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OCT I 41983

Mr. Steven C. Sholly
Technical Research Associate
Union of Concerned Scientists
1346 Connecticut Avenue, NW
Suite 1101

IN RESPONSE REFERWashington, DC 20036 TO F01A-83-530 -

Dear Mr. Sholly:

This is in further response to your letter dated September 8,1983, in which
you requested, pursuant to the Freedom of Information Act (FOIA), that NRC
make 42 listed records publicly available at the NRC Public Document Room
(PDR).

By letters dated September 26 and October 3, we provided partial responses to
your request and informed you that the staf f was searching for and reviewingthe remaining requested records.

At this time, we are making the records identified at the following numbers of
your FOI A request available at the PDR. These records will be filed in PDRfolder F01 A-83-530 under your name.

3 25
8 26

12 35
15 37

The staff is continuing to search for and review the additional records
subject to your request. We will noti fy you as search and review are
completed.
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J. M. Felton, Director

f' Division of Rules and Records
Of fice of Administratione
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l IO OLAWLDI FOR: Malcolm Ernst Asststant Dfractor
of Safety Technology, esta

| FRON: Bernard Fourest

$4 JECT: REVIEW OF ECCS ACTUATIONS Ou U.S. PWRs
,

You will find enclosed for your coesideretton a report on safety injection
I (51) actuations at US operating PWRs since their ff rst crf ticality to Deceeer

1980. The report focuses on unnecessary challenges of the safety injection
system. A high number of unneeded SI can potentially lead to two adve-se
effects: an increase in the usage factor of the 5! nortles that could become
unacceptable before the normal end of life of the plant; and an operator
becoming accustomed to considnr every $1 f nitiation as inadvertent or spuriousi

and, accordingly, to terwinate the SI before a comprehensjve evaluation
of the causes of the occurrence has been performed.

Coeustion Engineering designed reactors seem to have a good performance
record with regard to these two areas of concern.

Babcodt and W11 con destped reactor had experienced a large numer of manual
51 initiation due to a tendancy of the operators to use the safety injection
system for presurizer level recovery after almost each reactor trip. This action
has been found as not necessary, and the 84W reactor operators have been recently
instructed to avof d routinely challenging the St. This problem f s thought to be
resolved.

Westinghouse designed reactors experience an important rate of unnecessary 11
actuations. This is thought to be mainly due to the SI f nitiating parameters
on the secondary system that are part of the steen If ne break detection systne. .iThese secondary side 51 intt1 sting parameters are unique to Westinghouse
designed reac*. ors. At least one Itcensee has subattted a proposal to modify
the steam 1Ine break protection systan thet would rotace the nueer of $1
f nitiating parameters. We are also amare that Westinghouse is offerfry this I

modiffcation for future untts. The new system has the potential to reduce the
;numer of unnecessary $15 challenges. If the letC staff deterviees that this
;

medf fication has no adverse effect on the plant safety, we would recommend
,

that this modiffcation se backff tted on the operating Westinghouse reacters j
that espertenced the highest nueer of inadvertent $1 such as Zion 1 and 2
D.C. Cook and Sales.

XA Copy Has Been Sent to PDR
'
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The report aise effws same recaussadations t 1sprove #8 emeP"CF'

i ,,mros and me neiutenence and test precederes ef the SI system and g'

actution logic. These recommendations could to WIM * #8
Act1on Plan.

I

sornard Fearest
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3: The purpose of this study is to review some aspects of the operating i

3 emperience of U.S. PWRs with safety injection init14 tion. A special emohalts [

7 is put on the unnecessary challenges of the safety injection systas. Thiii
erablem has first been recognited in an ACR5 report EREG-0572. *LER RevtewJ

M 19 4 1978,* Itas 0.II!!!. The areas of concern with an excessive numer of*

vnnecessary 51 initiations =1'1 be addressed and the behavier of the vertous
I units will be reviewed according to their It355 vendors. The main cause of

- unnecessary 51 challenges will be traced and some recommendations util be
suggested to inocove the sitwatton.'

1: DATA BASIS

As a first step an L(R search was performed on the ORNL computer file with
t% toy wrd ' safety injection * fram 1969 to October 1980. This search came
out with 582 LERs that were screened for $1 automatic or sanual actuation.
Ninety four such LtRs were toontified, five on Babcock and W11cos (88W) reactors,

f. . Seven on Coseustion Engineering (CE) reactors aM eighty-two on Westinghouse (W)-

! reac tors.

As a seconc. step, the iteensee's answers to the 840 task force questions
'- rem,ested just af ter the TM12 accisent were reviewed. The ouestionnaire

sent to ill W and CE operating reactor licensees asked for ECCS expertence.
The lic isee's responses vary widely in the degree of details provided. Some

, sent a complete set of reports for each Si occurrence while others just gave
a number of SI actuattens without even indicating the dates of occurrence.
This information has been updated by a review of the ' Grey Sock" data from
nay 1979 to November 1980. Finally we ident'f ted a total nuseer of 165 51 for
W plants and 24 for CE plants.
,

Unfortunately, the 540 test force did not require the Saw itcensees to
report on their past esperience with ECCS actuation. The only way we
had to get the information was by informal means throuch the Resident
Inspectors and the Project Managers. Artansas 1. Crystal River, Oconee
1. 2, 3, and Rancho Seco are the only B&W units on which we have been able
td collect usable data.

!!! SI CATEGCR:ZATIQu
1

The various SI occurrences have been sorted according te the following
catep., ries:

1. Transients or accidents attessed in the FSAR studies as rooutring 51
actuation.

'his f ac1 poet small break LOCA (PORY stuck t, pen and RCP seat f ailure).
Rtema generator *abe failure. and gross over cooling or over feeding
of the steen generator. Typical of these two east events are steam
disap valve failure to close af ter a eeector turoine trip, spurious
opening Gr failure ,to close of a mean steam relief valve. and f ailure
to control the sua111ery feedwater flow properly after a reactor trip.
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2. Sportous actuettens.i

i

he call spumous those $t actuations that did not result from |
the physical parameters that trip the $1 signal actually reaching a
trip setpoint. Typical of these spuMoss actuations are failure in the
$1 A$ ectuation logic, or loss of more than one vital or instrument bus,
or less of poser on a channel while another one was trtpped for
ee t ntenance.

3. Inadvertent actuation. This category i w1udes the occJrrences when the i

peysical parameters aimed to trip the $! system actaally did reach a trip
I setpoint but the actuation did iot result from e transient requiring safety
' f nj ec tion. Typical of this category are water hasmiers in the stese feed-

water system that trigger the high steam 1.P setpoint between two steen If nes,
or spumous closure of one sain steer isoistion valve. We have also included
in this category all that manual actuations on B&W plants due to the operator
attempts to recover the pressuMaer level after reactor trips.

| 4 Unknown cause.

This category includes all the events with insufficient information co11stted I

to be classt|ted in one of the previous categoMef.

For each unit grouped by vendor. Tatsle ! gives tha total nuseer of $! actuations
'

espeMenced since the first cMticality, the average frequency of actuations,

per reactor year, and the number of $1 octuations relevant to the four previous
ca tegod es. The tw last colons f oontify the n. seers of $! actuations that occurred
during test or maintenance wort as well as those 61ch involve a personnel error.
A personnel error eight be a proafsata cause as well as a remote Cause (f.e.,
the personnel error results in a transient that causes ECC$ initiation).

In the foll> wing we will use ' unnecessary * or " unneeded * $1 for both spumous
and inadvertent $1.

IV. $1 ACTUATION FREQUEE Y
'

|
The frequency of $! actuation per reactor year ranges from 0 (Point Beach 2.
Calvert C1tffs 2) to 5 (Crystal Rive *). The highest everage frequeNy of $!
actuation f s for 84W olents (2.6 per reactor year), then for Westinghouse
plants (0.84 per reactor year). CE plants have an average $! frequency of 0.5
per reactor year.

We can assume that most of the $! actuations categorized above as "unk.wwn cause*
were either spumous or innevertent. Otherwise it is 11tely that they would
have been reported by an LIR. If we satt this asseption, the percentage of
needed $! (first category, those due to transients or accident) is 131 for
u reactors, 50% for GE -eactors and 13% for 84W reactors. These mseers reveal
a high rate of unneeded $1, especially for 54W and W plants.

i
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v Pa06LIMS of CONCERN WITH Uuut[DfD 51

We have identified tse sein areas of concern utth high essers of aneeded 5!
actuation.

The first concern is related to the usage factor of the reactor coolant system
and appurtenances especially the 51 nozzles. Ueon initietton of safety injection
when the reactor is at power or het standby the up! owses inje t cold =ater from
the borated matar storage tant into the not pMasry systen. S a' creates a
the-mel shock that results in thertal stresses in the pMaary pressure boundary,
especially at the injection point, f.e., the $1 nogale. Fcr east PWRs. 80 to
50 such $1 thermal transtants are taken into account in their design. In the
fatigue analysis perfomed at the design stage these thermal transients

I are contined alth other thermal transtants such as reactor scrans to 'Somonstrate
that the usage feCtor for all parts of the reactor Coolant system will remain |
Delow one, for the whole espected 11fe of the plant. Forty to f t f ty safety j
injections for the whole life of the plint correspond roughly to one $1 actuation
per yeer. Accor1 tingly one can think that the situation at lien 2. for instance,
which expeMenced 24 51 in eight years of operation is not acc7 table. However, i

there is a lot of conservatism in the design fatigue analysts and each actual '

$1 actuation on a specific plant sees not result tn a themel transient similar ,

to those assumed in the essign fatigue analysts. The actual thermal stress i

sepends on the dif ference in temperature between water in the SwST and the RC3.
It also depends on the duration of the injection pr.ase. It is wcrthwhile to
note that for those plants that have intarmediate pressure shutt.ff Mad ECC5
pumps (1500 psi), cold safety injection water does not enter t*.e RC5 unless the
RCS pressure is reduced significantly below the normal operating pressure range.
Therefore, for those plants, east unneeded 51 eo not result in significatt thermal ,

stresses on the RC5.
I

,

. ASM standardd require the Itcensees to keep track of the themel trsastents
i

I espertenced by the pMeery pressure boundary during the life of the plant and i

to calculate its usage factor peModically. However, this information u '

i
~

reported to the MC on a voluntary basis. In its last reportable occurrence
reecrt (LEA 80.IS/gg -0) related to an inedvertent safety injection. Coupeewealth |
tatson stated that the current usage factor for the 51 nozzles of Zion 2 was
only 0.1472. 1

|
It is not deemed necessary to reewire all Itcensees to provies the j
#C staff peModically with usage facter calculations. However, it could be

,

| beneficial that the *C staff be allowed to review the assoption ard the

| accuracy of the usage factor c31culat*** for thess plan *,s that esperienced a j
significently higher than average num e of $1 (for instance, three $1 in a j
single calendar year). Therefare, se recesunend that the Ilcansees whose plants '

.

|
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wi)) espeMen:e three or ears 51 actuation in a single calendar year be required
to report thefr usage factor calculation to the NRC at the end of that calendar,

| year.

The second area of co3cern is probably the major sne. It relates to the operator
behavfor. If eest $1 are unnecessary, the first reactfoi of the operator upon
an $1 sipal 1: 11tely to consider f t as spurtous or inadvertant and to take
action to tarsinate 51 before borated water will be injected into the RC5. It ts
notectny that for most plants 51 f njection results in the aC5 boraticn; that!

acans an outage from several nours to one day and the corresponding loss of
pet ff t for the utf1f ty. Therefore, there f s a natural tendency to tarsinata
spuMoca 51 as soon as possible. After the Three mie Island accf dent the need to
v6rtfy the safe status of the plant therewghly before terminettng 31 has been
greatly emphastzed. All Itcensees were required to include a spectffc set of 5!
termination cMteMa in the emergency procedures. This prevision was thought
to have solved the problems. However, since Three Mle Island, at least on two
instances (Surry I August 26, 1900 and 11. L. Reetnson January 2g.1981) SI
wat terwinated in a very short period of ties (less than two etnutes) hardly
consistent with the time needed for a thorough check of the !! tefwinetton
CMteMe (steiler festances of such action can be found on foreign reactors).
Moreover, the analysts tf the W.B. Robinson event (January 29. 1981) revealed
that, though the $1 termination cMteMa required by the atC have been included i

in the LOCA emergency procedures, the operator would not use thee unless he nas
determined that the 51 was not spuMoirs and he has entered the proper emergexy

Sut apparently there f t no specific criteMa to determine = netherprocedures.

an 11 is spumous, insevertent or really 1eeded. And the operator has to relyupon judgeent aad espeMence.

Therefore, there 18 an oNfous need to derslop and provide all plant operatcrs
with a sert of diagnostic help bast 4 on a 6effnf te set o* critsMa to oesetwine
whether an 11 is needes. In addition, there 14 the need of a speciffe procedure
for recovery free en unneedi,1151 f r. or1er that subsnovent operator actions would
not incapacttate further pssthie 51 autoestic f nf tf atten in the course of the
fellowf as event segue,nce.

.

VI An4LY315 (F PLAkT StigtVIM

a. CE Plants

Table 1 shows thet the average 5! actuation frequency for CE plants f s
0.5 per reester year with a maafaum of 1.5 per reactor year at Arkaness 2 and
St. Lucie. These maters are acceptable and do not pose any problem wtth
rt;ard to the RC5 usage facter. Half of the $1 were needed. All of thee vers
due to secondary transtents that resulted in overcooling or over feedf ag.
Therefore, the rate cf unneeood 5! ts low and the risk of operators becostag
3ccustomed to terwf nating an $! swf ftly 15 not deemed feportant.
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b. 84W Plants

As shown in fatte 1. 84W reactors expertenced the highest rate of 31 actuation
aW tfm hipest rate of toineeded $1. Nessever, the great majority of these $1

i were menus 11y initf ated after reactor trigs to recover the pressuriser level,
I B4W reactors have low water invento7 steen generators. Accordfagly, the pM eery

systas is very sensitive to secondary side perturtistions and almost every r3 actor
tMp results in a sharp pressurizer level drop. All S&W reactors except
Davis lesse use Nigh Pressuro Safety injection (Hp$ll poos as make-up pumps.
One of these peps is dedicated for neriaal make-up es well as one injection line
that is designed accordingly. The titree other injection If nes are only destped
for safety injection. Upon almost every reactor trip the operators used to turn
on one ears Mp51 pop and to open the throttilng valves on some supplemental
injection Itnes. This practice raised the concern some years ago about the
usage facter en the 51 perales that were not destped for noriaal aske-up.
It was desenstrated that this operster action was not necessary to recover
the pressuMaer level after a reacter trip (meme from M. Danten to C. Richelson.
February 13,1981 "IstR Response to AE00 Recommendation on the etansas 1 LOOP
twent*). In 1975 Artansas 1 modified its scras procedure in removing the
instrwCtion to use the safety injection If nes to recover the pressurizer level
after each reacter trip. Since that date Artansas I has not espeMonced any
$1 actuation for this reason.

After Three ttle Island all other S&W operators were instructed not toa

initiate $1 eanually after a reactor trip. $1nce the end of 1971 f t seems that
the 88W reactor operators have complied with this recensendation.

i

If we set spart this protles which new appears to have been selved. S&W roectors
speear not to have espeMenc34 a lot of spurtees $1.

c. Westinanouse plants

The averege $1 actuation frequency in W planta is 0.04 per roector yur, tivt
this average number covers a large varTety from 0 to aere than 311 per reactor
year. Zion untts 1 and 2. Sales I and Beever Va11ey I are the plants that
experienced t)ts largest nisubers of St. For those plants the usage factor on
the $1 nozzle sipt be a pritles to leek at in the coming years if the situation
does not 1sprove.

On an average basis. W plants also have a high rate af unneeded $!. Only 13% of
the $! were really needed (seell break LOCA or overcooling transf onts). Therefore,
the potential for the operator boccaing accustceed to spumous or inadvertent $1
is a proelow for those plants.

|
,
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A reeson for this difference in behavior of W units with other vendor unf tsis the fact that W designs provf de more sf pals for init'ating SI. Current
ct and s4W destpT provide only two inttf ating parameters: tou reactor
pressure (LtP) and high containment preswre (HCP) while W designs provide
la eedition two or three initiatta
svCh as high pressure df fference (g parameters from the secondary systes

$t,P) cetween main steam lines or high
steam flow (MSF) in coinci6ed with low-low average primary temperature(L Tavg) or ter staan preswee (L$P).
are provisions for early detection of a steso line break and for boratedNse secondary side fnitf ating parameters
eater injection to avof d re-criticality in the first ainutes of the acef dent.
Teole 2 provf eet the [CCS initiating parameters and setpoint for each n'
unf t; this information f s encorpted fece IRJREG-0611. ~

Taele 3 is an attempt to correlate the $! actuation frequency wf th the museerof inttf ating parameters.
number of inttf ating parameters, the higher the enaeer of $1.It is clear from this table that the greatnr the

However. Somep1 ants Ifke H.B. Robinson and furtey Potnt 3 and 4. the de:1gn of wefch ineludes
the five initiattog premeters experienced a los number of $1 and a plant like
Farley with only four initiating parameters esperienced a higher than averager% aster of $1.

Therefore looking for a reason for tnese df screpancies, we listed the unf tsaccording to thetr age (Table 4).
It can be seen un this table that the nine

units that came on Itne before 1g73 have a lower than average 51 frequency
and that all unf ts (encept three) that came on line since M73 have a Mfgher
than average $1 frewency. It of 3ht be concluded fro = these considerations
that plants of more recent vintaga sight have less mergin between the
operating condition and the condition that requires [$F actaattors.
To locat further en the influence of various inf tf? ting parameters we haveprovided the astrf a of Table 5.
as esff ned above in Section !!!. The colwens in Table 5 refer to 5! categories

N lines in Table 5 refer to the 51
lat tisting parameters. Manual actuation and 51A1 logic problees that
resulted in 51 actuation were also If sted in the If ne of this table.The
high contaf fuseet greenre steal does not appear because it is our understanding
that it never inttieted any 5! on Westinpiouse plants. The major contrfbutor
to needed $1 was the LAP signal (4%). N major ecatributors to spurious $1
were the MSF and L Tavs signals (26.5%) and those 51 f nf tiated in the SIAS
logic itself (27.3%) (logic failure or Ms of vital buses). f.f ghty percentof f naevertent 51 resulted from the ScP stynal.

If one eserves the 36 31 for unich the (Af tf ating parameter is not kn
from t%r data base. about 60% of the remaining $! were unnecessary andactuatee oy secondary side parameters.

_ _ _ _ _ _ _ _ .
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As stated above, these secondary side initiatteg parameters are intended
to cetect steam line breat accidents and to avetd recriticality by boron
injection in the RC3. But it is not obvious tnst so many parameters are
absolutely necessary for this ourpose. actually is are aware that Duouesne
Light submitted a license ame@ent for Beaver Valley 1 to incorporata a new
steam 11pe breat protection system design. The new system includes the
suppression of the high staas sP signal, the high steam flow signal in
coincidence with ettber low staas pressure or low. low Tavg and their
reclatement by a low steam pressure in any looe set at Sw estg. The M553
designer made the sta*ement tnat the eew systas is as ecoorehensive fer
protection as tre former systee and tPat it is espected to be more re11able.
If in its review of the license amendment, the aftC staff concurs with this
statement and concludes that the modification has no adverse effect on the
safety of the plant, this stuolf fication of the safety injection actuation
system movie certainly result in a significant decrease in the numer of
unfee6ed $1 initiations and subseovently would ease the problem of opw.ators
becoming accustoested to speious $1.

Therefore, if the IRC staff does not oppose the modification proposed for
Beaver Valley, we would recommend that the same modification be applied toother units.

VII PERSONEL ERROR AW TEST (R MAINTDAntt

Table 1 provides, for each W and CE plant, the numer of $1 actuations
that involve a personnel e6cr as well as those that occurred during test
or natntanance ooeestions. The data gathered on 84W plants were notsufficiently sigr.1ficant to to included. *

Personnel error either directly or indirectly caused about 20t of the $1
actua tion. This number is roughly similar to the percentage of overall LCR
invo41Ag human error. Therefore, it is not believed that personnel error
is a particularly significant contMbutor to spurious or inadvertent $1actuatio%. However, that does not mean that better operator training andbetter procedures will not fuerove the situation.

About a third of the $1 initiations occurred when some test or meintenance
was ongoing not only on the safety injtttien actuation system but also
on other egutpoent located nearby. This nimeer highlights the nied to
imerove the sat 11 and tnining of technicians and maintenance personnel as
well as the quality of the procedure related to these activities.

Vl!! SImlLTAMEOUS FAILUtt UP3s 51 lu!TIATION

This rewtow of $1 actuation was also an opportunity to look at the safety
injection systee behavior upon demand. The selected LERs in the QRNL file,
as well as the reports submitted to the 840 tast force were screened for
concurrent failure in the safety injection systee or their supporting systan
(component cooling or electricai power) upon degend. The review covervd about

_ _ _ _ _ _ _ _ _ _ _
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140 $! actuations where such failure could have been reported. Seventeen
Instances of additional failures independent from the cause of the $1
f nf tf ation were identified. They are Itsted in Table 6. Ffve of these
seventeen events could have resulted in the fatlure of the sis to perform its
safety function automatically !Etsver Yelley, July 28. 1978; Indfan point 2.
June 24,1974; Trojan. October 25, 1978; Ifon 1. August 15,1974; Zfon 2.
October 22, 1974). Fortunately, on each of these five occurrences operator
actions have resulted in at least partial restoration of the safety function;
and, all of these five $1 were either spurious or inadvertent.

From these data it could be inferred that the probability of having an (additional failure thap reduces the capabf11ty of a safety system upon demand \.
f s on the order of 10* per demand as a sinfaum. Therefore, this would support
the reeutrement for assuming a single failure in ESFs in FSAR studies.

In addition, it appears that the total disabling of the automatic operation of
a meandant safety system on demand is not an incred1 Die event. This is a
confirmation of the need to f acorporata as a first step in each emergency
procedure some instruCtfons 13 the operator to verify the proper operation of
every autoestfC action.

II COCLUSIONS

Too many unnecessary clu11enges of the safety f njection system can potentially
lead to tw adverse effects. An facrease in the usage factor of tre $1 nortles
that could boccee unettit:3?s before the normel end of plant 11fe; and an ,

operator becoming acc11 meted to believe every $! initiation is unnecessary and,
ectordingly, teristnating the $1 before a comprehensive evaluetton of the event
has been performed.

The review of operating esperience with $1 actuation performed in this study
shows that these tw' areas of concern are not applicable to CE plants
up to the present time. The ssage factor on $1 nozzles could have been a
problem of concern on 84W units because of a tendency of the operators to
actuate the $1 manually upon alenst every reactor trip fn order ta recover
the pnesurf aer level. This action has been demonstrated as renetessary, and
S&W operators have been f astruttd not to pursue this habit. Therefort, ft is
believed that this prettaa has been resolved.

Some Idestinghouse reactors 'ned esperfenced mers than three $1 per reactor
year. There might be a problem with Si prot 2M' usage factor before the end
of life of these unita should there be :#: faeroveme n. In additlen. W units
havs a hign esta of automatic, unnecesssry $1 (less than 155 are needd $11.
Therefore, we are concernwd with the operator tendency to consider every $1 as
spurious or inadvertent. plants of more recent vintage seem to have a greater
sensitivity to unnecessary $1 than the older enes. The cause of the high rate
of unnedeo $1 can be traced at least partially to the cas.plexity of the

i
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stealine break detsetten system that inct
secondary sten that would initiate the $1 es . . cal paramters on the

W.aleavec Valley to reduce the neeer of the. aodificttica as proposed at
could significantly taprere the rt11ab11* - secondary site initiating parameters

of the 5! initiation system.

A6ewt a third of 31 actuatione occurred e afng test or maintenance operation
Setter perforisence of operating activitie; could taprove the situation with this.

regard.
This concern has been adeessee 9 the T191 Action Plan item I.C.6.

In case of $1 initiation, the probabili
.8

theependent of the cause of the 51, th! having an additional fatture
injection systas, il of the artier of 1C ' tuces the capabiltty of the safety

per demand. The expeM eece also
shaus that the total disabling of autoe. tic operation of the safety injection
systes due to hareware failure is not 9e tysnt of very low probaotlity.
I RfCCD00e0ATICIES

1.
nie recommend that for those units iat expertence three or oore $1
actuations lautomette or mensal, spumous or needed) in a single
calendar year, the licensees be required to report to the NRC the
calculation of the actual usage factor on the 5! noa:1e in order to allow
the NRC staff to closely follow the evolution of these us6ge factors.

2.
de recessend the development of a diagnostic procedure based on a
definite set of CMtsria to help the operators to recognize whethsran $1 ts spurious or not.

This proceduce should be implemented on everyunft.

3.

Valley Itceesee for a new staaeltne beest pentaction systes, we wouldIf the istC staff approves the license amenement subettted by the leaver
,

had esperienced the greatest number of $1. recommend tPat the same modification be app 11e6 to other W units that
This modification s.as thepotential for $1ptficantly decreasing the number of unrJtessary $1.

4
The implementation of the receemendation of Tit! Action plan iten
1.C.6 should emphasize the need for prtyer attention to maintenance
and testing of the safety injection actuation system as well as ofpeerby equipment.

5.
Emergency procedures sheeld be reviewed to ensure they include, as
a first step, instructions for the operator to vedfy th6 proper
should initiata. operation of all automatic sequences of action that the $1 initiation
Action Plan item I.C.I.This recommendation could be toplemented unoer TM1

e

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _
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Table 2.

Westinghouse Units - ECC5 Initiating Parameters

:

'

H5Fa + H5F'' *( NC7 LAP * SAP L Tavf' L5P
est est est est

Seever valley 1.5 1785 100 543'F 500 f
,

t

|
'

O.C. Cook 1 1.1 1815 100 541'F 600
3.0. Coot 2 1.1 1900 100 N/A 600 )

3

Farley 1 5.4 1850 100 NA $85
i

Ginaa 6 1715 NA NA 500 |

)
Maddas Neck 5 1700 NA NA NA

'

M.S. Mobinson 4 1715 100 543 * F 614
i

'

Indtan Poirt 2&3 2 1700 150 540'F 600

re=aunee 4 1815 NA NA NA4

North Anna 1 2.3 1765 100 543*F 600

Point Seach l&2 5 1735 NA NA 530

Prairie Island 1&2 4 1815 100 NA 500 " *
Salen 1 4.7 1765 100 543'F 500

San Onofre 1 NA 1845 NA NA NA

Surry 1&2 3 1715 100 543'F 525
,

Trefan 5 1765 100 553'F 600

Turkey Potat M4 4 1715 100 543*F 600

|

-

Yankee Nowe 5 NA NA NA NA

Zfon 1&2 4.5 1815 100 540*F 600
l

Acronyes : L4P alow reactor pressure
I l

47 'htgh containment pressure'

sap * high pressure difference between steam line ;

L5P=10w steen pressure i

MSF'hish steam flow i

i

L Tavg=10w Ine primary average tmoerature I

* Sofore 11t! acet W designs provided for coincidence betwen low reactor pressure
and low pressurtzer level. This cof acidence has been removed now.

" the Righ steam flow f s a function of load
** Low steam pressure only

.

,

_ _ _ . _ _ _ - - .. - ____--
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Table 3,

| '

Correlation cf 51 Frequency and Must4r of SI Initiating.

Pereseters

Number of SI
Plant Parameters $f Freevowy Aversee 51 Frequency

|

Beaver Valley 1 5 3

| 0.C. Coot 1 5 2.5
H.8. Robinson 5 0.3,

Indfan Point 243 5 1.2/0.2 i

North Anna 1 5 1.9 1.56Sales 1 5 3
Surry 142 5 0.7/1.2
Trojan 5 1,

Zion 17.2 5 3.2/3.4
i Turtey Pof nt 364 5 0.1/0.1 [
:

-__

;

I 0.C. Coot 2 4 1.1
| Farley 4 1.8 1.05

3ratrie Island ?&2 4 1.1/0.2
i
' Stana 3 0.1 0.01 i' Point Beach 162 3 0.1/0

i Maddas Neck 2 0.4 g*3
( <ewawnet 2 0.1
|

| San Onofre 1 0.2 0*2fankee Rowe 1 0.2i

,

!

T

,

1.

i

|

3.

|
__ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____. _ _ _ _ _ _ - - - - - _ - - - - - - , _ _ - - - '
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Table 4

Correlation betuwen $1 frequency and the 49e of the unit
"

Unit Year of 1st Criticality $1 Freeuency Darreaeter year

{
Tankee Rowe 1960 0.2 '

Naddas Beck 1967 0.4
San Onofre 1967 0.2
Gtana 1969 0.1
Point Beech 1970 0.1 1-

M.S. Rottnson 1970 0.3
Turkey Point 3 1972 0.1
Point Stech 2 1972 0
Surry 1 1972 0.7
Indian Point 2 1973 1.2
Surry 2 1973 1.2
Turkey Point 4 1973 0.1
Prairie Island 1 1973 1.1

-

Zion 1 1973 3.2
2 ion 2 1973 3.4
tenaunes 1974 0.1
Fratrie Islano 2 1974 0.2

l D.C. Cook 1 1975 2.5
,

Trojan 1975 1-

Sales 1976 3
Intian Point 3 1976 0.2
Isaver valley 1976 2.9
Farley 1 1977 1.8
4crth Anna 1 1978 1.9

,

0.C. Cook 2 1978 1.1

\

t
'

e

ie e N*v
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Table 5

51 Initiating Parameters versus $! Cate9er14ation

**ransients
OF

AGCident S pu r10ws |nadver*ent Unknown Total

LRP 10 45.5: 9 4 0. 9*. 0 0 3 13.6% 22 |100;|

45.5i \ 13.2 \ 05 \ ?.9% \ 13.a; |

|1001|1 2 . 5*. 7 17.1; 2 9*. 70.7% 4 9 . 7 *. 41
$p

4.5% \ 10.3% N 30.6. \ 10.5% \ 25% \ l
H5F + 1 23.5', 13 53.0% 5 14.79 3 9 . 0*, 34 | 100*.

,,$ r','9 [p 46.*g 26.5* | 13.9*. 7.9% 20.7
t

'
16 . 7 *. 6 j 100*.LSP 0 0* 5 43.1% 0 t- .

\ 2.6*, \ 3.7%
*\ 7.4% \ 3*34

51A5 0 | 0% 19 |100% 0 ) *. 0 3 19 1005p

\ 11.61'g __

0*. 2~.9% 01 0%'

mnwal 2 33.3% 2 33.3% 2 33.3% 0 01 6 |1001

3. 7*\| 9.1% 2.9% 5.5* 0%

' Unknown 1 2.8% i 22.2% 0 05 . L 755 36 100c. -

\ 71.1% 21.9thI 4.5% \ 11.81 \ 0%

'k Total 22 13 . 4*, 68 41.5% 36 2 2 . 0*.' 38 23.1. 164 | ' 00*,

,

100*. 100% 100% 100* 1001*

.-

e

^
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6m Table 6

ff' Additional 6 allure upon $l Demand
q ', . .

i. D * 2 Diesel Generator field failed to automatically flash'D Besver Vallef I 7-78-78
-

150 status ligt.ts inere received and me reactor trip occurred
D.C. Cook I 9-30-76*

*

Inadvertent spray in contalment through a leating valveCalvert Cliffs i 11-11-74*

farley I 6-06-78 I Charging pisap and IRHit peamp did not start V

I-
.

Premature suction switch from SAT to SW5T
Glnna 10-23-73*

i DE start tnet did not develop the regstred voltage
ladian Point 2 4 19-74*

',d l t cinw e
ladian Point 2 6-24-74 * valves on the Busun Injection Tant i

( _

Indian Potat 3 01-12-77 I HPl pump failed to start
;

H.S. Rotainson 2 11-30-72* I valve did not open in the safety injection system

San Onofre 6-31 74* Water hammer la safety injection system damaged valve and hanger ,

Surry 2 11-23-73* 1 HPI pump failed to start
I ,

Irojan 10-28-76 2 HPI pump suction valves failed to open on demand

Irojan 3 02-77 1 LI pump failed to start l' |**

( l

. Ilon 1 8-15-74 Design error caused no 5I initiation upon SAP signal
;.

2 ton 2 8-29-74 i Safety injection system valve did met actuate
f

Ilon 2 10-22-14 A logic did not actuate and Bli distharge valve la train 8 did not opee
i,

flon 2 7-19-16 1 Diesel generator failure
? },

-
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MEMORANDUM FOR: Carlyle Michelson, Director
I Office of Analysis and Evaluation of Operation Data

1
' FROM: Hamid Danton, Director

Office of Ruclear Reactor Regulation
.

1 SUBJECT: C0pBINATION PRIMARY /SECGMDARY SYSTEM LOCA
i

Reference: 1. Muerendism, Dircks to Commissioners, " Resolution ofu

n Issue Concerning Steamline Smak with Samil LOCA."
dated December 23, 1980.

1

2. Memorandum, Sheren to Spets, "Com6ined Blowdowni

3 Analysis," dated September 28, 1981

:.

) The punose of this memorandum is to inform you of the results of my staff's
h. evaluation of combined primary / secondary system LOCAs. This evaluation was
p perfomed as part of the agreed upon resolution plan for this issue as docu-
] mented in reference (1) and (2).

As you recall, the objective of this evaluation was to deterurine if (a) nucleart

j plants could accoundate the con 6fnation primary / secondary system LOCA and (b)
I the operators have adequate amergency pmcedures for coping with combination

;

LOCAs. The results of this evaluation would provide the technical bases upon
which a decision could be made to either include or eliminate the AE00 conbina-
tion LOCA concern as a USI prior to the USI report to Congress to be issued

. in early 1982.

The reference (1) meenrandum informed the Coeurission of the resolution plan for
the AE00 concern en combined primary / secondary syste LOCAs. The reference (2)
memorandum docunented the details of the evaluation that would be perforined by
NRR and RES and were agreed to with you.

'P

Our evaluation was dividdd into two phases; phase 1 addressed plants with inverted
j U-tube steam generators (W and CE); phase 2, which is still ongoing, addresses
i plants with once-through steam generators (B&W).
'
,

| This memorandum transmits for your information the results of the first phase of
our evaluation, which is enclosed.

,'b,'bn
3 . , .

CONTACT: J. Laaksonen
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! . . 'Carlyle Michelson -2- ^'^
, ,

'
' > OEC 0 81981

Our conclusion, based on the RES analyses of the accident scenarios doemented
in reference (2), is that plants with Westdnghouse-desiped NSSSs are adequately
protected against combined primary / secondary system LOCAs except for cases when
the steamline break outside of containment cannot be isolated. We bslieve that
adequate protection for these cases can be achieved by appropriate upgrading of
emergency guidelines and procedures. We intend to acconplish this as part of our
myiew and approval of emergency operator guidelines being .:erformed under TMI
Action Plan Its I.C.1. We expect to couplete the above reviews by the end of
the fiscal year. We believe the prolability of the specific scenarios which may |

not be appropriately covered in axisting plant procedures is sufficiently low !
that resolutica en a more expeditious schedule is not warranted. |

The Reliability and Risk Assessment Branch (RRAB) in NRR is confinring this con-
clusion. If the probability is detensined to be unacceptably high more immediate
action will be takes.-

Although we have not completed the second phase of our evaluation, our preliminary
conclusion is that adequate protection exists or will be provided to protect
against cos61 nation LOCAs that they should not be desipated as a USI.

We will confirm or modify this conclusion following completion of the second phase
of the evaluation. The msults of this second phase will be fonsarded to you
shortly.

Oridnsi menad 14
j L R. Destes

Harold R. Denton, Director
- Office of Nuclear Reactor Regulation

Enclosure:
As stated

cc: W. Dircks, EDO
H. Denton
E. Case

,

R. Minogue, RESt

Director, DST ,

S. Hanauer
0. Basset, RES
D. Ziemann
D. Beckham

i

1 C. Heltemas, AEOD
l' W. Laning AE00

F. Schroeder
L. Shotkin, PES
K. Kniel;

G. Mazetis
W. Hodges
R. Capra ' ' -

A. Szukiewicz
R. Woods /

P. Norian DST:61B g.

l |'KKnlel /
, / TT/23/H O

_

orncr > DS1;R.SS.. QS . ;A/SC' DSIQCig'SI DSf$1R ~
NR )IR

haahsonen@ (j;, n MSpeg .RMhtis~on HDe }oi
'

su%cuit
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EVALUATION OF THE ISSUE CONCERNING

STEAMLINE BREAK WITH SMALL LOCA.

WESTINGHOUSE NSSS PLANTS

1.0 BACKGROUND

2.0 CALCULATED PLANT RESPONSE

3.0 EMERGENCY OPERATING GUIDELINES

4.0 EXPECTED OPERATOR ACTIONS

4.1 Steamline Break Inside the Containment

4.2 Steamline Break Between the Concainment Penetration and the

Main Steam Isolation Valve

4.3 Steamline Break Downstream of the Main Steam Isolation Valve
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1. BACKGROUND

During the last half of 1980 the NRC Office for Analysis and Evaluation of

Operational Data (AE00) issued two memos (Ref. I and 2) in which they raised

a potential safety issue involving combined primary and secondary system LOCAs.

The issue was discussed at the Comission meetings on October 16, 1980 and on

November 10, 1980. As a result of the Comission meetings, NRR comitted to

evaluate the concern as part of their ongoing review of emergency operator

guidelines. This report presents the re$ults of that review.

The AE00 concent postulates an accident resulting in coincident steamline break,

steam generator tube rupture, and small LOCA. In Ref. 2 AEOD has described
.

various scenarios which are postulated to lead to such a situation. Most of

them start from a failure of the steam generator level control, causing over-

filling and overcooling of one steam generator. The basic AE00 concern (in

addition to assuring the consequences of such a postulated event are acceptable)

is that plant operators are not provided sufficient guidance to respond properly

to such an event.

In response to the AEOD concern, the NRC Office of Nuclear Reactor Regulation has

suggested (Ref. 3) that the concarns could best be addressed as two separate

issues. The first involves transients that could lead to gross overfilling of

the steam generators. The second involves postulated accidents in which a PWR

steam line rupture is followed by a small break in the primary system. NRR has

further agreed to include the first issue as a part of the Unresolved Safety

Issue Program Task A-47, Safety implications of Control Systems. The second

issue will be addressed in this memorandum. .

This memorandum presents an evaluation for plants with Westinghouse designed NSSS.

The evaluation is based on the analyses perfonned by the NRC Office of Nuclear

{

! -
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Regulatory Research at Los Alamos National Laboratory (Ref. 4) and on the

emergency guidelines submitted by the Westinghouse Owners Group under the

topic !.C.1 of TMI Action Plan.

A corresponding evaluation for plants with Babcock & Wilcox designed NSSS will

be presented after the related analyses have been reported by Los Alamos National

Laboratory. All calculations needed for the evaluation have been completed

during sumner 1981 and the report will be issued in November 1981.
.

No specific calculations of these specific scenarios are considered necessary

for C-E designed NSSS plants but the evaluation, to be presented in a
.- ~ - - - . ~ . . . . . . . ...-_. _. .

later stage, will be based on the analyses for Westinghouse plants
..

and on the emergency guidelines submitted by the C-E Owners Group.

During the evaluation it became obvious that the plant response and the operator

actions may vary considerably depending on the location of the steam line break.

Thus, the evaluation has been accordingly divided into three parts. The

other factors, like break sizes or the primary break location, are of less impor-
i
' tance to the general course of the accident.
.

2.0 CALCULATED PLANT RESPONSE

Calculations of a combined primary and secondary system leakage have been

performed with the TRAC-PD2 code for the Zion plant (Ref. 4). The specific

initiating combinations of events were:
,

-- <

Case 1

*

o Double-ended main steamline break
,

o Double-ended rupture of one steam generator tube in the steam leaking SG

o A 2-inch diameter break in the primary system hot leg
b

e
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Case 2

o Double-ended main steamline break

o Double-ended rupture of one steam generator tube in the steam leaking SG

o A 2-inch diameter break in the primary system cold leg
.

Case 3

o Double-ended main steamline break

o Double-ended rupture of one steam generator tube in the steam leaking SG

Case 4

o Double-ended main steamline break

o Double ended rupture of five steam generator tubes in the steam leaking SG

Double-ended main steamline break was assumed because it causes the most severe

initial transient and also has the greatest potential to obscure the coincident tube -

rupture by isolating the SG rapidly from the secondary side radiation monitors. As

shown later, the operator actions would be the same for any steamline break which de-

pressurizes one SG to a clearly lower pressure than the others.

The initial operating condition in each case was nonnal full power operation. The

calculations were realistic best-estimate type calculations and the automatic pro-

tection systems were asscned to operate as designed. The only operator action assumed

was switching the primary coolant pumps off concurrently with the start of the safety

injection system in accordance with present plant procedures.

All four transients were qualitatively similar, as shown in figures la, 2a, 3a and 4a.

.The case no. 2 is not presented separatel'y because its bsults were so close to

*he case no. 1. In each case the main steamline break caused a rapid blowdown of
,

the secondary side of the affected steam generator. During this blowdown, there was

overcooling and partial depressurization of the primary coolant system, with conse-

quant activation of the safety injection system on low pressure. Within several

minutes, the safety injection flow became sufficient to compensate for the losses
.

g=
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frota the primary system breaks, and the system was essentially stabilized. The pri-

mary pressure never dropped enough to activate the accumulators or the low-pressure

infection system. The core always remaindd covered with liquid, and the primary

i system remained subcooled except for a nearly stagnant region in the vessel upper head.

The calculations were teminated 15 minutes after the initiating events. At the end

of the calculations, the plant parameters were stable except for the rising pressurizer

l' level in the case no. 3 and the decreasing reactor coolant temperature in the case no. 4.
i

There appears to be nothing in the response of the primary or secondary systems which

will indicate uniquely to the operator whether there is a primary piping break or a

steam generator tube rupture or both in addition to a main steamline break.

'

The po::tulated accidents used in the operator training and as a basis for the present

emergency guidelines are those analyzed in the FSAR. Thus, it can be expected that

the operator tries initially to diagnose the combined accident as one of the single

events he has learned to cope with.

To compare tne combined acefdants with those expected by the operator, we present in

figures Ib, 2b, 3b, and 4b the plant response to the following events:

o A double-ended rupture of one steam generator tube
,

o A two-inch diameter break in the primary system cold leg
,

o A double-ended main steamline break.

From these three events, only the steam generator tube rupture can be quantitatively

compared to the combined accidents because it was analyzed,with the same best-
,

estimate TRAC-pD2 model (ref. 5). The two other events have been calculated by

Westinghouse using their conservative licensing models. The~ cold leg break -

.

W
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results are taken from the reference 6 and the steamline break results from the

reference 7. It should be further noticed that all other events start from full

power but the initial condition for the steamline break is hot shutdown. On

the other hand, some power production in the. core, largely compensating the

smaller initial stored energy, is calculated during the first minute of the

steamline break accident.

In conclusion, from the figures attached to this memorandum it can be seen

that the primary and secondary system parameters used by the operator for the

accident diagnosis behave in the contined events qualitatively like a steamline

break. The primary pressure and the pressurizer level may change qualitatively

in the same way during any of the combined or single events but the primary

temperature and the secondary pressure during cold leg break or steam generator

tube rupture are clearly distinctive from the steamline break and the combined

accidents.

3.0 EMERGENCY OPERATING GUIDELINES

The expected operator actions havebeen estimated on the basis of the Emergency

Response Guidelines, submitted by the Westinghouse owners group. This overall

procedural set is cogosed of two parts Optimal Recovery Guidelines, and Critical

Safety Function Restoration Guidelines and Status Trees. The first part is

basically similar to the emergency operating procedures that exist currently at the

operating plants. The second part, sti.ll under develqpment, is not needed during

the accident in question because no critical safety function is expected to

be challenged (that is, the core will remain subcritical, covered, and cooled through- ~

'

out all of the combined events analyzed here, and no excessive RCS pressure, loss of

heat sink, or risk for the containment integrity is expected).

..
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The first instruction the operator uses for his immediate actions and diagnostics
,

after each reactor trip or start of safe,ty injection is designated E-0. If the

safety injection is not initiated by a spurious signal the operator will later

on use one or more of the following instructions:

o E-1 Loss of Reactor Coolant,

o E-2 Loss of Secondary Coolant

o E-3 Steam Generator Tube Rupture

All steps described in instruction E-0 to verify plant status and to correct the

possible deficiencies in automatic protective functions are applicable also in
.

the case of a steam line break, coincident with steam generator tube rupture and

small LOCA. Specifically the operator is told to stop primary coolant pumps (as
~

assumed ire the analysis), to isolate the main,feedwater system if the automatic

system has failed to do so, and to make sure that the pressurizer relief path is

closed, either by PORV or the block valve.

To diagnose the event, the operator is advised to first check for the secondary

side integrity by looking at the steam generator (SG) pressures. Low pressure

in any SG tells him to go to E-2, Loss of Secondary Coolant.

'
' '

If not directed to E-2, the operator will next check tIhe containment indications:
. . . .

pressure, radiation, and sump level. Any changes in these parameters guide

him to E-1, Loss of Reactor Coolant.

If still staying in E-0 the operator checks finally the radiation signals from thet

,

condenser air ejector and the SG blowdown line. High readings guide him to E-3,
.

Steam Generator Tube Ruoture.

.

*

'
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If the operator has passed all the exits from E-0 but the SI is still on and

the SI termination criteria are not met he will continue in the instruction E-2.

4.0 EXPECTED OPERATOA ACTIONS

4.1 Steamline Break inside the Containment
,

i The break location is indicated as break no.1 in figure 5. As far as the operator

does not take any actions except the manual trip of the reactor coolant pumps the

analysis results presented in section 2.0 are valid.

It is obvious that during the diagnosis in accordance with the instruction E-0 the

operator will notice the decreased pressure in one steam generator and go to the

instruction E-2, Loss of Secondary Coolant. It is reasonable to expect that the

noise from blowdown alone would hint to the operator that a steamline was blowing

down.

The main task to mitigate the loss of secondary coolant, as advised in the instruc-

tien E-2, is to stop auxiliary feedwater to the faulted SG and to regulate

auxiliary feedwater to intact SGs to maintain the normal level. If the transient

goes on as analyzed there are no explicit exits from E-2 to other instuctions and

it can be expected that the operator is going to follow the E-2 instuctions for

awhile.

0As long as the temperature is above 350 F, the safety injection (SI) is continued

using the same temination criteria as,in the case of, a. primary system LOCA. The

margin to SI temination criteria stays large in all of the calculated cases and

SI would continue stabilizing th'e primary pressure to a value where SI compensate: -

for the primary coolant losses from the breaks. Sooner or later it is expected

that the operator would question the continued SI flow and suspect the existence

.

a
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of either a SG tube rupture or a wil LOCA. Because the operator has no means

to single our one of the two choices he may go to either E-1, Loss of Reactor

Coolant, or to E-3, Steam Generator Tube Rupture. While staying in E-2, the

operator is reminded to monitor the refueling water storage tank (RWST) level

and to realign the safety injection ptanps to the cold leg recirculation mode if

the RWST low-low level alam is reached. If the operator goes from E-2 to E-1

he will be in an instruction that is applicable until the final plant recovery and

cooldown. If the operator goes first from E-2 to E-3 he is advised to go further

to E-1 as soon as he sees containment indications deviating from the nomal

pre-event range. Thus he will end up with the appropriate instruction.

The analysis results indicate that in each case the core average temperature
0is abcve 460 F when the calculation is teminated at 15 minutes into the transient.

Thus the 350 F te@erature limit is probably not reached before the operator

has gone to E-1. Should the temperatum in the hot leg decrease below 350 F before

the operator has recognized the primary leakage he would teminate SI to avoid

primary system pmssurized thermal shock. After SI temination the operator is

told to. carefully monitor the RCS pressu,re, pressurizer level, and reactor coolant

subcooling. These will inevitably drop in such a way that the operator is told
to restart SI and to rediagnose the event. At this stage, he' should notice the
direct leakage from the primary system and go to E-t for a' proper plant recovery

and cooldown.

In conclusion, if the steamline break is inside the reactor containment the

~ '

consequences of the combined accident are not expected to be beyond the

plant design basis and the operator is able te recover and cooldown the plant
,

using the existing emergency operating procedums.

.

'' - - - ' -
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4.2 Steamline Break Between the Containment penetration and the Main Steam

Isolation Valve~

The break location is indicated as break no. 2 in figure 5. The short tarin

response of the primary and secondary circuits is essentially similar for all

double-ended steamline breaks upstream from the main steam isolation valves.

Thus the TRAC-PD2 calculations described in section 2.0 are also valid for

this case.

The differences between breaks inside vs. outside the containment are in the

containment response, radiological consequences, and operator response. For the

breaks outside containment it is also possible to diagnose a coincident small -

LOCA and steam generator tube rupture. The small LOCA is indicated by the

containment parameters deviating from their normal pre-event values. The tube .

rupture is evidenced by the radioactive steam leaking from the broken steam line.

Without a tube rupture the faulted SG would rapidly boil dry and ary steam leakage

would stop. The steam leak can not be detected from the control room indications

but local visual observations and radiation monitoring are needed.

As in the previous section the operator would first use tne instruction E-0

and then go to E-2, Loss of Secondary Coolant, guided by the low pressure in

one SG. He would pmbably also get a direct audible indication of the leaking

steam.

Having verified the broken steamline a,nd having the r, elated steam generator

isolated the operator would soon notice the containment indications and the

continuing SI flow. This would guide him to the instruction E-1, Loss of Reactor
~

Coolant. An entry to the instruction E-3, Steam Generator Tube Rupture is not

expected because the indications of SG tube rupture would not be available in

the control room for the following reasons:
.

M
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1, the detectors for measuring the increased radiation in the secondary
i

system are beyond the isolation valves, and

2. the faulted steam generator is boiled dry even in the case of double-ended

ruptures of five SG tubes and the leak, flashing to steam on the secondary

side, does r.ct give indication of unexpected water flow into the SG.

If the operator just follows his instructions and does not get visual observations

or radiation monitor readings from the broken steam line it is possible that the

SG tube ruptum stays unnoticed and the situation is treated in the long tann like

a small bmak LOCA. It is thus possible that the prinary pressure is kept high

and an un:ontrolled leakage of primary coolant directly to the atmosphere
.

continues for hours. The leakage would cause radiological consequences not,

analyzed in FSAP. and a loss of water inver. tory from ECC recirculation. As an

example, we have estimated that for case no.1 of tne TRAC-PC2 calculations, the

time for leaking a mass equivalent to the RWST contents would be aoout one oay,

In cases no. 3 and no. 4 the time would be smaller, possibly not more than five

hours in case no. 4.

Even if the operator would notice the SG tube rupture he would not have an

instruction to cope with the accident. The instruction E-3 is based on the

assumption that the secondary side of the faulted SG is able to retain its full

design pressure and the primary to secondary leakage is stopped after the primary

pressure has decreased below the secondary safety valve setpoins. However, the

open leak path from the reactor coolant system to the ht50 sphere would call

for fast cooling of the primary system down to cold shutdown conditions.
.

.

w
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In conclusion, if the steamline break is between the containment penetration

and the main steam isolation valve the radiological consequences could be

more severe than in any accident currently analyzed in FSAR. There would

also be a continuous loss of the water inventory available for reactor cooling.

Without proper operator actions to decmase the primary coolant pmssure,

the coolant loss would jeopardize ECC recirculation within a few hours. The

instructions currently available to the operator are not applicable to cope

with the accident.

4.3 Steamline Break Downstream of the Main Steam Isolation Valve,

The break location is indicated as break no. 3 in figure S. The TRAC-pD2 calcula-

tions described in Section 2.0 are valid for this case only until the isolation

of the main steamlines. In a typical Westinghouse plant the isolation valves are

completely closed within 10 seconds from the event initiation.
,

0The reactor coolant temperature does not decrease below 500 F during the initial

transient and the following stabilization. The secondary system pressures does

not decrease below 500 psi, and after the main steam isolation valve closure

it increases rapidly to the SG relief valve setpoint.

If the direct leak from the reactor coolant system break to the containment is

large enough to remove all decay heat (typically about 2-inch diameter break)

the primary pressure will decrease below the SG relief valve setpoint and there

vill be no continued primary to secondary leak. It i's probable that the operator

joes not notice the SG tube rupture until a long time after the initiating event.
.

In any case, the containment indications v<ould guide him to go to the instruction

E-1, Loss of Reactor Coolant. That instruction would provide the necessary advice

.

a
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for a proper plant recovery and cooldown, except for the measures potentially

needed to avoid excessive reactor coolant boron dilution. The dilution would

continue until the operator discovers the secondary to primary leakage from un-

expected behavior of level control in one SG and takes the actions to equalize

the pressure in that SG and the primary circuit.

If the direct leak from the reactor coolant system break to the containment is

small, the secondary pressure stabilizes to the SG relief valve setpoint and the

primary pressure stays higher. Thus, there will be a continued leak from primary

to secondary and further to the atmosphere through the relief valves. The stable

secondary side in combination with containment int:c-tiuns guide the operator to

instruction E-1, Loss of Reactor Coolant. This instruction tells him to reduce

the SG pressure 200 psi below the lowest steam system safety valve setpoint by

dumping steam to the atmosphere. ' Thus, the primary-to-seconda'ry leak will continue

until the operator observes unexpected behavior of level control in one SG. Specifical-

ly, E-1 reminds him to look at the SG 1evels and to go to E-3 if level in any SG

increases. Once the tube rupture has been diagnosed, the primary system is depres-

surized to the pressure of the faulted SG and the decay heat removal and the plant

cooling is performed using the intact SGs, as advised in E-3. The faulted SG is

kept at the same pressure as the primary system and it is cooled dcwn independently

by feed and bleed method. The offsite doses are related to the total amount of

reactor coolant leaked to the SG before the pressure equalization. To put the time

scale in perspective, it may be mentioned that a typical SG tube rupture analysis
t

lin the FSAR assumes operator actions to* stop the leakate to the faulted SG at 30

minutes after the rupture. In the combination LOCA, the primary pressure gets
.

smaller than in the single tube rupture event and thus the operator would have more
!

j time for diagnosis and for measures to terminate the leakage.

.
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I.: conclusion, if the steamline break is located downstream from the main steamline

isolation valves the initial transient in the primary and secondary circuits

is short and the plant is stabilized automatically. During the recove-y stage

there is a potential of a reactor coolant boron dilution (large primary system

LOCA) or radiological consequences exceeding those analyzed in FSAR (smaller primary

systemLOCA). After the operator discovers the SG tube rupture from the

unexpected level variation in one SG, he can cooldown the plant using instruction
-

. . . . -.. . ----
.

E-3, Steam Generator Tube Rupture. At the same time, he has to operate the ECCS
- - - - --... - ,--. . - . .. ... . . .

-and the decay heat removal system, as told in the instruction E-1, Loss of Reactor

TooTa nf,.

5.0 SUMMARY

The calculations performed indicate that in all of the analyzed cases the primary
.

coolant shrinkage, caused by overcooling, and the simultaneous loss of cooiant can

be compensated by 'the high pressure ECCS. The core remains covered with liquid,

and the primary coolant remains subcooled, except in the vessel upper head.

If the steamline break is inside the containmer.t. the offsite releasts are not

higher than in the events currently analyzed in the FSAR and the operator is pro-

| vided sufficient guidance for a safe cooldown. This is most probably the case also
1

for the steamline break downstream of the main steam isolation valves.

If the steamline break is outside the containment and cannot be isolated, the radio-

logical consequences could be more severe than in any accident currently analyzed
** #j .

I in the FSAR. To decrease the risk of elevated offsite releases, an early diagnosis

of the tube rupture has to be assured. This can be done by upgrading the operator '
,

instructions. The appropriate mitigating actions are already found in the existing

instructions; but the operators have to be specifically trained for combined LOCAs

to make sure they are able to use their instructions in such a situation.

.

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



-

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

_

.; -

3 ,
-

;.

REFERENCES

1. Memo from C. Michelson, Director . AE00, to Chainnan Ahearne Dated August 4,

1980. (
,

2. Memo from C. Michelson, Director AE00, to H. Denton, director, NRC, dated

November 7, 1980.

3. Memo from H. Denton, Director, NRR, to Comnissioners, NRC dated November 7,

1980. *

4. % mo from S. Fabic, RES, to Paul Check, NRR, dated May 6, 1981.

5. Draft report by Dean Dobranich: Steam Generator Tube Rupture Analysis for

Zion-1, Los Alamos National Laboratory September 1981.

6. Westinghouse Topical Report WCAP-%00, Report on Small Break Accidents for

Westinghouse NSSS Systems June 1979. ~

7. Zion, FSAR.

.

* *.I

.

&

- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



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

.

'.!-
.

'

| , ..

i PRIMARY SYSTEM PRESSURE
t no -

2a0, , , , , , , ,

l
;
,

9

a.. . . _ _ ;
- n40.0 jy

; -

-
,

t.
.

. .

g \...........................~~' * \.. g G,

., ;o. .._ _ _ - 1305.0 ._2 .,
- m

v ct. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -.
. .

,
*- ,
3 t.: .

3

Nsg - -Q
'

:= 0 -

- ame .-
,n. .

a.
NN.-

. ..

.

'

10- - - -
- - 435.0

-

.. - ,

y
a0 ! . ! ! ! ! ! ! I a0

'

O 200 400 000 000 1000 0 200 400 000 000 1000
Time (seconds) Time (seconds)

'

LEGEND LEGEND
MSLB + 1 SGTR + HL Brook SGTR

. . .M.S. .L.B. ..+. . 1. . .S.G. .T.R.. . . . .. . . . . .. . . .. .... 4...L.o.o. R..P.W..R.. 2...i.n.c. .h..C. .L...B.r.o.o.k.__MSLB + 5 SGTRs FSAR MSLB
.

J

Fig. la. Fig. Ib. -

:
1

a

O

e

9

- _ . _ _ _ _ _ _ _ - _ _ _ - _ _ = . _ _ _ _ _ _ _ _ _ _ _ . _ . - _ _ _ _ _ - . . _



___ ____ - ____ - - _ - . _ _ - _ _ _ _ _ _ _ _

!
.

, ' . - |
-

.

' ' '
PRIMARY AVERAGE COOLANT TEMPERATURE

*=*==o , i i i i i i i i
i
'

...g,
,

.' \....
|...............\ . . . . . . . . . . . . . .,

; '
' r

iA.
- 630.4 Q -

^ 56&o-* - - - -
,

x o..

w e
*, O
i e v
'

5 o, m-

..''..,..,......., ......, 3o
L -

1

o ,

,
b

' o.

G. f
* he .

- 44o.s EF soo.o- - -

\
.

N.N.N L
'

.N 1

\: ,

e T,.
'

4ano | ! ! ! ! j ! ! , soo.s
'

.

o 200 400 000 000 1000 0 200 400 000 ec3 1000

Time (seconds) Time (seconds)
LEGENDLEGEND -

MSLB + 1 SGTR + HL Break SGTR

..Ms.ts.,t ,1 .sGIR, ,,,,,,,,,,,,,,,._, ,,,4,,gep p,w,R,,2,J,9c,h,,CS,,B,g,e,Q,,<

MS.LB .+ S SGT.Rs . FS.AR MSLB ,-

. . . .- .

1

Fig. 2a. Fig. 2b.
,

i

.!.

.

!'. .

!.

-

.

- - - - - _ - _ -



_ _ _ _ _ _

.

.. ,.
. .

. c
. .

1 .- ,

.- ,

'

PRESSURIZER WATER LEVEL
M8O.0 , y y y ; ; g g

. . -
-

- . s2.aosino. --
,
.

.
-

. -

;

1
-

| - - - 2n24e v ..i no- -

1
,

,i
? c> ,

,n

! E ,/ !. 3 -
w '*-., ,

* - 9.845 *I. t-no-
.,

/
--- -

..
, .

. e : >
. .i . . ;; a

. . . _,. ..

| } !-.

I 44.0 - - / 13.u3--

.:'..-,

r.

.
. .

.t . . ,. ,
'

- - 1 . E562; 2.0 - - j -

., , .

. .e t.-
4 .

%.:' . \ .)e -

; ,, ; - ;= ; _ . . . g . . . . . . . f . . . . . . . ; .. . . . . . p . . ... . ,,,, i
-

|_

1 0 200 400 000 000 1000 0 200 400 600 000 1000
j Time (seconds) Time (seconds)

LEGEND LEGDO'

! MSLB + 1 SGTR + HL Break SGTR
i . . .M.S. .L.B. . .+. . 1. ..S.G. .T.R.. . . ... . . . ... . . . .. ... 4...L.o.oP.. P.W..R.. 2...i.n.c..h..C..L...B.r.e.a.k..., . . .

.' MSLB + 5 SGTRs FSAR MSLB
|

|
t

| Fig. 3a. Fig. 3b.
|

,-

: ,

I

e *

|
_ _ _ - . _ ____________________ ____ _ _ _ _ _ _ _ _



_ _ _ . --_ _ ___ __ _ _ . _. _ _ _ .

!
..

. .,

..
.

SECONDARY SYSTEM PRESSURE
. ,

&O MOy , , g g , , ,

j...................................--
.

.

... s

f- ,

'
.

no- ej-amo- - - - -

n
O O

S 'i'

V = y
. e .

5 '

3=
=
m , .L *

g
n. . a10- f - 435.0- - - -

.

$

i

'

'\ .
L, U-

. . . . . - - , , ,
4 no no. . . . . . . .

0 200 400 000 800 1000 0 200 400 400 000 10002

Time (seconds) Time (seconds):
.

LEGEND LEGEND
MSLB + 1 SGTR + 1::_ Brook SGTR

. . .M.S. L. .B. . .+. . 1.. .S.G.T.R.. . . . .. . . . .. . . . . .... . 4...L.o.o.P...P.W..R.. 2...i.n.c..h..C. .L. ..B.r.e.a.k...
,

,

.

MSLB + 5 SGTRs FSAR MSLB
,

0

| '

i
,

{ Fig. 4a. Fig. 4b. |

l
'

3

7

|
-

,

'

!



._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

M AIN STEAM
8 RE AR No. I ''

PART I - HIGH PRESSURE '

,

- REllE ATERS A2,82, C2*

' O INMENT | OU45 Nh* 3
M/A 30~

,

'' : STEAM OUMP

LT LT L1 32
. - GLAND. STEAM [

3 ga MAIN '
v MO FEEDWATER

PUMP TURBINES d*

g ; -

99 6D """ || b &
2.- ;'" 2.-

'"

,

MO I

H.P. TUR SON E

LT 32 ,g
,, ,

1 SV SV
I f Mo .

'

. M/A 12'*

SG |PT PT PT [v R'EllEATERS A1,81, Cl
k}~
;

! N- 'b AUXILIARY
4 | 6' * *- FEE DWATER

| SV cV PUMPV

^ P NT

POWER OPERATED 1040 psee
SAFETV NO. I 1064 psie
SAFETY NO. 2 1077 psie
SAFETY NO,3 1000 psig .

SAFETY NO. 4 It03 peie
SAFETY NO.6 1117 peig

.

t

..

i Fig. 5. i
,

!<

- .
-- . - . . . . . . .

.
. ._.

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


