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Fatigue Evaluation of PHTS Pumps for
a Domestic CANDU Nuclear Power Plant
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Abstract

Fatigue evaluations on primary heat transport system pumps (33122) for a domestic CANDU
nuclear power plant were carried out as a part of a Plant Lifetime Management (PLIM) study. A
methodology used in performing the evaluations was based on the NUREG-1800 and the evaluations
were carried out for the pressure boundary regions based on the number of design and operating
transients with consideration of environmental effects. The cumulative usage factors(CUFs) of PHTS
pumps were identified high in order of Stuffing Box's Cooling Hole, Cutwater Region, Outlet
Region, and etc. The stuffing box’s cooling hole among these regions was evaluated that the fatigue
usage factor for 50years operation based on the design transients exceeded 1.0. But, the reevaluated
cumulative usage factor based on the operating experience was below allowable limit. From the
results of fatigue evaluations for the PHTS pumps, it is concluded that the fatigue will not be a
significant safety issue even considering additionary 20years continued operation.
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] 157]d &l A&SeAS A AFE ov] #3359, A= 7yt New Brunswick Power 2]
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A sask AAZHA, S7IEAY, 7HE7), 1A 9 23 Al wiE, Aggr], 78707 2 ol A
HEgF, g 87F, HY, AolEs 59 FoIIVES TALE HUME 3t . ol 7|7
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G55 HZ = Class 1 AA7]7]24] Borg Warner Limited2] Byron Jackson Pump Divisionof| 4] A|
2, FFse. BEE 19743919759 oJ E% ¥ 3) ASME CodeZ ¥.§31e] ANSI, ASTM 2 CSA
BlL1e] HAZ=9} siF AAAEAY g0 wet HAEACH), F8 AAdClEE £ 13 2.
AR AAZIZABZ Y WTANE DAV AALES W, AAREE 27 ot H
zo] FHEEE 1,800rpm(AFEY] 74 1,185rpm) o2 oF 50% 7}7ke] =Tk

194 157 dFHze Fa Aol

g = A A d o] H
o <% / Equip. Nos. 4 / 3312-P1 to -P4
=]
T S/ A0, FUF L, T 2
+% / FF 2,228 1/s (29,400 Igpm) / 215 m (705 ft)
o = FALE 266C (511°F)
- AALE 279°C (535°F)
A F94HE, Abs 9.54 Mpa (1,384 psi)
o1 o A FUYE, Abs 1.38 Mpa (200 psi)
B EZ9HE, Abs 11.34 Mpa (1,645 psi)
AAIYHE, Gauge 12.9 Mpa (1,870 psi)
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A(Case Assembly), @7l F & (Cover Assembly), 2] FgA)|(Impeller Assembly), HZZH 3
(Shaft Assembly), ®#]o]& 3| (Bearing Assembly), #AZ% A (Coupling Assembly), 154
A3 (Driver Mount Assembly) 2 % 7}EE]|(Seal Cartridge)2] 97] AA =2 FAAHL) o5 I
Sz o] H FA F-9(Pressure Boundary Parts : PBP) = F-2E(Pressure Boundary Assemblies :
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UE, &7 183 983 52 I3, e F5717]¢ ASAlsEE & 29 o). olF FE717V]
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Wz, WAED, $4ED 2ela AREde] Fes FEANES AASI Yome, Grsgr
Tech. Specol A& 7 Fheejo] gk A% 2)e} 30 4758 Design Life)o] e =348 4]
sk glck A7)$EH M (Design Stress Reportol i 4719 dAs=delst g d48 272
% el H2a)a Sol g dns AAE Utk

B

T2 @rsEmel QEAA $4717 2 ASAR
A= 8 ASME
1= H 170 .
i PBP | PBA | Code Class Material Spec. No.
Pump Case 5 Clacs 1| 55216 GR-WCC C/W

308 SS Overlay at Gasket Fits
Pump Case Lifting Lugs O Class 1 SA-516 GR. 70

Pump Case Studs & Nuts Class 1 SA-194 GR. 70

Suction Elbow Class 1 SA-234 GR. WPB (SA-106 B)
Discharge Elbow Class 1 SA-234 GR. WPB (SA-106 B)
Cover Stuffing Box Class 1 SA-350 GR. LE-2

Cover Flange Class 1 SA-350 GR. LE-2 C/W
Stuffing Box Flange Class 1 SA-105

Stud-Case/Cover Class 1 SA-193 GR. B7

Sealing Plate Class 1 SA-516 Gr. 3

Aux. Seal Flange Class 1 SA-105
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W 303 2 508 £h0 g BE 62 A FE3Gv) A FeaeE 2964 b geh v
29) 304 2Ao) sl AHAE FEAFE NFo2 HrE vl 50d9) LA ME fEs.

e
oo
o
22
o,
rr
pa
o
°

Y. £3%8 AAAAS n#d CUFS 297}

[e)
W (2] mE Frhe G558 Tech. Specold BASE U 30d A5

of thef 17
AR FRY fHEHRE o8k e & WleMe AA FEdH AT

ket £ SEAE] 2AT B SRS
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AAGEHEIAAME G5FEre 309y o tigt AA A=Hd wE m=sd dags
AAIEFAL it olo] w2, Fxeo] 7} R99] Criticalst 91| s CUFE AA|gtal lom, Hx
Alo]22] A% 03965, F Y79} Seal Housing?] 73-¢- 0.1173, Driver Mount?] 73-$-+= 0.0402 “18]31
Cooling Hall®] A%+ 077072 H7}E Aok 30 2ol tigh A7 d=3e2HE 4&F CUFE 504
=2l i8] fatste] Wrkek A= 1 63 291, Cooling Hallg A|¢j3lae BF 1.00]8H5 A8t
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(30d) (30d) (50d)
A. Normal Conditions
1. Heat up from cold depressurized state 500 75 125
2. (Cigghc%zxgrr? & depressurization from zero power hot 500 75 125
3. Following steady state at zero power hot 1000 120 200
4. Following a reactor trip 1200 62 103
5. Following a turbine trip 2500 80 134
6. Shutdown from full power to zero power hot 1000 55 92
7. Power maneuvering 10,000 1,515 2,525
B. Upset Conditions
1. Reactor trip 500 60 100
2. Turbine trip 500 80 134
3. Step back 2000 99 164
4. Reactor over power 500 84 139
5. Class IV power failure 100 4 6
6. Loss of feedwater to one steam generator 100 17 28
C. Emergency Conditions
1. %;éggﬁréoT?;Esfgﬁt reactor power during a high 15 4 6
2. Rapid cooldown & depressurization 15 4 6
D. Faluted Conditions
1. Loss of coolant 1 - -
2. Steam line failure 1 - -
2 e A Hot
W) B B BASANY 2o AL Gl A 4 ALISE S22 CUF
AREFE PHolth F, AA HEASE Sl E 59 AL olF 189 Fke] AA £A
CASE %2 93 304 2 D el A BEALE A3l 7iss el oldl o
VA & 59 o, Coolmg Hall& xetste] Be 7917} 1.0 ojstz b= itk o] 9=
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= 29)(Cooling Hal)E thiko g CUFZ} 1.00] He d24HS 23 23 of 110de
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# 5. ez A 9 A HA=3lgel 2A% CUF =23
A = o =

7 5 9 Peak Stress 3O;ﬁ] dia CI;E 9 30_:;@'7]_£ CI5J(]; 3
Inlet Region 53,044 0.0592 0.0987 0.0544 0.0906
Wear-Ring Region 51,594 0.0566 0.0943 0.0540 0.0900
Volute Region 77,761 0.1266 0.2110 0.0645 0.1075
Bolting Region 70,679 0.1028 0.1713 0.0609 0.1015
Outlet Region 77,877 0.1271 0.2118 0.0646 0.1076
Cutwater Region 126,022 0.3963 0.6605 0.1049 0.1749
Driver Mount 41,720 0.0402 0.0670 0.0515 0.0859
Cooling Hall 154,658 0.7707 1.2845 0.1611 0.2685




5. V23 Hd g BFIY HE

NUREG-180091 4= TLAA ti/do2A =z Bdste] $H873S AHd Jrts 3= o
TkaL gtk ey Feggdx e vgd tig Ave @A olFolAA e BAE LWR B4R
AN Ba7d 2 AgFHe EAAFH(Fatigue Design Curves)ol] izt QS thf1n e
NUREG/CR-6583100¢] 542 Aol o3t WHe 7122 HES FH3Uth 71X = Air &4
B 5]&3larel Water $179] 518309 vz HoH = YEFHsAAT(Fa)l HdS EUsL 3o
™, 84S g CUFE 4 ()l weh &3

CUFenZZ(UFair x Fen,i/ Z) (1)

o}71A Ze= ASME H|ZAA| G B4 tigh T8-8 T3l7] 98] =9 SHXAGRJIAE a7

2 ARFA tel 308 HEP Fa B2 D AR tal 42 A (2, 4 @)l wht Bt
Hr, S92 Fhg 74 JEIAE & 60 wEn

F ., cs= Exp(0.585—0.00124 7—0.101S*x T*xDO*x SR") 2)

F,12s= Exp(0.929 —0.00124 T— 0.101S™x T*xDO** SR*) (3)

® 6 2 7 TAY o X% 2 AFFA S A2FEFHASF, Fald &5 LH2V}
0.007ppm ©J3tE2 FAHEZ HPE £, A5 I Fxd FAgle] AT FS gt o)
A, g2 B AFFE] U@ Fa/Zo] 47 051 022 BHAY &, #4S 2@ A (o] 0=
w238 )2 Ar #3¢ 71Fo2 B At moh ngel Qt Ao Uebth olo] met
B 955REE 452 SRANE 2 9P gl Qow F3dn.
X 6. &7 9 AgaAdel uigh BFoE JEFAA}
Sm 2 o skl ) Transformed Environmental Factors - o
Condition Factor
sRew ) T<150°C T*=0 AA&E(279C),
150°C <T<350C T*=T-150 T*=129
DO<0.05 ppm DO*=0 718 A1 (H] A1)
|E4 4% (DO) 0.056<DO0O<0.5 ppm DO*=In(DO/0.04) +7#%(0.0070]3}),
0.5 ppm<DO DO*=In(12.5) DO*=0 (& 8 %)
1% /sec<SR SR*=0 JRISN
MHE &% SR) | 0001<SR<1%/sec | SR*=In(SR) \%aﬁj ;‘i Saturated
SR<0.001% /sec SR*=In(0.001) °
L 0<5<0.015 wt% S*=§
o] 3}slak - o= By4 8 =) = ==
Asel FEF O 0.015 wt%<S 5%=0.015 a7bed ABF VIE

R 7 EFFAEY T gAY

W5 5 &8 9 2 A A o

DO isotopic > 98% - w4 2 Z400) 93

PD 10.2-10.8 102~104 | o]em&sx|ete] Z=x]o 2|3t
Li—7 0.35-1.4mg/ kg DO 0.35~0.55 ”

LiOH 1.2~5.0mg/ kg D,O 1.2~20 ’

Dissolved O, < 0.01m¢/ kg DO < 0.007 H5F4

Chloride < 0.2me/kg DO < 0.05

Conductivity 0.9-3.6(ms/m at 25T) 0.9-1.45 ol w3l Ere] 4% 2]}
Suspended < 1.0m¢/ kg DO

Solids <01 o] 3}
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