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SSAR 15 6.5 describes the results of the LOCA break spectr im study for APS0O The NOTRUMP code I8
used to perform small-break LOCA analyses for the range of breaks from 0 5-inch 1o 10-inch diameter
about 0.55 sqft cross sectional area). while the WCOBRA/TRAC code is used 1o analyze large-break
LOCAs for breaks ranging from a DECLG break 10 a break of 14-inch diameter (approximately 1 0 sq ft
cross sectional area). Westinghouse should |ustify the use of the NOTRUMP and WCOBRA/TRAC for
LOCA analyses in the ranges of break sizes as proposed in SSAR 1565 In addition. the LOCAs with
breaks from 0 55 sqft 1o 10 sqft. cross sectional area shoukd be analyzed and the results should be
provided for the staff to review. The analysis should use methods acceptable 10 the sta and identty the
limiting LOCA case 1o satisfy the requirements of tem (a)(1)(i) of 10CFRS0 48

The NOTRUMP code is used to analyze small break LOCAs up 10 and including 10 inches in equivalent
diameter as reported in APS00 SSAR subsection 156 5 The NOTRUMP code version validated against
the AP600O-related tests (Reference 440 660-1) is used in these analyses. The validation against SPES
and OSU integral tests which is documented in the reference justifies use of the code for break sizes up
1o the 7-inch equivalent diameter size of a postulated double-ended cold leg balance line rupture
Furthermore, the use of NOTRUMP for sizes up to and including the 92 sq.in. present when all ADS Stage
1 through 3 valves have opened is justified by the inadvertent ADS transient test simulations Therefore
NOTRUMP may also be used to analyze the 10-inch equivalent diameter break size in APS00

The WCOBRA/TRAC best estimate computer code (Reference 440 660-2) is used 1o analyze large break
LOCAs in APS00 SSAR subsection 1565 In Reference 440 660-2, Section 16 4. simulations of critical
flow tests at nozzle diameters of 11 8 inches and greater produced good agreement between code and
data On this basis. WCOBRA/TRAC is used 1o analyze AP800 guillotine breaks and spiits at the 0 6 split
discharge coefficient (CD) size and larger in SSAR subsection 156 5

The range uf bieak szes for which WCOBRA/TRAC was validated in Reference 440 660-2 supports its use
‘or breaks as small as 11 8 inches in equivalent diameter. To augment the SSAR LOCA break spectrum
the CO=0 4 cold leg spit break (area equals 1 058 sqft ) and a 12 0 inch diameter cokd leg spiit break
area equals 0 788 sq it ) are analyzed as reported below  These two cases fill in the break size spectrum
between the 10-inch diameter cold leg break (area equals 0 545 sq 1) analyzed with the NOTRUMP code
and the larger size breaks which are analyzed with WCOBRA/TRAC as presented in SSAR Section
1565 4A The same WCOBRA/TRAC input and code version as used for the APS00 SSAR analysis are
used for the two cases reported in this RA| response

A review of the predicted pertinent phenomena among the WCOBRA/TRAC cases as break size decreases

indicates that applying WCOBRA/TRAC to these smaller sizes is reasonable The CD=0 4 spit break case
PCT transient does not exhibit blowdown and reflood peaks as do the DECLG breaks and the larger spits
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{ SSAR Table 15 6 58 118 hot rod PCT transient is shown ir Figure 440 6601
{ assembly

- -~
"’ v =

and PCT transients of the
pen hole guide tube and penpheral assembly fuel rods are shown in Figure 440 660-2
4 spin break is large enough 1o exhibnt a downward negative) iquid flow at the bottom of the
ore. but small enough that the liquid flow at the top of the core 18 positive Figure 440 660-3) APS0OO
DECLG and large spift break cases exhibit strong liquid downflow at the 1op of the core as in SSAR F gure
156 5A:3 6 9, etc. dunng the latter part of the blowdown transient. The PCT excursion 10 thehot rad
peak value of BU2F occurs because the CD= 0 4 spltt break is large enough 1o deplete the vessel core and
jowncomer of As liquid inventory before the accumulator provides adequate water flow 1o replenish the
vessel As shown in Figures 440 660-4, 5 and 6 the core hot assembly becomes void of quid dunng the
rod heatup, and the lower plenum and downcomer also are depleted of mass Once the accumulators are
availlable, the core hot assembly quickly recovers. as shown in Figure 440 680-7 The reduced break flow
through the smaller size spit break delayed CHF and subsequent rod heatup such that the blowdown
heatup phase observed in the large break LOCA cases did not occur until the reactor vessel was refilling
The pressure n the upper plenum is shown in Figure 440 660-8. Later in the transient, once the
aAccLmulator delivery rate siows because the ntrogen gas pressure approaches the vessel pressure of 80
psa. the core makeup tanks inject the flow necessary 1o maintain the core and downcomer liquid levels

Eventually, the CMTs drain to the ADS actuation setpoint, and the ADS depressunzes the RCS to the
containment pressure

The 12-inch break case continues the trend identffied in the CD=0 4 spiit break. The depressurization due
10 the break is intially slower, as expected for a smaller break (Figure 440 660-16) The PCT transient for
this break exhibits a single excursion similar to that of the CD=0 4 spit, but the PCT time occurs later. and
the PCT value is lower (817F), as shown in Figures 440 660-9 and 10. In this case the bottom core flow
again exhibfts an interval of negative flow, but the magntude of the negative flow absolute maximum value
s only 50% of the CO=0 4 split break value (Figure 440 660-11). Figure 440 660-12 shows that the core
hot assembly does not becoma completely void of liquid dunng the rod heatup penod for the 12 inch
equivalent diameter break The collapsed liquid levels in the downcomer and lower plenum are significantly
higher than in the CD=0 4 spiit break case, as shown in Figures 440 660-13 and 14 As in the CD=0 4 spiit
break case accumulator flow recovers the hot assembly with two-phase moxture (Figure 440 660-15)

The progression of phenomana as break size s decreased in these two WCOBRA/TRAC runs s
reasonable As the break size decreases from 1 056 sq ft. 10 0 785 sq ft.. the calculated PCT decreases
from B92F to B17F  Consistent with this trend, the NOTRUMP result for the 0 545 sq it break predicts no
cladding heatup 10 occur dunng the transient. the PCT for this break is predicted 1o occur at the steady-
state infial operating condition (PCT equals 706F) Moreover the negative core ‘ow penod associated
with large break LOCAS aiso diminishes in these runs, consistent with its relative unimportance for the 10-
nch (and smaller) break szes analyzed with NOTRUMP in the APS00 SSAR

The LOCA break spectrum in SSAR Chapter 156 5 as augmented with the WCOBRA/TRAC cases
reporied heren s adequate 10 satisfy the requirement 1o analyze a range of break sizes for AP600 Figure
440 660-17 s attached 1o show the dependence of caiculated PCT on break size

arge break LOCA DECLG case is the most limating break size in the APS00 LOCA spectrum, and that the

it illustrates that the

ntermediate break suzes analyzed in response 10 this RA| are non-imtting
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SSAR Revision None
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SSAR Section 156 548 1 0 states that the failure of one ADS-4 valve 1o opan s the limiting single failure
SF) dunng smali-break LOCAs The quaittative argument presented in the same SSAR section does not
“learly demonstrate why the faillure of one ADS-4 valve 10 open is more limting than the failure of one
ADS- 1 vaive to open for the double-ended DVI (DEDVI) line break. Pro' ‘de a quantitative analysis 1o
confirm that the limiting SF is the failure of one ADS-4 vaive dunng SBLOC A8

Response

e double-ended DVI line break case in SSAR subsection |5.6.5 4B assumed as a single failure the loss of one
ADS Stage 4 flow path. To venfy that thus is the limiting single faulure for AP600 small break LOCA events. the
deuble-ended DVI line break bas been analyzed assumung the falure of one ADS Stage | and oue ADS Stage 3
valve instead of the ADS Stage 4 valve. No other NOTRUMP input or modeling changes were made to the SSAR

base case. The results of this sensitivity case are presented W show that there 18 little effect on the ECCS
performance from the duferent single failure assumption

The results of the double-ended DV line break sensitivity case are presenied in the attached sequence of events table
and in Figures 440.662- 1 through 1. Overall, the transient s changed little by the revised single falure assumption
Figures 440 6621 through |1 may be compared with the corresponding figures from SSAR Figures 156.5B-12
through 29 Among items of parucular note, downcomer pressure (Figure 440.662-1) decreases more slowly than
n the SSAR DEDVI break untl the ADS Stage 4 valves are acuvated, afier which ume the pressure quickly falls
o approxumately the SSAR case value. The core makeup tank and accumulaior flows are litde different from the
SSAR values (Figures 440 662.2 an 3). With the enure ADS Stage 4 venting capability available, core and
Jowncomer mixture levels in Figures 4406624 and § are sustauned at higher levels than in the SSAR case, which

shows vanatons i these levels. The top core node void fractuon of Figure 440.662-6 is about the same as in the
SSAR case

Figure 440 562-7 does not show the vanauons in ADS stage 4 Now that appear i SSAR Figure 156.5 4B-24 dunng
ADS stage 4 venung. Figure 440 662-8 shows that the integrated ADS Stage 4 flow through four open flow paths
exceeds that which occurs in the SSAR DED VI case, which has three ADS Stage 4 paths. The ADS Stage |, 2 and
1 vepor Now rate 15 lower at the actuanon of ADS Stage | (Figure 440 662-9) than 1o the SSAR case. The minimum
mass inveotory, which occurs at the ume of ADS siage | actuanon, 1s the same for both cases. [n the ume period
dler this tniual mass inventory minimum, the sensiuvity case exhibits a larger mass mventory dunng injecuon from
the core makeup tanks (Figure 440 662-10). The downcomer and core muxture levels show less vanauon than the
SSAR case because the sensiuvity case, with its greater ADS Stuage 4 venung capability, s able 10 vent hiqud
conunuously mather than nilermuttently through the ADS Siage 4 paths. Both cases reach the same munumum mass
inventory dunag the RWST mjecton (115,000 Ibm) phase, although this occurs earlier i Figure 440 662-10 than
it does in the SSAR case. [(RWET flow delivery i the ADS Swage 1/3 fadure case is shown in Figure 440 66211

[t compares well with SSAR Figure 15.6.548.27 Overall conditons predicted for the primary system dunng the
two DECVI ransients are sumular

440.662-1
(&) mororase
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(he postulated single acuve falure am ng the ALS <tages has no effect on (he MINLUMUM MAass Mventories of
Jouble-ended balance line and 10-inch diameter co.u leg breaks presented in the SSAR. The munumum 1nventon
[ these cases occurs before ADS stage | actvauon, and the depressunzauon due w break flow 1s adequate
replerush the RCS mass from s mumumum wventory conditon by contnuous injecuon of A cumulator water
Therefore, the mununum mAass invenwry s nsensiuve to the single falure assumpton for bo'yy of these cases
|+ DEDVI break sensitivity case shows that there is liitle umpact on the calculated ECCS performance by changing
the single fallure a sumpuon. The larger breaks in the small break LOC A matrix are the imitung cases in terms of
RCS mass inventory (Referenc SSAR subsecuon 15.6.5.5, and RAI 440.660). For breaks smaller than the DEDVI
the faulure of an ADS Stage 4 valve penaliz:s the RCS depressurization 1o containment pressure and delays [RWST
injecuon at the ume n the transient wheo the RCS mass inventory is at its munimum (refer o SSAR subsection
156.54B). At the ume of ADS stage | acruation, the RCS has a large mass mventory (n each of the smaller breaks
umong the small break LOCAs. The insensiuvity of the DEDVI break case to the postulated failure of an ADS stage
| valve and an ADS Stage 3 valve supports the conclusion that an ADS Stage 4 valve failure represents the lumitng
single acuve fadure for the AP600 small break LOCA ECCS performance analysis

SSAR Revision: None
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Flevee 440.062—7

APGOO SSAR DEDVIBREAK. ALTERNATE SINGLE FAILURE CASCE.
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