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(An Evaluation for Integrity of Crossover Leg due to contact
between the RCS Crossover Leg and PWR)
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Abstract
An interference between the crossover leg of reactor coolant system(RCS) and pipe whip
restraints(PWR) has brought a issue of integrity of nuclear steam supply system of
Westinghouse type nuclear power plants. According to the gap inspection results carried out
during planned overhaul of nuclear power plants, it showed interference between the crossover
leg and PWR in all loops of RCS. Since the contact between the crossover leg and PWR
changes the dynamic characteristic of piping system for RCS, this is considered as one
reason for high vibration of reactor coolant pump. And a possibility of overstress on the
crossover leg due to the contact with the PWR should be evaluated. In this paper, the
methodology to evaluate the structural integrity of the crossover leg was presented in case
that the crossover leg contacts with the PWR. The stress and fatigue effects for the RCS



crossover leg when the crossover leg contacts with the PWR were evaluated as per the
ASME Sec. III NB-3650 1977 Edition. As the results of the evaluation, it can be concluded
that there is no major impact on the structural integrity of the RCS crossover leg, even

though the crossover leg has been operated in contacting with the PWR.
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St ol gk WA S FAst] flste] kel dig A RdS #Adekslar, A
FZE=2E ANSYSYE Algsigdon o2 a9 20 ®=AEAT FXuT 4 2d Zgo] A&
H w3 7 FEe WA FAE K 1d JER AL, S digk E4XE E 29 UE
RIF=
E 1 T 7 e A
T = W7 (Inch) 7 (Inch) 21 & W (Inch)
40° Elbow 31" 3.63" 46"
90° Elbow 31" 3.03" 56"
2] 24wl 31" 2.6"
¥ 2 Sude] i EAH
T A E(psi) Poisson’ s ratio | Density(lb/in3)
- AEG57 F) | SA-351 CF8A | 25.5E+06 0.3 0.29
A& A0 °F) | SA-351 CF8A | 28.3E+06 0.3 0.29
A oA HEHS AARYAA FHujde] SRR & X B, FARES Y #F 2
g3 7 e X-Y FHol| FAREEAIARE) o2 Hgsdt
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FA T = 2232 (Secondary Stress)o] 22 ASME Sec.Ill NB-3650014 A3k Level A & B
Aow Tl Aol Hrieojok Frh Al A Folxl &
A skgoln, 1 A= 1% 30 5*10}93\‘3}. %1—1‘?:*1[5]-4 st 3
Analysis Summaryoll ASME SecIll NB-3653¢] w2 A=Wz A A% Fujo
7hakdvt. @7k 23 NB-3653 Eq.(10)s 2-&3sto] Abe wj#8ge] 3&38S 23837
o NB-3653.6°] w& Simplified Elastic-Plastic Discontinuity Analysis® A% 7}7} 715 3kc).
kA ASME Seclll NB-3653.6 Eq. (12)¢} Eq. (13)ell whe} H7hg S3hulad zh 83 Fo)l A 9
HA-&HE & 3o AAISAT
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ASME Sec.Ill NB-3653 H &9 (psi) 51889 (psi) 7t
Eq. 10 Stress 58,340 55,500 588 2
Eq. 12 Stress 11,520 55,500 Bl
Eq. 13 Stress 53,000 55,500 hx
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o B =FoAe Fihud#e] FU|EAY] 9 %E dESY dAEZYAA HE SR i 3
TEAA L} HEFst % 4A FoA HYE FES JdFS Hukelr] Yk Sk A B
dof| A F7EA7] EF =EFe dAZYAA FE JFeSHe U 3dS FEsta St
W 7|87 E4wE SRS 29a dARYZ A PHE iS5 v ] 7EEA HEE
ol A 3 4ol A Folxl WLlE Fof AR WA Ay dA2ZYAAAE FE A B, Co F
A & HA A ] FHulsts S E 59F 2
X 4 S A w3 SRR HE A e 29 &5
T Loop A Loop B Loop C
RCP =(mm) 1.32 2.00 1.56
SG S(mm) 0.54 - 0.75
E 5 sk # w3 FEAR HES A S 2 EP A Y HAdss
Fx Fy Fz Mx My Mz
Loop . . . L - L
(kips) (kips) (kips) (in-kips) (in—kips) (in—kips)
A 175 3,204 6 315 614 16,036
B 545 4578 4 53 143 25,820
C 202 3,788 7 306 587 18,906
5. ASME Sec. IIl NB-3650°] w2 F7hal &2 A7}
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SRt Eo] A Al vl H FEFA G FFoE sty AN e RSy AHE St
o]l w3 ] FEAX L} HESIA v A T HAstE AT E 83—3."1] vl
ol il F FEAA Y HETFo 2N WA= $HE FHAIHoZAN HIUML Jhsst.
A [1]ell A o132 Level A & B ZHol A9 3]'%01] o] gt NB-3653 Eq.(10)o.22] $-#H 7} Ay}
7b dE TN FEEAE s A F-A[3]9] Stress Analysis Summarydl A =

Eq.(12)9} Eq.(13)o.2 37k S hul 2ol A °] Ho&# S Holi Yt webA Fhulfde] oigh

S8 H7l= ASME Seclll NB-3653 Eq.(10)¥5F ofygl dF &FHHFoA ASME Sec.lll

NB-3653.69 w2 Simplified Elastic-Plastic Discontinuity Analysis® H7}¥ojoF S 4 4 3l
t}.
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NB-3653 Eq.(10)2.2 H7lEojof dla olE wkEslx] 53 Z 9ol NB-3653.6 Eq.(12)9
Eq.(13)ol] 23] Al HrrEojof sir}. 28y NB-3653.6 Eq.(13)9lA4 38 ¥ +& Mit Design
Mechanical Loads®ell ¢]3 EdlEo|n=2 F3tujde] d3FS F&53to] St S8 A= FH3t
th whebA, Sl de] NB-3653.6 Eq.(13)ell o3k H7b= FariA[3]e] 23t Fdskal A
NB-3653.6 Eq.(12)ell ¢ & 717} thA] o] Foj A of gt o= A3l A A Al vpel Lo
Level A/B Az Ful#& NB-3653.7 Thermal Stress Ratchet 7S WH3&t7] uj &9
7bsstth, AARYAAAE F2 A, B, Coll tigh Sl & FA e FHE ¥} ASME
Sec. III NB-3653, NB-3654¢1 4 F0%l 3] &stAE & 60 WEFUAT

E 6 ZF FroAe Fuld EHFANAY FHANEH Y 3 &3
T & Loop A Loop B Loop B
2o Eaq.(10) 60,420 69,810 63,100
(psi) Eq.(12) 24,720 34,170 27,540
5452 (psi) 55,500 55,500 55,500

web A, Level A & B Z7A M Level A & B 274 &8 F7hujzto] viwk 3 7573 9
HESFo Z Q5te] WA e S T E 1977d ASME SeclI NB-3653, NB-3654 Level
A & B =1 3 &3dAE =53

52 V2 JFF A7}

ASME Sec. III NB-3653, NB-3654° A= Level A & B9 &dx72 W3z 23 =2
WE AEIES 273 9tk o] ASME Sec. III NB-3653.2¢] Eq.(1D2 A= AT
% W9 (Peak Stress Intensity T3 E  NB-3653.6 Eq.(14)¢ S
(Alternating Stress Intensity)ol]l <3t 3] 2% % Al4=(Cumulative Usage Factor)& 3o 24
bk FaEAB]e FmRr AR sty Fihuldo] v § FEAGA o H 5
Zhaj ol o] 28 WM3lE A o= F7H-S Plant Heatup, Plant Cooldown, Loop Out o
Service(Normal Loop Startup) ¥ Loop Out of Service(Normal Loop Shutdown) o] o] &
Aol o3t FIhuld FA wgomol SHERsE Hu oF 12230 psiE B HuA ] H2PF
7hl e Bazor o] FHAarlE B =&dA 78 FFSHAE(Sp dste] HFeH7
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FE 794 HEo]l Fiheld AR &HYF A ASME Seclll NB-3653 Eq.(10)2] &]-&3HA =] <l
3Sme Z#stal gk o] A AWMESHAEE 187 fste] AT Kert AAFoor sfmz
Table NB-3228.5(b)-1°4 m=1.7, n=0.3& A€s}lo] wHSFHIFEE F3F0. 1 89 A=Yzt
WAE FZ A B, Col g S &4

HAEe} ol st 3E&3FE ASME
t}.

FoloAe] I2FAATE v g Hol WS
Sec. III Appendix I Fig. I-9.2.1914 ¢lo] YE ]

T Loop A Loop B Loop C
A -3 3 7 = (psi) 39,140 64,900 45,960
5] 8-3] 4 1.0x10° 1.0x10" 6.0x10"

A [5]9 2o Sz osty Fikdo] v FEFA e} J 56k T
Ao A4 28 WH3zE dov)= AL Plant Heatup, Plant Cooldown, Loop Out of
Service(Normal Loop Startup) ¥ Loop Out of Service(Normal Loop Shutdown)%o|® o]|&<9 &
A= R 7IzbEt Zh2h 2008], 2008], 70%)9F 1603 olt}. % 89 AaE FHsto] W, F
Z B A=A HE e SN g E=rE Ao, old digh 38 24 3=

el
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H7} A3 ASME Sec. III NB-365091 w2 Level A&B Z#oA 1977d ASME Sec. III
NB-3650°] & &gAXE wtste Ao® veiwon 32 JFe 2 F4A 57 1.0 Zof
ASME Sec. III NB-3650 Level A&B Z=71& WEale= Ao = Yelyt) upepa F1hufdo] b
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