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ABWR CONTAINMENT STEAM BYPASE CAPABILITY

BACRGROUND

Currently, & steam bypass leakage capabllity (A/k(1/2)) of 0.08 fe?
is specified for the ABWR design. And consistenc with the GRP
requirements, the ABWR Technical Specifications will define and

require that maxinum leskage during pericdic .eakagu rate tests shall
be lese than 10% of the design maximum bypass leakage capability.

During the October '91 end Lecember 'Sl meetings with the staff in
San Jose, GE described and explained the basis for specifying an
allowable sceam bypass leskage capability of 0.05 ft? for the ABWR
design. The staff understood and recognized the basis of the
surrently defined bypass capacity of 0,08 ft?2, However, the staff
requesied GF to confirm that 0.05 ft? is not at the high point of
cliff, conmidering & full spectrum of primary system break sizes,

GE, in respornse to this steff's requast, undertook s task %o
perform sensitivity study evaluating steam bypass leakage capablility
ovar a full rpectrum of pipe breaks and confirm that 0.08 ft? is not
the high peint of cliff., Additionscl objectives of this sensitivity
study were to assese feasibility of achieving leakage capability
yreater than 0.08 £t2 at both the contalnment desiyn pressure &8s well
as the overpressure protection set point values.

The following paragraphe describe and discuss results fveom thia
ssnoitivity stady.




STEAN BYPASS LEAKAGE

if & direct leskawe POTh were to exist between the drywall and the
wetwell airspace ATINg a loss-ofecoolant accident (LOCA) event. Che

~Gaking stean bypasning the wetwell SUpPpPression pool would preduce

rapid pressurization of the wvetwell airspace. To mitigate the
consegquences of any stear which Dypasses the RUppression pool, the
ABWK design provides safety grade drywell and wetwell spray systens,
Energency Procedurs Guidelines (Eras) defining operator actions for

controlling containment pressure, as necessary, have specified for the
ABWR desnign.

Far a given Primary system hreak Area, the maximum allovable
«Sakage CaPacity can be determined whan the containment pressure
reaches the design pressure at the end of reactor blowdown. The most
Aimiting conditions would eccur for those Primary system break sizes
which 4o net cause "apld reacter depressurization enakling low
Pressure ECCS systenms to start providing reantor Versel inventory
nakeup.

L. ABWR DESIGN FEATURRS
A RCGCS Carfiguration

The ABWR BECC design configuration, as a Rinimum, comprises of the
fellowing:

Reactor Core Imolaetien Ceoling (RCIC) Loop

High Pressure Core Flooder (HPCF) Loops

Low Pressure Flooder (LPFL) mode of Residual Heat Remaval
(RMR) Loops, Two LO0ps (RER(B) and RHR(C)) have prevision to
Operate in drywell/wetwell Spray mode to remove heat frem the




gontainnent.

| Automatic Depressurization system (ADS)
(Independent of any other ECLS)

The ECCS is separsted into thrae independent functional divieions

28 follow:

Division At RCIC + 1 RHR(LPFL) (RHR injects into FWL)

Pivision B! 1 HPCF + 1 RHR(LPFL/Bpray (Separate RHR injection
notile)

Division C: 1 HPCF + 1 RHR(LPFL/Spray) (Separate RHR injection
noszle)

In the event of a break in & pipe that is not part of the ECCS and
i ellowing for single active componsnt failure, the avallable
" combination of ECCS squipaeny shall be as follow:

4

(a) One HPCF RCIC + twd LPPL # all ADS valves: or
. (b) T'wo HPCY three LPFrL + all ADS valves! or
(¢) Two HPLF +« RCIC + three LPFL + all ADS valves ninus one

”  In the event of a break in a pipe that (s a part of ECCS, and
allowing for a single active component fallure, the combination ot
ECTS eguipment availabla shall be the ECCS equipment listed a™ove
ginus the ECCS in which the break is assumed,

B. Enargency Progedure Suidalines

Emergency Procedure Suidelines (EPGs) defining operator actions to
: sontrol containment pressure under LOCA conditions have be&n specified
b for the ABWR design in Chapter 12 of the 0SAR. These guidelines
' specify operator actions and the conditions under which those actions:
. can be undertaken, if that becumes necessary to contrel containment
pressure under LOCA conditions. These actiocns, which are primarily

2™



synpton orienced, include actuation of drywell/wetwell sprays and
energency depressurization of thy reactor pressure vessel, as shown in
Fiqure 1. The ABWR deslgn has provision for initiating

dryvell/wetwell sprays independent of RHR systen by using Firewater
Addition Systaen.

C. Rrywell/datuall Sprave.

in the current design, each RMR pump has a rated flow capacity of
4200 gpm. When operating in spray mode the pump flow is split between
the watwell and drywell sprays. The ABWR design limits wetwell spray
sparger flow Lo 500 gpu and dryvell sparger flow to 3700 gpm. The
pump maximum runout flow is 5000 gpm.

. ANALYSES

Engineering analyses to evalusie stean bypass capability of the
ABWR dsaiign were performed using approved engineering computer

program. Stean bypass capablility at both the containment design
Pss86Ure value A wall as the overpressure protection set point value
wvan evaluatad,

A Tull spectrum of primary system break sizes (0.01 through 1.0
£t?) wus considered and evaluated, including Loth steam and liquid
breaks, It is to be noted that L.0 ft? is the largest primary systen
break area for the ABWR desicn. Operator actions, as pernissible by
the EPGs, were factored into these analyses. Thise actions included
actustion of wetwell sprays (vhen wetwell ailrspace pressure reachas
0.728 kg/em? g or 25 peia) and eumergency depressurization of the
resctor pressure vessael (wvhen wetwell airspace pressure reaches
4.%4.kg/cm? g or 3€.6 psia), see Figure 1. For each case analyzed,
available ECCE combination was determined considering a worst single
active conponent fallure.




Heat loss at the upper drywell and wetwel!l alrepace concrete walls
was modeled in the analysis. Heat loss at the lower drywell walls and
suppression pool doundary walls was neglected.

A ninimum time Jdelay of 800 seconds for actuation of wetwell spray
was assumed. Drywell spraye were not considered and modeled, because
the calcoculated LOCA conditions in the drywell happened to be cutside
the EPGs specified drywell spray initlaticon ranyge.

£ Lenign Rypass CapaRilisy

Analyses were performed to determine maximum ellovable leakage
capacity of the ABWR design. TFor a givan primary syst*n break area,
the maximum allowable leakage capacity is determined when the
containment pressure remains below the design pressure (60 psia) at
the end of blowdown., These analyses considered and evaluated breaks

in Feedwater line, in Main stean line, in LPFL injection line, and in
KPCF injection line.

Results from these analyses which vere verforned to determine the
allowable leakage between the dryvwell and the wetwell airspace Juring
a primary system pipe break are shown in Figure 2. These resulte whow
the alloweble leakage capacity (A/K(1/2)) ag a function of primary
system break area. A is the actual area of the leakage flow path and

K is the total geonetric loss coefficient associated with the leakage
flow path.

As sean from Figure ..., the maximum allowable leakage capacity is

at A/k(3/2) « 0,1 ft2, Since a typical geometric loss factor would be

3 or greater, the maxinum allowable leakage flow path area would be




0.173 fe4,

¥

3.3 containnant Rypase Capability AL Rupture Disc Set Polnt
¢ The maximum allowable leakage capanity is determined wher a
" given primary system break ares the containment pressure rama. below
the rupture disc set point pressure (105 psia). Both liquid and steaxn
bPreaks were considered and analyzed., A maxinum aliowable lesaxage
capacity at A/K(1/2) « 0,38 ££2? wvas determined. Taking a value of 3
or greater for K, the maximum «llowable leakege path area would be 0.6
£6.2,
BTEAN BYPASE CAPABILITY INCREASE
varivae alternatives which would aseist in increasing the current
bvpasse capability limit were assessed for theiyr nerit and denerit. The
alternatives which wvere assessed are!
L4
Altaernative Al Vessel Cooldown Rate Greater Than 100°9F/h
' dilernative Bi Sinagle ve Two Valves in Series per Penetiat.on
Alternative Ci Increasing DW/WW Spray Capacities
»
i 53] Altarnative D Jess Restrictive DW Spray initlation cfange
U

Alternative A wvas
study described above.

fu

-

Alternative B was assessed

thie hypass capability.

considered and

in series are not expacted to

he leakage area when compared te that with a single

factored into the sensitivity

Vessel cooldown rates ranging from 100°F/h tno

11l ADE actuation were modeled and analyzed.

for its merit and denerit for increasing

T¢ is believed that two (simple check) valves

provide any significant improvemsnt in

(simple chedk)
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valve., On the other hand, two velves in series will make valve
inspection and mainterance routine more time consuming which would
have significant impact on plant cutage schedule and plant maintenance
cont,

Alternative C which would result in more steam quenching capacity,
obviously, will »a helpful in improving the ABWR steam bypass
capability. It was determined that a sireable upgreding of the
current RHR design hardware will be necessary, in order for achieving
any substantial increase in the DW,/WW spray capacities.

Alternative D was judged to have a strong potential for providing a
substantial increase in the steanm bypass leakage capabillty with very
minimum, or no impact, on the current ABWR RHR hardware design. The
DW spray initlation region currently definad in the EPGe is based on
aomewhat overly conservative initial conditions end assumpticns. It
appeased feasible to make the currant DW spray initiation region less
restrictive, oy reviewing and eliminating any undus conservatienm.

Thie alternative could be further evaluated tor lts effectiveness in
increasing the bypass lealage capability, if that becomes desirable.

CONCLUSION

The sensitivity study results presented and discussed above
demonstrate that the currently specified bypass leakage capability of
0.C5 ££? i not at the high point of cliff, and there is substantial
margin { . the ABWR design steam bypass capability.
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