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Residual Life Evaluation of Pressurizer Surge Line Nozzle in Nuclear Plant
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Abstract

The procedure for the determination of the residual life of the pressurizer surge line nozzle in
the nuclear plant is developed. The design fatigue life for the 1800 ft® pressurizer surge line nozzle
in cast head design is compared with that of Westinghouse stress report, and the percentage
difference between two results is less than 9%. The design fatigue life evaluation of the 1000 ft?
pressurizer surge line nozzle in fabricated head design is carried out, and the consuming rate and
residual life are estimated using the operating data.
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Fig. 1 Configuration of surge line nozzle in cast head design. (unit: inch)

1 CLADDING

NOZZLE
THERMAL

SLEEVE
=

b— 622~ a0

BASE METAL

NOZZLE

¥

/ ! SAFE END
4

¢

‘ 70 }
I
Fig. 2 Configuration of surge line nozzle in fabricated head design. (unit : inch)
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Table 1 Materials of cast and fabricated head design nozzles
Region Pipe, Cladding,
& Thermal sleeve and Nozzle Vessel
Nozzle

safe end
SA-182 type-F316L
SA-182 type-F316L

SA-216 type-WCC
SA-533 grade-A class-2

SA-216 type-WCC
SA-508 class-2

Cast head design nozzle

Fabricated head design nozzle

Table 2 Specification of each transient operating condition for surge line nozzle (1800 ft* & 1000 ft3) ®®

Spec. No.of No. of Vessel Nozzle Vessel Duration
Operating occurrence | occurrence | AP or AT AT of surge
condition (1800 ft*) (1000 ft*) P (psi) °F) (°F) (sec)
1. Heat up 1500 1200 0-2235 —320 —320 60
11. Cool down
3000 2400 2235-0 —320 —320 60
[ &1
2. Ramp
. . 58000 36600 2235 —~125 —55 420
loading/unloading
3. Step load
Nomal | 5000 4000 2235-2305 -75 —-10 300
increase/decrease
4. Steam dump 250 200 2235-2335 135 —-30 120
10. Steady state
. 00 00 2235 —75 —6 60
fluctuation
7. Loss of load 100 80 2235-2535 —125 ~50 120
8. Loss of power 50 40 2235-2035 —125 —14 600
Upset | 6. Loss of flow 100 80 2235-1640 —170 —50 120
5. Reactor trip 500 400 2235-1645 —135 —50 120
9. Auxiliary spray 10 10 2235-1120 —125 —110 300
12. Turbine roll
10 10 2235 —125 —21 350
case
Test
Hydrostatic test 5 5 2235-3107 0 0 -
O.B.E.
(Operational Basis 50 50 2235 0 0 -
Earthquake)
D.B.E.
(Design Basis 10 10 2235 0 0 -
Earthquake)
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Fig. 3 Finite element model of surge line nozzle
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Fig. 4 Nozzle segment for surge line nozzle
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Fig. 6 Temperature vs. time for various transients for surge line nozzles
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Table 3 External pipe loads for surge line nozzle®

Transient cases Bending moment (in-1bs) Torsional moment (in-1bs)
Nomal condition 4,191,700 1,257,500
Upset condition 1,833,300 550,000
Test condition 4,191,700 1,257,500
O.B.E. +1,833,300 550,000
D.B.E. +2,438,289 731,500
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Fig. 7 Principal stress differences for surge line nozzle
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Table 4 Cumulative usage factor for surge line nozzle in cast head design with 40-year design life

(segment 19)

No. Transient cases S, (ksi) N, n* n/Ni
1 Heat up 26.675 31721 1500 0.04729
Ramp
2 . . 13.367 546633 58000 0.10610
loading/unloading
Step load
3 . 6.113 oo 5000 0.00000
increase/decrease
4 Steam dump 11.472 oo 250 0.00000
5 Reactor trip 12.380 00 500 0.00000
6 Loss of flow 10.778 co 100 0.00000
7 Loss of load 9.740 ©o 100 0.00000
8 Loss of power 10.918 oo 50 0.00000
9 Auxiliary spray 15.582 259745 10 0.00004
Steady state
10 . 5.302 oo o0 0.00000
fluctuation
11 Cooldown | & 1 29.917 22307 3000 0.13449
12 Turbinc roll case 22.043 61732 10 0.00016
O.BE 3.362 ©o 50 0.00000
DBE 4.485 oo 10 0.00000
Hydrostatic test 10.096 o0 5 0.00000
Cumulative usage factor >mi/Ni=0.28808

*Note : n; is presented on Westinghouse stress report®
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Table 5 Cumulative usage factor for surge line nozzle in fabricated head design with 40-year design life

(segment 69)

No.| Transient cases S (ksi) N, n* n/Ni m* m/N,
1 Heat up 28.291 26481 1200 0.04532 264 0.00997
Ramp
2 . . 4.454 o0 36600 0.00000 612 0.00000
loading/unloading
Step load
3 . ep ‘oa 1.681 ©o 4000 0.00000 155 0.00000
increase/decrease
4 Steam dump 3.946 oo 200 0.00000 2 0.00000
5 Reactor trip 7.879 00 400 0.00000 169 0.00000
6 Loss of flow 3.193 o 80 0.00000 2 0.00000
7 Loss of load 6.424 o 80 0.00000 2 0.00000
8 Loss of power 3.526 0 40 0.00000 1 0.00000
9 Auxiliary spray 15.765 246260 10 0.00004 1 0.00000
Steady state
10 . 1.017 oo oo 0.00000 10000 0.00000
fluctuation
11 |Cooldown | & [ 28.576 25679 2400 (0.09346 528 0.02056
12 Turbine roll case 20.700 84315 10 0.00012 1 0.00001
O.B.E 0.523 oo 50 0.00000 0 0.00000
D.B.E 0.696 co 10 0.00000 0 0.00000
Hydrostatic test 24.783 39759 5 0.00013 1 0.00003
Cumulative usage
" & Sin/Ni=0.13907 m/Ni=0.03057
factor

*Note : n; is presented on Westinghouse stress report®
my,; is actually measured for 1000 ft® pressurizer
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Table 6 Cumulative usage factor, consuming rate and residual life for surge line nozzle in fabricated

head design

. Consuming rate Residual life
Cumulative usage factor
(%) (years)
Component Design Consumed Until Design Design
stress for 40-year stress 1.0 stress 1.0
report 16years | design life report report
Surge line
nozzle
in fabricated 0.13907 0.03057 0.07640 21.98 3.06 56.8 507.4
head
design
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