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V. Stello, Assistant Director for Reactor Safety
WESTINGHOUSE ATWS CATEGORY B - LOSS OF NORMAL AC POWER

Attached is a brief writeup, tables, and figures presenting the results of
our*preliminary review of the loss of AC power 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 isclated on some signal
prior to releases ihrough 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
arount 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 107 sec/m>. 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 woild like to emphasize that the failed fuel was assumed

to contribute only fuel gap activity tc the source term. No additional
releases from the f:el 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 will have to redc 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 assumption that
both centrifugal charging pumps 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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= Accident Analysis Branch
Division of Technical Review
Office of Nuclear Reactor Regulation
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WESTINGHOUSE ATWS

LOSS OF NORMAL AC POWER
The loss of normal AC power with failure to scram has been analyzed for
potential radio’ogical consequences using the assumptions presented in Table 1.
Consequences from steam generator leakage and from containment leakage have
been estinatea. Figures 1, 2 and 3 present the estimated thyroid dose from
twq hours 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
the primary coolant fraction that flashes to steaz 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%Z.)

The dose estimates were made using an I-131 equivalent source term and a
two-hour X/Q of ].0'3 sec/mj. 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.

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

the containment through the pressurizer relief valves as a function of
time. A 2.5 x 108 ft3 containment volume with & 0.12/day leak rate was
assumed. Complete mixing in the primary coolant and in the containment was
also assumed. Of the iodines released to the containment, 507 were assumed
to be in the primary coolant flashed to steam and 50% remained with the

1iquid and were not considered available for release.



Table 2 presents the estimated containment leakage doses. These estimates
assume the containment ‘solates prior to any releases from the pressurizer.
Currently there has not been a mechanism identified which assures contain-
ment ilolltioﬁ 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. 1I-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 isotopns which was not considered. kIhe Xe-133 contribution dominates.)
Again, for thk> 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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TAELE 2

ESTIMATED CONSEQUENCES FROM CONTAINMENT LEAKAGE
POLLOWINGC A LOSS OF NORMAL AC POWER
WITH FATLURE TO SCRAM

. Doses, rem
X Failed Fuel 2 Activity 4in Gap Thyroid Whole Body
25 . 10 i8 0.1
25 5 9 0.06
25 2 “ 0.02
15 10 11 0.07
15 5 5 0.03
15 2 2 0.01
10 10 7 0.04
10 5 - 0.02
10 z 1 0.009
5 : 10 - 0.02
5 5 2 0.01
5 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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TLE 6.1

it 18 desirable Decause of the nternational data basis
However, it is then very important that definitions and
reporung practices are brought ato close conformity Jd
an aternational report is w serve a useful purpose

Cwsat 35— Mu, |

Power Reactor Operating FPhperience We 1n Mﬁ "
> Tube FM 'm Liywm cll‘l
Reactors, William L Kersh Ny,
Exper. Inc) F. M g‘m
The Electric' Poder Research lastitute bas concluded ‘l
tha! leakage namm‘ from condenser tube [aiiures 15 a ‘

Uy, are used as a2 measure of energy lost Mirough a
unit's outages and or lower availadble capacity. When
nandling data it is .mportant they b¢ coansistent anc
nomogenecs However some Imbiguify still remaias in
reportiag the unavailability data, which may produce
mconsistent results [t 18 recognized that Ihere 1§
difficulty n reporting unavailability in energy whes ' is
related o 3 maAXimum CaAPacily wACh may change several
times during the vear due o regulatory action lor
example In addition, there are diulferent practices in
reporting planned and unplanned snava:lability among the
Member Rates The waformation contained in the report
was made availadble to the Agency ihrcugh designated
national correspondents, and 1 some cases. directy
from ustilitzes In the analytical reports. a classilication
s made by reactor type and size, .e. HWR. GCR. PWR,
and BWR. and below and above 800 MWie Performance
as measured by the weighted load factors as a lunctlioe of
the age of plants. has been calculited fo determine
whether they mature after a certain period o achueve
desigz lcad f{actors ;
rocess .s act cle

tiaoiiity of oider plants for major revi-
sions. the generic probiems appeariag with some reacior
types at specific times and reguiatory resinclions that
alfect the average vaiue hRas to warn Strisily
aganst drawing too [ar-react
smal. a dala base

ons 2o 100

Ove problem experienced in the critical analysis of
sperating performance is the practical :mposedility of
determining the real suration of shutdown periods with
reference to 2 particular outage category. Uhility ~eports
generally provide overall [igures representng e ot
aumber of bours affecting a given shutdown, for whuch
more than one outage cazqc—v s .ndxcued M

to a relerrec outage categor The most common ex-
ample s the refueling per\od which may Le cmod
complete maiwntenance work which was anticipated or
postponed according ! management dec.sions
navailabilities shows

An analvsis of g

that maintenance

Ihe _:'ara. A0 i &l

= o

AuC lear power D.anis

Lastly. a caiculation of comstruction time span sShows
a considerable increase of coastruction lime over the
past year

! “Operating Experience with Nuclear Power Stations o
Member States.” IAEA-127, 137, 150, 185 163. STL
PUB 417 and ST1 PUB 458, IAEA Annual Repor:

2. ' Performance Analysis of \u lear Power Plants {ro
Operating Experience Data.”’ STL PUB 452, IAEA An-
mual Report.

fz. o= Sag z:‘ﬁ a

major coatributor to auclear plant rei roblems
m:d&m& wic &'ﬂﬂ ‘M'

cycle and resuits i corrosive and louling effects oo other } : . a
components. A signulicant portice of the Ausiry s steam
generator problems is related o condenser ude fa:l-
iy S‘ L

save been mimimal at

—————— We T SIS
amounts of downlime and, 1o SOme Cases. wmmw '
task of condenser retubing p
There are several condenser tube failure modes One

of the more prevaient means is gSsive TIDralicn e
characterized by tube [retting, fatigue T mLre =

rolled jowts The vibration is gsually caused by steam
impingement on the tubes due 1o slearn and water droplets
which Rhit the tubes at hugh velocity. At Palisades
February 1372, § wubes failed due to resomant wube vibra-
tion. Each failure was a single. sharp, well-defiwed cur-
cumierential dreak at the mudpoint berseer tube supportis
Add:tional vibration necessitated the wstallation of - 3000
stakes at the mudpount between tube supports. In additice.
balfles were nstalled to preciude laiure from steam
impingement. At Bruaswick 2 @ Apri 1975, an wd-
properiy balfled steam line drain resuited in twbe fallures
that recuired two shutdowns totaling ~45 8 elect
repairs (~73 tubes were plugged). Al Millstone i, by
Acgust 1973, ~380 wbes had bevn plugged. of which many
failed due to vibration Simular failures occurred at
Browns Ferry i, Cooper, and other plants

Plants using ocear water n the circulating waler
system have experienced saltwater COrroSion and erosion
At Diable Casyon | & 2, salt water left in the Cu-N. tubes
corroded them sulficiently allowing copper to be fushed
out @iring pamp tests, contributing (o the death of 4000 to
14 000 abalone. The tubes were replaced with Lianum o
1974 At Millstone 1 2 1372 the primary system Decame
contaminated with excessive chiorides ue o a large
failgre of the in condenser tubes. Eddy current lestng
of ~1450 Al-Brass tubes revealed 49% had undergone
definite aftack due to saltwater corrosion. Many punholes
nad developed in the Tubing Rembu:t.{‘at:mr
with 7030 Cu-Ni tubing was performed iz late 1372 as
s material demonstrated better pericrmance Scmc
failures, along with inlet plugging. have Deen experienced
since the retubing Similar corrosios falisres were
experenced it Plgnm

Tube iniet erosion from Ngh-velocity or turbulena?
seawater is another predominant cause of tube leaxage

This problem was a common ocTurrence at San Orolre
Epun coating was au:.xec to the wiet eads with oaly
fair results During the third refueling Fa L 1973), T
tubes were redlaced r.:: 'fC 10 Cu/Ni. The ongnal
wbes were 30/ 10 and 70 30 Cu-Ni alioys. The w:miet ends
of the sew ‘tubes were allowed to protrude ~€ . ato the
inlet plenum from the tudeshee. The theory in wtus
@astaliation was that sullicient streamining wouid occur
ostside the tubeshee! and miligale (o some eXteni yiag
nside the tubesheet Epoxy was applied 1o each nlet end
two a depta of - 14 n. Acceptable wear resistance was
obtained. bu! leakage was aot completely arrestec 14
March 1975, 2 of the 4 condenser halves were refubed
with titanium. Ten of these tubes failed and were piugged
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in November 1975. In addition, 3 suspected fa:led tubes

were piugged. Similar erosion of the nlet ends of
Al-Brass tubes was experienced at Pilgrim.

Broken LP turbine blades, vibrating .mpinge ment
balfles, and other loose parts have causea tube failures.
At San Onofre in 1969 and 1573, turbine blade failures
Caused condenser tube damage. Blade failures at Monti-
cello and Maine Yankee caused similar tube failures.
In 1972 at Maine Yankee, broken impingement balfles
ruptured 3 condenser tubes and damaged JO others. At
Browns Ferry !, a vibrating baifle wore holes in several
condenser tubes which had to be replaced ‘20 tubes were
alsc damaged at Peach Bottom 2 in this manner)

Poor condenser tube integrity and subsequent loss of
power generation s undesirable. At Oyster Creek be-
tween 1970 and 1976, 50 load reductions and, or shut-
downs were necessary for condenser tube repair. At
Zion 1 & 2 (1374-75) there were 8 forced outages totaling
=730 h for condenser tube repair. [t is evident that
reliability and availability of the main condenser are of
the utmost importance to maintaining good overall plant
performance

I. M. LEVENSON, EPR/ J., 2, 1 (1977).

4. Operation of Fort Calhoun Station with
a Reduced Complement of In-Core Detectors,
J. K Gasper, R. L. Jaworski (Omaha Public
Power Dist), R. R Lee (C-E)

Core performance monitoring at the Fort Calhoun
Station utilizes 28 strings of seif-powered nonmovable
rhodium detectors with four detectors per string. In-
core detector signals are processed using the GINCA'
program. During the first 2000 MWd MTU of Cycle 2
operation, signals were lost from more than 305 of the
in-core detectors. The Technical Specifications related
to the in-core system in effect at that time limited the
reactor to 30% of full power. This paper describes an
operation method and revisions of Technical Specification
2.10.3 .mpiemented to allow full-power operation with up
to 85% of the in-core detectors inoperable.

The in-core instrument system at Fort Calhoun Station
IS used in three ways to monitor core performance and to
ensure operation within the limits used as imitial condi-
tions [or the safety analysis:

L. to verify that the radial peaking factors do not
exceed a specified value

2. to trigger alarms set on each individual instrument
to ensure operation within specified peak linear
heat rate limits

1. to determine the core internal axial shape index for
periodic calibration of the ex-core detector system.

The revised Teachnical Specification allows full-power
operation and ensures that safety margins and Limiting
Conditions for Operation are not reduced when operating
with a reduced complement of in-core detectors.

The new Specification requires a periodic comparison
of instrument signals with core-follow calculations to
ensure continued overall power distribution agreement
between prediction and measurement if more than 25% of
the in-core detectors are not operable. This comparison
is made to veriufy that measured and caleulated power
distributions are withun the uncertainty assumed in the
safety analysis. If this comparison shows a higher
uncertaunty, then a penaity associated with the use of the

in-core system f[or peak determination is applied to the
dppropriate setpoints to ensure that the confidence level
in the localized peak power and DNBR margins (s mawn-
tained.

The in-core detector alarm limits are normally set to
ensure that the peak linear heat rate Limit s not exceeded
at each instrument location; however, if relatively large
regions of the core are not monitored by in-core instru-
ments, changes in the ax:al and radial distributions could
Occur without exceeding alarm ! mits Therefore,

75% of the wn-core detectors are operable, each indi-
vidual alarm limit is based on the same minimum margin
o the limiting peak linear heat rate rather than the
margin available at eacnh instrument location. This, in
efiect, imposes a monitoring restraint on the power
distribution as well as the peak linear heat rate and
preciudes the occurrence ~f peaks larger than the limat.

Loss of in-core detectors increases the core internal
axial shape index uncertairty. This uncertainty (s ac-
counted for by applying a penalty to the peripheral axial
shape index limits. [f a specified minimum number of
in-core detectors located in the interior and exterior
regions of the core are not operable, the ex-cc e detec-
tors are not calibrated and an additional penaity s
applied to the peripheral axial shape index limits.

Cycle 2 operation concluded at full power using this
Technical Specification. The uncertainty limit between
measured and calculated in-core instrument signals was
never exceeded in Cycle 2, even duriag the period when
as few as 207 of the in-core detectors were operating.

This Technical Specification requires that a core
lollow program be maintained and that setpoint adjust-
ment methodology be available in case the power distri-
bution uncertainty is exceeded. The maintenance of these
tWo programs is considered a small cost when compared

to the loss of unit capacity. ‘ ;

I R _C _HELLENS, T G. OBER. and R. D. OBER,

e ol AnalyZing In-Core Detector Data in Power
Reactors,"” Trans. Am. “uci. Soc., 12, 820 (1969). ;
A

5. On-Site Reconstitution of 108 St. Lucie |
Fuel Assemblies, X N\ Harris (Fla P&L-St.
Lucie), J. J. Hutchinson (C£). E H Smith, Jr.
(C-E, Flg)
e s

The purpose of this paper s to describe in scme detail
the work that was accomplished in the sper.: fuel pool of

Florida Power & LLW to replace 1300
poison shims n 108 fuel assemblies.

Chronological Summary of Events

1. Detected core power tilt @ 80% power—7. 8, 75.

2. Confirmed tilt and attendant growth at power.
Reduced power for low-power physics testing-7,10/178.

3. Low-power physics tests confirmed a reactivity
anomaly-commenced a plant shutdown, cooldown and dis-
assembiy—7 28, 76.

4. Fuel and internals inspections began—3, 1. 78.

5. Fuel inspections completed—3, 13 78

6. Defueling completed—38, 23, 76.

Poison rod removal for analysis began 3 28, 78.
Shipped 16 poison rods to ARMF BMI-9 4/ 78.
Began fuel reconstitution—10/5/78.

“
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Attached is a brief writeup, tables, and figures prgfenting the results of

for Westinghouse ATWS Category B plants. inary review, b
we conclude that the containment will have to bg isolated ‘/
or to release en the pressuricer to 1 | on‘
Xcess o C a . th respect to leakage through the secondary
map roach 10 CFR Part 100 limits if a _gubstantial
0 f fuel iledé' steam generatﬂr leakace incre

which are higher than those presented here by a factor of four.
In addition, we woild like to emphasize that the failed fuel was U
to contrib only fuel gap activity to t term. No additional
releases from the fuel itseli: t2re considered. We would need time/tempera-
ture cata for the fuel to consider this scurce.

We would like to reiterate that these are preliminary calculations based
on the rough data given to us by your stafE. Once the final numbers for
the primary and secondary systems' performance, failed fuel fractions, etc.s 9',’

are established, will hayve to red 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 ths nop- servative assumption that

al charging pumps are available for safety injection at the
we note that or a conservative

Tather than a 'realistic" evaluation §6r Category B plants.) ™
Any questions cale or assumptions used should be directed to
E. Adensam or H. cident Analysis Branch. /
. / .
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.ol. DF.

has been analyzed for

The loss of normal AC power with failure to scra

potential radiolog.:al consequeaces using the Assumptions presented ir Table 1.

Consequences from steam generator leakage a from containment leakage have

been estimated. Figures 1, 2 and 3 presefit the estimated thyrcid dose from
e —————————— "

twq hours of release from the steam geyferator relief valves. This was cal-

proe—

culated assuming an I-131 equivalen}/;ource term from the failed fuel and in -—

>

the coolant. A partition fac:;zrcf ten is normally assumed for

-

the primary coolan to steam when leaked into the |

second.ry side of these estimates that
factor was reduced me period because
the secondary side water volume was not suffiTIent to cover the tubes during

that time period. (This assumption increases the computed doses by aboutf30%.)

The dose estimates were made using an I-131 equivalent sour~e term and a f‘( o8 *

10~3 iodine spike w2~ assumed to occur in the

two-hour X/Q of sec’:z. An %

S et ——
time period following the transient, but this did not contribute significantly
o s =

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

12 IMT(M dewminegted .

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

the cortainment through the pressurizer relief valves as a function of

time. A 2.5 x 106 ft3 containment volume with 2 0.1%/day leak rate was
o A ——

assumed. Complete mixing in the primary coolant and in the containment was
s A————

R ~~

. . T
also assumed. Of the iodines released to the contaimment, 50% were assumed
—_om— vE——

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

1iquid and were not considered available for release.




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 mechanisa identified which assures contain-

ment isolatioﬁ prior to 10 minutes. _E}thout 1solat1n§ the containment and

assumini 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. 1I-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. kIhe Xe-133 contribution dominates.)
Again, for the large falled fuel fraction, the exposures may exceed guide-
2&255 and for the smaller. fail. | fuel fraction, the contribution with

degraded steam generator tube leakage is not insignificant.
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2 Failed Fuel

Coakm:\n%r_ t“”"ﬁ‘v

TABLE 2

ESTIMATED CONSEQUENCES FROM

POLLOWING A LOSS OF NO A
WITH FAILURE TO SCRAM

2 Activity in Gap

25
25
25

15
15
15

10
10
10

W in

L

Doses, rem

Thyroid Whole Body
18 0.1
9 0.06
4 0.02
11 0.07
5 0.03
2 0.01
7 0.04
4 0.02
1 0.009%
4 0.02
2 0.01
0.7 0.004
1 0.009
0.7 0.004
0.3 0.002




