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Westinghouss Energy Systems Box 383

Flectric CDWOfa“Un _ Pittsburgh Pannsylvania 15230-0333
',A'ﬁr'l Q{, 7‘; L\ \ ('_
March s 1992 ) Ti0 =
TVA-92-038

Mr. P. G. Trudel ,

3equoyah Project Engineer P2l GgrLoYo

Tennessae Valley Authority )

Sequoyah Nuclear Powar Plant, 0SC-A R“l’)'\él‘) ﬂvm,zb)t

p. 0. Box 2000 ~

Soddy Dalsy, TN 37379

Oear Mr. Trudel:

Tenngssee Valley Authority
Saquoyah Units 1} and 2
Pressyrizer Vents at Cold Shutdown

The purposa of this letter is to inform TVA that Hestinghouse has {dantiflied 23
potential lssue related to limitations of pressurizer venting for decay heat
remaval at cold shutdown. During a loss of RHR cooling transient, there is a
potential for water hotd-up in the pressurizer {f the reactor coolant is
allowed to beil, It is possible that the steam velocity in the surge 1ine
would ba high enough that 1iquid entrainment prevents water from draining back
from the pressurizer into the hot lag. This gffect is also called surge 11ne
flcoding. The attachment to this lettar describes three technical conceras
associated with surge line f1o0ding and provides some recommgndations for

utility and WOG consideration.

westinghouse is unabla to avaluate whether deticiencies or fallures to comply
would create a substantial safaty hazard. This is because the significance of
this 1ssue depends upon procadures, training, and outage schedulas individual
PHR stations have adopted for shutdown operations. It 13 recommaended that
utilities review their shutdown procedures for loss of decay heat removal with
regard to the concerns dlscussed herain and revise them {¢ appropriate. This
topic 1s also being referred to the Westinghouse Owners Group for their

consideration.

Westinghouse has performed 10ss of RHR cooling analysas for Sequoyah. These
analyses wers done Aas part-of plant outaga support and to assist you with your
responsa to the NRC's Generic Lettar 88-17, Wl oss of Decay Heat Removal." The

information transmitted for Seﬂuoyah will be reviewed and revised as nacassary
to account for the surge 1ine looding concerns. Hestinghousa will transmit

this supplemental information at a2 later date.
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This information is being provided to TVA under the requirements delineated in
10CFR21.21¢b) which re§u1ras Wastinghouse to inform affected customers of this
determination and the details of the situation such that licensess may make
arrangements to evaluate the situation pursuant to JOCFR21.21(a).

Very truly yours, '

WL%W
B. J. Garry, Project Manager

TVA, Sequoyah Project
Domestic Customer Projects

Attachment
0221K
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TVA-92-038

cc: M. A. Cooper - Sequoyah Site
R. Fortanberry - Sequoyah Site
W SSM Offfce - Sequoyah Site
0. M. Lafaver - Sequoyah Site
R. Baackan - Sequoyah Site
W. C. Ludwig ~ Sequoyah Site

D. F. Goetcheus ~ Chattanooga Office 1101 Markat Street
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pressurizer Vents at Cold Shutdown

Techaical Description

Symmary

During a loss of RHR cooling transient, thers i3 i potential for water hold-up
{n the pressurizer if the reactor coolant is allowed to boil. It is possible
that the steam velocity in the surge 1ins would be high emough that liquid
entrainment prevents watar from draining back from tha prassurizer into the hot
leg. This effect (water Neld in the prassurizer becauss of high surge.ling
steam velocity) 1s also called "surge 1ine flooding®. This would accur if
thare is a large vent on the pressurizer, the decay heat is high, and all or
most of the decay heat generates steim {(due to boiloff) that goas to the -
pressurizer. This lattar dascribes threa tschnical concerns associatad with
surge 1ine fleoding and provides some recommendations for utility and ¥0G

consideration,

Issue Description

It 1s sometimes necessar{ or dasirabla during an outage %o create large
openings in the RCS to allow for various maintenance or inspection activities.
Frequantly, a large hot side vent 1¢ provided by removal of the ressurizer
manway or by removal of the pressurizer safety valves, A large hot leg :14'
vent would be erov1dad, for sxample, %o Timit the pressurs on the steam \
genarator nozzie dams, to prevent a rapid loss of RCS {nventory through
potantial cold side openings, and/or to allow some capability teo rav?ty feed
from the RWST. Per Generic Letter 88-17 sRoferenca 1), these wouid ail ba

. valid reasons for using a large hot leg side vent.

If the pressurizer has a large vent, then steam generated in the RCS during i
loss of RHR cooling event would be relieved through the pressurizer surge

}ina and out the openinqss% near the top of the pressurizer. If the dacay
naat {s high, it is possible that. the steam velocity through the surge line
would be high enough to cause water to be held up in the prassurizer. This
watar held ug in the pressurizer could have besn initially forcad into the
pressurizsr because of swelling following the onset of boiiing, or entrainment
with the boil-off steam, or the RCS may have been initially filled %o some
level in the pressurizer. This procass of surge line flooding and water
hold-up in the prassurizer could continue even if the core is being uncovered.

In a report grepared for the NRC, EGXG calculated that surge line flooding in
a typical 4-joop Westinghousa plant (14 inch diameter surge lins) would occur
at atmospheric pressure if more than 3 MWt went into generating steim

travel ing through the surgc 1ine (Reference 3%. With less than 3 M, surge
1ine flooding was calculated not to occur. Higher grassures would persit a
higher dccaz haat: Uncertainty exists in the calculation, as it depends upon
the correlation used. (£GAG used the Kutataladze correlation.) Considering the
beneficial affect of even small pressure fncreases above atmospheric, and other
heat Jossas in the RCS, Westinghouse su?gests that surge 1ine flooding should
be considered as a possibility at all timas prior to core refueling. (Note
that aftar refualing and 30 days aftar shutdown, decay heat for 2 typical

4-1oop plant should not axcead 4 MVW.)



A%

AZ-16-1392  G2:41G0M FEOM J2MRC RIT DRP T PtV b Ay

R T EL TEE -7 PRIty & wwww

P.O5

_ Staam gensrator cooling, fincluding cooling via reflux condensation, is &n
affective means of decay heat removal if RHR cooling {s lost for a prolonged
Reriod of time during shutdown. This assumes that the RCS is intact or

as small vents, {.sa., vents havin% roughly one square inch total area or
smaller. However, large vents in the pressurizer, such as in open manway, can

contribute to surgs line flooding.

ssfety Significance
The phencmenon of surge line flooding introduces the following three concerns:

1. Calculations pravicusly perf&rmed to detarmina the 1imiting timas to core
uncovery would be non-conservativa (tao lang) {f these calculations have
taken credit for the water held up in the pressurizer,

2, With the watsr hold-up and/or high steam flow, some RCS lavel {ndication
systems would read arroneously high.

3. ¥With water hold-up in the pressurizer and high steam flow in the surge
line, the RCS pressurs in the loops could be high enough to prevent
gravity fesd from the RWST, depending on the elavation of the RWST.

For the first concarn, without water hold-up in the pressurizer, one might -
expact that a larga hot side vent path located near the top of the pressurizsr
would allow a longar time te cors uncovery than that expected if the vent path
is located near the top of the hot leg {e.g., 3n ogcn hot side steam generator
manway). For the prassurizer vent cass, it might be assumed that any initfal
watsr {n the pressurizer would not be lost, nor would water be lost from the
RCS piping due to spt11in2°$duc to swelling and entruinment) aftsr the reactar
coolant starts to boil. arring to Case 8.9 in NCAP-11916 (Rafarance ¢), for
a typical 4-Toop plant with 12 MWt deca{ heat and with RCS level initially at
mid-loop, the time to core uncovery wou d be increassd from about 1.§ hours to
more than 2 hours if the staam generator "spi11 panalty” is not assumed for

the prassurizar vent case. Howevar, {f surge 1ine flooding occurs, the time to
core uncovery far the pressurizar vent cass would be reduced dua to water
hold-up and the iresulting time to core uncovary would become more comparable to
the tima ts core uncovery for tha open hot side steam ganeritor lanua{ case.
Note that if boiling occurs, 3 larger inftial water inventory in the RCS (above
mid-loop) may not s gnificantly lengthen the time to core uncovor{ -~ more
water may be simply transferred to the pressurizer and efther spi Jad or hald up

thers.

For the second concern noted, water in the pressurizar or aven significant
flow up the: surge 1ine will cause an erronsously high reading on some reactor
vessa] Jeval instrumentation systess, particularly thoss hav "Y an upper tip
in the pressurizer, Thus, an cperator could ba misled into believing he had a
full reactor vassel, as well is water in the pressurizar, even thoug water
lave! in the reactor vessel could be below the bottom of the nozzlss. Nith
this false indication, the operator may not add water when he should. False
reactor vessel level {ndication due to boiiing is also discussed in Chapter 8

~ of NUREG-1410 {Rafarsncs 2).
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Regarding the third cancern, a vent at the top of tha pressurizer may not
support gravity feed from the RWST as an alternate for sustained decay heat
removal oncs the RCS starts to boil. Gravily faad from the RWST is sometimes
considered a3 a passive alternata to the RHR Systam for dscay heat removal
sinca it is independent of ac powar. As noted above, high steam flow in the
surge line and/or substantial watar hold-up in the pressurizer will increase
the RCS pressure in the loops, thereby reducing tha capability to gravity feed
from the RWST. Therafore, gravity feed from tha RWST ¢ould be limited to 2
"one-shot* addition af coolant, dependent upon the {nitial RCS inventory and
the RWST laval. (Note that in some plants, the watar Tevel in the RWST is
balow the vent at the top of the pressyrizer. This would makas it impossible to
drain watar from the RWST into theRCS {f the pressurizer is nearly full., On
other plants, the RWST {s high enough that gravity feed could be effectiva for
long-term heat removal even with high decay heat and aftar RCS boiling.)

Recommended Actions

It is recommended that utilities revigw their shutdown procedures for-1oss of
dacay heat removal with regard to the concerns discussed hers, and revise them
if appropriate, It is also recommended that, in the procass of reviawing
outage schadules, utilities consider (1) the above concarns when nva]uating the
need or dasirs to provide a large prassurizer vent, and (b) the desirability of
maintaining steam generator heat removal capability when practical while on-

RHR,

This topic {s a1so baing raferrad to tha Westinghouse Owners Group for their
consideration in mafntaining or revising the ARG-1 guideline and ackground
information (Referenca 8) to include in ormation on surge 1ina flooding and
water holdup in the pressurizer.

Questions on this topic can be addressed to Dave Campbell of the WOG Projact
Office (#12-374-6206?, or Toby Burnett, Advisory Engineer, Risk Managament and

Oparations Improvement (412-3 4-5398).
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1. U.S. Nuclear Reghtor{’-t‘.omissi'on-, Qffice uea
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2. U.S. Nuclear Ro?ulator commission Incident Report Loss of Vital AC Power
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Unit 1 om March 20, 1390, NUREG-1410, Jun¢ 1990.

3. Fletcher, C.D., at si, Thermal-Hydraulic Procasses {avolved in Loss of
fesidual Heat Ramoval Ouring Reduced Inventory Oparation, EGG-EAST-9337,

Rav. 1, February 1991.

4. Andreychék. 7.S., et al, Loss of RHRS Cooling While the RCS {s Partially
£illed, WCAP-11916, Westinghousa Propristary Class 3, July 1988,

8. 'Back?round Information for Westinghouse Owners Group Abnormal Responsa
Guideline ARG-1, Loss of RHR ¥hile Operating at Mid-Loop tcondftions,*
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