining difference

b
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_fgouid.beﬂthé-fes;it Af‘éxtefimental.erfOrs. Even tﬁoﬁgﬁ the meésﬁréd.
temperatures différed,vfhe heat: transfer ¢oef£icients derived from

the twaﬁsets-of test data are nbt.significantiy differént (Transcrip;
7019;\Exhigit;136,-Figgre G—Sé). When each set of heat transfer
coefficienfs”is app1ied to- a postuiatéd I0CA, the célculated peak
clad3temperé;ufég differ by only 40°F (Transcript 14,234)._ Therefore
the differe;cq between the SS2N énd the SS4N tests, although cons idered
in developiﬁg the IPS, is not significant.

The CNI argument that the interpretation of the fhermogouple trages
from the Zrék.tgsts "indicates a.false temperature turnaround” (Exhibit
1041, pages_S;AG, 5.48, 5.58-5.79) 18 repeated in the CNI Concluding
Statement (page_S.ll). The summary of the questioniqg;ag&'testimony
presented in the Initial Closing Statement on Behal f 6f’the General
Electric ébmpéqﬁ Vo lume 2, paée P-2, agrees with the view held by the
staff with-régéid to the Zr2K tests. 'In any.case, tﬁe diséuséion is
irrelevant éb the determination of the validity of the Proposed Rule
. since the ZeriBundle tgmpératures under contentioqloécurred long
afte; ;he cb;résponding reflpoding of a fuel asseﬁbly in a reactor
would have &ccﬁrred. This portion of fhe ZrZK.tes; is not repre-
sentative”of cohditionszexpected in a BWR wifh jeéxpuéps”and was not
considered in developing the heatltrénsfer coeffiéients specified in

Secticn II.M.

JoEsT
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.Expgr'ineﬁtal .P'r"cbléné- - }

CﬁI'contenAS that 'several crucial FLECHT'tésés are compromised
Eeyond salvétion by experimental problems and incompeteﬁt or careless
conduct". (Exhibit 1041,.pages 5.2, S;iOQ). These problems include heater

_and thermocouple'féilure (Exhibit 1041, pages 5.40, 5.42, 5.64), the use
of molybdenum heaters (Exhibit 1041; page 5.10), the reaction between the
alumina insulator and the Zirqaloy clad, and accumulétion of water in the.
test_assemblies; |

The failure of heaters and the powervshifting caﬁsed by the

'molybaéﬁum heaters iﬁpaired the usefulness of the tests'ﬁut'didAno§>:b_b
compromise their validity for use in comstructing éq evaluation model
(Exhibit 1113, page 16-34). Reflooding of fuel assemblies im a BWR
following a p?atulated accident is calculated to occur within 2.5
minutes aftef iniﬁiation of the core spray. 'Refiooding of the fuel
aggembllies will provide a significant increase in heat transfer, and
as a result clad temperatures will be quiékly_reduced; All but three
of the heater‘failurés in the Zr2K test and all of the heater failures
in the Zr3M and Zr4M tests occurred later than three minutes after spray
initiatidn._-Therefore most of the failures did not affect the poftion
of the experiments'which were relévant to a LOCA heafﬁp transient in a
BWR with jet éumps. The éhanges'in power which did affect the relevant
portion of the test were due to the initial three heater failures in

the Zr2K test and the power shifting in the Zr3M and Zr4M tests. The
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changes in power were recognized end included in the calculationS' '
used to predict the test results (Exhibit ‘1113, page 16—35) The a
data used to test the predictive capability of the core heatup model
was either unaffected by the problems cited by CNI, or the input to
the model Wae.properly corrected for their effect (Exhibit 137,
page 28). Therefore evaluation of the predictive capability_of the
core heetun mcdel, which was Based on -the comparison of the predictions
of the model tc the data, is independent of the probiems cited by CNI.

In some of!the Zircaloy tests, the alumina insulaticn material
reacted chemically with the Zirceloy, thereby heating the cladding and
causing somefi0cai melting. However,'this reaction occurred, as shown
in further tests, nearly 100°F abone:the Interim'Accentance Criterion
clad temperetufe 1limit of 2300°F. 'furtnermore, the reaction involved
a materialvuni‘que to the test and not found in reactor fuels; i.e.,
alumina vs urenium oxide (Transcript 10,425).‘ Therefore this phenom¥
enon wae‘not considered in the development ofltheAGE core heatup model.
It is wortﬁlneting that this inadnertent chemical reacticn provides
additionai eyidence of the effectiveneee_of the core spray. Even
though SOme'nelting occurred in these high temperature tests, the
temperature riee was halted and reﬁersed by the action of the water
spray (Transcript 14,270).

CNI contends that the spray water in some tests did not drain

properly from the test rig, and thus it accumulated and produced some

LA Ll s




- 173 -

flooding o.?._ftim‘e_l‘,test. bundles which \._re:s;;lted inhigher .
cqeffiéienté than ﬁould_be'expected.fréﬁ spray_aloﬁe'(E%hibif:ibéi,
page’5.37).’ However, the ﬁest.engineer teséified that élthough the
\ppssibility oftﬁater‘accumulation c§uld nét be ruled out, none was
observed (Transcript 13,896; 13,901).

| | Spray Flow

CNI.viéwé the supplemental tests; usgd to'dete£mine the appro-

priate valqe:qf the épréy flow rate for the“FLECHT tests, t; be very
simple and.ﬁnrébresentative (Exhibit 1041, page 5.5), and the simla-
tion of the spray in the FLECHT tests to be in error fgxhibit 1041,
page 5.39). Thg supplemental experiments which were performed to
. determine thefdiétribufion of spray flow in a ;eactof.and the proper
value to use in the FLECHT tests have been discﬁssed by both the stéff
(Exhibit lllB,jCha@ter 16) and GE (Exhibit 1148, Section 0). The‘spray
flow rate uééd in the FLECHT expériménts was base& on experiments whiph
- measured tﬁeAdiBtribution of the spray. among the fuel -assemblies

in a reacto;.'“A full-scale mockup of the t&p of a‘reactor core was -
used in théég expefiménts including duplicates of the fuel bunale.
chamnels and lifting handles, the core spray sparger, and the nozzles
used in a féadt&r. Tﬂe steam separators were modeled using.stand

pipés (Exhibit-ll48, page 0-3). fhe testslreproducea‘the expected
spray distribufion; velocity, and droplet size becausé the type and

arrangement of the spray nozzles duplicated those of a reactor
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(ExhiBi§,1113, pagg 16—23)f Both'sﬁray flo&-distribution measurgménts
and phqtqgré?hic obqervatio#s-of ‘the core séray-dropiet size distri-
"bution were:ﬁade during these tests (Exhibit 1148, page 0-5). Addi-
‘tional tes;s'Wéfé performed with steam updraft simulated by-air.
Analyses demonsﬁrate that phe“air flow selected for these additional
..Feéts proper}y'simulated the expected steam flow (Exhibit 1148, page
0-5; Exhibit 1113, page 16-22). Additional tests with steam flow
through'a'singlé chamel at atmospheric pressure iﬁvestigated the
effect steam might have on droplets (Exhibit 1113, page.16—23). Thev
fesulté df'allAthese tests demonstrate that the spray flow used in
~ the FLECHT Eeétg is less than the minimum expected in a reactor,
and that steam floﬁ up through the fuel ;ssemblies will not have a
significant e%féct on spray flow distribution (Exhibit 1113, page
16-23). | |
CNI eﬁpressed concern over the lack of experiments to determine

spray-droplé; éize distribution or the velocity and-the degree of_k
supérheat of fhe ejected steam (CNI Conciuding Statement,page 5.43).
However thé need for these experiments has_ﬁot been demonstrated. -
Measureﬁent of’spray particle size distributibn’isnunneéessary
because, as,discusged in the preceding paragraph,:tﬁe'fests made to
assess the‘efféct of updraft on the spréy distribution reproduced the
spray parﬁiéle size distribution in a reactor (Exhibit 1113, page
,16—23;'Trénscript_14,226). _Tésts to determine the steam velocity and

temperature are unnecessary since the velocity increase due to the
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panded specific volume of superheated steam is shown both quali—

tatively (Transcript 13, 951) and quantitatively (Exhibit 1113, page
16—22) to be offset by the decreased steam generation rate resulting"
from the diversion of energy to the superheating of the steam. |

"A hint that the exit velocities may be very great" (CNI
Concluding Statement, page 5.44), and presumably greater than predicted
is based on an incorrect paraphrasing of a comment by a staff consultant,
which comment is not on the record (Exhibit 1113 Reference 16.20). The |
‘,consultant noted'that the steam plume from the high temperature_ZrBM and
.Zr4M tests {not the lower temperature Zr2K test cited,by'CNI) was sig-
nificantly gfeéteé,;h;n previously observed. lhis subjective
observationfislonly indicative that the higher rod temperatures
observed in.these tests may haye‘resulted in steam‘velocities higher
than predicted for a reactor.  In any case, these temperatures are
higher than predicted for a reactor, and they occurred late in the
testﬂtransient - a period after reflooding occurs in a reactor.
Therefore this'observation is(irrelevant to the development of the
) Proposed Rule, '

| Bundle Power

Although GEvmakes no mention of it in their Conclnding Statement,
both‘the st&ff_and CNl recognized that the Zircaloy‘bundles in the
-BWR FLECHT tests were not tested at power levels representative of

current BWR-power levels (Exhibit 1113, page 16-41; and Exhibit 1041,
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page 5.38). 'However, the CNI C6n¢1uding Statement (page 5.13) incor-~

- rectly aqsﬁﬁés ﬁhat the staff ignored this fact.gnd'gavév"the benefit%

of the doubt to system-effectiVenésq". Although the thermal response
of the test bundles 1s mot completely representative of the highest .
péwered BWR;fuél assemblies,‘the heat transfer mechanisms operative

during spray ﬁdoling were simulated since they are strongly'dependént

on temperature and not direct functions of bundle powér_(Exhibit 1113;

page 16,17);:'SinCe the temperatures in the test bundles‘exceeded fhe
~range of teﬁperatures_calculated for éﬁy fueiiassembly following'a
postulated'LﬂéAu(ExhiBiﬁ 1113, page.16-20), fhe heat transfef.coef—
ficients based.on this data and specified in Section II.Mvof thé
Proposea RuIe;a?e appropriate for calculating temperatures in any fuel
asgembly, inditding the highest ﬁowered.- Use of thése'heat trans fer
‘coefficient9 i#.calgulating the ﬁemperétures of bundles with various
power levels correctly predigts the thermal response; This coﬁfirms
the staff'siconclusion that "the peak clad temperature was a strong
fuﬁction of ppwér" in the BWR FLECHT test (Exhibit 1113, page 16-15).
Therefore, the iﬁformati6n cited by CNI reaffirms rather than
contradicts tﬂe staff'é conclusions.
 ¢onc1usion;

The Regulatory staff concludes'tha£ fhé“BWR}FLECHT testé are

adequete féi ;he purpose intended, the resulte are applied in & con-

servative maﬁhef when in accordance with Section II.M of the Proposed
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Rule, and the reéulting calculations conservatively predict

N pefature.réépqnsé_of the fuel claddingﬁin.a-BWR>core;'

J

the tem-

-
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CHANNEL BOX WETTING

The Prqposed Rule Appendix K, Section IT. N

. N. Channel Box Wetting (Applies Only to Boiling Water Reactors)
Following the blowdown period, heat transfer from, and wetting of,
the chamel box shall be based on appropriate experimental data.
For reactors with jet pumps and fuel rods in a 7 x 7 fuel assembly
array, the following heat tramsfer coefficients arnd wetting time
‘correlation are acceptable.
1. During the period after lower plenum flashing, but
. prior to core spray reaching rated flow, a convective coefficient
of zero shall be applied to the fuel assembly channel box.
2. - During the period after core spray reaches rated flow,
but prior to wetting of the channel, a convective heat transfer
coefficient of 5 Btu-hr™l-ft?-F~1 ghall be applied to both sides
of the chammel box. :
3. 'Wetting of the channel box shall be assumed to occur
60 seconds after the time determined using the correlation
based on the Yamanouchi analysis ("Loss—of-Coolant Accident
Emergency Core Cooling Models for General Electric Boiling
Water Reactors,' General Electric Company Report NED0-10329,
April 1971). :

Discussion‘df Chamnel Box Wetting .

The.wetting tiﬁe specified invthe proposed rule is unchanged from
that'previduely specifled in the Interim Policy Statement, but the
heat transfet.ccefficieﬁts now proposed are siightly lower. Both the
wetting time and the heat traqsfer‘coefficients are tased_on test
| results from the BWR Full Length Emergency.Cooling Heat_Transfer
(FLECHT) program (Exhibit 137). |

The: specified wettirtg times ‘and heat tren.efer coeff;icients .can
conservat:tveiy represent ttle conditions expected in a BWR.following

a pastulated LOCA only Zf the tests on which they are based are
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applicable'to-the'specific LOCA conditions under consideration, and
Athe coefficients and wetting time are applied in such a manner that _
.the temperature response of the fuel clad is conservatively predicted
A discussion of the adequacy of the BWR FLECHT program is contained in
the previous section of this Concluding Statement (Section II. N, Spray
Cooling Heat:Transfer) and in Exhibit 1113, Section l6.v The results of
those tests relating to channel wetting and the mannerAin which the
results are applied are discussed ‘below. A

The results of the BWR FLECHT tests have been used to develop the
correlation specified in Section II.N of the Proposed Rule. The corre-
lation is‘based on a theoretical development bfAfemancuchi. The corre~
lation reletes channel wetting time'with a parameter Which is a function
of the channelvtemperature and a time—dimensioned grpuping cf chamel
thermal parameters (Exhibit 131,-paée'D—l9). Using measured cnannel
temperatures from the tests, the correlation predicts well tne
channel quench times observed in the stainless steel bundle tests.
The quench times of the chamnels in the Zircaloy bundle tests are not
as well correlated due to distortion of the chamel and variations in
| temperature;bétWeen different sides of the chamnel (Exhibit lllB, page
.16—33). If tne correlation was modified to fit the Zircaloy bundle
channel data alune, this modification would be less conserpative
(Transcript'l4;048)} A conservative estimate of the wetting time of

a fuel assembly chammel with a known temperature can be made using

BNV T
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. the procedure specified in Section II.N of the Proposed Rule, since
all but- one of t:he quench’ times observed in BWR FLECHT tests are less
-than 60 aeconds after the time calculated using the specified correla-
tion (Exhibit lll3, page 16-33).

The Zircaloy-test—bundle chanriel boxes were identical to a reactor—
fue_l—assembly channel box, thus assuring identical thermal properties
. However, the fuel—assembly-channel temperature must be{calculated
V before theu correlatio't'x can be used to predict quench times. The tem~
~ perature of the channel 1is a function of -the net energi radiated fro.m‘
the rods and_-\the energy _convected to the surrounding steam atmosphere
(Exhibit.wl113 pages 16-8 and 16-20). Although the radiant heating
of the chamnel- in the tests. closely simulated that expected in a
reactor (Exhibit 1113, page 16-6), the eriergy assumed to N-be convected
~ from t-heic_ha'r'r'nel box included thermal radiation to the test rilg struc-
ture (Exhib.it:: llﬁlfi, page 16-8). A convection coefficienit based on the
uncorrected test data might be high by a factor of two. Therefore,
the coefficient specified in Section II.N has been colr‘.rectéd' for

thermal radiat‘ion to the test rig structure.
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CORE ILOW DISTRIBUTION DURING ELOWDOWN . |

The Proposed Rule, Appendix K, Section II.

' "-0. Core Flow Distribution During Blowdowii (Applies Only to T
Pressurized Water Reactors). _

. 1. The flow rate through the hot region of the core during
blowdown shall.be calculated as. a function of time. For the
purpose of these calculations the hot region chosen shall not .

. be greater. than the size of one fuel assembly. Calculations of
‘average flow and .flow in the hot region shall take into account
cross flow between regions and any flow blockage calculated to-
occur during blowdown as a result of cladding swelling or rupture.
. The ‘cal.culated flow shall be smoothed to eliminate any calculated
rapid oscillations (period lese than 0.1 seconds).

2. If fuel cladding swelling or rupture is. calculated to
occur in the hot region during blowdown, the hot region flow
shall be multiplied by a flow reduction factor of 0.8 to form
the flow input data for the hot chamnel heatup: calculation.

3. A method shall be specified for determining the enthalpy
to be used as input data to the hot-channel heatup analysis :
from quantities calculated in the blowdown analysis, consistent
with the flow distribution calculations. .

Discussion of Oore Flow Distribution During Blowdown

~ An :Lntegral part of the LOCA analysis is the prediction of local
coolant characteristics (flow and enthalp}f) at the hot- portion of the o
core (Exhibit 1_113, Section 7). During blowdown the rapidly flashing
coolant serves-:as a heat sink for the removal of energy stored in the
fuel -ro'ds d.uring normal operation. Thus, the local jc.:c‘:olar'xt -conditions
influence the'-.peak cladding temperature. .'llheopen -.latticecharacter_
istics of current PWR's and possible swelling of some ‘of the fuel

rods duriné hlowdown complicate the physical phenonlena.

VLT
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Mosﬁly due to'fiﬁid density differenées,.relatively ho£~poftions-of
. the core wiil have different flpw transientsiphan'coolgy portions of
the co;e; Flow §ariations.nmy'also exist within ﬁhésé tWo'reéions if
the geometry:of_phe,individual coolant channels is.diétorted due to.
swe;iing qf>£he cladding. |

The Regulécory staff recommends-evalhaﬁion models that (1) account
for flow variations.ambng the various regions of the c;ré; and (2)
apply a penalty'to the calculated flow rate to account for local flow
variations within a region once blockage 1is calculated to occ.ur during
b lowdown. Thé recommended penalty is 20 percent reduction in the
Ealculated fibW'rate. This reduction should apply,qnly after clad
perforation and swéliiné;are prédicted in the hot regioh by appropriate
calculations: .For—the purpose of performing cofe flow diétribution
calculations, the hot région.should not be la;ger than the size of an
.iﬁdividual f#eifasseﬁbly. Should calculational techriques be[impioved
to a pqint tﬂat the flow distribuﬁion within a reglon can be p;edicted,'.
revision of Section II,O would be appropfiate. |

The preéen£ reéommendétion represents a change relative to the
Interim Pblici'Statemgnt;‘and it develops further the Regulatory staff
‘éosition expre;éed'in the Supplemental Testimony (Exhibit 1113, page
7-12). ‘Evalﬁation models approved under the IPS take 80 percent of
the calculated core 'average flow for use in the cladding temperature

calculations (Exhibit 1001). It has been acknowledged that.(l) the
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flow caicﬁiéﬁidﬁs are sensi;ive to numerical oscillations; aﬁd (2) the
‘cool#nt entﬁalpyfanﬁ flow igiéhe hot.;egions of thevcofe'differ from
those of an gvefage region (Exhibigs'lool, 1113). This knowledge
led to the IPS reﬁuifements thatnthe.é;ré flﬁw rate predicted b& the
_system aecompreéeion code should be smoothed and multiplied by a factor
of 0.8. Reguiatory étaff.calculations 1ndiééfed that use of a smoothed
flow rate is éénservative (Exhiﬁit 1113). The 0.8 factor accounted |
for unce;téinﬁies in core flow distribution (Exhibit lOOlj. |

During ﬁhé céur;e of the hearing additional information on flow
redistribution became available. The extent of flow blockage due
| to claddingvswelling and perforation was discussed in dgtail;
‘Various participénts also presented predictions of hot region flow
transients ?hich accounted . for the effect of flow bioc#agé on flow
ﬁistribution.- Theée developments are summarized in Exhibit 1113,
§éctions 7land 20. At the.éime that the Staff_Suppleméntal Testimony
was p%ep#red-(September 1972)'all information aVaiiaﬁle on core flow
w@istribqtion-was reviewed and the following conclusions were reached
(Exhibic 1113): |
1) The hop.subchannel flow cammot be represented realistically

by a single multiplier, such as 0;8.
2) The éofg enthalpy distribution should be considered.
- 3) Tﬁé effect of postulated‘br potential blockage should be

considered.
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The state—of—the—art'pf cglcplégipnal techniqﬁes wa§ alsq reviewed and
a,th#eefsgeﬁlﬁrogram was reéomméﬁded,-nauelyﬁ'~(L)_éxtend the usé of
the idterimarequirquntaafor approximately one more yéér; (2) developA
and use improved andlysis techniques;mand (3) verify the>improved
techniques with experimental-dafa.

_The Redireét and Rebuttal Testimony‘oﬁ v;riogs participants
presented additional information on fiow distribution during blowdown.
B&W (Exhibit 1137,Apages 8-1 to. 8~3) performed a study with muiti—region
cpre.repreéentation using the CﬁAFT code. This sﬁu&& was repeated
with calculated flow area reductions representing fldw Blockages in
various parts of the core. CE(Exhibit 1144, pagés 5-4 fo 5-6) dis-
cussed the résu;;s of CEFLASH-4 éalculations using a tWo—region core
model; This study also 1ncluded tﬁg explicif répréséntation of flow
blockage. Both the B&W and thé'CE studies selécted one fuél ésseﬁbly
as the si;e of the hot reglon. Nd attempt waé made to predict flow
variations within this region. The Westinghouse Redirect festimony
(ExhiBit llSi, page 15-~1) présented experimental verifications of
the THINC III code which is used to calculate flow redist?ibution due
to blockage q@fing bl&wdown. Calculations were cqﬁpéred with results
of steady—stafeAéubéhannel temperéture measuréments and with.results
of the Westinéhouse isotﬁermal flow. blockage experiments.

The concluSions.of each of the above-mentioned studies supported
the first two suggestions of the Regulatory staff's Supplemental Testi-

mony, namely that (1) the hot subchannel flow cannot be represented
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by a single multipLief'applied to ‘the average chamnnel flow; and (2)

‘the core eﬁthalpy distribution should also be consideréd.inﬁdetermining

critefia.'-RegArding'flow blockages the stuaies-concluded that, when
bloqkaggs ﬁere‘explicity represented in the calculations-Cwithinlthe

1imitatiqnsAof,these éalculatidns), the resulting peak cladding tem~

:pératures were approximately the same as calcuiated by the preéent

evaluation models. B&W reported a 22°F reduction in peak cladding

'temperafurefwheﬁ using calcul&ted‘blockagesA(Exhibif 1137); CE stated

that an assumed 65 percent Blockagé 1n¢the.hot-reéion-and.no‘bléckaée'
in the rest of the core gave approximately the same results as the
present CE e?éluationvmodei (Exhibif 1144).' The CE aésumptioh is
severe since no Blockage greater than approximately 70 percent has

been observed in 16-chamel test assemblies»or in teSﬁ_éssemblies

"having more than 16 channels (Transcript 9166—67); current PWR fuel

assemblies contain approximately 200 chammels. Based on these findings,
B&W, CE and Westinghouse recommended the continued use of 80 percent

of the computed average core flow in their future evaluation models.

" The -same position was taken by each of these three participants in

their Concluding Stateﬁents. The most completé review of the .evidence
suﬁporting ﬁﬁe IPS requiremenf_on core flow rgdistribution can be
found.in the B&W Copcluding‘Stétement.

The CNI Concluding Statement (Section V.E) referenced statements

of witnesses expressing concern with the selection or justification
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of the IPS requirement that 80 percent of average core flow be usen in
| , the heatup calculations. Based on this evidence CNI concluded that -
the IPs requirements on core flow redist:ribution are una’cceptable. ;
CNI suggested.no alternatives to the “assumption of 80 percent of
averagve core flow. | |
The Regulatory staff'concludea that the technology is now available
for the explicit representation of the hot assembly in the blowdown
calculations. Furthermore, this’ representation has three‘advantages
over the IPS requirements.
1) it provides a more realistic approach for the prediction of
the time ‘history of the hot- assembly flow,
2) it provides the needed local enthalpy input to .the cladding
temperature calculations; -
5) it permitsythe direct representation of assembly—wise blockage
in‘thelcalculations.'
- For these_reasons, the'Regulatory staff proposes the incorporation'
of hot assembly flov calculations into the evaluation models. At
the same time‘the hegulatory staff recogniZes:that.no satisfactory
subchannel flow calculational - techniques are. presently available to
predict flow variations during’ blowdown within a hot assembly in the
presence of,fuel swellingt Until appropriate methods are developed,-
and because:of'the insensitivity of this multiplier on peak clad

temperature ' (Exhibit 1113, Sections 7.0 and 10.0), the Regulatory
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staff recommends a 20 percent reduction in the calculated hot assembly

flow ‘to acco‘t'mt for possible reductions in :local flow in the immediate

vicinity of the swollen fuel region. For reeeone given above ‘this
»epproximate treetment of the coolant flow is acceptable now However,
the Regulatory staff expects that development of improved analytical
models 'and performance of experiments will continue in the directionm
indicated in Section 7 of Exhibit 1113. The development of experi-

menta].ly verified three-dimensional subchannel codes for analysis of

power— and blockage—inducedv flow redistribution was the goal suggested

by the staff in that earlier document.
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. COOLING WATER INJECTED DURING BLOWDOWN

Proposed Rule, .Appendix K, Section II.P

P. Cooling Water Injected During Blowdown (Applies Only to

Pressurized Water Reactors). For postulated cold leg breaks, all

. emergency cooling water injected into the inlet lines or the
reactor vessel during the bypass period shall in the calculations.
be subtracted from the reactor vessel calculated inventory. This
may be executed in the calculation during the bypass period, or -
as an alternative the amount of emergency core.copling water
calculated to be injected during the bypass period may be sub-
tracted later in the calculation from the water remaining in the
inlet lines, downcomer, and reactor vessel lower plenum after

‘the bypass period. This bypassing shall end in the calculation
at a time designated as the "end of bypass," after which the
expulsion or entrainment mechanisms responsible for the bypassing
are calculated not to be effective. The end-of-bypass definition
used in the calculation shall be justified by a suitable combination
of analysis . and experimental data. Acceptable methods for defin-
ing "end of bypass' include, but are not limited to, the following:
1. Prediction of the blowdown calculation of downward flow in
the downcomer for the remainder of the blowdown period; 2. Pre-
diction of a threshold for droplet entrainment in the upward
velocity, using local fluid conditions and a conservative critical
' Weber number. o :

Discussion of Cooling Water Injected During Bl owdown

The Interim Policy Statement described a phenomenon identified as,

"accumuilator bypass."

Accuniulator:bypasg is a term'used to describe
an assnmptien regarding emergency core coolant injected into the
primary co_oient system during the blowdown period of a postulated

PWR coid—leg Break-. In the Ini:erim Policy Statement the several PWR
e‘va'lu‘ation. models require that ECC injected du‘:ing. the blowdown .period

should be COnsidered lost. In that context, blowdown was defined es

the time at which zero break flow was first computed. The Proposed
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Rule,iabove, requires an approach to- the calculated end of hypass
which is based on the physical phenomena responsible for bypass.
This requirement replaces the previous method which was arbitrary in
nature, as explained below.

| Two principallreaaona were cited in Exhibit 1001 aa necessitating
the arbitrary,‘conserVative bypass requirement. The computer codes
were reéarded as inadequate in their‘ahility‘to'account for the inter-
action of the cold ECC with the hotter primary fluid, an&‘several
small scale”tests, the Semiscale 845-851 test series_conducteh at
ANO; exhibited experimental behavior at variance with coqe:predictiona.

qbstimony by the participants'Offered differing\viewpointa on

the subject'of ECC bypaas., WEStinghOuse discussed 1716.50313 tests
theylperformed in relation to ECC bypass, but the test results
were never fullj reported kTranacript 14,618). The reaults were‘
generally insufficient to permit quantification cof a,change in the
bypass requirement (Transcript 14,629). Some. qualitative results
from the tests were that the dimensions of the lower plenum, the hot-

leglnozzlea, and the downcomer affécted bypass (Transcript 14,638).

Westinghouse witnesses further testified that they were not'now_proposing

a change in the bypass requirement (Transcript 14,707). Combustion
Engineering testified that the lOO percent bypass assumption is

conservative; but that there is a possibility that some ECC is lost

(Transcript'l3,181).- This opinion, apparently based on CE's engineering

judgment as opposed to a calculation, was also offered earlier by

the staff in ‘Exhibit 1001.
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I';urtherl discussion of ﬁICC bypess was presented. at the redirect/
rebuttal phase of the hearing ’The Regulatory staff, lh Section 8
of Exhibit 1113, stated its belief that the bypass ana]_.y‘sis could be
‘:meroved if a method was used which related in an amnalytic fashion
to the phenomena that might cause ECC rejection. The staff recommended
- that a time in the blowdown sequence be established a_s'.t.he "end of
byéass'; whiéh‘ ;fzould, for thisnpurpese', supplant "end of blowdown."
The suggestion y}es that ECC bypass would still be asshm'ed, but it
weuld be tetmiri“ated en thelhesis of a mechanistic rather than an
erbitrary mb‘delp This approach would permit ‘a variation in analyses
‘d.ependent on ,the.extent to which analyt;es and expetimental resohrces _
'iwere applied to the pfeblem. »_Dglring the direct phas.e of the hearing,
and in the redirect/rebuttal phase, only ohe other patt’icipant, -B&W,
'offered' speeific suggestions as to how to best quehtify the end-of-
bypess phenoinénon. B&W pres'ented in their Redirect/Rebuttal Tes tithony.
(Exhibit 1137 Section 4) three separate formulas for quantlfying the
process wherein the upflow of steam can 1nhibit the downflow of liqu1d
These mechanism's are based 'oh two-component flow theory and ignore
the condensetien e-f_:f.ect’__' that would acc_orﬁpany the interaction process.,
.The Regulat.(')ry s(-taff concludes':that the B&W :suggestioris are useful
and that the 'ﬁxée-t conservative of the three, concerning droplet
ejection, should now be used. In practice this wouid‘ permit end of

bypass for a“s't'riall upward velocity in the downcomer. In the Proposed
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Rule the'use"of'droplet entrainment is recommended as an acceptable
method of defining "end of bypass." Greater detail on_thisvmechanism
is'given in hxhdbit 1137 Alternatively, and even more.conservatively,
‘the staff concludes that when the direction of flow in'the reactor
Vdowncomer is downward no additional ECC bypass need be adssumed. The
staff believes that other means of calculating ECC bypass also exist.
As more data become available the staff believes other methods should
~ be proposed and if acceptable, could be adopted.for use. ‘

B&W in its Concluding Statement suggested a nodel-for‘ECC bypass
which appears to be consistent with the staff's Proposed Rule,
although they believe droplet ejection to be_conservative. Westing-"
house in its-Concluding Statement suggested use of thelWallis flooding
correlation. The Wallis correlation is also one of the three methods"
discussed in. the B&W Redirect/Rebuttal Testimony. Westinghouse had
previously testified that they did not have any experiments that were
specifically'addressed ‘to the WalliS'correlation'(Transcript 14,690).
The Wallis correlation is less conservative than two other procedures_
for computing ECC bypass (Exhibit 1137, page 4~ 5) Further, Westinghouse
has not pres_ented anywhere on the hearing record any comparisons of
‘the Wallis“correlation with steam;water data oruwith.decompression
data. As agresult; the staff can not now recommend adoption of the
Wallis cor relation for ECC bypase, but we do mot rule out such

acceptance in the future, based on appropriate supporting information.

S
v1oBARAE
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CNI in its Concluding Statement (page 6.3) .commented on “éccumu—

i _Therein CNI expresses a concemn that the residual

.lator e*hqﬁstiéﬁ.'
accumul#tor in?entory at the end of blowdown may be iqadequate;to
f11l1 the lower_plenum7VO1ume.' CNI is in error in its allegation that
residual aceumulator iﬁventbry is_ﬁVbrlooked. The Interim Policy
Stétement'in.thefapproved evalpation models for PWR's required a
calcdlation.ofiphe séquence of_evgg;s subsequent to thg end of blowdown
based on tbe acéﬁmul&tor inventory at end of blowdown.  For some breaks
in sone~élanté the result of thét requirement is thaf‘the.accumulator
-invéntory is ﬁo; sufficlent to refill the lower plenum.L_ln such cases
reflooding is,provided by ECC pumps, and the cladding temperature
.transieﬁt i; computed accordingly. CNI offered no suggesfions régardf
ing,mihimuﬁ'éccdmulatof inventory during direct 6r reairect/rebuttal
testimony. 'Hdwéyer, it is sel f-evident tﬁat what might be an adequate
reéidual accﬁﬁglator inventory at end of blowdown for one break éizé
could well ﬁe nonconservative for anothgr. That is'why_a spectrum of
lbreakg.must‘bé’éonsidered in LOCA aﬁaiysés,-aﬁd ;baF ié'why éucﬁ
consideration;ﬁas a,partAof the‘IPS and remains a part of the Proposed
' Rule. |
Combuatioé Engineering did not offer:in'itéfCéﬁéiu&ing Sfatemenf.
any useful suggestion as to how to calculate ECC bypass. They
suggest for the first time (pages 3-22) a "waterfallﬁ céncept, but

they offer no quantitative modeling procedure. The ECCS Utility
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Group in its Concluding Statement did not comment on ECC bypnss
did the General Electric Company . -

In summary, the Regulatory staff. reconmends the replacement oi:'
the IPS requirement conceming accumulator bypass during blowdown by

the more realistic approach of Section II.P, Appendlx K of the

Proposed Rule

- nér:

et
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REFLOOD HEAT TRANSFER

The Proposed Ru.ledL Appendix K, Section IT.Q

Q. Reflood Heat Transfer (Applies Only to ‘Pressurized Water
Reactors). For the early portion of the reflood period, during
which droplet entrainment or fluid oscillations do not tramsport
a two-phase mixture to the core hot spot, heat transfer calcu-
lations shall be for steam-only cooling and shall take into
account any flow blockage calculated to occur as-.a result of
cladding swelling or rupture as such blockage might affect both
local steam flow and heat transfer. A transition to reflood
heat tramsfer coefficients based on applicable experimental data,
including FLECHT results ("PWR FLECHT . (Full Length Emergency
Cooling Heat Transfer) Final Report," Westinghouse Report WCAP
7665, April 1971) shall be made. when ealculated conditions-are
sufficient to tramsport a two~phase mixture to the hot spot. ‘
The criteria for such transition shall be justified by analysis
and/or experimental results. The use of a correlation derived

" from FLECHT data shall be demonstrated to be conservative for
the transient to which it 1s applied; presently available FLECHT.
heat transfer correlations ("PWR Full Length Emergency Cooling

" Heat Transfer (FLECHT) Group I Test Report," Westinghouse Report
WCAP-7435, January 1970; "PWR FLECHT (Full length Emergency
Cooling Heat Transfer) Group II Test Report,' Westinghouse
Report WCAP-7544, September 1970; "PWR FLECHT Final Report
Supplement ," Westinghouse Report WCAP-7931, :October 1972) are

not acceptable. New correlations or modifications to the FLECHT

heat transfer correlations are acceptable only after they are
demonstrated to be conservative, by comparison to FLECHT data,
for a range of parameters consistent with the transient to which

they are applied

Discussion of, Reflood Heat Tranmsfer

The sta'ff"e Direct Testimony (Eichibit 1001) stated that experi-
mental data obtained from the PWR-FLECHT program (Exhibit 150) . was
sufficient bo permit a realistic evaluation of the heat trans fer
phenomena during reflood. In rea'chmg this conclusion, the staff

recognized uncertainties with respect to

LLAG e,
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‘*1)~4PWR;fLEbH§ bunale-hdnéingléffeéts.”'

2) Potential differences bethen_heat;trensfe;'coeffieients for Zirceioy
and stainlese steel.

3) Potent;al.in'PWR's for oscillatory reflood beha?ior not observed .
inIBWR-FLECHT.'“ o |

4) ExperimenEaI measurement end-cerrelation-errors;

Before writiﬁg its Suppleﬁental Testimony‘fhe etaff_reviewed the
 hearing record to that date and.assessed tlie information ‘and’ ¢¥iticisms
offered by.éérficipénts Qith regard'ﬁo the above coneiaeréeieeS'and. -
the PWR-FLECHT tests in general. The results of that review are
'presented in detail in Section 17 of the staff's Supplemental Testi~"
mony (Exhibit 1113). )

In view of continued expressions of concern regafdlng the
validity of the PWR—FLECHT experiments and the appllcation of the
data, the comments which follow are offered to delineate the bases
for the staff-eenclusion expressed in Section II.Q of tﬁe'Proposed
Rule.

FLECHT‘bundle—housing effects received considerable critical
attenﬁion duriﬁg'tﬁe ECCS hearings (e.g., Exhibits 1041, pages.6.5—6.9§
1044 ; and Transcript pagee’6778—83; 11,245—59; 11;382fé; 11,399-402;

10, 676-7; 10;664—9; 10,690-6). Bundle-housing effects had been initially
assessed p&.ANC as having about a 10 percent effect on computed-Heat

transfer coefficients (Exhibit 10064, page III-1). .Reassessment by

oA 3
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ANC estimated the effect to be less ‘than 5 -nercent""(Exhibit-vlliB,

. page 17-3). Westinghouse estimated the effect to be less than 1 per-

cent (Exhibit 1078, pages 46-52). The staff concludes that?PwReFLECHT '

heat transfer coefficients are insensitive to the bundle-housing
(pages 17-2 to. 17-4, Exhibit .'1_113)

CNI has criticized (Exhibit 1041, pages 6.7b, 6.8, 6.8a; Tran-

script page’s -1-9 046-83; 19 437—38) ‘the use of PWR-FLECHT heat transfer

coefficients derived from tests using stainless steel. This concern
48 the CNI basis for suggesting a-condition of "thermal runaway in
the tests (page 6.8a of Exhibit 1041). The staff's considerationsv
and position regard:lng the use of stainless ‘'steel data 1is contained
in E_xh‘ibit. 1113, pages. 17-5 to 17-10, where it is shown ‘that.the
'CNI concern is in error because it is. based on a comparison between
FLECHT Test 9573 and a reactor LOCA calculation for conditions of
significantly ‘different rod power dens_ities.- This error, and others,
have been noted and conunented on in the Westinghouse Concluding
 Statement of Position, pages C—.?4 to C—76; in B&W's Concluding
Statement,'p'ages 198-201; and. in B&W's Response to CNI‘.s Concluding
_Statelnent,‘ pages :26-28. Futthe_rmore, CNI's concludiﬂé stal'tements
regarding PWR-FLECHT, pages 5.31-5.36, no longef contest the validity
. of heat trensfer coef'fi'cients derived flvrom. stainless steel rods. In

summary,» the is_t"aff conclusion is that heat transfer coefficients




- 197 -

fdéfive&ifrsﬁ:fﬁR;fLECHT stainléqé §£e§1 ek§e¥iﬁéﬂéS1ééﬁ.bé-ﬁééa for
" PWR fefloodiéﬁ#ijses.ll( |
CNI at qﬁé fime'expressed concern with poséiblelerzbrs in- the
‘derivation of PWR-FLECHT heat trénsfer COefficientsi(ﬁxhiBit 1041, -
pages 6.19—6{23).\ The evidence in“the‘héaring féqgrd“(Exhibits 150;
156; and lliﬁé pages 17-13 to 17-15) sﬁows tﬁat e#pefimental,éeasurement
errors éndlcofrelationvuncérfainties were unﬁerstodd sufficiently to
‘Ape:m;t uée 6f théhﬂééfytraﬁsfér coefficients in,PWﬁ feflﬁbd heat |
'tranéfer_anaiy5¢s.‘ CNI's Conciuding Statement, paées 5.31—5,3},:no
longer coﬁtéétg this ' subject. |
. The péteﬁt?él for oscillatory flow behavior during‘the-early'
portion of. the feflooa period'haéxbeen~noted (e.g;, Tfahscript~6$42j
0 21,021). fhe staff'g conclusion is that the use of the.FLECHT heat
trans fer data based on conétant flooding rates uﬁderéétimatés héat-
trensfer dﬁring early reflood oscillations in PWR's, as discussed in
Exhibdit 1113, ﬁagés 17-11 to 17-13. - However, the sﬁaff'has suggeséed
(page 17'—1‘1 of Exﬁibit 1113) continued thorough review of the. PWR-
'FLECHT-S'ET r.éSults' to substgnti;te this conclusion for é wide spectrum '
of oscillatory reflooa‘éénditions. L |
In sﬁﬁmaff, thé st#ff reiterates that PWR—FLECHT wéé dgsigned to
provide heéﬁ tfansfer‘dafa for use in PW3 refloodAanalysesﬁ(Transcript
10589-91), and it was not a PWR reflood dempnstration gxperiment as f

wés erroneously»suggested (Transcript 6798). The staff concludes in
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‘aécord'with its birécthéétimony (Exhibit 1001, page 3-50) thatvfhev -
AFLECHTjdata offer a‘realistic represeptation of the heat transfef _ o
phenomena dﬁfiné.reflood and should be used in the reflood period of
Loca calculatioﬁé. WéstinghOusé's Conciuding Statément‘(pages 111-113)
and B&W's Conéiuding_StatementxCpagés 205-206) reflect their support |
fof.continued'uéé of PWR-FLECHT heat transfer data. |

The staff noted in Exhibit 1113, page 17-15, that existing PWR-
FLECHT heat tramsfer correlafione, as opposed. to daté, do not adequately
correlate.heat trénsfér_data early in reflood. Thefefofe, Section
II;Q of'the'Pioposed Rule requires use‘qf the data applicable to thé_
particular tfansients under considgration-l

_Based bq the considérations-discussed aboﬁe, the staff concludes
that PWR—FLECHT heat transfer data can be used in PWR reflood calcula-
tions, on theiééﬁdition that evaluation models (see Sections II.b‘and
II.S.of Appgn&ix K) conservatively treat calcuiations of reflooding

rates and associated phenomena.
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STEAM—LIQUID INTERACTION IN PIPES o o R

The Prq;osed Rule Apgendix K Section II R

R. Steam—Ligiid Interaction in Pipes (Applies Only to
‘Pressurized Water Reactors). During the refill and
reflood periods, steam flow through primary coolant pipes is
subject to potential interference by injected emergency core
cooling water. This effect shall be included as appropriate
in the thermal and hydraulic aspects of reflooding rate cal-
culations. ' During refill and reflood, the calculated steam
flow in reactor coolant pipes shall be taken to be zero during
the time that accumulators are discharging water into those
: pipes, -and -emergency cooling water shall. be assumed: to mix
homogenously with steam,. unless. experimental evildence is
‘available regarding the realistic thermal—hydraulic interaction
between the steam and the liquid. The thermal-hydraulic inter-
action between steam and all emergency core cooling water
shall be taken into account in calculating core reflooding

rate . .

Discussion of Steam—L_quid Interaction in Pipes

The steam flow in the cold legs of a PWR during reflood is subJect
to increased resistance due to high accumulator—injection—flow rates
into' these l’egs"(éxc‘e‘p‘t for the_-B&W design which .h’as accumulator
injection inte the downcomer); This increased re‘s-'istance is -due to
complex interaction ’(Exhibit 1113, Section 14) between the injected

sccumulator‘water and the steam flow. The increas'ed resistance has

a potential for causing a decreased flooding rate (Transcript 11, 825—7).

To include these effects in the flooding rate calculations, At is
necessary _to -account for the physical phenomena which occur. . In
the absence of experimental data, the IPS contained the conservative

~

requirement to assume & blocked—ioop (mo s-eam-flow} condition o
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exist during géqﬁmuiéfor iﬁjection in-Westinghopse'PWRfé and:an
. increased stg;¢jf1§w-resistanCeliﬁ Cdmbustidﬁ Eﬁgiﬁééfing‘PWRfs.
The staff ha§ ;t§ted that total steam flow blockage is a.worst case,
and in'realiéy'Qteamwflow_paét the'accumulator injection point is
likelwaﬁxhiﬁit 1001); The evaluation models of the Proposed‘Rule‘
" will al}9w fof calculations of the effects of steaﬁrwaterlinteraction
during'rgfiii.anq réflooa when -test: results are‘availéble'for the
 particular ébhfiguration and-conditioﬂs‘éxpecte& duriﬁg aqéumuiator
injection (ébéh‘asAfhoéé‘reporqed in Exhibit 227, CE Redirect-Rebuttal
Teatimopy, Pagé; 8-10 to 8—18). These same thermal—hydraulic effects
are expected £o occur during:the.injection of o;her ECC (1.e., in- .
jection by both high- and low-head pumps), even after accumulators
have been e#ﬁéusted (Exhibit 1113, Section-8.0)..The effects on
steam flqwldué to all ECC injection should be taken into account,
as provided in the Proﬁosgd Rule.

Dﬁring‘ECé injection there 1is a momentﬁm and energy'exchénge
betweén.the'stégm and watér. (CE Concluding Statemeng,:Secﬁion 3.3;
Westinghouse Conclﬁdiﬁé Statement, pages 80-81). BQﬁh,Westinghouse
(1/14 Scéle);aﬂdiCE"(l/5 Scale) havelﬁerformed.testé t§ deterﬁine
effect of injgcfion into the cold.leg during . reflood. CE in their-
Concluding Sgatenént; page 3;64, has proposed a new prediction model

that includes the effects ¢f their injection design and of momentum
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-and energy éthaﬁgé-between ECC and steam. Westinghogse';E'ﬁagé 80

of its Cbnclﬁding’Statemeht has also proposed” to submiﬁ,tat a'latef
date, a new refill-réflood model. These'proposed'chénges will be
evaluated by the staff when they are submitted. The staff's con-

clusion is that mew refill and reflood models proposed by the PWR

 vendors should include the thermal and hydraulic effects on steam

flow of all emergency core coolant.
* The CNi:Concluding Sﬁatemeﬁt,did not reference stéam—ﬁaterAv

interaction :as a problem in'core-feflooding—rate cdalculations.
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REFLOODING RATE CALCULATIONS

The-Prqpbsed Rule, Appendix K, Section TI.S

- 8. Reflooding Rate Calculations (Applies Only to Pressurized
‘Water Reactors). The refilling and reflooding flow rate
shall be calculated as a function of time using an acceptable
thermal -and hydraulic model. Core reflooding calculations which
neglect dynamic effects leading to fluid oscillations in the
system. are acceptable, as. are calculations which include dynamic
effects. For both calculational options, core and system thermal-
" hydraulic phenomena shall be modeled .and reactor primary coolant
pumps shall be assumed to have locked impellers. The ratio of
total fluid flow at the core exit plane to the total liquid flow
at the core inlet plane (carryover-rate-fraction) shall be used
to determine the core exit flow and shall be determined in accor-
 dance with applicable experimental data (for example, "PWR FLECHT
(Full Léngtl Emergency Cooling Heat Transfer) Final Report,"
Westinghouse Report WCAP-7665, April 1971; "PWR Full Length
Emergency Cooling Heat Transfer (FLECHT) Group I Test Report,"
Westinghouse Report WCAP-7435, January 1970; "PWR FLECHT (Full
Length Emergency Cooling Heat Transfer) Group II Test Report,"
Westinghouse Report WCAP-7544, September 1970; 'PWR FLECHT Final
Report Supplement,' Westinghouse Report WCAP-7931, October 1972).
The effects on the reflooding rate of the compressed gas in.
thé accumulator, which is discharged following accumulator water
discharge, shall also be taken into account.
5 4
Discussion of Reflooding Rate Calculations

The~PWR refill-reflooding computer- programs degcribed in the.
Interim Poliéy_Statement.provide a means to caicuiaté the éverage core
reflooding rates. The staff has re—examined the evidence and arrived
at.the view fExhibit 1115, page 14—175 that more sophisticated refill-
-reflood computef progréms can and should be dévéloped‘to more accuratély
represent the pﬂysical phenomena that would occur. An example of the
presenc absence of sophisticatlion is the failure of-all but.oné vendor's

reflood computer programs to predict the oscillatory nature of reflood
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observed in the FLECHT—SET experiments (Exhibit 1113, pages 14-15 to -
14-16): In addition both core and system thermal ‘and hydraulic
effects which occur during refill and reflood should be'modeled.
A partial listlof such pheromena to be considered'wasjpresented in
the staff's questions to vendors (June 1972).

The degtee of conservatism in reactor refill and feflooding
»calculations;fotiPWR's has been oiscussed extensively.in the
hearing (Trenectipt.pages 12,631§ 13,05355;-12,598—609; 19,197f215;
10,767;9;tlo;272-4; io,é68—74 and others). Core_refloooing modele
.include calculations.and assumptions concerning patameters snch as - -
containment preesure, loop seals, steam—water interaotions duriné'
accumulator(injection, carryover-rate~fractions, pnmp resistance,v
heat sources,iend reflood initial conditions (Exhibit 1113, Sections 6,
8, 10, 14 and 15). . Several examples ot coneeryatiem.in these-mooeis
‘can be given here.- Blowdown heat ttansfer ealoulationstare performed
8o as to maximize the stored energy in the fuel at the beginning of
the reflood caloulation (sece discussions abone of proposed Sections
IT.H, I, ann j'of Appendix K). Conservatism is also provided by the
treatment of'eeenmulator bypass with regard to minimizing the water
remaining'in tﬁe vessel at the.endvof_blGWdown and.thereby delaying:'
and:decreasing tﬁe‘calculated initial core refloooing rate (Exhibit 1113,
Section 8).4 Calculational conservatisms are also discussed by the PWR

vendors (B&W.Concluding Statement, pages 2064223; CE Concluding
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Statement, pagesl3—58 ;0'73;_Westinghquse Concluding Stétement,
pages 74—82) o

CNI in their Concluding Statement; page 5.20, staées that present
predictions ofufeactbr flooding rates 'are mow very close to the
expected conditions for a double-ended PWR inlet line break.” On the
contrary, the evidence shows #hat because of ﬁhé conservatisms listed
gbove and because the reactor reflboding,rates predicted By currenﬁ
‘fgflo;diéodeslare for average,=no§ osciilatory, sfstem thermal-hydraulic
'reapohse,'tﬁé calculated reflooding rates aré‘lower than would be
expected to éécur in reality (Exhibit 1113, Section 175.

Bofh'B&W_(ConcludingVStatément, page 223) and CE (Conéiuding
.Stafement, Séction.B) have concluded that the use of cérryover—rate- .
fréctions»leads to ovérprediction of core exdt flow and undér— |
prediéticn“of fgactor reflooding rate. Informétion requiréd for
calculating the.exact carryover rate is not avaiiable since pnlyx
the entréined‘water was measured as a functioﬁ of time in‘the FLECHT
experiments. ﬁowever? use of the carryover-rate-fraction as proposed
by the staff in Section II.S, Appendix K of the Proposed Rule insures
"~ that the ;grelflow (steam plus water) wiil be cqnsérvatively estimatedf
Both B&W and CE‘use a heat traﬁgfer model to predictAsteam.generation
raﬁes. They ?isp assume constant liquid entrainment by the steam
(B&W Concluding Sfatement,ipages 213-217; CE Concluding Statement.

pages 3-72 and 3;73). In these models the percent of the calculated
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fluid flow that is assumed to be entrained 1iquid is constant throughout

the'réflobding ﬁ?ansient. The étaff.beliéves'that thié,aSSumﬁtiBh is
not supported by the data obtained in the PWR FLECHT'#ésts (Exhiﬂits
148, 149 and 150). Cafrydver—raté—fraction.data based on’ quench frbnp .
velpcity'obt;iﬁgd'from several applicéble-FLECHT runs (ﬁxhibit 1137,
pages 9-1 and'9;4) was used to develop>the'B&W correlation. The
'WEBtinghoﬁse and the B&w‘carrydver;rate—fractions»are described as a
function of ﬁreééufe, flooding fafe;‘subéooling, height ip thg core;
an& peak heét-generatibn (Exhibit.li37; page 9-22 and Exhibit 1079,
Aﬁpendix F)ﬁ{“Thé staff agrees thatvtﬁgée paﬁamgférs influence ‘
entrainment..s': | |

Wé;tinghdﬁéé has suggested'that théir correlation for cérryover—
;ate—fracti;hrshoulaibe included in an improved véision of thelir
refill—refiood code kWestiﬁéhéuse Conclﬁding-Statéﬁeﬁt, pages 74576);
The staff fgéogﬁiies that use -of a~cérryovef—rétéffracfioh determined
from FLECHT}h@t’bundle data .provides a cdnsefvative estimate for 
-calculating the core exit flow rate (E#hibit 1137, page 971)_because
correlations developed from FLECHT data do not account for the varia--
tion of masé stored above the-qﬁgnch frbnt_(Wéstiﬁghouse Conéluding
Statement,ip;geé ;4—76),_and the dé;a corresponds to a-hot bpndle
and not to tﬁéfévefage cére. Westinghouse has also indicated that
preliminary_reSults from PWR~FLECHT-SET carryover data, when compared

to their carryover-rate-fraction correlation, show the validity of
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the correlation under oscillatory and gravity feed conditions

: ﬁWestinghouaé Concluding Statement, page 76).

The staff.concludes that reflooding rates predicted by the carryover-.

rate—fracpionAﬁre more consérvative than those prediéted by a constant. ’
'liquidAentrainﬁéﬁt assumption, and, thereforé, the staff has proposéd
that'carryovér7rate;fraction models be uséd’in‘thé Prbposed Rule. |

~ -CE has Coh;luded that the pump model used during reflood is
ovérly conqerﬁafiﬁe énd‘should be modified for more realism. .Thié
woﬁld increase.calculated reflooding rates (CE ancludihg Statement,
page 3—60); iﬁ the Staff Supplemental Testimony tExhibit 1113) it
- was stated that the broken 1odp pump could overspeed during the blow-
down, and'its coﬁditibn ié not well—defined (Exhibit 1113, page 14—165.
The pumps in fhg unbroken loop‘are not predicted to ovefspegd
. ‘(Exhibit lllB,:page 14410) and probably will be left inba coastdown
condition at ﬁhe‘end of blowdown. The staff is stili of the opinion
thaﬁ ﬁhe spéed_éf each puﬁp at the -end of blowdown.is not well
defined; In ﬁhe abéence of any acceptable tests of pump operation
dﬁring blowdo&ﬁ'conditions, a continuation of the conservative IPS
" assumption ofilocked pump rotor (i.e., speed = 0) during refill and
reflood is.ﬁyoposed by the 'staff. The staff has also stated
(Exhibit 1113, Sections 6 and 14) that tests should be performéd to
determine tﬁe-qondition of the pump and ghe pump resistance té steam
flow at coﬁ&i;ions expected during reflood. CE agrees (Concluding

Statement, page 3-60).

£
.ok bl
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After iniéc;ion of accumulatdr,watef during refloqd the gas

(nitrogen) uéedrta preesurize:tﬁe accumulator is injected into thé. 
.reactor systeﬁ. Accumulator gas affectslthe ﬁhermal and hydraulic
response.of the steam—filled system. The time éériod.fof consideging
the éffec:é}df accuﬁulator gas Injection should e#tend‘from the time
at whicﬁ the_agcumuiator liquid volumé is depleted until the accumulator
gas fldw rate ;s negligible. The staff believes thét_theseleffects |
:ghould be cﬁﬁsiaered by<appropfiate hydraulic'queig or by using a
" conservative aésumption concerning sfeém flow'duriné fﬁe period of
gaé injectioﬁ{ 'Accumulator éas:iﬁjection models are contained in the
-eﬁidence (E*ﬁi?ite 232,-225, 221) but ﬁhey_were not discusséd else~

" where in the héaring[
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DOCUMENTATION.OF EVALUATION MODELS

The Prgposed Rule, Appendix K, Section'III.A

. A; Documentation

1. (a)- A description of each proposed evaluation model
shall be furnished. The description shall be sufficiently
compleéte to permit technical review of the analytical
approach including the equations used, the assumptions made,
and the values of all parameters or the procedure for their .
selection, as for example, in accordance with a specified physi-
cal law or empirical correlation.

(b) The description shall be sufficiently detailed and
specific to require significant changes in the evaluatlon model
to be specified in amendments of the description. TFor this pur-
pose, a significant change 1s a change that would result in cal-
.culated fuel cladding temperatures different by more than 20°F
than the temperatures calculated (as a function of time) pre-
viously for a postulated LOCA. -

(c) . A complete listing of each computer program, in the
same form as used in the evaluation model, shall be fur—
nished to the Atomic, Energy Commission.

2. For each computer program, solution convergence shall be
demonstrated by studies of system modeling or noding-and calcu-
lational time steps.

" 3. Appropriate sensitivity studies shall be performed for
each evaluation model, to evaluate the effect on the calculated
results of variation in noding, phenomena assumed in.the calcu-
lation'to'predOminate, including pump operation or locking, and
values -of parameters over their applicable ranges. ‘For items
shown ‘to be sensitive, the choices made shall be justified.

4, To"the extent practicable, predictions. of the evaluation
model,  or portions thereof, shall be compared w1th applicable
experimental information.

Discussion of Documentation of Eﬁaluetion Models
Thofouéh'documentation of'evaluation models is reduired in view

of the complexity of LOCA analysis methods. The IPS identified speci—

fic reports which describe or 1list calculational procedures carriced

out with the-apﬁroved evaluation models. However, previous experience

£
V) et
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hés.ehown th;t-gddipional_documéntation would be usgful'(Exhibit'1Q31,
pége,g; CNI_Coﬁélﬁding Statement, pége 4.l6;land‘Tréﬁscript_éages 5643;:
_56753.6691;'10;879’£o 10, 883). | o IR '

" Considerable hearing time Wasldevoted to~considéréﬁion’bf the
adequacy of code analysis method§ (see Exhibit 1043 andvaanscript
pages 8294; 8386; 11,065-11,112; 11,156). Time would be saved in the
hearing proceés,:in generic réviews, and(in case revieWé,“if for each
evaluation mddgl a detailed description were provided thch.defined
the‘analytical,épproach and equations, the assumptions;'the references,
the selection and justification?fpr the input parameters, and the
mathematiéal_é&nbolism used to establish the c6ifesponding computer
prograhs. |

With respect to the programming and ;he'ﬁathémétical*treatment,
tﬁe staff beiiéyés that a compiete description and'listing of the
cdmputer progfams, in identic;l form to those approved and bei;g used-
(at a specific time) for LOCA analﬁses, should be prbvided'to serve
as an information "source file." Such a source file.prbvides a
fofmal code indéx which can be used to gﬁarantee that the codes
used for saféby analyseg always corresboﬁd_to'the épproved, publiéhed

‘evaluation models. |

Revisions;inAevaluation models, and thus in computer programs,

are recognize? aé ine&itable. Wescinghouse heas agféed in this regard;

see pages 71 and B0 of their Concluding Statement. Such revisions
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should be described in detuil including a reviscd computer program
~listing to update the prcvious source‘file.:d‘
| ‘The need for noding and sensitiv1ty studies for the computer
programs is clearly reflected by the hearing record (e. g , Exhibits
1006,.1043,;10445 1001, 1113, 1148). The Proposed Rule formalizes
the scope and intent of such studies. |

.The need for comparisons of analytical.models with experimental
_data is discussed in the written testimony of all partlcipants The
staff (Exhibits 1001 and 1113) has recognized the value of such

comparisons,,and therefore the Proposed Rule requires' such comparisons.
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'E C. Disécussion of .Conservatism

1. ﬁeneral

a. iDefiniﬁion h“ForEthig diécqésion; é consgfyafisﬁvisAdefinea'
as an ifem iess'favorable than reality. fheluse,of'consérvatisﬁ
provides ma:giﬁ if the reality should ever oégﬁr. Fayorable mus t
be defined in'gontext'according to use; what is favorable in ome
situatiqn"or fot_oné‘purbose‘gah,beiunfaybrgble qﬁde; different
éircumsfanceé. | | | |

Conservatisﬁs can ih principle be found in postulates of .
evenﬁs or f&ilureé believed to be-so»unlikelf.as fo be beyond the
bounds of reaiity,»or in criterié-;frié£ér tﬁan realiStitally neces-
sary, or“in-;nalysis methods and vélues of parameters,giving-caléulated
régults less féyorable thaﬂ a ;ealistic'evaluation of the circumstances:
forming the basis of the caléulation. More than one such aspect'of
conaervatism}éﬁnvbe present simultaneously.

'A For ECQS griteria, reality is the course of whatever loss-of-
coolent accidents might eventually occur in lightfwater power reactors.
The conservatisms under discussion afe_those agpects of the propoéed
acceptancé critéria and evaluation models that are less favorable than
this reélitf} fhat is, 1ead‘to predictions of'reéults less favo;able
ﬂthan those that ﬁight eventually be experienced.

b. Relationship with Defense in Depth - It should be recognized

that the defense-in-depth approach to reactor safety has certain
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‘

}inhéreqt cansefva;isus (Staff Iestiﬁony; Exhibi; 1001, pag¢s 1-2
ﬂ'ph?dugh ifid54”'Iﬂdééq};ﬁﬁeégtis é:conée¥vatism.iﬁ-féﬁﬁiriﬁg high
-ataﬁdards for design; conétruction, and Aperation of-éystems importaﬁt
to éafety, and installing protéctive systems to~shﬁt down the reactor
in case soméfhing goes wrong, and then requiring provision of engineered
safety features designed on the.basis_of seribusffaiIUres in spite of
the-precaﬁtions, including a mandatory qualilty aséurance program, used
ti - prevent ﬁuc@;faiiures.{. | |

‘ The Regulatory staff4believés'that the margins of conservatism
inherent in~defgnse,in.depth are appropriate ih providing "assurance
for the heaitﬁ and gafety of the pubiic. But in the'foliowing sections
the staff poiﬁts out the conservatisms iﬁhereﬁt in the approach uséd,
és well as in the detailed p£0visions of the Proposed Rule.

For theée reasons,lthe very existence of the LOCA as.a design-
basis éccident and of the ECCS criteria are evidéﬁce of a consérvétive
.approach.

c. Variatidns'in Reality - There isAa wide range of possible

"realiatic'éccidents.' For each possibility,.the conditions govern-
ihg what would happen ("reality;) are differént. One of the most
impoftant seté of parameters govemming reallty would be the ‘initial
conditions ékisting when the transient began. The éharaqte?istics

(size, location, orlentation) of the actual break would also be

determining. 'After the break had occurred, the actual occurrence
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would evolveﬁWith'time in e Way determined by the'prooerties of nmte—
| rials and the geometry of - the facility, and also by how the equipment
actually functioned and the actual actions of the reactor: operator.: o
If a LOCA should actually" occur, all the paraneters would
have the values that go with the. actual conditions then in force,
which thus wouid become the '"correct' values for that fOCA; the
choices_ectnaily made by the pperetor_gpumps actnally}energized;
valves actually'openedhot cloeed,'etC}) would determine the course
of events. |

d. Relationship of Calculations and Actual Events - The thrust

of Section ¢ above is that there 1s a spectrum of possibilities.
Each occurrencé,'real or postulated, is one of a latge ponulation of
possible occufrences, diffefent occurrences being characterized by
different initial conditions,.different break charactetisitics,
different equipment operability, etc., etc; The number-of conbina—f
tions, as pteviously stated, is far too large to allow investigetion
of all. -

‘With each possible occurrence, it is possible in'principle to

agsoclate a-pfobability (The sum of all probabilities is the probability
of any LOCA per. wmit time.)

Although some pioneering work has been done on engineering
stetisticai studies of the probability distribution of the_population

of possible LOCA occurrences, (Staff Supplemental Tes timony , ‘Exhibit
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is well known:- We do, however,‘haﬁg‘ésmeAknowledge of which postulated
sequences of events are judged to have lower probabilities than others.

' Besides the uncertainties in the parameters of the "real occurrence,"

"~ as discussed above, there also are uncertainties in the presently

available calculational techniques (Staff Testimony, Exhibit 1001
and Staff Suppiemental Testimorny, passim). These are uncertainties

in arriving at a realistic prediction. That ‘is why the conservatisms

are put thefé, of course. Therefore, even for a particular postulated

occurrence, for which all parameters are assumed to be known or speci-

fied, the course actdé%ly followed is not predictéd with complete
acéﬁracj with present technology.li

The reasons for this are discussed at gfea; length in the fecord
of the.ECCS'proceeding and in this Concludinglstatement. Knowledge
of physical éheﬁomena 18 incomplete, and calculational techniques are
not fuiiy‘dévéléped, either. It is not surprising that this be true
of‘a LOCA;.iﬁ is true to a greater or lesser extent of all calculational
modeling of,physical phenomena. Even the best calculations involve
siﬁplifications and appfoximations of the alﬁost infinitely complex
:egl world. |

It is.foftunately also true that an accurate,’reaiisfic prediction

of the course of & LOCA, postulated or actual, is not needed for saiety




- 215 -

evaluation; rather, it is only necessary to have a conservative evalua-’

?_pign ot;§;§diéq;qn."The;@ctuéI qourse;of,an.eventual.accide:Qif 1: -'

' écpurrg&, W6uid:ﬁot;$é expéétéd tq.follow suéh a conservative predic-
tién; rather, it§ course and éoﬁséquences'wouid be more favorable than

" the galculétiqn. This is the essence of our. use qf the word. conserva-
tive; see Segﬁion a.  The éonserQative calculation would therefore
éorrespond'ﬁo.a iéés probable sequence of events. The éhoice of
"suitabié Eoﬁsérva;ism" is the cholce df whigh‘¢onservatisms fo'épply'

. 80 tﬁa£ the éréﬁabiii;y of tﬁé-calculation‘béing moTe favoréble than

the event~is,;cg;pfably low. The Commission is spénso:ing aAstﬁdy of

probabilifiésuof postdléted reactor accidents t§ quantify these concepts

as well aS-may be possible with present technology.

e. Unceftainty.Analyses and SensitivigylStudies —lThg role and
Qalue of stafisficai uﬁcertaingy analyées in ECCS evaluations ﬁere noted
by\the Regﬁiéﬁofy.staff in Section 2.0 of Exhibit 1113. Other partici;
pants haQe alé§ commented on the poténtial value of &eveloping methods
' for perfqrming statistical umcertainty analyseé (see Exhibit 1148;
Transéript pages 15,432 and 14;423). In additiom, nnnybparticipanfs
to the heariﬁg performed moré fealis;ic calculations of the LOCA than
are requiréd bj;the Interim'Pblicy Statgnent (Exhibits 1113,.1059;

1066, 1069, 1078). These were:not statistical uncertainty

enalyses (Exhibit 1113, Section 2), but they can be thought of as
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sensitiv:l:ty __:anélys'es . Each such ‘analysis__ showed si'gnifi‘cantv reduc;tioné
in peak vcl:adc‘i'in_g t’émperat.u'r'eé '
‘ The:Concilu'ding Statement of CNI indicates that they._have mis~—
" understood what .a statistical uncertainty analysis of "a"LOCA is, and.
what its uses and limitations are. The'nri's"m'aérstariding centers about
an exchange of questions by CNI and answers by the Regulatory staff
.witness panel at Tranecript pages 20, 311 to 20,313. CNI makes
,ref_erence to this exchange at several points in their Co'n.cluding' A
Statement: pagés 6.4, 6.8 to 6.11, 6.14, 8.2 to 8.3. The flrst full
parég‘raph of page 6.9 presents the CNI view of Transcript pages
20,311 to 20,313, Th.attparagraph .reads as follows:
: "The question that was put to the Reigulétory staff
panel was the fundamental question of where did we stand
with regard to the parameters and assumptions in the
approved evaluation models. For cases where the approved
evaluation models predicted acceptable transients, were
these changes in the parameters of the approved evaluation
models that would result in a prediction of an -unacceptable
LOCA transient within the range of uncertainties of those

parameters? The Regulatory staff witnesses amswered. that -
they did not know.. (Tramscript 20312-20313)." -

To clarif-ir Awhat the staff said at that point in-the Transcript

- we note that the response to the. question put by CNI at lines 6 to 10
of Transcript page 20,312 was 24 lines 1ong. The last line of the
answér tead:s , _"The,refore we cannot answer your guestion;'. The

‘panel indicatt;d in its answer that the question made no sense and
thereforg cott.ld-.not be answered. The panel referred in its answer

(1ine 16, page 20,312) to a lengthy discussion with CNI on this
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».épbject dﬁfiﬁé the pfévi&ué‘aay,of-Queptioﬁiﬂgu(fféﬁséfipftﬁagés}7
-320;151Ato 20,193). The disduSéiog ét thdsé §ages ffoﬁ théxpreﬁibﬁs¢?“”=
' dayvexpiainq wh& staﬁistiéalAﬁncertainty anélysés.of;a'LOCA~are
.dependent upon first doing‘a-best;eétimate (reélistic) analysis of:

the LOCA (seéﬁalso Exhibit 1113, ‘Section 2).. Then and only then

.....

butions due—to uncertainty imindividual parameters be EyStematically

studied. CﬁI has implied in_théir Conélﬁding Statement that the tbtél
_uncér;ainfy of a calculation can be judged by addition of peésimistic
agsumptions regarding one~par£;eter to the,results of an alread§ |
pessiﬁiétiq'calcglation.' This,cahn&t be done because the sum-of indi%
' viduaircénsEr§atisms does;hpt‘equal the total éonsérvétism (Exhibit
/1059, page 7-1). Rather, tofal unceftainty_must'bg judged with respeég
to ﬁésthstiﬁafé (realistic) céiéﬁlations (Exﬁibit 1113, Section Z)L
The staff w;tﬁess panél testified to this facﬁA(Transcfipt'pages
21,026 to 212027) when asked by Westinghouse for clarification of the
étaff's.earlier-answef to the CNI-éuestion at page 20,311 of the
 Transcript. |

2. Comservatisms in the Proposed Rule - Discussed here are the

.significant conservatisms in the Proposed Rule of the Regulatory staff
presented in Chapter II of this Concluding Statement. Only the most
important iteﬁs of conservatism are discussed. Omission of an item

may mean th?t.the Reguiatory staff beligves its t:eatmént to be

bl
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realistic fatﬁerﬂthAn conservative, or that the.gonservatism is -

beiieved to be uﬁimportaanbr'not well established at present.

a. General Criteria Applicable to All Reactors

(1) Definition of Loss—of-Coolant Accident

The hypqgﬁeéis.of,a spectrum of loss-of-coolant accidents,

including lafge and even_double—ended breaks, i1s a conservatism inherent

i defense in déﬁth, ag‘aiscusged’iﬁ paragraph'l.b'of‘thls.Segtlonf
A'large Ereak oééurring suddeﬁly is 'highly improbable,>aithough the
occurrence rate‘of small leaks and breaks is not especially iow.
(Information on the probabilitf of a LOCA, includiﬁg apﬁlicable;godes
and quality ;séurahée-ﬁrovisibns,.is outside the scope of this rule
making.) Larée and double-ended breaké of the sorts éostulated have
never occurred'in Nuclear.Class'I piping such as that used for water-
reaétor primgfy coolant pressure boundarles. Large breaks probably
will bé precedea in time Ey leaks that can and will be deteéted; apd
;ﬁe plant shht qﬁwﬁ and depressurized before a serious break occurs.
The entire gpécbrum of break sizes is nevértheless reduired to be
considered, fr§m small leaks up to fhe (highly imﬁrobable) double-ended
severance of'thé largest primary—System pipe.

The breék‘is agsumed to Qccur'instanQaneoqsly.‘ This assuuption
incfeasés the calculated blowdown forces for which PWR ﬁores must be
designed but has little effecﬁ on calculated ECCS performance.

v

(2) Peak Cladding Temperature

The value of 2200°F is believed by the Regulatory staff to be
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cpnservafive-by seﬁgral huwndred degrees (Transcript pages 19,992 to

: 19,993). In addition Zircaloy FLECHT bqndles"ﬁﬁﬁe:EEfViéea'temperaEures

as high as 2900°F and remained coolable (Staff Shpplemental Tes timony,
Section 16).
The requirement that no cladding exceed the temperature and

oxidation requirements is also a conservatism. It is well known

that the neutroﬁ flux anq the powe;“deggity are not wniform throughout
thé reactéraéoré (Exhibiﬁ 1113, Section 2). 'Besideé the large scale
varliations due:to neutron leakage, ﬁhe loading of fuel of di fferent
enrichmentsAiﬁto.different regiong of the.éore, and the fugllbyrqpp{dun_
variations on a smaller scale occur because'of thé grids, control-rod
proximity, locgl_bufnup, and“refueiing..
The res;lﬁ’is that many reactors will never contain a ‘fuel
rod having fﬁe ﬁeaking factor ass umed fér ECCS calculations; iﬁ othefs,
such a rod will be at the limitiﬁg conditions for-only_a small part of
the fuel loading cycle (Exhibit 1113, Section 2). | |
Moreover,‘éVen where the hottest rod is as calculaped, more
of the fuel ;odglwill be operéting at a cénsiderablfwloﬁef-rating.
A calculatéd“exémple.(Babcock and Wilcox, "'Answers to ﬁationalv
Intervenér'siInterrogatories," March- 1, 1972, AEC Dockef RM—50f15
for & PWR shows that if the peak cladding temperaturé for the hottest
rod is of the order of 2200°F, almost 80%Z of the fﬁel pins will never
exceed 1900°F;.aﬁd fewer than half will exgeed 1500°F, at the axial

hot spot of each of the fuel elements.

. n
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'~The:stgff.believea.that.thisTconsgrvatism‘is_appfopriate,
'andaaécordiﬁglyvthe'Proppsed Rule provides that no single fuel rod
may éxceed the temperature and oxidation limits. Thus the Proposed

" Rule keeps even the hottest rod from failing; thé great majority of

rods have éfla:gé maréin to failure.

b. Evaluation Models

(1) Single Failure Criterion

The assumptibn.that the wp;st single failure will occur at

thé time of tﬁé LOCA is:a combining of improbable events. |
| Although reliable offsite (ﬁtility grid) and onsite (emergency

dieseis) soufceé of electrical energy are required to be provided, the
.éreformance.of the ECCS is-evaluétéd assuming Oﬁly the onsite,sourcé |
available. The onsite source 1s also subject to the "worst single
failure" conéérﬁative~assumption. The offsite electrical power gystem
is &esigned, calculafed aquin soﬁe instances tésted'to Qithstand the
electriéalhsyétem transient following a postulated,LOéA. The probable
availability of onsite and offsife powergwould énergizé'more ECCS
equipment, moré quickly, than the assumed onsité power acting alone.

(2) Decay. Heat

Use of 1.2 times the ANS Standard decay heat.éurves is -higher
than the beét estimate (Staff Supplemental Testimony, Exhibit 1113,
Section 22). The LOCAicalculationé are performed with pﬁwer peaﬁing -

factors (ratio betweenvthe'power generation rate in the hottest fuel

ema
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pellet and the power 'genex_fatidtl_: r'at_.emin. an average fuel pellet) at

the l'imiting value .‘allowéd by the technical gpe»cifica:tior'ls.» The '

‘reactor is also assumed to have been operating Vflor_infi'nite time

» ~at design o{rerpower condlitions.

(3) Metal /Water Reaé_tion
The Bagker-Just equgtibn has been shown to overpredict the
best estimate oxidation rate at temperatures above 2000°F (see

discussion of Section IT.C.5, Appendix K of Proposed Rule, above).:

(4) Critical Heat Flux

The time"required to reach critical heat flux (CHF) is required

‘to be conservatively calculated. The heat transfer calculations

thereafter assume a less advantageous cooling mode. In reality, DNB
should in a severe blowdown occur later than predicted, and high

efficiency bolling heat transfer may be reestablished intermittently.

(5) Cladding, Swelling and- Rupture
The Propoé'ed Rule reqluires'conservative predictions of clad-

ding swelling and rupt::uré. The Proposed Rule then requires analysis

" of the disturbed cla'dd'ing, and the temperature calculations take this

into accowmt. A more realistic calculation (Staff Supplemental
Tegstimony, Exh_ibit. 1113, Section 2) would show fewer disturbed rods

because of lower calculated rod temperatures.

-
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~(6) Initial Stored Lnergy in Fuel

The most wnfavorable values of stored energy cennot exist

simultaneously with the most wnfavorable factors in, for example,.after—}?

heat, yet this unreal combination is imposed in the calculations.

(7 Accumulgtor Bypasé _

The caléulations are réquired to assume the discard of all water
'injected duripg.the.bypass period; whereas realisticall§-it-is =
probable-that some cooling water would remain in the syétem. The
end of bypassing 15 also modeled conservatively'ksee discussion of

Section II.P, Appendix K of the Proposed Rule).
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