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An Investigation into Applicability of Environmental Fatigue Design for

Pressurized Light Water Reactor Primary Components
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Abstract

Applicability of the environmental fatigue design for primary components of the
pressurized light water reactors (PWR) was investigated by utilizing the environmental
fatigue factor approach. The reactor outlet nozzle and pressurizer surge line were
identified as typical fatigue sensitive parts in PWR and selected as sample component
and piping for environmental fatigue evaluation. From the conventional design fatigue
analyses already performed for these components, fatigue pairs were screened by
applying the threshold value of environment parameter and finite element thermal and
stress analyses were additionally performed on the selected fatigue pairs to calculate the
environmental factors and resulting cumulative fatigue usage factors. Based on the
results a few suggestions on the applicability of the environmental fatigue design for
PWR primary components were made, together with some remarks on the aspects of

design fatigue evaluation to be re-examined.
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1 JAZEF=Zo AAVIEAA 2

EVENT DESCRIPTION OCCURRENCES
KSNP KNGR

N1 Steady State Operation 1000000 1000000

N2 Daily Load Follow & Frequency Control Operation 15000 822000

N3 Turbine Step Load Changes 4180 6620

N4 Turbine Ramp Load Changes 17040 6460

Normal N5 Non-load Change Events (Planned) 9000 13600
N6 Non-load Change Events (Unplanned) 200 300

N7 Plant Events Below Power Operation 4580 4420

N8 Plant Heatup 500 300

N9 Plant Cooldown 500 300

Test T1 Hydrostatic Test 10 15
T2 Leak Test 200 200

Ul Increase Heat Removal by secondary System 70 70

U2 Decrease Heat Removal by secondary System 100 100

U3 Decrease Reactor Coolant System Flow Rate 30 30

Upset U4 Reactivity & Power Distribution Anomalies 40 40
Ub Increase Reactor Coolant system Inventory 30 30

U6 Decrease Reactor Coolant system Inventory 20 30

E 2. 77 2R #e] AAVIEARD 2 RSl
EVENT DESCRIPTION OCCURRENCES
KSNP KNGR

NIA Steady State Operation(Positive Variations) 1,000,000 1,500,000
N1B Steady State Operation(Negative Variations) 1,000,000 1,500,000

N2A Daily Load Follow Operations(100-50% power) 15,000 22,000

N2B Daily Load Follow Operations(50-100% power) 15,000 22,000

N3A Turbine Step Load Change(Positive) 4,000 3,200

N3B Turbine Step Load Change(Negative) 4,120 6,820

Normal N4A Turbine Ramp Load Change(Positive) 17,000 6,400
N4B Turbine Ramp Load Change(Negative) 17,040 6,460

N5 Non-load Change Events(Planned) 9,000 13,600

N6 Non-load Change Events(Unplanned) 200 360

N7 Plant Events Below Power Operation 4,540 2,820

N8 RCS Heatup 500 300

N9 RCS Cooldown 500 300

U1l Increase Heat Removal by Secondary System 70 70

U2 Decrease Heat Removal by Secondary System 95 80

Upset [SE} Decrease in RCS Flow Rate 30 30
U4 Reactivity and Power Distribution Anomalies 40 60

Us Increase in RCS Inventory 30 20

[S[6) Decrease in RCS Inventory 5 30

Test T1 RCS Hydrostatic Test 10 15
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i3 AFILA AARET=Z V2] A EAEAT
Cut ™
ip, | e Set Cy(rcf)es (lfsni) (l?spi) K (Esai) N (:nL;N) <°I B &Zsct) Fen (Felj(:n -
BB7-AA6 500] 28.32| 4591 1.00| 26.39] 32798 0.0152| 563 0.129 3.2473|  0.04936
HH2-FF2 100| 2852 3843| 1.00f 2209 61118 0.0016] 560 6.05e-5 6.168| 0.009869
A | HH2-CC3 100| 27.59| 36.93| 1.00| 21.22| 74489| 0.0013| 465 2.55e-6 4.4034| 0.005724
CC7-AA6 400| 19.72| 29.26] 1.00| 16.82| 186808| 0.0021| N/A N/A 1.00 0.0021
AA6-AA2 | 1049150 7.00| 1556 1.00 8.94| infinite| 0.0000] N/A N/A 1.00 0.0000
Total U 0.0202 Total U, 0.0671
CC2-BB7 500] 45.30| 4714 1.00| 27.35] 29375 0.0170| 305 3.34e-6 2.494 0.0424
HH2-FF2 100 26.83| 27.09] 1.00| 15.72| 249612 0.0004] N/A N/A 1.00 0.0004
B |HH2-AA6 400| 23.30] 2694 1.00| 15.63] 256063 0.0004| N/A N/A 1.00 0.0004
AA6-AA2 | 1049950| 9.34| 1662 1.00 9.65| infinite| 0.0000] N/A N/A 1.00 0.0000
Total U 0.0178 Total U, 0.432
CC4-BB7 500] 4440 56.20] 1.00| 32.61| 16820 0.0297 305| 5.424e-6 2.494 0.0741
HH2-FF2 100| 32.94| 3259| 1.00] 1891| 122292 0.0008] N/A N/A 1.00 0.0008
C |HH2-AA2 100| 21.27| 2272| 1.00] 13.76] 457655 0.0002| N/A N/A 1.00 0.0002
AA6-AA2 | 1049950| 10.43| 1851| 1.00| 10.74| infinite| 0.0000] N/A N/A 1.00 0.0000
Total U 0.0307 Total Uk, 0.0751
CC2-BB7 500] 69.39| 81.54| 1.00| 47.32| 5217| 0.0958 305| 5.385e-6 2.494 0.2389
HH2-FF2 100| 64.80| 62.86] 1.00| 36.48| 11478| 0.0087 610  0.00068 7.369 0.0641
D |HH2-AA2 100| 55.00| 55.74| 1.00| 32.34| 17300| 0.0058 603 0.126 3.399 0.0197
AA6-AA2 | 1049950| 12.35] 20.09] 1.00| 11.66| infinite| 0.0000] N/A N/A 1.00 0.0000
Total U 0.1103 Total U, 0.3227
HH2-FF2 100| 63.07| 112.08| 1.00| 65.04| 1916| 0.0522 560 2.18e-4 6.169 0.3220
HH2-AA3 100| 59.33| 109.61| 1.00] 63.60] 2040 0.0490] N/A N/A 1.0 0.0490
E |BBA-AA3 500| 36.39| 66.00] 1.00| 3830 9770 0.0512| N/A N/A 1.0 0.0512
CC4-AA3 500] 31.09| 6398] 1.00| 37.12| 10818 0.0462 305| 7.276e-6 2.494 0.1152
AA7T-AA3 | 1048950| 11.27| 1860| 1.00| 10.79| infinite| 0.0000] N/A N/A 1.000 0.0000
Total U 0.1986 Total U, 0.5374
Notes: n @ Alo]E Sn ¢ 1A+23F &
Syt AFSH Ke @ gt Wl A A5 (ASME NB-3228.5)
Sat wWgY N agEo] sjdsts S-NFA Ale] &
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%4 BFEFIAA S BdH v el BFIRAEAS - FARE
Load Cycles Sh 3Sm Sp Uen
Set (n) (ksi) (ksi) (ksi) Ke v o (Fen - U)

Z11-K11 500. 33.56 57.0 90.65 1.00 0.01664 3.699 0.06155

Z12-M11 70. 31.57 57.0 71.03 1.00 0.00064 2.635 0.00169

712-M12 70. 29.14 57.0 68.35 1.00 0.00052 2.635 0.00137

K31-E11 500. 9.38 57.0 67.10 1.00 0.00335 1.698 0.00569

Z12-E11 860. 32.0 57.0 59.58 1.00 0.00287 1.0 0.00287
F12-E11 19640 2.09 57.0 51.00 1.00 0.02249 5.889 0.13244
F12-E12 1520. 1.02 57.0 49.82 1.00 0.00149 5.889 0.00877
F11-E12 19480 0.87 57.0 49.66 1.00 0.018%4 5.889 0.11154

Total U 0.06694 | Total Uen | 0.32592

Notes:

7 : Zero Load

K : Cool down Load

M : Increase in heat removal by the secondary system

E @ Turbine step load change(positive), Turbine ramp load change(positive)

F @ Turbine step load change(negative), Turbine ramp load change(negative)

%5 FREFIELA Y] Az A4 EAEAT - EXT T
Sycles Sn 3S Sp Uen
Lgeatd Cfrclgeg (ksi) (ksl?) (ksli) e v P - 0)
F7-C11 500. 64.70 57.0 137.78 1.45 0.41791 1.698 0.70961
F2-D12 30. 63.26 57.0 136.34 1.37 0.01976 10.21 0.20175
F5-F2 470. 63.02 57.0 128.79 1.35 0.24645 10.21 251625
F6-C11 500. 64.70 57.0 76.27 1.45 0.04447 1.698 0.07551
E2-C11 500. 64.70 57.0 76.27 1.45 0.04447 1.0 0.04447
5-E6 30. 63.02 57.0 67.28 1.35 0.00102 1.698 0.00173
F4-F1 500. 63.02 57.0 65.19 1.35 0.01444 1.0 0.01444
E6-E3 470. 63.02 57.0 64.06 1.35 0.01243 1.0 0.01243
Total U 0.80095 | Total Ue, | 3.57619
Notes:

C @ Turbine step load change(Negative), Non-load change events(unplanned), Increase in heat removal by the
secondary system, Decrease in heat removal by the secondary system, Reactivity and power distribution

anomalies

D : Decrease in RCS flow rate

E : Heat

up

F : Cool down
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Sa < Sa,threshold f >
No
Y
Are the fluid temperatures for both | Yes _
load states (i,] and i,2) below 300F | -
No

Determine Effective Temperature, T,eff Y
for the load set ‘i’

Determine strain rate from
information on tensile stress load state

} Max. of the two load states
¥

| Determine N,air to N,water Ratio, Fn l

l i=itl I Determine oxygen level (ppm)

Y
Multiply the partial usage, Ui, for this|
load set by Fn.

Ui,env = Ui,orig.xFn

Utotal=U,total(i- l)+Ui,env1
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:FIELD WELD AND TWP INCHES EXTRA
PIPING LENGTH ON STRAIGHT PORTION
OF SPOOL PECE
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Top of Surge Nozzle

—=—1 CONSTANT LOAD HANGER
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