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Abstract

The development of Top-Mounted In-Core Instrumentation(TM-ICI) is an ongoing project to reduce the risk due to severe
accidents by inserting the instrumentation into a reactor closure head instead of a reactor bottom head. As part of this project,
environmental fatigue analyses for TM-ICI nozzle have been performed using two methods of NUREG/CR-6909 and Code Case
N-761. TM-ICI nozzle is subjected to transient loads for level A, level B and test conditions that should be evaluated for a fatigue
analysis. It is found that a cumulative usage factor considering reactor coolant environment for TM-ICI nozzle is evaluated as less

than 1, which is ASME Code allowable criteria of a fatigue analysis.
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Fig. 3 Material description for nozzle and cladding

Table 1 Material properties for SA-508, Gr.3, Cl.1

Modulus of| Thermal Specific Thermal

Temp. .. - 1) ;
elasticity | conductivity heat expansion

X108 . X107 x10°®

F(C) psi BE&;/}]I;_{E)F Btu/b-F | 1/F
(MPa) (kd/kg-T) (1/°C)

70 27.8 23.7 29.881 6.4
(21.11) (0.192) (41.018) (124.813) (11.52)

100 _ 23.6 30.282 6.5
(37.78) (40.845) (126.785) (11.70)

200 271 23.5 32.074 6.7
(93.33) (0.187) (40.672) (134.287) (12.06)

300 26.7 23.4 33.770 6.9
(148.89) | (0.184) (40.499) (141.388) (12.42)

400 26.2 23.1 35.272 7.1
(204.44) | (0.181) (39.980) (147.677) (12.78)

500 25.7 22.7 36.797 7.3
(260.00) | (0.177) (39.288) (154.062) (13.14)

600 25.1 22.2 38.236 7.4
(315.56) | (0.173) (38.422) (160.087) (13.32)

700 24.6 21.6 39.809 7.6
(371.11) | (0.170) (37.384) (166.672) (13.68)




Table 2 Material properties for SB-166, Alloy 690

(thermal expansion)+

714 - A%
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gas gorl, RE AR U=

Temp. Modulvu.s of Thel'n?a.l Specil}"i)c Thermfil (density) &} Fol&H] (Poisson’s ratio)s 2%9} T3
sl confuciviy e[ OWEREN 27} 1.0Ib/ft°(16.02ke/m") 3} 0,302 Ag3isic. AES
x1 X X
50 | pe B B/ | 1/ Ane] FF % eweh TSP B9l (unit) GO A8
(MPa) (kJ/kg-C) | (1/T) olf= ASME Codeolx AAz= E&atAS(thermal
(217 .011> (052639) (116.7869) (13311.4188015) (1;5736) diffusivity) & °l-§7] #skele, Table 1, 25 39 A
100 7.0 31.648 78 6‘]'\*‘:‘ H]%(speciﬁc heat % ‘3215‘7]' 101b/ft8(1602kg/m3)
(37.78) (12.115) | (132.504) | (14.04) l el
200 29.6 7.6 32.822 7.9
(93.33) (0.204) (13.154) (137.419) | (14.22)
300 29.2 8.2 33.896 7.9 2.3 #==A
(148.89) | (0.201) (14.192) (141.916) | (14.22)
400 28.8 8.8 34.643 8.0 ASME Code, Section M, NB-3222, NB-3223 and
(204.44) | (0.199) (15.230) (145.043) | (14.40) .
500 58 3 9.4 35 554 81 NB-3226¢° w} Level A and B Service ¥ Test 327101
(260.00) | (0.195) | (16.269) | (148.858) | (14.58) et g=2Grks ol gtk AR @AY w=lASY
600 27.9 10.0 35.944 8.2
(315.56) | (0.192) (17.307) | (150.490) | (14.76) Table 4 Plant transient number of occurrences
700 27.5 10.6 36.732 8.3 Total
(371.11) | (0.190) (18.346) (153.790) | (14.94) Event Transient condition number of
sroup occurrences
Table 3 Material properties for SA-240, Type 304 N1A| Steady state operation(increase) 1,500,000
Temp. Thermal conductivity Specific heat’ N1B| Steady state operation(decrease) 1,500,000
Btu/hr—ft—F X107 N2A Daily load follow operation 29000
F(T) (W/m-C) Btu/lIb—"F (100-50% power) '
(kJ/kg-C) N2B Daily load follow operation 29000
70 8.6 32.959 (50-100% power) '
(21.11) (14.884) (137.993) I, IN2C| Local frequency control operation | 10,000,000
100 8.7 33.123 E | N3A [Turbine step load change(increase) 4,800
(37.78) (15.057) (138.679) \E] N3B | Turbine step load change(increase) 4,800
200 9.3 34.500 L IN3c Large turbine load step decrease 420
(93.33) (16.096) (144.445) A | N4A [Turbine ramp load change(increase) 4,800
(155.%9) (169.9861) (13115éi14065) N4B |[Turbine ramp load change(increase) 4,860
200 104 36.476 N5 | Non-load change events(planned) 11,950
(204.44) (18.000) (152.718) N6 |Non-load change events(unplanned) 360
500 109 37 395 N7 |Plant events below power operation 2,370
(260.00) (18.865) (156.272) N8 Plant heatup 250
600 11.3 37 589 N9 Plant cooldown 250
(315.56) (19.557) (157.348) E T1A| RCS hydrostatic test(increase) 15
700 11.8 38.149 S TI1B| RCS hydrostatic test(decrease) 15
(371.11) (20.423) (159.722) T | T2 RCS leak test'” 200
Table 1, 2 and 3, Note 1) 2.2 & Z . Ul Increase in heat removal by the 70
secondary system
Fig. 3%} Zo] dx28&7)slex= SA-508, Grade 3, I]i U2 Decrease in heat removal by the 100
Class 1 ABE AFESIgom, TM-ICT 25 2 J-weld: v secondary system
E | U3 Decrease in RCS flow rate 30
SB-166, Alloy 690 &S AH&-sIATh 8= SA-240, L Reactivity and power distribution
Type 304 ABE AHgsiith 24 Alg89 43 ASME B u4 anomalies 60
Code, Section I, Part DelA AAste &k WE @< us Increase in RCS inventory 20
- U6 Decrease in RCS inventory 30
Ahestglonl, Table 1, 2 5t 374 2t Seismic | Safe shutdown earthquake(SSE) 20

Table 39 =54 A5 =4x= Gaiy Al

a3

Heg BAASF(modulus of elasticity)et G AAS

Note 1) Reactor Coolant System(RCS) Leak Test 2003]&
Plant Heatup® Cooldown I}=Z7d] E3te ).
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3R HKreith et al., 1993).
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< ) ReDOﬁOH 0.36 ( Hhi“ ) (2)
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where, k=Thermal conductivity
d, =TM-ICI =Z2| 9|7

S,=Transverse pitch

S; =Longitudinal pitch

Re, =Diameter Reynolds number

Pr=Prandt]l number

Pr,=Prandtl number at nozzle wall

temperature

Aol ok 3719 EHEAFE Table 59 2ol
2HE9lal, SURF152 84F Abgsl] dAGAS: #e
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Table 5 Heat transfer coefficient for air

Heat transfer Heat transfer
Temp. coefficient coefficient
at Level A condition |at Level B condition
%107 %107
F(T) Btu/Ib-in’~"F Btu/Ib-in’*~"F
(W/m*-C) (W/m*-C)
70 43.992 54.043
(21.11) (35971) (44189)
100 43.544 53.492
(37.78) (35604) (43739)
200 42.220 51.866
(93.33) (34522) (42409)
300 41.143 50.543
(148.89) (33641) (41327)
400 39.645 48.702
(204.44) (32417) (39822)
500 38.749 47.601
(260.00) (31684) (38922)
600 37.743 46.366
(315.56) (30861) (37912)
700 37.131 45.614
(371.11) (30361) (37297)
o} 9peks
Rl g FxeMS Hste] Fig. 69 O 2]
=2 AAE RdPFoA TM-ICI ®=F9] A
Adve dtee WIS melsiith. TM-ICT 2ol

Tyele S % A 1eln FAGFoR F Y=
Agel), Fig. 69 @9 o] el 4w F4d gl
vl Aol A8En dAw A% 3 FUAEL 4

ANSYS
w150
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Fig. 6 Full-model of the nozzle for external loads
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Case N-76104] A|ete AFEEF oA ] AT ZIHE
o] gslo] HFrshe WHE A8l TPt

Regulatory Guide 1.2079l 2Jald F7]18404e] 9=
37} AAl= ASME Code, Section I, NB-3222.4¢
w2 AA¥ 224 NUREG/CR-6909, Appendix AdlA]
AAshe w2 ol&gtt 1o uwet Zt Ale]EE FEAE
AFE Axe & SABYATF(F,)E HFH o= Faod

ShEMATAEEE =228 H29# HM35(2016.6) 249

i



ox
It
il
2
oot
t
=
)
|\
N,
b
i
L
et

9749 297k

3ol 1el¥ FAAMEAG(cumulative usage factor by
environment, CUF, )& ARt FAARATE 1+
¥ elA] ¥om §87]Fs wEshe o R B

H7HE9I9L TMFICT =% 3 J-welde 25 SB-166,
Alloy 690 A2, Ni-Cr-Fe g=o|th. 2008@74= ASME
Code, Section I, Appendices®t NUREG/CR-6909,
Appendix A°lAE AAsl= Ni-Cr-Fe alloy?] AAS=
el dgtort, NUREG/CR-69099 Ni-Cr-Fe A7
¥ 2%40] ASME Code 2009 Addendacl ¥4 g 024 o
T wAY AAN ESAE FYdsitt

Ni-Cr-Fe alloyel tigt #ERGA 4= NUREG/CR-
6909, Appendix Al @t 2} (3)3} Zo] ALFETH Chopra
et al., 2014).

Jpy r

o

F,=exp(—T'¢" 0'), for Ni-Cr-Fe alloy (3)
where, 7’ =temperature

¢’ =strain rate
O’ =dissolved oxygen(DO)

IeE
7' =0, (T<50C)
7' =(T-50)/275, (50C < T<325C)
e =0, (6> 5.0%/s)
e’ _1n( /5.0), (0.0004%/s < & < 5.0%/s)
-" =1n(0.0004/5.0), (£ < 0.0004%/s)

0" =0.06, (NWC BWR water, i.e.,> 0.1ppm DO)
0" =0.14,
(PWR or HWC BWR water, i.e., <0.1ppm DO)
where, NWC BWR : Normal Water Chemistry
Boiling Water Reactor
PWR : Pressurized Water Reactor
HWC BWR : Hydrogen Water Chemistry
Boiling Water Reactor

W WEET()0) 01048 A Rew F e
12 ARgAARde meled wedh &, u9Eed

= (alternating stress intensity)”} 28.3ksi(195Mpa)

250 EEMMTREESE =2F H29M H35(2016.6)

[

olgtol® F, #ke 10|t}

£ At ALt F 32 NUREG/CR-6909, App-
endix C2 Modified strain rate approach W 2ol w2t
valley-peak stsolAe] F,  go= ALtem 2 (4)¢
Zt. ZAS AA3= NUREG/CR-6909, Appendix C¢
C3.BAd A= et

k
e = 2 i (4)
i=1 Emaz — Emin
where
F,, _, =integrated F,, for valley-peak load pair n

kE=number of integration points between valley
and peak
g, =strain at any point, ¢, between the valley and
peak
&, —Mmaximum strain at the peak
emin —Minimum strain at the valley
Code Case N-761°4+= NUREG/CR-6909¢ 23
F,,< 1efohA] oda @] aed AAY 2342 strain
ratedl] wet Bh2A A etaL 91 m, o] % 2 (5)F Fl
HAQFol aeld @Akl 2 g7t 2t Code Case
N-7612 Ni-Cr-Fe alloydll tigt AAgz34E A|Alsln
AR oyt dwkgo=@ Ni-Cr-Fe alloy’} austenitic
stainless steel 20} 24 ao] T W& 70| B austenitic
stainless steel®] AATZFAS AHE3ste] A 27HE
skt
For 300°F(150C) < T'< 617°F(325C)

(7—300°F)

InN, =InN, +(InN,—InN,) 37T

(5)

where,

N, =allowable design cycles in air

Np=allowalbe design cycles including temperature
correction and environmental effects

ﬁe:allowable design cycles for the strain rate
dependent environmental fatigue curves

T=mean metal temperature in cycle

300°F(150C) °]3l= NUREG/CR-6909, Appendix A2
AAT 227 TA3 Curve A 27 A9 A=
T4 S o] &3



T Wphae vastd 24 F ORE FEE ok
NUREG/CR-6909I14+ strain rate°] 5%/s°]’dd 7%

F, =12 dAz3ZAg3e] a2=A] ARt Code Case
N-761& 1%/s0178%L 75 37] SAdA 9] AAga3aE
olgstnr UAEYWAA o] melHA gerh aE|n
NUREG/CR-6909+= &%=7} 50Co|3td 7§, Code Case
N-761% &%7F 150Celstd 7% A2 g 4218 & 18
okA] Y=

3.3 3is|lz2y] Az

3.280] AWt nie} o] T 7EA] W
B7He s AR YA ] ﬂﬁ% FAAATE
Table 67 2t} AA2WAA L} HEHA] e T
SR M o] AT ZZAE o] &3t FEHIE P
%, Path CE& A9% Path A, B, D and E®
FHAME F7] SANA ] FAHAEAT gholtt.
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Table 6 Cumulative usage factors considering environment

EEA - AT - BES - 1A - -

s Ael7} wassleinh

AAE A3 BnE Y FAFZFAALASIE
A LS Path D1 W%l thste] Table 77 2o
70]'3:‘ a 7]—

=5
v B S (V), 2] wﬂoﬂAH AEASE, F,, 283 CUF,

en €en

oX

L BEgEYE,

Table 7 Detailed environmental fatigue evaluation
results for path D1 on the inside surface

T ot Usage | NUREG/CR- NC—706 1
ran§1en S, N |factor in| 6909 method
pairs ! . method
air
F CUF, CUF,

en en en

N9-N8(1) |63.34|250|0.04502|2.7743]0.1249| 0.3242

T1B-T1A |50.69 | 15 [0.00126|1.9438]0.0024| 0.0025

U2-N8(2) |26.17|1000.00069 1 0.0007| 0.0011

U3(1)-N8(2)|23.74 | 30 |0.00013 1 0.0001{ 0.0002
U4-N8(2) |18.54| 60 |0.00006 1 0.0001| 0.0001

U3(2)-N8(2)| 16.63 | 30 |0.00002 1 0 0
N8(2)-N1B | 14.46 | 30 0 1 0 0

N8(3)-N1B | 11.54 | 250 | Infinite - 0 0

Cumulative 0.04718 12.713"]0.1282] 0.3281

NUREG/CR-6909 Code case N-761
Path method method

Inside Outside Inside Outside
Al 0.0002 0.0011 0.0004 0.0011
A2 0.0010 0.0007 0.0010 0.0007
A3 0.0002 0.0204 0.0002 0.0204
B1 0.0096 0.0006 0.0230 0.0006
B2 0.0072 0.0003 0.0162 0.0003
B3 0.0014 0 0.0068 0
C1 0.0022 0.1305 0.0126 0.3274
C2 0.0137 0.0008 0.0096 0.0031
C3 0.0083 0.0202 0.0186 0.0544
D1 0.1282 0.0013 0.3281 0.0013
D2 0.0008 0.0003 0.0031 0.0003
D3 0.0196 0 0.0546 0
E1l 0.1282 0.0005 0.3281 0.0005
E2 0.0008 0 0.0031 0
E3 0.0196 0.0001 0.0533 0.0001

Table 63 2] TM-ICI 973 J-weld’} Thie FE<1
Path C, D and EolA 9A2YZ2A8S 183t T4
AF7d =A Uebton | Path A9 BE ¥lwd YA Uet
Wl Path A F8& TM-ICI =2 AFHdA 2Heste
otz ogk ol AX FFEHNA FAAEATFTL
A YR, Path B &2 FAAMAG7E don
ot ogk Jgo] A glrke RS 1T F 3l
Path D¢} Path E] HF£H2 Path C 9| Pr
A olu, Pathe] W] thz2A sjMeuz

Note 1) F,, = CUF,, / Cumulative Usage Factor

N9-N8(1) % TIB-TIA #=xdg A9F vuix] =
22 e WEeEr) 28 3ksi(195Mpa) ©ldle]mz
F,, %l 12 Yepsth, skA%F Code Case N-761& W& &
Zo thgt UAIZk(threshold value)o] EAsHA] ¢kormz
RE HExdd tis) dAEgaa|gde] mef st
T uet g HEx Yol ofe] 7o §Y Ate]Zo|
gt b Afo]ES BE HEx U9 TE Al 23 A
o] o] g o] A4FE| B2 Table 72 #o] N8 B=x79| 3
AfelZo] 2503] AMEEOlE 2 A=z o] g Al

Zo| AL ol F Sk, 3ol 7P A LSk N9-N8(1)
ez o] 27 ﬁVéMW FAALATE 0.0452 e
Folu, dARYgdSs sl HW NUREG/CR-
6909¢] "l 2. 774HH, Code Case N-7619] 2]
7.28) S7Fhe A BT 4 it

Code Case N-761¢l <& UxtzdzAg7do] e
FAAEAT7H NUREG/CR-69099] #tich i =7
Yebgdtl 2 o]fE valley-peakS 2§ #lA strain
ratec] 25 0.0014%/s ©lat2 A4tElel Code Case
N-7619] A ZFH 5 Curve B7F AFEE17] wjiolTh,
Curve B9 #t& strain rateol W} Code Case N-761°14
AAshe AATRFT F 7P BeAQl ol strain
rate?t A A8 F = fholth

bal

| 29 HM35(2016.6) 251
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B EAE =S e $Adv=7t
4.8 E
w7k 7H8E AP APR+ =39 AAMNEE v

o2 AR BAE wASY] =9 IANZHIE 53
3tk NUREG/CR-69099 Code Case N-7619] %7}
Wil whel AP AR 0] nHE FHAEASE ALt

sttt 1 23 Code Case N-761 WHo] w2 FAARE-
==

[¢)

A5 kol NUREG/CR-6906 WA Ett 7] YepsA|wt, =
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