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Table. 1 Specification of each transient operatng conditions.

. ~— Spec. No. of Duration | Vessel Surge nozgle Duration of
Operating condition loccurrence | or rate | AP{psi) | -fuid AT{'F) surge(seconds)
Heat up 250" | 100°F/ur | 15-2250 -320 60
Cool down 250" | 200°F/ur | 2250-15 -320 60
1| Romp loaling 29,000 | 420 | 150 -125 420
‘ 0, | Step,loading increase 2,50 | 300 | 170 -75 300
fe Steen dump 250 120 | 100 “135 120
[+]
r steady state © 1 Min. | 150 -75 60
o Heat up i 200" | 100°F/Hr | 15-2250 -320 60
a Cool_down 200" | 200°F/Hr | 2250-15 -320 60
13| ot 18,300 | 420 | 150 -125 420
0, | Stepyloading increase 2000 | 300 | 170 75 300
ft stean dump 200 120 | $100 -135 120
$teady state - © 1 Min. | 125 75 60
Loss of load 100 120 |[2235-2535 -125 120
3 Loss of pover 50 600 | 1200 -125 600
ul © Loss of flow | 100 120 [2235-1640 -170 120
p f‘gs Reactor trip 500 300 590 -135 300
Auxilairy spray 10 300 +1115 -125 300
s Loss of load 80 120 [2235-2535 125 120
el d Loss of power 10 600 | 200 125 600
tl o Loss of flow 80 120 [2235-1640 -170 120
e Reactor trip 400 300 | 1580 -135 300
Auxiliary spary 10 300 1115 -125 300
180 | Turbine roll test 1 10 350 [} -21 350
Te | ft Hydro test 5 2235-3107 0
st [100p |__Turbine roll test 10 350 0 -21 350
ft Hydro test _ 5 2235-3107 0
0.B.E. (operational basis earthquake) 50 0 0
D.B.E. (design basis earthquake) 10 0
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Aol ¥t -§¥ ALRZ Table. 101 HAH FAZRA wetd dHo HEE FolA sty
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2.3 €89 3

4 E3Y& sNsrlE 2y Aojidel o] iy &E NS £t FAzxALS
Table.l°ﬂ el 4Bt WA b:é 2x9 #Hrt WK A ¢ hydro test, 0.B.E.&}
D.B.E. & A% 12714 Mol ele] LAz chsll 344 & 43 RUcl Westinghouserl?] stress
report[2]o] A= Table.22} o] 7}°J7l PE, uida Yy =&Y AA dAEA(real
heat transfer coefficient)& A|A|3}3L 9112}.
Table. 2 Real heat transfer coefficient
(unit : Btu/HR-"F-in®)
Real heat transfer Pipe Nozzle Vessel
coefficent

Ha' b’ K’ Ha' B’ He' K’ b’ K’
Transient case
Heat up 2.1875 X 4.4375 | 2.1875 X 4,4375 |0.9931 X [0.9931

Ramp loading/unloding 17.9722 | 17.0278 | 2.6944 | 17.9722 | 17.0278 | 2.6944 | 6.0208 |5.3264 | 2.6%44
Step loading/unloading | 22.9167 | 17,0833 [ 1.5694 { 22.9167 {17.0833 | 1.5694 | 5.7569 |4.5903 | 1.5694

Steam dump 90.1944 | 43.5417 | 1.6944 | 90.1944 | 43.5417 | 1.6944 {20.194419.3056 ) 1.6944
Reactor trip 128.9444 ( 86.7083 | 2.6319 | 128.9444 | 86.7083 | 2.6319 ]28.9236 |19.0694) 2.6319
Loss of flov | 93.0625 |23.9236 | 2.6319 | 93.0625 | 23.9236 | 2.6319 |22.09037.3194 2.6319 |
Loss of load 157.875 1150,96531 2.6319 | 157.875 {150.9653| 2.6319 |34.6458 |29.7708| 2.6319
Loss of power 149.1875 ]149.1875{ 1.4514 |149.1875(149.1875] 1.4514 |32.1042 (31.2222] 1.4514
Auxiliary spray 149.1875 |149.1875| 3.5625 |149.1875 {149.1875! 3.5625 |[33.7569 {33.3333] 3.5625
Steady state fluctuation | 34.9375 X 0.5 34.9375 X 0.5 8.4097 X 0.5
Cool down 4.4375 X 2.1875 | 4.4375 X 2.1875 | 0.9931 X 0.9931

Turbine roll case 149.1875 (149,18751 149.1875 | 149. 1875 1149. 1875 149.1875 130.1944 {30.1944:30.1944
71 Ha'= ZatAd W3 Wib(peak surge)o] doldufe] AR dALAS, h'E AU o
U (steady surge)o] doldule] Al dAY A4oln He'& oyt BBV AHno surge) =
dojutA] dufe] AA dAY Agolct P d &elolBE 2% M E F¥sh=d ]
A e FA¥ a0t S¥of sl ujXE= F¥o] un|lRE HA] {3 K48 Byl
1] 3l S7F €AY A4(equivalent heat transfer coefficient)[5]& AMR3lod S, &
&EolE W vater gap®] EAY P& lGit]. Fater gapoll it @AY SHE2S g3}
Zrt}. WestinghouseA}l?] stress report[Z]OﬂH% reactor trip, auxiliary spray?} turbine roll
test ZZoflA] thermal conductivity”} 0.07375Btu/Hr-in-"Folil Umzx] ZZdofl4d 0.02458Btu/H
r-in-Fela AMAl8ta ¢l WestinghouseAl?] stress report{2]olA{= specific heat7} A=
JoflA 1.42Btu/1b-Foli ulA4 XA 9 turbine roll testol]4d 1.50Btu/1b-Folela zﬂA]v}_._
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2.4 uj W (pipe reaction)oll ¥ &Y 34
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Table. 3 Pipe reactions according to each condition

Service condition Bending moment(in-1bs) Torsional moment(in-1bs)
Normal 4,191, 700 1,257, 500
Upset 1,833,300 550, 000
Tset 4,191,700 1,257, 500
0.B.E. + 1,833,300 + 550, 000
D.B.E. + 2,438,289 + 731, 500
2.5 89 £33

Y k& 2xo] UEE op7]AFIX] U= hydro test, 0.B.E.¢} D.B.E.& AR 12719
HolAeho] thsiy = ol ¥ 89, 2x Hilo] ¢ gzt uiH o] Y EHE F
AEEM WPH kG0 SR (FHA §Y glol FPHIArh. ER hydro test, 0.B.E.
2} D.B.E. &= eio] A% gz} vid uie] 2%t 3o FHe| A HFAA &Y o] 2
Aol At Fig.72 HFH o2 FRY §Y UEEFEH FEH& FU¥F 4 FEH& A
ol& zt dolxelo] metd el glrt
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4+& AT o 30d 117190] =t}
Table. 4 Cumulative usage factor for cast head design surge nozzle(segment 19).

No. Transient condition (Egli) (k%i) Ni m ny /Ny
1 Heat up 15, 640 18. 784 125359 1500 0.01197
2 | Ramp loading/unloading 15.926 19.127 117447 29000 0.24692
3 | Step loading/unloading 11.274 13. 540 49329] 2500 0. 00507
4 Steam dump 15.573 18.703 127327 250 0.00196
5 Reactor trip 13.877 16. 666 192915 500 0. 00259
6 Loss of flow 12.077 14. 504 360343 100 0. 00028
7 Loss of load 12.222 14.679 341140 100 0. 00029
8 Loss of power 11.698 14.049 416795 50 0.00012
9 Auxiliary spray 15.548 18. 673 128065 10 0. 00008
10 fleady state,, 10.297 | 12.367 oo oo 0. 00000
11 Cool down 17.802 21.380 71827 1500 0.02088
12 Turbine roll case 16. 223 19. 484 109876 10 0. 00009

0.B.E 8.171 9.813 oo 50 0. 00000

D.B.E 9. 056 10. 876 00 10 0. 00000

Hydro test 8. 464 10,165 ) 5 0. 00000
Cumulative usage factor 2oni/Ns = 0.29025

#32] : (1) Steady state fluctuation®] Z-$ ngto] ZRItio|U} 405 e ko] ahy wbggt
thsl 7P sl 40 x365=146000 2 A alslgt).

Table. 5 Cumulative usage factor for fabricated head design surge nozzle{segment 69).

No. | Transient condition (l%g;) (kSS‘i) Ny n ni/Ny my m /Ny
1 Heat up 21.735| 24.126 | 43177 | 1200 |0.02779 | 522 |0.01209
2_|Ramp loading/unloading|19.323 { 21.912 | 63584 |18300|0.28781 | 612 |0.00963
i 3 |[Step loading/unloading|16.753 | 19.165 |116610| 2000 {0.01715 [ 155 0.00133
4 Steam dump 18.856 | 21.364 | 72094 | 200 [0.00277( 2 |0.00003
5 Reactor trip 18.687 | 21.172 | 75395 | 400 ;0.00531 | 169 [0.00224
6 Loss of flow 15.281 | 17.237 1170864| 80 |0.00047 | 2 0.00001
7 Loss of load 21.836 | 24.762 | 39862 | 80 (0.00201| 2 [0.00005
8 Loss of power 17.078 | 19.366 |112307| 40 [0.00036( 1 [0.00001
9 Auxiliary spray 20.697 | 23.470 146930 | 10 10.00021f 1 }0.00002
10 Steady state 15.852 | 18.135 |142292 14600 0.10261 (10000 [0.07028
11 Cool down 21.903 | 24.312 | 42171 | 1200 [0.02846 | 522 |0.01238
| 12 :  Turbine roll case |18.265| 20.713 | 84053 | 10 ]0.00012| 1 [0.00001
0.B.E 15.937 | 18.519 |131944| 50 0.00038| O |0.00000
D.B.E 16.012 | 18.606 (129735 10 [0.00008( O [0.00000
Hydro test 21.328 | 24.783 | 39759 5 10.00013; 1 0.00003

Cumulative usage factor 2m/Ni=0, 47566| > m;/N;=0. 10811
3. 3 &

1800f¢°9} 100018’ §32] JHQb7] W xFo] ottt 89 B T *fye +UY A3} 15
SR 1000£8° 7H171 (A4 40d)2) B2 BE4el oF 30d IAYYS Y4 ek
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(a) Cast head design (b) Fabricated head design
Fig. 1 Surge line nozzle.

(a) Cast head design {b) Fabricated head design
Fig. 2 Finite element model of surge line nozzle.
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(a) Cast head design (b) Fabricated head design
Fig. 3 Surge line nozzle segment.
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Fig.4 Comparison present result with Westinghouse stress report
for stress due to pressure.
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Fig.5 Stress due to pressure in case of

Fig.6 Temperature variation for segement 69
1000ft* pressurizer surge nozzle.

of 1000ft? pressurizer surge nozzle
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(a) Cast head design segement 19 (b) Fabricated head design segment 69

Fig.7 Principal stress difference for each transient condition.
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