REFERENCE 3
CEC 11 189

Roger Newton, Chairman
westinghouse Owners Group
Box 2046

Milweukee, Wisconsin 53201

SUBJECT: "LOSS OF RWRS COOLING WHILE THE RCS 1S PARTIALLY FILLED," WCAP-1191¢,
JULY 1888, AND OTHER RELATED WESTINGHOUSE OWNERS GROUP ACTIVITIES

Dear Mr, Newton:

You provided us with copies of the subject report in November, 1988, While rc
review wes requestec, we reviewed the report because of ft: impact uper activi-
ties dfscussed fn Gemeric Letters 8712 and 88-17. Our evaluttion {s proviced
es enciosure 1. Overall, we find WCAP-11816 to be a timely and appropriate
response to the concerns raised in the generic letters,

We contracted with the ldaho Natfonal En ineering Laboratory to assist in the
review. Their review 1s provided in enclosure 2. Idaho stated, and we agree,
that “Overall, the broad scope of WCAP-11916 indicates that wWestinghouse ang

the westinghouse Owners Group recognize that the potential for loss of RHRS
capabilfty exists, that losses of RMRS capability can lead to serious comnlica
tions in cooling the reactor core, and that this issue must be addressed n a
timely menner." “The methodologies for applying the results of the therms!.
hydraulic analyres to individua plants are clearly written and well-conceived,"
WCAP-11916 results, when considered with our minor Enclosure 1 comments, are
appropriate for use n responding to the GL 8817 recommendations,

We ynagerstand you have 1ssued procedures guidence for reduced fnventory opera-
tion and that you are preparing background documentation for that guidance, We
wou1? agproc!ate receiving a copy of any of this materia) that may be readily
avatlable,

Ne commend you for these forward-looking efforts and we look forward to @
continuation of this approach to nuclear safety,

/3]

Ashok C. Thadani, Director
Division of Systems Technology
0ffice of Nuclear Reactor Regulation
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‘Overall, the broad scope of WCAP-11%16 indicates that Westinghouse anc
the Westinghouse Owners Group recognize that the potentis! for loss of
FHRS [resicua) heat removal system] capabilfty exfsts, that losses of PHRS
copability can lead to serfous complications 1n cooling the reactor core,
anC that this 1ssue must be addressed in o timely manner."

"The methodolovies for applying the results of the thermel«hydraylic
analyses to individual plants are clearly written anc well-concedved."

"Cverall, WCAP-1191€ 1 very thorough and wellewritten, and provides t'e
licensees with valuable information regardine prevention of and recovery
from losses of RHRS capability,"

Plant and scale mode! data are reported thet cover flow phenomena n the RCS,
ard afr fngestion and vortex formation at the RKP 1nlet nozzle. These data are
used to correlate RCS leve! and RKZ flow rate relative to afr ingestion into
RHR suction pipes, to establish level variatfons within the RCS. to provide
insight fnto operations to restore RHP operatfon if RHR should be lost, end to
provide bases for plant onerating procedures for reduced RCS inventory opera-
tion. Analyses are pro. :ced that address time to beiling, RCS pressurizetion,
Core uncovery, and related topics. Our review of WCAP-11916 18 provided below.

B.  AIR INGESTION CORRELATION AMD RHR LEVEL « The WCAP-11016 air {ngestion
correlation is stated to he both reasonadble and conservative for 1imitino air
entrainment to matntain acceptable RHR pump operation. Usege 1s qualified 1n

that “mended operating 1imits are not {ntended to replace operating
exp¢ oerating at Tow RHR system intake flowrates during mid-1oop
ope - stated to greatly reduce the risk of entraining a{r,

We agree t.at reduced RHR flow rate s effective 1n reducing the risk of air
ingestion, and we support this chenge for reduced RCS inventory operation,

In¢ustry experience leads us to belfeve that RHR systems have been operated
with unrecognized afr incestion and we consequently recommend that 1icensees
cerefully review any nperatinng outside the safe region as determined by the



WCAP correlation. e further believe the afr irgestion correlation to be of 3
hest estimate nature, &nd sugoest o smell safety factor be applied 1n determin.
fng @ Tower bound for RCS Yevel, Fimelly, we observe that RCS weter leve!
thould be mainteined as high as s consfstent with other needs so as to mini-
mize the chance of losing RKP due to afr frgestion or fnadvertent 1oss of RE
fnventory. The limiting upper water leve! may be to meintain a gas communicas
tion space via the pressurizer surce line when the head 15 on the reacter
vessel,

C. AIR INGESTION SYMPTOMS « The plant test data suggest that the first symptom
of afr entrafnment 1s nofse at the RMR pump, followed by a drop 1n suction
pressure, and finally by oscillations in suction pressure, flow rate, or motor
current. The authors recommerd that RMR noise be monitored when entering fnto
a level/flow combination where experfence s limited. We comcur. We also
suggest monitoring pump niise when reducing inventory while in a mid-loop
configuration to guard against inaccurate leve! fndication.

D, RCS RESPUNSE TO LOSS OF RMR « Analyses are reported covering time to
boiling “ollowing loss of RHR, RCS pressurfzation rate, and time to core
uncovery for varfous RCS configurations, These show that bofling can inftiate
in less than 10 minutes, dlthough time for more likely conditions 1s 20 to 30
minutes, A large cold leg opening with hot legs isolated car lead to core
uncovery severa! minutes after bolling starts, More Tikely 18 core uncovery
Tater than 30 minutes following loss of RHR for large cold side openings and in
excess of one hour for hot side openings,

This knowledge 1s valuable for procedures preparation and for training, 1Its
epplication should fnclude the Influence of the RCS pressure boundary configye
ration and usabflity of SGs, and 1t should be used 1n conjunction with indicat-
ed temperature and leve!. Care should be used with indicated leve! since RCS
behavior can introduce errors that depend on the instrument and 1its connection
to the RPCS., Vesse! temperatyre indication should v2 accurate under all condfe
tions fn which an 32,288 cuntainment environment does not ocerr,



We expect procedures writers will consider the effect of the containment
environment upon actions which must take place inside containment, Although

Gl 88«17 recommended containment closure prior to core uncovery, closure
actions may be limited after fnftiation of botling due to steam in the contafr.
ment .,

WCAP-1191€ shows that R(CS pressure can reach 400 psia about an hour after loss
of RHR 1f the RCS {5 clesed and the steam generators ($6s) are empty, and that
providing water to SGs cean sfonificantly reduce pressurization rate, We agree,
although we believe there may be film coefficient and ges transport modeling
o1fficulties that cause pressure to be over-predicted wher there 15 water 1n
the SGs. The WCAP recy'ts apr-ar to be fnconsistent with the Diablo Canyon
event pressurization, where the $Gs apparently limited KCS pressure to & few
pst (Ref. 8), As identified 1n the WCAP, pressurization behavior strongly
fnfluences gravity makeup from water storace tanks, and an over-prediction, if
real, could erroneously eliminate gravity feed as a inventory addition option,

E. DETERMINATION OF VENT ADEQUACY - WCAP-1191€ showed that a pressurization

of several psi can eject much of th: RCS inventory when there 1s a cold leg
opening in the RCS pressure boundary, and that such a pressurization can
prevent cold leg injection water from reaching the core. Large, low resistance
hot Teg vents are necessary to compensate for the low steam density and large
steam flow rates that oceur during bofling {f pressurization is to be avoided.
Consequently, Yicersees should fully consider vent paths to accurately
determine backpressure. Two examples wil) 11lustrate typica! considerations,

Consicer an open pressyrizer manway, An unrestricted opening of this size
might be adequate, but the surge line diameter s smaller and there s heater
hardware in the lower pressurizer. These must be considered. Changing
conditions may also chanye pressurization behavior. Suppose RCS bofling
fnitiates with hot leg water covering the surge 1ine connection et the hot leg,
Water will be forced into the pressurizer, causing a pressure elevation in the
ubper reactor vessel. If there s a cold leg opening, water may remain in the
pressurizer long enough to cause early core urcovery,



Cfter, Ticensees provice a path to the pressurizer reliaf “ant (PRY) and rerove
the rupture disk to provide ar vhening to contatnment, There 4re & numier of
potential restrictiors via this path n addition Lo the disk opening, For
example, weter in the PRY can cause severa) feet 0f weter backpressura since,
14 the sparoers are covered, there 15 (ittle commurication between the relvef
tank fnlet ard the disk opening,

F. ALTERNATE MEANS OF DECAY MEAT REMOVAL « One or more methods are fdenti“ing
fn WCEP.11916 for {ncraasting BCS tnventory following oss ¢f BMP, with some
varfetion cepending upon the PCS$ configuration, 1f RKE cannot be eastly
reestab’ished, at least one alternats mode of decay heat remove! 15 1dentifiec
Two ere recessary to comply with GL B8-17 recomnendetions.

The potentie) for cold leg 1njection failure due to steam flow from the vesse!
clearly recuires that hot leg fnjection be provided as an option 1n procedures.

6o LEVEL VARIATION WITWIN THE RCS - The magnitude of lave! @ifferences within
the RCS 15 shown to be roughly 1 or 2 fnches, which 1s stated to be signifi.
cant.  This should be considered in eppiying the afr (ngestion correlation to
account for leve) variation between nstrument Incations and leva! at the RWk
suction pipe entrance,
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ENCLOSURE )

NPC STAFF EVALUATION OF WCAP+11816 REV. 0
"LOSS OF RMRS COOLING WWILE THE RCS 18 PAPTIALLY FILLED"

EVALUATION COMPLETED NOVEMRER, 1089
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WCAP-11016 (Ref. 1) was writ on under the direction of the westinghouse Owners
Group (WOG) Analysis Subcommittee with guidance *rom the WOG Operetions Subcom-
mittee, It's stated purposes are to provide ", . , information applicable to
the fluid systems performanc: when the RCS [reactor coolert system] 15 partial.
ly #110ed are therma) nygrau)ic anelysis of the RCS following the loss of RNR
[residua) heat removel’ during cperatizes with the RCS loops pertially #11)ed,"
"It 15 intended that the WOG plants participeting {n this program wil) be able
to utilize the resyuits of this report based on the categorfzation spplicable to
thefr particular plant.” The work wes fnitiated to provide fnformation re.
Quested 1n Generfc Letter (GL) £7-12 (Ref. 2) and 15 applicable to the recommen-
dations of GL 88+17 (Ret 3),

We find WCAP-11816 to be thorough and well.written, It provides the fcensees
with veluable information regaraing prevention of and recovery from loss of
PMR.  WCAP-11916 results, when applied with consideration of the comments
provided in this enclosure, are appropriate for use in responding to the

6L 8R.17 recommendetions., The results may be used based upon the plant cotege-
rizations described fn NCAP.11016,

11, EVALUATION OF WCAP-11016

B, OVERVIEW - The ldaho Nationa! Engineering Laboratory (INEL) reviewed
WCAP-11816. INEL states (Pef. ¢), and we aoree, that:



