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MEMDRANDUM FOR: Malcolm Ermst, Assistamt Cirector
of Safety Technology, MR

FROM: Sernard Fourest
SUBJECT: REVIEW OF ECCS ACTUATIONS ON U.S. MRy

You will find enclosed for your comsideration a report on safety fnjection
(S1) actuations at US operating PWRs since their first criticality to Decesber
1980. The report focuses on unnecessary challenges of the safety Injection
systas. A high number of unneeded SI can potentially lead to two adve~se
effects: an increese 1n the usage factor of the SI nozzles that could become
unacceptable Defure the normal end of 11fe of the plant; and an operator
becoming accustomed to comsidar every SI fnftfation as {nadvertent or spurious
and, accordingly, to terminats the SI before & comprerensive evaluation

of the ceuses of the occurrence has been performed.

Combustion Engineering designed resctors seem to have & good performance
record with regard to these w0 aress of concern.

Babcock and Wilcox designed resctor had experienced & Targe mmber of manual

S1 inftiatfon due to & tandancy of the operators to use the safety injection
system for presurizer leve! recovery after almost each resctor trip. This sction
has Dean found as not mecessary, and the BV reactor operators Mave been recently
Mnc;\nm to avold rovtingly challenging the SI. This prodlem s thought to be
resolved.

Westi se designed resctors experience an f‘mportant rute of unmecessary $!
ectuations. This 1s Chought to be mainly due to the S fnftiating parameters
on the secondary system that are part of the stees 1ine bresk detection tystes.
These secondary side SI inftiating parameters are unigue to ¥estinghouse
designed reactors. At lTeast one 1icenses hes subsitted & prososs) to modify
the sieemline bresk protaction systas that would reduce the mumber of S|
inftiating parameters. We are 4150 sware that Westinghouss 1s offerisg this
sodification for future units. The new systam has the potential to reduce the
mmber of unnecessary SIS challenges. If the WMRC staff determines that this
modification has no adverse effact on the plant safety, we would recommend
that this modification oe backfitted on the operating Westinghouss rescters
that experienced the highest number of Inadvertent SI such as Zion 1 and 2,
D.C. Cook and Salem.

fk XA Copy Has Been Sent to PDR
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™ purpose of Bhis study 13 to raview some aspects of the operating
experience of U.S. PWRs with safety fnjection initiation, A spectal esphatis
15 put on the unnecessary challenges of the safety injection system. Thi,
probles has first been recognized 1n an ALRS report WUREG-0572, "LER Raview
1976-1978." ltem D.AXII1. The areas of concern with an excessive mumder of
ennacessary S Iaftiations wi'l be addressed and Uw pehavior of the varfows
units w11) be reviewed according to thefr NSS5S vendors. The main cause of
unnacessary 51 crallenges will De traced and iome recommendations will be
suggested to ‘mprove the siiation,

I DATA BASIS

As & first step an LER search was performed on the ORNL computer file with

the tey word “safety infection” from 1969 to October 198C. This search came

out with 582 LERs that were screened for 5! automatic or manual actuation.
Ninety-four svch LERs were foentified, five on Babcock and Wilcox (BdW) reactors,
seven on Combustion [nginesing (CE) resctors and eighty-two on Westinghouse (W)
resctors.

AS 2 SOCORC 3tep, the licensee's answers to the 840 task force questions
requasted Just after the ™™1.2 accident ware reviewed. The questionnaire

sent t 1) ¥ and CE operating resctor 'icemsees asked for ECCS experience.
™he Tic 1see”s responses vary widely in the degree of details provided. Some
sart & complete set of reports for each Si occurrence while others Just gave
s mmber of S actuations withoyt even indicating the dates of occurrence.
™is information has been updated Dy & review of the ““rey Sook” data from
May 1979 to November 1980. Finally we ‘dent fied @ twtal numder of 165 S1 for
¥ plante and 24 for CE plants.

Jnfortunataly, the 880 tast force did not require the 34w licensses @
report on the'r past experience with ECCS actuation. The only way we

Pad to get the ‘nformation was Dy Informa! means through the Resident
Inspectors and the Project Managers. Arkansas 1, Crystal River, Oconee

1. 2, 3, and Rancho Seco are the only BAW units on which we have Deen e
to collect usadle dats.

1i1  SI CATEGORIZATION

™e various SI occurrences hive been sorted according - the following
cataguries

Transients or sccidents assessed (n the FSAR studies as requiring §I
aCTyation

"™Nis facludes sme)) break LOCA (PORY stuck spen and RCP seql fatlure),
‘tems generator “vhe ‘atlure, and gross over ceoling or over feeding
of the stess generator. Typical of these two (a3t eveats are stesm
dump valve failure to close after 3 reector turtine trip, spurious
opering or fallure t close 0f & mean steem cel tef valve, and failure
t control the suxi)iary feedwater flow properiy after a resctor trip.

. :r.;’-t-'at&a‘




2. Spurious sctuaticns.

W call spurious those 5! actuatioms that did mot resuit from

the physica) parameters that trip the Si signal actually resching &
trip setpoint. Typica! of these spurious actustions are fallure In the
SIAS sctuation logic, or "oss of more than one vita) or instrusent bus,
or 'oss of power on 4 channel while ancther one was tripped for

- intanance.

3. Inadvertent actuation. T™is category  wludes the occurrences when the
PRySTCA! Darameters 4 ~od to trip the SI system actually did reach a trip
setpoint byt the actuation d1d ot resul® from ¢ transient requiring safety
injection. Typical of this category are watar hasmars in the stesm foed-
water system Ut trigger the high steam =P satpoint Detween two steam )ines,
or spurfous closure of one ma'n stear 130'9t10n valve, We have 2130 Included
in this catagory 417 the manual actuations on Blw plants dus to the operator
Attampts to recover the pressurizer level after reactor trips.

4, Umknown cause.

T™is catagory Inciudes all the events with Insuf®icient Information collycted
to be classi'fed 'n one of the previous categorier

For sach unit grouped by vendor, Table ! gives thy total number of SI actuetioms
exparienced since the first criticality, the average Trequency of sctuatiom

par resctor year, and the number of SI actuations ~slevant to the four previous
catagories. ™e two last columns fdentify the numbers of 51 sctustions that occurred
during tast or maintenance work 45 well as those »" ‘ch involve 4 personnel error.

A perijonne! error might De & proximats cavse s well as 4 remote cause (1.0,

the personngl error results in & transient that causes ECCS inftfation).

In the folliwing wa will use “unmecessary® or “"unneeded” SI for doth spuriovs
and inadvertenmt SI.

IV, S1 ACTUATION FREQUENCY

The fraguency of S! actuation per resctor year ranges from 0 (Point Beach 2,
Calvert C117f5 2) to S5 (Crysta) River). The highett average frequexcy of S
sctuation s for B8N plants (2.6 per reector year), then for Westinghouse
plants (0.8 per resctor year). CE plants have an average 5! frequency of 0.5
peT reector year.

We can assume that most of the 51 actuations categorized above as “unknown cause’
were oither spurfous or insdvertent., Otherwise 1t s Tikely that they would
rave been reported by an LER. If we make this assumption, the percentage of
needed SI (First category, those due to transients or accident) s 133 for

W reactory, S0 for GE -esctors and 133 for BAW resctors. These mumders reveas!
T nigh rate of unneeded SI, especially for B4W and ¥ plants.




¥ PROSLENS OF COMCERM wITW UNMEEDED SI

¥e have fdentified two sain arsas of concern with high numbers of Laneeded §I
K tuation,

™e first concern ‘s related to the usage factor of the reactor coolant system
and sppurmianances especially the SI mozzles. Upon Iaftiation of sa’ety Injection
when the resctor 13 4t powsr or hot standdy the “P' puwosy Injec co'd water from
the Dorated watar storage tank 1Nty the AGL primsry systen "haT creates 2
the=ma! shock the® resu'ts In tharsal stretses In the D™imary oressure Doundery,
especially at the fnjection point, f.e., the S1 nozxle. For most Puis, 40

SO such S1 therma) transients are taken nto account n thelir design. In the
fatigue analysis parformed at the design stage, these therms! transients

are combined with other therma! transients such 45 resctor scrams to demonstrata
that the usage factor for all parts of the resctor coolant systes w11 rema’n
below one, for the whole expectad '1fe of the plant, Forty ta fifty safey
injections for the whoie 11fs of the plint correspond roughly to ome 51 actuation
per year. Accordingly one can thisk that the sftuation at llon 2, for instance,
which exparienced 24 SI 1n eight years of operation, 13 not accwptad’le., However,
there 13 & Jot of conservatism 1n the design fatigue snalysts and each actual

S1 sctuation on & specific planmt does not result Tn & tharmal transient similar
to those assumed 1n the design fatigue analysis. The sctua) therma' stress
depends on the difference 1n tesperature Datwesr witar 1n the BwST and the RCS.
It also depends on the duration of the injection prase. It 's worthwhile o

note that for those 2lents that Nave Intardediate pressure shutoff “Lad ECCS
pumps (1500 pst), cold safety Injection watar J0es not enter the RCS unless the
RCS pressure 13 reduced significantly delow the normal operating pressure range.
T™erefors, for those plants, eost unneeded SI 40 not resyult fn significait therwa)
stresses on the RCS.

ASME standardy require the 1icensess T keep track of the thermal tri.sients
txperienced by the prisary pressure boundary during the 11fe of the plant and

to calculata 1ty usage factor periodically. Mowever, this information .

reportad to the MRC on 4 voluntary Basfs. In 123 Tast reportad’s occurrence
report (LER 80-76/99 x<0) re'ated to an (nadverten: safety ‘njection, Commonwes) th
!c;uog stated that the current usage factor for the SI mozzles of lion 2 was

only 0.1472.

[t 13 not demsed necessary to require 411 Ticemees @ provide the

MRC staf? perfodically with ytage fecter calculations. However, 1t cou'd be
bemeficial that the MRC staff De allowed %0 review the aisption and the
sccuracy of the usage factor cilculat'~~ for thoss plan®s that experienced a
significantly nigher than avarajge mm ~ of S0 (for Instance, three SI 'n 3
single calendar year). Therefire, we cecommend that the icenseses whose plants
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will experfence three or mory SI actuation in a single calendar year e required
0 report thetr urage factor calculation to the NRC at the end of that calendar
your,

™e second ares of coxerr 1y probably the sajor sme. [t relates t3 the operator
befuvior. [f most SI are unnecessary, the first reaction of the operator yoon
an 51 signa) 13 Tikely to comider 11 a3 Spurious or fnadvertant and Lo take
action to tarwinats SI Defors borated water will be Injected inte the RCS. [t s
NOtaw. “thy that for most plante SI fnjection results in the ACS doraticn; that
Seans an outage from several ours to one day and the corresponding loss of
profit for the utility, Therefore, thers s @ natural tandency to tarwinats
SN0 ST as s00n 43 possidla. Aftar the Three Mile IsTand accident the need to
verify the safe status of the plant thoroughly before tarminating SI has deen
greatly esphasized. A1) licensees were required to Include o specific set of $I
tarwination critaria 1n the "ergency procedures. This provision wes thought

to have solved the prodlems. towever, since Three Wile Island, at Teast on two
instances (Surry 2 August 26, 1980 and M. L. Rodinson Jamuary 29, 198) §I

war tarwinated 1n 4 very short period of t1ee (. ess thay two sinutes) hardly
CoNSistant with the time needed for & thorough check of the §! terwination
critarie (sielar 1nstances of such action can be found on foreign resctors).
Moreover, the analysts ¢f the 4.0, Robinson event (Jamuary 29, 198)) revesled
thet, though the SI terwination criteria reguired Dy the MRC have been 1nc)uded
In the LOCA emergency procedures, the cperator woul? ot use thes unless he nas
detarwined that the S was not spuriov® and he has tarsd the proper emergency
procedures. Sut apperently there s ~o specifc crite=ta to deteruing whether
en S1 13 spurious, fnagvertenmt or realiy veeded. And The Oparetor has to rely
upoan Judgment and experiance

Tharefore, there 13 an ofvious need to develop and provide a1l plant operstery
wIth & srt of dlagnastic Melp base on ¢ sefinite set o* C™itaria to amtarwing
whather 4n 51 15 needec. [n addition, there 15 the need of & specific procedurs
for recovery from an unnesdcd S1 1 order that dsAquent operetor sctions would
not Incapacitate further gussihle SI sutomatic fnftietian 1n the course of the
fol low!~g event sequance.

¥l ANALYSIS OF PLANT SDWAYIOR
a. CL Marts

Tadle | shows Dt the aversge SI actuation frequency for CE plamts s

0.5 por resctor sear with » saxioum of 1.5 per reector yoar at Arkamens 2 and
St. Lucie. Thase numbers are acceptadle and ® not pose any prodlem with
rejard to the RCS usage factor. Half of the SI were nesded. A)) of thes were
Gue T0 secondary transients that resulted in overcool ing or over feeding.
T™erefore, the rats of unneeced 5! 13 Jow and the risk of operators becoming
dcustomed to terwinating an S1 swiftly 15 not deemed fsportant.




b M Plany

Ay shown 1n Table 1, BN resctors experienced the highest rata of 5] actuatior
and the h Lt rata of unnaeded SI. Mowever, the grest sajority of these §I
wore manwally Tnitiated after rexctor trigs to recover the pressurizer level.

BN reactors have lov watar favento-y stass generators. Accordingly, the prisary
Systam 13 very semitive 0 secondary side perturbations and s'most svery ryscior
trip resuits 1n 4 sharp pressurizer Tevel drop. A)1 S4W resctors except

Daviy Basse use ¥igh Pressure Safety Injection (MPSI) pumps a8 make-vp pusDs.
One of Uwse pumps '3 dedicated for norma)l make-up ¢4 wal! a3 one Injection line
thet s designed asccordingly. The three other injection 11nes are only designed
for safety Injection. Upon almost every reactor trip the operators used to turm
on one more MPS] pump and to opan the throttiing valves on some supplementa)
fnjection Tines. This practice reised the concern some years ovt the
vsage factor on the 51 nozzies that wers not designed for noroa’ meke-up.

It was ¢monstrated that this operator aCtion wis MOt NECESsAry T recover

e pressurizer level after o resctor trip (memo from M. Denton to C. Wichelson,
February 13, 198, "MRR Response to ALOD Recommendation on the A~tansas ! LOOP
Event®). In 1979 Artansas | modified 1t scram procedurs 1n removing the
Instruction o use the safety njection 1ines t recover the pressurizer leve!
aftar sech resctor trip. Since that date Artansas | has not experienced any

S1 actuation for thiz reason.

Aftar T™ree "ile 1stand o)) other BAN operstors were instructad not
inftiate SI mamually aftar & reactor trip. Since the end of 1979 1t seems that
the BAN resctor operators have comp)ied with this recommerdation.

If wo set apart this protlem which now appears t have been s0)ved, BN reectors
0ear mot to have axperiencad & ‘ot of spuriows S1.

€. Westinghouse Plants

T™he averege SI actuation Preguency ia W plants 19 0.84 par reactor yenr, but
this sverage number covers & Jargs varTety from O to sore than J SI per reactor
youar. Tion units 1 and 2, Salem | and Beaver n‘h{ 1 are tw plants thet
experienced the largest sumbers of S1. For those plants the usage fector on
the SI nozzle wight be 4 prodlem %0 Yook at in the coming years 1f the 3ftuation
does not {mprove.

On an average dasis, ¥ plants also have & Mgh rate .f unneeded SI. Only 13T of
the 5! were really neSded (smal! break LOCA or overcoo!ing transfents). Thersfors,
the potantia) for the operator becoming accustomed to spurious or inadvertent $I

is » prodlew for those plants.




A reason for this ¢ifference 1n dehavior Of W units with other vendor units
18 the fact that v destgns provide more $Ignils for a1t ating Si. Current
CL and MW Gor ' gnT provide only two Inftiating parametars: low reector
prevsure (LRP) and high containment Prefsure (WP) while W designs provide
In sadition two or thres INTTATInG paramaters from the sacondary systes
Ch a8 Mgh pressure diffarence (56F) oetweer main stoam )ines or high
fteem Mow (MSF) 1n colncident with Tow-1ow average Primary temparature

(L Tavg) or Yow steem pressure ‘LSP).  Thase secondary side Inftiating parameters
dre provisions for early detection of 4 steem 1ine dreak and for dorated
water injection to avold re-critica Ity In the first afnytes of the Kridant,
Tadla 2 provices the ECCS fnitiating parameters and setpoint for esch &
VAT, thls Information 15 excerpted from MUREG-06) ). =

Teble 3 13 an attewpt to correlats the S! sctustion frequency with the susber
of Initfating paremeters. It s clear from this tadle that the §reatar the

number of fnftiating Parametery, the M(-r the nmber of SI. However, some
n

plants Yike .0, Robinsor and Turkey Point 3 and ¢, the SEsign of wrich includes
the five Initiating PErMIRTers, wparienced ¢ low number of S| end « plant Vike
Farley with only four fattiating parameters Gxparienced a hNgher than avarage
mmber of §).

™erefore, Tooking for & reason for these discrepancies, we T the units
According to the'r age (Tadle 4) It can be seen un this tadle that the nine
Vrits that came on 1ing before 1973 have & Yower than verage Si frequancy
N That a1 unfty (except three) that came on Tine since 373 have a higher
than average §! frequency. [t Bight be concluded from these congiderations
that plants of sore recent vintags might have less rgin batween the
operating condition and the condition that requires £ acruations.

To Yoot Turther on the Influence of various Inftisting parameters we hove
Provided the matrix of Table §. ™he columns in Table § refer to S! categories
03 defined adove 'n Section I11. The Tines 10 Tatle § refer %5 e S
InTtiating parametars. Manva! actuation 8 SIAS Togic prodlems that
resuited Tn ST actuation were aiso Tisted 1n the 11ine of this ted'e. ™e
Mg contalnaent pressure 31gna! ot "0t appear decusa 1t 1y our anderstanding
that 1t never fnitiated amy §1 on mt'nﬁwn plamts. The sajor contribyutor
o meeded S was the LAP signa) (48%), ®ajor comtributors to spurious $i
wre the N and L Yov’ sTgeals (26.5%) ane those §! Inftiated 1n the SIAS
Togic tsalf (27.98) (Togic fatlure or 1643 of vital duses). Eighty percant
of fnadvertant S regyulted from the S%P sigmal.

[f one ~verves the 16 51 for which the faftfating paremetar 15 not K NOwn
from : $La Dase, adout 60T of e remsining S were unnecessary and
KWt secondary side parametars.




As stated above, these secondary side Inftiating parameters cre intended

to detect staam 'ine Dreat accidents and to avoid rec™iticality by doron
fnjection fn the RCS. Byt 1t 13 not obvious that 30 many paremeters are
wolutaly necessary for this purpose. Actually we are aware that Duguesne
LIght submitted a )icense amendment for Beaver Va' ey 1 to incorporats ¢ new
Stam’ine bresk protection systes Miign. The new iystem includes e
suppression of the high stesm 5P signal, the high staem flow signal in
SOIRCIdence with either Tow 3tesm pressure or )ow-)ow Tavg and their
repacement By a Yow steam pressure in eny loor set at SO0 psig. The wSSS
dasigner made the statement that the new System 13 33 comprehen:ive for
Srotaction as the former system and that 1t 1g erDected to Do more rel‘ad)e.
I 1n 1ts review of the icense Sandeent, the MRC staff concurs with this
Statement and conc'udes that the modification has mo ddverse offact on the
safety of the plant, this simp!iPication of the safety Injection actustion
Syttem wou'la certatnly result 1n & significant decrease n the number of
whAneeded S1 Inftiations and subsequently would ease the prodles of Ops. 2tOrY
becoming accustomated to spurious 5.

Therefore, 17 the MC staf? does not oppose the modification proposed for
Baaver Valley, wa would recommend that the same modffication be applied to
other units.

VIT PERSONMEL CRROR AND TEST OR WAINTENAMCE

Table | provides, for sech ¥ and CE plant, the mmber of S! actustions
that involve & personne! ervor as we!l as those that occurred during test
or maintanance operaticns. The deta gathered on B4W plants were not
suffictently sigrificant to e included.

Persorme! error gfther directly or indirectly caused about 20% of the §I
sctuation. This number 13 roughly siaflar to the percentage of overal) LER
fave’.ing human error. Therefore, 1t 13 not believed that personne) error
'3 & particularly stgni®Mcant cont ibutor 0 spurious or inadvertent §!
KTuATiOn:. Nowever, that does not sean that bettar operator training and
bettar procedures wil! mnot fmprove the situation.

About a third of the SI infeiations occurTid when some tust or maintenance
was ongeing not only on the safety Injection actuation systam dut alse

On Other equiiment Tocatad neardy. This sumber Righlignts the nved %o
faprove the xt11) and treining of tachnictans and maintenance parsonne) as
wo!l as thw quality of the procedurs relatad to these activities.

YIIT SIMULTAMEOUS FAILURE UPON S1 INITIATION

T™is review of S actuation was also &N opportunity to Took at the safety
njection system dehavior upon demand. The selected LERs n the ORNL f1lg,

45 wall a3 the reports submittad to the B&O task force were scroened for
concurrent failure n the safety friection Systam or the'r supporting systss
(component ccoling or slectrica: power) upon dewend. The review covered about




140 SI actuatfons where such fatliure could have Deen reported. Seventeen

Instances of additions
fnftiation ware ‘gent!
seventaen events cou'd
safety function sutomss
June 24, 1974; Trajan,
Octodar 22, 1974). Fo
actions have resulted
and, all of these Tive

From these datas 1t cou
sdditiona) farlure the
15 on the order of 10
the reguirement for as

1 fatlures Independent from the cause of the §! |
fled. They are 1istad in Tadble 6. Five of these ‘
Rave resuited 'n the fatlure of the SIS to perform fts
tically ‘Zeaver Valley, July 28, 1978; Indian Point 2,
October “%, 1976: Iton 1, August 15, 1974; Zton 2,
rtunataly, on esch of these five occurrences operator

in ot Teast partial restoration of the safety function;
S! ware either spurious or ‘nadvertent.

1d be infarred that the prodab‘)ity of having an \
reduces the capadflity of & safety systes upon demand \
per demand a3 & winfmum. Therefors, this would tupport
suming & single fatlure 1n £ 1n FSAR studies.

In sddition, 1t sppears that the tota! @lsadling of the sutomstic operation of

4 redundant safety sys

tem on demand 11 not an Incredidle event. This 13 &

confirmation of the need to Incorporate as & first 1D In each emergency

procedurs some ‘nstruc
every automatic sction

X CoMcLusions

Too many unnecessary ¢
Tead to two adverse of
that could become ynar
oparator becoming acc)
accordingly, tarminatt
has been performed.

tioms t the operator to verify the proper operation of

Rallenges of the safety Injection system can potantially
fects. An increase In the usige factor of the SI nozzles
cent:tla defore the normal end of plant 11fe; and an

imated to belfeve every SI inftiation 1s unnecessary and,
N9 the 51 dbefore a comprenensive evaluation of the svent

™e review of operaing experience with $I sctuation performad n this study

hows that these D o

reas of concern are not applicadble to CE plants

Up to the present time. The usage factor on 51 nozzles could have boan 2

prodlem of concern on

BAM units because of @ tandency of the operators to

tuate the SI manually upon almost oYery reactor trip in order te recover

the pressurizer leve!.

This action has been demonstrated as (wne: sary, and

B4V operators have Deen Instrutsd not to pursue this hadbit. Thesefory, 1t 13
belfeved that this prociam hae Deen resolved.

Some Westinghouse resc
yoar. There might de
of 11fe of these units

tors nad exparisnced more than three §I per resctor
4 prodlem with 57 wol2 4' usace factor before the end
shou'd there De » ‘sproveme~t. In waditicn, W units

RavE 4 high rata of automatic, unnecesssry S1 (less than 153 are needsd 5!).

™ refore, w8 are conc

erned with the operator tendency to consider evary S1 a8

Sourious or fnadvertent. Plants of more recent vintige seem to have 4 greatar

semitivity to unneces
of unnevdeu S! zan dDe

sary SI than the older cnes. The cause of the high rate
treced ot Teast partially w the complenicy of the

\[;



Staan Ine Dresk detection fyatas that Inc!
MCOMAry 11de that would fnftiate tw 5!
Beaver Valley to reduce the mmber of the
Could significantly aprove the L ART " AR

Abowt & third of §1 Kuations occurred
Settar performancy of Oparating activitie
regard.  This comcern has beer addressec

In case of §1 Initiation, the probedt! ¢
Independant of the cause of the SI, th:
injection system, i/ of the omier of I
Shows that the tota! disadling of suto-,:-
Iyitem due ™ hardwire failyre s not 4r o

REC OMMENOATT OneS

We recommend that for thoss unt
Sctuations (awtometic or asma!
calendar year, the T1censees be
caleulation or
the MRC stafr

¥ 3 ut

t closely follow

8 "wcosmend the development of 3 41
Safinfte set of criteriy to help the
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Botver valley

0.C. Coot )

J.5. Coon 2
Farlay )

SLLTY

Meddae Yech

.5, Nobinson
Indlan Poirt 203
Kewaunee

Rerth Anng )
Point Beach 142
Pratrie (s'and 142
Selem )

San Onofre !
Surry TR
Trojan

Turkey Point b
Yankes Rowe

Iton 1R

Table 2

Westinghouse Untts « ECCS [nftiating Parameters

HSFee o HSFwe o
MR LRpe sap L Tavg™ i
gyt ps! 28l oy
1.§ 1765 100 M3°F $00
R 1818 100 S41°F 600
sl 1900 ] N/A 600
5.4 18%0 100 NA 58¢
L] 1715 LT NA 500
S 1700 LT NA NA
i ins 100 S43°F 614
' 1700 150 S40°F 600
4 85 NA A NA
2.} 1768 100 S43°F 600
| 1738 KA NA $30
4 1818 1 NA s00"™"
.7 1768 100 S43°F $00
XA 186% L1 KA NA
3 ns 100 Sa3°r 52%
] 1768 100 553°r 600
‘ ms 100 S43°r 800
s A A e L)
65 15 100 S40°F 600

Aronyms - L3P Sow reactor pressure
WP ehigh contalimment pressure
567 * nigh pressure d1fference detwaen steem 1ine
LSPelow stesm pressure

HSFeRigh sieam ) ow

L Tavgrlow Tow primary aversge tempersturs

* Before ™! most ¥ designs pruvided for colncidence Detween low resctor pressurs
nd Tow pressurizer level,

e Low 1tees pressure only

This coincidence has Deen reacved now.
" the Ngh steam Mow 3 & function of load
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Table 3

Correlation c¢f S1 Frequency and Numbter of S! [nitigtine
Parsmators

Mumber of Si

Pargmgters Fr Average $1 Fregquency

E

Seaver Yalley |
0.C. Cook !
H.3. Nobinson
Indtan Point 24)
North A )
Salem |

Surry TR
Trojan

lion 12

Turtey Point M

R AUR AR U RSN Oe e
. w NLwe
~ -

— o
L

-~
.

O w

0.C. Cook 2
Farle

y
drairie lsland '82

.08

R
e O =
~.
o
~

Ginng
Point Beach 1R

LA
R

~
o

Waddaem Neck
(ewadume

-

Tan Onotre
Tonkes ROowe

oo oo oo —-—'J Ot~ O = =N

Ty
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Tedla &

Correlation beatwwen 51 fregquency and the age of the unit

it Year of 13t Crigicel ity 51 Fraquency perrejctor year
Yankee Rowe 1960 0.2
Haddem Nechk 1967 0.4
San Onofre 1967 0.2
Ginng 1965 0.
Point Beach 1970 0.1
N8, Robinsen 197 0.3
Turtey Point 3 1972 e.)
Point Beach 2 1972 0
Surry ) 1972 0.7
Indtan Point 2 19713 1.2
Surry 2 1972 1.2
Turkey Potnt 4 1973 0.1
Pratrie Istend | 1973 1.
Tton ) 1973 3.2
2ton 2 1973 3.4
Kewaunee 1974 0.
brafrie Islama 2 1974 0.2
0.C. Cook ) 197% .5
Trojan 1975 1
Selem 1976 3
Incign Point 3 1976 0.2
Beaver vallay 1976 2.9
Farley ) 1977 1.8
Yorth Aana ! 1978 1.9
0.C. Cook 2 1978 1.0
i
-
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Table &

Add it fonal Fallure Upur S1 LDemand

Secver Yallay !} . 2 Diese) Gemerator field failled to sutematically flash
9.C. Cook |} No status lights were recelved and no reactor trip occwrred

Catwert CLIFAs ) !- {nedverient spray 'n containsest through & lesk ing valve

fFariey ! | Charging pump and 1RHE pump did mot stert

Ginne : Premature suclion switch from BAT to BST

Indian Point - } D6 start but did not develop the required voltage

Indian Point 2 & ya'ves on the Burun Injection Taw tht clase!

Indlan Polat ) | WPl pump falled to start

n 8. Robinson ¢ ! valve 414 not open in the safely iajection isysiem

Sen Onofre - Mater hammer in safely injection systes damaged valse and hange:
Surry 2 . 1 Wl pump falled to start

Trojan - 2 WPl pump suction valves falled Lo open on demand

frojan | ‘w | pump fatled to stert

lion ) - Design error caused no 51 inttiation wpon SAF signal

liom 2 ] Sefetly injection syslem valve did not acluatle

Iton 2 - A logic d1d mot acluetle and 817 discharge valve in train § 41d not open

lton 2 ) Diesel generator fallure




W [.
nani p
R

NAC FORM 318 (10-80) NRCM 0240

fFE 08 198

MEMORANDUM FOR: Carlyle Mictelson, Director
0ffice of Analysis and Evaluation of Operation Data

FROM : Harold Denton, Director
0ffica of Muclear Reactor Regulation
SUBJECT: COMBINAT (0N PRIMARY/SECGNDARY SYSTEM LOCA
Reference: 1. Memorandum, Dircks to Commissioners, "Resolution of

Issue Concerning Steamline Break with Small LOCA,*
dated December 23, 1980.

2. Mesmorandum, Sheron tc Spefs, "Combined Blowdown
Analysis,” dated September 28, 1981

The purpose of this memorandum is to inform you of the results of my staff's
evaluation of combined primary/secondary system LOCAs. This evaluation was
performed as part of the agreed upon resolution pian for this fssue as docu-
mented in reference (1) and (2).

As you recall, the objective of this evaluction was to deterwine {7 (a) nuclear
plants could accomndate the combination primary/secondary system LOCA and (b)
the operators have adequats emergency procedures 7or soping with cosbination
LOCAs. The results of this evaluation would provide the technical bases upon
which a decision could be made tn efther {nclude or eliminate the AEGD combina-
tion L?CA concern as a USI prior te the USI report to Congress to be {ssued

in early 1982,

The reference (1) mesorandum informed the Comerission of the resolution plan for
the AEOD concern on combined primary/secondary system LOCAs. The reference (2)
memorandum documented the details of the evaluation that would be performed by
NRR and RES and ware agreed to with you.

Our evaluation was dividéd into two phases; phase 1 addressed plants with inverted
U-tube steam generators (W and CC); phase 2, which 1s $t111 ongoing, addresses
plants with once-through steam generators (B&W).

This memorandum transmits for your information the results of the first phase of
our evaluation, which 1s enclosed.
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Our conclusfon, based on the RES analyses of the accident scenarios documented
fn reference (2), s that plants with Westunghouse-designed NSSSs are adequately
protected against combined primary/secondary system LOCAs except for cases when
the steamiine break outside of containment cannot be fsolated. We believe that
adequate protection for these cases cam be achieved by appropriate upgrading of
emergency quidel ines and procedures. We intend to accomplish this as part of our
review and approval of emergency operator guidelines being jerformed under TMI
Action Plan [tem 1.C.1. We expect to complete the above reviews by the end of
the fiscal year. We believe the prolability of the specific scenarios which may
not be appropriataly covered ia axisting plant procedures 1s sufficiently low
that resolution on & sore expeditious schedule 1s not warranted.

The Reliability and Risk Assessment Branch (RRAB) in NRR {s confirwing this con-
clusfon. If the probability 1s determined to be unacceptably high more fmmedfate
action will be takem.

Although we have mot completed the second phase of our evaluation, our preliwinary
canclusion 1s that adequata protection exists or will be provided to protect
against combination LOCAs that they should ret be designated as a USI,

We will cosfirm or modify this conclusion fallowing completion of the second phase
of the evaluation. The results of this second phase will be forwarded to you

shortly. -
K R Destsa

Harold R. Denton, Director
Office of Nuclear Reactor Regulation

Enclosure:
As stated

cc: W. Dircks, EDO

H. Denton

E. Case

R. Minogue, RES

Director, OST
Hanaver
Basset, RES
71 emann
Beckham
Heltemes, AEOD
Laning, AEOD
Schroeder
Shotkin, PES
Kniel
Mazetis
Hodges
Capra
Szukiewicz

wWoO0ds A /

Norian OST:uIQK/:
KKniel
N25/81°

VTP EONRMIF MEODODOWV
» ® . » . . . » L . . -

SURNAME

ncr.
l)'[\" USI,HSC

DATE )

o 8

| DS 5A/5.C; OSI:@D;RS | DST:8IR NR IR
’-?Laaksonen:qd f n “¥Spe1 7 | RMattson HO:(}OH

11/../81 111/ /81 | 11// 7781 | 1d/ . /81 1%/81

————

" OFFICIAL RECORD COFY



EVALUATION OF THE ISSUE CONCERNING
STEAML INE SREAK WITH SMALL LOCA,

‘E‘:-:NG"O‘_'S: NS:: QLANQE

BACKGROUND

CALCULATED PLANT RESPONSE
EMERGENCY OPERATING GUIDELINES
EXPECTED OPERATOR ACTIONS

4,1 Steamline Break Inside the Containment

Steamline Break Between the Concainment Penetration and

Main Steam
Steaml ‘ne Break Downstream of the Main Steam

SUMMARY




BACKGROUND

Ouring the last half of 1980 the NRC Office for Analysis and Evaluation of
Operational Data (AEOD) fssued two memos (Ref. 1 and 2) in which they raised

a potential safety fssue involving combired primary and secondary system LOCAs.
The issue was discussed at the Commission meetings on October 16, 1980 and on
November 10, 1980. As a result of the Commission meetings, NRR committed to
evaluate the concern as part of their ongoing review of emergency operator

guidelines. This report presents the resilts of that review.

The AEQD concern postulates an accident resulting in coincident steamline break,
steam generator tube rupture, and small LOCA. 1In 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 staam generator level control, causing over-
filling and overcocling of one steam generator. The basic AEQD concern (in
addition to assuring the consequences of such a postulated event are acceptadble)
is that plant operators are not provided sufficient guidance to respord properly

to such an event,

In response to the AEOD concern, the NRC Office of Nuclear Reactor Regulation has
suggested (Ref. 3) that tre conczrns could best be addressed as two separate
issues. The first involves transients that could lead tc 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 1ssue as a part of the Unresolved Safety
[ssue Program Task A-47, Safety Imp!icat1ons of Contro1 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 performed 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. A1l calculaticns needed for the evaluation have been completed

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

No specific calculations of these specific scenarios are considered necessary
for C-E “esigned NSSS plants but the evaluation, to be presented fn 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 ints three parts., The

other factors, like break sizes or the primary break location, are of less impor-

tance to the general course of the accident,

CALCULATED PLANT RESPONSE

Calculations of a combined primiry 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:

- i

Case |
0 Doudble-ended main steamline break

0 Double-ended rupture of one steam generator tube in the steam leaking SG
0 A 2-inch diameter break in the primary system hot leg



Case 2
0 Qouble-ended main steam!ine break
0 DOouble-ended rupture of one steam generator tube in the steam leakiag SG

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

Case 3

0 Double-ended main steamline break

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

Case 4
0 Double-ended main steamline break

0 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 normal full power operation, The
calculations were realistic best-estimate type calculations and the automatic pro-
tection systems were assuned to operate as designed. The only operator action assumed
was switching the primary coolan® pumps off concurrently with the start of the safety

injection system in accordance with present plant procedures.

A1l four transients were qualitatively similar, as shown in figures la, 2a, 3a and da.
The case no. 2 is not presented separatefy because its ;ofhlts were 50 close to

“he case no. 1. [n each case the main steamlire break caused a rapid blowdown of

the secondary side of the affected steam generator. Ouring this blowdown, there was
overcooling and partial depressurization of the primary coolant system, with conse-
quent activation of the safety injection system on low pressure. Within several
winutes, the safety injection flow became sufficient to compensate for the losses
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from 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
injection system. The core always remainéd covered with ligquid, and the primary

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

The calculations were terminated 15 minutes after the initiating events. At the end
of the calculations, the plant parameters were stable except for the rising pressurizer

Tevel in the case no. 3 and the decreasing reactor coolant temperature in the case no. 4.

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 pc:tulated'accidents used fn the cperator 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 tne combined accident as one of the single

events he has learned to cope with.

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

figures 1b, 2b, 3b, and 4b the plant response to the following events:

0 A double-ended rupture of one steam generator tube
3 A two-inch diameter break in the primary system cold leg

0 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 TRAG-PDZ model (ref. 5). The two other events have been calculated by

Westinghouse using their conservative licensing models. The cold leg break



results are taken from the reference 6§ and the steamline break results from the
reference 7. [t should be further noticed that all other events star:t from full
power but the inftial condition for the steamline break is hot shutdown. On
the other hand, some power production in the core, largely compensating the
smaller initfal stored energy, is calculated during the f‘rst minute of the

steamline break accident,

In conclusion, from the figures attached to this memorandum it can be seen
ﬁhnt the primary and secondary system parameters used by the operator for the
accident diagnosis behave in the combined events qualitatively Tike 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 have been estimated on the basis of the Emergency
Response Guidelines, submitted by the Westinghouse owners group. This overall
procedural set is composed of two parts, Opf1m1 Recovery Guidelines, and Critical
Safety Function Restoration Guidelires and Status Trees. The first part is

basically similar to the emergency operating procedures that exist currently at the
operating plants. The second part, still under development, 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).



The first instruction the operator uses for his immediate actions and diagnostics
after each reactor trip or start of safepy injection is designated £-0. [f the
safety injection is not initiated by a spurious sfgnal the operator will later
on use one or more of the following instructions:

o E-1 Loss of Reactor Coolant

0 E-2 Loss of Secondary Coolant

0 E-3 Steam Generator Tube Rupture

A1l 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 gererator tube rupture and
small LOCA. Specifically the operator is told to stop primary coolant pumps (as
assumed in the anaiysis). 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

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

If ndt directed to £-2, the operator will next check tﬁe containment indications:

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

him to £-1, Loss of Reactor Coolant.

[f «till staying in £-0 the operator checks finally the: radiation signals from the
condenser air ejector and the 5G blowdown line. kigh readings guide him to E-3,

Steam Generator Tube Rupture.
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[f the operator has passed all the exits from E-Q but the SI is still on and

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

EXPECTED OPERATOR ACTIONS

4,1 Steamline Break Inside the Containment

The break locatien 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 resulits presented in section 2.0 are valid.

[t is obvious that during the diagnosis in accordance with the instruction £-0 the
operator will notice the delressed 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-
tion 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 £-2 to other instuctions and
it can be expected that the operctor is going to follow the E-2 instuctions for

awhile,

As Tong as the temperature is above 350°F, the safety injection (SI) is continued
using the same termination criteria as in the case of a _primary system LOCA. The
margin to SI termination criteria stays large in all of the calculated cases and

[ would continue stabilizing the primary pressure to a value where SI compensate.
for the primary coolant losses from the breaks. Sooner or latar it is expected

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



of either a SG tube rupture or a smel]l 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 pumps to the cold leg recirculation mode if

the RWST low-low level alarm is reached. [f 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 £-2 to £E-3 he is advised to go further
to E-1 as soon as he sees containment indications deviating from the normal

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

The analysis results indicate that in each case the core average temperature

is above 460"F when the calculation is terminated at 15 minutes into the transient.

Thus the 35 temperature 1imit is probably not reached before the operator
has gene td t-1. Should the temperature in the hot leg decrease t2low
the vperator has recognized the primary leakage he would terminate SI to avoid

primary system pressurizead thermal shock. After SI termination the ogperator is

tn

.
|

to. carefully monitor the RCS presswre, pressurizer leyel. and reactor coolant

subcooling. These will inevitably drop in such a way that the operator is told

Vo

to restart SI and to rediagnose the event. At this stage, he shoinld notice the
direct leakage from the primary system and go to E-T for 3 proper plant recovery

and cooldown,

'

In conclusion, if the steamline break is inside the reactor containment
consequences of the combined accident are not expected to be beyond the
plant design basis and the operatar is able *c recover and cooldown the

1sing the existing emergency operating procedures.
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4.2 Steamline Break Between the Containment Penetration and tie Main Steam
[solation Valve

The break locatfon is indicated as break no. 2 in figure 5. The short term
response of the primary and secondary circuits is essentiallv similar for all
double-ended steamline breaks upstream from the main steam isolatin: valves.
Thus the TRAC-PD2 calculations described in section 2.0 are also valia 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 gererator 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 radiocactive 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 Tocal visual observations and radiation monitoring are needed.

As in the previous section the operator would first use the instruction £-0
and then go to E-2, Loss of Secondary Coolant, guided by the low pressure in
one SG. He would probably also get a direct audible indication of the leaking

steam.

Having verified the broken steamline and having the related steam generator

fsolated the operator would soon notice the contaimment indications and the
continuing SI flow. This would quide him to the instruction E-1, Loss of Reaztor
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:

-
- —
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1. the detectors for measuring the increased radiation in the secondary
system are berond 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 nict give indication of unexpected water flow into the SG.

[f the operator just follows his instructions and does not get visua' observations
or radiation monitor readings from the broken steam line it is possible trat the
SG tube rupture stays unnoticed and the situation is treated in the long term like
a small break '0CA. It is thus possible that the primary pressure is kepl high
and an uncontrolled leakage of primary coolant directly to the atmosphere
continues for hours. ‘Thc Teak2je would cause radiological comsequences not

inalyzed in FSAR and a loss of water invertory from ECC recirculation. As an
example, we have estimated that for case no. 1 of the TRAC-PC2 calculations, the

time for leaking 2 mass equivalent to the RWST contents would De apout one aay
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 cperator 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 setpoiny_  However, the

open leak path from the reactor coolant system to the atmosphere would call
for fast cooling of the primary system down to cold shutdown conditions.
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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 decrease the primary coolant pressure,

the coolant 1oss would jeopardize ECC recirculation within a few hours. Tre
instructions currently available to %he operator are not applicable to cope

with the accident.

4.3 Steamline Break Downstream of the Main Steam I[solation Valve

The break Tocation is indicated as break no. 3 in figure 5. The TRAC-PD2 calcula-
tions Jdescribed 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.

The reactor coolant temperature does not decrease below 500°F during the initial
transient and the following stabilization. Tie 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
«i11 be no continued primary to secondary leak. It is 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 vould quide him to go to the instruction

E-1, Loss of Reactor Coolant. That instruction wouid provide the necessary advice
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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 pressyre in that SG and the 6r1mary circuit.

[f 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 in!iczliuns 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-secondiry leak will continue
unti] the operator observes unexpected behavior of leve! control in one SG. Specifical-
ly, E-1 reminds him to look at the SG levels 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 heit removal and the plant
cooling is performed using the intact SGs, as advised in E-3. The faultea SG is
kept at the same pressure as the primary system and it is cooled dewn independently
by ‘eed 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
in the FSAR assumes operator actions to”stop the leakage '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

time for diagnosis and for measures to terminate the leakage.



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

isolation valves the initial transient in the prima:v and secondary circuits

1

is short and the plant is stabilized automatically. Ouring the recovery stage

there is a potential of a reactor coolant boron dilution (1arge primary system

LOCA) or radiological consequences exceeding those analyzed in FSAR (smaller primary
system LOCA). After the operator discovers the SG tube rupture from the

unexpected level variation in one SG, he can cooldown the pliant 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
ConTant,

5.0 SUMMARY

he calculations performed indicate that in all of the analyzed cases the primary

1

coolant shrinkage, caused by overcooling, and the simultaneous loss of coolant can
.ompensatesd by the high pressure ECCS. The core remains covered with liquid,

and

*
~ -'—

e primary coolant remains subcogled, except in the vessel upper head.

line break 1s inside the containmert, the offsite releas2s are not
than in the events currently analy in the FSAR and the operator is pro-
‘P': < “1;‘~;

This is most probably the case also

the steamline break downstream of the main steam isolation valves.

he steamline break is outside the contzinment and cannot be isolated, the radio-

logical consequences could pe more severe than in any accident currently analyzed

"~

in the FSAR. To decrease the risk of elevated offsite releases, an early dfagnosis
of the tube rupture has to be assured. This can be done by upgrading the Jperataor
instructions. The appropriate mitigating actions are already found in the ex ng

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

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