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MEMORANDUM FOR: Darrell Eisenhut, Director, Division of Licensing

FROM: Roger J. Mattson, Director, Division of Systems Integration
Hugh Thompson, Director, Division of Human Factors Safety

SUBJECT: FOLLOWUP EVALUATION TO BOARD NOTIFICATION
BN-83-21 FOR TMI-1

Reference: Memorandum, Mattson and Thompson to Eisenhut, "Board
Notification", dated February 18, 1983

The reference memorandum requested that you notify licensing boards associated
with reactors designed by Babcock and Wilcox of new and relevant information
which had recently come to“gur attention. We also stated that we were in

the process of evaluating this information to determine its safety
significance and relevance.

We have completed our evaluation and nave concluded that the information
does not adversely affect our present conclusions regarding the ability

of TMI-1 to achieve and maintain decay heat removal t_ natural circulation
through the steam generators under transient and accident conditions. Our
evaluations supporting this conclusion are provided in the enclosure.

We request you foward this evaluation to the TMI-1 Appeal Board. Our
generic evaluation for the remaining B8W designed plants will be issued

in the near future. :
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Roger J. Ma /son. Director
Division of Systems Integration

;7/ /ﬁéﬁf:g%?/’ 7\\55‘
Hugh Thompson, Director

Divfision of Humag Factors Safety

Enclosures: As stated

cc: W. Dircks, EDO H. Sullivan
Y. Stello G. Lauben
H. Denton W. Jensen
T. Speis R. Minogue, RES
D. Ziemann 0. Bassett, RES
J. Stolz D. Ross, RES
R. Purple S. Bryan
M. Keane J. Cutchin IV ELD
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On Februery 18, 1083, the staff iscued Board Notification BN 83-21

This board rotification identified information which had recently come
tc the attertion of Ehe staff that was potentially significant with
resozct += :chievina and-maintaining natural circulation in B&W-designed
rezc=ors. .he genesis of the concerns was the staff review of the
GPU-LEI 1awsuit trial transcript. In this transcript, testimony by two
;-4 4fu2le reisec questions on two technical areac concernina natural

-

circulation,

Tro 1§SuUcS

“tz Hde-a‘le rf thz technical issues ‘dentified vere discussed in BN

sr< zva venpated here,

Furing tre <rial, testirony by Dr. R. Lahev of Rensselaer Polytechnic
lrstitute (3P1) and Dr. 6. Mallis of Dartmouth College identified tvo
creceyng, “hece zre (1) the 2dequacy of emeraency operating procedures

s sseqrz *=z+ 2 sufficient condersing surface vould be cstablished in

= pz==yz7 hy the stean ceneratcors wes requi cd and (2) the &hild



Taeh on effoc dve cradapeir- sprfzce 2* ‘he elevaticn of the
izvy foaduater srarcer rinc in Tdcht ¢f ner data which chows

lirdeed peretreticn inta the “ubz burdie of feedvater entering the steam

The first concern wes reised hv Or, Lahey. It deals with o}ocpdureé and
relates tc whether or not_the operatcrs have sufficient inctructions and
treining to assure th3t they will raice the secondary level of the steam
generator to 95 percent of the operating level under all conditions
recessary to assure natural circulation. Following the TMI-2 accident,
it was learned that the then current procedures instructed operators to
raise the secondary level to 50 percent of the cperating ranga. Under
certain circumstances, .t was possible to postulate that natural
circulztion would not be reestahlished with the secondary level at 50
percert, Subsequently: it vac ceterrined that raising the level to 95
percent of opereting rance vould zssure natural circulation if the RCS
was saturated. However, because of overcooling considerations, it is
not desirable to raise the level to ¢5 percent for 211 cases of loss of
forced circulaticr. Thus, speciic olant circurstances dictate the
zpproprizte ste: " cenerator level énc the ranrer “0 achieve this level.
The operating procedures and *rzining to describe the correct actions

are, therefore, irportant to the issue.

A discussion of tiis issue was rresented in NUREG-0565 ("Generic
Evaluatior of Sr2ll Break Loss-c®-Ccolant Accident Behavior in Babcock
and Wilcox Pesiaored 177-FA Operzting Plants,” dated January 1980) and

was rrovided in Attachrant 2 40 TL-83-21. £ copv of the rolevent
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esctions of Dr, Lehev's testirany vas provided 2¢ /itachsent 3 t¢

B'.83-21, Or, Yallis' testimery ves orgvided to the Zppel fnard and

narties to the recpened TIl-1 restért crocedine on arch 8, 1283,

The sercrd concern was raised by Dr, Vallis, It involves recent test
data fron the Alliance Pesearch Center which shows that zuxiliary
feedwater entering from the sparger rinc does not penetrate uniformly
into the stesm generafor tube bundle but only contacts a small
percentage of the tubes. This has the effect of lowering the elevation
of the effecfive conéénsing surface in the steam generator., Previcus
anzlysic models assume'bﬁéd penetraticon of auxiliary feedwator soray

into the tube burndle but recent BA&Y models account for the new data.

Staff Evaluation

1. EFW Spray Effectiveness

Nn February 23, 1983, the B&N Nwners Pegulatory Response Group
(RRG) met with the stzff to present information on the zbhove two
techrical dcepes, Suybsecuent to this meeting, the cvwners qroup
subnitted a technical report, "Evaluation of SSLCCA Operating
Procedures and Effectiveress nf Emergency Feecduater Spray for B&W
designed Operating NSSS,“ (Re‘erence 1) which documented the
inforration presented at the Febyuary 23, 1%83 meetino, The staff

has reviewed this report ernd cur evaluaticorn frilowe;
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~ the Mr o ThroyghStrarsRene~ntor (NTSH) deginn far the 177<Fuel
rgserhly ri2ete, grercercy feesvater enters the stear cenerator
sepnch gzver rozzles located circunferentially arcund the OTSG
e~211 and 2t an elevetion iyet zhove the top tube suprort plate.
Thigs 1 shown in Ficures 1 and 2, taken fror the B&N rénort. Also .
choyn on Fioure 1 is_the cperatino rarce for feedwater level (item
238). "

knalysis models used by B&lN and the staff have assumed that
erergency feedvater iniezted at the sparger elevation would be
urifornly distriblted within the tube bundle ana provide effective
heat transfer to all tubes within the bdndle. Data cbtaired from
testing performed by BIM at its Alliance Pesearch Center (ARC)
shcis hovever, that the smercency feedwa’er sprav dees not
sffectively :=rﬂf}ate th2 tube bundle providing uniform wetting and
uni€orm heat transfer throuchout the bundle, Father, the emergency
feedwater will only contact those steam generator tubes in the
immediate vicinity of the injection rozzle. The emergency

fzgd ater would *hen pnol on the tube support plate and srread out,
freining coorn the flow tube where the tuhes penetrate the tube
cupnars plate, As can be seen from Figure 1, 2t least 6 tube
suppert plates exist between the injection location and the top of
the operating range. In Figure 3, B&W shows the emergency
feedvater zxizl wetting profile reasured in Qconee 1. This shows
shzt 25 the erergency feedwater drains down the tube bundle, the

tube supnert nlates tend to spread the flow towards the center of



+he tube bundle, The wettinc.ocrofile could be enmvicinred ac én
"inverted cone." The impact of thie incerplete wettine of the
tubes is that the heat transfer rztes attributed to scrav coolirg
zhove the secendary side rcol level czn ke reduced frem what they

were originally, based on the 100 percent wetting assumntion,

In the B&! report, data and cdata correlations are presented which
allow the perceflt of tube ares wetted above the secondary side pool
level to be calculated as a function of EFW flow. In the following

sectior, the reliance on EFW sprav effectiveness will be discussed.

..
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Subsequent to the THMI-2 accident, the staff investigated the
possible causes for natural circulation not being established in
T!'1-2 once the reactor coo'art pumps were shut off., In refereuce
2, it vas Dostulsted that natural circulation did rot commence
following PCP trip because the secondarv side steam cenerator level
was not high enough to establish a condensing surface which would
allow ratural circulation flow over the pump entrance. In
references 3 ard 4, the stzff further exnleined arnd documented this
concern anc concluced tha*t in orcer to assure natural circulation,
(in particular boiler-concznser), the secondary side steam
generator level must be raised to above the elevation of the pump
inlet. BRG&V proposed raising the steam cenerator secondary level to
95 percent ¢f the opereting range in reference 5 (Licenzce Exhibit
§), Ry raicing the level <o 25 percent of the operatirg rance, @
condensina surface that is above the elevaticrn of the pump inlet

:rd i sufficient to rergve &’
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ard the buildup of a srndorcate level

* side of tha tybes syficiert to prorote flow over

4 piro inlet i¢ 2lso assured, In addition, hecause the liouid
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svels ir the core, devncomer, 2nd steam cererator are ecualized

duye to the veccel vert vélves, the 95 percent secnndar9 lavel

pesured that a condensino surface will be established he‘ore core
uncoverv could octur. In other vords, in orcder to assure that
ratyral circulation (boiler-condenser) would cormence and
reestahiish decay heat removal before core uncovery could occur, no
credit for EFU! :hravieffectiveness needs to be taken, The EFV
sprav could be postulated not *o provide ery heat transfer, as long
as it centributes to the secondary pool inventorv., Thus, while the
effect of the reduced heat transfer due tc the reduced penetration
of ZF\ epray duriﬁg a2 SBLOCA would be to change <he dearee of
initial overcooling and thus the initial svstem pressure response,

the overall conclusions regarding core cooling would not change.

Inherent in this conclusion hovever, is the assu~ption that the
nnal level on the secondery side of the steam cenerator is raised
to ©5 percent on the operating range in a tirmely marrer following a
SSLOCA. Presently, the EFU is automatically controlled to
establish the level at S5C percent of the operating range. Operator

acticn is required to raise the level frer. the 50 to S5 percent

level. In order to estimz*e the time available for the operator to

initate actions to raise the EFV level to 95 percent, 2nalysis by




' in Vicercsee exhihit € shovy that for the lzroacd hpeak size for

mich steam cererator heat remaval would be renuired,

1,01 sq ft.), boiler condenser hegt transfer vwas calculzted to
co==ance after 25 nminutes, licreover, &t the tires hoiler-condenser
cormanced, B4l analvses indicated 105,600 1bm vould still remain
sbove the core, If this amount of coolant were assured to exit the
orimary svstem viz the break (.01 sq ft.) as saturated liquid, it
v~uld still require at least an additional 38 minutec before core
uncovery, This is a total of at least 60 minutes available to
establish a conapnsing surface for the limiting break., If the
level must be raised: from the 50 percent to the 95 percent level
and it takes approximately 1 minute to raise the level one foot*,
then we estimated it would take approximately 12 mirutes to raise
the level to 95 percent., Therefore, there is estimated to be in
axcess of 12 nfnu;es available for the operator to recnagnize the
event and initiate filling of the secrndary side of the steam
generator with EFW to achieve the 95 percent level for the most
liniting small break to establish boiler-condenser in the time
cerind assurad in the BAY analvsis., A still loncer time would be

:uailable befnrn core urcoverv cruld occur.

- gstinate is uced bv Bi!! and bhas been confirmed hy the staff,



Figevn B, - ~4=h de wepordyradFrem Floyre 3.3 of the R0 submittal,
pros frag = - veenlde of rrge pre enarey S2lances which derongtrate
that gver ‘% recpcad EFUY nepntration, ard accounting for the
nlyrmed soci~ ~srepeenpe trhae at TT.1, the EFY! eprav 4 sti1]

eufiiciers =r remve decay heat,

The solid curve, laheled EFV spray, represents the point at which
the ayer:z') haa® trznefer rates fron EFY sprev, combined with the
prirary to secondary temperature difference at the ind‘cated RC
pressure, can rerove 211 of the decay heat at the indicated time,
This curve ‘s b2¢1¢a1ly the eneray balance requirement, The dashed
lines rerrecert the pcints at which the HPI flow can match the core
boiloff a+ <he prevailing pressure, The sfonificance of this curve
s *hat prinr to gnv core uncovery, the break rust uncover, and

-

diseharge s<ezm, Tre source of the steam is the core hofloff;

therafare the dashes line renrecents the point at which HPI flow
will match break flow (the mass balance). The intersection of the
two curves s t42 pnint at which both a1l deczy heat can be removed
by E°W go=p 3rd HPT can fully make up all mass loss through the
brezk, F-r ths Ti!l1-1 case, these occur for all times bevond about
an0 cecor-c for the 100% HP1 case and bevond 1700 seconds for the

70% 4P1 czee.” It is therefore only necessarv to show that core

*The 70" HPI c2ez =aferg 40 1 HPI train with a 2C% reduction pssumed to

result frem sril 200 of K21 cut the hreak,




uresssey meat Aot Aerue far iy emall hrarte lese Litn 02 souare
£¢ 14,2, *hoge hreaks \ uich require the str2r cenerziore €or heat
versy2*Y, te previcuslv sheim, core urcovery canrot oceur prior to
at Tez:* 7 ciputes, or 3600 secords, uhich is in censiderable
evcese cf 1700 seconds as indicated above,

Eravoz-cy Procedure and Operator Trainino Adequacy

The s*2€€'s hoard notification RN-R3-21, dated February 18, 1983,
states the irportance of opersting procecures and operator training
in essuring that a sufficient condensing surface is established in
the si2am geneF;tors nnder all design besis conditions, The
conce-n raised by fir, Lahey is whether or not operators have
cuffiziens ‘nstructions and trzining to assure that the secondary
level of Lhe cteam generators is increased to 95 percent of the
coerztirn vrange in a tirelv ranner for 211 cor-itions necessary to
assurs ratuvel c;rcu1at10n.

§uhee~ucnt +n board rotification on this issue, tke steff met with
the 1¢censee on February 23, 1983 to discuss the emergency

cpera® 'ro procedures and onerator training, loreover, the staff
galzc- 27 e~aroency operating procesures to ascertain vhat

ine*r e+izas are provicded relative te rzintaining stean generztor
1aval. The review incluces T"1-1 prccedures for resncnding to loss
nf eealant ard inadequate core cooling and the procedure for
raturs] circulation cooling, Our review concluded that the
nrecesyres provide specific instructiors to increase steam

vorzys=rr Teve]l to 95 percent of the operating range under the

L

“H

6 le ire ennditions: (1) rezctor coolent numps are trinped

£a1r 4oc a loss of conlaat sceident, (Z) inadeguate core cooling
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niceuesfons vith 1422 22e rerpecentptives 2ffirmed that the
eperaters at TI-1 hzve been treired in the use of these
nrocedures, The £4:€ 44d nct review the training proaram in
feteil however, Tizsrsee representetives stated that operator
training on use of erercency operéting proced:res incluced
instructions to-re-a‘n ir the anpropriate emergency procecdure in
use until the pla®<#g ir ¢+ stadble condition unless the procedure
specificelly inssricss the user to exit it, This further assures
that the operator 1171 not exit a procecure prior to establishing
c§ percent leve) §» =hc cte2r generator, if required,

Cerelusions

The staff hes evaliates “nformation provided by the BiN owners
group recarding the =ffect of reduced EFW penetration on decay heat
rerovel cepedildey 2+ ™I.1, PRage on this evaluation, we have
coneluded that far +-e cesfor tesis SOLOCA scenarios, EFY sprayv
cooling need no* te ~& f2¢ uper to assure adequate decezy heat
reroval, and deczy heat rercvel solely by primary steam
condensation in <tz region of the secondery side pool, which is at
an elevation of 2% rzrzert ¢ the operzting ranne, is adeauate,
This conclysion aesL-¢: =orrect cperator ection within

aonroximately 17 #» 1€ rirutes to initate ~3fsing the steanm

cennrator Yevel %~ =g €2 rercent level, For scenarios not

-




norralty enngidered in the dasier Sesis, ‘rcludine del2ved EFT
everdis for EFL sprav conlire is relied uncn to assure rore coolina,
Analvses by R5M shew that after eccountine for the reduced EFY
penetrztion into the steam cereritor tube bundlie, anc zfter
accounting for pluaged tuhes in the T!1-1 steam cererators, the gEFY -
spray cooling will still provide effective decay heat reroval,
Rased on staff réview of the TMI-1 procedures and discussions with
representatives of the licensee regarding operazcing training, the
staff conc1udes‘}hat there is reascnable assurance that the
operator will incfeése steam cenerator level to 95 percent of the
operating range under the conditions for which it is recessary to

establish natural circulation,



. ?;’F'C"Cﬁq
vEyalyztiorn of STLOTA Mrerating Proredures and Effectiveress of
Erevosrncy Feacuwater Sprev for RIl.Nesigned Operating 1SSS," pe!
POC. IN, 77-1141270-0C datad Februarv, 1982
fergrandum, B, V% Sheron to Z. R, Posztoczv "Pool Poilirg
-Condensation Natural Circulation In TIM1-2," dated July 23, 1979,
"Generic Evaluativrn'cf Small Break Loss-nf-Coolant Accident
pehavior in Babcock and Yilcox Designed 177-FA Operating Plants”
NUREG-0865 dated January, 1980,

n. \'. Sharoi, "Generic Assessment of Delaved Peactor Coolant Fump
Trip during Sma1l Break Loss-of-Coolant Accidents in Pressurized

Vater Peactors" NUREG-N623 dated November, 1979 (Appendix A).

Letter from J. M, Tavier ‘22Y) te P, J, tattson (FRC) "Evalyation
cf Transiert DEhavier @nd Srall Pezctor Coolant System Brezks in

the 177-Fe Plant.” VYolures I 2nd !, dated May 7, 1979.
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