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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 N0TIFICATION
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?. cur 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 have concluded that the information
does not adversely affect our present conclusions regarding the ability
of TMI-l to achieve and maintain decay heat removal te 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 B&W designed plants will be issued
in the near future.

, d. - .

..

7Q,L

Roger . Ma / son, Director
Division of Systems Integration

,

/f'

Hug Thompson, Dir ctor
D v sion of Huma ' Factors Safety

*

Enclosures: As stated
,

cc: W. Dircks, E00 H. Sullivan
V. 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

8303210025 830311
PDR ADOCK 05000280
P PDR
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On February 18,1983,'the staff issued Board flotification Bil 83-21

~ This board r.otification identified infornation which had recently come

tc the attention of the staff that was potentially'significant with

respect to achieving ant.inainta.ining ' natural circulation in B&W-designed~

reactors'. The genesis of the concerns was the staff review of the

GPU-E&l' lawsuit trial transcript. In this transcript, testimony by two

ir.ci,iduals raised questions on two technical arear. concerning natural-
.

ci culat hr..

..

,h.e Issuest

.

TF= de a'is of the technical issues identified t:ere discussed in Bil

'?-2: and r<e reric?ted here.

Durir.c t'-e trial, testinony by Dr. R. Lahey of Rensselaer Polytechnic*

Irstitute ( .PI) and Dr. G. llallis of Dartnouth College identified tuo

hese are (1) the adequacy of eneroency operating DrGCedurescc cerns.

tc t.sure P.at a sufficient condersing surface vould be cst 6blished in:

carerators under all design basis conditions for which decay' '- 5 stea

::- cer:vti by the stcan generatcrs was requi'cd ar.d (2) the ability to.

,
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cstc5iish en ef4 cd ve C W :nsir- sve#3ce et the elev tkn of the

t.U;.iliary feedwatcr sr+rcer rinc in 'icht o# ner dBta which shops

liritcd per.etratic, irtn the tuta burdle of feedwater entering the stean

cer-erator fren the erergency feen" tater sparaer ring.
,

'

The first concern was raised by Dr. Lahey.. It deals with procedures and

relates to whether or not_the operaters,have sufficient. instructions and

training to assure th3t they will reise the secondary level of the steam |
1

!generator to 95 percent of the operating level-under all conditions i

necessary to assure n'atural circulation. Following the TitI-2 accident,

it was learned that the~bhen current procedures instructed operators to

raise the secondary level to 50 percent of the cperating ranga. Under
,

certain circunstances, it was possible to postulate that natural4

. circulation would not be reestablished with the secondary level at 50 ,

4E
~

percent. Subsequently, it was ceterr.ined that raising the leve1~to 95

percent of operating range would assure natural circulation if the RCS

was saturate'd. However, because of overcooling considerations, it is~~ ~

not desirable to raise the level to 95 percent for all cases of loss of
L,

forced circulaticr. Thus, specific plant circurstances dictate the

appropriate steEn generator level and the nanner to achieve this level.

The operating procedures and training to describe the correct actions

are, therefore, inportant to the issue..
|

.

A discussion of this issue was presented in fiUREG-0565 (" Generic

Evaluation of Snall Break Loss-cf-Coolant Accident Behavior in Babcock

and Wilcox Pesigned 177-FA Opertting Plants," dated January 1980) and

was provided in /ctachr.ent 2 to !!;-83-21. A copy of the relevant

. -- , , .. . . - _ . - - .
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secticns cf Dr. Lrhey's testirony ur:s provided 7! f.ttachsent 3 tc

Bff-83-21. Dr. Wallis' testirccy tas orovided to the Appel Board and

carties to the recpened Tlil-1 restart ;rocedinc-cn l' arch 8,1983.

The se;ced' concern was raised by Dr. Wallis. It involves recent test -

data fren ths Alliance Research Center which shows that auxiliary

feedwater entering from the sparger ring does not penetrate uniformly

into the stean generator tube bundle but only contacts a sna11

percentage of the tubes. This has the effect of lowering the elevation
~

of the effective condensing surface in the steam generator. Previous

analysis nodels assune~yo6d penetration of auxiliary feedwater spray

into the tube bundle but recent B&W nodels account for the new data.

'I

.

Staff Evaluation

' '

1. EFW Spray Effectiveness

On February 23, 1983, the B&W Owners Regulatory Response Group
.

(RRG) net uith the staff to present infornetion on'the above two

technical issees. Subsecuent to this reetina, the owners group

subnitted a technical report, " Evaluation of SBLOCA Operating

Procedures and Effectiveness nf Energency Feedwater Spray for B&W*

designed Operating NSSS," (Reference 1) which documented the

infornation presented at the February 23, 1983 neetino. The staff

has revict ed this recert Frd our evaluaticn fc11ces:

i

_

-
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t. e ective w per;ency ; m e ;?'.e r So r g |< -

nc-Through-Ste:-r r ne etcr (OTSG) dcsign for the 177-Fuel" the e ee

I Asserbly r>ts, er.ercercy fec6:ater ceters the stear; cerier? tor

.".cotd se"en re:zies located circunferentially arcund the OTSG

sSell and at an elevation .fust above the top tube support olate,
'

,

This is shown in Figures 1 and 2, taken from the B&W report. Also.

shcun on Figure 1~ is_the operating range for feedwater level (item-

24).
'

- Analysis models used by B&U and the. staff have assumed that

energency feedwater injected at the sparger elevation would be

unifornly distribut~ed within the tube bundle and provide effective-
.

heat transfer to all tubes within the bundle. Data obtained from

testing perforned by B&h' at its Alliance P.esearch Center (ARC)

shcus herever, that the ancreency feedr'ater spray dees not

e#fectively ceretrate the tube bundle providing uniforn wetting and-

uni #orn beet transfer throughout the bundle. hther, the energency

feedwater vill only contact those steam generator tubes in the~~

i innediate vicinity of the injection rozzle. The emergency
i.

fees;ater 'eculd then ecol on the tube support plate and spread out,

draining dcs:n the flou tube where the t'ubes penetrate the tube

support plate. As can be seen fron Figure 1, at least 6 tube"

f suppert plates exist between the injection location and the top of.

.

the operating range. In Figure 3, B&W shows the emergency

feeduater axial wettino profile neasured in Oconee 1. This shows
;

that as the energency feedwater drains down the tube bundle, the

tube sucocrt plates tend to spread the flow towards the center of

. - . . . - . - - - . - - - _ . . - . - _ . - - _ - - . _. . -
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+be tube bundle. The wettingvprefile could be enviticced as in

" inverted cone." The inract of this incorplete wetting of th~e

tubes is that the heat transfer rates attributed to spray cooling

above the secondary side ecol level cen be reduced frcn what they

were originally, based on the 100 percent wetting assunntion. -

_

.

In the B&W report, data and data correlations are presented which

allow the percent of tube area wetted above the secondary side pool

level to be calculated as a function of EFW flow. In the following

section, the re'11ance on EFW spray effectiveness will be discussed.

.. .g

Subsequent to the THI-2 accident, the staff investigated the

possible causes for natural circulation not being established in

TMI-2 once the reactor coolant pumps were shut off. In reference
'

2, it was postulated that natural circulation did not connence

following RCP trip because the secondary side steam generator level
- ~ was not high enough to establish a condensing surface which would

allow natural circulation flew over the punp entrance. In
'

references 3 and 4, the staff further explained and docunented this

concern anc concluded that in order to assure natural circulation,

(in particular boiler-condenser), the secondary side stean

generator level nust be raised to above the elevation of the pump.

inlet. BMI proposed raising the stean generator secondary level to-

95 percent of the opereting range in reference 5 (Licenree Exhibit.

5). By raising the level to 95 percent of the operating rance, a
4

condensina surface that is above the elevation of the puno inlet

er.d is sufficient to renove a'l decey heat in assurcd. Sv

_, .. ._-- -
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esttblisYr = ' teWr tire st rfv.e 250"e the cum- ; >* elevaticn,

.crdens ? ti c n of criracy vtec: cod tht: buildup o' a ccndensate level

mn -he prinary side of the tubes sufficiert to recreate flew over

de pur.o inlet is also assured. In eddition, because tFe liquid

levels in the core, dcenconer, and steen gererator are ecualized
.

due to the vessel vent valves, the 95 percent secondary level

essured that a condensing surface will be established before core

uncovery could ocr.ur. In other vords, in order to assure that

natural circulation (boiler-condenser) would cernence and

reestabiish deciy heat renoval before core uncovery could occur, no

credit for EFlf @ rayjeffectiveness needs to be taken. The EFW

spray could be postulated not to provide any heat trensfer, as long

as it contributes to the secondary pool inventory. Thus, while the

effect of the reduced: heat transfer due to the reduced penetration -

of EFl' spray duriEg a SBLOCA would be to change the degree of

initial overcooling and thus the initial systen pressure response,
~~ the overall conclusions regarding core cooling would not change.

'

Inherent in this coriclusion however, is the assumption that the

pool level on the secondary side of the'steen generator is raised
!

to 95 percent on the operating range in a tinely narner following a

SSLOCA. Presently, the EFil is autenatically controlled to.

'

establish the level at 50 percent of the operating range. Operator

action is required to raise the level frcn the 50 to 95 percent

; level. In order to estinate the tine available for the operator to
.

initate actions to raise the EFU level to 95 percent, analysis by
1

l-
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r'" in licensee exhibit' F. shovs thet for the larteet break size for-.

which steam gererator heat renoval would be renuired,

(.01 sq ft.), boiler condenser heet transfer was calculated to

cer .ence af ter.25 ninutes. . Mereover, at the tire boiler-condenser:

105,600 lba would-still remainccnnenced, B&U analyses indicated _
-

,

~

above the core. If this amount ~ of coolent were assuned to exit the ,

prinary systen via the break (.01 sq ft.) as saturated liquid, it

w^uld still . require at least an additional 3 5 ninutes before core

uncovery. This is a total' of-at least 60 ninutes available to

establish a condensing surface for the liniting break. If the

level nust be railb3!from the 50 percent to the 95 percent level-
*

and it takes approximately 1 ninute to raise the level one foot ,

I then we estimated it would take approximately 12 ninutes to raise

the level to 95 percent. Therefore, there is estinated to be in
'

er. cess of 13 ninutes available for the operator to recognize the
i

event and initiate filling of the seccndary side of the stean

generator _with EFW to achieve the 95 percent level for the nost
' ~

limiting small break to establish boiler-condenser in the time
.

.eriod assuned in the B&M analysis. A still lancer tine would be
4

Fvailable before core uncovery cculd occur.
:

.

*Th' estinate is used by BEU and has been confirned by the staff.i

:

_ - _ _ - _ - . . - - -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ . _ _ , - .-__ _ _ ,

,

. .

,

'
. . *

r..

,

Fic /o 4 ' .* i e -r;: r/oc.d /ttn Ficure 3-3 of the 3?." subnittal, -

res'i ts n' ress rnd enercy be.lences which der.onstratelprot 'de:s -"s

that ever '*h rersced EFU ncortration, ard accounting for the

riogced s-e t ;;rere ce tubes et T!*!-1,' the EFU serav is still
'

4

suf' icier- *r renove decay heat.

. -
*

.

The solid curve labeled EFil spray, represents -the~ p'oint at which

the overail hear transfer rates fron EFU spray, ennbined with the

i prinary to secondary tenperature difference at the indf cated RC

pressure, can r'erove all of the decay heat at the indicated time.d

!- This curve is besidilly the energy balance requirenent. The dashed

lines represert the points at which the HPI flow can natch'the core

ooiloff at the prevailing pressure. The significance of this curve
I

is that prior to an's core uncoverv, the break nust uncover, and
j ,

discherge stean. Tte source of the stean is the core boiloff; y

therefore the dashed line reoresents the point at which HPI flow \

uill match break flow (the nass balance). The intersection of the
' '-"

~ ~

_

t' o curves is tSa point at which both all decay heat can be renovedw

'

by E:U s: r" Erf.HPI can #ully nake up all nass loss through the-

break. F:r the TiI-1 case, these occur for all tines beyond about

900 secon:s for the 100% HPI case and beyond 1700 seconds for the

70% HPI case.* It is therefore only necessary to show that core
.

.

. ,

*The 705; HPI c?se e'ers to 1 HPI train with a 30% reduction assumed to

result fren scill?ge of HPI out the break.

',
-

'

45c
4
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J, V urc:very c as not occde 'er m.y Frall brorN less tMn .02 sque.re

ft (i.e. . these breekshich reouire the strPr. cenerators' for heat'
4

' ' rer: v fl . As previcusiv shoun, core uncovery canrot occur nrior to

at''enst O ninutes, or 3500 seconds suhich is in.censic'crablex

excess cf 1700 seconds as indicated above.
-

7. Er.erov.cv Procedure and Operator Trainino fdequaev
.

The staff's board nq.tification af!-83-21 dated February 18, 1983,

stated the inporTance of operating procedures and operator training
,

in assuring that a sufficient condensing surface is established in !

Y

the st'!am generators 'ander all designibasis conditions. The

concern raised bf'Ifi. Lahey is uhether.or not operators have
,

suffi:ient instructions and tref ning to assure that the secondary ,

"
s,

'

level of the steem generators is increased to 95 percent of the'

:.,
c:: era-ieg range in a tirelv r.enner for all corditions necessary tof

.. .
,

? assure natural circulation.
1

.,

Subse:uent to board notification on this issue, the staff net with

the licensee on' February 23, 1983 to discuss the energency... .

cperat'rg procedures and operator training. Itoreover, the staff
|

' '

selec .ed e ercancy operating procedures to ascertain what

instr;cti:% ere provi&d relative to reintaining stean generctor'

s' ~ . level. The review included T'tI-1 precedures for respending to loss

x , of ecolant and inadequate core cooling and the procedure for+

' natural circulation cooling. Our review concluded that the

crece:ures provide specific f r.structior.s to increase stean

ge-erster icvel to 95 percent of the operatino range under the

: fo'.le-4rg cnnditions: (1) reector coolant nunps are tripped

01'r * p a lost,of coolaat accident, (2) inadcouate core coolirg~#

| ,

,

, . - , _ _ - . , . _ . . _ , , , _ . _ _ . , , - _ , . _ , . . , . _ . . , , ,,. - - , ,o % . , . _ . .
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-- : ~ 'i nu (t +r th e r c e rc e f te r t.oCA ) ,n,7.u. s rersi;*. -

i
<;r I3' s eids ecc.." ' ; -3'ur$1 circuletiro er.d subccolir.o is not'

,

ir .criiz +.el v rcar ?.t''s ec.

Discussions eith id:e see reeresentetives affirr.ed that the
-

.

operatcrs at T!!!-1 have been treired in the use of these
.

procedures. The sis _'f did net review the training progran in

/etail however, Ticensee rcpresentatives stated that operator
1

training on use of erergency operating procedures included
~

instructions to rersin in the appropriate energency procedure in
,

use until the pla'ns'.Rs ir i stable condition unless the procedure

specifically instrcc s the user to exit-it. This further assures

that the operator will not exit a procedure prior to establishing

95 percent level i -ke steen generator, if required.
.

.

Cerclusions

The staff has evaluated information provided by the BMI owners. .

group reoarding the effect of reduced EFW penetration on decay heat

rer. oval ctptbility 2: '":-1. Rase on this evaluation, we have.

concluded that for t"e desigr. t'esis SB(OCf. scenarios, EFil spray

cooling need not te e'ied user to assure adequate decay heat

renoval, and decay heat rerevel solely by prinary stean*

condensetion in tre region of the secondary side pool, which is at
.

an elevation of 95 certer+ 0" the operating ranne, is adeauate.

This conclusion esse-es correc'. operator action within

approximately IC 'o 15 rirutes to initate raising the steam

generator lesel tr . .e 55 reccent icvel. For scenarios not
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,

nernally censidered in the destgr 5esis, drcludine dels.ved E A!,

credit for EFl! spray coolire is relied uncn to assure core cooling,

Analyses by 9?A! shcu that after eccountino fer the reduced EFl'

penetrrtion into the staan gererttor tube bundle, and efter

acccunting for plugged tubes in the T!*1-1 stean generetors, the ERl-

spray cooling will still provide ef fective decay heat renoval.

_

Based on staff riview of the TMI-1 procedures and discussions with

representatives of the licensee regarding operating training, the
"

staff concludes that there is reasonable assurance that the

operator will incfblie steam generator level to 95 percent of the

opcrating range under the conditions for which it is recessary to

establish natural circulation.

.

- . . e
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Ficure 1 -

NUCLEAR ONCE.THROUGH STEAN GENERATOR (0TSG)

(From Refefence 1)
,
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FIGURE 2 TYFICALEMiRGENCYFEEDWATERARRANGEMENT

(From Reference 1)
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Ficure 3 IFW AXI AL i|ETTING PROFILE
(0COMEE 1 - IB OTSG)

(From Reference 1),
-
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