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Finally--althoush higher peak clad temperatures /PCT) are
ngually aesociated with beginning of cycle (BOC) fu¢ . because
or the higher 5to 'ed ejrergy-—a fuel burnup study is aiso
conducted. This i1: c(one to confirm that the end of .ycie
(EOC) pin pressurer—i.“ici are higher than Lhose encountsred
early in life and conse wently fostev a higher driving force
for rod buret-—do indes wresult in a lower PCT for the fuel

under con- ~{ion.

This meltouoclogy-—including all codes, input decks and
conclusions reached v . "in thig report—will be applied to
supsegquent fuel cy -le« for the Comanche Peak Steam Electric
Station Unit One and Lnit * . Evaluations will be perforwed
on the basis of the cycle-specific parameters to verily that

the results of the presert analyses remain bounding,
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2.3.3 ACCUM-S1S MODEL

The objective of the ACCUM~SIS calculation is to determine
the ECCS flow rates to the lumped intact loop cold leg and to

the containment after EOBY.

The ACCUM~-SIS calculation is essentially an application of
RELAP4-EM. The nodalization diagram for this calculation is
given in Fig. 2.3.3, The input is identical to that of the
system volumes. The cold legs are time dependent volumes

with pressures set by the previous blowdown calculation.

2.3.4 REPAC MODELS

As previously described, RFPAC combines the four codes used

to perform the refill and reflood thermal-hydraulic analyses
(ICECON/CONTEMPT-LT, PREFILL, SHAPE/REFLOOD, and REFLEX) and
eliminates the need for data transfer between codes. The

input for each of these codes is described in detail in Ref.

2.15,

2.3.4.1 CONTAINMENT

ICECON/CONTEMPT~LT calculates the containment pressure
response. The containment model is constructed so as to

conservatively minimize containment pressure for the reflood

2=17
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allowed Jewiy tream of the rypturad node following clad
rupture for reflood rates less than one inch per seconc,
Table 2.3.,7 summarizes the fuel geometry data used in the

TOODEL2 nodel.

The present TOODEE2 nmodel divides the fuel rod inte 24 axial

and 10 racdial nodes.

The first and last axial nod:s are identified as the oottem
and top of the fuel rod, respectively. Lhe axial
nodalization of the heat structures for the hot rod in the
?OODEE2 model is identical to thgt of the bot rod in the
RELAP4~EN Hot Channel model (Fig. 2.3.2). The TOCDEFz hot
rod axial nodalizition diagram for th=2 chopped cosine axial
power shape: calcwsations is shewn in Fig. 2.3.5. The
nodalizatiocn may vary for other power shapes. Different
axial nodalizations are discussed in the secticans describing

the calculations to which they apply.

The fuel pellet is divided into ¢ radial ringe (nondes) in
whicvh the last radial line leocation [ucludes the gap. The
first .nner fuml pellet is node 2, ani gridline 1 is
identified as the pellet centerline. The last gridlire is
identified as the clad outer radius. The cladding is divided
inke 2 radial rings as reguired by EXEM/PWR. The vadial

nedalization scheme isi shown in Fig. 2.3.6.
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TARLE 2.3.1

CPSES~1 NBES Nodalization Summary

component
yelume NO.
Downcomer 27, 28
Lower Plenum 29, 50, 51
Average Core 30 to 34
Hot Assembly 35 t¢ 39
Core Bypass 40
Jpper Head 1
Upper Core 52
Upper Plenum 2
Guide Tubes 83
Conteinment 4
Intact _Loop Broken lLoop
RCP8 12 24
Hot Leg 3 15
Intermediate Leg 10, 11 22, 23
fold Leg 13, 14 ¢5, 26
§/G = Primary 4 to 9 16 to 21
§/G ~ Secondary 47 48
Accumulator 43 45
81 Discharge Line 44 46
Pressurizer 41
Surge Lirne 42
Total = 53
Heat Conductor
~Rescription _  __ cConductor No,
Avarage Core 8
Het Assembly 5
§/G per loop 4
Containment 5
RC8 Piping 31
Total = 50

Fill Junction

Junction No.

Centrifugal Charging Pumps
fafety Injection Pumps
Low Pressure Injection Pumps

Main Feedwater

Auxiliary Feedwater

Steam Line Valve
Tota)l = 12

Intact Loop . Broken Loop
69 70
71 72
73 74
65 66
67 68
64 63

2=21




SUMMARY OF CPSES-]

TASLE 2.3.2

RELAP4A-EM SYSTEM MODEL VOLUMES

VOL UME G0N VOLUME Vi UnE FLOW AREA | HYDRAULIC ELEV,
NUMBER DESCRIPTION (144 3] LENGTH (1) DIAMETER o
(1) (f1)
0 UPPER MEAD B892, 2414 9.8 91,6749 1.9476 30.97%
02 UNDER PLENUM 72,7852 7.975%0 1.0¢06 1,5091 23.0000
52 UPPER CORE Th . 6550 1.2769 1.0406 L0704 21. 7123
53 L 1DE TUBES 220.3825% 13,2900 16.082¢ 0 3372 23.0000
03 HOT LEG 2981295 3.6457 13.7607 2 Sa82 25.7083
04 $0 (NLEY §38.665% 7.91%4 68,0871 5 3756 27.6802
0% 86 TURES 4£22.7393 15,4787 31,3782 {.0853 35.5916
06 $6 TUBES 422.739% 14,5852 3137 L .0853 49,0653
14 $0G TUBES 422.7393 14.5052 31,3752 0.0553 49,0653
08 $6 TUBES 22,7393 13.4737 31.37%2 0.0553 35.5916
09 S0 OUTLEY 538, 6653 7.91% 68,087 5.37% 27.4802
10 INTERM, LEO 231,7245 $.7917 15,7242 2,5633 15.312%
1" IWTERM, LEG 1664980 4,045 18,7242 2.5833 15.3128
12 PUMP § . 8000 7.361% 32.0316 3.6871 o1, 1042
3 coLd LEC 5.0070 z2.2917 12 3741 PN 25.7709
1% COLD oG 5.0970 2.2017 12.5741 3.0124 5. 7709
1% HOT LEC 99,3765 3.6457 4. 5869 2.5282 25.7083
16 $0 INLET 179.5551 7.91% 22.6987 §.3756 27,6802
1?7 §G YUBES 140,913 13,4787 10, 4564 0,0553 35.5916
18 $G TUBES 160 . 9134 14,5852 10,4504 0.0553 49,0653
19 $0 TUBES 140, 9131 14,5852 10,4584 0.0553 49,0853
20 $G TUDES 140. 9131 13.47%7 10,4584 0.0553 35.5916
21 $6 OUTLEY 179.5551 7.91% 22.6957 5.3756 27.6802
& INTERM, LEG Tr.2418 16,0615 5.24% 2.5833 15.512%
23 INTERM, LEG 55,4995 5.7 5.2414 2.5833 15.3125

2=-22




SUMMARY OF CPSES~1 RELAP4-EM SYSTEM MODEL VOLUMES

TABLE 2.3.2 (Continued...)

VOLUME REGION VOLUME VOLUME FLOW ARER HYDRAULIC ELEV.
NUMBER DESCRIPT ION (FH1y) LENGTH (1) DIAMETER (N
(rn (F1)
2 PUMP 78.6000 7.361% 10,6772 3.6871 21,1042
25 COLD LEG $1.6990 2.9 . 1247 2.e917 1709
26 PaD LEG 51,6990 2.2917 G 1R47 3.0124 709
27 UPPER DOWNCOMER 392.6160 14,0000 1.0406 1.4145 19.9167
28 LOWER DOWNTOMER 4791362 14,3333 35.67%4 1.6365 5834
50 LOWER MEAD 120.2742 2.5126 47, Boba 3.32% C.4292
51 LOWER PLENUM 460 . 6664 3.5000 10406 §.1108 2,0834
2 L CORE SUPT PLY 335,965 41397 1.0006 0, 0691 5834
30 CORE 1 AVG 122.0007 £.6000 50,8738 0,0363 §.723
L) CORE 2 AVO 122.0097 2.4000 50.8738 0.0363 12425
» CORE 3 AVG 122.,0007 2.6000 50.8758 0.0363 % . 5231
33 CORE 4 AVG 122.0097 2.4000 56738 0.0363 16.923
3% CORE 5 AVG 122.6097 2.4000 S0.8™8 2.0363 19.525
35 CORE 1 WOY 0.46350 2.4000 0. eb4é 0.0365 9.7231
36 CORE 2 KO 0.6350 ¢.4000 0.2640 0.03¢5% 1?23
14 CORE 5 HOT 0 6350 2.4000 0.2646 0,036% 1%.520
38 CORE & WOV 0.63%0 2.4000 0,2646 0,0365 16,5231
39 CORE 5 HOY 0.6350 2.4000 0,2646 0,0365 w20
“0 BYPASS 290.5298 13,3740 22.3200 0.7762 9.3750
“ PRESSURIZER 1036, 2353 30.5397 36.7823 6.8434 55.3308
&2 PZR SURGE LINE 46,6806 27,8893 0.6827 0.9321 27,4418
43 ACCUMULATOR /L 4050.0000 10,8182 226.9008 9.0132 33,5778
“h DISCH LINE 1L 95,4600 7.8087 1.2528 0.7292 25.7709
&5 ACCUMULATOR BL 1350, 0000 10,8152 75,6336 9.813%2 42,9908
46 DISCH LINE BL &0, 0400 17,2200 0.4176 0,7292 25.7709
47 STEAM GENERATOR 17862 . 0000 41.8300 169.3512 0.12% 35,5916
4«8 STEAM GENERATOR 5954, 0000 41,8300 56,4504 0.1234 35,5016
“ CONTAINMENT 3.063406 299,00 10244, 1500 114.21 +31.0000
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TABLE 2.3.2 (Continued...)

SUMMARY ©i PSES«1 RELAP4~EM SYSTEM MODEL JUNCIIONS
JURCT1ON JUNCT L ON ELEV (FT) LA AREA FORWARD REVERSE HYDRAUL 1C
Jdwgee | \ocATiOoN LAt L one) ) Loss cokr | L0s CORF | DIAMETER

8 DWNCMR /UNEAD 33.9167 0.1808 0.6981 1.6946 1,472 0.1667
01 UHEAD /GU I DE 36,2900 0.4550 0.5199 6.84023 7.0918 0.4617
60 UPCORE /GUIDE 3. 0000 C.4T4l 11,9831 0.7321 0.6669 3.9061
61 UPCORE /UP| N 23,0000 0.0s42 28 8708 1.7018 1.4852 6.0629
62 GUIDE /UPLNM 26.23% 0.5103 11.5647 1.34902 1.34902 3.8373
02 UPLENUM/NL 26.9167 0.7834 13.7607 0.2424 0. 4844 2.4167
03 HL/86 28,5238 0.823¢9 13.7607 0.35292 0.2272 4167
0d $6/TUBES 35.5916 0.2728 31,3752 1.8828 2.6029 6491
0% TUBES/TUBES 49,0653 0,429 31.3752 1,007 1.0-07 36491
0é TUBES/TURES 61,4666 0.4294 31.3782 4. 48907 & 48907 5.6491
07 TUBES/ TUBES 49,0653 0. 4294 31,8752 1.0-07 1.0-07 3.6491
o8 TUBES/SG 35.591¢ 0.2728 31,3782 2.6029 1.8828 3.6491
09 86/14 28,5234 G.5267 '8 7242 0.4485 0.5419 2.5833
10 iz 16.6042 0.8053 15,7262 1.0-07 1.0-07 2.5633
1 IL/REP 21,1042 0.,4905 18,7242 0159 0.1501 2.5633
12 RCP/CL 26,9167 0.6602 12.3741 V.0-07 1.0-07 2.2917
13 CL/CL 26.9167 0.923¢ 12.3741 1.0-07 1.097 2.ent
14 CL/DWNCMR 26.9167 0,484 12.574) 1.20401 0.4bub) 2.297
15 UPLENUM/HL 26 .9167 2.3502 4.5869 0,2624 0, 4844 2.4167
16 HL/8G 2B.5238 2.4716 4. 5869 0.3292 0.2272 2.4167
1? SU/TUBES 35.5916 0.810% 10,4584 1.8828 2.6029 3.6491
18 TUBES/TUBES 49,0653 1.2883 10.4584 1.0-07 1.0-07 3.6491
19 TUBES/TUBES 61,4666 1.2883 10,4584 4.48907 448907 3.6491
20 TUBES/TUBES 49,0653 1.2883 10,4584 1.0-07 1.0-07 3.6491
21 TUBES /S0 35.5916 0.8185% 10,4584 2.6029 1.8828 3.6491
2 $6/11 28,5238 1.5801 5.2414 0.4485 0.5419 2.5833
23 /1L 16.6042 2.4159 5,244 1.0:07 1.0-07 2.5833
24 [L/RCP 21,1042 1.67Y 5,844 0,159 0.15¢1 2.5833
25 RCP/CL 26.9107 1.9806 6. 1247 1,0-07 1.0-07 2.29\7
26 BREAK VALUE 26,9167 27716 41247 1.0-07 1.0-07 2.2917
27 CL/DWNEMR 26.9167 1.4523 L N27 1.29431 0.46451 2,97
28 U/L DWNCMR 19,9167 0.4010 35,6714 1.0-07 1.0-07 6.7393
o9 DUNCMR/LPLN 5.5834 0.2702 26.6891 0.3552 0,0826 5.8294
58 LHEAD/LPLNM 2.0834 0.0402 82.0641 0.0060 0.0000 10.2219
59 LELNM/LCSP 5.5834 0.1327 4«9.9264 0.6628 0,6960 7.9750
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TABLE 2.3.2 (Continued...)

SUMMARY OF CPSES~1 RELAP4-EM SYSTEM MODEL JUNCTIONS

JUNCT JON JUNCTION ELEV (FT) L/A AREA FORWARD REVERSE HYDRAUL I €

HARRK AL | Loss cogr

LCSP/1AVE 9. 7231 0.0618 50.8738 45720 §.0613
1/2AV0 12.120 0.0472 50.8738 1.4020 1,6020
2/3Av6 1%, 5231 0.0472 50.8738 1.4020 1.6020
SAVG/UPCR 2.7 0.0361 $0.8738 1.4020 1.4020
3/4AVG 16.920 0.0472 60.8738 1.4020 1.4020
4/5MVG 19. 3231 0.0472 $0.8738 1.4020 1.4020
LESP/1HOY v.723 4.5533 0.2646 &.5720 5.0613
/2K 12,123 9.0703 0.2646 1.4020 1.4020
273007 14.5231 2.0703 0.2646 1.4020 1.4020
3/4n00 16.9231 9.0703 0.2046 1.4020 1.4020
475401 19.323 9.0703 0.2646 1.4020 1.4020
SHOT /UPCR 1.8 4. 5476 0.2646 1.00065 0.91186%9
LCSP/RYPSS 9.3750 V. 2870 5.3294 43,3410 6. 2161
BYPSS/URLR 22.7500 0.2613 3. 7661 21,8091 22,1810
CROSSFLW 1 10.9231 0.4167 1.6592 9.5220 9.5220
CROSEFLV 2 15,823 0.4167 1.6592 9.5220 9.5220
CROSSFLW 3 15.7231 0.4167 1.6592 9.5220 9.5220
CROSSFLY 4 18.1281 0.4167 1.6592 9.5220 9.5270
CROSSFLV § 20,523 0.4167 1.6592 9.5220 9.52¢0
PRIR/SURGE 55.3308 50.7563 0.6827 0.867% 1.3877
SURGE /WL 2. 50,8541 0.6827 0.7017 3.2479
AT/ATDL §3.577% 80 4552 1.2528 3.9754 3.97%4
ATDLZCL 25. 7709 30,9223 1.2528 2.4044 2.4064
AT/ATE . 4z, 990 114.9168 0.4176 4.0102 4,0102
ATOL/CL 25.770 116.3182 0.4176 2,404¢ 2.4044
CL/ZCNTNMNT i6.9'67 1.5340 427 1.00 0.50

CL/ZCNTRMNT 6. 9167 1.2668 4. 1247 0.50 1.00

MEW FILL 40.5%1¢ 0.0000 3.0000 0.0000 0.0000
MiW FILL 40,5916 0.0000 1.0000 ©.0000 0.0000
AKX FILL 73.5¢1¢ 0.,0000 3.0000 0.0000 0.0000
AUR FILL 73.5916 0.0000 1.0000 0.0000 0. 0000
CCP/FILL £6.6873 0.0000 3.0000 0.0000 0.0000
COP/FILL 26,7913 0.0000 1,0000 0,0000 0.0000
HHP/ELLL 26.687% 0, 0000 3.0000 0.0000 0.0000
WHP/FLL 26.7913 0, 0000 1.0000 0.0000 0.0000
RER/FILL 26,6873 0. 0000 3.6000 0.0000 0.0000
RHR/FILL 26,7913 0,0000 1.0000 0.0000 0.0000
T8V FILL 95,7583 0.0000 3.0000 0,0000 0.0000
18V FlILL 95,7583 0. 0000 1.0000 0.0000 0.0000
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TABLE 2.3.4

DOPPLER REACTIVITY TABLE

TEMPEATURE (F) REACTIVITY ($)
200.0 1.691
400.0 1,283
600.0 0,919
800.0 0.589

1000.0 0.284
1200.0 0,000
1400.0 -0.,267
1600.,0 ~0,519
1800.0 «0,759
2000.0 ~0,988
2200.0 «1,207
2400.0 ~1,417
2600.0 -1,620
2800,0 ~1,816
3000.0 -2.006
3200,0 -2.189
3400.0 -2.367
3600,0 -2.541
3800.¢C «2.709
4000.0 ~2.874
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TABLE 2.3.5

ECC8 FLOW VS, PRESSURE

RCS cCcP (1) HPSI (1) RHR (1) TOTAL
PRESSURE (1blm/sec) (1bm/sec) (1bm/sec) (1bm/sec)
(psia)
0.0 13.70 20.26 131.13 165,09
14.7 13.70 20.26 131,13 165,09
34.7 13.5%8 <0.13 123,27 156,98
54.7 13.47 19,99 114.80 148,26
114.7 13,13 19.60 34.60 67.33
154.7 12.90 19.22 0.00 32.12
214.7 12.58% 18.66 31.21
414.7 31,37 16.79 28,16
614.7 10.13 14.53 24.66
1014.7 7.45 8.57 16.02
1614.7 2+77 0.00 2.77
2814.7 0.00 0,00
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TABLE 2.3.6

TIME DELAY FOR EACH SYSTEM

TIMF DELAY AFTER €I SETPCINT
ACTION REACHED (sec,
81 actuation signal 2
Charging pumps up to speed 17 (Fill Table 1 initiated)
HPE1 pumps up to speed 22 (Fill Table 2 initiated)
RHR pumpa up to speed 27 (Fill Table 3 initiated)
Containment Spray 34




TABLE 2.3.7

FUEL ASSEMBLY/ROD DATA

PARAMETER VALUE

Outer Diameter of Fuel Rod 0.374 in
Active Fuel Height 144.0 in
No. of Fuel Assenmblies 193

No. of Fuel Rods/Assy 264

No. of Guide Thimbles/Assy 24

No. of Instr., Tubes/Assy 1
Cladding Thicknees 0,0225 in
Diametral Gap 0.0065 in
Outer Dia. of Guide Thimble 0.482 in

2=30
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FIGURE 2.3.3
ACCUM-S1IS NODALIZATION
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Fig. 2.3.6
TOODEE2 Radial Nodalization

Fuel Centerline
| ~—==> Radial Direction

[#2=1-2 |=4e|wb=|=b=|=T= |~ |=9== + gap |~10~|~11~| Node No.
1 2 3 4 5 6 7 8 9 10 11 Gridline No
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CHAPTER 3

BASE CASE ANALYSIS AND SENSITIVITY STUDIES

10 CFR 50, Appendix K requires the investigation of the
impact of variations in several method~ and plant-specific

issues on the LOCA consequences.

The method-specific parameters requiring investigation are
(a) nodal.zation and (b) time step. Such studies are
conducted for methodology development and approval., The
present work constitutes an application of an approved
methodology using time step and nodalization as prescribed
therein. Hence, the effect of variations in these purameters
within the bounds of methodology recommendations has already
been ascertained to be negligile, and sensitivity studies

for these variables are not repeated here.

According to 10 CFR 50, Appendix K, the plant-specific issues
which must be examined are (a) break spectrum (location,

size, and type), (b) axial power shape, and (¢) fuel type and
exposure. These are the sensitivity studies examined in this

chapter.
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3.1 BASE CASE ANALXS1S

This section presents licensing analysis results for a
Double~Ended Guillotine (DEG) break in the discharge line of
the Reactor Coolant Pump. The chopped cosine axial power
shape used for this base case is shown in Fig. 3.1. The fuel
rod exvosure whicvh maximizes stored energy is calculated by
RODEX and occurs at 613.8 hours. Fuel parameters used in

thie base case are consistent with this exposure.

The accident assumptions are summarized in Table 3.1 and the
initial ccnditions are summarized in Table 3.2. Kev fuel rod

parameters are summarjized in Table 3.3.

The major assumptions are that a DEG break occurs at 0,05
geconds with coincidunt loss of offsite power. The initial
power level is taken to be 3636 MWt. This power level
includes both a 1.02 multiplier to account for calorimetric
error and an increase of 4.5% above the licensed power level
of 3411 MWt, representing a margin potentially available.
ECCS injection into the broken loop is lost, and is
postulated to spill directly to the containment. One pumped
injection train is assumed lust due to failure of a diesel
generator to start. This is the postulated single failure as
requ.red by 10 CFR 50, Appendix K. Thus, one high head

centrifugal charging pump, one intermediate head safety

I=2









Figure 3.9 shows the total break flow. The flow rapidly
accelerates to two-phase critical flow (Moody model) in less
than 0.1 second at the pump discharge. Rapid
depressurization and flashing limit the initial break flow
rates. The break flow rate gradually diminishes as volumes

upstream of the break become void.

Fig. 3.10 and 3.11 show system and containment pressures
respectively., Superimposed on the primary pressure ie the
seconday pressure showing that the heat transfer direction is
reversed at approximately 8.0 seconds. The containment
pressure peaks to about 36 psia, 19 ceconds into the
blowdewn. The pressure turns around at this time due to

steam condensation on egquipment and concrete surfaces.

Containment spray comes into play only at approximately 34

seconds, injecting at a constant rate thereafter (Fig. 3.12).

ECCS flow rates are presented in Figs. 3.13 through 3.15.
The accumulators begin te inject at 15 seconds and are empty
at 44 seconds. The available centrifugal charging pump
begins to discharge at 18 seconds and the intermediate head
safety injection pump at 23. The low pressure injection

system comes on at approximately 28 seconds.



Figure 3.16 shows the heat transfer coefficient at the peak
clad temperature (PCT) node. Heat transfer is abruptly
degraded as the core flashes at approximately one second into
the accident., Tho blowdown clad temperatures at the PCT node

are presented in Fig 3.17.

The core flooding rates are shown in Fig., 3.18, The flooding
rate does not drop below one inch per second until 100

seconds. The PCT time is approximately 60 seconds.

The metal reaction depth at the hot spot is shown in Fig.

3,19,

The PCT node clad temperature history is shown in Fig. 3.20.
The PCT is calculated to be 1959 °F in node 10 (Fig. 2.3.5),
4.7 ft above the bottom of the core. It is coincident with

the ruptured node.

3.2 SENSITIVITY STUDIES

3.2.1 BREAK _SPECTRUM

The mest limiting break location has been determined in
previous studies for this (Ref., 3.1) and other similar plants
(Ref. 3.3) to be in the cold leg at the reactor coolant pump

discharge. This determination results primarily from the
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loss of ECCS flow to the core associated with it. Theretore,
this cold leg break location remains most limiting for the
present evaluation and a worst break location search need not
be repeated. This most limiting break location is the one

considered in all cases discussed throughout this work.

According to the approved ANF EXEM/PWR methodology. the break
gize is the firet sensitivity issue addressed, holding
constant the axial power shape and the fuel exposure. The
rationale for addressing break size first is that system
thermal=hydraulic behavior during the blowdown period is
largely affected by break size but is nearly independent of
power shape and fuel exposure. Therefore the most limiting
size for this shape and exposure will also be the most

limiting size for other shapes and exposures.

The break spectrum study is conducted first for the
guillotine type break with chopped cosine power shape and
beginning of life (BOL) fuel. The reason for performing the
break spectrum calculaticns with the other two parameters
fixed to the valunes cutlined above is that the large break
LOCA analysis of record (Ref. 3.1) shows the most limiting
break as a Double-Ended Guillotine type with chopped cosine

axial power shape, and BOL fuel.



Three break sizes are examined by giving to the break
discharge coefficient the values of 1.0 (base case, Section

3.1), 0. and 0.6, respectively.

Split type breaks are analyzed following the guillotine-type
breaks. These analyses are expected to yield lower peak clad
temperatures and are done to confirm this expectation for
CPSES«1. Therefore, only the 1.0 discharye coefficient is
examined for the longitudinal splits., It is noted that in
EXEM/PWR the split break area is twice the ma. imum pipe area,
as in the DEG.

The accident assumptions for this and other studies are
summarized in Table 3.1 and the initial conditions are
summarized in Table 3.2. Key fuel rod parameters are

summarized in Table 3.3.

The sequence of events for the break spectrum study is

summarized in Table 3.5,

The result of this study is that the most limiting break is a
Double~Ended Guillotine with a 1.0 discharge coefficient
located in the main coolant pump discharge. Future studies
will be performed using 1.0 as the limiting discharge

coefficient.
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axie® shapes achieved within the allowed operating

conditionr.

The selection of the axial power shapes to be examined is a
two-step process. The first s“ep is selecting the power
shapes which are closest to the Technical Specification limit
ourve for evach elevation, The second step is selecting power
shapes which have the highest integral power up to the PCT
elevation. The selected shapes are subseguently renormalized
$0 that the peak LHGR matches the Technical Specificaticns
(Ref. 3.4) limit at that location. These power shapes are

shown in Figure 3.1.

The sequence of events for the axial power shape study is

summarized in Table 3.6.

The conclusion to be drawn from the axial power shape study
ie that the mest limiting power shape is the profile whiuh
peaks at 8.75 ft. shown in Figure 3.,1. This resnit will be

used in all other studies in the future.

3.2.2.1 1QP PEAKED AT 8.75 FI AND CD=1,0

As expected, there is minimal difference between blowdown
results for thie calculation and those for the chopped cosine

and ¢D=1.0. Even clad temperatures for this period are

J=11






The seguence of events for the burnup study is summarized in

Table 3.7,

The clad temperatures are shown in Fig. 3.27.

"he conclusion from the burnup study .s that all burnups are
bounded by the beginning of cycle (613.8 hours expesure)
condition for the present fuel, since the two extremes
(maximum stored energy and maximum pin pressure) have been
examined. This exposure (613.8 hours) will be used in future
studies unless fuel changes warranting a re-evaluation of

this assumption ovecur.






TABLE 3.2

SUMMARY OF INITIAL CONDITIONS FOR CPSES~1
LARGE BREAK LOCA BASE CASE AND SENSITIVITY STUDIES

DESERIPTION VALUE
Core Powsr 3636 Mwt
Power Upgrade Multiplier 1.045
Power Calorimetric Uncertainty Multiplier 1.02
Reactor Coolant Pump heat 20 MWt (apptox)
Power Shapes Analyzed Chopped Cosine

Peak Linear Power (inciwdes 102% factor)
Base Case (Fig. 3.1)

Top Peaked at B8.75 ft (Fig. 3.1)

Top Peaked at 9.75 ft (Fig. 3.1)

Tota! Peaking Factor, !‘o

Bose Case (Fig. 3.1)

Top Peaked at 8,75 ft (Fig. 3.1)

Top Veaked &t 9.75 ft (fFig. 3.1)
Accumulator Water Volume

Accumulator Jover Gas Pressure
Accumdlator Water Temperature

Safety Injection Pumped Flow

Containment Parameters

Refueling Water Storage Tank Temperature
Initial Loop Flow

vessel Inlet Temperature

Vessel Cutlet Temperature

Reactor Coolant Pressure

Steam Pressure

Steam Generator Tube Plugging Level

fuel Parameters

Top skewed & 8.75 ft
Top skewad 8 9.75 ft

13,16 Kw/ft
12.71 Kw/ft
12,54 Kw/ft

.32

2.24

L8 3

6119 gals/Accum
423 psig

90 °F

Table 2.3.4

Table 3,1, Item 9
40 %

9743 (bay/sec
§39.9 %

622.8 °F

2250 psia

940 psia

5%

Cycle 1, Table 3.3

P















TABLE 3.7

SEQUENCE OF EVENTS FOR BURNUP STUDY
DEG, CD=1.0)

(TOP SKEWED AT 8.75°',

EVENT TIME (SECONDE)
8OC EOL
1. Break opens 0.05 0,05
2. Loss of offsite power 0.0% 0.05
3. Main feedwater fsolated 0.05 0.0%
4. MSIVs close 0.05 0.05
5. High contairment presiure Ki'1 signal 1.07 1.07
6. Accumulator injection, intact loop 14.90 14.90
7. Centrifugal charging pumps inject 18.07 18.07
8. End-of-Bypass 22.64 22.54
9. Safety injection pumps inject 23.07 23.07
10, Time of sustained downfall 24.86 24.86
11, Low pressure pumps inject 28.07 28.07
12, Bottom of Core Recovery 37.93 37.93
13, Rod burst 44 .69 51 .14
14, Accumnulator empty 43.70 3,70
15, Peak clad temperature reached 72,84 72.24




|

FIGURE 3.1 AXIAL POWER SHAPES
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