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Pressurized Thermal Shock Analyses of Reactor Pressure Vessel for
Main Steam Line Break
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Abstract

Plant specific analyses of the most limiting nuclear power plant in Korea have been performed for
main steam line break. Thermal hydraulic analyses are performed to generate transient histories of
pressure, temperature and heat transfer coefficient which may initiate a pressurized thermal shock. By
performing fracture mechanics analyses, occurrence of crack growth is predicted during the transient.
The maximum allowables of reference nil-ductility transition temperature are determined for surface
cracks with aspect ratio of 1/6.

Keywords @ pressurized thermal shock, main steam line break, fracture toughness, nil-ductility
transition temperature
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¥ 1 Vessel parameters of nuclear power

plant

Parameters Value
Vessel Thicknes.s 6.5 i.nches
Inner radius 66.0 inches

SA508 Class 2

Material Cu content 0.29 wgt %
Ni content 0.68 wgt %

Initial BTwpr -10°F
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¥ 2 Initiating events for PTS

Event ID Description Frequency(/yr)
co1l4 Large Main Steam Line 7 30F-5
Break
A014 Small Main Steam Line 3 07E-4
Break
Small Main Steam Line
A001 Break (Base Case) 8.09E-4
600
MSLB(C014)
COOLANT
500 LB W

400

300

200

TEMPERATURE (deg F)

100

T T TR

o PR S S W
2000 4000 8000 8000

(=

TIME (SECOND)

18] 3 Temperature histories at vessel wall
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E 3 Maximum stress intensity factors for PTS events

Crack Crack Orientation
Evgnt depth/thickness Axial Circumferential
: (a/w) SIF (ksi in®) Time(sec) SIF (ksi in®) Time(sec)
1/8 94.0 540 68.6 525
2/8 123.4 555 87.1 540
C014
3/8 148.9 555 102.4 540
4/8 181.4 570 122.4 540
1/8 75.7 750 52.7 744
AO14 2/8 101.2 760 68.3 760
3/8 124.1 770 81.6 768
4/8 152.7 770 98.7 760
1/8 75.5 750 52.7 744
A0O1 2/8 101.2 760 68.3 760
3/8 124.1 770 81.6 768
4/8 152.7 770 98.7 760
¥ 4 Maximum allowable RTaprs for PTS events
Crack Ma?um-um Tangent Criteria
Event criteria
ID . . o RTwpr @time f fourr RTnpr @surf
Orientation | a/w | RTwor(‘F) (°F) (sec) (E19n/cm®) | (E19n/cm?) (°F)
1/8 303 240 3820 0.85 1.03 251
Axial 2/8 324 200 4060 0.42 0.62 222
3/8 345 179 6110 0.28 0.50 210
co14 4/8 361 159 6630 0.19 0.41 199
1/8 333 303 1326 2.71 3.29 312
Ciref. 2/8 352 283 2210 1.84 2.72 303
3/8 374 252 3820 1.05 1.88 284
4/8 390 222 4060 0.62 1.35 266
1/8 364 257 4500 1.15 1.40 268
Axial 2/8 368 220 4820 0.60 0.89 242
3/8 378 197 6550 0.40 0.72 230
A014 4/8 384 178 6550 0.28 0.61 221
1/8 403 362 1890 210 >10 7362
Ciret. 2/8 402 313 3095 3.33 4.92 330
3/8 410 270 4540 1.45 2.60 301
4/8 417 243 4860 0.90 1.96 286
1/8 364 292 3260 2.18 2.65 302
Axial 2/8 368 252 5030 1.05 1.55 274
3/8 378 229 5470 0.70 1.26 262
A001 4/8 384 211 5670 0.51 1.11 255
1/8 403 363 1730 >10 210 2363
Ciret. 2/8 402 331 2370 5.04 7.44 345
3/8 410 305 3900 2.82 5.06 331
4/8 417 275 5110 1.59 3.47 315
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22 b Axial stress histories
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a3 6 Stress intensity factor histories at

the axial surface crack tips
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a2l 7 Stress intensity factor histories at
the circumferential surface crack tips
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