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V. Stello, Assistant Director for Reactor Safety

WESTINGHOUSE A'TWS CATEGORY B - LOSS OF NORMAL AC POWER

Attached is a brief writeup, tables, and figures presenting the re.sults of
our' preliminary review of the loss of AC powei event with a failure to scram
for Westinghouse ATWS Category B plants. Based on this preliminary review,
we conclude that the containment will have to be isolated on some signal
prior to releases through the pressurizer to avoid doses substantially in
excess of 10 CFR Part 100. With respect to leakage through the secondary
side, dose consequences approach 10 CFR Part 100 limits if a substantial
ar,unt of fuel is failed or if steam generator leakage increases to several
gallons per minute as a result of the transient. These doses are for a
X/Q of 10-3 sec/m3 The meteorology at some sites could result in doses
which are higher than those presented here by a factor of three or four.
In addition, we voald like to emphasize that the failed fuel was assu=ed
to contribute only fuel gap activity to the source term. No additional
releases from the fuel itself were considered. We would need time / tempera-
ture data for the fuel to consider this source.

We would like to reiterate that these are preliminary calculations based
on the rough data given to us by your staff. Once the. final numbers for
the primary and secondary systems' performance, failed fuel fractions, etc.
are established, we vill have to redo our calculations. For instance, we
do not feel that the ten-minute delay for operator reaction to the event
and manual actuation of the safety injection has been properly justified.
We also want to note that we have made the non-conservative assu=ption that
both centrifugal charging pu=ps are available for safety injection at the
request of your staff. (We note that WASH-1270 calls for a " conservative"
rather than a " realistic" evaluation for Category B plants.)

Any questions on the calculations or assumptions used should be directed to

E. Adensam or H. Fontecilla, Accident Analysis Branch. .<
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B 2.an K. Grimes, Chief

Accident Analysis Branch
Division of Technical Review
Office of Nuclear Reactor Regulation.

Enclosures:
As stated -

cc: See page 2
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WESTINGHOUSE ATWS*

LOSS OF NORMAL AC POkTR

The loss of normal AC power with failure to scram has been analyzed for

potential radio 1ogical consequences using the assumptions presented in Table 1.
.

Consequences from steam generator leakage and from containment leakage have

been estimated. Figures 1, 2 and 3 present the estimated thyroid dose from

, tug hou,rs of release from the steam generator, relief valves. This was cal-

culated assuming an I-131 equivalent source term from the failed fuel and in

the coolant. A partition factor of ten is normally assumed for

I the primary coolant fraction that flashes to steam when leaked into the

secondary side of the steam generators. However, for these estimates that

factor was reduced to 1.0 for the one to thirty minute time period because

.the secondary side water volume was not sufficient to cover the tubes during

that time period. (This assumption increases the computed doses by about 30%.)

!

The, dose estimates were made using an I-131 equivalent source term and aI

two-hour X/Q of 10-3 ,,cf ,3 An iodine spike was assumed to occur in the

time period following the transient, but this did not contribute significantly

to the doses for ,the cases where fuel failure was assumed to occur.
|

l
.

The containment leakage source term was the primary coolant mass leaked into
1

the containment through the pressurizer relief valves as a function of ,

36 ft containment volume with a 0.1%/ day leak rate wastime. A 2.5 x 10

assumed. Complete mixing in the primary coolant and in the containment was

also assumed. Of the iodines released to the containment, 50% were assumed

to be in the primary coolant flashed to steam and 50% remained with the

liquid and were not considered available for release. .

i .

*

t

1

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



L

,',

.

.

-2-

Table 2 presents the estimated containment leakage doses. These estimates'

assume the containment isolates prior to any releases from the pressurizer.

Currently there has not been a mechanism identified which assures contain-

ment isolation prior to 10 minutes. Without isolating the containment and

assuming the releases are directly to atmosphere, the estimated doses are
,

far in excess of 10 CFR Part 100 -exposure guidelines.

Whole body dose estimates were also made for the steam generator releases,

Figure 4. 1-131 and Xe-133 equivalent source terms were used. These be-

come somewhat conservative over the two-hour period due to decay of shorter-

lived isotop.es which was not considered. (The Xe-133 contribution dominates.)

Again, for'ths large failed fuel fraction, the exposures may exceed guide-

lines and for the smaller failed fuel fract*on, the contribution with

degraded steam generator tube leakage is not insignificant.
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TAILE 2

ESTlMATED CONSEQUENCES FROM CONIAIRMENI LEAKAGE
FDLIDWING A LOSS OF NORMAL AC POWER

-

VITH FAILURE TO SCRAM

.

Doses, res-

! Failed Fuel Z Activity in Cap Thyroid Whole Body

25 10 18 0.1.
.

25 5 9 0.06
! 25 2 4 0.02

-

1
1

'

15 10 il 0.07
15 5 5 0.03 ,

15 2 2 0.01 ];

10 10 '7 0.04
#I 10 5 4 0.02
i

10 2 1 0.009-

i

| 5 10 4 0.02 -

.

i 5 5 . 2 0.01 - ' |
5|

| 5 2 0.7 0.004 - -
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2 10 1 0.009 *
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it is desirable becaase ci the taternaticeal data basis. 3. ndenser Tube Failures in Light Water
However at is then very tepcrtaat that definitions and Reactm W6hm L Kenhul Nu IN

g gayreparung practices are brought tato close con!crmity if hPer, Inc) y jan taternatlor.al repcrt is to serve a usef4! purpcse.

M g|The Electric Pc er Research Insutate has eeneladed
d - **e that lentage resulting from ecedenser tube fadures is a'Jad factor and operation factor *are beea se

_IA EA rew r ; . _ _ h.. W rw r r . - 1 m s. Lt.aradactitt] mater coctributcr to cuetear plant rettable re-elems.
iac u.7. ac;.arate .s p .c.co and unpassed usavadatd- h5 mg -g,gu e, cugm3 ggo g3, gm

ity, are used as a measure cf energy lost througn a cycle and results in corrosive asd fouhng effects on other
unit's outages ar4 cr lower avadable capacity. When ecepccents. A sts:stficant pcrtion cf the ts&stry's steam
hand 11r g data tt is t=pertant they bc. consistent and generatcr problems is related to condecer tace fall- ON
hemogeneous. However, some cmb;gstry st111 te=atas in u res.'
reporteg the usavadattlity data, whzch may preAce Q'

mCond_ecser tube f a UrM have been mtnaral at =~ej ,
Ineccststent tt sult s. It ts recogstaed that the re ts

nuc. ear @.u p.asts, u na cm a.- = . . . m.M-

ddfaculty :n reportug unavat!acthty in energy when t ts * ' * * * " * '' "~** R *; ;** * 'eo to e cssoera:J
-

.
related to a max: mum capactty wuch may enance several ammets ci sortume an m so=e cases, to the encrmas
times t ring the year te to regulatory acucc. !cr tasz cf eccdenser retabtag.

There are several emdeeser tube fattare modes. One f ,
example. In additacc, there are ddfe rent practices La
reporting planned ard unplanned unavailahtitty amoeg the
Meeter States. The :sfor=atton extained in the repcrt cf tte scre prevaleet means is .eteesstre vitra* rem
was made ava lable to the Agency thrtcgt destcated charactertaed by tube fretung, fattpe Ana I....r e c.4
naticeal correspcedents, and ta sc=e cases, directly rolled !ctets. The vibranen is usually caused by stea=
frcm utilities. Is the analyucal repcris, a classiftration imp;ngement cm the tubes he to steam and water dreplets
is made by reactor type and stze, t.e. NWR. GCR. PWR, wh ch hit the tubes at h:gh vetoetry. At Pahsades in
and BWR. and belcw and above g00 MWf e). Perfcrmance. Fetruary 1972,5 mbes fatled te to resecast tube vibra-
as measared by the we:ghted lead factcrs as a funeuco cf tice. Each failure was a segle, shar;, well-cefia*d etr-
the age of plants, has been calculated to determare cumferecttal breas at the midpcict beneen tube suppcrts.
whether they mature after a certain penod to achieve Addaticcal vtbrauec necessitated the tnstattatton of >3000

A design Icad facters- _F u ev e r t *" * C-d_cf man -r stazes at the midpotnt between tube supports. In aM.ttion.
wmte bMUn were estaHed to preclude fadare frcm steam;rocess .s act cle@ to-t etcert fcr t.te m s =

nr au ce r Ines the sac re a n a_ tcptnge ment. At Brunswick 2 m A;rtl 1975, an un-"=

cce, m4 a x a ;- - a -t. Ths may be tae to th* properly ba!Eed steam line dram resulted m tube fattures
- that recared two stutdcwns totahng -45 a to efect*

M
.n reases c ..u.atury cf cteer plants fcr =s;cr ret a-
siens. the ge:. enc problems appear =g with sc=e reacter repairs 675 tubes were plugged). At Vdtstoce 1. byp tpes at speethe n=es, and regulatcry restnetaccs that August 1972, ~330 mbes had ben plagged, of wt2ch ma=y

.

affect the average value. Or_e ha s to wa r- **"-9 "a-* failed te to vibraucn. St=dar A!ures occurred at
ara .n et d nr-r tco far-reac e. .. w e ca = P- to Srcwts Ferry 1, Cccper, ar.4 ccher plants.

_

Y Plants using ocean water m tne etreulat;ng water^
/ system have expenenced saltwater ecrresmo and erosion.
) O e prctiem ex;ertenced ts the entical analysts cf At Diablo Canyca 1 & 2. salt water left to the Ca-N4 tubes

operating perfer=ance is the practical t=pessibthty og corroded ttem su!!actently anewteg copper to be Cassed
deter =tamg the real carauon of s!zatdown penods with cut durtsg pu=p tests, centnbutsg to the deatt of 4000 toreferexe to a partestar octage categcry.13ttity eports 14.000 abalece. The tubes were replaced with titas:2= :n
generally prestde overall f;gures representeg the toczt 1374. At M;11 stone 1 tn 1972, toe pneary system became

) number of bcurs af.!ect2=g a given shuttwn, for wh2ch contammated with excess:ve chicrtdes he to a large
=cre than one oatage category is ;sdicated. rw e fadere of the mam coedecser tubes. EMy currect testeg

mus

h
~to a relerres outage c ategory. Trie most ecence ex-
* mestble to toenufv the ~.2? s%tw t m?re. aue of -1450 Al-Brass tubes revealed 47% had undergoce

densate attack Ae to saltwater ectreston. Many pinholes
ample is the refueling penod, which may lie extended to
cc eplete maintenance vert w h2c h was articipated er

had develcped m the tubag. Recebmg cf the ecodenser
with 70/ 30 Ca-Ni tubing was performed in late 1972 as

pcstpcced accordt 4 to =anagement deets:ces. tais matertal de=ortstrated becer performance. Sc=e

/
fadures, alceg with talet plugg=g. h.are been expertenced

An ara!vsts cf ur.aratlabsh!:es shews that malmteaarce
2- N ef L r me L ce:4 reracar a M c,em .~~.e smee the retub;.g. Simdar ectrosace fadures were

.ma ma ".r_ m 1 r, -2 + 1 m te rf expenenced at Pdgrtm.plannet. nag .

y a -t c a*enr ;e * .n; c-*- - T6te talet ercsice from h:gn-reloctty cr arbu!ent* ->"e ***a a

J.a wr iaa se es arr' a-m vue* T*e u-av e & 5 -t seawatsr is asetter predc= mast cause cf tube leazaze.
_a m a s sa-:.eiec * wer plants arocars e ** r ur to Thzs preele= was a ec==ce occurrence at San Orcfre.
nsciear mer e. ants. Epcry ecatmg was apphed to the L:let eates with only

fair results. Durmg the third refachsg (Fa.1,1973L 5754
Lastly, a calculation cf cocstrucucs u=e spas sbcus bes were replaced with 9CJ10 CCNt. The engual

a m siderable merease cf ecastractica time aver the t Ns were 90e10 and 70/30 C4-Nt ancys. The 1:let ends
past year- of the eev ubes were allowed to protruce -413. Lato the

talet plenu=2 from the tubesbee' T'e thecry is tt:s

1. " Operates Expwnence vita Nuclear Pcwer Statices a mstallataco was that suuletect st.rea=lt:mg ut:sid occur
Me= der States." IAEA-127,137.150,155.168; STL outside tte tubesheet and =1tgate te sc=e extet.t etymg
Pl*B 417 and STl/Pl*B/458. IAEA A:su.al Report. tastde the tubesbeet. Epczy was apphed to each elet end

to a depth cf - 14 m. Acceptable wear resistance was

2. " Performance Analysis of Neelear Power Plants frcm obtamed. but leazage was net ec=pletely arrested. Is
March 1975, 2 cf tte 4 condenser halves were retubed

Operatmg Expenence Data." STU PtfB/452, IAE.A An- with utanzu=. Ten cf these tubes !alled and were plugged
nual Report.
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m Novtmber 1973. In additton,9 su:pect;d fx111d tub:s
tn-coro systIm for peak det:rmination ta applied to the'

w;ra pluggid. Samnitr arostin of the tnist snda of
approprtit) sitpomta to tnsure that the confidence levelAl-Brass tubes was expertenced at Pilgrim.
tn the localized peak power and DNBR margins is main-

Broken LP turbtne blades, vibratmg impingement * * * '
( baffles, and other loose parts have caused tube failures.
.\ At San Onofre in 1969 and 1973. turbine blade failures

The in-core detector alarm limits are normally set to, ,
ensure that the peak (mear heat rate limit is not exceededcaused condenser tube damage. Blade fattures at Montt-
at each tnstrument location; however. !! relatively largecello and .'.fatne Yankee caused similar tube failures. regions of the ccre are not monitored by in-core instru-In 1972 at Mame Yankee, broken impingement baffles
ments, changes in the axial and radial distributions couldruptured 3 condenser tubes and damaged 30 others. At
occur without exceeding alarm Lmits. There!cre, if

i,.

Browns Ferry 1, a vibratmg baffle wore holes in several
condenser tubes which had to be rep', aced (20 cubes were <7Si of the in-core detectors are operable each indi-
also damaged at Peach Bottom 2 m tnis mannerb vidual alarm limit is based on the same minimum margin

to the limitmg peak linear heat rate rather than the
Poor condenser tube integrity and subsequent loss of margin availaWe at ean insmment location. his, m

power generation is undesirable. At Oyster Creen be- *!!ec t, imp ses a m nit ring restraint on the power
tween 1970 and 1976, >50 load reductions and, or shut- distributton as well as the pean Imear heat rate and
downs were necessary for condenser tube repatt. At precludes the occurrence ci peaks larger than the limit.

V
Zion 1 & 2 (1974-75) there were 8 forced outages totaling

Loss of m-core detectors increases the core internal~750 h for condenser tube repair. It is evident that axial shape mdex uncertatrty. This uncertainty as ac-reliability and availability of the main condenser are of
the utmost importance to maintaming good overall plant counted for by applying a penalty to the peripheral axtal

shape index limits. If a spectiled mintmum number ofpe rformance.
in-core detectors located in the interior and exterior
regions of the core are not operable, the ex-ccre detec-1. M. LEVENSON, EPRI J., 2,1(1977),
tors are not calibrated and. an additional penalty is
applied to the peripheral axial shape index limits.i lj 6

4 Operation of Fort Calhoun Station with Cycle 2 cperation concluded at full power using this
Technical Specification. The uncertainty limit betweena Reduced Complement of IfdCore Detectors, measured and calculated in-core instrument signals was

J. K. Gasper, R. L. Jaworski (Omaha Public "" ' ' *c "d'd '" 'Y' '' 2 '' * " d" " 'E th* F* ''** * h* "Power Dist), R. R. Lee (C-E) * * ' ' ' * * * * * ' ' " ' ' " ' * " " * ' ' " " ' " * " ' ' ' * * *
This Technical Spectheation requires that a coreCore performance monttoring at the Fort Calhoun

Station uttitzes 28 strings of self-powered nonmovable follow program be mamtained and that setpomt adjust-
g rhodium detectors with four detectors per string. In- ment methodology be available in case the power distri-
I core detector signals are processed using the GINCA' button uncertainty is exceeded. The mamtenance of these

program. During the first 2000 mwd /MTU of Cycle 2 two programs is considered a small cost when compared
operation, signals were lost from more than 509 of the to the loss of unit capaetty.

j in-cere detectors. The Technical Specifications related (g Q
1. R. C. HELLENS. T. G. OBER. and R. D. OBER,to the in-core system in effect at that time limited the

reactor to 96 of full pnwer. This paper desertbes an .,tetnuo of AnaqTing In-Core Detector Data in Power
operation method and revisions of Technical Spectiteation Reactors," Trans, A m. Nucl. Soc., 12, 820 (1969).

m ;
2.10.3 implemented tc, allow full-power operation with up
to 85% of the in-core detectors ineperable.

5. On Site Reconstitution of 108 St. Lucie i
The in-core instrument system at Fort Calhoun Station Fuel Assemblies, K. N. Harris (Fla P&L-St.

is used in three ways to monitor core performance and to
ensure operation withm the limits used as initial conda- Lucie) J. J. Hutchinson (GE). E. H. Smith, Jr.
tions for the safety analysts: (C-E. Fla) D h

The purpose of this p(aper is to desertbe in some detall1. to verify that the radial peaking factors do not
exceed a specified value ew a was accompW in the sk M pool of

2. to trigger alarms set on each individual instrument Flortda Power & Licp * Octe ! P! ant to replace 1300
, poison shtms in 108 fuel assemoues. ,

to ensure operation withm specified peak linear
heat rate limits Chronologscal Summary of Enents

! 3. to determine the core internal axial shape index for 1. Detected core power tilt @ 804 power-7 6/ 76.
/periodic caltbration of the ex-core detector system.

2. Conurmed tilt and attendant growth at power.
|, The revised Technical Specification allows full-power Reduced power for low-power phystes testmg-7/10/76.

operation and ensures that safety margins and Limiting
Conitttons for Operation are not reduced when operattng 3. I.ow-power phystes tests conbr ned a reactivity
with a reduced complement of in-core detectors. anomaly-commenced a plant shutdowns cooldown and dis-

assembly-7, 26/ 76.
The new Specification requires a pertodic comparison

of instrument signals with core-follow calculations to 4. Fuel and internals mspections began-8, li 76.
ensure continued overall power distributton agreement 5. Fuel inspections completed-8/18: 76
between prediction and measurement if more than 25% of
the in-core detectors are not operable. This comparison 6. Defuelmg completed-8/23/ 76.

| 1s made to vertly that measured and calculated power 7. Poison rod removal for analysts began 8/28/76.| distributions are within the uncertainty assumed in the
safety analysts. If this comparison shows a highe r 8. Shipped l6 poison rods to ARMF/ BMI-9/ 4/76.
uncertamty, then a penalty associated with the use of the 9. Began fuel reconstitution-10/5/76.

_. -
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WESTINGHOUSE A'TWS CATEGORY B - LOSS OF NORMAL AC POWER I i

W
Attached is a brief writeup, tables, and figures pr enting the results of
our* preliminary review of the loss of AC power eve t with a failure to scram' *

for Westinghouse ATUS Category B plants. Based this preliminary review, /,

gYwe conclude that the containment wil_1 have to b isolated on som stenal
pflor ta releasea, turcugn tne pressurizer to avoid doses sub s e * * d ,11 v in
excess _of iv cra rart mv. with respect to leakage throuSh the secondary
side, dose consequences'a roach 10 CFR Part 100 limits if a substantial f
amount of fue? is failed if steam generator leakar'e increases to several/
' gallons per minute _ns a r lt of the transient. These doses are for a __
'X/Q of 10' sec/md. The meteorology at some sites could result in doses ' ,,,,,,,

which are higher than those presented here by a factor of three or four.
In addition, we wo 21d like to emphasize that the failed fuel was assuce_g
to_ contribute only fuel gap activity to the source term. No additional
releases from the fuel itseir rare considered. We would need time / tempera-
_ture data for the fuel to consider this source.
We would like to reiterate that these are preliminary calculations based

| on the rough data given to us by your staff. Once the final numbers for
the primary and secondary systems' performance, failed fuel fractions, etc.
are established, ge will have to redo our calculations. For instance, we
do not feel that the ten-minute delay for operator reaction to the event [and manual actuation of the safety injection has been properly justified. g>
We also want to note that we have made tha non-conservative assumption that
g eh c *-ifugal charging pumos are available for satety injection at the_

~

request of vnur stn q (We note that WASH-1270 calls Ior a conservative"
rather than a " realistic" evaluation r Category B plants.)

[
Any questions on the calculatio or assumptions used should be directed to
E. Adensam or H. Fontecilla, cident Analysis Branch. <

j

| / . |.~ '-
'

~
'

l h U'' '''~' t ** " ' 'M-- ' ' -
D [lan K. Grimes, Chief.

gQ
fleg

L3{ ; " Accident Analysis Branch
Division of Technical Reviev
Office of Nuclear Reactor Regulation

Enclosures: h h.
As stated O '

cc: See page 2
.



9

l.,
,

.

2- SEP a 1973V. Stello -

cc: R. Heineman
F. Schroeder
H. Denton
T. Novak
W. Minneri

1._Thadani
L. Olshan
W. Pasedag **

E. Adensam
H. Fontecilla

,

e

e



.

.

he h&/

h' to ), $.wm
WESTINCHOUSE AT'.iS IOfNLOSS OF NOPEAL AC PO'.ER

.ot. D F.
The loss of nor=al AC power with failure to sera has been analyzed for

potential radiologital consequences using the ssumptions presented it. Table 1.
% .

Consequences fro: steam generator leakage a e from contain=ent leakare have
_

been estimated. Figures 1, 2 and 3 pres .t the esti=ated thyroid dose fro:

tvg hou,rs of release fro = the steam ge erator relief valves. This was cal-
_

- culated assu=ing an,I-131 equivalen[ source ter= from the f ailed fuel and in mf
#->the coolant. _A partition fact of ten is nor: ally assured for

the primary coolant fraction .a t flashes to stea when leaked into the

second:_ry side of the stea generators. However, for these esti=ates that
fi

|
factor was reduced to 1.0 for the one tq thirty minute t e period because

N^

the secondary side water volume was not sufficient to cover the tubes during

that eine period. (This assu=ption increases the co puted doses by about.

i Un
kg.The. dose esti=ates were made using an I-131 equivalent sour ~e tern and aI

3 sec/=3
_

An iodine _s_ pike vs., assumed to occur in thetwo-hour X/Q of 1
___ _.

time period following the transient, but this_did not contribute significantly

to the doses for the cases where fuel failure was assu=ed to occur.

Q W% A s-.a t4 .e .g.
The containment leakage source term was the pricary coolant mass leaked into

the containment through the pressurizer relief valves as a function of

time. A 2.5 x 106 gg3 containment volume with a 0.1%/ day leak rate was
_

I assumed. Co=plete mixing in the pri=ary coolant and in the containment was
CT

also assumed. Of the iodines released to the(containmentl 50% were u sumed

%Iemainedwiththeto be in the primary coolant flashed to stea: an

liquid and were not considered available for release.
-

4

_ - - - .-_ _ _ _ _
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Table 2 presents the estimated containment leakage doses. These estimates

assume the containment isolates prior to any releases from the pressurizer.

Currently there has not been a mechanism identified which assures contain-

ment isolation prior to 10 minutes. Without isolating the containment and
i

assuming the releases are directly to atmosphere, the estimated doses are i

far in excess of 10 CFR Part 100 exposure guidelines. s ..

Whole body dose estimates were also made for the steam generator releases.

Figure 4. I-131 and Xe-133 equivalent source terms were used. These be-

come somewhat conservative over the two-hour period due to decay of shorter-

lived isotopes which was not considered. bhe Xe-133 contribution dominates.)

Again, for'the large fa' led fuel fraction, the exposures may exceed guide-

g and for the smaller. fail i fuel fraction, the contribution with
degraded steam generator tube leakage is not insignificant.

.
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! TABLE 2

ESTIMATED CONSEQUENCES FROM _C0h*fAThW T FAY ACE
70LIJNING A LOSS OF N010'.AL AC P0h'ER

WITH FAILt'RE TO SCRAM
.

I
i
!
'Doses, rem-

1 Failed Fuel % Activity in Cap Thyroid Whole Body

i

i - 25 10 18 0.1 -

.

25 5 9 0.06i

| 25 2 4 0.02
'

15 10 11 0.07
15 5 5 0.03
15 2 2 0.01

10 10 ~7 0.04
10 5 4 0.02
10 2 1 0.009-

5
,

10 4 0.02
5 5 2 0.01
5 2 0.7 0.004

2 10 1 0.009
2 5 0.7 0.004
2 2 0.3 0.002
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