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Cross Section of Standard LP-Rotor 
(Nuclear Power Plant Indian Point Unit 3) 

Fig11rA 3.1 
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Ftg. 3.2: Cirwnferential Stress ii W9'ded LP-Rota' (8) 
(L.i"MJ N&.mber ·2) • 50 + o /MPa 1km • 9,895 MPa 

Fig. 3.3 T~ In Welded LP-Rotor (8] 
(line Number ·1) • 10 • T0 TF • 1,8•T0 + S2 

Tc = Temperature In °C, T, = Temperature in~ 
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Figure 5.1 
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SCC in Area of ~1lson-L1ne 

Weld No. 
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Stable SCC Growth 

Rupture 
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Hypothetical Failure MOde Of Welded LP·Rotor Due to SCC 

Figure 5.2 
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Figure 5.3 

Results of ~ - and R. - Measurements for the LP-Rotors 
of Indian Point Unit 3 

The items and the test report number (MP.-No) of the forgings of 
the three LP Indian Point Unit 3 LP-rotors are summarized. The 
actual measures R. - (yield strength) and J<.c - (fracture tough­
ness) values at room temperature are also tabulated and the 
fracture toughness statistically analyzed. 

Contents: - Items and MP-numbers of the forgings 
Measured yield strength at room temperature 
Measured fracture toughness at room temperature 
Summary and statistical evaluation 

Items of Forgings 
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Figure 5.4 
Fatigue Crack Gro'Nth 

6K1c 
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log 6K~ 

6.0 METHOD FOR CALCULATING TURBINE MISSILE GENERATION 
PROBABILITY (P J. 

The turbine missile generation probability (P 1) consists of two factors 
(1) the probability of shaft failure producing an internal tubine missile 
(P, ') and (2) the probability that this internal missile penetrates the 
casings and is ejected from out the turbine (P1"). 
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F 
P1LcrCN) = M • t p~(N) 

i=l 
Equ. 6.14 

Since one double flow LP-rotor of the Indian .Point Unit 3 has six 
forgings (2 shaft-ends, 4 disks), three forgings per flow must be 
considered (F = 3), and so one obtains: 

P 1Lcr C N) = M • ( P1 ( N) + p 2 ( N) +p=> ( N) J Equ. 6.15 

The indices correspond to the forging (shaft-end, thin disc, thick 
disc) of a flow. 

STRESS j 

0 _______________________ __, 

Ftgure 6.1 : Normal Operation Cycie 
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Fig. 6.2: Full Load Rejection With Overspeed 

6.2.1 Probability of Missile Generation of an Individual 
LP-Rotor Forging p1..Qil 

TIME 

The probability of missile generation due to Non-sec for 
an individual LP-rotor forging is defined as the probability 
that an initial crack (crack length So) grows up to the 
critical crack length 8c for brittle fracture. 

For the determination of this probability some assumptions 
are made: 

- Each forging has an initial crack with the length Bo at 
the location, where the highest transient stress appears. 
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Te = T.n + n. · T. 
Te = Equivalent openrting hours 
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n. = Number of sarts 

Figure 7.3 
Recommendations for Inspection 1merva1s 

of Large Turbine Generators 
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Figure 7.1 
LP-Retrofit Indian Point 3 

Assessment of the Probability of Steam Turbine 
Rupture from Stress Corrosion Cracking 
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Figure 7.2 
LP-Retrofit Indian Point 3 

Assessment of the Probability of Steam Turbine 
Rupture From Low Cycle Fatigue 
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(Line number -2) ·• 50 = CJ/r.fPa 

lkai • 6,895MPa 

Critical Crack Size Due to SCC 

Figure 7A 
Hoop Stresses with Temperature Load 

at Nominal Speed 
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Critical Crack Size Due to SCC 

(Line number -1) . 10 = Ta 

Tr = 1.a • Tc + 32 

Tc - Temperature in •c 
Tr - Temperature in •p 

x 

Figure 78 
Temperature Distribution (Stationary) 
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Critical .Crack Size Due to SCC 

1 

8 t 1 1 

(Line number -2) • SO a o/NPa 
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Figure 7C 
Hoop Stress Distribution at 132% 

Overspeed and Stationary Temperature 
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• 
(Line number -3) • SO 

lksi = 6,895 MPa 

• 
= o/MPa 

Figure 70 
Transient Hoop stress Distribution at 
Nominal Speed and t = 19,200 Sec. 
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