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Cross Section of Standard LP-Rotor
(Nuclear Power Plant indian Point Unit 3)
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Fig. 3.2: Circumferential Stress in Weided LP-Rotor (6]
(Line Number -2) . 50 + o /MPa 1ksi = 6,885 MPa
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Fig. 3.3 Temperature in Weided LP-Rotor [8)
(Line Number 1) +10 =T, T, = 18T + 82
« = Temperature in °C, T, = Temperature inF
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Figure 5.1
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Effect of stress intensity and yield strength on
the growth rate of stress corrosion cracks in a
steam turbine rotor steel. Note that Kis is not
measurably influenced by the change in yield
strength; the “plateau” stress corrosion crack
growth rate, however, is strongly influenced by
the yield strength.
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Hypothetical SCC in Area of Wilson-Line

Weld No. 3 2 1 2 3
\ ?

Disc No. 3 2 1 1 2 3

Stable SCC Growth

Rupture

Disc No.l

Hypothetical Failure Mode of Welded LP-Rotor Due to SCC

Figure 5.2
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Figure 5.3

Results of K - 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 K - (fracture tough-
ness) values at room temperature are also tabulated and the
fracture toughness statistically analyzed.

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

Items of Forain
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‘ Figure 5.4

Fati rack Growth
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6.0 METHOD FOR CALCULATING TURBINE MISSILE GENEF
PROBABILITY (P,)

The turbine missile generation probability (P,) 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 (P,").

. 14A-19 Rev. 2
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F
Pizer(N) =M - T P.(N) EQU.SA4

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: '

Pizer(N) =M « [pi(N) + pa(N) +p,(N)] Equ.6.15

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

STRESS §
| N—N
AG
0 !\‘ \ —
TIME
Figure 6.1: Normal Operation Cycle
14A-30 Rev. 2
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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 p,_(N)

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

For the determination of this probability some assumptions
are made:

- Each forging has an initial crack with the length a, at
the location, where the highest transient stress appears.
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Generator G* G*
M* M* M*

Equivalent
operating 10 000 25 000 50 000 75 000 100000 h
hours T,

M M M

Turbine G G
Appraoximate 2 5 8 11 14
opersting l i | | 1
years
G = Major overhaul Te STea+n,-Tg
M= Minor overhaul Te = Equivaient operating hours
* With diagnosis Tent = Actual operating hours

Ts- = Opersting hours charged
for one start

n, = Number of starts

Figure 7.3
Recommendations for Inspection Intervals
of Large Turbine Generators
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== FAILURE RATE P(T)

-39-

Figure 7.1
LP-Retrofit Indian Point 3
Assessment of the Probability of Steam Turbine
Rupture from Stress Corrosion Cracking

PROBABILITY P AS A FUNCTION OF TIME
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5= FAILURE RATE P(N)
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Figure 7.2
LP-Retrofit Indian Point 3
Assessment of the Probability of Steam Turbine
Rupture From Low Cycle Fatigue

PROBABILITY P AS A FUNCTION OF

LOAD CYCLES
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Cri‘tical Crack Size Due to scC

(Line number -2) '« 50

lksi = €,895MPa

a/MPa

Figure 7A
Hoop Stresses with Temperature Load
at Nominal Speed
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Critical Crack Size Due to scc

(Line number -1) -« 10 = T,
Ty = 1,8 ¢« Tc + 32

Te - Temperature in °C
Ty - Temperature in °F
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Figure 7B
. Temperature Distribution (Stationary)
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Critical Crack size Due to scc

(Line number -2) +» 50 = g/NPa
lksi = 6,895 Mpa

Figure 7C
Hoop Stress Distribution at 132%
Overspeed and Stationary Temperature
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Figure 7D
Transient Hoop stress Distribution at
Nominal Speed and t = 19,200 Sec.
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