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CONCLUDING STATEMENT 
OF THE . 

REGULATORY STAFF 

Acceptance Criteria 
. _ for E~rgency Core · Cooling Systems 
for Light_-~Water-::Cooled Power Reactors 

Docket·RM-50-1 

April 16, 1973 
... _,_. . .: t. 

I •. INTRODUCTION 

A. Regulatory S-taf f Conclusion · 

Pursuant to the Board's -Order of_ ~rch 15, 1973 the Regulatory 

staff here· riles its C:Oncluding Statement in the above-captioned 
. ,·-. 

. . 1/ 
proceeding.~ The staff it!- preparing this• Statement has cons_idered 

the entire evidentiary· record° of. the proceeding as well as arguments 

contained in th~ Concluding·statements filed by the other pa~tici­

pants and the various responses commenting on those Statements. 

The proposal of the Regulatory staff for resolution of the 

issue set down for .rule makin~/ is the Proposed Rule set forth in 

Chapter II of this Statement. This Proposed Rule contains the 

criteria anci" evaj.uation models .now proposed by the- staff for · 

future use. 

1./ Pursuant to Commies ion 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. 

Y "[W]hether Ol' not the subject interim policy statement should be 
retained in its· present form or adopted in some other form," Commission 
order dated November 26, 1971, 36 F.R. 22774 • 
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Information Basis 

In keeping with the decisional premises established ·by the 

Commission for the proceedinJ/ the staff has reli~d in this: . · 

Statemen·t r:xclusi vely on the evidentiary record. Additional 

' 4/ . . -
information lat~ly proposed- for·· inc1usion in the. record has· 

not been used ·by the staff as a basis for its conclusions, because 

such information is not in the record and because the information 

is not complete enough to permit an ·.adequate staff evaluation.· 

' . . 
Moreover' th~ staff is of the 'opinion that 'ample time was afforded 

. ~ . 
to all participants in thi_s proc~eding. to .submit sutjl information 

by way. of. ~0-~ \estimony subjec:t to. questioning at the,' times 

_provided· for ~uch submission. As th~- staff has pointed out)./ 
. .. . 

ongoing r~seai:ch and development_ programs_ are. continuing to 

develop new analyttcal and_e~erimental information related to 

ECCS technology, This is e:x:pected to continue;.the staff belie~s 

it to be important that it does continue. 

The staff, correspondingly, will continue its pres,ent 

practice of reviewing all new information as it becomes available. 

·_3/ •, 
"Public Rule_ Making Hearing: Supplemental Notice" dated J anua~ 6, 
1972 and January 18 ,. 1973. 

!:!./ Concluding Statements of participants Babcock & Wilcox (Appendix B), 
Westinghouse (pages A-10 ,- A-15), letter Reis to Goodrich, et al. on 
behalf of Combustion Eng:i.n·eering, February 22, 1973. 

~j Staff. Testimony, Sections 1.2 and 1.3; Staff Suppleuental Testimony, 
pages 1-4 and 1-5. 
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Such tha~g,es' 'tn EC,(;$ regulations ·as may be shown to be appro-

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

be proposed ?Y the staff, as warranted. 

C. Changes with Resµect to Interim Policy Statement 

Changes in the proposed rule with respect to the Interim Policy 

Statement· (IPS) of 1971 were foreshadowed in the ·Supplemental Testi:.... 

mony. of the Regulatory staff (Exhibit 1113) filed in October 1972. 

The technical· discussions of the Supplemental Tes
1
timony have now 

been related to the entire technical. record 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· 

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

the other participants. 

The principal changes are the following: 

1. Criteria 

·Peak Cladding Temperature. The new limit of 2200°F replaces the 

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

emb.rittlement experiments. 

Maxirilum Cladding Oxidation. This is a new cri~erion •.. It is 

· based on data in the record from zirconium embrittlement 

experiments. 

., 

1-/tll> .· 
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2. Evaluation Models 

Cladding Swelling and Rupture. These phenomena are now 

required to be taken into account explicitly when and where 
. . ,.. . ..... , . 

they are .calcu!~t-~d- t~ occur. Tile effects of _ calculated 

cladding swelling and rupture are expected to be significant 

in calculations of gap conductaQCe, ~xidatio~ on the outside 

and inside surfaces of the cladding, core f_low during blow­

down, and lpcal core flow during the steam-only portion of 

PWR _reflood, -and thus to affect significantly the calculated 

.peak ciadding temperatures. 

Core Flow Distribution During Blowdown (PWR's only). The 

previously used O. 8- factor relating calculated average core 

flow to hot channel flow is replaced with a more realistic 

hot region flow calculation. 

Other less significant.changes and cl~rifications have been 

proposed by the staff to take into account the increase of 

knowledge of ECCS phenomena, as reflected by the information 

contained in the record of the proceeding. 

D. Application 

The staff's pro.posed application of the Proposed Rule· is 

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

The proposal require.a rapid conformance: Licensees with operating 

.. , I ,. ~. ·.· .. \· 

/ 



plants are r~quired to· make rev:ised ECCS -caiculations :in acc-0rd.ance 

. with the. new regulations as soon as possible, but no later than 

4 months after publication of the new regulations. In addition, 

operation of these plants must be modified when the new calcula­

tions are subtd. tted to the Comm:1.ssion, if this is necessary to 

bring them within the new criteria. In this way, their operation 

w:illalready have been modified as required during the time that 

the Commi~sion is conducting its review of the new calculations. 

Of course; if_ the Commission finds that additional calculations 

or mo~ifications will be need_ed, they will be required. 

The basic justification for allowing a transition period is 
6/ . ' . 

the evidence in the record- that the Interim Policy Statement 

now in force is acceptable on an interim basis to evaluate the 

performance of ECCS. 

The proposed new regulations are believed by the staff to 

constitute an improvement over the Interim Policy Statement. 

The only significant change in the. acceptance criteria themselves 

is the replacement of a single temperature limit by a combination 

of temperature and oxidation limits - a change foreseen in the 

Interim Policy Statement itself.I/ The changes in the evaluation 

6/ Exhibit +001, sections 1.2.6 and 1.3, Transcript pages 8136-8140; 
19,727-9; 19.778-9; 19,801; 19,804-06; 20,400-412. 

ll Section.IV.A.1. 
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mod.els req-uire various aspects of .. the calculation to be done 

better, define better the procedures and parameters used, and 
. . . . . 

take better account of' the various physical phenomena now known 

to occur during postulated LOCA's. 

It is w~rth noting that.such changes in evaluation models 

are .not to b.a accomplished overnight, especially in .. view. _of tJie 

requirements for convergence, noding, and sensitivity studies of 

the new evaluation models, newly clarified in Secti'on III .A of 

the proposed Appendix K • 

. The continued acceptability of the Interim Policy Statement 

and. the need for development and validation of the new evaluation 

·models are the justification and b~sis 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 procedural framework 

for public participation within which this record was made, Over 

and above the procedural dictates of applicable law _in regard to 

rule ma.king; the Commission, .as a matter of discretion, provided 

for an oral hearing and other procedural features de.signed to 

bl~nd "on an experimental basis, limited adjudicatory-type 
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: . 8/ 
procedures with more traditional rule making processes."-

Among the key trial-type procedural rights afforded the partici­

pants is "the opportunity for-relevant questioning of the.witnesses 

of other participants. 112./ Participan·ts were also required to make 

.. "it.ppropriate documents available"l.O/ and to "produce. on request 

the dpcuments· ·On which they ;ely. 1111/. F·inally, of ~entral 

importance, is._the Commission'EJ: own commitment,tQ rely in its 

rule-making deciEJion on the record of the_p;oceeding. 12 / 

· 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; .111any hundreds o~ documents running to tens of thousands of 
. 

' pages were made availab~e. Estimates of the quantity of oocuments 

provid·ed the participants run far in excess of 50,000 pag,es ... _ 

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

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

properly privileged, were released as a matter of Conm1ission 

!/ Commission Memorandum. of June 16, 1972, page 2, 

!/ Supplemental Notice of Hearing, dated January 6, 1972, Rule 1 . 
. 10/ .. 
·- Ibid., Rule 3. 
ll/ .Id.· 

121 ;-pplemental Notice of Hearing, Rule ·2. 

't J l\~•" ~, ,,•I' 

1· 
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. . . 

discredon):1/ · Drafts of drafts and similar materials far: beyond 

the reach of the Freedom of Information Act or normal evidentiar:i 

disclosure were voluntarily provided, and copies of the comments 

of all of the staff's consultants on its·draft testimony were made· 

fre~ly_ available •. These comments include reference to. areas in 
. . 

which unanimity on technical matters does not exist~ The staff's 

prodigious effort to make any and all documents - however remotely 

relevant - available, has afforded·the .participants and the public 

with an extensive record of a highly complex technical subject. ·· ·· -· 

Included within the documentation, as could reasonably be expected,.· 

are shadings of technical opinion on various facets of the techni­

cal issues involved. 

The area of documentary materials was not the only one in 

which extraordinary effort was expended in order to be certain 

that the record was as full and,complete - with all shades of 

technical. opi11.ion - · 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 Rid_ge National Laboratory . 

and seven from the Aeroj et Nuclear Company. .Certain of these 

witnesses., at ieast initially, .expressed some disagreement with 

lJ/ Commission Order of February 4, 1972. 

''2 ' 
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various technical views of the staff. Finally_, the staff made 

available for-the evidet1tiary recold the views of those two mem­

bers of the involved staff who, ·1n large measure, disagreed with 

the original"staff position. 

In connection with the preparation of the staff's Supplemental 

Te$tiino~y, ·evecy:point of view available was squght. In addition, 
. . . . . . -· . . . . . 

all · of the views expressed during the· developmen_t of the Supple.,.. 

mental T~stimony were carefully documented and then .made publicly· 

available •. This d~cumentation included-not only-the detailed 

comments- of the staff's consultant~ submitted in written form but, 

· in additic,n~·· copies of early drafts of the Supph~menta_l Testimony 

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

14/ . -
cussions between the staff and its consultants.- Moreover, during 

the ·t.ed:lrect/rebuttal. phase _Of .:the proceeding, after having mad~ --~ - . --. . . 

·.available .-ten.witnesses 'fo-;r questioning, the staff responded . . . . . . 

positively to a request that .it make available for questioning a 
I) 

group ·of additional witnesses. Two of these witnesses had nothing 

whatsoever to ·do ~th the staff's Supplemental (redirect/rebutt~l) 
.' 

·Testimony. However, with respect to the remaining.thirteen wit­

nesses requested, the staff stood ready to make such persons 

available. The party requesting such witnesses did not pursue 

l°4/ Transcript page 20,235. 
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th~ matter further when _it became apparent that the Hearing 

Board was, in light of past perf~rmances, insisting on reasonable 

rules concerning relevancy and the scope of questfoning.15_/ 

In all events, the record of this proceeding reflects that, 

b'y''ariy objective standards' a full and open hearing has been' 

afforded, 

Seve_ral 

· made by one 

blanket allegations of procedural error .have been 

16/ 
participant,-. The approach adopted is to assert a . 

"continuing exception to -each. adverse ruling in this proceeding," 

but not to identify amorig the more than 22,000 pages of transcript 
- .. . . 

and hundreds of pages of Commission and Board Orders just· where 

ea'cli so-called "ad~erse ruling" occurs. This posture on asserted 

errors in the record renders it effectively impossible to mean­

ingfully review th~ broadside claims of procedural misstep. It 

is the staff.'s own view - a view based upon its day to day fa­

miliarity with the proceeding and a sensitivity to the ~ossibility 

of .pre_j udicial error finding its way into the process - that no 

prejudicial error underniines this record. Obviously, in a record 

of more than 22,000 pages, a large proportion of which coristituted 

hostile ques·tioning of adverse witnesses· by CNI, _the possibilit'y 

lS/ Transcript page 21,959. Tl'le essence of the Board's ruling was 
that questioning must be directed to the technical areas on which 
these witnesses: had expressed viewpoints, whether ·supportive .o'r n,ot . 

. 16 / CNI Cqncluding Statement, page 25. 
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of some .erro:r iti procedural rulings cannot be dismissed. · .However, 
. . 

nothing which could reasonably be deemed substantial or prej·udicial 

·error has been ·noted. ·In the abs~nce of particularization of 

error., and -substan~iatlon .as to p~ejud:f.cial -effect~ CNI' s generalized_ 

assertions 1n·this regard ought not be further considered. 

Error. in the proc~dures establ,ished for obtaining the views 

· of the Advisory Committee on React.or . SJfeguards · (ACRS) is also per-

. · - 17/ 
·ceived by this participant.~ The claim of ~rror is pressed in 

the face _of specific responses to specific interrogatories filed 

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

this charg·e of procedural e_rror emanates from a certain dissatis­

faction .with one of the ACRS respo:nses to ·an interrogatory. That 

ACRS .resp~nse was, to the effect t~at although certain aspects of 

ECCS analys~s ~ve .. ~t yet b_een. '~proven ·to be conservativ~,. the . ..·.: . . . . . 

·.:/:~~·--neve~theless believes-that th~; ~~~ be hartdled =41: such· a· 

'manner that ther'e is reasonable SSSU'rance that. with .the appro­

priate use of the Interim Acceptance Criteria and other appli­

cable design·and evaluation cr~teria, water reactors of current 

design can be operated without undue risk to the health and 

safety of the public· • .,lS/ Be that as it may, the contention that 

17/ Coneluding Statement of Consolidated National Intervenors, (here­
lifter "CHI Statement") page 2.14. 

lS/ Exhibit 1115, page 7. 
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the Commission should·require: the 15 members of the ACRS to appear 

and give testimony in this proceeci.:i.ng was carefulJY. r::ons;Ldered 

by the 9dmmission in its Order of January 26, 1972 ~ prior_ to the 

. start of the hearing. For reason,s _grotmded in the statutory 

makel_lp and ftmctions of the ACRS and set forth in som~ detail 

in the Comtn:f:.ssion Order, the matter of ACRS response to the 

. request ·for its further views was de'alt with ·inth~- -forin ~f · 

permit ting a reasonable number of relevant interrogatories.· 

While we beli i!ve this course to be eminently reasonable, gi ve:i:J. 

the considerations delineate·d by the Commission and the maniroid 

avenues open· for the developnent of a full_ record, declining to 

order ACRS participation in this proceeding other than by way of 

interrogatories is purely a discretionary decision ·which in no 

way constitutes procedural or substantive legal error .. 

Rulings bJl..· Scope of Proceeding 

Of all the more specific claims of procedural error, none is 

pressed with greater vigor than the claim by CNI that Connnission and 
' . . ( . 

Board rulings on the scope o.f the proceeding were wrong.. Regrettably 

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

. · . 19/ 
Board consti-tuted "prejudicial misconduct."- The ·vari~·us rulings 

as to the sc;o_pe_ of this proceeding by the Comnission and the Board 

proceed from reasonable, logical and clearly. sotmd legal bases, as 

19/ CNI St t. t - 2 8 · a emen , page , • 
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we shall demonstrate below with respect to the individual rul"ings 

involved. Apart from the foregoing, however, there is also another 

important-, indeed, almost overriding -consideration to be kept in mind 

· with respect to scope rulings in· the co~text of a rule-making,pro­

ceeding. An issue or subject ruled beyond the 1;1cope of this ruie­

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 expansion 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 anyone, since matters ruled within 

the scope of the proceeding are proper for consideration here, while 

matters ruled beyond_. the scope of the present rule making are subject 

to consideration either in individual licensing proceedings or in the 

· context of a petition for further- ruie making. · 

In additio~ to_ the fact that scope rulings are ''neutral" in the 

sense of prejud:i.ce 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 Commission and the Board were reason­

able and practical and did not prejudice any participa~t. 

Criticism of scope rulings was centered by CNI on some eight 

. general areas . · 

1. 

2. 

Ca~es of the 'loss ~f coolarit accident. 2~/ 

.: . ·. . 21/ 
Probability. that ~, loss of. cooiant -accident would ever occur.-. 

' r , Ir . ~ • • 

. _· .. 'The' fi;eit ~() scope 'ruling~· e~ciuded. :ftd'rit'thj.s 'hearing ."on. the 

-i~trin~ic · me:rits of· the ECCS criterl.a1122/ the peripheral considerat:i.o~ · 

of (.i) what mechanism might cause an accident_ which the emergency cote 

cooling· sysfems would be called upon to control, and (ii) what 

-is · the likelihood· of such an accident ever happening. These subjects 

: IMY. tIE't'it:_. exp_lc,rat!~n },~··Eltl.apJ)ropi·iate ~nt~~t;::. bµt they ._.a.i-e wh.blly'' .. 

beyond the proper·scope o·f. a-rule-making proceeq.ing which assumes_, 

as its reason for being,. that an accident stemming from .a specific 

circumstance has already occurred. This rule making is 79nc_erried_ 

with the validity of. performance criteria for systems designed to 

control such a postulated accident. In short, relevanc;e is -dictated 

by the fact that an accident with a particular genesis is assumed to 

occur and the question is 'lv'hether the ECC system required by the 

23/ criteria will contra~ it_.-

201 CNI Statement, pages 2, 7 and 3, iS-3. 28. 
21/ .. · 

CNI Statement, _page 2, 7; 

'!::£/ Commission Order of February 23, 1972. 
23/ · · - Of course, the remote likelihopd 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 de.alt with in the 
Staff's Final Environmental Statement; 
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. w 3, ~ Consequences of a.LOCA, 

. In a categoey l!limilar to the first 1;Wo scope rulings, but at the 

~ppoaite scope boun~ary,. is the s_ubj ect ·of consequences _of a LOCA •. 
. . 

This· rule making 'i~ focused on···the· yal:idity --of criteria for ~ystems 

desi~ne:d to pre'Y8nt conaeq~ences. And again, as fascinating as· it 

. may be to dwell on the hypothesized asp~~-t~ of an uncontrolled cqre · 
, ,. • , , , ~...... I • , •: •,I 

25/ · · . 
melt down, doing so was ruled-_ - beyond the scope of this proceeding 

because it does not deal with t;he technical adequacy of the ECCS 

··criteria. If the emergency. cote coo'.J.~~g system should ever be e~lled · 

upon to· cool the_. CO~.· and should it faii' to do 80, aeriO\J!:I .. COUBequences 

could - ·but not necessarily would - ensue. Nevertheles·s ,- the nature 
. . . 

of such consequences is not, for the reason .just mentioned, the · 

prop~r focus· of this rule making. 

4 . £ ·1 d . th 26/: , · De ense- n- ep .-

. · 27/ 
The charge- t9-at the so-called defense-in-depth concept was 

excluded from considerat.ion in the proceeding is exaggerated, as 

ref1fr~nce to the Commission's Order of February 23, 1972 will quickly 

show. That o:z:-der, which issued sua sponte because of. "the slow pace 
.. 

. at which the· hearing is moving" mid -'"the relative lack of consideration 

of· substantive issues in the questioning to date,·~ provided "firm 

24/ CNI Statement, page 2., 7. 
25 / See, e.g., Board ruiing at. Transcript pages 16,595-604. 
26 / CNI Statement, pages 2.7, 3.2-3.17. 
27 I CNl. Statement-, page ·3.2 et~· 
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guidance to the participants as -to the purpose and attendant scope 

· of this hearing." With respect to defense-in-depth, the Order says 

that ;'[while] ·a desirable -hearing record should co.ntain testimony and 

qt,iestioning·_regarding these contextual matters [as was in fact the 

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

to. '.the. technical considi!rations inv.olved in -~he ECdi' criteda theni-
.'' ;• ., ... ~ ::,.: ' 

~elves.". Thl! basic idea concerning these peripheral is~ues ,' h~j,iever,. 

was "to maintain a sense of proportion and. perspective. 11 . 

5 . l 28/ · , Steam gene'Z'ator tube fai· ures ,-

6. 29/ Pres~ure vessel failures.-· 

In its Order of F.ebruary 23, 1972 th~ Commission observed with 

respect to scope rulings that "the t~chnology and. the isE3ues may not 

present clear-cut answers to questions of inclusion [ of ·matters in 

the hearing record], 11 Some cases ,are clearer than others.; 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 

281 CNI Statement, pages 2. 7, 3.1. 
29/ CNI Statement, pages 2.8, 3,1, 

JO/· CNI Statement, pages 2, 8, 3. 26-3. 41. 
31/ - · 10 CFR Part 50 Appendix A., .General Design Criteria, 
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is .. concerned with emergency core cooling systems' ability to control 

the consequence~ of 

vessel or cracks-in 

with eisewliere. 

a large pipe rupture, not a ,preak ·,i.n,: ci,pr.¢~sure 

steam generator. tulres, .:~tc,~::;pt~1/1~~r-i;~i~' \~~it;, -

Similarly~. the question of fuel densification - a phenomenon 

:which cam~ .to',,,;:ligh; wholly outside the ECCS hearing but while it 

was still gains ori - is treated on an ad hoc, case-by-case· basis. 

The. staff chapter on this subject in its Supplemental.Testimoniy -

included for information purposes - made just this point and was 

stricken c:>n that basis a!3 beyond the scope of the·proceeding. In 

all events, sin:ce the question is not within the scope of this 

.rule making, it is properly a subject for coil.sideration and has been 

so considered in individual cases that have arisen. 

8. 
32/ ECCS designs and design changes.~ 

CNI is of the view. that limita.t:Lons imposed during the hear;I.ng 

on exploring individual ECCS.designa .of particular manufacturers 

"has no support in applicable law and is, in fact, directly incon-

. sis tent with the requirement .of the Atomic Energy Act and. NEPA. 1133 / 

Just what "the requirement" is which produces the·asserted incon­

sistency remains unspecified. Be tha·t as it .may, when "the primary 

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

E:./ CNI Statement, pages 3. 29-3.·36. 
33/ CNI Statement, .Page 3.33. 
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considerations involved in the ECCS criteria thems~lves, 11341 the 

question of compliance with any particular criteria and the details 

.!Jf the _design de~iopf:d to bring about that compliance are properly 

_excluded from the scope· of the proceeding: The criteria do no.t and 

wo\lld no.t operate to. approve individual designs, Rather, th_:Y 

establi~p. the' performance standards which designs, wh'ateve-r ):hey may 
. : .... ···:~~1;·.(_~.-: ·.. . ... ' . ' . -· . - -~ .. - . .- , .. _ .. ,• '.. . • ... ·. . ,-~--

b~, nnist live up to •. This proceeding is concerned with ·what the 

performance standards should be, not with whether an indi v;l.dual 

design meets the standards, once.they are established. This latter 

question is properly the concem of individual reactor licensing 

· ; ;ro ·ceedings : · 

. Shades of Technical Opinion 

In an Or4er issued prior, to: the commencement Qf the heating~ the 

Commission observed that ,;[t]he subject matter of this rule making 

proceeding is one of technical complexity on· which there is variance 

· · . 35/ 
in technical opinion."- There can be no ignoring the fact th-at· 

technical opinion. on the enormous variety of complex technical 

subjects involved in ECCS evaluations is not in all cases unanimous. 

Examples of disagreements with this judgment or that view, both in 

the direct .phase. 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 2 3, 19 72, page 6 ,· 

~/ Commission Order of January 26, 1972 '· page 3. 
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be no ignoring the. fact that the vast majority of knowledgeable 

. experts 1:>.elit!ye the st~ff 's P.roposed Rule tcr be ·c!)ll~e:rvative; 361 · 
· . · ·. · : . . 37 I 

!~deed mEirty r~gard the s·taff's. views as exceseiivEl!ly cmiservative.-· -

.Just as th.e Commission found it in the public interest to 

release otherwise p·ri vileged · intema1 memoranda, many· of which con­

tained criticisms of the position being e?'Pressed by the staff, so .· 

too the staff dee.med it. appropriate to. present for the record the 

views of. those ·Of -its consultants and advisors which differed from 

the consensus. of staff experts. The staff thus sought to prese~t for 

the record all shades of knowledgeable opinion regardless of whether· 

or not the opinion happened to coincide with the staff consensus·. 

Moreover, when the 1:3taff developed its Supplemental· Testimony, 381 

it solicited and received views from all of. its consultants, spread 

these views on the record and, where disagreeJ!)ents persisted, expiaineci. 

why the- staff ·holds the view it does. As wi_ll be noted from a perusal 

of E:xhibit 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 aIIDng the 

·staff and its consultants with respect· to the conservatism and adequacy . . 

· 361 The staff's redirect/rebuttal Testimony, Exhibit 1113 ~ reflects 
those few instances when anyone at either ANC, ORNL, PNL, or on the 
st:aff itself disagrees with a. staff technical judgmsnt. 

37 / The vendors and the ut:i.lities all regard the revised criteria 
gested by the.staff as conservative. See Final Statenents. of 
CE, GE, ·Westinghouse and the ECCS Utility Group. 

3s/ Exhibit 1113, 

sug­
B&W, 

.··. 
·:..· 
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of the .numerous engineering judgments .involved in the st~ff'~ Propo~ed 

Rule. 

A:ny a_ttempted portrayal of the total picture of informed technical 

opinion should take appropr!ate account of the views of the ACRS. 

Those views' previousiy · adverted. to in anbther conne.ction' are that 

although ce,rta~n aspects._ of ECCS an~lysis have n.of yet been pr~~tt to 

b~. conservative, these aspects can nevertheless be ha11dled in such a 

manner that there is reaso:i;iable assurance that, ."with the·appropriate 

use of the Interim Acceptance Criteria and other applicable design 
. . .. . 

and evalu:ati.o~: ;cr"i.tei"iS:; water reactors. e>( turrent . design. can be' 

operated wit~~ut und~e risk to the heal~h and safety. of the· pub~tc. ,,39/. 

···Finally, the ~iews of· Milton Shaw, Director of the Connnission 's 

Division of Reactor Development and Technology, reflect his support 

for the adeguacy of the. Interim Acceptarice·ciiteria~ 40/ 

The Evidence 

Although the vast record thus far developed in this proceeding 

· 4i/ . 
has been marred by excessive. focus on peripheral matters-- and 

seemingly interminable arguments amon~ counsel and between counsel 

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

39 / Exhibit 1115, page 7. Identical language also appears in the ACRS 
letter to Chairman Schlesinger of January 7, 1972 attached to the 
Commission Order of January 26 1 1972. · 

4o/ Transcript page 7183; See also Exhibit 1005 1 page 2. 
41 / See· Commission Order of February 23, 1973, page 2. 
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42/ ·,·. Pi:irtrayed in the po.J>ular media'\- there is,· nevertheless,, a a.ub- · 

.· ~. st~t:lal 'amunt. of' t~sti,mc~iai 'and ciocumarit~ry evidence on the . 

... central,. technical ·issues in the. proceecH:ng. Each of the p.rincipal 

participants, including the staff, -presented evidence in support of 

its yiews. In addit~on,. the staff presented for the evidentiary 

recc,rd certain divergent techn_;l.cal viewpoi.Jtt~ on particular .technical 

subject areas. 431. The .open inquiry directed by the Connnission in this 

rule-making proceedin~ has adduced evidenc~ from the :various partici­

pants - of diverse qualitative weight - whic~ is designed ·to support 

points of view rmining across the entire decisional spectrum (from 

:'· support for a peak clad temperature of 2700° at one end to a call . 

for a virtual moratorium on power-reactor licensing at the other). · 

Nevertheless., it is the staff's view. that a critical evaluation of 

all of the evidence in the record of this proceeding as 1 t has · 

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

stantial l!vidence44/. provides full and firm support for the improve­

mente t.o the Interim Criteria proposed by the staff. 

42 / Commission Order of February 4,. 1973. 

See, e.g., E:xhibits.1043 and 1044. 

The evidentiary test of "the preponderance of the evidence"' tirgeci 
by two parti.cipants (General Elec.tric Con;>any, Initial Closing 
Statement, page I-9 and CNl Statement, page 4 .4 7) ., lacks legal 
justification, .This proceeding, as GE itself has pointed out, is 
ll_°\'1ithin the spirit. •• of rulemaking actions· conducted on the 
record," Such actions are governed by the evidentiary test of 
5 U.S .c. 556 which requires that rules gr~ing out of rule makings 
on a· record be supported by "the reliable probative. and substantial 
evidence." 
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Ii. PROPOSED RULE 

A. The Proposed Statement of Considerations 

On June 29, 1971, the Atomic Energy Commission published an 

Inter:1,m Policy. Statement: "Interim Acceptance Criteria for Energency 

Core Cooling ·systems for Light-Water Power Reactors" (36 F. R. 1224 7) 
. . .~t 

whi·ch was subsequently amended (December 18, 1971; 36 F.R. 24082). The 

Interim Policy Statement, as amended·, includes: (1) :general criterfa 

for emergency .core cooling systems applicable to all light-water power 
. ., 

reactors,. (2) requirements for analysis us·ing a suitable evaluation 

model, (3) provisions· for application to various classes of reactors 

· by specified· dates, (4) provision for variance under stated conditions; 

and (5) an appendix delineating acceptable evaluation. models. 

· Following promulgation of the 1971 Interim Policy Statement, AEC 

reactor licensees and applicants for reactor licenses .brought their 

reactors or designs, as appropriate, into conformance with the published 

criteria as required by the Statement. (Some "backfitting" of older 

reactors is still being completed.) 

.As anticipated in the Stateuent, and in response to requests, a 

rule-making hearing was subsequently held ."for .the purpose· of aiding· 

the Commission in its determination as to whether or not the.· subject 

· interim 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 ~ •. ~oodrich, Esq., 

presiding, Dr. Lawrence R. Quarles, and Dr. John H. Buck. The 

. , :following' were ,participan~a :Lt(tlie· hearing:•· The Babcock a~d Wilcox 

Company (B & W), Combustion· Engineering,. :tncorporated (CE), Consolidated 
• I 

National Intervenors, a group of about 60 organizations and individuals 

(CNI) , The ECCS Utilities Group, comprised of· 17 · electric utility 

companies (CU), General Electric Company (GE), Lloyd Harbor Study 

Group (LHSG)., AEC Regu1.atory Staff (Reg), State of Maine (Maine) , 

State of Minnesota (Minn.), State of Vermont (Vt.), and·Westinghouse. 

Electric Corporation (W) . 

. ,l;n addition,· stl:ltements by way of liptited appearance were made 

by·the following: 

Mrs. Anri Carl, on behalf of Lloyd Harbor Study Group (afterwards a 

Participant) · 

Dr. Ralph E. Lapp 

Dr. Norman C. Rasmussen 

Mr. Harold Reis, Esq.; on behalf of Iowa Electric Light and Power 

Company. 

Dr. Richard Wilson 
. . · : 45/ 

The massive evidentiary record thereafter developed-- consists of 

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

45/ · 
~ The record of this proceeding is maintained in Docket RM-50-1 in 

the AEC Public D.ocument Room, 1717 H Street, N.W., Washington, 
D.C., and is available for reference during normal business hours. 
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t_ogether with additional thousands of pages of written testimony and 

-evi-dentia:'.fy 'e:xhib its • 

In implementati~ of the :National' Envirori~~tal _Pol,icy Act of 

· · -' ·19-69/·(P·.·L". 91.;190):',·! a br~ft Eiivi~bnmental. Stat~~n~-- concerriirtg -:the: 

proposed rule making was. fon,arded to the Council on F.nvironmentai 

Quality on _Decemb·er 6., 1972, and circulated for comment to partici-:-- ', 

pants in the hearing and interested. Federal· Agencies on December 7, 

1972, Notice· of public availability of. the Statement and an invita­

tion for comment was Ellso published in the Federal Regist~r at that 

time. Connnents on the Draft Statement were received and a Final 

Environmental Statement was published on ---------

. .· · 46/47/ · 
The Commission provide~ - an opportunity for public hearings . 

on those aspects of the Final Environmental Statement which were non.,..:·· 
. . ' . . 

duplicative of matters dealt with in the earlier phases 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 

Energy Act and has always been foremost in its Regulatory program. 

Protection against a highly unlikely· loss-of,-coo~lant accident has long 

been an essential part of the defense-in-dep·th conc~pt. used by the . 

nuclear power industry and the AEC to assure the sa~ety of nuclear 

46 /commission Order.·of December 12, 1972. 

47/comm:Lssion Order of Match 16, 1973, 
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power plants. · In this concept, the primary assurance of safety is 

accident prevention by correct design, construction and operation of 

thereactor. Extensive and systematic quality assurance practices ar~ 

r~quired and applied at every step to achieve this primary assurance 
' ' 

·of safety. Nevertheless, deviations from expected ~ehavior are postu-

lated to occur, and protective systems are required and provided to 

take corrective action in such events. Notwi.thstandirig all this, the 

qccurrence of serious accidents is postulated, in spite of the fact 

that ~h_er are highly unlikely, and engineered safety features are 

provided to mitigate the coq..sequences of these unlikely events. The 

losEi~?,f-coolan:t accident (LOCA) is such a postulated improbable acci­

dent; the emergency core cooling system (ECCS) is one of the engineered 

safety features required to mitigate its ·consequence.s. 

The remlations set t:orth below, like the 1971 Interim Policy 

Statement, deal with the effectiveness of the ECCS. In developing 

such regulations., the assumptions are made that a iocA has occurred 

and that certain ECCS equipment functions according to.its design 

· (and other equipment does not). Starting from these 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. These regulations establish 

acceptance criteria for ECCS performance and set forth certain required 

·and acceptable features of evaluation models as well as descriptions 

J.,1d1'111·:;· - '"IP .. ,...,, 
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of evaluation models for· use in making tq.e calculations of cooling 

performance • 

. Oth~t\_~pe~1ts· ·o.; .-a pcfstuiated .i.,ocA,;~d.,ECCS' acceptab:i,Jity., such 

as (1) the design, redundancy, and reliability'. of a particular ECCS 

design, (2) the effect of LOCA blowdown forces on ccire internals, (3) 

the design and· reliability of -a particular ultim!,!.te hea~ sink design, 

. . ' . . 
or (4) the radiological implications outside. containment, aj:-e not treated 

in these regulations but are required to be evaluated pursuant to 

other applicable AEC regulations. 

The regulations which are presented below· apply only to light-

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

core cooling systens for light-water reactors with stainless steel 

cladding and those with non"""cylindrical cladding will continue to 

be considered ori a case-by-case basis. 

Fuel densification must be taken into account as appropriate in 

a11 · ECCS evaluations. For reactors within the sco_pe of th~se regula-

tions, this is to be accotq>lished by ensuring that the ,paral!£ters 

used in the evaluation models, and the derivation .of operati~g limits 

from the results of calculations using -the evaluation roodels, include 

where :appropriate the effects of ~y postula:t:ed 0~ obse~ved densifi-. ' . . . . 

cation. Because of differences :in fuels, this must be cons·idered on 

a case-by-case basis. 

l / Alff I l :' ·' · 
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'lbe new regulations effect changes in the- criteria and evalµation 

mo·dels set forth :l.n,..the 1971 Interim Policy Statement (IP,S), The 

t_echn:J,c;_al bases . for such change1;1 are se; for.th in great;· detail in 

the rule-making hearing .r,ecords in the 0 ECCS proceeding; s~e .especially 

11C_onclud1Il.g Statement of the Regulat_ory Staff, April 16, 1973" and 

"SuppleD1ental Testi~ony q.( the_ AEC Regulatocy Staff, October 26,. 1972 ;" 

both in Docket. ·RM-50-1. 48/ ..,,_ i ifi h i d .1.ue s gn_ c_ant c anges -are summar ze 

as follows: 

1. lbe peak clad~ing temperature criterion has been reduced· to 

2200°F and ·a new cladding oxidation crl. terlon has been added, based 

on data from embrittlement experinents, 
''.':• .. · .. 

2,. Required and Acceptable Features of Evaluation Models :-­

Many ·of these considerations are containe~ ~n Appendix A to the 

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

considerations were not inciuded in the IP$ and have been added 

based on the record of th_e ECCS proceeding. 

3, Complete Evaluation Models - The .origin of this material 

is in the IPS Appendix A. The descriptions and requireuen;~ have 

b~·en brought up ·to date a, required by _increasea··k.nowl_edge obtai~ed 

since publication of the IPS and contained in the record of the 

ECCS proceeding.· 
\ 
~ provided in the regulations ~i-ch follow, each reac.tor 

falling within the scope of the regulations shaH be evaluated for 

48/see footnote 45, supra. 
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ECCS cooling performance by the·use of.ca.;Lculations to be· performed 

in accordance .with an acceptable evaiµa,tion model. An applicant or 
. . . . . . 

. '' ):ic;en,~~ may propose any suitab:l.e ~valuation. model for a particular 

reac:tor. ·. Such a.proposed evaluat;ion-oodel will .be.reviewed either 
• • • • ,·.· •••· • , • • . I ·,. 

on a case-by-case basis o~' (if appropriate). as .a proposal for rule 

making. 

The rule .does, howey!!r., set forth certain required and acceptable 

features of evaluation models. In addition, the rule describes certain 

revisions needed in order that previously accepted evaluation models 

may be made acceptable under ;he Iiew requiretnent. The AEC expects 

. that the. present descriptions (including iequired changes) will be 

replaced, after review, finding, and ruie making as discussed above, 

with more definitive descriptions with the required changes integrated 

therein. 

For certain classes of reactors, no evaluation models have been 

presently accepted for postulated breaks smaller in area than 0.5 square 

feet. For such breaks in such.reactors, it is expected that evaluation 

models will be evaluated, 01) a case"'."by.:.case basis. 

Evaluat:f:6n: lll()deltf:based ~n. ·compute~ programs . developed as part of 

the AEC Saf'ety Research P~ogram are und~r' active development. Models 

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

available .about Janu~~ 1, 1974. 

' I l"','i!• ! :" 
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The regulations set out below are not intended to stifle impro~ments 

and innovations .in performance evaluation or in ECCS design. The record 

of the rule.:.mak.ing hearing sets forth the ,results of research programs· 

directed toward increasing the knowledge relevant to ECCS performance. 

The nuclear industry and the Commission have underway at the present 
. . 

time several such progranis, .. b.oth analytical and experimental. The 

. Commission expects that both govemmental and private programs will be 

pursued diligently, and expects to cons-ider promptly the new knowledge 

as it becomes available, and to consider such changes in these regula­

tions as they appear appropriate in. the light of all information then 

available. 

B. The Proposed Rule 

1. A new sentence is added to Section 50 .34 (a) (4) of 10 CFR P ar.t 50 

to read as fol lows : 

§ 50.34 Contents of applications: technical information 

(a) ** 
(4) *** Analysis and evaluation of ECCS cooling performance 

following postulated loss-of-coolant accidents shall be performed in 

accor·d.ance with the. requirements of § . 50. 46 for facilities f~r which. 

construction peimits may .be·is$ued after [one year from date. of publica­

tion of rule] .• 

2"' A new sentence .is added to Section .50r.34(b) (4) 10 CFR Part: SO 

to read as follows : 

I I d' I''.. . 
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§ 50 .34 · Contents· of applications; technical information. 

(a).·•*** 
·'· · .. ,., 

(b) *** 
· (4) *** Analysis and evaluation of ECCS cooling. performance · 

follow~ng 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 wit:h the requirements of§ 50.46 pursuant to§ 50.46(a), 
. . .. . ' J . ._. .. . ' . ' 

.additional analysi~ and evaluation need only be submitted if pertinent 

information developed since the prior submittal would alter the prior. 

analysis and evaluation. 

3. A new § 50. 46 is added to 10 CFR Part 50 to read as follows: 

§50.46 Acceptance Criteria for Emergency Core Cooling Systems for Light 

Water Nucleat Power Rea~tors. 

(a) (1) Except as provided .in subparagraphs (2), (3) and (4) of 

this paragraph, each-boiling and pressurized iight-water nuciear 

power reac~or fueled with uranium oxide·pellets within cylindrical 

Zircaloy claQding shali be provided with ~n .eni~J;"g~µc;y core co~ling . . . ' . . . . . 

system (ECCS) .which shall be designed su~h that. its calculated coolin~ 

· performance following postulated loss-of-coolant accidents conforms 

to the criteria set forth in paragraph (b). ECCS cooling performance. 

shall be calculated in accordance with an acceptable evaluation 
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model, and shaii' be calculated fo:r a tuimber of pcist:u1ated loss-of~ 

coolant accidents a:f--different sizes' · 10.cations' and other propertie~ 

sufficient to provide assurance, that the entire •pectrum of postu­

lated loss-of-coolant ac;.cidents is covered. Appendix: K, ECCS 

Evaluation Models, sets forth .certain required and acceptable -features 

of acceptable eyaluation models~ and describes certain evaluation 

models. Conformance with the cri.teria set forth in paragraph• (b), 

with.ECCS cooling performance calculated in accordance with an 

acceptable evaluation model, may.re9uire that restrictions be imposed 

on reactor operation. 

(2) With respect to reactors for which operating licenses. have 

been or may be issued after January 1, 1968 but before ·[one year after 

publication of rule]. the following shall appiy: · 

(i) An evaluation in accordance with subparagraph (1) of this 
... 

paragraph (a) $hall be submitted to the Commission as soon as practi-

cable, but in no event later than [4 lIDtlthe :eft,tfr publication of ru~e], 

except for good cause shown. The evalu-.t:1-.on sh•ll be accompanied by 

_such proposed changes in technical specific.ati•n• or license. amend­

ments as may be necessary to bring re·aet.-r o,...__~ion in· conforinity · 

with the subparagraph. 

(ii) The facility shall-meet the re~uiraaents of subparagraph 

(1) of this paragraph (a) no later than [one year after publication 

of rule]. 

i •~ - I ,("', 
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(iii)_ fending determination by the Comm.bsion whether the fa:ci,1ity. · 
. . •' . . . . 

. meets· th~· requirements ·of siibparagr~:i>li .. ,,d.2.-.. 0f · i-:'.his par~ir~ph ca) 
. . . - ' .. · . . .. 

including pendency of any proceedings unde.r Subpart G of Part 2 of 
' 

this chapter that may be requhed. i:m this uiatt~r, the facility may 

. . 
continue or: commence. operation provided that:· 

(A) There has been a prior determinaticm by the· Commission that 

the facility meets the Interim Acceptance Criteria for Emergency Core­

Cooling Systems published on June 29, 1971 (36 F.R. 12247), as amended 

(December 1s·, 1971,·36 F.R. 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 

license amendments submitted with the evaluation and the technical 

specifications or license conditions previously imposed by the Commission 

in accordance .. with the other regu:J,.ations in this chapter and the 

Interim Acceptance Criteria referred· to in subdivision (2) (iii)(A) of 

this paragraph. 

(C) Further restrictions on reactor·operation'wi'.ii be ·imposed if 

the Commission finds that the evaluation submitted. p~ri:mant to sub- .: 
r • •:•' 

division (2) (i) of this paragraph. is not consistent ·:~ith subparag~aph 

(1) · of this· paragraph (a) and as a result such fu·rther restrictions are 

required to protect the public health and safety. 

I/ ;?,::t·,,,,-·,,., 
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(3) With respect ·to react.ors for which operating lic~nses hay~ 

been ,issued on or before -January: 1, 1968, the :following· shall· apply: 

(1) An evaluation in accordance with· subparagraph (;I.) of this 

paragraph (a) shall be submitted to the Commission ·as soon as practicable;· 

but in no event later than [4 months after publication of rule] except 

for good cause. shown. The evaluation 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 sub di vision (3) ( ii) below. 

(11) The facility shall meet the requirements of subparagraph (1) 

. c:,f this paragrl!ph (a) no later than [July 1, 1974 or 1 year after publi­

cation of rule, whichever is later.] 

(iii) · Pending determination by the Commission whether the :facility 

meets the requirements of subparagraph (1) of this paragraph (a), in- . 
. \ 

··, .. ::-,.... ... 
eluding pendency of any proceedings under Subpart G of Part 2. of this ..... . 

chapter, that may be required on this matter, the facility may continue 

operation, provided that interim ECCS improvements, augmented inservice 

inspection, and augment;ed 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 Cooli_ng Systems published on 

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

24082) shall be continued. 

lltilll!:, I 
I '._.,..., 

i 
! 

.i 
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.· ,4) Cqnstruction permits may be issued .after. [publication of rule] 
. · ... :, 

but befor~ [on_e· ye~r after publicat:l,on cif rule] subject. to· any: appli"­

cable conditions or res triction·s imposed pursuant t·o other regulation's 

in this chapter and the. Interim Acceptance Criteria for Emergency Core 

·cooling Systems published on June 29, 1971 (36 F.R. 12248) as anended 

(Decembcar +B, 1971, .36 F'.~R. )~982): Provided, how:l'.ver, th.at no aper-
, ,.. . ,. 

ating license shall be issued unless ,·the Commission determlnes, among 

other things, that the proposed facility neets ·the requirements of 

subparagraph (1) of this paragraph. 

(b) (1) . Peak Cladding Temperature. The caiculated maximum fuel ., 
element cladding temperature shall not exceed 2200°F. 

(2) Maximum Cladding Oxidation. · The caiculated total oxidation of 

the cladding shall nowhere excee~ 0.17 t:f.:ines the total cladding thick-·'. 

ness before oxidation. As· used in this subpar:agraph t.otal oxldation 

means the total thickness of cladding netal that would be locally con­

verted to oxide if all the oxygen absorbed by and reacted with the 

cladding locally were converted to stoichiometric zirconium dioxlde. 

If cladding rupture is .1calculated to. occur, the insi.de: surfaces of the .. 

cladding shall be included in the .oxidation' begin'9,ing at the calculated 

time of rupt.ure. Cladding·thickriess before oxidatio'u means the radial 

distance from inside· to outside the cl,adding·, after any calculated rup­

ture. or swelling has occurred but before significant oxidation. Where 

the calculated conditions of transient pressure and temperature lead to 
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ll prediction of clad,ding swelling, w~th or without cladding rupture, tri.e 

unoxidized cladding thickness shall _be defined aei the clac;lding 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 aver-· 

age circumference at that elevation. ·· For ruptured cladding the ·circum­

ference does not include the rupture ·opening. 

(3) Maximum Hydrogen Generation. The calculated total aniotmt of 

hydrogen generated from the chemical reaction of the ·cladding with water 

or steam s:ti,all not exceed 0.01 times the hypothetic~ annµnt that wc;,1.lld 

be generated if all the metal in the cladding cylinder'B · surrotmding the 

fuel, excluding the cladding surrotmdip.g the ·plenum volume, were to 

react. 

-(4) CnoJ able Geometry. Calculated changes in core geometry shall 

be such that the core remains anenable to cooling. 

(5) Lorig-Term Cooling. After any calculated successful initial 

operation of th,e ECCS, the calculated core temperature shall be main­

tained at an acceptably low value and decay heat removed for the ex-. 

tended period of time required by the long-lived radioactivity remaining 

in the core. 

(c) As used· in this section: 

(l) Loss-of-coolant accidents· (LOCA's) are a.::c.:idents 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 system, from breaks in pipes in the 

reactor coolant pressure boundary ~ ·to and inclpding a brea}.t ·equiva-
. . . 

lent in size_ to. the .double-ended rupture of th-e largest pipe in the 

reactor coolant system, 

(2), An. evaluation model is the cal.culational framework for 

' 
. evalua.ti_ng the behavior of the rea_ctor system during a postulated 

. ~ . . . . 

LOCA, including one· or more computer programs and all other information 

· necessary for· applica'tion: of the calculational framework to a specific 

I.DCA, such as mathematical models used; assumptions .included in the 

prograus ., procedures for t reat'ing the program input and output infor­

mation, specification of those portions of analysis not included in 

computer programs, values of parameters' and all other information 

necessary to specify the calcuiational procedure. 

(d) The requirements of this section are in. addition to any other 

.requirements ap.plicabie to ECCS set forth in this Part. The criteria 

set forth in paragraph (b), with cooling performance calculated in accor­

dance with an acceptable evaluation model' are in implementation of the 

general, requirements with respect to ECCS cooling .performance design set 

forth in this Patt, including in particular Criteri~n 35 of Appendix A. 

4,. A'·hew Append!~ ~ '1s. added to 10 'cFR Part 50 to ·~ead as follows: 

Appendix K - ECCS Evaluation Models 

I, Definitions , 

., )'IJ• rJ.t i; 
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II. _ - Required and Acceptable Features of Evaluation Models, ' 

III I Complete Evaluation Models I 

I I DEFINITIONS 

As used in this appendix: 

·--.·-

A, ~lowdowrt means the portion of lose•of-coolant accident (LOCA) 

during which primary system pressure is higher than containment ·-pr~·ssure 

and is _decreasing with time, and primary fluid· is expelled from the 

postulated break. 

B, . Computer .Program means the sets of statements, in suitabl_~ 

computer language, necessary snci sufficient to perform a calculation -

on a conputer. 
·-. 

_C. Conservatism means the property of a calculat:l.on, less favorable· 

than "realiet:l.c11 in order to provide margin fo-r errors or mi.know~, and 

.sometimes to_ take sensitivity into acco1.11t. -

D, Moody Multiplier means the diuensionlees multiplicative constant 

used to modify predictions of Moody's equations (see below) for flow out 

of pipes. 

E. Bealiem mane the p_roperty·-of a calcul,.ation that ·1s inte~ded to 

predict the· course of ·actual ·or _postulated events-·W·ithin some degree of. 

approximation that may or may not be stated. 

F, Refill mans the portion of a loss-of-coolant accident after 

blowc:i~n and extending until the level of reactor coolant rises to the 

bottom of the ~re. Thie period does not occur for LOCA's in which 

• '1 

I. - ... 
I 
I 

, . 
I. 

I 
I 
·1 

-I 

I 
I 

I 

I 
: i 
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the reactor coolant level does not go below the bot torn of the. core. 

G. Re flood. neans · the portion of a loss-of-coolant accident after. 

·refill during which the coolant level rises in the co re~ 

H. Sensi tivit_y means the degree to which calculated results vacy 

with a spe,cified change in input information. · 

· · I. -Loss-of-coolant accidents· and evaluation IIOdels ate as"defined in 

J § 50.46(c). 

II. .REQUIRED FEATURES OF EVALUATION MODELS 

A. Single Failure Criterion. The combination of emergency core 

cooling subsystems assumed to operate in ana:I.yses shalJ.be derived frotn 

a failure modes and effects analysis, using the single failure criterion. 

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 discha'.rge 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 ]?Jane' a. discharge model 

appropriate to thes.e conditions shall be used to calculate, break flow ..• · 

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

phase fluid, OF ·saturated vapor, the Moody discharge model (Moody, F ;J., 

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, .!Z_, 

No. 1., February 1965)!!1/5o/5l/ shall. be used to calculate break flow. 

5. Over the· entire spectrum, the postulated break shall be 

ass.umed to occ:ur instantanl;!ously ·and shall be modeled as discharge 

,~;} :_, f?:om a single node as though through an· open pipe having the' postulated 
. ;-...,.::·: 

break area, and with a Moody multiplier (MM) o_f U11ity where the Moody 

model is used I 

6. For postulated breaks in pressurized water reactor inlet lines 

and boiling water reactor recirculation lines, analyses ·shall be made 

assuming that the pipe fails as a complete instantaneous severance . 

(guillotine), Flow shall be assumed to occur. unimpeded from both ends 

· of the open pipe without interaction between the dis charging fluid 

streatll!I, . This model shall be used with at least three constant values 

of MM ranging from 0.6 to l.O. 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 

49 / The incorporation by reference. provi1;1ions of 'Section II of this 
App~n.dix were approved by the Director of the Federal Register 
on · -------------

5 _ o I The ·s'.ta.£f is filing in this proceeding a complete list of all 
documents incorporated in the Proposed Rule and ·addresses· of the 
respective p·ublishers. 

Sl/ Copi~s may be obtained. from [address of publisher]. Copies are· / 
available for inspection at the Commission's Public Document 
Room, 1717 H Street, N.W., Washington, D. c. 

' ',, .14:f- .. ;: 
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temp e~at. ure has b.een reached; .tlia t is., until further • r~d\l_q_ti:on 1n , MM 

results :f,n a. lower peak clad temperature. 
. . 

7. Noding detail in the vicinity of· the break shall be sufficient 

to assure that the flow discharge calculation is perfor:aed with 

appropriate local. fluid conditions. 

c. , Chemical Be actions·· and· Heat so·urces • The following chemical.: 
'· -

reactions and sources of heat .. shall be accounted- for as a· fikction of· 

time and other variables as follows·: 

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

at a power levei no lower. than 1-02 times .. maximum licens.ed. power level 

(to allow for instrumentation error), with the maximum peaking factor 

'allowed by the technical specifications. A range of power distribution 

shapes and peaking f~ctore representing power distributions over the 

core·lifetime shall be studied and the combination selected that results 

in the most .seyere .calculated consequences for the spectrum.of postulated 

breaks and single failures analyzed. 

2. Fission heat shall be calculated using reactivity· and reactor 

kinetics. Shutdown reactivities due to temperatures and voids shall be 
- . 

given their minimum values, including allcx,.rance for uncertainties, for-

the range of power dist.ribution shapes and peaking factors studied in 

paragraph l of this Section C, Rod trip and insertion may be assumed 

if they £'..re 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 calculations and known radio­

activity properties. The.most unfavorable time in the fuel cycle shall 

be assumed, independent of whatever such assumption was made in con-. 

nection with paragraph 1· of this Section C. 

4. Radioactive decay of fission products shall be estimated using 

L 2 times the values for infinite operating time in the ANS Sta:ndard 

(Proposed American Nuclear Society Standard -"Decay Energy.Release Rates 

Following· Shutdown of Ura:p.ium-Fueled Thermal Reactors/' Approved by 

Subcommittee ANS-5, ANS Standards Committee, October 1971). 511 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; if the 

value used is iess than 1.0, it shall be justified by a suitable 

calculation. 

5. The 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., "Studies of Metal Water 

Reactions ·at High Temperatures, III. Experimental and Theoretical Studies 
. . . . sv 

of .t~e_._ Zirconium-W~ter Reaction," ANL..;6548, May 1962) ,-. - with a 

coefficient of unity. The reaction shall be assumed not to be steam 

limited.· Fo'r .rods whose cladding is. calculated to ruptur~ during the 

LOCA (see Section II.H), the inside of the cladding shall also be 
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a&E!!umed'to react. The calculation of the reaction rate on the inside 

of the cladding shall also fcillow the Bak.er-Just equation wfrh a 

coefficient of unity' starting at the tine when the cl;dding is 

calculated to rupture, and extending axially no less than i. 5 inches 

each way from, the axial locatio~.of the rupture, with the reaction 

assumed not .to be-·steam limited. <i·' - 0 

6. Heat tra;isfer from piping, vessel walls, arid non-fuel internal-, 

hardware shall be taken into accotmt. 

7, Heat transferred between pr;lmary and secondacy system3 through 

heat exchangers shall be taken 1.nto account. 

D. Frictional ·Pressure Drops. The frictio~al. 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 ver;lfied by comparison with experimental data. The mod:;Lfied 

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

Phase Pressure Drop," Chem., Engng. Prog. Symp. Series, No. 64, Vol. 62, 

1965)51 / or a combination of the Thom correlation (Thom, J. R. S. , 

"Prediction of Pressure. :Prop During Force_d · Circulation· ~oiling of 

Water," Int. J, of Heat & Mass Transfer, 7, 709-724, 1964) 51/ for 

pressures equal to or greater than 250 psia and the Martinelli-Nelson 

correlation (Martine:lli ~ R. C., N~lson, D.B., "Prediction of- ~res sure 

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

, / .,,A.r:;. 
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695-702, 1948) 51 / for pressures l_ower than 250 psia is acceptabl~ 

for calculating two-phase friction multipliers. 

E, · Momentum Equation. The following effects shall be taken into 

account in the conservation of mouentum equation: L temporal change 

of momntum, 2. monentum convection, 3. area change momentum flux,. 

4. mouentum 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 ,tmder stated 

circumstances shall be justified by comparative analyses or by experi-

mental data. 

F. Critical Heat Flux. 

1. Correlations developed from appropriate steady-a tate and 

transient-state experimental data are acceptable for .use in predicting 

the critical heat flux (CHF) during LOCA transients. The computer 

program in which these correlations are used shall contain suitable 

checks to assure tha_t the physical parameters are within the range 

of parameters specified for use of the correlations by their respective 

authors. 

· 2. Steady-state CHF correlations acceptable for use in LOCA tran­

Eiients include~ but are. not limited to, the following: 

(a) W-3. L. S. Tong, "Prediction of Departure .from Nucleate Boilin·g 

for an Axielly Non-uniform Heat Flu2r Dic:-:ribution ,11. Journal of Nuclear 

Energy, vol. 21, 241-248, 1967.51 / 

.,.Al I 
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(b) B&w~2. J. S. Gellerstedt, R. A_. L~e, w~ J. Oberj ohn, R. H~ 

Wilson, L. J. Stanek, "Correlation of Critical Heat Flux in a Bundle 

Cooled by Pressurized Water_,". Two-Phase Flow and Heat Transfer in Rod 

Bundles~ ASME, New York, 1969.Sl/ 

(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. 52 / 

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

Burnout Data," Proceedings of the Institute of Mechanical Engineers, 

1965-1966. ~l/ 
(e) Barnett. P. G~ Barnett, "A Correlation of Burnout Data for 

·ut1iformly Heated Annuli and Its Uses for Predicting Burnout.in Uniformly 

Heated Rod Bi1ndles," AEEW-R 463, · 1966. Sl/ 

(f) Hughes.· E. D. Hughes, "A Correlation of. Rod Bundle Critical 

Hea_t. flux. for Water in the Pressure Range 150 to 725 psia," IN-1412, 

Idaho Nuclear Corporation, July·1910. 51/ 

3. Correlations of appropriate transient CHF data may be accepted 

for use ~n LOCA transient analyses if comparisons between the data and 

.the correlations are provided to demonstrate that the correlations 

• •'', '" •t I 

~opies ate on file in the Commission's Public Document Roomt 1717 
· H Street·, N. W., Washington, D. C. Since the document contains 
propt:~etary inforxnation (10 CFR §§ 2. 790 and 9. 5 (a) ( 4)) , its 

· availabflity is gove~ed by ·10 CFR' §§ 2,744 or 9.10. 
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predict values of CHF which.allow for uncertainty in the. experimental· 
. ':-

data throughout the ;ange of parameters for which the correlations are 

to be used~ .Where appropriate, the compar:f:sons shall use statistical 

uncertainty analysi~ .of the, eata to demonstrate the conservatism of the 

transient correlation. 
' ', . . · .. ·· 

4. .Transient CHF correlations acceptable for use in LO.CA 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 Electric Boiling 
,/ 

Water Reactors," NED0-10329, General Electric Company, Eqtiatiori c.:..32, 

April 1971.Sl/ 

5, After CHF is first predicted at an axial fuel· rod location during 

blowdown, the calculation shall not use nucleate boiling heat transfer 

correlations at that location subsequently during the blowdown even .. 

1£ the calculated local fluid and surface conditions would apparently 

justify the reestablishment of nucleate boiling. Heat transferassump-
. . . 

tions characteristic of return ~o nucleate boiling (rewetting) shall 

be permitted when justified by the calculat~d 1.ocal fluid and sur·f a.ce 

conditions during the refl·ood portion of· a LOCA. 

G, Pos·t-CHF Heat Transfer Correlations. 

l. Correl.ations of heat transfer from the· fuel cladding to the 

surrounding fluid in the post-CHf r!,:lgimes of transition.and film boiling 

shall be compared to applicab_le steady-state and transient-state data 
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using statistical correlation and tmcertainty analyses. Such comparison 

shall dem:mstrate that· the correlations predict values of heat transfer 

coefficient equal to or less than the mean value of the applicable 

experimental heat trans fer 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 Trans fer in the Liquid 

... 51/ 
Deficient Regine," AECL-3281, revised December 1969) ,- . the modified 

Dougall-Rohsenow flow film boiling correlation (D. H. Roy, "Direct 

Testimony on Behalf of Babcock a_nd Wilcox, AEC Docket No. RM-50-1," 

I 51/ · 
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," MIT Report Number 9079-26, Cani>ridge, Massachusetts, 

51/ September 196~ ) , and the Westinghouse correlation of steady-state 

transition boiling ("Proprietary Redirect/Rebuttal Testimony of 

Westinghouse Electric Corporation, 11 U.S.A. E. C. Docket RM-50-1, page 25.;_1, 

October 26, 1972) 52 / ar~ ?.cceptable _for use in· the p·ost-:-CHF boiling· 

regines. In addition,_the tl'.'ansition_boiling correlation of M;cDonough, 

Milich, and King (J, B. McDonc;mgh,. W. Milich,_ E. C. Klng, '.'Partial . 

Film Boiling with Water- at 2000 psig 'in a Rotmd Verti_cal Tube 1 11 MSA 

Research Corp., Technical Report 62 (NP-6976), 1958)Sl/ is suitable 
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for use between nucleate and film ·boiling. Use of· ail these 

correlatic;,ns 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 

··e. '~he entire McD~nough, Milich, and King corr~lation ·shall._ not be · "· 

used during the blowdown after the temperature difference 

between the clad and the saturated fluid first exceeds 300°F, 

·_ ·cc) transition boiling heat transfer shall not be reapplied for· the 

rema!rider of the LOCA blowdown, even if the clad superheat 

· returns below 300°F, except for the reflood portion of the 

LOCA when justified by.the calculated localfluid and surface 

conditions. 

H. Cladding Swelling and Rupture. Calculations _of gap conductance, 

cladding temperature, cladding embrittlement, and hydrogen generation 

from cladding~ater chemical rea_ctions 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, le1:1.ds to predictions of cladding swelling or rupture. Each 

evaluation mod et, therefore, shall wher_e required include a model for 
\. 

predicting claddi~g·swelling or rupture from consideration of the 
.. 

cladding axial temperature dist:ribution and the pressure differential, 

\ 

•,\ ., -
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both as functions of time. To be·acceptable, a sw·elling and rupture 

model shall be based on applicable data in a conservative way. 

I. Initial· Stored Energy in Fuel. The steady-,.s tate temperature 

distribution and stored energy in the fuel before the .accident shall· 

be evaluated as a function of power density., fuel density, cold gap 

dimension, fuel thermal conductivity, fuel heat capacity, cold-fill gas 

composition and pressure, and burnup (cracking of fuel, sorbed gas and 

fission gas release, changes in fuel density, cladding creep). The 

values used and the bumup chosen (time in core lifetime) shall be 

such as to maximize the calculated initial s_tored energy in the fuei. 

For this calculation, the reactor operating power shall be assumed 

to be no less than 1.02 times maximum licensed power. 

J. Fuel Rod Thermal Parameters During Postulated Accident. 

1. The calculations of the fuel and the cladding tein!)eratures as 

functions of tiire shall use values for gap conductance .and other 

thermal paraireters.·as functions of temperature and other applicable 

time dependent variables. 

2. If cladding swelling or rupture is calculated to occur, the gap 

conductance shall be varied in accordance with the change in its dinen­

sions and BI?-Y ot~er applicable variables. 

K. Modeling of Rotating.Pumos. The char~cteristi~s·of rotating 

primary system d:rcul~ting pumps (ald.al flow: turbine,. or centrifugal) 

shall be derive_c;l from a· dynamic model that includes mmentum transfer 
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between the fluid ·and the rotating member, with variable pump speed·-as 

a function· of time. The pump res-istance 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 Pressure. The containment pressure used for 

evaluating· collling effectiveness during reflood and spray cooling ·shall 

not excee~ a pressure calculated conservatively for this purpose. The 

calculation shall inciude the effects of operation of all installed 

pressure~reducing systems and processes. 

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 experimental 

data. For reactorswith jet pumps and having fuel rods in a 7 x 7 fuel 
. '.) 

assembly array, the following convective coefficients are ac_ceptable: 

1. During the period following lower plenum flashing but prior 

to the core spray reaching rated flow~ a convective. heat: transfer.• 

coeffident of zero shall be applied to all fuel· rods, 

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

to reflooding (see 

2. 0 , 3. 2 , l. 5 , and 

paragraph 3), convective heat transfer coefficient!? of . . 
- . -1 -2 -1 . . . · 

1.7 Btu-hr -ft -°F sha~l be applied to the fuel 

rods in the outer corners, outer row, next to outer row, and to those 

remaining in the interio~, respectively, of the assembly. 

I 
; . 

.I ' . I. 
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3. · After the two~phase reflooding fluid reaches the level under 

consideration, a convective heat transfer coefficient of 25 Btu-hr-l 

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

N. Channel Box Wetting (Applies Only to Boiling Water Reactors). 
. / 

Following the blowdown period, l').eat transfer from, and wetting of, the 

channel box shall be 'based on appropriate experimental data. For reac:..., 

tors with jet·· pumps· and fuel . rods in a 7 x 7 fuel assembly array, the 

following he~t transfer coefficients and wetting time correlation are 

acceptable. 
. .... -· 'I" ..... , ;·':· 

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 t"ransfer coefficient 

of 5 Btu-hr-1-ft - 2-°F-l shall be applied to both sides of the channel 

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 ("-Los1:i-of-Coolant. Accident and Emergency Core Cooling Models · 

for General Electric Boiling Water Reactors," General Electric Comp~ny 

Report NED0-10329, April. 1971). Sl/ 

o. Core Flow Distribution During Blowclown (Applies Only to Pressurized 

Water Reactors). 

.j 
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' 
1. The flow rate through the hot region of. the core .during 

. blowdCJW'n ·shall be calculated as a fmiction of tine. For the purpose·. 

of these calc,ulations the hot region chosen shall not be greater than the· 

size of one fuel assembly. Calculations of average fl~ and flow in the 

hot region shall -take into accom.t cross ~low ·betweeti regions and any 

flo(q blockag~ calculated t_o occU:t during blowdown as a result of cladding 

·swellin_g 'or. rupture. · The calculated flow shall be smoothed t·o eliminate 

any. calculated rapid oscillations (period less 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 shail. be multiplied 

by a flotr reduction factor of O. 8 to form the flow input data for the 

hot- channel heatup.calculation. 

3. A ]!Ethod shail be specified for determining the .. enthalpy to be 

used as input data to the hot channel h:~atup analysis from quantities 

calculated in the blowdown analys~~- consistent with the flow distribu-
. . 

tiori calcutatiohs. 

P. Cooling_Water Injected During Blowdown ·(Applies Only to Pressu­

rized Water Reactors). For postulated ccild leg bre~s, all .emergency 

cooling water injected into the inlet iines or the reactor vessel 

during the bypass period sh-all· in the c;alculations be subtracted from 

the reactor vessel calculated inventory. This may be ·executed in· t:he 

cal-::ulation during ·the bypass perio6., o::- as an alterna.ti ve the .s.moun t 

;. /.,A IA. 
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of emergency cor:e cooling water calculated to be injecte_d. during the 

bypass period may be subtracted 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 erttra1.nment mechanisms responsible· for the bypas·sihg 

are calculated not to be effective. The end-of-bypass definition used 

· in the calculation shall be justified by a suitable combination of 

an~lysis arid experimental data. Acceptable methods for defining 

"end of bypass" include, but are not limited to, the following: 

1. Predict~on by the blowdown calculation of dc,wnward flow in the down­

comer for the remainder of the blowdown period; 2. Prediction of a 

threshold for -droplet entrainment in the upward veloc-ity, using local 

fluid conditions and a conservative critical Weber number. 

Q.. Reflood Heat Transfer (Applies Only to Pressurized Water · 

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

droplet entrainment or fluid oscillation.a do not transport a two-phase 
. . . . 

mixture- to the core hot.spot~ heat.transfer calculations shall be for 

s,::eam-only··-~ooling· and· shall take into accoun·t. any _flow blockage 
. . •. ', ·. . .. ·. ·. 

calculated to occ.ur as a result of cladding swelling· or rupture as 

such blockage· might affect bcith local steam flow and heat transfer. 

A transition to reflood heat transfer coefficients based on applicable 

experimental data, including FLECHT results· .("PWR FLECHT (Full Length 
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Emergency Coolit,g Heat Transfer) Final Report·,'' Westinghouse Jleport 

· 51/ 
WCAP-7665, April 1971)- shall be made when calculated conditions are 

sufficient to transport a two-phase mixture to the hot spot. The 

cri.teria 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 is 

applied; presendy available FLECHT heat transfer correlations ("PWR 

Full Length Emergency Cooling Heat Transfer (FLECHT) Group I Test Report," 

· Westinghouse Report WCAP-7435, January 1970; "PWR FLEGl~! (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)51/ are not acceptable. New 

correlations or modificat_ions to the FLECHT heat transfer correla,tions 

are acceptable only after they are demonstrated to be conservative,. 

by comparison to FLECHT data, for a i::ange.of parameters consistent 

with the transient to which they are applied •. 

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

Water Reactors). During the refill and reflood period~ steam flow 

through primary coolant pipes is __ subject to pot_en~ial int~rference by 

injected emergency core cooling water. This effect shall be included 

as appropriate in the thermal and hydraulic aspects of reflooding rate 

calculations. During refill and reflood the calculated steam flow in 

reactor coolant pipes shall be taken to be zero during the time that 
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accumulators· are discharging water •into those pipes, · and emergency 

cooling water shall be assumed to mix homogeneously with.steam, unless 

experimental evidence is available regarding the reaiistic thennal­

hydraulic interaction between the steam arid the liquid. The 

thermal-hydraulic interaction between steam and all emergency core 
. ·' . . . 

cooling .water shall be taken into account in calculating core 

. reflooding rate~ 

S, 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 effecfs leading to fluid oscillations in the system are 

acceptable, as are ca]..culations which. include dynamic effects. For 

both calcuiational qpti9rts, core and system thermal-hydraulic 

phenomena sha:11 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 

p~ane (carryover rate fraction) shall be used to determine the core 

exit flow ·arid shall be .determined. iri ··acc~rdEi:nce with. applicable. 

exper~e~tal . dab1. (for·· example, "PWR FLECHT (Full Length Emergency 

Cooling Heat .Transfer) Final Report," Westingh~us.e Report WCAP-7665, 

April 1971; "PWR Full Length Emergency Cooling Heat Transfer (FiECHT) 

Group I Test Report," Westinghouse Report WCAP-7435, January 1970; 
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"PWR FLECHT (Full .Length· ]1:mergency Cooling Heat Transfer) .Group II 

'i'e~t Report," Westinghouse Report _WCAP~7544, September 1970; "PWB. 

FLECHT !inal Rep~:r~ Supplement·," ·west·inghouse Report. WCAP-7931,. 

October 1972) .¥-1 

The effects on the reflooding rate of the compressed -gas in the 
'!• •• 

accumulator, which is discharged following accumulator water 

discharge, shall also be taken into account. 

III. COMPLETE EVALUATION MODELS 

A. Documentation 

. 1. (a) A description of each proposed evaluation model shall be 

furnished. The description shall be sufficiently complete· to_ permit 

tec~nical · review of the ana.ly.tical. appto8:ch including the equations 

us~d,, the assumptions made, and the values of all parameters or the 

procedure for their selection, as for example, in accordance with 

a specified physical law or empirical correlation. 

(b) ·The description shall be sufficiently detailed and specific to 

require significant -changes in the evaluation model to be specified in 

amendjnents of the description. For -this purpose, a significant change. 

is a·change tha~ would ·re~ult.in calculated fuel cladding t~peratures· 

different by more than 20QF than the temperatures calculated (as a 

function of time) previously for a postulated LOCA. 

(c) A complete listing of each computer program, in· the same form 
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as used in the,evaluation model, shall'be furnished to the Atomic Energy ..... •, 

Conun:Lssion. 

· 2. For each comp~ter program, solution convergence sha,11 be demoµ­

strated by' Eitudies of system modeli~g or· noding and- calculat;ional time 

steps. 

3. . Appropriate sensitivi~y studies shall be perfq;i;me4. fo.r each 

~aluS;~ion. .. model.~ to evaluate th_~·-· effect on the calculated results of 

variations in ncding,.phenomena ass:mn,ed ·1n the calculation to pre­

dominate,-including pump operation or locking, and v~lµes of parameters 

over their :-~pplicable ranges. · For items shown to be sensitive, the 

choices Diade shall oe' justi:l;ied. 

4. To the extent practicable, -predictions of the -evaluation model, 

or portions th~r~of, ,sha).l. !:>e .. compar~d- 'with appiic~ble ~erimentai 
: ... ·.'··-- ·.· . . .... · ... :.... . . . . . . . .. ·. . . 

information •. ,_?:.;- ·._ \-~·.=.·.:;,.?Y\r?-~:\"_:'.>·>< _,:: _·_,_\·-~'. : \ 

B. General Standards For Acceptabil:ity - Delineation of all details'· 

(in addition to the required features s_et forth in Section II) of the 

.basis-for gen~ral acceptance of evaluation models is not possible, 

because of their· complexity; - ·. Elements of evaluation mddels reviewed 

~11 lnclud·e technical adequacy ot the calculational method~,: incluci:i.n_s -
::-... 

compliance with requ~red features of Section II, and proyision of a 

level cif safety. 'and marg:l,n of conservatism comparable. to other acceptable 

evaluation mudels, taking into account significant differences in ths 

reactors -to which they apply. 
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Evaiua:t"ion Models - The following evaluation models, when · · 
~ 

modified as provided below for each, will be acceptable: 

1. AEC Evaluation Model for Pressurized Water Reactors. 

{a) This·mc;,del will be a~ceptable;for application to pressurized­

water reactors using 2, 3, or 4 primary coolan_t loops, and for postulated 

.. ~ ~ ' ; 

breaks with ,areas of 6. 5 square feet ·!ind larger. 

(b) The computer programs' parameters' 'and other f~at:~res. of' this 

evaluation model are as described.in the following references: 

(1) ·11RELAP3-A Computer Program fc:;,r Re~ctor Blowd0¥11 Analysis" 

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

(2) • A auitable refill and reflood model. and computer. ,program to 
. . . 

. determine system ·behavior- from the end of blowdown to completion of 

cpre · reflooding. 

(3) "THETAi-B, ·A Computer Program for Nuclear Rea~tor· Core Thermal· 
. . . 

Analyses," Idaho~ Nuclear Corporation Rep~rt IN-1445, February· 1971 _ Sl/ 

(4) "GAPCO~: A Computer Program to Predict Fuel-to-Cladding Heat 

Transfer. Coefficients in Oxide Fuel Pins," Hanford Engineering Develop-

. · s11·· . 
men,t· Laboratory -Report HEDL-TME-72-128, September 1972.-· 

(5) _Thom, J.R.S., e~· aL, "Boiling in Sub-Cooled W~ter. during Flow 

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

1965-1966. 51' 

(6) Dittus, F.W., lioelter, L.M.K., "Heat Transfer·in Automobile 

Radiators of the Tubular · Type 11 , Pub. in Eng. , V.ol. 2, n. 13 , Univ. of 

51/ Calif., pp •. 4.43-461, 1930.- . 
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(c) The ana.lyti,c~_l meth_ods employiad in the _above reports and the 

computer programs should be modified.as required to include the following 

considerations: 

(1) Blowdown Analysis 

(i) The break flow model and the noding spe.cifications described 

in Section II.B shall be used. 

(ii) The transfer of heat from the sources described in Section II.C. 

shall be included. 

(iii) Friction pressure drop calculations shall be treated in 

accordance with Section II.D. 

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

accordance with Section ·!I.E. 

(v) Reactor recirculation .pump ·dyI1~m;!..cOC:.perfornv,mc:¢ shall be t~eated . 
. . ~· .. , . 

in accordance with Section II.K. 

(vi)· The 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 inject_ion into the r~actor coolant system shall 

·be trea.ted in accordanc;e with Se::tion II.E', 

' 1 ,- -- i' 
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(ix) Nitrogen'·d·ischarged from accumulator tanks shall be treated 

· in accordance with Section. II.S. 

(x) Core flow in the hot region during blowdown shall be calculated 

in accordance with ?ection II.O. 

(2) Fuel Pin Thermal Analysis 

(i) The conservation of fluid energy .equation shall be solved for 

one- ·and two-phase flow conditio~s. 

(ii) The · calculation of critical heat flux· shall be performed in 

accordance with Section II.F. 

(iii) -Fuel element heat transfer shall be treated, as appropriate, 

in accordance with Sections II.C, ILG, II.H, II. I, and II .J. 

(iv) The following fluid heat trans(er correlations 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 thermal analysis in accordance with Section II.O. 

(vi) During blowdown, the. core pressure and hot region inlet entha:).py 

derived from·the blowdown analysis shall be used as input to the fuel pin 

thermal analysis. 

(vii) During the reflood portion of a LOCA, · -clad-to-fluid heat 

. r 

I 
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I 

f 
I 

f 

transfer ·shall be treated in accordance with Section !I.Q, and contain- ·, 

ment pressure shall be ~reated in.accordance with Section II.L. 
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(3) · The reflood analysis. 

(i) Calculation of reactor vessel water inventory shall be treated 

in accordance with Section II .P. 

(ii) The containment pressure used in the reflood · analysis shall be 

treated in:accordance with Section II.L. 

(iii) _fluid pressure drop in the primary side of the _steam generators 

shall be calcuiated considering heat transfer from the secondary side and ;_.' 

with the inlet conditions calculated according to Section IL S. 

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

· Section II. R, and appropriate consideration shall be given to reactor 

internals. vent valves. 

(v) Refill and reflood rate calculations. shall be treated in 

accordance with Section .·I.I .S. 

2. · Babcock and Wilcox Evaluation Moclel. 

(a)· This model will be acceptable for application to pressurized­

w.ater reactors, with and without reactor inte_rnals vent valves, for 

postulated breaks with areas of 0.5 square feet and larger. 

(b) .. The CO~Uter prograIIE, parameters, and other features of this 

· evaluation model are as described in the following references: 

(1) "CRAFT ~ Description of Model for Equilibrium LOCA Analysis 

Program" 
. . · 51/ 

Report BAW-10030, October, 1971.-

(2) "REFI.OOD - Description of Model for Multinode Core Re flood 

Analysis," Repbrt BAW-10031, October 19 71. Sl/ 

I .!, ,'(I, - .... :. t'',,, 
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(3) "THETA 1-B, a C_ompµter Program =for Nuclear Reacto~ Core Therinal 
. - . . ·. 51/ 

Analysis," Id~ho Nuclear Co1;1>oration Report lN-1445, ;Febrllary, 1971.-

(4) _''Multinode Analysis of B&W's 2568 MWt Nuclear Plants during a 

. . . 51/ 
Los1;3~of-Coolant Accident" Report BAW-10034, October 1971.-

(5) "REFLOOD -_Description of Mode~ for Multinode Core Reflood 

Analysis - Supplement 1," Report BAW-l003i, Supp. 1, April .. 1972. Sl/ 

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

Report BAW...;10044, April 1972. 51/ 

-·. (7) ''Multinode Analysis of B&W' s 205- Fuel Assembly Nuclear Plants 

during Loss-of-Coolant Accident," Report BAW;..;10045, May 1972. 51/ 

(8) ''Multinode Analysis of B&W' s 145-Fuel Assembl:y 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 Analysis of B&W' s 145-Fuel A&sembly Nuclear Plants 

during Loss-of-Coolant Accident," Supplement 1, Revision 2 of Report 

BAW-10048, October, 1972. 51/ 

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

Fl~- Up Heated Tubes or An?,uli ~" Proc. Inst. Mech. Engrs. , Vol. 180, 

part 3C, 1965-1966. Sl/ 

(12) Dittus, F.W. ~ Boelter~ L.M.K. r "Hea.t Tran$fer in Automobile 

Radiators of the Tubular Type", l'ubl. in Eng., Vol. 2_, n. 13, Univ. of 

Calif.., pp. 443-461, 1930?!/ 
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(c) The analytical mit:hods employed in the above reports· and computer 

programs should be modified as required to include the following 

considerations·: 

(1) CRAFT computer program. 

(i) The break flow model and the noding specifications described 

in Section II. B shall be used. 

(ii) The transfer of heat from the sources described in Section II.C 

shall be included. 

(iii) ·' Friction pressure drop calculations shall be treated in 

accordance w.ith Section II.D. 

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

accordance with Section II.E. 

(v) Reactor recirculation pump dynamic performance shall be treated 

in accordance with Section ·11.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 shall 

be treated in accordance with 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· 

in accordance with Section II.O. 

(2) THETA· 1-B computer program. 

(i) The conservation of fluid ener·gy equation shall be solved for 

all one- and two-phase flow co,nditions. 

(ii) The calculation of-critical heat flux shall be performed in 

accordance with Section II,F. 

(iii) The fuel rod heat transfer shall be treated, as appropriate, 

in accordance with Sections II.C, II.G, II.H, II.I, and II.J. 

(iv) The following fluid heat trans'fer correlations shall be used, 

as appropriate: 

Nucleate Boiling - Thom 

Single ·Phase Forced Convection~ Dittus-Boelter 

(v) Core flow during blowdown 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 as input to the 

THETA 1-B computer program. 

(vii) During the reflood portion of a LOCA, clad-to-fluid heat 

transfer shall be treated in accordance with Section II.Q, and· contain­

ment pressure shall be treated in accordance with Section ILL. 

(3) REFLOOD computer program. 
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(i) Calculation of reactor. vessel water inventory shall be 

treated in accordance with Section II.P. 

(ii) The ·containment pressure used in the reflood analysis shall be 

treated in. accordance with Section II.L. 

(iii) Fluid pres.sure drop in the .primary side of the steam generators 
' . . 

shall be"'caiculated considering 'secondary side heat transfer·· and with 

'the inlet conditions calculated according to Section II. S. 

(iv) Steam flow calcul~tions shall be treated in accordance with 

Section II.R, and appropri_ate consideration shall be given to reactor 

internals vent valves. 

(v) Ref ill a,nd reflood rate calculations shall be treated in 

accordance with Section II.S. 

· 3.. Combustion Engineering Evaluation Model. 

(a) T.his· model will be acceptable for application to Combustion 

·Engineeting·preosurized water reactors for postulated breaks with areas 

of 0.5 square feet and larger. 

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

evaluation model are as described in the following references: 

(1) "Description of Loss-of-Coolant Calculational Procedures," 
/ 

CENPD::.20, Proprietary Combustion Engineering Report, August 1971. 52 / 

(2) "Description of Loss-of-Coolant Calculational .Procedures, 11 

Proprietary. Combustion Enginee::-ing Report, Supp}.emen~ l tc CENPD-.. 26, 

October 1971. SZ/ 
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· (3) "Steam Venting Experiments and Their Application to CE Evalua­

tion Model, 11 Proprietary Combustion Engineering Report, Supplement 2 to 

CENPD-26, November 1971. 5z/ 

(4) ''Moi·sture Carry..,.over During PWR. Post-LOCA Core Refill, 11 informal 

· 52/ 
proprietary Combustion Engineering submittal, November 1971.~ 

(5) Thom, J.R.S., et al., "Boilin·g in Sub-Cooied Water during Flow 

Up Heated Tubes 'or Annuli,''. Proc. Inst. Mech. Engrs., VoL 180, part 3C, 

1965-1966. 51' 

(6) Dittus, F.W., Boelter, L.M.K., "Heat Transfer in Automobile 

Radiators of the Tubular Type, Publ. in Eng., Vol. 2, n. 13·; Uriiv. of 

· · 51/ 
Calif·. , pp. 443-461, 19 30 .-

(c) The analytical methods employed in the above reports and 

computer programs should be modified as required to includ,e the follow­

ing considerations: 

(1) CEFLASH computer program. 

(i) The break flow model and noding specifications described in 

Section II.B shall be used. 

(ii) The transfer of heat -from the sources described in Section II. C 

shall be included. 

(iii) The. f-r-iction pressure drop calculations shall be treated in 

aecordance _with Section II.D. 

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

accordance with Section II. E. 

• J /.-rl ,} ,•;;· 
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(v) Reactor recirculation pump .dynamic performance shall he treated 

in accordance with Section II.K. 

(vi) React.or 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 

(vii:L) Cooling water injected into the reactor coolant system shall 

be treated in accordance with Section II.P. 

· ·(ix) Nitrogen d;l.scharg·ed from safety injection tanks shall be treated 

irt accordance with Section II.S. 

\ 

(x) Core flow in the hot region during blowdown shall ·be calculated 

in accordance with Section .II.O. 

(2) STRIKIN computer program. 

(i) The fuel rod heat transfer .shall be treated, as appropriate, in 

accordance with Sections II.C, II.G, II.H, II.I, arid TI.J. 

(ii) The following fluid heat transfer .. correlations shall be used, 

as appropriate: 

.Nucleate. Boiling - Thom 

Single Phase Forced Convection - Dittus-Boelter 

(iii) Core flow during 'blowdown shall be 'input to the STRIKIN program 

in accordance with Section II. O. 
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(iv) During blowdown the core pressure and entering ,plen.1.1ll} eni:,halpy 

derived from the CEFLASH computer program shall be used as input to the 

STRIKIN computer program. 

(v) During the reflood port:(.on of a LOCA clad-to-fl·uid heat trans.fer 

shall be treated in accordance with· Section II .Q ;· arid'-cotftm.nment · 

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

(3) PER.C computer program • 

. (i) Calculation of reactor vessel water inventory shall be treated 

in accordance with Section II.P~ 

(ii) . The contai~ment pressure used in the reflood analyses shall be 

treated in accordance with Section II.L. 

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

shall be ~alculated considering secondary side heat transfer and with 

the inlet conditions calculated according to Section- II.S. 

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

Section II. R. 

(v) Refill and reflood rate calculations shall b_e treated according . 

to Section II .S. 

4. General Electric Evaluation Model. 

(a) This model will be accept ab le for application to General Electric 

Company boiling water reactors using jet pumps and a 7 .·x 7 fuel rod array 

in es.::h fuel assembly. 

(b) The computer prograltl:l, paraneters and othe-r.··features of the 

evaluation model are -described in the fo_l,.lowin_g referenc.e: 

I 
t . I . 

l 
! 

I 
I 

I 
l 
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(1) "Loss-of-Coolant Accident and Emergency Core Cooling Models for . 

. · 51/ 
General Electric Boiling ·Water Reactors" NEDO~l0329, April 1971.~ 

a. Short-Term Thermal Hydraulic Model,. Appendix A; NED0-10329 

b. Long-Term Thermal Hydraulic Model, Appendix B, NED0-10329 

c. · Transient Critical Heat Flux Model_, Appendix C, NED0-10329 

. d. . Core Heatup . .,.Model' Appendix D' NED0-10329 

(c) The ~nalytical methods employed in the abov~ report and computer 

· programs should be modified as required to include the following con­

siderations: 

(1) Short-Term Thermal Hydraulic Model, 

(i) The. break flow.and noding specifications described in 

Section II.B shall be used. 

(ii) The transfer-of heat from the sources described in Section 

II.C shall be included. 

·(iii) The friction pressure drop calculations shall be treated 

· i~ accordance with Section II.D. 

(iv) '.ijle conservation of momentum equation shall be treated in 

accordance with Section II.E. 

(v) Reactor recirculation pump performance shall be treated in 

accordance with Section II.K. 

(2) Transient Critical Heat Flux Model. 

(i). The calculation of critical hear: flux 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 rod array :.in an ass eni> ly, the critical· heat flux 

correlations specified in Appendix C of NE00-10329 are acceptable. 

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

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

(3) Core Heatup Model. 

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

with Sections II.C, II.F, ILG, 1I.H; II.I, II.J, II.L, II.M, and 

II .N, For 1967 and 1969 product line reactors. wit:h_,.a: 7 x 7 fuel rod 

array in an assembly, the crl ti cal heat flux correl.ations specified in 

Appendix C of NED0-10329 are acceptable.· The ·emissivity of Zircaloy 

shall be assumed to be 0.67 prior to wetting and 0.9 ~fter wetting. 

(4) Long-Term 'lhermal Hydraulic Model. 

(f) The break flow and noding specifications described in 

Section II.B shall be used. 

(ii) The transfer of heat from the sources described in 

Section II.C shall be included. 

(iii) The friction pressure drop calculations shall be 

treated in accordance with Section II. D. 

(iv) The· conservation of momentum equation shall be treated 
',' 

in accordance with· Section !I.E. 

(v) React~r recirculation pump performance shai'i be treated 

in accordance with Section II .K. 
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5 .. Westinghouse Evaluation Model. 

(a) This_ model will be acceptable '1:or application to Westinghouse 

pressurized wate.r reactors using 2, 3; or 4 primary coolant loops, and 

for postulated breaks iyith areas of O. 5 square feet and larger. 

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

evaluation model-are as· described· in the following references: 

(1) "Westinghouse PWR Core Behavior Following. a Loss~of-Coolant 

52 I 
Accident," WCAP-7422-L, January 1970 (Proprietary).-

(2) · "Emargency Core Cooling Performance," Supplemental Proprietary 

52/ Westinghouse _Rep_ort, June 19 71.-

(3) iiWes tinghouse PWR Core Behavior Following a Loss-a £-Coolant 

, • . 51/ 
Accident," WCAP-7422, August 1971.-

(4) "Additional. Testimony of Applicant Concerning Energency Core 

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

. . ,. · . 51/ 
Docket No. 50..:.247, July 13, 1971.-

(5) "A Comprehensive Space-Time Dependent Analys i.s of Loss-of-Coolant 

. (SATAN 4. Digital Code)," Westinghouse Report WCAP-7750, August 19 71. Sl/ 

(6) "LOCTA-R2 Program: . Loss-of-Coolant Transient Analysis," 

Westinghouse Report WCAP-7437L/ January 1970. 52 / 

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

Up Heated.Tubes or ~nuli," rroc. tnst. Mech •. Engrs., Vol. 180, Part 3C, 

1965-1966 ,.f!./ 
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(8) Dittus, F. W., Boelter, L. M. K. ~ "Heat Tr·ansfer in Automobile 

Radiators of the Tubular Type", Puhl. in Eng. , Vol. 2, n. 13, Univ. of 

Calif., pp. 443-461, 1930.Sl/ 

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

programs · should be modified as required to include the following 

considerations: 

(1) SATAN computer program. 

(1) The break flow model and the noding specifications described 

in Section II.B shall be used. 

(ii) The transfer of heat from the sources described in Section II. C 

shall be included. 

(iii) Friction pressure drop calculations shall be treated in 

accordance with Section II. D. 

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

accordance with Section II.E. 

(v) Rea~tor rec-irculation pump dynamic performance shall be 

treated in accordance with Section II.K. 

(vi) Reactor core heat transfer correlations shall be treated in 

accordance wit~ Sections II.F and II.G ..•. 

(v.ii) . The. following fluid heat transfer correlations shall he used 

·tor.the core region, as appropriate: 

Nucleate_ Boiling - Thom 

Single Phase Forced .Convection - Dittus-Boel·ter 

'·I 
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(viii)· Co;,ling water injected into the reactor coolant system E!liall 

be treated it:i accordarice with Section II.P. 

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

· in accordance with Section II. S. 

(x) - Core flaw -:1..n the hot region during blowdCMn shall be calcu-

-· 
-lated in accordance with Section II.a. 

(2) LOCTA computer program. 

(i) The calculation of critical heat flux shall be perforned in 

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

. grid design sh!)uld be assumed. 

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

with Sections II.C, I1.~_G, II.H, II.I an,d II.J. 

(iii) The following fluid.heat transfer correlations shalt_ be used, 

· as appropriate : 

Nucleate Boiling - 'lhom 

Single Phase Forced Convection - Dittus-Boelter . 

(iv) co·re f_low during blowdown shall be input to the LOCTA program 

in accordance with Section II.O. 

(v) During "b"lowdown the core pressure and. entering plenum enthalpy 

derived ·from_ the. SAT.AN computer program shall be used as input to the 

I.OCTA computer program. 

i 
' ,l 

·i 
:l 
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(~) DuJ;"ing the reflood portion of a LOCA, clap-to-fluid heat transfer 

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

· shall be treated in accordance with Section II. L. 

(3) Reflood computer program. 

(i) Calculation of reactor vessel water inventory shall be treated 

in accordance with Section II.P. 

·{-ii)-v The containment pressure used in the reflood analysis shall 

.be treated in accordance with Section II. L. 

(iii) Flµid pressure drop. in the primary side 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 calculations shall be treated in 

accordance with Section IL S. 
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III. TECHNICAL DISCUSSION 

A, Discussion of Crite.ria 

PEAK CLADDING TEMPERATURE AND MAXIMUM OXIDATION 

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

(b) (1) Peak Cladding Teg,erature. 1he calculated 
maximum fuel •element cladding temperature shall not -exceed 
2200° F • 

. · (2) Maximum Cladding Oxidation. The· cal·culated total 
oxLdatiori of the cladding shall nowhere exceed O .17 times 
the total cl·adding thickness before oxidation. As used 
in this subparagraph total oxidation means the total thick­
ness of cladding metal that would be locally conv~rted to 
onde if 1tll the oxygen absorbed by and reacted with the 
cladding locally were converted to stoichiouetric 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 . 

. Cladding thickness before oxidation· means the radial 
distance from inside to outside the cladding, after any 
calculated rupture or swelling· has occurred but before 
significant oxidation. Where the calc.ulated 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 plarie 
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 drcumferenc.e 
at that elevation. For ruptured cladding the circumference 
does not include the rupture opening. 

Discussion of Peak Cladding Temperature and Maxi.mum Oxidation 

Criteria (b) (1) and (b) (2) are proposed to replace the sing!~ 

clad temperature limit of 2300°F specified as an Interim Accep­

tance Criterion in June 1971. 

. l 

·, I_,.,, Jt"t./.' ,••] 
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Understand~ng of the proper limits on cladding behavior has 

evolved through a number of stages. Each stage represents increased 

understanding of zirconium embrittlement·and other physical phenomena. 

· The stages are all related, but in a · complex manner as described in 

the following paragraphs. 

A maximum clad· temp·erature limit is specified in order to preclude 

clad melt~ng during a LOCA and to limit energy release associated 

with the zirconium-steam reaction. These reasons were addressed 

in the staff Direct Testimony (Exhibit 1001, Section 2.2), and 

they remain as valid.justification for specifying a maximum clad 

temperature limit. However, melting and energy release from 

zirconium-steam·reaction are not the basis for specifying a 

2200°F limit; in fact, a 2300°F limit would be sufficient in 

this regard. A 2300°F limit is also sufficient in the staff's 

present opinion to limit cladding damage by eute~tic formations, 

even though the staff Supplemental Testimony suggested a 2200°F 

limit to preclude a damaging amount of zirconium-nickel or zirconium-­

iron eutectic (Exhibit 1113, Section 19). The staff clar;f.fied that 

earlier suggestion by stating in response to questioning·that if 

·the effe~ts of grid ·spacer flux depression, cladding pre-oxidation, 

and other factors were consideredp a peak cladding temperature of 

2300"F would be sufficiently low to limi.t damage by eutectics 

.(Transcript 20,538-41). 
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Limits on. both the temperature and the degree of reaction 

\\tere first shown to be necessary to quantitatively limit embrit;tle­

ment and fragmentation by the quench tests of Hesson (see Exhibit 

1113, page 18-1). Several series of quench experiments have since 

been performed with comparable results (Exhibit 509; Exhibit 1151; 
. . ... 

page 16-34; Exhibit 1122, Appendix A; Exhibit 1066, Section 2.1 and 

Transcript 13,374-6; Exhibit 1137, Section 6). Some of the quenched 

samples from the ORNL experiments (Exhibit 509) were_.subjected 
. . 

to .diametral compression by impact loads. From this information 

ORNL was able to correlate the degree of cladding ernbrittlement 

to the parameter Fw. (Fw is the fraction of material remaining 

as prior-B phase; therefore a correlation with l; penetration 

is a correlation [of different form] with Fw; see Exhibit 1113, 

Section 18.) . Additional metallurgical and. slow compression 

mechanical tests on other quenched samples from the ORNL. experi­

ments (Exhibit 1126) indicated that an important consideration ---
was the amount and distribution of oxygen in the nominally ductile 

prior-13 phase. Howeverp these factors could not be correlated as 

functions of time and temperatur~ in the sa~e manner as the ( 

penetration, Irt particular, the· slow compression tests indicated 

a greater degradation in cladding ductility at higher temperatures 

than would be expected from considerations of s penetration alone. 

It was on this basis that the staff previously suggested a 2200°F 

maximum cladding temperature (Exhibit 1113, page 18-18). 

.. -.. ---·. 
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To preclude clad fragmentation and to account for effects 

noted in the te~ts described above, a liII1;1-t of ~T/Wo :::_0.44 was 

earlier suggested by the Regulatory staff as an embrittlement criterion· 

(Exhibit 1113, page 18-18). Th:(s limit was inferred from quench tests 

and mechanical tests. Criterion (b) (2) is now proposed as a better 

method of ~pecifying a similar limit on the extent of cladding oxida­

tion. 1he bases for proposing this· method are described below. 

The ciegtadation in. cladding duct;llity as described. by the staff 

(Exhibit 1113, Section 18. 0), has been .asserted to be an insufficient 

reason to limit cladding temperature to 2200°F (Westinghouse Concluding 

Statement, page A-6 · B&W ' ' 

c·oncluding· Statement, page 238; GE Concluding 

Statement, page M-30; CE Con cl ud in g Statement, pages 2-8 ' , 9. 
' 

ECCS 

Utility Group Concluding Statement, page. 39). However, it will be 

demonstrated below that. the phenomenon of degraded ductility of oxidized 

cladding as a function of temperature :Ls well supported by evidence in 

the hearing record . 

. A liml.t of 2200°F is consistent with the results of the impact tests 

at ORNL, despite the suggestion th.at the impact ~sts showed no inability 

.to correlate 7.DTwith,Fw (B&W .. Concluding Statement, page 238).,. In fact, 

the phenomena suggested by the. ORNL slow compression tests could not have 

been detected by the impact tests. What was observed in the· slow com-. 

pression tes_ts was that 6 samp1es exposed at 2400°F for ·only. two minutes 

and with re·.;i..atively high V'alues. of ~ (all greater than O. 65) all 

fractured with nil ductility. On the other hand, no 'impact test 

lltJ1 i :.;·'' 

. ! 
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. aanples exposed at 2400° F had values of Fw greater than O .44. With 

such low values of Fw (large ~· penetrations), brittle failure would be 

expected. Thia is consistenf with the 'results observed with samples 

exposed at lc:iwer temperatures which also had low Fw. Drily when brittle 

failure was detected at high Fw in the slow compression tests did the 

suspicion arise that ductility was a fmction of both Fw and the 

exposure temperature. 

B&W supports the. conce)>t of deviatfon from linear behavior in 

correlating the ductility with Fw as the temperature in ere as es (B&W 

Concluding Statement, page 239). However, B&W asserts that the 

deviation occurs at a temperature hi~er than 2200° F. B&W bas es 

their assertion on the belief that the actual temperatures above 

2200°F in. the ORNL experiments wete higher than thei reported values 

(B&W Concluding Statenent, page 239). B&W also asserts that the 

reaction in the ORNL tests was steam limited. The staff believes that 

. the. reaction was· not stoichionetrically steam limite.d if the total 

·steam available is considered. However, at the surface of the sample 

the reaction may have been oxygen limited. The steam flow for both 

the ORNL and.B&W.tests was certainly in the laminar re~ime. In fact 

this also appears to be the case for both the ANL tests (see Exhibit 

1113, page 18-1) and ·.the CE· tests (Concluding State,rrent). If so> 

then diffusion. through: the· steam boundary layer would t:enG t:o decrease 
,' 

the oxygen concentration at the surface. 

''1 
I 
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The staff. believes there is some validity to the B&W claims 

conceming steam-limiting and higher-than-:--reported temperatures. To 

answer these questions, future experiments should b.e performed with 

steam in the turbulent flow regine. Also, the temperature of the 

experimental sa~les should be measured' rather than inferred from 

th·e heater temperatures. If the ORNL exposures were indeed at higher 

temp·eratures than reported, as clained by B&W, then any effect of these 

errors in temperature could not have been serious ·or the ORNL reaction 

kinetics data would not correlate so well with other ciata sets. On the 

other hand, if laminar flow was a real problem and involved consequent 

steam limiting, -tbe rate information at high· temperatures may be non­

conservative. 

B&W has expressed concern that se.veral samples ·from the same exp.eri­

nental tube, nominally isothermal, showed variations in Fw of 30 percent 

(B&W Concluding Statement, page 24 7). Such a variation could be .caused 
. J . . . . . . 

by imprecision .in measurement of the a/6 botmdary or by axial temper-

ature varia-ti.ons in the tests. The temperature variations are important 

because alpha incursions into the f:l phase begin to occur as th~ oxygen 

concentration in the S phase app1;oaches saturation .an·d the· a/6 boundary 

becotm!s sonswb~t irregular. The actual technique. us~d to measure tne 

a/a boundary is. very precise and should not be the source of the 30 

percent variation. Howe,rer, the u.; i:, boundary ie. very ir.regular, and 

therefore tli-e- reported value of , is dependent upon ·subjective judgment 

by the experimenter. Although variations in Fw are. important i? the 

statistical analysis of the information as applied to rate· equation 
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derivation, these variations are tmimportant in correlating the 

~chanical p~operties of the clad· as a functi-c:,n of Fw since the 

meastirad values of Fw and ternperat ure are used. 

At the tine of the staff Supplenental Testim:my (Exhibit 1113, 

- pages 18-14 to 18-16) ,' the ORNL slow compression test results were new. 

The principles -.~f beta-phase oxygen concentration were acknowledged and 
. . . . 

discussed (Tr~s~ript 21,321-3; 20,935-9; _20,631-8; :21~498-501; 

. 20 ,62 7-8), b·ut the principles were not sufficiently developed and 

supported with ·calculations and measurement to allow m:>re than the 

. -
simple limitation of 2200°F. It was stated (Exhibit. 1113, page 18-18) 

that: 

"The staff recognizes the importance of oxygen concentration 
in th_e S 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 s fraction only. II 

This principle still holds. Moreover, the considerations of· temperature 

errors and steam limiting serve to reinforce the suggested need for caution 

in interpree!.ng data taken at high temperatures. 

AB oxygen saturation is reached :fo · the beta phase., precipitation 

of alpha zirconium in the grain botmdaries and other rapid diffusion 

paths can occur .as shown by the ORNL (Exhibit; 1126) 'and CE (Concl~d{ng 

·st:atemen t) experiments for e~osures below· 2400° F for long exposure 

times. .As the temperature rises above 2200-2300°F°,; solid. solution 

hardening in· the a phase appears to contribute significantly to forma­

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

I I tf ¥fl .. J 'f/ 
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though alpha incursions are not observed, and the fraction ·of remaining 

f3 is greater· than that observed in lower temperature tests. This is 

confirmed by examination of the six samples from the ORNL specimen 

exposed at 2400°F for two minutes (E:xhibit 1126). A high fraction of 

remaining B (Fw >O .65) and no incursion of ct into the ·prior-13 region 

were observed, wh,ich observations. are consistent wit~. high. saturation 

concentrations at elevated temperatures . (See phase ·diagram, Exhibit 1122, 

. page 2-5). Solid solution hardening is a well known, metallurgical 

_phenomenon sn.d. does not require saturati_on cortcent rations, but just a 

sufficient _ooricent ration' 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 CJ:xygen conten·t required to 

cause quench failure shows a definite trend to decrease with increasing 

temperature. This is quite consistent with higher o:icygen concentra-
. . 

tion and possible solid soluticm hardening in the beta phase at higher 

eJqJosure temperatures. This is because most o_f the ·oxygen goes into 

the oxide and oxygen-stabilized alpha layers. There.fore, if the 

relatively s.mall Eimomt of oxygen in the beta layer .is. controllirig, 

brittleness can· occur without the heavy ox!..de and alph_i{ layers; Le., 

with less total oxygen content. 

Althou~ CE claims there is no anomaly e:xhibited by_ the data. for 

fail-ure loads :of specimens eJqJosed at temperat.ures above 2200°F·, they 

did suggest .a .trend to lower failµre loads with increasing exposure 

I/ lf9 /).6' 
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temperature for comparable values of Fw (CE Rebuttal Testimony, Section 

2). lhe hardness neasurements presented ::!,n E'Jlhibit 1126 also shaw a 

trend to increasing hardness, and therefore decreased du.ctili ty, with 

increasing exposure temperature. 

From the foregoing there is ample evidence that load bearing ability 

and ductility decrease with increasing exposure temperatures' even for 

transients with comparable Fw or [,T/Wo. Increased solubility of oxygen 

in the prior-a phase has been dis cussed as a contributing ·factor 

(Transcript 20,627-59; Exhibit 1113, Section 18). CE has suggested 

that hardness determinations are a neasure of· oxygen concentration 

(Transcript 20,627-59). ~ well as brittleness. This implies that 

solid solution hardening may be a contributing factor to the observed· 

degraded behavior at higher temperatures and high solubilities. 

GE suggests that quench experinents exhibit transients more severe 

than BWR LOCA transients in terms of temperature as wel:L as time at tenr-

perature (Exhi.bit 1122, page 2-5; GE Concluding Statement, Section M). 

However,· those discussions do not establish what constitutes a more severe 

transient. It can be inferred that. if t_he experimental temperature'"'.time 

curve is outsi.de the LOCA transient curves, GE considers it.to be more 

severe. That is, it is more severe for those times at which the temper-' 

ature in the .experiment is greater than the calculated temperature in the 

LOCA. It is possible, however, that this is not a sufficient neasure of 

i . ! 



·-- 83 -

severity. A slQwer cooldown prior to quench may enhance_ local oxygen 

concentratfort. in grain boundaries .. ~d tht.1t:1 pronrite fragmentation. Thus, 
--'--

a specimen which is at a higher temperature for longer time, but is -
cooled rap~prior to quench, may actually exhibit. greater strength 

~ duc_Eili:_!, In fa:ct, GE.·ci_tes an example (Exhibit 1122, page ·2-S) 

where .. a sample, which w1:1~ slowly cooled, failed. The extent of oxida­

tion in the_ sample -was less than would be expected for failure on the 

basis of other samples which were rapidly quenched. GE ,attributes this 

to _long cooldown near the transformation temperature where precipitation 

of old.de in the grain boundaries is the cause of the b.rlttle behavior. 

Consideration of the phase diagram as presented by GE in E:xhib it 1122 

suggests to tb.e staff that in ·the a zirconium at the boundary between 

the a phase and the Zr02 the oxygen concentration is very high and is 

relatively independent of temperature. None of the a phase at the 

a/Zr02 botm.dary has ari oxygen con,centration as low as the concentra­

tion of oxygen at the a.IS boundary_. Therefore, precipi.tation of zr0 2 

in the prior-S region is very tmlikely. Sone small amo'lIDtS of oxide 

precipitation might occur near the a./Zr02 b~tmdary:· Thus a more 

likely explanation of _the GE observation is _that a-phase. precipita-

tion occurred in ·the grain botmdari_es, . This _could occu:r during the 

cooldown until the trans-formation temperature is reached (about 

1550°F), 

The slow cooldown and the high temperature phenomena discussed 

previously cau be related. . At high temperature, more oxygen is 
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dis:solved in the 8 phase. As cooldown proceeds from high telll>eraturf'., 

the concentration of oxygen during phase trans formation would produce 

a phase zirconium with a very high local oxygen concentrati.on," as has 
-, 

been shown experimentally. Thus, important considerations with respect 

to embrittlenent are the cooldown rate and the temperature from which 

cool down . occurs • 

The staff believes that because of high temperature degradation and 

slow cboldown phenomena (both strongly suggested by the ~xperimen tal 

evidence .cited) the suggested 2200"F limit should be imposed. After 

experimental and analytical information becomes available on these 

phenomena, reco~ideration of this limit w~uld be proper. 

The staff. does not believe that the stress calcul.ations performed 

\ by the vendore. (E:xhibit 1122, Section 4; Exhibit ll51, Section 2; Exhibit 

1144, Section 2. 2) can be relied upon for making licensing decisions .. 

'Il1e calculations have been used primarily to demonstrate that quench 

loads are so. pr~dominant t·hat all other loads can be effectively 

ignored. The staff believes that quench loads are likely the major 

loads, but the staff does not believe that. the evidence is as yet 

conclusive enough to ignore ~11 other loads (Exhibit 1113, page 1s..:9). 

The oxidation of· zirconium proceeds in such a manner that· th~ .mate-

rial can in no way be considered homogeneous. As oxygen saturation 

is approached in the beta phase, incursions or fingers q_f alpha 

zirconium pro.trude into the beta region. During cooldown and prior 

: I 

\ 

' i 
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to quench 11precipltation" can occur along grain boundaries. Even 

without this irregular formulation of oxygen· rich a-zirconium, the 

e.t ress calculations are of doubtful quan ti tati ve value because an 
I 

oxygen gradient would exist in the S phase. Property data for variously-

oxidized zirconium samples are simply not available (Exhibit 11_13, 

page 18-9), and the important mechanical properties very likely are 

strongly related to oxygen concentration and distribution. In short, 

property data for varying oxide concentrations, distributions, and appli­

cable morphologies 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 approaches taken by each 

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

(GE Concluding Statement, Section M; Westinghouse Concluding S tate~n t). 

The staff recognizes that the failure mode in ring compression tests 

is not the same as would occur during a LOCA (GE Ccmcluding Statement, 

Section M). However, such tests do allow investigation and quantification 

of certain phenomena not readily studied in guendi tests. Load deflection 

data allows assessment· of stress and strain relationships. Ductile­

brittle transition can be assessed at known temperatures (ZDT), whereas 

the pr~cise quench temperatures in quench experiments are not known. 

Ma~mum cross head travel in an experimental. apparatus is not as 

important a concern as has been suggested (Exhibit 1078, Section 2. 2. 6; 

B&W Concludi~g Statement, page 259). What is of interest ·is the strain 

• ~- I• ,••'r 
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(elastic and plastic) up to failure. In. fact, Conin.tstion Engi.nee:dng 

(C.Oncluding Statement) has suggested that determination of strain for 

a sample subjected to ring compression could, in part, form the basis 

for ·de fining a limit on degradation of cladding ductility. However, 

the staff. does not believe that strain can now be determined from 

either diamettal compression tests or from calculations with sufficient 

accuracy. for' licensing evaluations . 

Various rethocis .for defining a clad embri ttlement limit have been 

suggested. Several have been compared by GE (Exhibit 1122). All 

nethods define 'a ·nurierical limit and a calculational procedure for 

comparing temperature his tori es to that limit. Any method can be m:ade 

more conservative by adjusting the lindt or the calculational procedure. 

Westinghouse suggested that a limit based on a parameter relating 

to oxygen. in -the S phase would be better than a 11mi t based on the 

value of ~,j/Wo or equivalent zirconium converted to oxide (Concluding 

Statenent, Section III-B). The staff agrees that this would probably 
... -

be more meaningful than sone of the other nethods discussed above. 

, ... , ·However, the state of the· art does not now permit assessment of such 

- . 
a ·B p_has~ parameter· (only .~losed SCllutions .. for send.infinite geo~try 

were presented -in' the hearing; no· finfte difference 'solutions were 

presented). 

Westinghouse (Concluding Statement, Section III-B)~ GE (Con­

cluding S.tatio,n. 1 Section M), B&W (Concluding $..tatement) and the E~CS 
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Utility Group (Concluding Statenent) fa-vor a limit on percent oxidation 

(defined as the percent of cladding ··coni.•erted to. oxide if all the 

oxygen _absorbed by the cladding were converted to stoichionetric zr02 ) ~ 

'llley also favor more realistic equations such as Klepfers or the 

Westinghouse correlation (Concluding Statement, page A-10) to calcu~ 

late the percent oxid~tion, Table 1 presents a summa:ry· of recomnen­

dations by various participants. 

GE (Concluding _Statement, Section M) , B&W (Concludip.g ~tatement), 

and the Utilities (Concluding Statement) assert that pe·r~ent reaction, 

since it includes total oxygen uptake, satisfactorily accounts for 

the oxygen in the S phase. However, percent oxygen does. n·ot in any 

direct manne·r account for the concentration distribution throughout 

the S phase., As an example, a sample at 2200°F, if exposed for a 

sufficient tine, could be expected to have an average S · phase oxygen 

content greater than 5000 ppm. However, a sample exposed at 2100°F 

could never reach this concentration because the saturation concen­

tration is less than 5000 ppm at 2100°F (see phase diagram prese~ted 

by GE in Exhibit· 1122). Although the amount of oxygen in. th_e S phase 

may be a small· fraction of the to.tal oxygen (about 4-20 percent), it 

~ . . 
is an ·important factor in determining the load bearing ability of the 

cladding. 

Although percet:it reaction is not the mst direct method for 

characterizing degraded cladding, certain features of t4e 17 percent 

reaction limf.t sup port 1 ts use as a limit , at least for the present. 



TABLE 1 

RE.OOMMENDATIONS FUR EMBRITTLEMENT CRITERIA ~ METHODS. 

Temperature Oxidation 
. Participant Source Limit °F . Limit . 

Inside 
Reaction 

Cl.ad Thinning ·. Zirc-Water 
Percent Expansion Reaction Equation 

Utilities Conclusions . 2500 · · 

B & W 

G.E. 

C.E. 

Conclusions 

Conclusions 

Conclusions 

Westinghouse Conclusions 

Staff Rebuttal. 

Staff Conclusions 

2400 

2300* 

2500 

2700 

2200 

2200 

12-17% clad reacted · 0-75%· of 
outside 

19%.clad 

None* 

reacted 0 

0 

0-40 

0 

0 

Fw > 0.65 2/ 3 of outside 50% 

~t/wo <0.47** 

~t/wo <0.44 

17% clad reacted 

0 

100% Baker­
Just after 
rupture*** 

100% Baker­
Just after 
rupture*** 

0 

Calculate 

Cal cuiate 

Klepfer 

Klepfer 

Baker..;.Just 

C.E. 

Westinghouse 

Baker-Just 

Baker-Just 

* G. E •. believes ·2700°F and 17 percent reaction are. bette.r limi.ts but does not reconnnend any change 
froin Jnterim Acceptance Criteria; 

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

*** Within 1.5 inches of the center of the rupture, 

CX> 
ex, 

I 
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'Ihe 17 percent reaction limit has been well tested as a.limit for 

quench experiments (Exhibits 509; 1151, page 16-34; 1122, Appendix A). 

Its use with the .Baker-Just equation is. conservative when compared 

to the previously suggested limits of f,T/Wo <0.44. This. is shown in 

Figure 1 for isothermal conditions~ Four lines of constant calcu­

lated f,T/Wo are c~str~cteci on. the plot of percent ·reaction versus a 

· parameter proportional to the square root of exposure. time. The solid 

f,T/Wo lines are based on Pawels equation (Exhibit li33), and. the 

dashed lines are based on E:xhibit 509, page 9, Figure 5. As can be 

seen, the f,T/Wo = 0.44 lines are both above the 17 percent reaction 

line. The f,;.:/Wo = 0. 35 lines become 100re conservative than the 17 

percent limit for temperatures below about 2100°F for isothermal 

exposure. This O. 35 value of f,T/Wo is nearly equivalent to the 

Fw = 0.65 recoIIIIllended by CE (Concluding Statement, Section 2.1.). 

Upon reconsideration since the Supplemental Testimony phase of 

the hearing, the Regulatory staff does not believe that evaluation of 

several different methods· for calculating f,T/Wo would be su:i.:table .. It 

should be noted by comparing the solid and dashed f,;/~o cury~s that the. 

method of calculation is extremely impor~ant. Both solid and dashed 

curves were derived from the same data set (Exhibit 509). The dashed 

curves were based on an Arrenhius type equation such as Baker-Just; 

whereas, the. solid lines were strictly empirical without particular 

regard for kinetic theory. It is apparent from .the figure that different 

oxidation correlations have advantages in different regions. In 
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particular t;:he empirical correlation is very beneficial in the regime 

from 2200°F to 2400°F. That is, the same isothermal time-temperature 

exposure that results in a cal~ulated ~T/Wo = 0.44 using the empirical 

·equation results-in about 25 to 30 percent clad converted to oxide 

us:Lng Baker-:Just in.J:his temperature r:~nge~ It is in this particular 

regime that the staff: is urging caution. . The upward trend of the dashed 

lines with increasing temperatures .indicate that even Pawel' s Arrenhius 

equati~n tends to be beneficial at higher temperatures. Therefore·, 

Baker-Just With its. k~o~ increasing conservatism with increasing 

temperature is preferred (see discussion for· Section II.C.S). 

Of primary interest is the comparison of the proposed oxidation 

limit (17 percent equivalent cladding converted to oxide) and the pro­

posed ~ethod (Baker-Just) with experimental data. By comparing cal­

culated total oxidation as a function of~ to the .oxidation limits 

for various experiments, isothermal data may be evaluated quite readily. 

Isothermal calculations for parabolic behavior are represented by 

straight l_ines of constant temperature in Figure 1. Variations of 

thickness and whether or not the reaction was considered to be one:... 

sided or two-sided (N := 1 or 2) can be accommodated in this figure. 

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

sented a.s horizontal intersections of the re;;:::tion isotherms. The 

numbers represent deformation temperatures. Numbers to the right of 

the isotherms are impact tests, to the left are slow compression tests. 
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• ff 'the ntini>er appears above the horizontal line the sample or ~amples 

failed wit;h 7-e.to ductility as determined by the experiment. By this 

criterion no·samples teated by slow compression abo_ye. 200°F failed with 

zercj ductility if the. calculated reaction was less than 17 percent. 

AU of tJte f-.:l;ed samples tested under impact had greater than 17 pE!r­

cent calcul~1ted reaction. The CE single sided data :cliscussed in the 

. hea?"Jng (Trans~r:l.pt 13,374-6) are. r~presented by squ~re~ on the 

ispthem. · 1-f the sample fractured on compression by CE's loading 

standard_, it Wa!i considered to have failed and is represented by a 

filled-in square. By this standard only s·a.mples abo~ 17 percent cal­

c-,1.ate.d rea¢t_ion failed. To use Figure 1, oxidation ·may be calculated 
. . . . . . . 

for tr_.sient eases by ·standard nethods (see for example Exhibit 113.3). 

However, the calculated transient lines have no rel~tionship to the 

calculated is~therms. Al$ o, since the lines ci f constant f,T/Wo are based 

·on isothermal calculation and keyed to Baker-Just isoth~rmal curves, 

they do not{ represent true f,T/Wo limits ·for tr~siemt oxidation. Five 

of Hesson 's, trans+ents (see Exhibit 1113, page 18-1) ·were presented by 

GE (Exhibit lli2)~ These. transients were. integrated using the Baker-
. . ' 

. Just equati~!} and are shown in Figure 1. ·If the sa~le failed _as. 

defined by 'Hesson, the curve is terminated with an x. A circle indi­

cates termination of a transient for an unfailed specinen. The co~ 

parison with the 17 percent limit is goocl, two transients failed with 

·reactions calculated to be about .19 and 30 percent and three survived 
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withreacti~ns calculat~d to be 10. 10. and 20 percent. The 17 

percent limit aatis factorily bounds the behavior of calculated tran­

sient oxidat.ion for the failed specimans. 

· Tvo. _addi.tional experimental data sets are worthy of note. Westing­

houa• experJ.amts showed that only their samples ~ith a reaction 

me-.ured _to be. greater than· 17 percent failed upon quench (Exhibit 1151, 

pap 16~34). However, the transients are not amenabie to Baker-Just 

·~alculation :since they were e:xpc,,sed in air. The ~neral Electric TTE 

exp,!riqen~ (E:xhibit 1122, Appendix A) demonstrated approximately. the 

same quench fd.lure behavior. However, the effect of ·the. reaction of 
. . 

· alumlpa with the. inside of the cladding makes the · complirison with 

results of calculations' sonewhat doubtful. 

In aumury, ·the very good couparison between the 17 percent limit 

and a .wicle,variety of experiments c¥culated with the Baker""Just equation 

supports adoption of this procedure. 

The staff believes that· properly designed experiments would be 

necessary in order to justify reconsideration of the ci:ms·ervative 

-~ni,rittlenent crit~rion we have nCJW' proposed. Quench and matallurgi-
. . : . . . ' ., . ·.. . ~. . . 

-cal e~mination sh,ould be included in such experinents. Suggestions 

for examin:i.ng slOW' cooldown, diff~ion, and reaction rates have 

already been.made (Exhibit 1113). 
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MAXIMUM HYDROGEN GENERATION 
. . 

· The Propose4 Rule, §50.46, Acceptance Criterion (b){3) 

(3) Maximum Hydrogen Generation. The calculated total amount 
of hydrogen generated from the chemical reaction .of the cladding 
with water or steam shall not exceed 0.01 times .the hypothetical 
amount that would be generated if all the metal in the cladding 
cylinders surrounding the. fuel, excluding the cladding 
surrounding the plenum volume, _were to react. 

Discussion of Maximum Hydrogen Generation 

Toe proposed ·maximum hydrogen generation limit is essentially 
. . 

the s.ame as ·the previous Interim Acceptance Criteri<:>ri ·2. However, 

there·is now·a more detailed specification of the amouri:t of rnetal 

to be considered in treating this important source __ of hydrogen 

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

suggest~ that because all past criteria, and now the recommended 

criteria of.· the Propos_ed Ru1J-, apply t~ the core hot spot, limits 

on core-wide· zircon:f,.um-water reaction are tmnecessary (CE Concluding 

Statement? s,ect_ion 2·. 2). The CE suggestion is true with respect to 

cladding i~tegrity, but it does not address the_ hydrogen generation 

. aspects of .the. cr,iterion. That is, the fact that core--wide 

zirconium-water reaction has ·not been the ·limiting ·c:t:Lt:erion for 

U>GA transients considered to date does not negate the sotn1dness 

of est.mblishing such a limit. Elimination of this criterion on the 

. basis of past calculations prejud.ges the. nature of calculated tr:msien::.s 

in the future.. For example, reductions in reactor power peaking 

. : 

I 
't 
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fnctor.s have oc.curred ~n the· past, and they can be anticipated for 

thC! future. Each such· reduction results in more cladding being at 

higher temperatures in LOCA rmalyses, and, hence, there is a poten­

tial for increased hydrogen generation. Therefore, the upper limit 

.of one perc~nt should be maintained for maximum hydrogen generation. 
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OOOLABLE GEOMETRY 

The Proposed Rule, §50.46 1 Acceptance Criterion (b)(4). 

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

Discussion of Coolable Geometry 

. The question of. maintaining a substantially intact (and thereby 

coolable) geomet:cy. requi"res simultaneous consideration of LOCA 

induced envircinnents and associated fuel cladding response. The 

prev;Lous In teriin Acceptance Criterion 3 reads: 

"lhe clad temperature transient is terminated at a time .when 
core geometry. is still anenable to cooling, and before the . 
cladding .is so enbrittled as to fail during or after quenching." 

Since definition of cool ab le geometry is implicitly de pendent on 

cal.culational procedures, th~ staff has now p'roposed the above 

revised. wording· for this criterion. 

Coolable geometry aspects were discussed throughout the hearing, 

but in terms of related phenomena, viz: cladding embrittlement 

(Transcript 9685-8; 12,860-70; 12,144-6); cladd:lng ductility 

(Transcript 3059.; 9555-6); cladding maximum temperature (Transcript 

6220_~6); coolant:,.blockage (Transcript 4117-4300; 947~-:4; 11,226-234); 

clad swelling. (Transcript 9707-8; 9780-4; 14,016-7).; Coolable 

geometry aspe.cts must therefore be reviewed in terms of such 

cansicierations ~ · 

Embri~ t1ement of the fuel cladding is a key factor in coo lab le 

geometry considerations (E:xhibit 1001, pages 2-8 to. 2-9) since it can 
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resqlt in potential clad failure with attendant coo-iant channel 

blockage ·effe'~ts. ·Eni:>ri ttlement (which is inseparable fJ:"om ductility 

· consider.!ltions· for LOCA evaluations) is discussed in the Staff 
. . 

. Testimony (Exhibit 1001, page. 2-1 to 2-10) and Supplemental TestiIIDny . . . 

(E:xhibit 1113", Sections 18 and 19). As discussed in preceding 

sections, the ~-taff's conclusions regarding emb_rittlement (or loss 
. . . 
. -~ 

of ductility). have resulted in recommendations for revised criteria . 

which limit clad temperature to 2200°F and which specify that tl_i.e 

calculated total oxidation shall nowhere exceed O .17 times the 

total cladding thickness before oxidation. 

Clad ductile behavior, characterized as swelling or ballooning 

during the hearings, can result in coolant channel flow blockage 

with attendmi.t · flow redistribution or altered .heat transfer behavior. 

-

The staff's review of opinions and concerns regarding flow blockage, 
. . 

and its coolab1¢ georetry aspects, is contained in Section 20 of 

Exhibit 1113. · .In brief, the staff's conclusions based 6n this 

evidenc_e are? for PWR' s: 

1). Oscillatory .re flood behayior- (as typified by PWR-FLECHT-SET) may 

provide an enhanced heat transfer rate. ·Also, FLECHT tests with 

blockage ·p"iates indicated better cooling at the J,.ocation of 

measured p·eak clad temperatures than did FLECHT t~sts with out 

blockage. 

2). Calculatio~s shOIN that although high core-wide (e.g., 60 percent 

in the radial plane) flow blockage causes increased core pressure 

I } .(!'fl../:./ 
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drops, there_are insignificant changes in total core flow during 

both blowdown and reflood. 

3) Once ballooning, or rupture, is predicted to occur during blowdown~ 

a 20 percent reduction in hot channel flow is appropriate to 

account for. flow redistribution between sub channels_ in the hot_ 

region. 

4) Heat transfer and steam flow _redistribution effects related to 

calculated blockage should be evaluated for the ~arly portion of 

the reflo~d -transient for which droplet entrainme_nt has no.t been 
-- -. . . . . . . . . . 

established, -or for which calculations indicate that oscillatio:ns 

are not significant enough for a two-phase mixture - to reach the 

core midplane. 

For BWR's the staff. concludes on the basis -of Exhibit 1113, 
. .. ·. . . ·. 

Section 20, that.the effects on heat transfer of clad swelling without 

rupture are small and will not increase clad temperature more than 60°F 

above those currently calculated. For-example, th~ Zr2K tests (which 

had· extensive ballooning) showed no measureable change in convective 

heat transfer during the spray cooling mode (Exhibit 1113, Section 16). 

The folloi:Lng comments a:re _ offered in view of e:xpi;essed concerns -

_ rega:rdin·g fiowibiockage (e.g.; Exhibits 1041, 1044 and -506). First 

of all, CNI des~ribed core blockage as producing an "uncontrollable 

·event" (Exhibit: -~041, Chapter 7). This position has been· tempered 

in CNI's Concluding Statement (pages 5.3-5.13) which discusses fiow 
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blockage in terms of "knowledge of ext~nt of blockage'' rind ''knowledge 

of the consequences of flow b_lockage • 11 The Staff concludes that 

evidence contained in its Direct and Supplemental Testimony (Exhibit 

1001, Section 2. 4 and Exhibit 1113, Section 20) is .. a prqper basis 

for rejecting ·CNI's '.'uncontrollable event" hypothesi~. Furthermore, 

the staff cautions against evaluating flow blockage· phenomena in 

terms of only partial understanding of selective experimental 

evidence without suitable interpretation and transposition of this 

information into credible LOCA circumstances (e.g.; . see. Exhibit 1041 

and ensuing: questioning ~f · CNI by General Electri_c_. at Transcript 

Volume· 96, in.toto). 

CNI' s Goncluding Statt~ment, pages 5. 3-5 .11, .. depends strongly on 

statements re:garding fuel pin swelling which were made by ORNL 

(e.-g., Exhibit 506 and Transcript 4909-28), and it refers to ORNL 

calculations of channel blockages in excess of 100 percent (page 

5. 5). ORNL personnel testified (Transcript 8629-31) that their 

clad swelling tests and analyses were based on static. cpnditions. 

They also testiU.ed that the expected. conditions for a LOCA wo.uld 

require a dynm:nc analysis.- The Westinghouse Concluding Statement 

(pages C-23 t_o C-34), summarizing the results of questions addressing 

ORNL's flow'blockage calculations~ points out a series of errors 

and discrepanci_es in Exhibit 1050 (.see Westinghouse· Concluding 

Statement, P,&ges, C-33 and C-34). 
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The staff has b.een aw~re of blockage problem areas (e.g., 

concems expressed in Exhibits 506 and 1044) and these were reviewed 

again during preparation of Supplenental Testimony (Exhibit 1113). 

In addition. questions were raised by ORNL conceming flow block.age 

effects on clad. tenperatures during refload._ (pages 20.:.12 to 20-15 of 

E:xhibit. 1113). '!be staff has· concluded that these ORNL .evaluations 

are not valid for the entire span of. reflood heat transfer up to 

tumaround (page 20-15 of Exhibit 1113), because they are not 

substantiated by the exist:l.ng experimental data. Hov.1ever, early 

reflood heat transfer in the period of steam-,only cooling can be 

influenced brlocal blockage, as discussed under Section II.-Q, 

below. 

CNI 1 s insistence (Concluding Statement, page 5.4) that: 

''The extent and distribution of blockage in a core ·is a 
prine input to the proper analysis of a LOCA." 

is inconsistent wit.h observed physical phenomena. Flow blockage is 

not a prine .input to a LOCA ana.lysis since it would constitute an 

~ priori assumption. Rather, the staff concludes tjiat .flow blockage 

should be tr~ated in <:_oncert with evaluatJons of clad swelling ~d 

' ' . 
rupt'ure; fuel· thermal parameters; _transient: gap conduc~~ce;· core .. . '. 

flow distribution; cla-dding-water reac:tions; and re.flood heat 

transfer:. There~ore, the staff reject~ the proposal that has been 

suggested in •,the proceedings; namely that a specific pen·alty be 

assigned to the ·peak cladding temperature to accotmt for the effects of 

. ,. ..,.. . ~· .. 
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flow blockage and redistribution (see pa~ 7-13, Exhibit 1113).. Instead, .. 

the staff reconunends adoption of suital?le evaluation modelf;i which address 

the specific· physical phenomena, thereby providing a means to assess 

flow blockage :effects and attendant clad temper~tures, ~ 

Further specific opinions related to coolable geometry are 

summarized in the following paragraphs and then rela:te.d to the staff's 

conclusions. · · 

B&W's Concltiding Statement discusses flow block~ge · 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 signific~t ~ffect on ·~ladding tempe~ature resporui~ during the 

hiowdown phase of the LOCA, and is "the product of constraints imposed 

in the calculational methods. II B&W also addresses tlow redistribution 

and fuel element clad swelling as it pertains specifically to the 

re flood phase. and concludes (page 231) that "the effects of fuel 

eleuent clad swelling and flow redistribution during .i:h¢ reflood 

stage of the lDCA are inherently small." 

CE' s C.Oacluding Statement reconnnends a cladding oxidation 

criteria· (S·e~t1on, ;il) based on temperature-time exposure limits, 

and states ,:{page 2-17) "that a coolable geometry will. be maintained 

in the core during a postulated I.OCA" if the criterion recommended 

by CE is adhered. to. 

The We.s tinghouse Concluding Statement (Appendix B) dis cusses 

assembly flow .blpckage and summarizes (page B-4) "the .technology 
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detailed by Westinghouse in its testimony provides an adequate 

technical base· and clear calculational approach- for ·the evaluation 

of assembly flow blockage for calculating the generic local effects 

of a loss-o £:-coolant accident transient. " 

GE's Initial Closing Statenent, .Volume~' pages ·o-i to 0-4, 

briefly discusses. flow blockages as a ''highly local~zed phenorena of 

clad bulging'' :and concludes (page 0-4) "The overwheiming weight of 
.. 

evidence (and all of. the reliable evidence) indicat~~ that flew 

blockage is n'ot a concem for the BWR." and " ..• flOW'. blockage 

considerations. do not warrant any changes in the GE model. II 

All part:icipa:n ts have relied on calculational techniques . 

related to obse~ed or measured phenonen~ to establish their views 

and opinions r~garding cool able core geometries. Therefore, they 
. . 

have ·all impli_ci.tly agreed with the staff conclusion· that;: "coolable 

geometry" is in°tririsically related to the use of calculational 

techniques (~valuation models). 

In sununary, .·the staff concludes that the concept of coolable 

geometry is appropriately addressed via the evaluat·ion.;.model. require­

ments. outlined in Appendix K of the Proposed Rule. Severai features 

of these models.· typified by Chemical Reactio~s and Heat Sources (II. C) ; 

Clad Swelling ·and Rupture (II. H); Initial Stored Energy ·in Fuel (TI. I); 

Fuel Rod Thermal Parameters During Postuiated Accident (II.J); Core 

Flow Distribution During Blowdown (II .O); and Re flood ·Heat Trans fer 

(II.Q), when taken together provide an interactive neans· to evaluate 
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"coolable geometry'·' aspects. Sweliing (or ballooning}, steam-water 

:reactions. gap c_onduct_ance, . flow redistribution., and reflooding. 

rates. wouid. t,heref ore be analyzed in detail. Thus, changes· in core 

geometry can·· be .accc;>tmted for and evaluated. to determine if they are 

such that the core remains .amenable to cooling, 
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LONG-TERM OJOLING 

'!he P-roposed R~e.1 §50.46,. Acceptance Criterion (b)(S) 

(5) Long-Term Cooling. After any calculated successful 
init_ial _operation of the ·ECCS, the calculated core 
temperature shall be maintained at an accep"tably low 
value and dee(!}' heat re100ved · for the extended period 
of time required by the long-lived radioactivity re-

.. mai~:Lng in the core.· 

Discussion of Long-Term Cooling 

'!be need·-for'long-tertn·cooling of the core results "f.rom the"long-term 

nature of. th.e .f:lssion-proc;luct decay process. Followin~ the te·rmi.na-

tion of the fuel cladding temperature transient there is a substantial 

amount of dec,zy heat generated in the core (Exhibit ~001,. page. 2-:-25). 

This proposed criterion assures tha.t adequ~te ·provisions to remove 

the decay heat ioad°.are incorporated i~ the design of the facili~y 

. (E:xhibit 1001;. pa_ge 2-25). 

The Interim Acceptance Criteria, and therefore this specific cri""" 
.· . . . . 

terion, have beeri supported by both Babcock and Wilcox (Exhibit 1059, ·: . . 

page 8.1) and Westinghouse. (Exhibit 1078, .page 84). General .Electric 

st_ates that (Exhibit 1069, ·page 72): "Attainnent of -~hj_s objective 

[long-term co~ling] is ari app~priat~ requireinen.L .. '' .. Combus.tioti 

Enginee.ring als'i, suppo_rts this specific criterion -(Exhibit 1066). 

The staff_ ~affi~lIS its previous conclusion (Exhibit 1001) and 

recommends that .the above cr::i._terion be adopted. 
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BREAK CHARACTERISTICS AND FLOW 

The Proposed Rule, Apgendix K, Section II.B 

B. ·. Break Characteristics and Flow 
1. The spectrum of LOCA's specified _and ciefiti.ed in 10 CFR 

§§50.46(a)· and (c) shall be analyzed. · ... , 
2. Where the fluid reaching the break is cal~ulated to be 

subcooled·· 9r saturated liquid, a discharge model· appropriat·e 
to these. conditions shall be used to calculate. break flow. 

3, ··For the period _of transition from saturated liquid to 
lCJW-q uality "two-phase fluid at the break exit plane' a dis­
charge model appropri.ate · to these conditions shall be used 
to calculate break flow. . 

4. Where the fluid reaching the break is calcµlated 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 2 Trans. American 
Society of Mechanical Engineers, .87, No. 1, February 1965) 
shall be used to calculate break flow. · 

5 •. 0.ver· the entire spectrum, the postulated ,break shall be 
assumed to occur instantaneously· and shall be mode·led as dis­
charge from a single node, as though through an open pipe · 
having the postulated break area, and with a Moody multiplier 
(MM) of unit:y were the Moody nodel is used. . 

6. For postulated breaks in pressurized water reactor inlet 
lines and boiling water reactor recirculation lines, analyses 
·shall be· ma.de assuming that the pipe fails as a ~omplete 
instantahea"·us sev~rance (guillotine). Flow shail. be assumed 
to occur unimpeded from both ends of the open pi~e· without 
interaction between the discharging fluid streams. This model 
shall be· us·ed with at least three constant values of MM 
ranging· froni O .6 to 1.0. If the trend is for peak cladding 
temperat:·ures 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 fU:rther reduction _in MM results in a lower peak cla_d 
tempe!'at ure. 

7. Nod:lng deta.;1.1 in the vicinity of the break shall be 
su:f:.::·_::iem: to ass u.re. that the fi.ow dis ::harge calculation is 
performe~ with appropriate local fluid conditions. 

Discussion of Break Characteristics and· Flow 
· .. 

The earlier recommendations by the Regulatory sta{f (Exhibit lll3, 

Section 5) regarding the calculation of flow from the broken pipe 
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. during blowdown have been simplified irt the Proposed Rule. In 

Exhibit 1113 the_ staff recommended that certain blowdown analyses be 

perforllled with_.the Henry-Fauske critical flow mo·del in addition to 
. . . 

the break spectrum blowdown analyses with the Moody modeL The 

Propose~ Rule does not· require the Henry-~_auske calculations 

. . . . . ----~iii~iti;~~t\;_ .. : : 
because the staff has concluded thaJ}~b~: !1oo~Y ~odel :it1 conjunction 

with analyses o·f 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 

blowdawn, and,. therefore,. realistic predictions of 'blo~do~. such 

as obtained ·with the Henry-Fauske model (Exhibit 1113, page 5-7), 

are necessarily contained within the required analyses of.a 

spectrum of breaks. (Exhibits 1069, 1148, ·1006Afj 1059, and Transcript 

pages 7484; .14, 382; 20,789). Section E of the GE Concluding State-

'. 
-ment gives a thorough delineation· of the differences :between PWR' s 

and BWR's with :respect to the calculation of break _fiow. As stated 

above, the Regulatory staff _ agrees with GE's conclusion GOncerning 

the lack of need t~ repeat blowdown calculations with the Henry-F1;1uslc,e 

model (see pag!!S E".""12 to E-14 of GE _Conciuding Statement), but we 

have reached this conclusion with respect to both PWRis and BWR's. 

The staff has further concluded that the discharge flow model of 

Fauske (Exhibit. 1105) as proposed by CNI . (EJ;:hi'bit 1069 ~ _se·ction 8) _is 

inappropriate. for· use· in calcula~ing blowdown from·· ·a. postulated pipe 
' ! 

. ' 
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break for either PWR's <:>r BWR's ·for r~asons set fori:i1 in Exhibit· 111.3, 

Se~tion 5, page 5-3 to 5:-4; the conditions described there,. for which 

the Fauske model is applicable, cannot occur- for pipe_'breaks in either 

PWR'·s or BWR' s. B&W and GE also address the inappropriateness of the 
J • 

Fauske model for PWR's and BWR's on ·pages 108 to _lli and in Section E,, 
. . 

respectively, of their Concluding Statements •. 

In its Concluding Statement GE concludes that BWR LOCA analyses 

are insen$itive -to the assumed break characteristics~ 'rhe noding 

and ~deling sensitivity studies required by.Section IIi.A, 

Appendix K of the Proposed Rule provide a m_ethod for· systemat_ic 

evaluation of analytical models of such pheno.mena as b_reak character 

(split or guillotine) • The staff concludes that the recommend~tions 

of the GE Concluding Statement, pages E"7""l4 to E-25 and .specifically 

number (2) on page E-22, should be evaluated, just ·as other noding 

c;onf.igurations should be evaluated, in accordance with ·the prc;,posed 

Section III.A. 

The Westingho_use Concluding Statement on page 79 recommends that 

a criticality flow check be incorporated in SATAN-V for internal 

choki11,g calculations·. The staff agrees in · principl~ with this 

recommendat:l,9n for appl!cation to all PWR. evaluation·. models. 

However, th.e staff concludes that additional information is needed 

!:c desc-:-ibe. the form of the flow check to be used. Technical 

review of various methods of perfo_rming such a flow'· chec~ w~uld be 

required (Transcript pages 14,498 to 14,507) and the methods should 
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~e evaluated in accordance with Section· III.A Appendix K of the 

. ·: Pt!ppose~ R~le. 
· The staff has concluded that the critical flow mo·del of Moody 

is· appropriate ~or use .in break spectrum analyses of blowdown 

. :: 'transients ln BWR' s and PWR Is on the basis that it overpredicts 

·.·, · . . ·· .. b.lC*d~wn ·flow (Exhibits 1148, Section I; °132; 1113;.Section 5;. 
. . 

·and Transc;tip~ pag~~ 21,"530 to 21,537; 21,394 to 2i;398'; and 21,421 

.te> .2.1~433) wh¢ne.ver 'the break exit plane quality is greater than . 

·abc,~t two p~r.cen~ (Transcript pages 21,422; 15,555; 10,790). 
,· 

However, for the blowdown period during which subco~led liquid, 

satu:c:ated. liquid, or low quality two-phase fluid e~i~t·s at' the 

bre~k. exit ·plane,· the Moody model unde;rpredicts experimental .discharge 

~at·a·JE:>dlib~_ts· .i~Sl; ·.1113, S~ction 5; 1137, Section 3; .·and Transcript 

Therefore,· the Proposed Rule requires the use of - . - ·. . . . . 

· · a model whi·ch is more appropriate to these fluid conditions. One 

stich· 1nodel contained in the evidence of this proceeding is the 

modified Zaloudek model of Westinghouse (Exhibit 1151, Section 3) ~ 

'nte Moody model ~y also be applicable for early times. dur~ng blow.,-
. . - . . . ~ . 

down before the ·:e~;l.t plane quaJ_ity reaches· two percent if i~ is used 

· with a Moody ni~itiplier of· greater than unity (Exhibits 1113, 

Section 5; and Transcript pages Fl to F6, and 12,949) •·. The i;:taff 

concludes . on ~he basis of this evidence that models app.ropriate to 

. t·hese f;1ow. -~egimes do exist. However, ad~itional inf~rmation 

des·cribing:_t1ow those modeis are incorporated in the: computer pro-

.grams should be evaluated in accordance with the proposed ·section III.A 

,qf Appendix K •. 
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DECAY HEAT 

· 'l'he Proposed .Rule I Appendix K, Sect-ion II. C.1-4 

C. ·Ch~rid. cal Reactions and Heat Sources. The following 
.. chemical reactions and sources of heat shall be accdunted for 

as a fllllc;tion of time and other variables as follows: 
1. The :i::eactor shall be assumed to h,ave been ·operating 

continuously at a power level no lower than 1. 02 tines maximum 
licensed power level. (to allow for instrunentation error)' 'with . 
the max:Lnrum 'peaking factor allowed by the technical. specifi\:ations •. 

.. A range of power distribution shapes and peaking._'factors repre- ·· 
·senting po~er distributions over the core lifeti~e shall.be . 
studhd .and the comb:l.nation selected that results in the mst 
severe calc~lated consequences for the spectrum of postulated· 
breaks and single failures analyzed. 

2. Fission heat shall be calculated using reactivity and 
r~actor kinetics. · Shutdown reac;tivities_ ~ue_ to tempe_ratures 
and voids shall be given their ml.nim~m values, includiIJ.g 
allowance for uncertainties' f~r the range of power distribution 
shap~ and peaking factors studied in paragraph 1 of this 

_.Section C. Rod trip and insertion may be assumed if they are 
. c~culated to occur. . 

3. Radioactive decay of actinides, including riepttinium and 
plutonium generated during operation, as well as ·isotopes of 
uranium, shall be calculated in accordance with fuel cycle cal-

. culation~. arid k_nown radioactivity properties.· ·The ·most unfavor-­
.able ti~ in the fuel cycle shall be assuned, independent of 
whatever -such· assumption was made in connection with paragraph 
1 .of this Section C. 

4. Radioactive decay of fission products shall be estimated 
using 1.2 tines the values .for infinite operating time iri the 

. ANS Standard ·(Proposed Anerican Nuclear Society Standard .:.. "Decay 
Fnergy Release Rates Following Shutdown of Uranium-Fueled Thermal. 
Reactors," Approved by Subcommittee ANS-5, ANS Standards Connnittee, 
October _l.971). The fraction of the gamma decay e-nergy. generated· 
that is ·deposited in the fuel (including the claddi·ng) may be 

· equal, to or·l·ess than 1.0; if the value .. used is less than 1.0, 
· it shall· be .. justifie·d ·by a. suitable calcula_tion. · 
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Discussion of Decay Heat 

Section II. c of Appendix K of the· Propo~ed Ru_l~ requires, for 

calculations involving the fission product decay he~t,~ the use of · 
... - . 

the proposed ANS standard for decay heat with an added. factor of 

20 percent for '4icertairi.ties. Additionally, the assumption of 

· infinite op-~rat:J,.ng time· at maximum peaking factors allowed by the 
. . . . ... 

technical specifications is required. As was disc;:us'sed in the 

Regulatory Staff. Testim~ny (Exhibit 1001, · 3-25) and Supplemental 

Testimony_ (Exhibit 1113, Section 22) the decision to use 1.2 times 

the proposed _ANS standard was based on a stu~y of available litera-. 

ture sources.on the«;>retical and experimElntal work on .the subject, 

including (but- not limited to) the report by K. Shur_e (Exhibit 1001, 

page 3-25) -~n the correlation which was used as a base in the pro-

. . .. 
posed ANS st~ndard f~r the most representative values of decay heat, 

and experimental work_ subsequent .to the Shure studies. The 1971 staff 

. review (Exhibit·lOOl) concluded that the Shure curve·of decay heat 
• I • 

could serve as a- reasonable best estimate of decay heat and L:ha_L che 

calculationat and experimental information suggested an unccr tainty 

about this bi;ise of the order of 15 percent. Thus,· the use of the . 

proposed ANS ·standard with its· _stated uncertainty of 20 percent cot,ild 
'. :,·- .. 

serve as a c_onvenient reference :for a conservative· standard for decay 

heat. The use· .of' this model is intended to provide a reasonable d-egree . . . 

of assurance th~t the actual decay heat will not exceed that used in '. 
; 

! 
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. ·calculations. It is conservative in the following sense: the 

available.infcu:ination indicates a high probability tha~ the correct 

values are close to the Shure ·curve; therefore, there is a high 

probability that such a standard provides a considerable margin in 

cal cul at ions •. 

No experimental evidence concerning decay heat has :been presented 

in the course of. the hearings or elsewhere that is in disagreement 

w:J. th the staff conclusions. in this regard. With one exception, the 

various participants agree that the ANS + 20 percent prescription 

constitutes an ·adequately conservative formulation (see Concluding 

Statements of: the ECCS Utility Group, 69; Conbusti.on Engineering, 

3-57; General Electric, H-3; Babcock and Wilcox, 87). · The exception 

is· that presented by CNI (CNI Concluding Statement, 5 .15-17 and CNI 

Rebuttal Testirony, Exhibit 1153, page 2 .1-6). This disagreement 

is stated to be based primarily on the doctoral thesis work of T. R. 

England. Ei\glimd presented predictions of decay heat which· resulted 

from his cal~lll~tions ~ing an improved computer program of the type 

which coui>ines contributions from indiviqual fission products to 

synthesize the clecay heat. 

'!he staff carefully considered the England work .i~ its 

Supplemental_Testimpny (E:xhibit 1113, Section 22). The primary 

contribution :to· ECCS-related dect:1.Y heat concerns resulting from . .. 

England's calculation was an indication that neutron_ capture effec~s 
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iii the fission product chains for large neutron-flux-time histories 
. . . . . 

cauae importlJilt increases in decay heat release rates. However, as 

discusse(,i in ·Section 22 of Exhibit 1113, it is impoz:tant in using 

the England .calculations to consider carefully the.flux-time histories 

· appropriate .to power reactor operation. .. It. is. incorrect simply to 
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peruse generaiizeq intr9d~~torr statem~n:t~ "':~~ .-Engl~nd is. th~sis and.. · 1 
--:-c-~~-;--c-:~~~~--:--,----;-:--..,,:._.--,--c~+~~~-~......:_;_~-:--;--:.-'---=:=-'-------! pick out a 3() percent increase in decay 'heat, as was done in the- CNI 

· Supplemental Testimony (Exhibit 1153, page 2.3). The staff carried 

out an analysis ~f the England work, using the England thesis results, 

i'Q conjunction with. an attempt to get the England computer code 

operational t'or other studies. This analysis was presented in the 

Staff Supplemental Testimony (Exhibit 1113, Section 22) . 
- .· 

The ~taif an~lysis showed that using the ~ngland results directly 

· from the .. thesis, even though these results involve excessive fuel 

. burn~p (Exhibit 1113, pages 22-10 and 11), and applying them to 
. . . 

apprbpriately · conservative powe.r reactor flux-time histories gave 

decay heat ·rates well within the ANS standard plus 20 percent. 

The staff also received, near the· end of its review (Exhibit 1113, 
. . . . 

page. 22-·+4) ~ the· ·res_µlts of a ,;ecent analysis :by_ K. Shure . (Exhibit . 
. . 

il78), updati~g 'and. evaluating the England wo;rk. .Shure I s work 

corrected errors in the computer code England had u·sed, improved its 

inj>ut data, and carried out caiculations using more·· app,ropriate fuel 

operating his;ories (without excessive burnup). This work is, of 

course, of s.pecial interest: it serves as an additional review 
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.bY a pe:rson well known in .. the field and working at the laboratory 

(iettis · Atomic Power Labor,atory) where ·:england I s work on fission 

.Products ·had_ begun. Shure found .in the re.view t}:lat (Exhibit 1178, 

. ··pa~e ~1), 

. ··~e dramatic effects of neutron absorption. • • • due to an 
: .. ' ~l\crease.d neu·tro~. fiux l~vel are. almost: .completely 'att;ib-

•,' ·. ·. 1.tt:"abie. to :th¢ y~ry :a.ignff:lc_ant. ff,ss iop· :rate: his,tory, d~ffer~ 
. ·· <:,.•:··/'~~e··clS ::,ii• _¢:o~S~(lUBflCe:' Of 'increased· '·f~l. dt!pleti6n 0 11 . ·, : .... ,: .•. 

. ... ... . . . .. '· .. •:·. . . . . : ' .~ ' . . . .. 

'.: :· .Tb- NlfUits, .!)f ·.this. St.udy were !:3U11llllairized iri '1::he last sent'ence· . ·' .. 

··o.f .the ~bfltr~ot ·of· K. Shure's· paper (Exhi'bit 1178, ·.page :1), 

' "·For pr~~~:~c~l u2~5 ~~eled. reactors, ft is shown· .that neutron 
absorption effects on fission product energy release are . 

.. Qnimportant and the .u235 fission product energy release 
. : ~alues in the proposed ANS standard on t~e subject are wit;hin 
. a few percent;'.of the. values obtained. from two re~ent progra111:9 

. ·. a:na their Updated 1.ibra.rieS • II 

. "Tlius •. -i~ . can.· reasonably be concluded that a thoroug~ review 

· . · pf th'e pi;obl~m ·fnitiated by the England thesis confirmed that· the ANS · .. · . . : . . . 

· · &·t•ndard p,lus 20 percent ls· conservative for use .in ·LoCA calculat:i:(!ns. 
. .' . . . . . 

. Th~ ORNL work reviewing the experimental data relevant to decay 

·hE!at which was -mentioned on pages 22--15 and. 16 of Exhibit 1113 has 

been ~ompleted; Sine~ thi~ completed work is not pn .th~_ r~cord of 

. ~hi~ proceedi~g:. it ~as. npt rel~ed upon by the staff in reaching tile 
::..· .... 

conclusions : s tat:ed above. However,. i,t· is comforting: to· kriow. that in 

its 'final fo.rm ·it introduc~s no uneJcpected inform<;1tion ~~urces and 

·~ontains nothi~g inconsistent with our own reviews of the experimental 

in°£ot'1118tiqn; .i..e., expected values are close to 'the Shure curve .(for 
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. . 

sh,utdown times o·f interest) and include adequate allowance for 

uncertainties; decay heat is within Shure plus 20· pe.rcent. 

It has been pointed out (B&W Concludin.g. Statement,'. pages 84-87 

"'··- and the B~ suppli!mental Testimony, ,Exhibit 1137; pa~ 11-3) th.at 
- . : . 

~he !PS ·p~escdption for determining decay h~t .contains an 

inhetent· cons(!rvatism above and beyond any consideration of data 

mcerta:(.ntiee. · This conservatism results from the required use of 

an tnfinite. irradiation time at desi~ peaking conditions. Since 

no reactor, ~n general, and, :i,n particular, no peak power density 

fuel peilet operates at design peaks for an infinite time, this 

requirement does.indeed provide an additional conservatism, but 

qne difficylt to quantify. Discussion and examples of probabilitie~ 
,· 

or fraction i;>f time near design peaking factors have been given in 

the ab9ve cited B&W reports and in the Staff Supplemental Testimony, 
I • ~. 

Ezhibit 111:3, pages 2-3 to. 6. 

Using the formulation given in Exhibit 1113, page 22-6 and 

Figure 22.2 for finite i_rradiation time, the decay heating rate is 

reduced by 2_ and 4 percent 100 and 1000 seconds af~er s.hutdown, 

respectively __ ,. for continuous operation at des:Lgn peakin~. for 10,000 · 

hours rather ·than ·for infinite time. Operation for 10,000 hou.rs. at 

0 .a of design peaking foliowed by 1 day operation at des'ign peaking 

j ~t before .shutdown reduces the he~ting rate by 5 and 8 percent at 

100 and 1000 seconds after shutdown. In an example cited by B&W 

(Exhibi~ ll37, .~ages 11-3 to 5) ~non-produced power peaking, 
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resulting from a severe power change maneuver prior to the LOCA, 

·red11ces the decay heating compared to the· "infinite" assumption by 

more _than 15 percent in _the same shutdown time. range~ 

The staff. recognizes the existence of this conservatism, and 

believes that it is prudent to pres·erve it as an addid.onal,. if not 

precisely :defined; ·marg"in ,in the. calculation. 
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ZIRCX>NIUM-STEAM REACTION 

'l'he Proposed Rule, Appendix K, Section II.C.5 
t 

5. lhe _rate of energy release. hydrogen generation, and 
cladding o~dation from the netal/water. reaction shall, be 
calculated 'using the Bak.er-Just equation (Baker, L., Just, ~- C., 
nst'udies of -~tal Water Reactions at• High Temperatu:res, .III. 
Experinenial and Th~oretical Studies of .the Zirconium-Water 
Reaction., 11 ,.Af'1L-6548, May 1962); with a coefficient of unity. 
'l'he reaction shall be assumed not to be st:eam ]4inited. For rods 
whose cladqing is calcuiated to: rupture during the LOCA (see 
~ec tion II.H), the inside of the cladding shall also be 
~s~d to "react. The calculation of the reactfon rate on the 

· inside of the cladding shall also follow the Baker;...Just equation 
with a coefficient of unity, Starting ~t the time whe·n the 
cladding is calculated to rupture, and extending axially no 
less than i.5 :Lnches each way from- the axial location of the 
rupture, with ihe reaction· assumed not to be steam limited. . . 

Discussion of Zirconium-Steam Reaction 

· In thei_r Concluding Statements three reactor vendors (Westinghouse, 
. . ·. I . . 

B&W,.and CEr·and the Utility Group have suggested the·.use of an equation 

for calculati.~g·the z.irconium-st~am reaction that is. tn6te realistic-

than the B~er-Just equation which was specified by the Interim 

Policy Statement. Several· data sets have been considered by these 

participants:'. The most comprehensive sets are from ·c:E (data 

nentioped if!: CE Concluding Statement are not presently. available .. 

to the staff or other participants)' ORNL (Exhibit 509)' and BMI (this 
• • i . . .••. 

data by Lemmon was' considered by Wes tingho~e in ~ ts. D;i...rec:t Testimony). 

'Ibe dl:lta sets are consistent with one another. The Baker-Just 

equation is .a .. good predictor of these ciata· around 2000°F but b~comes 
' .. ·. 

inore coneer-va~:i.ve (i.e. t higher reaction rate) at lli_gli°er temperatures. 

PJ; 2300°F the B.;ker-Just equation is higher than the·nea,n of the.data 
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by about a ·fa·ct.or· of two.· That is, for isothermal exposure at 2300°F; 

6aker-Just wo.~d predict about ~· times more· total: reaction than 

would .be expected from· the mean of the data. The data itse3:,f has 

a s_ubstantiill spread. Statis.tical analyses were perfonned -for the 

9RNL data by Wes·tinghouse:(E~ib.it. 1078, ,_Bection )~5) and by ORNL •. 
·. ~-: : . 

. Beijt estimate eg_uati~ns were_ calculated by both orgiirt;t,zations· with . 
. . . . . . . ' . ' . ' . .. . ' . 

·,, s"itiailar i-esul,ts\ . One-sided tole:tance lilllits were establish~d . 

for the data' by ORNL (see Figure 1). The limit pres.eiit~d in Figure 

· l is sµch that there is 95 percent confidence th.at 95 percent of th~ 

dat,ll iii a true population would :fall belCM the tolerance line .. The 

Balter.;.Just equation over the range of inte;rest falls about midway 

betw~"en the tol,erance line and the Hobson (ORNL) best-:-estimate line. 

This indicat~· that the Baker-Just equation is appr_oxl.mately an 80 

per~nt tolerance line for the data. The staff belie_ves that this 

amount of tolerance to account for tmcertainty in the application 

of thi~ data- ;is not excessive, and the staff concludes that use of 

.Qaker-Just should continue to be" required .. C~fii:leri-c~ limits of 

99 .percent were also calculated for the Hobson best estimate line 

(see Figure 2.).~ · Jhe Baker-Just equation falls above the 99 perc~nt . •'' 

· 1:1,mit for the Hobson b_es·t·e·stim~te line. That is, it can -be stated 

with 99 perce~t confidence that Baker-Just would not co rte late a 

true population in the range of the data·. Tnis is the. mean;Lng ·o't the 

~-1:est performed by Westinghouse (Exhibit 1078, Section 3. 5), which 

showed ·that ~1.nes 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 used to determine "fit" of 

the correlation to the data. Tolerance limits on the spread of the 

data itself mtmt be evaluat.ed to det.erinine · conservatisms·. 

Some evaluations .of the conservatism of the Baker-Just equation 
,;·-· 

. . 

have been reconsidered in light of the Westinghouse. mi.cl the ORNL 
. . . 

analyses. In evaluating total oxygen consumed by the cladding, 

Westinghouse ha~. considered ·the oxygen absorbed by the· ex and B 

phases and the thickness of the orlde (E::l!hibit 1078,section 3.5, 

Appendix A).·· B&W, in its conq:>arison of neasured orlde thickness 

to that calculated by Baker-Just, has apparently neglected the fact 

that all of the. oxygen does not go to fanning zirconium oxide, but 

sone ·is absorbed by .the a and B phases (Exhibit 1137, · section 6). 

Therefore, the :measured thickness should be increased by an amount 

equivalent to the· anpunt of oxygen absorbed by the a .and B phases 
. . 

in order to .make a correct comparison with Baker-Just. By usinf·-

methods similar ·to those outlined by Westinghouse (Exhibit 1078, 

section 3. 5, Appendix A), the staff estimates that the measured 

values of thi:po:l..nts in Figure 6.1 of B&W's ~mparison should be 
', ,•' ... 

moved to thei. right (increased) by about ·10 to SO percent of· their 

'present values. in order to account for dissolved oxygen; This w·ould' 

indicate far less conservatism· than is implied by Figure 2. · 

GE in i_tei' .Concluding Statement, page N-6, has sought to demonstrate 

the conservatisll! of Baker-Just by referring to the ·an.~lysis in the PWR 

'•,• ... 
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FLECHT report (Exhibit 150, Appendix B). The staff agrees that, for 

one temperature transient of the 21 which appear in Figure B-12 of 

Exhibit 150, the Baker-Just pred·iction was high by nearly a factor 

of two. However, .it appears that the·same neglect of. dissolved 

·oxygen described above for the B&W comparison is applicable to ·1:he 

comparison. in Exhibit· .15-0. Therefor~,. proper assessment of 

conservatism cannot be made. from these, figures. 

The statistical analysis of the ORNL oxidation. data (Exhibit 509) 

indicated that.additional oxidation rate data would surel~ lower the 

tolerance limits and allow better asse.ssment of a proper rate equation. 

Since the ~&W C~ncluding Statetnent·, pa,ge 23.9~ .no:w suggests a possible 

rion-:-conservatism because of steclill limiting' i~ the ORNL e~periments, 

it is the staff's conclusion that additional experiments must be 

performed before Baker-Just is abandoned as the method for calculating 

energy release and hy.drogen generation. The use of Baker:--Just for 

· ·· assessing embd.ttlement was treated under the discussion of criteria 

(b)(l) and (b')(2), above. 

As stated in the Staff Supplemental Testimony (Exhibit 1113; 

Section 18'.0),· th~ ratio of inside oxidation to outside.oxidation is 

related to exposurt? temperature, azimuthal and axial location in the 

fuel element,·· and rupture opening size. For the FRF-1 transient with 

an 1800 °F peak temperature the ratios en inside tc om:side o:;ridatio:r, 

were about LO (Exhibit 1113, Section 18. O). For ·FRF-2 (Exhibit 1123) 

the ratios were substantially less but the scatter in the data is 
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significant. More data is needed in order to realistically describe 

the functional dependence of inside reaction on temperature and 

other variables. Since inside-reaction data is missing o:ver··a: wide 

temperature range· and since many inferences must be made from the 

existing trans:i,ent data in order to a,pply it to LOCA, the staff 

cannot now justify calculations performed in a less conservative 

manner than the f·ull reaction rate recommend in the Proposed. Rule. 

The available data does suggest, however, .that reaction need only 

be considered for an axial region extending 1-1/2 inches in both 

directions from the center of the rupture (Exhibit 1123). OvE:!r this 

region' then., it is concluded tha; full .reaction should be applied 

after rupture is postulated to occur. 
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REACTOR INTERNALS HEAT TRANSFER. 

The Proposed Ru_ie, Appendix_ K,. Section ·n:. C. 6 

6. Heat· ·transfer. from piping, vessel-- walls, and non·-fuel internal 
hardwar~ s~all be taken into account. 

Discussion of Reactor Internals Heat Transfer 

- Heat transfer from piping, ves(:lel w~lls, and non-fuel internal 

hardware should be accounted for in the calculation because a large 

·-amount of st_o.re~ energy---is contained in the metal or the reactor system 

and can be significant in the evaluation of the smalier postulated 

pipe breaks·(Tra'i;lscript 10,087 and Exhibit 1031). This energy sou.rce 
' . '. . 

· is alre~dy includ~d. in most blowdown, ·refill~ and reflood modeis so 

as ·to provide a realistic representation of the energy content of 

· the coolan.t 'through~u~ the accident. 
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PWR PRIMARY-TO-S~CONDARY HEAT TRANSFER 

The Proposed Rule, Appendix K, Section II, C. 7 

7. Heat transferred between primary arid secondary systems through 
heat exchangers shall be taken into account. 

Discussion of PWR Primary-to-Secondary Heat Transfer 

Heat transferred between primary and secondary systems through--heat 

exchang~rs should be realistically accounted for in the blowdownt refill, 
. . . 

and reflood. calculations because energy loss or gain from the primary 

system coolant can effect the calculated course of the accident (Tran­

script 10,087 and Exhibit 1031). _All PWR blowdown codes presently 

include provisions for modeling this energy source. 
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TWO-PHASE PRESSURE DROP 

The Proposed Rule, ;!\Ppendix K, Section.<:i II .D and II.E 

D.. Frictional Pressure Llrops. · The frictional los.ses · 
in pipes and other components including the reactor core shall 
be calculated using models tha~ 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 (B·aroc·zy, C.J., ·"A Systematic Correlation for Two-Phase . 
Pressure_ Drop,'·' Cheni. Engng. Prog.· Symp. Se.ries, No. 64, Vol. 62, 
1965) or a combination of the Thom correlation (Thom, J. R. S. , 
''Prediction of Pressure Drop During Forced Circuiation Boiling 
of Wat,er," Int. J. of Heat & Mass Transfer, 7, 709-724, 1964) 
for pressures equal to or greater than 250 psia an'd. the· 
Martinelli-Nelson correlation (Martinelli, R. C. , Nelson,. D. B. , 
''Prediction of Pressure Drop During Forced Circulation Boiling 
of Water,'' Transactions of ASME, 695-702, 1948) ·for pressures 
lower th.an 250 psia is acceptable fo.r calculating two-phase· 
.-friction mult'ipliers. ' . 

E. Momenfum ·Equation. The following e·ffocts shall be 
·taken into accotm_t in the conservation of momentum equation; 

.· 1. tempo.ral change of DDmentum,-2. momentwn convection, 3. area 
change momentum flux, 4_. momentum change due to compressibility, 
5. pressure· loss due to wall friction,· 6. pressure ·1oss due to· 
area change, and 7. gravitational· acceleration. Any _omi.ssion 
of one or more of these terms tmder·stated circ·umstances shall 
be justified by cm_uparative analyses or by experimental .data. 

Discussion of Two-:-Phase Pressure Drop 

the conclusions of ·the_ Regulatory staff regarding the calculation 

of two-phase frictional pressure drop and the calculational represen­

tation of monentum co~ervation are exactly the same as the earlier 

suggestions contained in Section 4.0 of EYhibit 1113. These conclu-

sians require teelisti·:. ar.1.alytic2.J_ treatIT..en~ of tv·o-ph2se. f:.--i.C!~ion. end 

of momentum conservation, as reflected by Sections II.D and II.E. 
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Section II,E allows for simplification of the momentum equation when 

such _simplification is warranted and has been demonstrated to be. 

inconsequential to the LOCA calculation, 

The reasons for requiring realism in these aspec.ts of LOCA 

·. analyses were:delineated in Section 4,0 of Exhibit.1113, The recom­

mendations of that section were supported by the consultants to the 

Regulatory staff (Exhibit 1118 and page .4-9 of Exhibit il13), However, 

the Concluding Statements of other participants have not agreed with 
I . . . 

the ne_cessi;y. for .realistic trea,tment of_ these phenomena. The areas 

of disagreement are addressed below. 
.. . . 

CNI discusses the momentum equation on page 7.5 of their Conclud-

ing Statement where they reach the conclusion that _the Regulatory 

staff is lacking in ",,, diligence in gathering information •.. " because 

of its request for the derivations of the conservation of momentum 

equations used by the reactor mari.uf ac.turers (pages 4-,-2 and 4-3 of . 

Exhibit 1113). Technical judgment by qualified experts and comparison . 

to appropriate ~xperimental data are suitable bases .for deciding which 

of the many-possible mathematical representc:1tions of the momentum 

eq1,1ation are acceptable for use in analysis of LOCA- 1 s. To aid in J:hat. 

technical judgment the Regulato:i;y staff asked the reactor manuf~cturers 

(see page 4-10 of Exhibit 1113) to show in considerable d1;,tail their 

developments of the momentum equations contained in .their ECCS evalua-

. tion models. 'These developments were reviewed by the .staff and ANC, 

' ' ,"«) ' ., " 
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·and the manufacturers were questioned at the hearing iri this regard 

(e.g.,. Transcript pag~s 21,644-21,648, and 2.J,,538-21,548) •·· The ·staff 
\ . . 

has concluded ·as suggested in.Exhibit 1113 that it is now possi~le to 

•incorporate more computational detail in the momentuili conservation 
~ . ' 

eq.uations. Whether the -inclusion of that det~il is important for. 
"~, : . . . ·'· . '. ' . ' . . . . ' 

particular LOCA's in particular reactors is a subje~t for investigation 
. . 

·tUling the sensiti~ty studies r~quired by Section III .A, Appendi:X ·K 

. :c;,~. th!! .· P;roposed. ~le .•.. : .. m,u has .:·brougbt . :.to..: t~ts··: p:r;~c~ed:j,ri'g ·. ric(~e~~ · .. ·. · . 
~ • ' • • •, . • . .,. : • _.• • • •~I ' ' '•~ • • • . • • ' • ' . . • • . • ' 

. t~chnical. !~formation concertiing the momentum equation;:·-:.'' .. "''.'·" 

. Several reactor manufacturers have disagreed with the· position 
. . . . 

of the Regu1atory ·staff regarding the need. fo:i:- more computad.:~nai 

:detail_ in th~ m.ome~tum conservation equations (i.e., the.ne~d for 

inclusion· oi moment~ flux te~) •. The arguments are contained in 

t~eir Concludi~g ~tat~ments .as follows : B&W • pages 101:-106; and GE', 

pages C-1 to C-8~ The B&W and GE positions ·can be characterized .in 

a few words - inclµaiort of momentum flux terms is inconsequential to 

most areas · of LOCA ~alyais •. The .Regulatory staff position can also 

be briefly characterized - with the presen~ state of technology momentum 

flux terms ·can be 1n0cieled in LOCA analyses, and the· effects of adding 

these terms should now be systematically i~vestigated. The Proposed 

.Rule, Section II, E of Appendix K, and appropriate comparative analyses 

or sensitivity studies, Section III.A of Appendix K, will satisfy the 
\ 
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concerns of the Regulatory staff in this regard. If the sensitivity 

studies confirm that the increased comp~tational detail is unnecessary, 

then the vendors' concems can be satisfied by the exclusion of these 

terns as delineated in Section ILE. 

On a related point, the evidence described below is iri disagreement· 

with the assertion ~y GE at .page C-5 to. C-6 of their Concluding State­

ment that mbmentum flux ef.fects are i~ig,;i.:lficant for· the thermal-
. ' . ·. . : ... , . ", .. 

. . hydraulic cha):'acteristics of BWR's. Westinghouse also appears to 

disagree with GE in this re.gard '(see pages 34 t.o 35 of Westingho_use 

Conimen t on Concluding Statements of Other Participants). According 
. . . . 

_to testimony by 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 ta 23, and with 

Transcript page 15,591). Th.e contradicting opinions arong the·· vendors 

and the Regulatory staff consultants (Answers of L. J. Ybarron-do to CNI 

interrogatoi;ies, August 3, 1972) regarding the significance of momentum 

flux are the_ basis upon which the staff has proposed Section ILE of 

.Appendix K cif. the -~Pr~posed Rule. 

SectionD of the GE Concluding Statement disputes the.·position 

of the Regulatory staff with regard to the need for realistic correla­

tions of .:wo-ph.ase frictio11 mul:.ipliers (pages 4-4 and 4-6 of Exhibit 
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lll-3). GE claims (page D-1 and D-2) that Exhibit 1113 lacks analyses 

or data to -support -~he position that the · Thom correlation is prefe-~­

able to ·the Martinelli-Nelson correlatio:n.··(see Section II.D 1 Appen-

dix l of Proposed Rule for sources of these- c~rrelations) for press~res 

greater than 250 :·psia, ·. To the contrary. ·E~:lbit 1113, page 4-·4, .-· 

clearly _Jitates_ that; "1'he Thom correlat_ion is superior to ·the Martineili-. 
. . ·. . . - .. ·,.. ' 

. . ~ . -

N~ls.on cqrrelaU.on ip . account.fug -·f Qr.,.'t;9~:. :depenqeitCe -of . -t;wo.:.pb,ase : ~- _. -: . -. . . . . . . .. ..... . . .. - . . . . .· . . .. . · . , . . ..... 

multipliers on f:l,:~id· quality4 • 9, ''- - "nie ~alyses ~d data which GE . 
. . . - . . . 

clai:ms as lacking were in fact pres~ted-by Thom in·his ·publication 

· of the correlation and by ANC on pages III 4-. 3-13 to III 4. 3-15 of 

· · Exhipit 1033. The Th.om correlation (published in -196"4) is a refine­

~,:it ·of the· Martinelli-Nelson correlat"ion (published in 1948) • The 

~tatement. by GE -(page D-7 of Concluding St_atement) t;hat they have 

used the _Martinelli-Nelson correlation since before the Interim 

Policy Statement was is$u~d is. certainly not a technical justifi-. 

catiop for its continued ~se. In summary, the Martin~lli-Nelson 

correlation was made obsolete-by the more recently published Thom 

an~ Jn?4ifie~ _Baroczy c~rrelations which are recommended by the st~ff. 

Section II.D will assure that·ali LOCA analyses are performed with 

the best information now available with respect to two-phase 

frictional pressure drop. 

. .,.. 
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liLOWDOWN HEAT TRANS FER 

n1e P reposed Rule. Appendix KI Sections II. F and IL·G 

F. Critical Heat. Flux. 

1. Correlations developed from-approp+iate steady-state 
and transient-state experimental data are acceptable· for use in_ 
predicting the critical heat flux (CHF) during LOCA transients. 
The computer program; in which these correlations are used 

. :a.hall contain suitable checks -to assure that the. physical 
,· para~ters . at:e within trye range. of par~mete;ts speci-fi~d for 
. ·.)lEle of the·. c6rtelations·_ fry, their .-respective· authors-. . .· · 

. ·. 2. · Steady-state CHF cor~elations acceptable for use in 
LOC'\ transients -include, but are riot limited to,. the following: 

(a) W 3. L. S. ·Tong, "Predicd.ori of Departure- from 
N_ucleate Boiling for an-Axially Non-uniform Heat Flux Distribution," 
Journal of Nuclear Energy, v:ol. 21, 241-248, 1967. 

(b) B&W-2. J, S. qe11erstedt, R. A. Lee, W •. J, Oberjohn, R~ H. 
Wilson, L. J, Stanek, "Correlation of Critical Heat Flux in a Btmdle 
Cooled by Pressurized Water," Two-Phase Flow and ·Heat Trans fer in 
Rod Bundles, ASME, New York, 1969. 

(c) Hench-Levy. J, M. }!ealzer, J, E, Hench, -E .. Janssen, S. Levy 
"Design Basis for Critical Heat Flux Co_ndition in Boiling Water 
Reactor~,IIAPED-5186, GE Company Private report~ July 1966. 

(d) Macbeth. R. V. Macbeth, "An Appraisal of ··Forced Convection 
Burnout Pata," Proceedings of the Institute of Mechanical Engineers, 

.1965-1966. 
(e) .Bam~tt. P. G. Barnett, "A Correlation of Burnout Data for 

Uniformly Heated Annuli and Its Uses for Predicting Burnout in 
Unifo~y Heated Rod Bundles , 11 AEEW-R 463, 1966. ··· 

(f) Hughes. E. D. Hughes, "A Correlation of Rod Btmdle Critical 
Heat Flux for Water in the Pressure Range 150 to 725 psia, 11 IN-1412, 
Idaho Nuclear Corporation, July 1970. 

3. Correlations 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 predict· values of CHF which allow for uncertainty in 
the experimental data throughout the ~ange of pa'rameters for which 
the correlations are ·to .be used, Where appropriate, the comparisons 
shall use s·tat.istical uncertainty analysis of ·die. data to demonstrate 
the conservatism of the cransient correlation. 

I ,• J. .•ir• 
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4. Tra,nsient CHF correlations acceptable for use in LOCA 
transients include, but are not limited tb," the following: 

. (~) GE transient CHF. B. C. Slifer, J ~ E. Hench, "Loss-of-Coolant 
·Accident' and Emergency Core Cooling Models for Ge~eral Electri.c 
Boiling, Water Reactors," NED0-10329, General Electric Company, 
Equation. C-32, April.1971. , 

5. · After CHF is first predicted at an axial :fuel rod 
location during blowdown, th·e calculation shall not use nuc1eate 
boiling. heat transfer correlations at that location subsequently 
during the blowdown even if the calculated local fluid and surface 
conditions wquld apparently justify the reestablishment of 
nucleate boiling. Heat transfer assumptions characteristic 
of return to nucleate boiHng (rewetting) shall ,be ·permitted 

. when justified by the calculated local fluid a.nd .. surface conditions 
during. ;he. re flood portion of a, LOCA. · 

G~ P~s t-,-CHF Heat Transfer Correlations. 

1. · Correlations of heat transfer fr9m the fuel cladding to 
. the surrounding. fluid in. the post-CHF regimes of. transition and 

film boiling· shall be compared to applicable steady.:.state and 
transient,.:..state c;iata us:i.ng statistical. correlation and uncertainty 
analyses;,, Such cpmparison 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 dat~ 
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 correlati~ (equation 
5. 9 of D. =c. Groeneveld, "An Investigation of Heat Transfer in 
the Liquid Deficient Regime, 11 AECL-3281, revised December 1969), 
the modified Dougall-Rohsenow flow film boiling correlation 
(D, H. Roy, "Direct Testimony.on Behalf of Babe.eek and Wilcox, 
AEC Docket No. RM-50-1," March 23, 1972, page 7.:.a; 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,11 
:r,tIT Report Nµmber · 9.0 79-26., Cambridge, Massachusetts, . S.eptember 
1963) ,' .and. ·the Westinghouse correlation of steady-state transition 
boiling ("Prt>prietary Redirect/Rebuttal Testimony ·o.f Westinghouse 
Electric· Corporation," U.S.A.E.C. Docket RM.-so.:..1, page 25-:1, 
Octobe-r 26,. 1972) are acceptable for use in the post-CHF· boiling 
regimes; In addition the transition boiling; correlation of 
McDonough, Milich, and King (J'. B. McDonough, W .. Milich, E. C. 
King, ''P_artial Film Boiling with Water at 2000. psi.g in a Round 
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Verti·cal Tube," MSA Research Corp., Technical Report "62 {NP-6976)., 
1958) is ·_suitab'l~ fo_r use "between nucleiite and fiim boiling. 
Use of all t:Jies-e correlations shall be r~st-rlcted, .as follows: 

(a) th_e Groeneveld correlation shall not be· -used in the region 
near its low-pressure· singularity, 

-- ·.- .:: 

(b) ·the first term (nucleate) of the West:inghouse correlation 
·-'.and.the entire McDonough, Mllich,and King correlation 

.. shall not be used during the blowdCMn ··after the temperature 
~ .difference between . the ciad" 0arid. the saturated ,fluid 

·_, '.if;_:rs t •exceeds 3()0 °F°, · . 

(c)"" transition boiling heat transfe_r shall not be"·reapplied. 
. for th:e remaind~r of. the LOCA blowdown., even if the clad 
.· s~pe.rheat retums below 30.Q°F, excep·t _for the re flood 
· potUon of the IDCA when justi~ied by the·calculated 
· local fluid and surface conditions. 

Discussion of Blowdown Heat Transfer 

The subject of heat t'.ransfer from the· fuel cladding to the reactor 

coolant during b.lowdown was treated in Sections 11; 12, and 13 of 

the Supplemental Testimony of the Regulatory staff. (Exhibit 1113). 

Suggestions_· co_ntained in the above sections of E:xhibit 1113 are 

slightly dif~erent than the final conclusions: of the ·Regulatory 

staff which are· reflected in the Proposed Rule. 

In Secti~n I!.F. the staff now recommends _ _approval :of six steady­

st_ate critical _heat flux (CHF) correlati_ons for use during blowdown. 

In recornmendini these six cor~elations·the staff has ~oncluded that 

earlier suggestions (Section 12. 0 of E:xhibi t ill3) regarding s tatis­

tical analyses -of CHF data are not necessary for assurance of 

conservative t reatrnent of b lowdown heat trans fer. The_ present 
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recotmnendation of specifically approving six steady..:.state CHF · 

correlations• y~elds a realistic treatnent of s'teady-s tate · CHF data. 

The evidence prt!sented in the course of· this proceeding demonst rat.es 
. ' . . ' . 

that re.alistic correlations of steady-state CHF data, Le., correla-

tions such as· those now teconunended in the Proposed Rule; yield con­

servative pre:dictions of ~he occurrence of CHF (i.e.,· at·an earlier 

time than in reality) when uaed to ~alyze· transient '(blowdc;>wn) 
' ' 

flajdphenomena·which are within the ranges of 'the s'teady~state' 
.. ,• . ' . :, .·. , ·. -. ·.· . . . . . · .. 

. . . - . . . . 

experimental data base (E:xhibits 2P6; 613; 1059, Sect.ions 4 and 

··7; 1113, Sectiortl2; 1137, Section2 andB; 1144, Section 5; and 

Transcript pages 10,15.3-4; 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 recommended the approval of one 

transient CHF correlation on the basis of data and ai:i'aiyses con-

tained in Appendix C of E:xhib:Lt 132. Sec ti.on II. F .also outlines 

procedures to be followed in the evaluation and pot-en tial use of 

other correlations of transient CHF data. Those procedures can be 

·characterized as requiring conservatism in the treatment of transient 

CHF data. The ,reason for requiring this consf;!rvatiam ·is related to 

the sources of uncertainty in the .realistic prediction of transient 

CHF (EJchibits 1113 ,, Section 12; 1137, Section 2; .ancl Transcript pages 

13 ~ 31,1; 15,525). , 
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Westinghotiee (E:xhib:i.t 1078,' page 72) and B&W (Exhibit 1059, 

Section 4) have proposed that a "switching 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 millisecon~ (Westinghouse)~ Section II. F . 

. o"f the Proposed· Rule excludes such a crit:e'rion on - the basis· that 

"tine-hysterisis' effects' in rewetting-heat-transfer phenomena are not 

sufficiently weli understood at this time (E:xhibits 1001, page 

4-32; 1113, pa~- 11-2; and Transcript pages 14,412-417)~ 

At pages 4 .11 to 4 .13 and 5 .48 of its Concluding Statement 

OU notes_ that the record of this proceeding contains a 

controversy ·about the realistic prediction of CHF and the reaUstic 

prediction of rewetting heat transfer during blowdCMn·. However, 

CNI further suggests that there is controversy concerning the con­

servatism i~ ·the treatment of these phenonena in LOCA analyses. 

That suggestion· is. not suppo-rted by the evidence, as shown by 

the following, The Regulatory staff, the reactor manufacturers, 

and the labora:tories consultin_g to the staff, have for some years 

agreed, and the Int~rim Policy Stat~ment required, that in lieu of 

completely. definitive information regarding the realistic treatment 

of these phenonena, they should be analyze.d with conservative 

assumpcions (E:xhibits 1001, 1006, 1059, 1066, 1069, 107_8). That 

is why, as discua_sed in the foregoing paragraphs, the transient CHF 
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is required to be conservatively predicted either by. use of realistic 

steady-state correlations or by use of conservative transient. correla­

tions, ~d the clad rewetting phenomenon during blowd_a,ni is conserva~ 

tively required to be neglected. ·rnr also states at page 5.48 of 

. their Concluding Statenent that: 

''Moreover~ if, as expected, there is flow os·d1latiori during 
PWR biowdcx-tn:, it is postulated that the ·critical heat flux 
.may be exceeded locally and regions of dryout propagate 
within the core and espec.ially accelerate dryout and aggra-

. vate temperature riSeS in the hotter regions, II 

Since this statement h~ 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. region to allow for CHF propagation 

from the cooler: core regions (i.e., to calculate "dryout propagation" 

to .the ''hotter regions"). Allowance for such propagation would 

decrease the cons.ervatism of the methods required by .the Interim 

Policy State~nt and the Pr9pC>Se<t.Ru~_e_. by ,increasing the calculated. 

t:1.me of CHF in. the hot (high powe:r) regions. Such delay. and corres-

ponding decrease in conservatism is unwarranted by the evidence and 

should. not be adopted by the Commission. 

At pages 4.11 to 4.13 ~d 5.46 of its Concluding Statement, 

CNI claims that· b'lowdown heat transfer data. are .not a~ailable. for 

geonetric and ;he.rmal/hydrau.lic conditions typical of l.arge pawer 

reactors. Such. is not the case as evidenced by the weal.:h of heat 

·transfer dat·a ·.available to this proceeding for tube,' annular and 
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rod ar-ray-- geometries with steady arid transient conditions of flow' 

pressure, and teuiperature ·(see for example, Exhibits 132; 206; 

613; 1059, pages 4-54 to 4-58; 1061; 1113, Sections 11 and 12; 1137, · 

Sections 2 arid 8; 1151; 1152). 

At pages 7.13 and 7.14 of their Concluding Statement, GNI 

presents: 

".:.the capstone to"the Regulatory staff's unprofessional 
approach to blowdown heat trans fer is the section of 

.s~c:t;ion 12 of. their supplemental testimony in which they 
'review briefly the new test data available from B&W' 
(Ex •. 1113, pg. 12-1)." 

The B&W blowdown heat trans fer tests provide significant info_rmation 

which should not- be diminished in stature by these CNI statements. 

In contrast to the GNI claims, the Regulatory staff and its consultants 

at· ANG -and ORNL review~d the same in~ormati(!n regarding- the B&W 
.. . 

blow down heat trans fer data and test conditions that. was available 

to all participants in the hearing; namely, the Direct and Rebuttai 

Testim~~y- of B&W and B&W's ans_wers to staff questions (see Exhibits 

1059; 1137; and Sect:l,on 12 of Exhibit 1113). The Regulatory staff 

was the only participant in the EGGS hearing to question B&W concern­

ing the test_condition_s_.,- and to thereby demonstrate that.-the tests 

are applicable· to ·l.OCA an·alyses (E:xhibit 1137 and Transcript pages 

21; 128-21,137). 

:..n Section II.G the staff recotllilends appr·oval of two flow film 

boiling heat. transfer correlations for use during blowdawn; the 

i 
L-~-
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modified Dougall-Rohsenow equation and Groeneveld 's equation for tubes 

and annuli (Equat.ion 5. 9 of AECL-3281). The recommendations are based 

on comparis·ons of. these two· correlations with s tat±stical analyses of 

applicable heat. trans fer data (Exhibit 1177, 1_144; 1127; 1113, 

Section 13; and ·Transcript pages 20,551-20,568 and 20,695-20,714). 

These refe.rences show that the -modified Dougall-Rohsenow correla,;_ ·. 

tion and the Groeneveld correlation provide. realistic e1:rt.imates of 

stable flow film boiling heat transfer coefficients in rod bundle 

geometries typical of reactor cores. The modified Dougall-Rohsenow 

correlation also has the advantageous· features of mathematically 

continuous behavior at the interface with single phase forced convection 

to steam and of continuous behavior at low pressure (Exhibit 1137). 

The staff concludes -that the assumpt_1on of stable film boi_ling heat 

transfer coefficients during blowdown is the most conservative 

· assumption_ -possible· because stable film b~iling :is the worst. poss~ble · 

flow. boiling heat: transfer regime (Exhibit· 1113, S~ction 13). 

In Section II. G the Groeneveld correlation is restricted· to fluid 

conditions which do not approach the correlation's point of 

singularity at low pressure. This condition can be. satisfied. in 

practice by graphs of heat -transfer coefficient showing _that no' 

abnormally l~rge coefficients result from using the Groeneveld 

correlation .at low pressures (page 12-i of Exhibit lll3). 
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The restrlcted use of transition boiling heat transfer coeffi-

- cients specified .i.Il. Section II. G is in accord with the recomnendations 

of Section 11.0 of EJCh.ibit 1113.· The McDonough, Milich andKing 

correlation p~ovides a convenient method of assuring continuity between 

nucleate and film boiling heat trans fer coefficients. and thus promoting 

the computational stability cif. the computer solutions. · The correlation 

is b_ased- on high pressure data in water, and the effect-- of the correla­

tion on core heat trans fer during .a LOCA is small (Transcript page 

13,306 and Exhibit 1001, page 3-34). 

The Th.om· and Dittus-Boel:ter heat transfer correlations are con­

sistently specified for use in all .. the evaluation models of Section 

III.C, AppendixK of the Proposed Rule. They were presented and 

dis cussed in E:xhibit 1001, but their_ use was not a subject of 

cont_ention in this proceeding. 
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CLADDING SWELLING · AND ·RlJPTURE 

The Proposed Rule, Appendix K; Section Il.H _ 

H. Cladding ·Swelling· and Rupture. Cal.culati-ons of gap con­
ductance, cladd:lng temperature, cladding enbrittlement, and 
hydrogen -generatidn from cladding-water chemical - reactions shall 
take ewei11ng an~ rupture. of the cladding into _account wherever 

. the _course c;>f the po~tulated loss-of-coolant ac~ident, calculated 
in accord~ce with an accepted evaluation DDdei, · leads to pre-

_ dictioll8 of cladding swelling or rupture.· Each evaluation -
model, th-erefore, shal;I.. where required ·include. a :mridei for 
predicting _cladding swelling or -rupture from consideration of 
the ciadding ·axial temperature distribution ani:i"the pressure 
differe11tia-l, both .as functions of time. To- be acceptable, a 
sweliing .an-d rupture model shall be based on appl;f.cable data 
irt a conservative way. 

Dis_cussion of Cladding Swelling and Rupture -

The staf~ recognizes· that the nethods required iri ~he Proposed 
.. · ·. 

Rule for accounting ·for swelling, rupture, and zirconi unr-s team reaction 

inside the -cladding (discuas·ed- ·above in S_ection II.C.5) in the fuel pin 

heatup calculation are likely to be restrictive· (Exhibit 1113, _Sections 

10 and 18) ~- In cont-rast to this restrictiveness, Westinghouse. has_ 

suggested that ·because_ clad bul-ges have survived mecha+1~ca;J._ tests -

(Exhibit 10 7-8., ·.i\ppendix D; E:xhibit 1151, Section 13), the bulges can 

be effective:i.r ignored. It is the staff's understanding that in these 

tests the undeformed, unruptured regions _aiso surtlved ~der expected 

duty. Therefore, it is not clear from these tests which' region, 

bulged or unbulged, has less resistance to fragmentation. The staff 

is not aware of any e:J:perimental infortn2::ion to suppc::-t the. c:mcle--

·sion that thebulges-are more resistant to fragmentation. However, 

,·,-·.r.-·,·,, 
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we suggest that quench experinents of defamed and undeformed 

cladding could be performed to_ answer this qu~stion. 

It has been pointed out that the bulged regions constitute a 

small fractfon of the core :and, therefore, need not b_e·_considered in 

LOCA analysis _(Westinghouse Concluding Sta:tenent, pages 63, 64; GE 

Concluding Statement, Section M; B&W Concluding Statement, page 244). 

It is true that clad fragmentation of one local ruptured region of. 

one pin would riot impair the coolability of the core •. However, the 

staff is not aware of any experimental information which would aid 

in quantitatively assessing the effect on core coolability of 

nunerous ruptured regions with associated fragmentation. If the 

hot spot with its associated bulge were to be ignored along with. 

other ruptured fuel elements, it is not ·clear that these other bulged 

regions would_ not fragment if the hot spot fragnented; rior is it 

known to what· extent fragme.ntation of a widespread rupture dis tribu­

·uori would -impai·r ECCS effectiveness. Therefore, until realistic 

quantitative as·sessnents can be· made, th·e staff believes that swell­

ing and rupture should be treated in LOCA analysis as specified in 

Section II .H BO as to preclude _fragmentation of the core hot spot. 

If rup_ture occurs at elevated temperatures (greater than about 

2000°F), enhanced energy release rates from zirconium-water reaction 

may result from the exposute to steam of a fresh, tmreacted, inside 

cladding surf~ce. The consequences of rupture at teiq>eratures below 
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about 2Q00°F were discussed in Exhibit 1113, Sectio~ 10/pages 10-:16 

to 10-22. For a given transient it is not obvious whether high- or 

low-temperature rupture results in the _nvst seyere cladding tempera".'" 

ture transient. . For a g:f. ven pressure difference across the cladding, 

the rupture temperature data shQWs a spread of a few .. htindred psid 

(Exhibit_ 1007b, page 18). ];n or,der to assure conservatism, as required 

by the Proposed<Rule, it is necessary to explore a r~ge of rupture 

temperatures suitable to the applicable pressure differentials in 

order to determine 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-stat~ temperature 
distribution and stored energy in the fuel before the accident shall 
be evaluated as a function of power density, fuel density, cold gap 
dimension, fuel thermal conductivity,. fuel heat capacity, cold-fill 
gas composition and pressure, and bum up (cracking of ·fuel~ sorbed 
gas and fission gas release, changes in fuel density' ciadding creep). 
The values used .arid the bumup chosen (time in core lifetime) shall. 
be such. as to maximize the calculated initial stored energy in the 
fuel. For this c;.a.lculation, the reactor operating power shall be 
assumed to be no less th.an 1.02 tines maximllltl licensed power. 

Discussion of Initial Stored Energy in Fuel 

Under normal operating conditions a rather steep temperature distri­

bution exists in fuel pellets due to the low thermal conductivity of 

uranium oxide and the high heat generation rate. Typically, a hot 
. -... : 

fuel pellet has centerline temperatures in excess of 4000°.F, cWh,i-le· the 

p0ellet surface temperature is in the neighborhood of 1000°F (E:xhihi t 110A, 

pages C-8 to C-10). Heat transfer between the o:rlde ,pellet and the 

. metal cladding is controlled by the size of the gap between these two 

materials and the composition and density of the gas .. that fills the 

gap. The heat transfer coefficient from the cladding to the coolant 

· is high resulting in cladding temperatures less than 100°F above 

coolant temperature (Exhibit llOA, page C-10). During the course of a 

postulated lDCA the heat generation is rapidly reduced. to a lower. rate 

(Exh·ibit llO'A, page 7-23; ·Exhibit 132, page D-11) and a sharp decrease 

occurs in heat·. flux frc;,m the cladding to the coolant (Exhibit llOA,. 

page 7-17;· Exhibit 225, Figure VI-5; Exhibit 232, Figure·S-2). 'Ihe 
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temperat4re starts to equalize within the -fuel pellet· and between the 

,pellet· arid the ·ciadding, resulting in cladding heatup •· . Thus, stored 

energy from th:e_ fuel pellet. is one of the primary heat· sources. that . 

determine cladding t;emperature ris.e .. following a LOCA. 

The stored· energy varies with ·the characterist~:cs of the fu~l 

· pellet .(dens-;f..ty~ thermal conci.ucti~ty, heat capacity) .~d th~ the~l 

conductance· ·of the gap_, The physical condition of the fuel :pellet 

changes during· operation due to thermal cycling and ·~tradiation effects. 

During heat·up the pell~t· expands, ·changing the fuel ',;tensity and thus 

th~ size of th'e gap •. At' the same t'ime the thermal 'Conductivity and the 

heat capacity o'f the pellet ~lso · change· because they are a function of 
'-

temp·erature ·-(E~hibit 132, pages· D- 7 and D-8), Repeated thermal cycling'·" 

of the fuel. results. in: cracking up of the pe_llets .. This again will 

influence the thermal conductivity and the gap size. 

Fuel el·ement. thermal characteristics are a function of· many· 

variables (Section 10, Exhibit 1113), as des-cribed .b·elow. Fuel 

iq:adiatfon, has two effects: ·irradiation-induced· densification on 

a relative~y fa~t time scale, and irradiation-induced swelling on a 

slower time .seal~. Both of these ·effects will change t~e pellet 

dens:l,ty an.d ~onductivity -and will effect the gap s:I,ze.~ The- gap size 

depends on va.riations in the dimension ,of the cladding. The gap size 

also depends .·on th~rmal expansion and on the large external cladding 

pressure which· will p_roduce a slow creepdown of the cladd,ing onto the 
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fuel. The density and composition of the gas in the gap will depend 

on the sorbe.d gas content of the fuel, the fission gas release rate, 

and 'the initial composition and pressure of the fill gas. Sirice IOOst 

·of the pararreters rrentioned shove are dependent on power density, 

further .. complica:t:Lons are introduced by changes in the power density 

of a given fuel pin during a-~fuel cycle.· 

The steady-"state temperature distribution and stored energy of 

the fuel shbuld. be evaluated as a ftmction of power density, fuel 

density, gap dimension, oxide thermal conductivlty; oxlde heat 
. . . .. 

capacity and fill gas composition and pressure. The Regulatory 

staff ls of the· opinion that all of the above-mentioned effects are 

suffi~iently important in the evaluation of the stored energy of the 

fuel that they should. not be ignored in LOCA calculations (Exhibit 1113, 

Section 10) ... Fur.thermore, the influence of temperature and bumup 

should be taken into ·.account in evaluating these parameters. Because 

of the importance and complexity of stored energy calculations, the 

analytical models used should be verified by experiments, and the 
I, 

combination of·these·paraneters should be selected in a manner such 

. t_hat the calcul'.ations either .pre,9i,ct, or o.verestimate the stored energy 

at a point_ .. _during_ eore .. life when the· calculated cladding temperature 

for a LOCA is a .maxi.mum, Also, uncertainties inhere·n.t in the measure­

ment of the operating power level of the core shoul,d be accot..-:::ted for 

in the stored energy calculations;. thus, the Propose.d .Rule requires 
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that .the-power .level assumed for LOCA calculations should hot be less 

than 1.02 times the Uccansed power, 

These conclusions with regard to stored energy .result in more 

detailed requirements than those of the Interim Policy ·statement. 

When the IPS was prepared,· the inportance of stored entfrgy on LOCA 

calculations was recognized, However, due to th.e variability of 

analytical methods employed. by ·various manufacturers~ no general, 

rule was issued. on stared energy; rather, the method to-be used was 

specified .in the description of the evaluation 11Ddels. A considerable 

amount of inforination regarding stored energy has been introduced into 

evidence, an4 it is summarized in the Supplemental Testimony (E:xhibit 

1113, Section 10), where the following conclusions were. reached:. 

(1) "Varia.tiens existed in steady..:state gap mdels which could 
influence stored energy by an amount ,equivalent .to about 
200°F. over the anticipated range of influential parameters. II 

(2) "Variation~ existed in U02 thermal conductivi.ty used to 
calculate initial stored energy and transient ene·rgy 
release, ·which could affect clad· temperatures by about 
100°:F over the rarige of values expected. II 

· (3) "The, actual steady-state gap conductance . ; ~·is a complicated 
function of power density, initial fuel pin: dimensions, fill 
gas composition and internal fuel pin press tire, fuel density' 
fuei conductivity, bum up, fuel microstructure, fuel cracking, 
and clad creepdown onto the fuel. Therefore, no single value 
of gap conductance can be ·used to represent :initial stored 
energy throughout fuel lifetime ;ln LOCA calculations." 

Such substantial differences e2::ist (E:xhi.bit 111:3, page 10-12) in 

gap coefficients' even among one manufacturer's. designs.; so as to 

i . i 
f 
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warrant the evaiuation of steady-state gap coefficients on a case-by-

case basis. This.does not nean that generic oodels.ce>uldnot be 

approved at a later time, but, rather, that stored energy toodels 

should be·integral parts of the manufacturers' respective evaluation 

11Ddels. 

Further indication of gap conductance variation with linear 

powel;' density and burnup was presented in the Redirect Testitoony of 

Westinghouse ·(Emibit: 1151, page 24-7). The B&W Concluding Statement 

(pages 69 to 76), through the description of the ~&W model, indicated 

the _importance and complexity of the stored energy calculations. 

CNI emphasized the importance of gap conductance. and stored energy 

calculations in LOCA evaluation (CNI Concluding Statement, pages 5 .17 

and 5.18). 

GE (Initial Closing' .Statenent, Section K) maintains that, since 

the IPS accepts a constant gap coefficient of 1000 Btu/hr-f/- °F for 

certain GE designs, all BWR' s should be licensed in the future using 

this value. ·H0v,1ever, requirements set forth in the Regulatory f3taff's 

Technical Report on Densification of Light~Water Reactor Fuels, dated 

November 14, 1~72. (pages. 69-72), have already s.upersede'd any previous 

approval of a gap coefficient of 1000 Btu/hr-ft2-°F.· Also, gap con­

ductance is a function of many variables which are in. tun1 dependent 

on a specific design or on .the specific operating condition of a 

plant. Tffese d·ependences must be taken into accom1.t .. In connection 

l---~ 
! ·; 
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with specific GE".:designed plants, there is sufficient ~vidence. 

(E,chibit 25 3) to r.ecognize , that LOCA analysis of at_ least certain 

BWR designs is very sensitive to the selection o~ the gap conductance. 

It should also be. noted "that ·GE 'has not. presented for the record the 
. . 

GE equivalent of the paranetric study oh gap, conductance discussed in 

Exhibit 253. . Therefore, th~ Regulatory staff concludes. that the so­

called '.'approvedll gap heat transfer coeffici~nt of lOOO:Btu/hr-ft2-°F 

for BWR' s is only of historic significance and recotllI!ends that all 

vendors calculate, for each case,· the value of the gap _coefficient, 

accounting for all effects· specified in th,.~ Proposed Rule. 
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FUEL ROD THERMAL PARAMETERS DURING POSTULATED ·ACCIDENT 

Tne Proposed Ruie. Appendix K, Section II.J 
I 

J. Fuel Rod Thermal Paraueters During Postulated Accident. 

1. The calculatio:ns of th·e · fuel and the cladding temperatures 
as £.unctions of time shall use values for gap conductance 
and _other thermal parameters as ftm.ctions ·of· temperature 
and· other applicable time-dependent variables. 

2 •. , i( cladding swelling or rupture is calculated to occur, the 
gap: conductance shall be vE.1.ried in accordance with the 
change in its dinensions and any other app:licable variables. 

Discussion o-·f Fuel Rod Thermal Parameters During Posttilated Accident 

During· tb:e: postu;Lat,!!d LOCA transient, the= cladding of the hot fuel 

rod is being heated by transfer of energy from the :fuel and cooled by 

trans fer of' ~nergy to· the coolant. · In addition, heat generation occurs 

within the cl.adding due to chemical reaction with oxygen ~t elevated 

.. temperatures:~ Heat ·transfer from the cladding to th~ c9olant depeiids 

on the thermohy'draulic parameters of the coolant, and it. is described 

in the discossions of Sections Il.F, ILG and· II.Q of, Appendix K o.f, 

the .Proposed· Rule. He:at transferred from the fuel to the ~adding 

is controlled ·by th~ tenperature of these. two surfaces· and by the 

.. existing gap-~~·ductance. '!he thermal paramaters (thermal conductivity 
. .. 

and heat capa!tl ty) of both the fuel and the cladding -:influence the 

respe::;tive su-i·f~ce. temperatures. Since these thermal· p~rarneters are 

temperature dependent (E:xhibi t 110A, page C-6; Exh:Lbi t ·i23, pages D-7 

and D-8), they. vary during the transient. Depending· .on.·the surface 
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temperatures ·and <;>n the size of the gap, the significant mode of heat 

. transf~r through the gap can also vary. In small gaps heat is trans­

ferred by conduction through contact points and by conduction and con­

vection through the filler gas~ At elevated temperatures radiative 

heat transfer between fuel _and clad~ng could become important 

(Exhibit Ul3, p.age · 10-21). For conditions where the gap size is very 

· large (e.g., swollen or perforat~d cladding), and the fuel and clad 

surface temperatures are subs tan ti ally different from one another' 

radiation becbmes the principal rode of heat transfe~ .. Th us' varia­

tions in the gas composition, the size of the gap, and the transient 

values of the. thermal parameters could influence cladding heat up. 
. . 

The Reg~latory staff has concluded on the basis of the above 

evidence that during postulated LOCA transients the fuel pellet and. 

cladding temperatures vary within a sufficiently broad range to 

necessitate the time-dependent evaluation of the thermal parameters 

(e.g. , t~ermal · conductivity and heat capacity). Furthermore, in some 

c·l3..Ses, the cladding temperatures reached during the transient are 

high enough to produce cladding swelling and perforation. The staff 

further belieyes. that following the onset of clad swelling, .the fuel 

pin heat up calculation should account for the inc.rease in gap size, 

the thinning -of the Gladding, thermal radiation across· the gijp, and 

the presence· of fif;lsion gases· and/or steam in ::he gap (see also ::he 

',' 

discussion of: Section II .H., above). 

i. 
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·., •, 

This position is an extension of the previous Interim Policy 

Statement requirements. The evaluation models .approved under_ the 

IPS provide -for calculation of the thermal paraneters a~ a ftmction 

of temperature and therefore ti~-. ·rncrease 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 

variations by cluinging the value of the gap conductan.ce during the 

transient (E:xhtb:J.t 1001, page 3-23). However, none of the presently 

accepted evaluation mdels has -the capability to actually change the 

_ geometry of the cladding during the course of the -postulated- acci"'."' 

dent. Neither do the various evaluation models have a thermal _radia-:-

tion term to· account for increased heat _transfer across the gap, at 

elevated fuel surface temperatures. 

There is e:vidence to show that variations in thermal parameters 

and in gap conduct_ance can alter the results' of the cladding heat up 

calculations~ - This evidence is sununarized in the Regulatory staff's 

Supplemental_- Testimny (Exhibit 1113, pages 10:-1 to 10..,4, 10-lJ and 

10-14). Probably the most important of the_ transient effects is the 

ch_ange in ·gap ,conductance. B&W (Exhibit 1059, page 6-9) showed that, 

for a severe J.DCA, transient swel.ling and rupture cciuj.d occur in 1 to 

2 seconds, :_ Thi~· is in agreement with the CE Redire.ct ·Testimony 

(E::xhibit: 114~ ,: p.age 5-3) whi~h predicts swelling and rupture during 

blowdown wi·thout· specifying the exact time of rupture. -_ This' is also 
" ' 
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consistent with staff calculations whicll indicate rupture times as 
. . . . 

low as 3 seconds (Exhibit 1113, page 10-16)'-. In addition, the 

Regulatory st.a.ff performed a parametric study in which the gap size 

· was assuD£d to undergo a step change, and the gap coefficient was 

.. calculated as a ftmction of time,. including thermal radiation effects 

(Exhibit 1113~.pages 10-16 to 10-23). The findings. of the staff's 

study were: ' 

1. If dad ·swelling occurs, the reduced gap coefficien:ts for the 

remaini11:g portion of the blowdown period are the controlling 

resistance to the removal cif ~ tored energy from the fuel 

pellet •.. · 

2 .· Because of thermal radiation, higher gap co.efficients could 

develop just prior to and during reflood thus enhancing the 

stored energy transfer during this period. 

3. The reduced heat capacity per tmit heat transfer area, due· to 

thinned cladding, contributes to the increase in ciad temper­

ature .rise. 

4. The onset of swelling is an important parameter_. If swelling 

occurs early in the transient, the delayed release of fuel. 

pellet stored energy increases the peak cladding temp.eratur.-e. 

If swelling occurs late in the transient, a lower gap 

t .,/,_.,. ,., 
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conductance. during reflood can be beneficial to the clad 

temperat.1,11;-e transient. 

Westinghouse reported cladding temperature calculations where the 

heat transfer area of the cladding was increased at the. time of rup­

ture '(E:xhibit 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
efficfents, less energy is transferred to the cladding during 
blowdown. · .Thus, the effect ·of block.age in this case is primarily 
on pellet temperatures rather than on clad temperatures during 
the blowdown period. Clearly, the increased. pellet 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 typical B6rW plant (E:Khibit 1137, pages 5-3 and 5-4). The 

. .;... effects of ciad swelling ~esulted in a St°F increase in peak cladding l . 
temperature~ Based on this analysis, B&W concludes that (Concluding 

Statement, page 183): 

"fu~l element clad swelling does not have a significant effect 
· on cfadding ·temperature response during the blowdown phase of 
the LOCA, and indeed, over the course of the entire transient." ... 
"the effects ·of fuel element cladding swelling need not be 
considered i.ri LOC.A ev~uations," 

The Regulatory. staff'finds that B&W's conclusion is not justified 

at the present time for che following reasons: 

i 
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-1. 1he B&W calcul:ations did not account for clad tq.inning or 

for radiation from the fuel· to the C;J.adding. 

2. A 51 °F incre."ase in peak cladding temperature ·can be 

significant. 

3. · The :si~gle calculation for a glven system and br~ak. size 

wh:f.ch produced a 51 °F increase in peak cladding tenq,erature . . . . . . ~ .. •, .. . 

does .not. demonstrate that all other cases are coriservati ve. 

4. New calculations with new assumptions (constdering for example 

zirconium-water reaction on both sides of the cladding) could 

lead to different results. 

With respect to the staff paranEtric study on gap conductance 

(Exhibit 1113, pages 10-16 to 10-23), B&W states (Concluding State­

nent, page 187)_: 

"The study provides ho support for the proposition that the 
condit,lons -which could cause an adverse effect of cladding 
temperature· response would be reasonably expected to occur 
during the LOCA. II 

. On the contrary . the range of paranEters covered in the staff: study 

·was selected_·c>n the basis·of present .day LOCA. ca.ictµ.ations (Section 10; 
. . 

· Exhibit 1113). The conclusion drawn fro.m 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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'nle GE position (Initial Closing Statement of GE, Section K) is 

as follows: Duriµ.g th'e course of the hearing, the .. participants did 

-not provide evidence that variations in· gap concluctance during the 

LOCA transient would have a· significant effect on BWR clad temperature 

response. nierefore, the GE evaluation model (approved under the 

II).terim Policy Statement), which did not aGCOtm t specifically· for 

this effect, must be acceptable in the future. 'nle Regulatory staff 

does n.ot accept this position for the following reasons: 

1. GE has not presented for the record BWR cladding temperature 

calculations that adequately accot.U1ted for possible variation 

in the gap conductance during the postulated LOCA. The only 

GE calculations available (Exhibit 1113, page 10-14) did not 

accotmt -for clad thinning due to clad swelling· arid did not 

accourit for an increase in gap heat transfer at higher 

temperatures due to radiation. 

2. The GE evaluation model was not approved for more than an 

interim period. Before ·a more permanent approval can be 

granted, GE should demonstrate the acceptability of the method 

in li.ght of today's knowledge concerning transient gap -

conductance. 
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CNJ;. 's opinion on variations in the gap conductance during a LOCA 

is expressed on pages 5 .18 and 5 .19 of the CNI Concluding Statem.ent 

as follows: 

"CNI further believes that the changes in the gap conductance 
that wiJ,.1 occur during LOCA conditions are poorly, indeed in­
adequately, established and that the reactor vendors are using 

. values o·f · conductivity and evaluations of gap changes which, 
.although within· the excessive range of. presen.tly assessed 
uncertainty, are most favorable to establishing ECCS effective­
ness. (See staff Supplenental Testinnny, Exhibit 1113, 
·Reference 10.33) ." 

The CNI contention, th?t reactor vendors 1;tre using values of oxide 

conductivity and gap conductances during the transient which are most_ 

favorable to establishing· -EGCS effectiveness, is not supported by 

reference 10 .3.3 of _the staff Supplemental Testimony .. The author of 

this reference presented a discussion ·of the difficulties associated 

with measurements of oxide conductivity and gap conductance. He also. 

summarized the approaches that ·various reactor vendors have taken in 

the past in their safety evaluation. But, he did not reach a conclu­

sion similar t'o the CNI contention, neither did he present information 

from which such a conclusion would follow. Furthermore, reference 10; 33 

is not in evidence. 
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PUMP MODELING. 

The Proposed Rule, Appendix K, Section ILK 

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 
momentuII1 transfer between the fluid and the rotating meni>er, 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. 

Discussion of Pump Modeling 

PWR's 

The primary coolant pump models contained in the PWR evaluation 

rodels are a controlling factor in calculating core flow for a 

postulated cold leg break (Transcript 6309), because the system 

pressure distribution tends to reverse the flow thr.ough the core· 

during part of the blowdown (Exhibit 1113, page 6-1). Since the blow­

down core flow :reversal is opposed by the driving ·head of pumps in the 

unbroken reactor-coolant loops, realistic pump modeling is .necessary 

in order to properly calculate core flows, which then establish the 

rate of energy. removal from the fuel rods during blowdown (Exhibit 1113, 

page 6-;I.J\ On the other hand, to the extent that blowdown heat trans-

fer is dependent on turbulence and rate of sys tern depressurization. 

(E:xhibit 1137, page 2.2; and Etllibit 1113, Section 12), dynamic pump 

modeling has less significa11ce. B&W's Concl.uding Statement, page 118, 

also references this effect. 
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The major .question ra_ised .about pump modeling was puinp performance 

during the two-phase portion of blowdawn (Transcript 6312 and 7479; 

Emibit 1176, p~ge 5). This question results from the limited data 

on pump perfotiilance under two-phase conditions. Be.cause of the 

limited data available at the tine of the Supplemental Testimony, the 

staff perforned sensitivity studies· ·assuming conditions_ wherein the 

. pumps; (a) were ass.urned to cavitate when the pump suction pressure 

was reduced to the saturation pressure, and (b) the pump continued 

to operate (p.ump, head not ?egraded) in the two-phase region (Exhibit 

1113, page 6-3). Thea.~ analyses were performed to bound the effer;ts 

qf pump modelin~, and they resulted in a maxi.mum calculated cladding 

temperature difference of 100°F for the ten cases examined (Exhibit 

1113, page 6:-4). On the basis of this sensitivity study the staff 

has proposed a requirenent for experimental pump performance data in 

the two-phase flow region (Transcript 21,000). Section II.K of the 

Proposed Rule reflects this staff conclusion. 

The use of dynamic pump models is also supported ·in the Concluding 

Statements -of both Babcock & Wilcox and Westinghouse; Combustion 

.Engineering did not connnent on pump modeling during blowdown. 'The 

Babcock & Wilcox and Westingl:lpuse Concluding Statements state .the 

following: 
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B&W (page 122) - 11It is B&W's position that; the dynamic pump 
model is, indeed, a better representation of the fundamental 
physical behavior governing pump performance during the two-
pha~e regime in blowdown. 11 · 

Westinghouse (page 72) - 11 ••• Westinghouse recommends that in 
the Westinghouse evalua,ti.on model, pump behavior during blow­
down be analyzed by using the proposed pump modei with the 
pump homologous curves to describe the pump behavior tmder 
transient conditions." 

CNI in its Concluding Statement presented a series of quotations 

concerning pump models (page 5.4_2). CNI suggested no alternative.to 
. . 

dynamic pump modeling, and it cited no evidence contrary to the 

adoption of.dynamic pump models (pages 5.11-5.43). Also, CNI presented 

no opinion with regard to the staff position as previously stated in 

the Supplemental ·Testimony (Exhibit 1113, Section 6). 

BWR's 

The core flow in a BWR during blowdown is determined by the perfor­

mance of both the jet pumps and the recirculation pumps (Exhibit 1113, 

page 6; 2). The BWR model for recirculation pumps assumes that the pump 

head is not :degraded until the pump suction pressure reaches saturation 

pressure (Exhibit 132). At this time in the LOCA, the pump head is 

assumed to decrease linearly, going to zero at one percen-t suction 

quality. Since. calculations (Emibit 132) indicate that the jet pumps 

uncover before_ this condition is reached, it is conservative to assume 

core flow goes to zero ,;hen the jet pumps uncove:-; Le., before the recir-

culation pump ,suction conditions reach one percent quality (E:xhibit 1113, 
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page 6-2). Thus, two-phase pump performance for BWR recirculation pumps 

is not an issue by virtue of the evaluation model assumption __ of zero 

core fl9w when the .jet pumps uncqver. 

The- Concl_uding Statenent of GE states (page G-4); 

"Clearly, :the detailed technical evidence in the reco·rd fully 
supports t_he· adequacy of the pump modelin·g in the GE evalu­
·ation model." 

The staff agrees in part: the BWR evaluation m::>del (E:xhi.J,::>i t ·132) is 

satisfactory for LOCA 's where operation of the pump in the two-phase 

region does n~t control the calculation of core flow. However, the 

staff reserves judgment on the BWR pump model fot poten dal condi­

tions where core flow can be shown to be controlled by recirculation 

puup performance in the two-phase region. 
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aJNTAINMENT PRESSURE 

The Proposed Rule, Appendix K, Section ILL· 
' 

L. Con taini:oont Pressure. lhe contairunent pressure· used for 
evaluating_ cooling effectiveness during refloo\i and spray 
co_o1ing shall not·· exceed a .press ti.re: ,cal~tilated conservat"ively · 

'• for this ·purpose •. The· calculation shall include the. effects 
of operation of all installeci" pressure~reducing systems and. 

· processes_. 

Discussion of Containment Pressure 

As shown in Exhibit 1113, Section 15 ,- the containment pressure 

during the reflood stage of PWR 's is a considen~tion in determining 

both the core reflooding rate and the fuel clad-to-f.luid heat transfer 

coefficients as derived from the FLECHT experiments. A lower assumed 

or calculated containment pressure would tend to .decrease both the 

core reflooding rate and heat trans_fer. coefficients, thereby increasing 

the calculated cladding temperature. The Interim Policy Statement 

required that the containment back pressure assuned fo:.r:-t:rre·· ·'teflood 

analysis should not be higher_ than 80% of ·the increase in pressure 

calculated for the accident. The conservatism of the IPS requirement 

was questiOI).ed during the proceedings (Transcript 6503). The staff 

presented an evaluation in Exhibit 1113, Section 15, which de!TX)n­

strated that. the IPS nethod was conservative for reflooding cons id-

era.tions in large dry containments since the conr.:ainment pressure 

assumed for analysis was lower titan the realist:ically anticipated 

containment pressure with full containment safeguards in operation. 
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The PWR evaluation models in the Interim Policy Statement applied 

only to large dry containments. Ice condenser and subatmospheric 

containments were not considered. The !>reposed Rule :applies to all 

containment systems and requi·res that the pressure shall be conserva-

. tively calculated assuming all pressure reducing systems arid processes 

are operable, This would be .done for each LOCA and for each· contain­

ment design. 

·. The calculation of the conta:i.nment pressure during reflood was 

discussed in the Concluding Statements of B&W and CNI. B&W agreed 

with the conservatism of the calculation and stated (page 5.4 7): 

"The B&W ttiethods of analysis for containment back pressure 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. disagreed with the staff position (Section 15 of Exhibit 1113) · 

and said in their Concluding Statement (page 5.47): 

'\· •. the containment press urea are not known with adequate 
precision." 

CNI offers no evidence to support this statement, nor does it present 

any alternate to the staff proposal. The staff rejects this CNI con­

clusion which is contradicted by the evidep.ce (E:xhibit 1113,· Section 15). 

BWR calculations of core cooling effectiveness conservatively assume . 

. that the containment is at atmospheric pressure. (Exhibit lli3, page 16-26). 

· Thus, containment pressure is not an. issue for BWR I s .since no credit :..s 

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. _tb Boiling Water 
Reactors).· Follpwing the ·blowdown -period, convective heat transfe,r 
shall be calculated using coeffici~nts b~_ed on ~pprqpriate experi-

·. _·mental data •. For reactors with jet pumps and having fuel rods in a 
7 x 7 fuel assenbly array,, the following con;vective coefficients · are 
accept ab le :_ 

· L. During the period following 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 (see paragraph. 3), convective heat transfer co­
efficients of 2.0, 3.2, 1.5, and 1.7 Btu-hr- 1-ft-2-i"'l shall be 
applied .to the fuel rods i~ the outer comers,. outer row, next to 
outer row; and to those remaining in the interio·r, .. respectively, 
of the assembly. 

3. After the two-phase reflooding fluid reaches the level tmder 
consideration, a convective heat transfer coefficient of 25 Btu-hr-1 
--'ft-2-°F-1 shall be applied to all fuel rods. 

Dis cuss ion of Spray Cooling Heat Trans fer 

The heat t'ransfer coefficients specified in the Proposed Rule are 

unchanged fr.om those previously specified in the Interim Policy State­

ment and are based on the results of tests performed in the BWR Full 

-Length Energency Cooling Heat Transfer (FLECHT) program. Such coef­

ficients conservatively represent the conditions expected in a BWR 

following a. postulated LOCA only if the tests OlJ. which the coeff:icients 

are based are. applicable to the specific LOCA condid.ons i.mder considera­

t_ion, and the :coefficients. are applied in such a manner that the 

ternperatuTe response of the fuel clad is conservatively predicted. 
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BWR FLECHT Test Adequacy 

The BWR FLECHT program .and the adequacy .of the tests were discussed 

in Section 16 of the staff's Supplemental Testimony (Exhibit 1113); in 

Section III-B of the ANC Direct Testimony (Exhibit 1006); i.n Section_ IV 

of the GE Direct Testimony (Exhibit 1069); in Sections L, M, N and O of 

the GE Redirect and Rebuttal Tes,timony ·(Exhibit 1148); and in Chapter 5 

of the Direct Te:Stinony of CNI (Exhibit 1041). The PWR manufacturers 

have generally taken a parochial view of system-related ECCS problems 

so that only GE, CNI and nc:M the staff have discussed the BWR FLECHT , 

program in their Concluding Statements. 

The Regulatory staff concludes that .the· BWR FLECHT tests are an 

appropriate basis for developing a BWR core .heat up I1Pdel because the 

~~sis' clci~ely simulated the rea,ctor fuel bundle geometry and materials' 

and the test conditions were representative of the conditions expect_ed 

during the spray cooling phase of a postulated LOCA in a BWR. (Exhibit 

1113, Section 16). 

GE has con:cluded (GE Initial Closing Statement, page P-1): 

"The BWR-·FLECHT program has provided major experimental verification 
for a riumber of the inputs in the BWR evaluation model, and has 
yielded information of interest on such other matters as··,.1:1.~i/blockage, 
the lack of significant oxidation on the inside of fuel rods , and 
overall ·BWR ECCS capability." · 

CNI has coricluded (Exhibit 1041, page 5 .2, and CNI Concluding 

Sta~ene.nt, page 5.37): 

"The FLEGHT experiments do not provide a sound basis for ·assessing 
the efficacy of the core spray or reflooding system ... [and the 
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. FLECHT] program was characterized by narrow' s·cope: ·limit~d ·range 
of paramet:.'ers·-.. (~ariy inappropriate to the tasks af hand), ,the use 
of incorrect materials, crude and incompetent instrum~ntation · 
and operating ~echniquee (with consequent major.equipment mal-

. functions), a~, a~ .a C:ulminating weakness, expansive ·and over-,. 
generous. interpretations.''.· 

. A1thougb the staff agrees with GE;~ s rather .. genei-d· · conclusion, 

they present no clear rationale for their conclusion with record 

citations. ·nie . staff disagrees· with C~I' s characterization which is 
, 

unsupported by the re·cord of the hearing, as is demonstrated below by 

an aµalysis of .ea.ch item. 

The B~-FLECHT program consisted of 143 t·ests using ten heater 

bundles (Exhi.bit; 137, page 2), which is indicative of· a . broad, not a 

narrow, sco.pe. The broad range of parameters in the tests exceeded 

the range of parameters expected for a postulated LOCA and. was appro­

priate to the task of determining on a quantitative basis the heat 

transfer mechanism in a fuel assembly during the operation of the 

spray. cool~ng system (Exhibit 1113, pages 16-16 through 16-27). The 

materi~ls (i.e., stainless steel bundles and Zircaloy bundles) were 

properly chosen, provided the maximum amount of heat transfer data 

from the pr<;>gri;nn, and were the logical .choice for 'reasons stated in 

Ex:hibit. 1113, page 16-2. Characterizing the instrumentation and oper-
. . 

ating techniques as "crude and incompetent" i.s not based on facts, but' 

on an unrealistic expectation that complex tests can· be· performed 

flawlessly, and an incorrect judgment that failures are due to 
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•incompetence· or intent. No serious equipment malfunctions occurred 

during the stainless steel tests. _Most of the malfunctions dU:ring 

the Zircaloy teeta :;06~11rr~d. mre .than. three minutes after the spray 
. •.. - . . '. . . '• . ·. . '. . 

: .. , .- .. ·. ·., .. ·::...: :;·:-:.;. ·.:···,::. ~· .. ·, .. ·:: \ .. _::·: .. ~· ::_-'. .. '.·;.,:: . .·· . .. . . ,, 

flow. was initili~~'q:(:·:'s~9e re~~~ci~:ln~ of the. cor_e following a· postu-
. . ·.· ·. ·,.· .. ; •. . . . . . 

. lated LOCA occur~. withhi ·t_hree minutes after init iad.ori of the -sprays, . 

the malfunctionf? did not seriously affect. the ,data during the test 

period of interest. Although ~I considers the :lnt~rpretations of 

the tests· to ·be t'expansive and over-generous," nowhere is it demonstrated 

that such :Interpretations were used in developing the Interim Policy 

Statement. 

CNI specificaliy faulted the tests because of the use of stainless 

.· .· .. · 
steel heaters, the lack of energy balance computations, the inadequate 

simulation of.flow blockage, the method of d~riving.heat transfer co­

efficients, th_e anomalous and inconsistent results, and the experimental 

problems (E:xh(bit 1041, page 5.2). CNI further stated that the spray flow 

and bundle power were not _representative of BWR's (Exhibit 1041, pages 5.5, 

5.35 and 5.·38). GE specifically refutes the CNI contentions relating to 

the temperature .response of the Zr2K bundle, the usefulness of the Zr2K, 

Zr 3M, and Zr4M tests, and the use of stainless steel (GE Initial Closing 

Statement, Sec.tion P) ,· Except for flow blockage which is discu_ssed 

elsewhere in this · Concluding Statement (Acceptance Criterion (b) ( 4), 
. . 

Cool.able Geometry), the specific a~guments are discussed in the 

following par~graphs. 

t--·--
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Stai~less Steel Heate~s 
. . . --: .. ~ 

. Although "th~- :.tr~~.;pµrp,qee :of u·s:i.jig· 1/Jt:a_inless:·ste~l cladding ·111 ::I.38 .. 
. : . . · :;~ '.< ~ .. '..:. ·~'/;:.i-i~:i~{i/:~··::~~t:;~:..-:.~.:·!·:.··~>~_ ;··:: , ::·::-~ .. , · ,• ' ·.. . .. · r · .. · . · · .. · , ' ,'·, ,: 

out of 143 FLECIIT [t~t,ifsJ;."'~~ ._-got ·apparent II to CNI (~ibit .1041, page 5 • .9), 

the necess1=tY and desirability of performing the majority of the tes"ts 

using sta-in~¢ss-steel-clad heater.a has been demonstrated. The stainless 

steel heater rods were chosen because of their durability which permitted 

a ser.ies of tests to be run with each test bundle. The capability to 

perform mu! tiple tests with a single bundle impro;,ed the accuracy of the 

derived heat transfer coefficients (Exhibit 1069, page i7) and provided 

heat transfer data applicable. to a range of reactor types and conditions 

· (Exhibit lJ.13, · page· 16-2) ~ The Zircaloy-clad heater tes·t .bundles did not 

have this capability (Exhibit·lll3, page 16-2). Thus, the stainless­

steel-bundle tests were performed so as to obtain parametric heat 

transfer information, whereas the Zircaloy-clad bundles were used to. 

determine whether· any significant anomal)I' existed .in the transien.t 

heat transfer behavior of Zircaloy. 

Energy Balance 

The contention by CNI that the simplified energy balance. calculated 

for·the Zr-4 test by ANC (Exhhibit 1041, page 5.97) demonstrat~d that the 

power, spray rate, or drain rate might be significantly in error·and 

result in incorrect conclusions is not supported by the record of the 

hearing. The test engineer responsible for the Zr-4 test testified 

that a simplified energy balance would be expected to be in error and in 
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any case an energy balance of this sort "is not necessarily germane to 
.. ':'. 

the heat transfer .testll, (Transcript 13,872), By contrast, a detailed 

transient energy balance for each heater, rod in the SS2N test bundle 

. . 
was made in o·rder to derive the convec.tive heat ·transfer coef'ficients 

from the data (Exhibit 1113, page 16-~8; Exhibit ·1069, page 18). 

·Using. these heat transfer coefficients to predict the .temperature 
' . . . ' ~ .. 

response of the Zircaloy bundles also required detailed transient 

energy balances for each rod. in. the Zircaloy bundles (Exhibit ·1113, 

page 16-33). 'lherefore the determination that there were no signifi­

cant errors present in the tests was bas·ed 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 fro~ a simplified_~nergy balance. 
' 

Derivation of. Heat Transfer· Coefficients 

'lbe method <::!f der.iving.heat transfer coefficients- does arbitrarily 

assume a sink temperature (Exhibit 137), but this does. not distort the 

results as suggested by CNI (Exhibit 1041, page 5. 2), Because the sink 

temperature was arbitrarily ~ssumed. to be a constant 212 °F (the sa tura­

~ion tempe:J;"ature of steam at a·tmospheric pressure), some heat· transfer 

coefficients ··derived from the ·data were negative.. The reason for CNI 

concern in this regard appears to relate to heating of the clad by the 

stea.~ (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 -~thema-tics ·Of the :•core hl!atup ~odel _prEAf ic t negative hea:t 

transfer. coefficie~ts when the. sink temperature is higher than the 

rod· surface temperature.. Since the s~eam temperature I1R.1st always be 

below the -hi_ghest rod surface temperature, heating of rods by the 

steam, as indicated by negative heat trans fer coefficients,. cannot 

affect the hot spot temperature and need not be included in the clad 

heatup model. Therefore, the method of deriving heat transfer coef­

ficients does not distort the reeu-lt&: of the experiments or the 

calculation of pea~ clad temperatures following a postulated LOCA. 

Anomalies 

_CNI contends that, "analysis of FLECHT data has not been able to 

reconcile several grossly anomalous and inconsistent results." (Exhibit 

1041, pages 5.2) Inconsistencies between temperatures measured in 

different runs (Exhibit 1041, page 5.15) and different tests (Exhibit 

1041, pages 5.19, 5.101), and interpretation of thermocouple traces 

(Exhibit 1041, pages 5.46, 5.48, 5.60) are the specific illustrations 

presented by CNI. 

CNI sites the apparent inconsistency between the temperatures 

measured _in run 33 of the SS2N test and-·the temperatures measured in 

run 6 and run 13 of the same test (Exhibit 1041, pa:ge 5.16; .. Exhibit 

127, Figure 6) •. As explained in the original report (Exhibit 127, 

page 7) temperatures measured early in bundle life were slight,ly 

lower (S0°F)° than temperatures measured late in bundle life. This 
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occurred becau~e a series of runs with both spray cooling and bottom 

flooding (runs 24 through 31), in which the bundle was cooled ··m:>re 

quickly, was pe'.J:formed just prior to the purportedly anomalous test 

.run. --Therefore the difference in :temperatures was,attributed to the 

. . . . . 

distortion and ·bowing of the heater rods. Post-test inspection of· 

the bunc,Ue confirmed· that the rods were bowed and distorted. Rod 

distortion iB. further verified by noting that all the runs (33, 34 

and 35) performed a~ the same power., but after the combined spray-

. flooding runs, were consistent among theuselves (Exhib:f:t 127, Table 1). 

In addition, o·ther .. runs (2, 4, 9 and 17) perfonned prior. to_ spray­

flooding runs were alee;, consistent among themselves (Exhibit 127, 

Figure 7). This minor perturbation is approximately the amount 

predicted to o~cur due to bundle -distortion, it is well· understood, 

. . 
it is not significant, and it was considered in develop~~g the evalu~ 

ation models of the Interim Policy Statement ·(Elchibit 1113, page 16...:.7). 

CNI cites as another apparent inconsistency the difference between 

the temperatures measured in two tests using the SS2N and the SS4N 

bundles which CNI considers to be "closely the same'' (Exhibit 1041, 

page 5.19B)._ · However, ·the tests _bundles _were not the s·~me since the 

axial power ~eaking· factors differed (Transcript 7013; Exhibit 1113, 
. . 

page 16.;.38), · This difference' :in peaking caused approximately half of 

the dif~erence in measured temperatures. The remaining difference 
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-,"could -be-the-re~ult of experimental errors. Even though the neasured 

-temperatures differed, the heat' transfer coefficients derived from 

the two . _sets -of test data are not significantly different (Transcript 

7019;,Exhibit 136, Figure G-35). When each set of heat transfer 

coefficients ·1s · applied· to· a postulat~d IDCA, the calculated peak 

clad temperatures differ by only 40 °F (Transcript 14, Z34) . The ref.ore 

the difference between the SS2N and the SS4N tests, although considered 

in developing the IPS, is not significant. 

The CNI argument that the interpretation of the thermocouple traces 

from the Zr2K tests "indic_ates a false temperature turnaround" (Exhibit 

1041, pages 5.46, 5.48, 5.58-5. 79) is repeated in the CNI Concluding 

Statement (page 5 .11). The sunnnary of the questioni.I:lg and testimony 
" . ·~.. . 

presented iri the Initial Closing Statement· on Behalf of the General 

Electric Company, Volume 2, page P-2, agrees with the view hel-d by the 

staff with -regard to the Zr2K tests. In any case, the discussion is 

irrelevant to the determination of the validity of _the Proposed Rule 

since the Zr2K bundle temperatures under contention occurred long 

after the corresponding reflooding of a fuel assembly in a reactor 

would have occurred. This portion of the Zr2K test is not repre-

--
sentative of conditions -expected in a BWR. with jet .pumps __ and was not 

considered in d.eveloping the heat transfer coefficients specified in 

Secticn II.M. 
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CNI · contends that "several crucial FLECHT tests are compromised 

beyond salvation by experimental problems and incompetent or careless 

conduct II (Exhibit 1041, pages 5. 2' 5 :100). These prob lens include heater 

.. 

.. and thermocouple failure (Exhibit 1041, pages 5.40, 5.42, 5.64), the use 

of molybdenum heaters (Exhibit 1041, page 5.10), the reaction between the 

alumina insu.1,ator and the Zircaloy clad, and accumulation of water in the. 

test assemblies·. 

The failure of heaters and the power shifting caused by the 

· molybdenum heate·rs impaired the usefulness of the tests but did not 

compromise their validity for use in constructing an evaluation model 

(Exhibit 1113, page 16-34). Re flooding of fuel· assemblies in a BWR 

following a postulated accident is calculated to occur within 2.5 

minutes after initiation of the core spray. Re flooding of the fuel 

assemblies will provide a significant increase in heat transfer, and 

as a result clad temperatures will be quickly reduced. All but three 

of the heater failures in the Zr2K test and all of the heater failures 

in the Zr3M and Zr4M tests occurred later than three minutes after spray 

initiation. .Therefore most of the failures did not affect the po'rtion 

of the experiments which were relevant to a LOCA heatup t~ansient in a 

BHR with jet pumps. The changes 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 arid· included in the· calculat:io~ 

used to pred.ict the te_st results (Exhib:l.t 1113, page 16-35). The 

data used to test the predictive capability of the core heatup nndel 

was either unaffected by ~e problene cited by CNI, or the input to. 

the model was properly corrected for their effect (Exhibit 137, 

page 28). 'Iherefore evaluation of the predictive capability of the 

core heatup model, which was baaed on ,.th~ comparison .of the predictions 

of the 100del to the data, is independent of the problems cited by CNI. 

In some of :the Zircaloy tests, the alumina insulation mater:Lal. 

reacted chemically with the Zircaloy, thereby heating the cladding and 

causing some l_Oc!!l melting. However, this reaction occurred, as shown 

in further tests, nearly 100°F above the Interim Acceptance Criterion 

.c.lad temperature limit of 2300°F. Furthernnre, the reaction involved 

a material unique to the test and not found in reactor fuels; i.e., 

alumina vs uranium oxide (Transcript 10,425). Therefore this phenom­

enon was not considered in the development of the GE core heatup m:>del. 

It is worth noting that this inadvertent chemical reaction provides 

additional evidence of the effectiveness .of the core spray. Even 

though some· melting occurred in these high temperature tests, the 

tempera_ture rise was halted and i;-eversed by the action of the water 

spray (Transcript 14,270). 

CNI contends that the spray water in some tests did not drain 

properly from tl1e test rig, and thus it accumulated and produced some 
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flooding of .. the test bundles which.resulted in higli~r Hi1~Atlii11M\r;;,, 
coeffic;i.ents than would be· expected from spray alone (Exhibit_ 1041, 

page 5. 37) •. However, the test engineer testified that although the 

possibility of water- accumulation could not be ruled out, none was 

observed (Transc~ipt 13,896; 13,901). 

Spray Flow 

CNI vif!WB the supplemental tests, used to determine the appro­

priate value· of the spray flow rate for the· FLECHT tests, to be very 

simple and unrepresentati.ve (Exhibit 1041, page 5. 5), and the Silllllla­

tion of the spray in the FLECHT tests_ to be :in error (Exhibit 1041, 

page 5.39). The supplemental experinents which were performed to 

detennine t:he · distribution of spray flow in a reactor and the proper 

value.to use in the FLECHT tests have been discussed by both the staff 

(Exhibit 1113, Chapter 16) and GE (Exhibit ll48, Section 0). The spray 

flow rate used in the FLECHT experiments was based on experiments which 

. measured the distribution of the spray am:>ng the fuel -a~semblies 

in a reactor. A full-scale 11Dckup of the top of a reactor core was 

used in these experiments :including duplicates of the fuel bundle 

channels anci iifting handles, the core spray sparger, and the nozzles 

.. 
used in a -reactor. The ·steam .separators were modeled using stand 

pipes (Exhibit 1148, page 0-3). The. tests reproduced the expected 

spray distribution~ velocity: and droplet size because the type and 

arrangement of the spray nozzles dupiicated those c;>f a reactor 
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(Exhibit .1113_, page 16-23). Bo.th spr_ay flow distribution measurements 

and photographic observations of ;the core spray droplet sc;i.ze distri-

. bution were. made during these tests (Exhibit 1148,. page 0-5). Addi­

.tiorial tests were performed with steam updraft simulated by air. 
. . 

Analyses demonstrate that _the air flow· selected for these additiop.al 

_tests proper;y simulated the expected steam flow (Exhibit ·1148, page 

0-5; Exhibit 1113, page 16-22). Additional tests with steam flow 

through ·a single channel at at100spheric pressure investigated the 

effect steam might have on droplets (Exhibit 1113, page 16-23). The 

results of all these tests demonstrate that the spray flow used in 

the FLECHT tests is less than the minimum expected in a reactor, 

and that steam flow up.through the fuel assemblies will not have a 

significant effect on spray flow distribution (Exhibit. 1113, page 

16-23). 

CNI expressed concern over the lack of experiments to determine 

spray droplet .size distribution or the velocity and the degree of 

superheat of the ejected steam (CNI Concluding Statement, page 5. 43). 

However the need for these experiments has _not been dem:>nstrated. 

Me~surement of spray particle .size distribution is unnecessary 
I 

because, as. discussed in the preceding par~graph, 'the tests made to 

assess the effect of updraft on the spray distribution reproduced the 

spray particle size distr:!.bution in a reactor (Exhibit 1113, page 

.16-23; Transcript 14,226). Tests to determine the steam velocity and 

.. 
temper~ture are unnecessary since the velocity in~rease due to the 
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.• expanded ·specific vol\.Ulle of superheated. steam is shown both quali- ' 

~ tativeiy (TranBcript .13; 951) and quant:ita·tiveiy (Exhibit. 1113, page 
·.· •' . . . . . .. . 

.. 16~~2). to bl? offset ~y· the ci~c:rea:s~d steam g~neratf.on:.:rate.·result:i~g 

. from .the dfvJrsk;n of energy to the superhea ting 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 temperatu,re Zr3M and 

. Zr4M tests (riot the lower temperature Zr2K test cited py CNI) was sig-

nificantly greater than previously observed. This subjective 

observation:is :only indicative that the higher rod tempera.tures 
) 

observed in these tests may have 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 

test. tra~sient - a period after reflooding occurs in a reactor. 

Therefore this. observation is irrelevant to the development of the 

Propes ed Ruie .. 

Bundle Power 

Although GE makes no mention of it in their Concluding Statemen~, 

both the st::a:ff and CNI recognized that tl).e Zircaloy bundles in the 

· BWR. FLECirr 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). Ho~ever, the CNI Concluding Statement (page 5.13) incor-

. rectly assumef;) that the staff ignored this fact and gave "the benefit·· 

of the doubt to system ·effectivenes~"· Althm,1.gh the thermal response 

of the test bundles· is not completely representative of the highest. 

powered BWR fuel assemblies, the heat transfer mechanisms operative 

during spray ~~oling were simulated since they are strongly dependent 

on temperature and not direct functions of bundle power (Exhibit JJ.13, 

page 16 .17). · · Since the temperatures in the test bundles exceeded the 

range of teinpera:tures calculated for any fuel assembly following a 

postulated· LOCA. (Exhibit 1113, pag~,)-6-20), the heat tra.nsfer coef­

ficients based on this data and specified in Section II.M of the 

Proposed Rule are appropriate for calculating temperatures in any fuel 

assembly, including the highest powered. Use of these heat transfer 

coefficients in calculating the temperatures of bundles with various 

power levels correctly predicts the thermal response. This confirms 

the staff's .conclusion that "the peak clad temperature was a strong 

function of power" in the BWR FLECHT test (Exhibit 1113, page 16-15). 

Therefore, the ·information cited by· CNI reaffirms rather than 

contradicts the staff's conclusio.ns . 

. Conclusion .. 

The Regulatory staff concludes ·that the BWR:_FLECHT tests are 

adeque 1:e for the purpose intended, t:he results are applied :i.11 a con-

servative ma1:1Iler when in accordance with Section u:.M of the Proposed 
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Rule,. and. the resulting calculations cons~rvatively predict the tem­

perature response of the fuel cladding iri. a BWR core. · 
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CHANNEL BOX WETTING 

The Proposed Rule Appendix K, Section II. N 

N. Channel :&JC Wetting (Applies Only to Boiling Water React·ors). 
Following the bl_owdown period, heat transfer from, and wetting of, 
the channel box shall be based on appropriate experimental data. 
For reactors with· jet pumps and ·fuel rods in a 7 x 7 fue,l assembly 
array, the following heat ~ransfer coefficients aiid wetting time 

'correlation are acceptable. · 
1. During the period after lower plenum flashing, but · · 

prior to core spray reaching rated flow,. a convective coefficient 
o.f zero shall be applied to the fuel ·assembly channel box. 

2. · During the period after core spray reaches rated flow, 
but prior~ wetting of the channel, a convective heat tr~nsfer 
coefficien·t of 5 · Btu-hr-1-ft2-r1 shall be applied to both sides 
of the channel box. 

3. ·wetting of the channel box shall be assumed to occur 
60 second·s after ... the time determined using the correlation 
based on the Yamanouchi analysis ("Loss-of:-Coolant Accident 
Emergency Core Cooling Mod~ls for General Electric Boiling 
Water Reactors," General Electric Company Report NED0-103.29, 
April 1971). 

Discussion of Channel Box Wetting. 

The wetting time specified in the proposed rule is unchanged from 

that previously specifi~d in the Interim Policy Statemen~, but the 

hea·t transfer coeffic.ients now proposed are slightly lower. Bo th the 

wetting time and the heat transfer coefficients are based _on test 

results from the BWR Full Length Emergency Cool in·g Heat Trans fer 

(FLECHT) program (Exhibit 137). 

The· specified wetting ti.pies _and heat transfer coefficients can 

conservatively represent the conditions expected in a Ev-JR following 

a pm:::ulated LO'.::A orly :..f the tests. on which they are based are 
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applicabie to the specific LOCA condi tiDns under consideration,. and 

the coefficients a~d wetting time are applied in such a manner that 

the temperature response of the fuel clad is co.nservatively predicted. 

A discussion of the, adequacy of the BWR. FLECHT program is contained in 

th~ previous section of this Concluding Statement (Secti~n II.N, Spray 

Cooling Heat Transfer) and in Exhibit 1113, Section 16. The results of 

those tests relating to channel wetting and the manner in which the 

results are applied are discussed below. 

The results of the BWR FLECHT tests have been used to develop the 

correlation specified in Section II.Nof the Proposed Rule. The corre­

lation is based on a theoretical development by Yamanouchi. The corre­

lation relates channel wetting time with a parameter which is a function 

of the channel temperature and a time-dimensioned grouping of charmel 

thermal parameters (Exhibit 131, page D-19). Using measured channel 

temperatures from the tests, the correlation predicts well the 

channel quench times observed in the stainless steel bundle tests. 

The quench times of the ·channels in the Zircaloy bun_dle tests are not 

as well correlated due to distortion of the channel and variations in 

temperature, between different sides of the channel (Exhibit 1113, page 

16-33). If the correlation was modified to fit the Zircaloy bundle 

channel data aione, this IIPdification would be less conservative 

(Transcript ·14, 048)', A conservative estimate of· the. wetting time of 

a fuel assembly channel with a known temperature can·be made using 
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. . 

the procedure_ specified ·in Section II.N of the Proposed Rule, s:1.nc·e 

all but on,e · of the quench times observed :in BWR FLECHT tes·ts are lees 

_than 60 seconds after the. time· cal_eula.ted using the specified correla­

tion (Exhibit 1113, page 16-33). 

The Zircaloy-test-bundle channel boxes were identical to a reactor­

fuel-assembly channel box, thus assuring identical thermal properties. 

However, the fuel-assembly-charmel temperature must be.calculated 

before the correlat:l.on can be used to predict quench times. The tem­

perature of the channel. is a fuµction of -the net energy radiated from 

the rods and. the energy conv:ec ted to the surrounding steam atmosphere 

(Exhibit 1113,. pages 16-8 and 16-20). Although the ra_diant heating 

of the channel in the tests closely simulated that expected in a 

reactor (Exhibit 1113, page 16-6), the erie:tgy assumed to be convected 

froni the channel box included thermal radiation to ·the test rig struc­

ture (Exhibit lll3, page 16-8). A convection coefficient based on the 

uncorrected t~st data might be high by a factor of two. Therefore, 

the coefficient specified in Section II. N has been corrected for 

thermal radiation to the test rig structure. 

~. 
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CORE PLOW DI.STRIBUTION DURING BLOWDO'WN . 

The· Proposed Rule,: Appendix K, Section-. r:r:.o 
o. _Core .Flow Di.st:ribtitiori. ·nurin.g Bl.owdowri ':(Applief:I Only to 

Pr.essurized Water Reactors). · 
· L The flow r~te 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 sha:11 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-cµlated flow shall be smoothed to eliminate .any calculated 
rapid oscillations (period less than 0.1 seconds). . 

z. 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·O~S to form 
the flow input data for the hot channel 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 Core Flow Distribution During -Blowdown/ 

An integral. part of the LOCA analysis. is· the ptedi~tion of local· 

coolant characteristics (flow and enthalpy) at the hot·portiDn of the 
. . 

core (Exhibit 1113, Section 7). During blowdown the ra.pidly flashing 

coolant serves as a heat sink for the removal of energy stored in the 

fuel rods during normal operation, .. Thus, the local coolant conditions 

influence the. peak cladding temperature. .The. ope~ iattice character­

istics of c"Lirrent PWR I s and possible swelling of some ·o·f· the fuel 

rods during blowdown complicate the physical phenomena. 
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Mostly due to fluid density differences, relatively hot ·portions of 

the core will have different flow transients ~han cooler porticms of 

the core. Flow variations may• also exist within ~hese two regions if 

.the geometry of the. individual coolant channels is distorted due to. 

swelling of the cladding. 

The Regulatory staff reconnnends evaluation nodels · that (1) accomt 

for flow variations among the various regions of the core; and (2) 

apply a penalty to the calculated flow rate to account for local flow 

variations within a region once bloc~age is calculated to occur during 

blowdown. The recommended penalty is 20 percent reduction in the 

calculated flow ·rate. This reduction should apply only after clad 

perforation and sw~lling' are predicted in the hot region by appropriate 

calculations. For. the purpose of performing core flow distribution 

.calculations, the hot region should not be larger than the size of an 

. . . 
individual fuel· assembly. Should calculational techniques be. improved 

to a paint that the flow distribution within a region can be predicted, 

revision of Section II. 0 would be appropriate. 

The present recommendation represents a change relative to the 

Interim Policy Statement, ·and it develops fµrther .the Regulatory staff 

· position expressed in the Supplemental Testimony (Exhibit 1113, page 

7-12). Evaluation nodels approved tmder the IPS take 80 percent of 

the calculate·d core ·average flow for use in the cladding temperature 

calculations (Exhibit 1001). It has been acknowledged that. (1) the 
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flow calcuiatio'~ are sensitive to numerical oscillations; and (2) the 

coolant enthalpy·anc flow i~ the hot ,;egions of the core differ from 

those of an average region (Exhibits 1001, 1113). This knowleqge 

led .to the IPS requirements that.·the cor·e flow rate predicted by the 

. system d~compression code should. be smoothed and multiplied by a factor 

of 0. 8. Regulatory staff calculations indicated that use of a smoothed 

flow rate is conservative (Exhibit 1113). The O. 8 factor· accounted 

for uncertain ties in cor:e flow· distribution (Exhibit 1001) • 

During the course of the hearing additional information on flow 

redistribut_ion became available. The extent of flow blockage due 

to cladding swelling and ~rforation was discussed in detail. 

Various p·artic:Lpants also presented predictions of hot region flow 

transients which accounted-for the effect of flow blockage on flow 

distribution. These developments are sUI1IDJarized in Exhibit 1113, 

\.. 

Sections 7 and 20. At the time that the Staff_ Supplemental Testimony 

was prepared (September 1972) all :information available on core flow 

distribution.was reviewed and the following conclusions were reached 

(Exhibit 1113): 

1)· The hot subchannel flow canno.t be represented realistically 

by a sin:gle multiplier, such as Q; 8. 

2) The core enthalpy distribution should be considered. 

, 3) The effec-t of postulated or potential blockage should be 

considered,. 

- ' t 
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The state-of-the-art· of calculational techniques was also reviewed and 

a. three-step p-rogram was reconnnended, nanely: · ·(!} extend the· use o-f 

the interim require~nts.--.for approximat,ely one nore year; (2) develop 

and use improved analysis techniques; .,and (3) verify the improved 

techniques with experinental data • 

. The Redirect and Rebuttal Testimony of various participants 

presented additional infC>rmation on flo.w distribution during blowdown. 

B&W (Exhibit 1137,. pages 8-1 to 8-3) perfonned a study with multi-region 

core representation using the CRAFT code. This study was repeated 

with calculated flow area reductions representing flow blockages in 

various parts of the core. CE (E:xhibit 11.44, pages 5-4 to 5-6) dis­

cussed the results of CEFLASH-4 calculations using a two-region core 

model. 'lb.is study also included the explicit representation of flow 

blockage. Both the B&W and the CE studies selected one fuel assembly 

as the size of the hot region. No att~mpt was made to predict flow 

variations within this region. The Westinghouse Redirect Testimony 

(Exhibit 1151., page 15-1) presented experinental verifications of 

the THINC III code which is used to calculate flow redistribution due 

to blockage ~uring blow down. Calculations were compared with results 

of steady-state _sub channel temperature meas_urements and with. results 

of the Westinghouse isothe·rmal flow blockage experimentE:i, 

The conclusions of each of the above-nl!rntioned studies supported 

the first two suggestions of the Regulatory staff's Supplemental Testi­

mony, nameJ.y that (1) the hot sub channel flow cannot be represented 
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by a single multiplier applied to 'the average channel flow; and (2) . 

· the cote enthalpy distribution should also be considered in determining 

criteria. Regarding flow blockages the studies concluded that, when 

blockage_s were explicity represented in the calculations {within the 

limitations of. these calculations), the resulting peak cladding tern-
.. 

,peratures were_ approximately the same as calculated by the present 

evaluation models. B&W reported a 22°F reduction in peak cladding 

temperature :when using calculated blockages. (Exhibit 1137) ~ CE stated 

that an assumed 65 percent blockage ui the hot region and no blockage 

in the rest of the core gave approximately the same results as the 
. . . 

present CE evaluation modei (Exhibit 1144). The CE assumption is 

severe since no blockage greater than approximately 70 percent has 

been observed in 16-charmel test assemblies or in test assemblies 

· having uvre than 16 channels (Transcript 9166-67); cu.rrent PWR. fuel 

assemblies contain approximately 200 channels. 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 Statements. The 100st complete review of the .. evidence 

supporting _the IPS requirement. on core flow redistribution can be 

found in the B&'W Concluding Statement. 

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 used in 

the heatup calc.ulations. Based on this evid~nce CNI concluded that 

the IPS requirements on core flow redistribution are unacceptable •.. 

CNI suggested .no alternatives to the ·assumption of 80 percent of 

average core flow. 

The Regulatory staff concludes that the technology is now available 

for the explicit representation of the hot_ assembly iri 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; 

3) it permits. the direct rep res en ta tion of assembly-:wise blockage 

in'the calculations. 

For these reasons, the Regulatory staff proposes the incorporation 

of hot assembly flow calculations into the evaluation models. At 

the same time I the Regulatory staff recognizes that no satisfactory 

subchannel~flow calculational · techniques are. pres~ntly available to 

predict flow variations during·blowdown within a hot assembly in the 

presence of. fuel swelling. Unti1 appropriate methods are developed, 

and because of the insensitivity of this multiplier on peak clad 

temperature· (Exhibit 1113, Sections 7 .O and 10 .O), the Regulatory 

, I/',_,,, l} 
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Staff recom~nd~· a 20 percent reduction in the calc~ated hot ~ssembly 

flow to account for. ~ssible reductions iri :local flow in :the immediate 

vicinity of .the swollen fuel r~gion •. For reasons given abov~,.this 

·approximate. treatmellt of the coolant flow is· acceptable now." · However, 

the Regula tor;y· staff: expects tha·t:_ development of improved analytical · 
·"\ . ·. ' 

models ·and performance of experiments will continue in the direction 

indicated in Section 7 of Exhibit 1113. The development of experi­

mentally vertfied, three:--dimensional subchannel codes for analy~is of 

power-_and block~e-induced flow redistribution wast~~ goal suggested 

by the staff i~ that earlier do~ument. 
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COOLING WATER INJECTED DURING BLOWDOWN 

Proposed Rule, Appendix K, · Section II. P 

P. Cooling Water To,.jected 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. catculaJ:ions 
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 cooling water 
calculated. to be injected during the bypass period may be sub­
tracted later in the cal~ulation from the water remaining :in the 
inlet lines, downcomer, and reactor vessel lower plenum after 
the bypass period. · This bypassing shall end in the cal cul.a tion 
at a time designated a8 the 11end Of bypaSS, II after Which the 
expulsion or entrainment mechanisms responsible for the bypassing 
are. calculated not to be effective. The end-of-bypass definition 

-~sed ::Ln 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 follow:ing: 
1. Prediction of the blowdown calculation of downward flow in. 
the downcomer j;or the remainder o.f 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. nuinb·er. . .. .. .. ... ... . . 

Discussion of Cooling Water Injected During Blowdown 

'Ihe Interim Policy Statement described a phenomenon ident:1,fied asr 

11 accumulaoir bypass. 11 Accumulator bypass is a term used to describe 

an assumption regarding emergency core coolant injected into the 

primary coolant system durf,.ng the blowdown period of a postulated 

PWR cold-leg break. In the Interim Policy Statement the several PWR 

evaluation· mode.ls require that ECC injected during the blowdown .period 

should be cot:isidered lost. In that context, blowdown was defined as 

the time at which zero break flow was first computed. The Proposed 
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Rule, above, .requires an approach to- the calculated end of by.pass 

which is basedon the physical phenomena responsible for bypass. 

This requirement replaces the previous method. wh f.ch was arbitrary in 

nature, as explained ·below. 

Two principal. reasons were cited in Exhibit 1001 as· necessitating 

the arbitrary, cx,nservative bypass requirement. The computer codes 

were regarded as inadequate in their ability to account for the inter­

action of the cold ECC with the hotter primary fluid, and several 

small scale· tests, the Semiscale 845-851 test series conducted at 

ANC, exhibited experimental behavior at variance with ct,de -predictions. 

Testimony by the participants offered differing viewpoints on , 

the s_ubject of ECC bypass •. Westinghouse discussed 1/16 _scale tests 

they performed in relation to ECC bypass, but the test results 

were never fully reported (Transcript 14,618). The results were 

generally insufficient to permit quantification of a. change in the 

bypass requirement (Transcript 14,629). Some. qualitative results 

from the tests were that the dimensions of the lower plenum, the ho_t-

leg .mzzles,. and the dowqcomer affected bypass (Transcript 14,638). 

Westinghouse witnesses further testifiep that they were not now proposing 

a change in. ~he- bypass requirement (Transcript 14,707). Combustion 

Engineerin~ testified that the 100 percent bypass ass~ption is 

conservative,· but that there is a possibility that so~e. ECC is· lost 

(Transcript 13,181) •. Th·is opin·ion, apparently based on CE's engineering 

judgment as opposed ~o a calculation, was also-offered earlier by 

the staff in ·Exhibit 1001. 
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Further discussion of ECC bypass was presented at the redirect/ . . 

rebuttal phase of the hearing. The Regulatory staff, in Section 8 

of E:xhibit 1113~ stated its belief that the bypass analysis could be 

improved if a method was used which related in an analytic fashion 

to the phenomena.that might cause ECC rejection. The staff recommended 

that a time in ·the blowdown sequence be established as the "end of 

bypaas 11 which ~ould, for this purpose, supplant "end of blowd~n." 

The suggestion was that ECC bypass would still be assumed, but it 

would be terminated on the basis of a mechanistic rather than an 

arbitrary toodel. · This approach would permit a variation in analyses 

dependent on .tlie .extent to which analyses and experimental resources 

. were applied to the problem. During the direct phase o.f the hearing, 
•:;-

and in.the redirect/rebuttal phase, only one other participant, ·B&W, 

offered specific suggestions as to how to best quantify the end-of­

bypess phenomenon. B&W present~d in their Redirect/Rebuttal Testimony. 

(Exhibit 113i, S_ection 4) three separate formulas for quantifying the 

process wherein the upflow of steam can inhibit the downflow of liquid. 

These nechanisms are based on two-component flow theory and ignore 

the condensation effect. that would accompany the interaction process. 

The Regulatory s-taff concludes that the B&W .suggestions are useful 

and that the ·mbst conservative of the three, concerning dr.oplet 

ejection, should now. be used. In practice this would. permit end of 

bypass for a small upward velocity in the downcomer. In .the Proposed 
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Rule the· use of' droplet entrainment i~ reconnnended as an acceptable 

method of def_ining "end of bypass. II Greater detail on _this mechanism 

is given :ln Exhibit 1137. Alternatively, and even more conservatively, 

·the staff 'concl~des that when the·direction of flow in the reactor 

downcomer is downward, no -additional. ·F.CC bypass need be assum.ed. The 

staff believes that. other means of calculating ECC bypass also exist. 

As more data.become a~ailable the staff believes other methods should 

. be proposed .. ~hd, if acceptable, could ·be adopted for ~se~ 
B&W in its Concluding Statement suggested a nvdel ·for F.CC bypass 

which appears t? 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 the .Wallis flooding 

correlation. The Wallis correlation is also one of the three methods· 

discuss·ed in- the B&W Redirect/Rebuttal Testimony. Westinghouse ha_d 

p:reviously -te.stified _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~ted anywhere on the hearing record any comparisons of 

... the Wallis ··correlation with steam-water data or ·with q~compression 

data. As a.result, the staff can not now recommend adoption of the 

Wallis correla.tion for ECC bypass, but we do. not rule out such 

acceptance in the future> based on appropriat~ supporting information. 
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CNI in itS" Concluding Statement (page 6.3) conunented on "accumu­

lator exhaustio~. ,; Therein CNI expresses a concern that the residual 

accumulator inventory at the end of blowdown may be :i.nadequate to 

fill the lower plenum volume. CNI is in error in its allegation that 

residual accumulator inventory is overlooked. The Interim Policy 

Statement ·1n the approved evaluation models· for PWR's required a 

calculation of th.e sequence of events subsequent to the end of blowdawn 

based on the accumulator inventory at end of blowdown.· For solll:! breaks 

in sone plants the result of t:hat requirement is that the accumulator 

inve.ntory is not sufficient to refill the lower plenum .. ln such cases 

reflooding is provided by ECC pumps,· and the cladding temperature 

transient is· computed accordingly. CNI offered no suggestions regard­

ing .minimum accumulator inventozy during direct or redirect/rebuttal 

testimony. However, it is self-evident that what might be an adequate 

residual accumulator inventory at end of blowdown for one break size 

could well be nonconservative for another. That is why a spectrum of 

breaks must .be considered in LOCA analyses, and that is why such 

consideration was a part of the IPS and remains a part of the Proposed 

Rule. 

. . . . . ., .. 
Combustion Engineering did not offer in ·1ts. C~ticluding Statement 

any useful s·u~gestion as to how· to calculate ECC bypass. They 

suggest for the first time (pages 3-22) a 'waterfall 11 concept, but 

they offer no. ·quantitative mdeling procedure; The ECCS Utility 
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Group in its Concluding Statement did not comment on ECC bypass,, n6r 

did the General Electric Company •. · 
' . . 

In s'llIIDriary, the Regulatory staff -.reconinends the replacement of 

the IPS requirement concerning accumulator bypass during blowdowri by 

the mre realistic approach of Section II.P, Appendix K of the 

Propose<;J Rule. 

i 

r 

I 
l 

l 

f. 

I r-
1 
I 
[ 

I 
I 
i 
! 
I 

! 
I 
l 
I 
I 
[ 

l 
i 
I 

[ 



- -194 -

RE]LOOD HEAT TRANS FER 

The Proposed Rule 1 Appendix K, Section n.Q 

Q. Reflood Heat Trans fer (Applies Only to Pressurized Water 
Reactors)~ For the early porti9.n of the reflood period, during 
which droplet entrainment or fluid oscillations do not transport 
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 trans fer. A transition to reflood 
heat trans fer coefficients based on applicabll:! e2q>erimental data, 
including FLECHT results (''PWR FLECHT. (Full Length Emergency 
Cooiing Heat Transfer) Final Report, 11 Westinghquse Re.port WCAP 
7665, . April 1971) shall be made. when:.·ealeulat,ed -conditions-. are 
sufficient to transport a two-phase mixture to the hot spot. 
The criteria for such transition shall be justified by analysis 
and/or experinental results. The use of a correlation derived 
from FLECHT data shall be de100nstrated to be conservative for 
the transient. to which it is applied·; presently available FLECHT. 
heat transfer correiations ("PWR Full Length Emergency Cooling 
Heat Transfer (FLECHT) Group I Test Report, 11 Westinghousf:! Report 
WCAP-7 435, January 1970; "PWR FLECHT (Full Length Energency 
Cooling Heat Transfer) Group II Test Report, 11 Westinghouse 
Report WCAP-7544, September 1970; 11 PWR FLECHT Final Report 
Supplem:ent, 11 Westinghouse Report WCAP-7931, "-October 1972) are 
not acceptable. New cOrrelations or modifications to the TI,ECHT 
heat transfer c·orrelations 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 Trans fer 

The staff's Direct Testimony (Exhibit 1001) stated that experi-:­

mental data obtained from the PWR-FLECHT program (Exhibit 150) was 

sufficient to permit a realistic evaluation of the heat transfer 

phenomena during reflood. In reaching this conclusion~ the staff 

recognized· uncertainties with respect to: 
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1) PWR:...FLECHT bundle-housing effects .. 

2) Potential differences betw.een h~t. transfer coefficients for Zircaloy 

and stainless steel. 

3) Potential in PWR' s for oscillatory reflood behavior not observed· .. 

in PWR-FLECHT • 

4) Experimental measurement and correlation errors. 

Before writing its Supplemental Testimony· the staff reviewed the 

hearing .record to that date and .assessecT·tne informatfori. 'and' cfificisins 

offered by. participants with regard to the above considerations· and 

the PWR-FLECHT tests in general. The results of that review are 

· presented. in detail in Section 17 of the staff's Supplenental Testi...: 

mony (Exhibit 1113). 

In view of continued expressions of concern.regarding the 

validity of the PWR-FLECHT experiments and the application of the 

data, the comments which follow are offered to delineate th~ bases 

for the sta:.ff conclusion expressed in Section II.Q of the Proposed 

Rule. 

FLECHT .bundle-housing effects received considerable critical 

attention during the F.CCS hearings (e.g., Exhibits 1041, pages 6.5-6.9; 

1044; and Tra.nscri.pt pages 6778-83; il,_245-59; ll.~382"".6; 11,399-402; 

10, 676-7; 10~ 664-9; 10~ 690-6). Bundle-housing effects had been initially 

assessed by .. ANC as having about a 10 percent. effect on computed heat 

transfer coefficients (Exhibit 1006A, page III-:i..). Reassessmei1 t by 
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ANC estimated the effect to -be -less than 5 percent (Exhi.bit 1113, 

page 17-3). Westinghouse estimated the effect to be less than 1 per­

cent (Exhibit 1078, pages 46-52). The staff concludes that -PWR-FLECHT 

heat transfer coefficients are insensitive to the bundle.,-housing 

(pages 17-2.to.17-4, Exhibit 1113). 

CNihas criticized(Exhibi.t 1041, pages 6 .. 7b, 6.8, 6.8a; Tran~ 

script page~ 19,046-83.; .19 ,437-38) ·the use of PWR-:FLECHT heat transfer 

co.efficients derived from tests using stainless steel. This concern 

· is the CNI :basis for suggesting a condition of "thennai runaway" in 

the tests (page 6.Ba of Exhibit 1041). The staff's considerations 

and position ~egarding the.· use of stainless· steel data is contained 

in Exhibit_ lll3, pages 17-5 to 17-10, where it is sho:wn that the 

CNI concern is in error because it is - based on a comparison between 

FLECHT Test· 9573 and a react~r U>CA cal~ulation for conditions of 

significantly different rod power densities. This error, and others, 

have been noted and coi:nmented on in the Westinghouse Concluding 

Statement of Position, pages C-74 to C-76; in B&W's Concluding 

Statement, pages 198-201; and in B&W's Response.to CNI's Concluding 

Statement, pages 26-28. Furthermore, CNI's concluding statements 

regarding PWR-FLECHT, pages 5~_31-5.36, no longer contest the validity 

of heat transfer c.oef°ficients derived from stainless steel rods. In 

summary, the ·-staff conclusion is that heat transfe:r coefficients 
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derived from. PWR.-FLECHT stainless steel experiments• can be· ul3ed for 

PWR reflood analyses. 

CNI at one time expressed concern with possible-errors in the 

derivation of PWR-FLECHT heat trans fer coeffic·ients (Exhibit 1041, 

pages 6.19-6.23). The evidence in the hearing r-ec;ord (Exhibits 150; 

156; and 1113, pages 17~13 to 17-15) shows that experimental _measurement 

errors and .C?o:rrelation uncertainties were understood sufficiently to 
- -

pepaj,t use of the heat transfer coefficients in PWR refl~~d heat 

transfer ana:ly~es. · CNI's Concluding Statenent, pages 5.31-5.37, no 

- - - \ 
longer contests this subject. 

The potential for oscillatory flow behavior during the early 

portion of the reflood period has -been noted (e.g., Transcript 6842; 

21,021). The staff's conclusion is that the use of the FLECHT heat 

transfer dats based on constant flooding rates underestimates heat 

transfer during early reflood oscillations in PWR. 1 s, as discussed in 

Exhibit 1113, pages 17-11 to 17-13. However, the staff _has suggested 

(page 17-11 of Exhibit 1113) continued thorough review of the -PWR­

FLECHT-SET results to substantiate this conclusion for a wide spectrum 

of oscillatdry re flood conditions, 

In summary, the staf;f reiterates that PWR-FLECHT was de.signed to 

provide heat trans fer_ data for use in PWR reflood _analyses (Trensc ript 

10589-91), and it was not a PWR reflood dem:>nstration experiment as . 

was erroneously suggested (Transcript 6798). The staff concludes in 
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aq:ord with its Direct Testi11X>ny (Exhibit 1001, page 3-50) that .the 

.FLECHT data offer a realistic representation of the heat transfer 

phenomena during reflood and should be used in the reflood period of 

LOCA calculations. Westinghouse's Concluding Statement (pages lll-113) 

and B&W' s Concluding Statement (pages 205-206) reflect their support 

for continued use of PWR-FLECHT heat transfer data. 

The staff noted in Exhibit ll13, page 17-15, that existing PWR­

FLECHT heat transfer correlations, as opposed to data, do not adequately 

correlate heat trans fer. data early in reflood. Therefore, Section 

II~ Q of the Proposed Rule requires use of the data applicable to the 
. . 

particular transients under consideration • 

. Based on the considerations discussed above, the staff concludes 

that PWR-FLECHT heat transfer data can be used in PWR reflood calcula­

tions, on the condition that evalu.ation models (see Sections rr:Q and 

II. S of Appendix K) conservatively treat calculations of reflooding 
. . 

rates and associated phenomena. 
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. STEAM-LIQUID . -INTERACTION IN PIPES 

The Prqposed Rule Appendix K, Section II.R 

R. Steam-Li uid Interaction in Pi es (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 -j::hermal and hydraulic aspects of reflooding rate cal­
culations. · During refill and reflood~ the calculated steam 
flow in reactor coolant p~pes shall be taken to be zero during 
the time that acctnnUlators are discharging water into those 
pipes' ··and -emergency cooling water shall be assumed to mix 
homogenously ·with steam, unle-,as. -e~~r:bnental .. evidence .is 
available regarding the realistic. t:hermal-hyd_raulic interaction 
between the steam and the liquid. The thermai-hydraulic inter­
action between steam ~nd all emergency core cooling water 
shall be taken into account in calculating core reflooding 
rate. 

Discussion of Steam-Liquid 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· th-ese legs (except for the B&W design which has accumulator 

injection into the downcomer)~ This increased resistance is ·due to 

complex interaction (Exhibit 1113, Section 14) between the injected 

accumulator water and the steam flow. The increased resistance has 

a potential for causing a decreased flooding rate (Transcript 11,825-7). 

To in~ude these effects in the flooding rate calcul!:l,tions, .it is· 

necessary _to account for the physical phenomena whieh occur. In 

the absence of experimental data, the IPS contained the conservative 

requirement to assume a blocked-loop (r.o s::eam ·flow)· c.onaition ::c, 
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exist ·during acc{imulator injection in West;lnghouse PWR' s and,·lin 

increased ste.am .flow resistance in Combustion Engineering PWR 's. 

'!he staff has. ~tated that total steam flow blockage is a worst case, 

and in reality ·s:team-flow past the ac,cumulator injection point is 

likely·_(E:xhibit 1001). The evaluation 100dels of the Proposed· Rule 

will allow· for calculations o:j: the effects of steam-wat_er interaction 

during· refJll and reflood when test results are· available ·for the 

particU:1-ar con'figuration and conditions expected during acciuinulator 

injection (such as those. repor~ed in E:xhibit 227, CE Redirect...:.Rebuttal 

Testimoµy, pa~es 8-10 to 8-18). These same thermal-hydraulic effects 

are expected to occur during the injection of other ECC (i.e., in­

jection by both high:- and low-head pumps), even after accumulators 

nave been exh.austed (Exhibit 1113, Section 8.0). The effects on 

steam flow due to all ECC injection should be taken into account, 

as provided in the Proposed Rule. 

During ECC injection there is a momentum and energy· exchange 

between the steam and water. (C.:E Concluding Statement, Section 3. 3; 

Westinghouse Concluding Statement, pages 80-81). Both Westinghouse 

(1/14 Scale)-arid CE (1/5 Scale} have perfo·rned tests to determine 

effect of injection into the cold leg during reflood. CE in their 
. . 

Concluding Statement, page 3-64, has proposed a new prediction model 

that includes the effects cf their injection design and of nomentum 
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I' •;,• ~ " ' • 

·and energy exchange be.tween ECC and steam. Westinghol}B_e at page 80 

of .. its Concluding Statement has also proposed to submit, ·at a 'later 

date, a new refill-rta.flood model. These.proposed changes will be 

evaluated by the staff 'When they are submitted. · The· staff I s con­

clusion is that :new refil-1-and ref.Lood .models proposed by the PWR 

vendors should include the thermal and hydraulic effects on st;eam 

flow of all emergency core coolant. 

The CNI .·Concluding Statement .did no.t .reference steam-water. 

interaction ,as: a problem in core-refl.ooding--rate calculations. 

" - • ,:f>, 

I 
. I 

! 

I 
1· 
r 

1· 

I 
.i.. 

I 
I 
I· 

I 
I ., 
I 
! 

·i­
i 

i . I 

I .r 
i 
i 
l 
I 

' 

I 
i 
i 
! 
l 

!-



- 202 -

REFLOODING RATE CALCULATIONS 

The Proposed Rule, Appendix K, Section II.S 

S. Reflooding Rate Calculations (Applies Only to Pressurized 
Water Reactors). The refilling and reflooding flow rate 

shall be cal~ulated 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 to_tal liquid flow 
at the co~e inlet plane (carryover-rate-fraction) shall be used 
to determine the core exit flow and shall he determined in accor­
dance with applicable experimental data (for example, "PWR FLECHT 
(Full Length Emergency Cooling Heat Transfer) _Final Report," 
Westi,nghouse Report WCAP-}665, 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 Suppl_ement," · Westinghouse Report. WCAP-7931, October 1972). 

The effects on the reflooding rate of the compressed gas in 
the accumulator, which is discharged following accumulator water 
discharge,. -shali also 1,e taken into account. 

'7 

Discussion of Reflooding Rate Calculations 

The PWR refill-reflooding computer programs described in the 

Interim Policy_Statement .provide a means to calculate the average core 

reflooding rates. The staff has re-examined. the evidence and arrived 

at the view (Exhibit 1113, page 14-17) that more sophisticated refill-

. reflood comput~r programs can and should be developed to more accurately 

represent the physical phenomena t'hat would occur. · An example of the 

preset::: absence of sophisticat~-on is the failu;.e of all but one vendor's 

reflood computer programs to predict the oscillatory riature of reflood 

.. - ..... )•\ 
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observed in the FLECHT--SET e:xperinents. (Exhibit 1113, pages 14-15 to 

14-16), In addition; both core .and sys:tem thermal and hydraulic 

effects which occur during refill and reflood should be modeled. 

A partial list of such phenomena to be considered was_ presented in 

the staff's questions to vendors (June 1972)~ 

The degree of conservatism in reactor refill and reflooding 

calculations for PWR I S has been dis cussed extensively in the 

hearing (Transcript pages 12,631; 13,053-5; 12,598-609; 19,197-215; 

10, 76 7._9; 10_,272-4; 10 ,2 68- 74 and others). Core re flooding models 

include calculations and assumptions concerning parameters such as 

containment pressure, loop seals, steam-water interactions during· 

accumulator. injection, carryover-rate._fractions, pump resistance, 

heat sources, and re flood initial conditions (Exhibit 1113, Sections 6, 

8, 10, 14 and 15) .. Several.examples of conservatism in these mo_dels 

can be given here. Blowdown heat transfer calculations are performed 

so as to maximize the stored energy in the fuel at the beginning of 

the reflood calculation (see discussions above of proposed Sections 

II.H, I, and J of Appendix K). Conservatism is also provided by the 

treatment of accumulator bypass with regard to minimizing the water 

remaining in the vessel at the end of bl~down and thereby delaying 

and decreasing the calculated initial core reflooding rate (Exhibit 1113, 

Section 8). Galculational conservatis~ are. also discussed by the PWR 

vendors (B&W.-Concluding Statement, pages 206..;.223; CE Concluding 
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Statement, pages 3-58 to 73; Westinghouse Con.eluding Statement, 

pages 74-82) .· 

CNI in their Concluding Statement, page 5 .20, states that present 

predictions of reactor flooding rates "are ·now very close to the 

expected conditions for a double-ended PWR inlet line break." On the 

contrary, the evidence shows that because of _the conservatisms listed 

above and because the reactor reflooding rates predicted by current 

reflooci .codes are for average, ,not oscillatory, system thermal-hydraulic 

· response, the calculated reflooding rates are lower than would be 

expected to occur in reality (Exhibit 1113, Section 17). 

Both B&W (Concluding Statement, page 223) and CE (Concluding 

Statement, Section 3) have concluded that the use of carryover-rate­

fractions leads to overprediction of core 1 exit flow and under­

prediction of reactor reflooding rate. Information required for 

calculating the exact carryover rate is not available since only. 

the entrained water was neasured as a function of time in the FLECHT 

experiments: However, use of the carryover-rate-fraction as proposed 

by the ·staff in Section II. S, Appendix K of the Proposed Rule insures 

that the core flow (steam pl us water) will be conservatively estimated. .. . 

Both B&W and CE use a heat transfer model to predict steam .generation 

rates. They else;> assume constant liquid entrainment by the steam 

(B&W Concluding Sts.tenent,_pages 213-217; CE Concluding Statemen::, 

pages 3-72 and 3-73). In these models the percent of the· calculated 
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fluid flow that is a13sumed to be entrained liquid is constant throughout 
. . . . . . 

th,e · reflooding transient. The staff believes that this assumption _is 

not suppoi;-ted by the data obtained in the PWR FLECHT tests (Exhibits 

148, 149 and ,150). Carryover-rate-fraction data based on·quench front 

vel9city obtaibed from several applicable FLECHT runs (Exhibit 1137, 

pages 9-.1 and · 9-4) was used to develop the. B&W correlation. The 

Westinghouse and the B&W carryover-rate-fractions are described a.s a 

function of pressure, flooding rate, s:ubcooling, height in the core, 

and peak heat ·generation (Exhibit 1137, page 9-:22 and Exhibit 1079, 

' Appendix F).· The staff agrees that these parameters infl:uence 

entrainment. 

Westinghouse has suggested that their corre-lation for carryoyer­

rate-fraction should be included in an improved ve·rsi.on of their 

refill-reflood code (Westinghouse Concluding Statement, pages 74-76). 

T'ne staff recognizes that use ·of a carryover-rate-fraction determined 

from FLECHT hot bundle data .provides a conservative estimate for . 

-calculating the core exit flow rate (Exhibit 1137, page 9-:-1) because 

correlations developed from FLECHT data do not account for the varia-­

tion of mass stored above the quench front (Westinghouse Conc;luding 

Statement,· p~ges 74-76), . and the data corresponds to a: hot b.undle . . . 
.. 

and not tq th·e :.average core. Westingho·use has also indicated that 

preliminary_ results froµi,J'}JR-fLECHT-SET carryover data, when compared 

-to their cartyover-ra te-fr.acti·on correlation, show the validity of 
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the correlation under oscillatory and gravity feed conditions 

(\vestinghous·e Concluding Statement,,page 76). 

The staff concludes that. reflooding rates predicted -by the c-a:rryover­

rate-fraction are more conservative than those predicted by a constant 

· liquid entraimilent assumption, and, therefore, the staff has proposed 

that carry_ovet7rate-fraction models be used in the Proposed Rule. 

CE has concluded that the pump model used. during reflood is 

overly con~ervative and should be modified for more realism. This 

would increase .calculated reflooding rates (CE Concluding Statement, 

page 3-60). In the Staff Supplemental Testimony (Exhibit 1113) it 

was stated that the broken loop pump could overspeed during the blow­

down, and its condition is not well-defined (Exhibit 1113, page 14-10). 

The pumps in the unbroken loop are not predicted to overspeed 

(Exhibit 1113, page 14:..10) and probably will be left in a coast down 

condition at the.end of blowdown. The staff is still of the opinion 

that the spe~d o'f each pump at the -end of blowdown is not well 

defined. Iri the absence of any acceptable tests of pump operation 

during blowdown conditions, a continuation of the conservative IPS 

assumption of ·locked pump rotor (i.e., speed = O) during ref-i 11. and 

reflood is proposed by the ·staff. The staff has also stated 

(Exhibit 1113, .Sections 6 and 14) that tests should be performed to 

determine the ·condition of the pump and the pump resistance tb steam 

flow· at conditions expected during reflood. GE agrees (Concluding 

Statement, ·page 3-60). 
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After injection of accumulator.water during reflood the gas 

(nitrogen) used. to pressurize the accumulator 1:e injected into the 

reactor system. Accumulator gas affects the thennal and hydraulic 

response of the steam-filled system. The time period for considering 

the effects of accumulator gas injection should extend from the time 

at which t~e accumulator liquid volume is depleted until the accumulator 

gas flow rate is negligible. The staff believes that these·effects 

should be considered by appropriate hydraulic models or by using a 

conservative assumption concerning steam flow during t~e period of 

gas injection. Accumulator gas .injection models are contained in the 

evidence (Exhibits 232, 225, 221) but they were not discussed else-

where in the hearing. 
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DOCUMENTATION OF EVALUATION MODELS 

The Proposed 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 
complet~ 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 significan.t changes in the evaluation model 
to be specified· in amendments of the description. For this pur­
pose, a significant -change is 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 systeni 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 tb 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 with applicable 
experimental information. 

Discussion ·of Documentation of Evaluation Models 

Thor~ugh. documentation of evaluation models i~ requir_ed in view 

of the complexity of LOCA analysis methods. The IPS identified speci­

fic reports wh~ch describe or list calculation·al procedures carried 

out with the -approved evaluation models. However, previous experience 
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has ahown that additional documentation would be useful (Exhi~i t ·1031, 

page 2; CNI Concluding Statement, page 4.16; and Transcript pages 5643;. 

6675; -669i; 10,879 to 10:,883). 

Considerable hearing time was devoted to consideration of the 

adequacy of code analysis methods (see Exhibit 1043 and Transcript 

pages 8294; 8386; 11,065-11,112; 11,156). Tine would be saved in the 

hearing process., in generic reviews, and. in case reviews, _if for each 

evaluation model a detailed description were provided which defined 

the analytical. approach and equations, the assumptions, the references, 

the selection and justification .for the input pa:r:aneters, and the 

mathematical symbolism used to establish the co'.r'responding computer 

pro grains. 

With respect to the programming and the mathematical -treatment, 

the staff beiieves that a complete description and listing of the 

computer programs, in identical form to those approved and being used 

(at a specific· time) for LOCA analyses, should be provided to serve 

as an informat'ion "source file. II Such a source file provides a 

formal code index which can be used to guarantee that the codes 

used for safety analyses always correspond to the approved, published 

·evaluation models. 

Revisions in evaluation models, and thus in computer programs, 

are recognized as inevitable. Westinghouse has agreed in this regard; 

see pages 71 and 80 of their Concluding Statement. Such revisions 
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should.be described in detail.including a revised computer program 

· listln,g .f;.0 Up4~te the -prCViOU8 11 $.0UrCe fiie. II 

·The need for noding and sensitivity studies for the computer 

programs is clearly reflected by the hearing record (e.g., Exhibits 

1006, 1043, 1044; 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 participants. 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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C. ·. Discussi6n · of Conservatism 

1. General 

a. . Definition -- For this dis cuss ion, a conserva:'tism is defined 

as _{:ll'l, item less favorable than reality. The use. of conservatism 

provides margi-n if the reality should ever occur. Favorable must 

be defined in context according to use; what is favorable in one 

situation· or for one purpose can _be tmfavorable under different 

circumstances. 

Conservatisms can in principle be found in pos:tulates of. 

events or failures believed to be· so tmlikely as to be beyond the 

bounds of reality, or in criteria stricter than realisti.cally neces­

sary, or· in analysis methods and values of pararnete.rs giving calculated 

results less favorable than a realistic evaluation of the circuill!:i'tances­

forming the basis of the calculation. More than one such aspect of 

conservatism can be present sirnult.aneously. 

For ECCS criteria, reality is the course of whatever loss-of­

coolan t accidents might ev:entually occur in light-:-water power reactors. 

The conservatisms tmder discussion are _tllose aapects of ·the proposed 

acceptance criteria and· evaluation models·· that are less favorable than 

this reality·; that is, lead to predictions of° res·ul ts less favorable 

than those that might eventually· be experienced. 

b. Relationship with Defense in Depth - It should be recognized 

that the defens·e-in-depth approach to reactor safety has certain 

-- /,:, 
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inherent conservatisns (S t~ff Tes timon~, E;xhibit 1001, pages 1-2 
. •. . 

· · through. 1-:-~0) ~. Indeed,, there is a. conservatism iti requiring high 
. ~ .. ·: . . . : .. . . . . . . 

standards for design, construction, and operation of systems important 

to safety, and. installing protective systeIIE to shut down the reactor 

in case something goes wrong, and then requiring provision of engineered 

safety feat tires designed on the.basis of serious ;failures in spite of 

the precautions, including a mandatory. quality assurance program, used 

tb':;pi':even:t 1foc1: . fall urea . · · 

The Regulatory staff believes that the margins of conservatism 

inherent in defense in depth are appropriate in providing·assurance 

for the health and safety of the public. . But ·in the following sections 

the staff points out the conservatisms inherent in the approach used, 

as well as in the detailed provisions of the Proposed Rule. 

For these reasons, the very existence of the LOCA as a design­

basis accident and of the ECCS criteria are evidence of a conservative 

.approach. 

c. Variations in Reality - There is a wide range of possible 

"realistic acc:iden ts." For each possibility,. the conditions . govern­

ing what would happen ("reality") are different. · One of the most 

important sets of paramaters goveni.ing reality would be the ·initial 

conditions e:xis·ting when the transient hegan. The characteristics 

(size, location~ orientation) of the actual break would also be 

determining. After the break had occurred, the actual occurrence 
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would evolve \aith tine in a way determined by the properties of mate­

rials and the geometry of the facility, and also by how the equipment 

actually functioned .and the actual. actions Of the reactor OpE!rator .. 

If a LOCA should· actually occur, all· the paraneters would 

have the values that go with the. actual conditions then in force, 

which thus would become the "correct" values for that LOCA; the 

choices actually made by t_he pperat.or (pumps actually. energized; 

valves actually opened _or c;I.os·ed,.etc.) would determine the.course 

of events. 

d. Relationship of Calculations and Actual Events - The thrust 

of Section c above is that there is a spectrum of possibilities. 

Each occurrence, real or postulated, is one of a large population of 

possible occun::ences, different occurrences being charac.terized by 

different initial conditions, different break characterisitics, 

different equipment operability, etc., etc. The number of combina­

tions, as previously stated, is far too large to allow investigation 

of all. 

With each possible occurrence, it is possible in principle to 

associate a probability'. (The sum of all probabili_ties is the probability 

of any LOCA per, unit tine.) 

Although some pioneering' work ·has been done on engineering 

statistical studies of the probability distribution of the .population 
. . / 

of poss'ible LOCA occurrences, (Staff Supplenerital Testimony, ·Exhibit 
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1113, Section 2) ~ much remains to be done before such a: ··clistribution 

is well known~. We do, however., hav'°ia" B~~e 'knowledge of which p·ostulated 

sequences of events are judged to have lower probabilities than others. 

Besides the uncertainties in the parameters· of the "real occurrence," 

as discussed a~ove, there also are uncertainties in the presently 

available calculational techniques (Staff Testimony, Exhibit 1001 

and St.aff Supplemental Testimony, ,passim)~ These are uncertainties 

in arriving at a .realistic prediction. That ·is why the con~ervatisms 

are put there, of course. Therefore, even for a particular postulated 

.occurrence, fpr ·.which all parameters are• assumed to be known or speci­

fied, the course actual,ly followed is not predicted with cqmplc.t·e 

accuracy with present technology. 

The reasons for this are discussed at great length in the record 

of the ECCS proceeding and in this Concluding Statement'. Knowledge 

of physical phenomena is incomplete, and calculational techniques are 

·.. ' 
not fully·devel9ped, either. It is not surprising that this be true 

of a LOCA; it is true to a greater or lesser extent of all calculational 

modeling of .physical phenomena. Even the best calculations involve 

sim.p-lifications and approximations of the almost infin~tely complex 

real world. 

It ·is fortunately also true that an accurate, realistic prediction 

of ::he course of a LOCA, postulated or actual, is .not needed for safety 
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evaluat_ion; _ rather,' it is only necessary to have a. conservative evalua·,-: 

tlon or pred::lct.~on. · '!he_ ai::tual course .of an eventual. accident, ,if it. 

occurred, wouid not be expected to follCM such a conservative predic­

ti-on; rather, its course and cons·equences would be more favorable than 

the calculation. Th.is is the essence of our. use of the word- conserva­

tive; ·see Section a. '!he conservative calculation would therefore 

correspond to a less probable sequence of events. '!he choice of 

"suit·able C9nservatism" is the choice of which. conservatisms to apply. 

so that the probability of the· calculation being toore favorable than 

the event is.acceptably low. '!he Commission is sponsoring a study of 

probabilities of ~ostulated reactor accidents to quantify these concepts 

as well as may be possible with present technology. 

e. Uncertainty Analyses and Sensitivity Studies - The role and 

value of statistical tmcertainty analyses in ECCS evaluations were noted 

' ' ' 

by the Regulatory staff in Section 2.0 of Exhibit 1113. Other partici-

pants have also commented on the potential value of developing rrethods 

for performing statistical tmcertainty analyses (see Exhibit 1148; 

Transcript pages 15,432 and 14,423). In addition, many participants 

to the hearing performed more realis ~ic cal<:_ulations of the LOCA th_~ .. 

are required b:y. the Interim Policy Statement (Exhibits 1113, 1059, 

1066, 1069, 1078). These were not statistical uncertainty 

enalyses (Exhiqit ill3 r Section 2), but they can be thought of as 
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. 
sensitivity a:nll.lyses. Each such analysis snowed significant reductions 

in peak clad~ing temperatures .. 

The Concluding Statement of CNI indicates that they have mi.s­

understood :what a stat.istical uncertainty analysis of a LOCA is, and. 

what its uses and limitations are. The. mi.sunderstariding centers about 

an exchange '.of questions by CNI and answers by the Regulatory staff· 

witness panel at Transcript pages 20,311 to 20,313. CNt makes 

reference to .this excha1'ge at several points in their Concluding 

StateTIW!nt: pages 6.4, 6.8 to 6.11, 6.14, 8.2 to 8.3. Th·e first full 

paragraph of page 6 .9 presents the CNI view of Transcript pages 

20,311 to 20 ~ 313. That paragraph . reads as follows : 

· ·"The question that was put to the Regulatory staff 
panel was the fundanental 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 woulp result in a prediction of an unacceptable 
LOCA transient within the range of uncertainties of those 
para.mete rs? The Regulatory staff witnesses answered that 
they did not know~ (Transcript 20312-20313). ". · 

To clar:tfy what 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 Transcrip; ·.page 20,312 was· 24 lines long. 'llle last line of the 

answer reads, "Therefore we cannot answer your question, 11 The 

·panel indicated in its answer that the question made no sense and 

therefore could not be answered. The panel referred in its answer 

(line 16, page 20,312) to a lengthy discussion with CNI on this 
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subject during the previous· day. of· qu~sfiQJ.lirl.g · (Tra~s~ript :_pages· .. 

·, 20·,151 to 20,193). The discussion at those pages from the _previous·,-·-·,·· · 

day. explains_ wb,y stat:1.st::ical unc_ertainty an~lyses of ,a LOCA- EJ,re 

·dependent upo~ first doing·a best~stimate _(reali~tic) analysis of 

the LOCA (see" also Exhibit lli3, ·Section 2) •. Then and only_ then 

can. the total uncert_ia;lnty of the calculation be assessed and the contri-
. :.,;):•1\. 

butfons due .to. un~ertainty-in-f.-m:livtdun""l)arameters be systemaTica.1:ly 

studied. CNI has· implied in ·their Concluding Statement that the total 

uncertainty of a calculation can be judged by addition ·of pe_~s.imis_tic 

assumptions regarding one ·parameter to the. results of an already 

pessimistic calcula.tion. This cannot be done because the sum·of in.di-. 

vidual -conservatisms does not equal the. total conservatism (Exhibi·t 

1059, page 7,:;,i).· ~;her, total tmcert~inty mus.t b~ judged with respect 

to bes·t-estimate (realistic) caic~lations (Exhibit lli3, Section 2) .. 

The-staff witness panel testified to this fact (Transcript ·pages 

21,026 to 21,027) when asked by Westin_ghouse for clarification of the 

staff's.earlier answer to the CNI question at page 20,311 of the 

Transcript. 

2. Conservatisms in the Proposed Rule - Discussed here are the 

si$Ilificant conservatisms in the Proposed Rule of .the Regulatory staff 

pres·ented in Chapter II of this Concluding Statement. Only the most 

important items of conservatism are discussed. Omission of an item 

may .mean that the Regulatory staff beli~ves its t~eatment to be 
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realistic rath:er th'an conservat-ive, or that the .i;onservatisrn is 

heiieved ·to be ·.mimportant or not well established at present. 

a. · General Criteria Applicable to All Reactors 

(1) Defi-nition of Loss-of-Coolant Accident 

The hypothesis of. a spectrum of loss-cof-coolant accidents, 
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including large and even double-ended breaks, is a conservatism inhere~.:__·~i~ 

------1=n,---.,defense in aepth~as~di"13cuBB~a1..11paragraptrt~h1s. Secr"'"1~o=n~.--· 
. . 

A large break occurring suddenly is highly improbab·le, although the 

occurrence rate of small leaks and breaks is not especially low. 

(Information on the probability of a LOCA, including applicable codes 

and quality assurance prov±si-«:,ns, _is outside the scope of this rule 

making.) Large and double-ended breaks of the_ sorts postulated have 

never occurred in Nuclear Class I piping such as ·that used for water· 

reactor primary coolant pressure bomidaries. Large breaks probably 

Will be preceded in time by leaks that can and Will De detected, and 

the plan,t shut down and depressurized before a serious break occurs. 

The entire spectrum of break sizes is nevertheless required to be 

considered, from sma.1,1 leaks up to the (highly improbable) double-ended 

severance of· the largest primary-system pipe.· 

The break is assumed to ~ccur · instan~aneously. This assumption 

increases the calculated blowdown forces for which PWR cores must be 

designed but ·has little effect on calculated 'ECCS performance. 

(2) · Peak Cladding Temperature 

The value of 2200°F is believed by the Regulatory staff to be 
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conservative by several hundred degrees (Transcript pages 19,992 to 

· ..... 
19,993). In addition Zi rcaloy FLECHT bundles have survived temperatures 

as h·igh as 2900°F and remained coolable (Staff Supplemel:ltal Tes.timony, 

Section 16). 

The requirement that ££. cladding exceed the temperature and 

oxidation requirements is also a conservatism. It is well known 

----···-·-··---------tbat the neutron flux ancrihe power density are nqt · tmi_form t_hroughout 

the reactor :.core (Exhibit 1113, Section 2). Besides the large scale 

variations due to neut.ran leakage, the loading of fuel cif different 

enrichments into different regions of the core, and the fuel burnup, 

variations on a smaller scale occur because· of the grids, control-rod 

proximity, local bumup, and refueling. 

The result. is that many reactors will never contain a 'fuel 

rod having the peaking factor assumed for ECCS calculations; in others, 

such a rod will be at the limiting conditions for only a small part of 

the fuel loading cycle (E:xhibit 1113, Section 2). 

Moreover, even where the hottest rod is as calculated, more 

of the fuel rods .will be operating at a considerably. lower. rating. 

A calculated example. (Babcock and Wilcox, "Answers to National 

Intervenor's ·rn_terrogatories," March· 1, 1972, AEC Docket RM-50-1) 

for a PWR shows that if the peak cladding temperature for the hottest 

rod is of the order of 2200°F, alroost 80% of the fuel pins will never 

exceed 1900°.F.; .and fewer than half will exceed 1500°F, .at the axial 

hot spot of each· of the fuel elenents. 
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The staff believes. that thiE:1 _conservatism. is appropriate, 

and accordingly·- the · Proposed Rule provides that no single fuel rod 

may exceed the temperature and oxidation limits. Thus the Proposed 

Rule keeps even the hottest rod from failing; the great majority of 

rods hav_e a·: large margin to failure. 

b. Evaluation Models 

(1) Single Failure Criterion 

The assumption-that the worst single failure will occur at 

the time of the LOCA is. a combining of improbable events. 

Although reliable offsite (utility grid) and onsite (emergency 

diesel~) sources of electrical energy are required to be provided, the 

' prefo~mance of the ECCS is evaluated assuming only the onsite. source 

available. The onsite source is also subject to the "worst single 

failure" conservative assumption. 'Iqe offsite electrical power system 

is designed; calcuiated and in some instances tested to withstand the 

electrical system transient following a postulated LOCA. The probable 

availability of onsite and offsite power .would energize·more ECCS 

equipment, more quickly, than the assmned onsite power acting alone. 

(2) Decay Heat 

Use of. 1. 2 times the ANS Standard decay heat curves is · higher 

than the best estimate (Staff Supplemental Testimony, Exhibit 1113, 

Section ·22) •. · The LOCA calculations are performed with power peaking 

factor.a (rat_io bet:ween the power generation rate in the hottest fuel 

• • ;,JI (i 

I 
.1 

! 

I 
·I 

I 
I 

I 
I 
l 

I 

I 
I 

f 
i 
I 
I 

I 
I 
I 
! . 

•. \ 

'l '\ 



,· , 
r' 

- 221 -

pellet and the power gene!ation rate in an ayerage fuei pellet) at 

the lindting value allowed by the techaj.cai specificatioi:is. Th·e 

reactor is als'o as~uned to have been operating for infinite t:i..me 

.at design overpower conditions • 

(3) Metal/Water Reaction 

The Baker-Just equation has been shown to overpredict the 

best estimate oxl.dation rate at ·temperatures ~ove 2000° F (see 

discussion of Section II.C.5, Appendix K of P.toposed Rule, above}.· 

(4) Critical Heat Flux 

The time required to reach critical heat .flux (CHF) is re qui red 

to be· conservatively calculated. The heat transfer calculations 

thereafter B.E!Sume a less advantagifous cooling mode. In· reality, DNB 

should in a severe blowdawn occur later than ptedict~d, · and. h{gh 

efficiency boiling heat transfer may be reestablished intermittently. 

(5) Cladding, Swelling and· Rupture 

The Proposed Rule requires conservative predictions of clad-

ding swelling and rupture. The Proposed Rule then requires analysis 

of the disturbed cladding, mid the tetnperature calculations take this. 

into accomi.t. A more realistic calculation (Staff Supplemental 

Testimony, Exhibit 1113, Section 2) would show fewer disturbed rods 

because of lower calculated rod temperatures. 

I 
! 
i 

I 
I 
r 

I 
! 

! 

I 
I 

·I 
. I 

I 

I 
I 
I 
; 
i 
1· 
I 

/ ; ... 



- 222 -

(6) Jnitial Stored Energy in F~J:. 

The most unfavorable values of stored energy cannot exist 

simultaneously with the most unfavorable factors in, for example, after-' 

heat, yet this unreal comination is imposed in the calculations. 

(7) Accumulator Bypass 

The calculations a.re required to assume the dis card of all water 

injected during the bypass period; whereas real.is tically it is 
\ 

probable that some cooling water would remail)._ :i._11 the system. The 

end of bypassing is also mdeled conservatively (see discussion of 

Section II.P, Appendix K of the Proposed Rule). 
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