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EXECUTIVE SUMMARY

This report provides the techi.ical basis for the elimination of inspection requirements for
reactor coolant pump (RCP) motor flywheels for all operating domestic Westinghouse plants
and several Babcock and Wilcox plants, including Crystal River Unit 3, Oconee Units 1, 2
and 3, Davis Besse and Three Mile Island Unit 1. This report was submitted for review by
the United States Nuclear Regulatory Commission (NRC) in January 1996, and after two
requests for additional information, the NRC issued a Safety Evaluation Report (SER) in
September 1996. This SER accepted the technical arguments presented herein, and provided

partial relief from RCP motor flywheei inspection requirements.

At the request of the NRC (see the letter in Appendix G of this report), Westinghouse Report
WCAP-14535 has been revised to include the responses to the NRC requests for additional
information (Appendices E and F), and the NRC safety evaluation report (Appendix G).
Additionally, the key provisions of the SER and followup clarifications are included in
Appendix H. This final version of WCAP-14535 includes an "A" following the report
number, which designates acceptance by the NRC. The content of this report is identical to
WCAP-14535, with the exception of the additional appendices as noted.
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SECTION 1
INTRODUCTION

An integral part of the reactor coolant system (RCS) in pressurized water reactor plants is the
reactor coolant pump (RCP), a vertical, single stage, single-suction, centrifugal, shaft seal
pump. The RCP ensures an adequate cooling flow rate by circulating large volumes of the
primary coolant water at high temperature and pressure through the reactor coolant system.
Following an assumed loss of power to the RCP motor, the flywheel, in conjunction with the
impeller and motor assembly, provide sufficient rotational inertia to assure adequate cooling
flow during RCP coastdown, thus resulting in adequate core cooling.

During normal power operation, the RCP flywheel possesses sufficient kinetic energy to
produce high energy missiles in the event of failure. Conditions which may result in
overspeed of the RCP increase both the potential for failure and the kinetic energy of the
flywheel. This led to the issuance of Regulatory Guide 1.14 in 1971 (Reference 1), which
describes a range of actions to ensure flywheel integrity.

One of the recommendations of Regulatory Guide 1.14 (a portion of which is shown in
Appendix A) is regular inservice volumetric inspection of flywheels. Operating power plants
have been inspecting their flywheels for over twenty years now, and no flaws have been
identified which affect flywheel integrity. Flywheel inspections are expensive, and involve
irradiation exposure for personnel, so this study was commissioned to present the safety case
for flywheels, and to quantify the effects of elimination of such inspections.

1.1 Previous Flywheel Integrity Evaluations
Westinghouse Plants

Fracture evaluations were performed in WCAP-8163 (Reference 2) for a postulated rupture of
the RCP discharge piping. The RCP flywheel evaluated had an outer radius of 37.5", a bore
radius of 4.7" and a keyway with a radial length of 0.9" and a width of 2.0", which are
typical dimensions for RCP flywheels. The flywheel material was A533, Grade B, Class |
steel plate, which is typically used in flywheel construction. The ultimate tensile stress (for
ductile failure analysis) was 80,000 psi, and the fracture toughness at 120°F in the weak or
transverse direction was 220,000 psi Vinch. Detailed finite element analyses were performed
to determine the stress intensity factors for cracks emanating radially from the flywheel
keyway. These results were compared to closed form solutions for crack tip locations remote
from the keyway, with good correlation. The conclusion of the Reference 2 evaluation was
that the limiting speed for ductile failure of 3485 rpm (about 290 % of the normal operating
speed) is governing for crack lengths less than 1.15 inches, and that the brittle fracture limit is
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governing for larger crack lengths. Because the 1.15 inch crack is very large in comparison
to that detectable under inspection and quality assurance procedures for the flywheel design, it
was concluded that 3485 rpm was the limiting speed for design. The failure prediction
methodology was verified by scale model testing, which is discussed in detail in Reference 2.

A series of flywheel overspeed studies were carried out for postulated circumferential and
longitudinal split pipe breaks. Table 1-1 summarizes the studies performed in Reference 2.
The maximum speed of 3321 rpm is less than the original design limiting speed of 3485 rpm.

Table 1-1: Summary of LOCA Speed Calculations for Westinghouse Plants

Description

4 Loop plant, double ended break, RCP trip after 30 seconds.

2 Case | with instantaneous power loss. 3321
3 Case 1 with instantaneous power loss and break area equal to | 2609
60% of double ended break area.

4 Case 3 with break area equal to 3.0 ft*. 1189
5 Case 3 with break area equal to 0.5 ft*. 1189
6 Case 3 for a 3 loop plant 2330
7 Case 2 with moment of inertia increased by 10% 3200
8

9

and pipe cross sectional area.

Case 1 with moment of inertia increased by 10% 1248
Case |1 with loop out of service 2965
10 Case | with longitudinal split break areas of 0.5 ft’, 1200

Babcock and Wilcox Plants

Babcock and Wilcox analyzed the RCP for a spectrum of postulated reactor coolant system
breaks for a typical Babcock and Wilcox 2568 MWt, 177 fuel assembly, nuclear steamn
system (Reference 3). A stress analysis of the upper flywheel assembly top flywheel was
conducted to determine areas of stress concentration, stress magnitude, and the most likely
flawed configurations to consider in the fracture mechanics analysis. The upper assembly top
flywheel was considered to be the most critical component, and was the only component
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modeled for the stress analysis. This spoked flywheel had an outer radius of 36", and an
inner radius of 15.2". The flywheel material was ASTM A-516-67 grade 65. The ultimate
tensile stress was 76,500 psi, the yield stress was 48,500 psi. and the fracture toughness at
70°F and 120°F was 67,000 and 109,000 psi Vinch. respectively. Stresses were calculated
using a finite element model.

Three flawed configurations were considered in the linear elastic fracture mechanics analysis.
These configurations were through-wall radial cracks perpendicular to the faces of the
flywheel, and emanating from the following locations: the inner bore, a bolt hole, and a
keyway. Since shrink fit forces would retard the growth of radial cracks in the keyway area,
they were omitted from the analysis of the keyway crack. The initial crack length was
assumed to be the largest crack that could be missed in nondestructive testing (0.24").

Linear elastic fracture mechanics calculations were performed for flywheel temperatures of
70°F and 120°F. The results of the analysis indicated that the flywheels of the RCPs will not
fail under the expected normal operating conditions and that failure conditions are not reached
until 220% of the normal operating speed is attained, for the assumed initial crack of 0.24".
(The normal operating speed is 1190 rpm, rounded off to 1200 rpm for calculational
purposes).

Fatigue crack growth calculations were performed to determine the size of the flaw over the
life of the plant. Motor startup is the only plant transient significant to the flywheel. It was
assumed that there are 500 starts over the 40 year life of the plant. The applied cycle stress
was based on 125% of normal speed. Fatigue crack growth was calculated to be less than
0.0002". Therefore, it was concluded that the assumed initial crack would not grow to critical
length during the design life of the flywheel.

LOCA evaluations performed in Reference 3 included eight different cold leg breaks,
including the 8.55 ft* double ended break at the RCP discharge (with and without electrical
braking effects), and smaller break sizes. A summary of the results from the eight analyses
are provided in Table 1-2.
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Table 1-2: Summary of LOCA Speed Calculations for Babcock and Wilcox Plants

Case Description Pump Trip | Max
No. Time Speed
(seconds) (rpm)
1 8.55 ft* cold leg guillotine break (pump 0.1 3310
discharge).
2 8.55 ft? cold leg guillotine break (pump 30.0 1700
discharge).
3 5.00 ft? cold leg split break (pump discharge). 30.0 1210
4 3.0 ft* cold leg split break (pump discharge). 30.0 1200
" 5 1.0 ft* cold leg split break (pump discharge). 30.0 1190
6 8.55 ft* cold leg guillotine break with 80% 30.0 2510
voltage (pump discharge).
7 8.55 ft* cold leg guillotine break with 90% 30.0 1750
pump and motor inertia (pump discharge).
8 8.55 ft* cold leg guillotine break (pump 0.1 1190
sucuon).

Notes: Maximum speed is for the pump in the broken line.
Pump trip time is seconds after the break.

1.2 Leak Before Break (LBB) Considerations

Subsequent to the analyses of References 2 and 3, 10 CFR Part 50 Appendix A General
Design Criterion 4 was revised to allow exclusion of dynamic effects associated with
postulated pipe ruptures, including the effects of missiles, pipe whip, and discharging fluids
from the design basis, when analyses reviewed and approved by the NRC demonstrate that
the probability of fluid system rupture is extremely low under conditions consistent with the
design basis for the piping. This is commonly referred to as leak-before-break (LBB)
licensing. Since that time, all domestic Westinghouse and Babcock and Wilcox designed
PWR plants have qualified for LBB exclusion of the primary loop double ended guillotine
LOCA.
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Given that a plant has LBB exclusion for the main loop LOCA, the largest break required to
be postulatad under the structural design basis becomes that of the largest branch line. The
largest branch lines not covered by the LBB exclusion would be 14" schedule 140 or

160 piping (0.72 ft’ break area, maximum), typically the accumulator line in the cold leg
piping. Such a break may be treated as the equivalent of a 0.72 ft* longitudinal split break in
the primary loop piping.

Westinghouse Plants

As shown in Table 1-1, the smallest breaks examined were 3.0 ft* and 0.5 ft’ longitudinal
split breaks (Cases 10 and 11). The 3.0 ft* split break would bound the largest branch line
break not covered by the LBB exclusion (0.72 ft?) with respect to the effect on the RCP
speed. From Reference 2, it is apparent that with or without RCP power, the RCP speed will
not exceed 1200 rpm for 3.0 ft* or 0.5 ft? longitudinal split breaks for the model 93A 6000 hp
RCP described in Reference 2.

Reference 2 concluded that the increase in RCP speed due to the 3.0 ft* area split break was
less than 11 rpm over the normal operating speed of 1189 rpm, or less than 1%. Given that
the Reference 2 analysis shows that the RCP speed increase is less than 1% for the 3.0 ft’
longitudinal breaks area, and that the maximum credible break under LBB is less than 1/4 of
that size, it is concluded that any RCP speed increase resulting from a branch line break will
be well within the design RCP speed tolerance of 25%, i.e., 1.25 times the design speed of
1200 rpm, or 1500 rpm, with or without the dynamic braking effects from the RCP being
energized. No known non-LOCA events which lead to RCP speedup would be more limiting
than the above mentioned pipe break with respect to overspeed. (Further studies extended
this conclusion to a range of RCP designs including 63A (4000 hp), 93 (6000 hp),

93A (6000 hp), 93A (7000 hp) and 100 (8000 hp). Note that RCP rotational inertia is a plant
specific parameter. The above conclusion for RCP applicability is only valid for the range of
pump rotational inertias from 45000 to 123000 lb,-ft>. As shown in the next section, all
Westinghouse flywheels meet this criterion. Therefore, a peak LOCA speed of 1500 rpm is
used in the evaluation of Westinghouse RCP flywheel integrity in this report.

Babcock and Wilcox Plants

As shown in Table 1-2, the smallest breaks examined were 5.0 ft*, 3.0 ft*, and 1.0 ft* split
breaks (Cases 3, 4 and S). The 1.0 ft? split break would bound the largest branch line break
not covered by the LBB exclusion (0.72 ft?) with respect to the effect on the RCP speed.
From Reference 3, the RCP speed will not exceed 1200 rpm for 1.0 ft* split breaks, with the
effects of electrical braking. Although calculations were not specifically performed to
determine the effect of excluding electrical braking effects, the Babcock and Wilcox pumps
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are similar in design to Westinghouse pumps, where the effect of electrical braking was found
to be very small on the small break sizes of interest. (As noted for typical Westinghouse
pressurized water reactors, a loss of RCP drive power due to electrical faults in the 30 second
time interval following a large area break LOCA is an event of extremely low probability, in
the range of 3.0 x 107). Therefore, a peak LOCA speed of 1500 rpm is used in the
evaluation of Babcock and Wilcox RCP flywheel integrity in this calculation.

1.3 Report Purpose

The purpose of this report is to provide an engineering basis for the elimination of RCP
flywheel inservice inspection requirements for all operating domestic Westinghouse plants and
the following Babcock and Wilcox plants:

. Crystal River Unit 3

. Oconee Units 1, 2 and 3
o Davis Besse

J Three Mile Island Unit |

Three complimentary approaches will be used to demonstrate that flywheel inspection may be
safel ' eliminated. A study of the inspection techniques and a summary of inspection results

to date shows no indications have been found which affect flywheel integrity (see Section 3.)
A stress and fracture evaluation has shown that very large flaws are needed to cause a failure

under maximum overspeed conditions (Section 4). Finally, a risk assessment has been
completed to directly compare the flywheel failure probabilities with and without turther
inspections (Sectinn 5).
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SECTION 2
DESIGN AND FABRICATION

Reactor coolant pump flywheels consist of one or more large steel discs which are shrunk fit
either directly to the RCP motor shaft or to spokes extending from the motor shaft. In the
case of two or more flywheel discs, the individual flywheels are bolted together to form an
integral flywheel assembly. Each flywheel is keyed to the motor shaft with one or more
vertical keyways.

2.1 Flywheel Geometry

The flywheels which are attached directly to the motor shaft typically consist of two flywheel
discs which are bolted together and are located above the RCP rotor core. The top and
bottom discs typically have the same outer diameter and bore dimensions but different
thicknesses. The bottom disc usually has a circumferential notch along the outside diameter
bottom surface for placement of antirotation pawls. Typically, each flywheel is keyed to the
motor shaft by means of three vertical keyways, positioned at 120° intervals. An example of
this type of flywheel is shown in Figure 2-1.

The spoked flywheels consist of an upper and a lower flywheel assembly, above and below
the RCP rotor core. The upper flywheel assembly consists of three discs bolted together, with
the top disc having a larger outside diameter than the middle and bottom disc. The lower
flywheel consists of a single disc, of the same dimensions as the middle and bottom disc of
the upper flywheel assembly. There are eight spokes, 2.5 inches thick, extending from and
welded to the motor shaft. Each flywheel assembly is keyed to the spokes by means of one
keyway. An exampie of this type of flywheel is shown in Figure 2-2.

For the purpose of the evaluations performed for this repon, the larger flywheel outside
diameter for a particular flywheel assembly is used, since this is judged to be conservative
with respect to stress and fracture. For the flywheels investigated in this report, outer
diameters range from 65 to 76.5 inches, bore diameters range from 8.375 to 30.5 inches (the
later being the spoked flywheel), and keyway radial lengths range from 0.39 to 1.06 inches.

Most of the flywheels covered by this report are made from AS533 Grade B Class 1 or ASO8
Class 3 steel. Flywheels for the pumps at three plants are made from A516 Grade 70 steel,

and those at one plant are made from boiler plate.

A summary of pertinent flywheel parameters is provided in Table 2-1. Plant alpha
designations used in Table 2-1 are identified in Table 2-2.
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2.2 Material Information

The pump motors for all the Westinghouse plants and many of the Babcock and Wilcox
plants were manufactured by Westinghouse. All of the Westinghouse flywheels except
Haddam Neck are made of A533 Grade B Class 1 steel. The Haddam Neck flywheels were
made of boiler plate steel.

It has not been possible to locate each of the certified material test reports for all of the
flywheels, but a sample is contained in Appendix D. It will be helpful to examine the
ordering specifications for the Westinghouse flywheel materials. The first specification is
dated December 1969, and requires that the nil-ductility transition temperature from both
longitudinal and transverse Charpy specimens be less than 10°F. This does not guarantee
RTypr is less than 10°F, but it is highly likely that this is the case.

The Westinghouse equipment specification was changed in January of 1973 to require both
Charpy and drop weight tests to ensure that RTy, is no greater than 10°F.

Even though it is likely that most, if not all, of the flywhesls in operation have an RTypr of

10°F or less, a range of RTy,; values from 10°F to 60°F has been assumed in the integrity
evaluations to be discussed later.
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Table 2-1: Summary of Westinghouse and Babcock &Wilcox
Domestic Flywheel Information

Notes:

1) Spare has a keyway radial length of 0.885".

Keyway Pump &
Outer Radial Motor
Diam. Bore Length Inertia Material Applicable Plants
Group | (Inches) | (Inches) | (Inches) (Lb,-ft) Type (Plant Alpha Designation)

1 76.50 9.375 0.937 110.000 SAS33B | TGX/THX/Spare

2 75.75 8.375 0.906 82.000 SAS533B | PSE'/PNJ/Spare

3 75.00 9.375 0.937 95.000 SAS33B | CQL: CAE/CBE/CCE/CDE';
DAP/DBP/DCP/DDP;
GAE/GBE'; SAP/Spare; NEU;
NAH: CGE/Spare; WAT/Spare;
TBX/TCX/Spare; SCP;
VRA/VGB/Spare

4 75.00 9.375 0.937 83.000 SAS533B | TVA/TEN/Spare

5 75.00 9.375 0.937 82.000 SAS33B | ALA/APR/Spare;
AEP/AMP/Spare; CWE/COM;
DLW/DMW

6 75.00 9.375 0.937 80.000 SAS33B | NSP/NRP'; WPS®

7 75.00 8.375 0911 82.000 SAS533B | INT Spare

8 75.00 8.375 0.906 82.000 SAS33B | IPP/INT. PGE/PEG

9 75.00 8.375 0.906 80.000 SAS533B | WEP/WIS

10 72.00 16.125 0.906 72.000 SAS533B | BOCO/Spare

1 72.00 9.375 0.937 72.700 SAS33B | BDAVI®

12 72.00 8.375 0.906 80.000 SAS533B | RGE®

13 72.00 8.375 0.906 70,000 SAS533B | CPL/Spare; FPL/FLA/Spare;
VPA/VIR'

14 65.00 8.375 0.656 45,000 Boiler | CYW?

Plate
15 72.00 30.50 0.390 70,540 AS16 B3MII’
16 65.00 13.800 1.060 70,000 ASI16 BCRY3

2) Haddam Neck spare has a keyway radial length of 0.618", and material is SA533B.

3) Spare has a keyway radial length of 0.883".
4) Spare has a keyway radial length of 0.911".

5) Spares have a keyway radial length of 0.942", one spare 1s of SAS08 material.

6) Spare has a keyway radial length of 0.937".
7) Spoked flywheels.
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Table 2-2: Plant Alpha Designation Listing

H Plant Alpha Designation

Plant

AEP/AMP
ALA/APR
CAE/CBE
CCE/CDE
CGE
CWE/COM
CPL

CQL

CcYw
DAP/DBP
DCP/DDP
DLW/DMW
FPL/FLA
GAE/GBE
IPP/INT
NAH

NEU
NSP/NRP
PGE/PEG
PSE/PNJ
RGE

SAP

SCp
TBX/TCX
TVA/TEN
TGX/THX
VGB/VRA
VPA/VIR
WAT
WEP/WIS
WPS
BCRY3
BDAVI
BOCO1/BOCO2/BOCO3
B3MII

m 3356w wpf:1b-111196

D.C. Cook Units 1 and 2
J.M. Farley Units | and 2
Byron Units | and 2
Braidwood Units 1 and 2
V.C. Summer

Zion Units | and 2

H.B. Robinson Unit 2
Shearon Harris

Haddam Neck

McGuire Units 1 and 2
Catawba Units 1 and 2
Beaver Valley Units | and 2
Turkey Point Units 3 and 4
Vogtle Units 1 and 2
Indian Point Units 2 and 3
Seabrook

Millstone Unit 3

Prairie Island Units 1 and 2
Diablo Canyon Units | and 2
Salem Units | and 2

Ginna

Wolf Creek

Callaway

Comanche Peak Units |1 and 2
Sequoyah Units | and 2
South Texas Units 1 and 2
North Anna Units | and 2
Surry Units | and 2

Watts Bar Unit |

Point Beach Units | and 2
Kewaunee

Crystal River Unit 3

Davis Besse

Oconee Units 1, 2 and 3
Three Mile Island Unit |

!I
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Figure 2-1: Example of a Flywheel which is Attached Directly to the Motor Shaft
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30.5" 1D bore

Bolt holes for | | 72" 0D
boiting flywheel piates i /

together

8 spokes 2.5" thick, welded to
shaft. One spoke is keyed to
flywheel with a 3/4" thick key.
The keyway is 0.39" deep.

\Upper Flywheel assembly.

- consists of 3 plates shrunk fit
onto the spokes.

496" 0D

L Rotor Core

Lower Flywheel: Consists of 1 plate
shrunk fit and keyed lo spokes

Motor Shaft

Figure 2-2: Example of a Spoked Flywheel
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SECTION 3
INSPECTION

Flywheels are inspected at the plant or during motor refurbishment. Inspections are
conducted under Section XI (Reference 4) standard practice for control of instrumentation and
personnel qualification. The inspections are conducted by UT level Il and level III
examiners.

3.1 Examination Volumes

Reactor Coolant pump flywheel examinations are conducted under the control of Utility ISI
programs according to surveillance schedules governed by individual Plant Technical
Specifications. The volumetric examinations recommended in Regulatory Guide 1.14 have
been uniformly applied to the accessible surfaces o{ the pump flywheel after removal of the
shroud cover and gauge hole plugs. The volume of flywheel is inspected generally with
straight beam techniques applied laterally, checking the plate material for planar defects
emanating from the bore, keyways, and around the gauge holes and ream bolt holes.

3.2 Examination Approaches

Generally, three examinations are performed. The keyway comer exam is conducted by
inserting specially designed ultrasonic probes into the gauge holes and directing the sound
laterally through the plate material so that reflections are obtained from the center bore radius.
Normal reflections will then be seen from the comers of the keyways. These reflections are
predictable in distance and rate of occurrence, with abnormalities such as cracking branching
out from the keyway being detectable as an abnormal response. A second examination is
performed when the sound is projected laterally towards the other remaining gauge holes, for
evidence of cracking emanating from the bores of the holes and plate material between the
holes. The third examination is commonly referred to as the "Periphery” examination. In this
test, standard contact transducers are placed on the outer edges of both upper and lower
flywheel plates. The sound is directed laterally into the plate material for examination of the
material between the peripheral holes and the plate outer edge.

3.3 Access and Exposure
Access to the exam surfaces is made possible by permanent walkways or by erecting

scaffolding. Radiation exposure depends greatly on the amount of pump motor work being
conducted nearby and can range from 20-100 millirem/hour.
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3.4 Inspection History

A survey was conducted of historical plant inservice inspection results, and 21} member
utilities contributed. The flywheel population surveyed was a total of 217. A total of

729 examination results were reported, and ne indications which would affect the integrity of
the flywheels were found. These results are summarized on a plant by plant basis in

Table 3-1. A summary of recordable indications is provided in Table 3-2. It is interesting to
note from Table 3-2 that a number of indications in the form of nicks, gashes, etc. were
found at the keyway area, having been created by the act of removing or reassembling the
flywheel. These were all dispositioned as not affecting flywheel integrity, but are clear
evidence that disassembly for inspection and reassembly actually can produce damage.

Indications were found at the Haddam Neck plant, in the weld used to join the two flywheel
plates together. The indications identified were asisociated with this seal weld and resulted in
no radially oriented cracking, and no impact on the integritv of the flywheels. A detailed
summary of this finding is given in Appendix B Sample flywheel inspection procedures are
provided in Appendix C.
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Table 3-1: Flywheel Inspection Results

Total Number Total
of Inspections Number of Number of
with Ne Inspections Indications
Number Number of Indications or with Affecting
Plant Alpha of Flywheel Nonrecordable { Recordable Flywheel
Designation Plant Flywheels | Inspections Indications Indications Integrity
AEP Cook | 4 14 13 I 0
AMP Cook 2 4 12 12 0 0
ALA Farley 1| 3 17 17 0 0
APR Farley 2 3 19 19 0 0
CAE/CBE | Byron | & 2 8 20 19 1 0
CCE Braidwood 1 4 13 11 2 0
“ CDE Braidwood 2 4 9 8 1 0
CGE Summer 4 10 10 0 0
II CWE Zion | 4 10 9 I 0
" COM Zion 2 4 16 16 0 0
CPL Robinson 2 4 22 20 2 0
CcQL Harris 3 17 17 0 0
CYw Haddam Neck 4 32 28 4 0
DAP McGuire | 4 3 13 0 0
" DBP McGuire 2 4 8 8 0 0
DCP Catawba | 4 6 6 0 0
" DDP Catawba 2 4 6 6 0 0
DLW Beaver Valley | 3 15 11 4 0
DMW Beaver Valley 2 3 S 5 0 0
FPLUFLA | Turkey Point 3 and 4 7 36 34 2 0 "
GAE/GBE | Vogtle | and 2 9 19 19 0 0
IPP Indian Foint 2 5 21 21 0 0
INT Indian Point 3 5 17 17 0 0
“ NAH Seabrook 4 8 8 0 0
NEU Milistone 3 5 12 12 0 0 ]l
NSP Prairie Island | 2 13 12 I 0 "
Prairie Island 2 2 11 10 1 0
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Table 3-1: Flywheel Inspection Results (continued)

Total Number
of Inspections Number of Number of

with No Inspections Indications

Number of Indications or with Affecting

Plant Alpha of Flywheel Nonrecordable | Recordable Flywheel

Designation Plant Flywheels | Inspections Indications Indications Integrity
PGE Diablo Canyon 1 4 12 11 1 0
PEG Diablo Canyon 2 4 11 11 0 0
PSE/PNJ Salem | and 2 9 24 13 11 0
RGE Ginna 3 21 21 0 0
SAP Wolf Creek 4 13 12 1 0
SCp Callaway 4 11 11 0 0
TBX Comanche Peak 1 4 8 8 0 0
| TCX Comanche Peak 2 4 4 4 0 0
TVA/TEN | Sequoyah | and 2 9 37 36 1 0
TGX South Texas 1 4 12 12 0 0
THX South Texas 2 4 12 12 0 0
VGB/VRA | North Anna 1 and 2 7 37 i3 4 0
l VPA/VIR { Surry | and 2 7 17 17 0 0
WAT Waus Bar | 4 4 2 2 0
WEP Point Beach 1| 2 12 12 0 0
WIS Point Beach 2 2 13 13 0 0
WPS Kewaunee 3 6 5 1 0
BCRY3 Crystal River 3 4 30 30 0 0
| BDAVI Davis Besse 5 24 22 2 0
BOCOI Oconce | 4 6 6 0 0
BOCO2 Oconee 2 4 2 2 0 0
BOCO3 Oconee 3 4 3 3 0 0

l[ B3MII Three Mile Island 1 4 9 9 0 0 1'

TOTALS 57 217 1729 686 43 0
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Table 3-2: Summary of Recordable Indications

Plant Alpha
. Designation Year Description of Recordable Indications

AEP 1987 Surface examination on RCP flywheel no. 13 showed two 3/8" long
recordable indications. Surface chatter removed by minor surface
reconditioning.

CAE/CBE 1993 0.45" rounded indication in RCP flywheel 1B keyway area (surface
exam) characterized as minor tool mark.

CCE 1991 PT indications on RCP "A" flywheel were acceptable.

1994 Indications noted on RCP "B" flywheel with PT and VT-1 were
resurfaced and found to be acceptable.

CDE 1994 Four 1/16" rounded indications noted in various areas located
approximately 0.8" below top surface of RCP "C" flywheel. One linear
indication noted (circ. oriented). Indications were acceptable.

CWE 1986 PT recordable indication in loop 1 RCP flywheel, bleed out from gouges
and metal folds in keyways.

CPL 1984 PT recordable indication on RCP "C" flywheel bore was filed out and
rezxamined.

1992 Gouge on spare flywheel blended out to 3 to 1 taper.

DLW 1980 PT indication, unsatisfactory mechanical damage from removal of RCP
"B" flywheel. Grinding repaired condition.

1987 PT recordable indication dispositioned as satisfactory for RCP "A"
flywheel. Damage from handling.

1993 UT recordable indication in RCP "B"” flywheel due to geometry,
dispositioned as satisfactory. PT recordable indication due to handling,
dispositioned as satisfactory.

1994 UT recordable indication in RCP "C" flywheel due to geometry,
dispositioned as satisfactory.

FPL/FLA 1974 Laminations midwall (UT) in motor 1S-76P499 flywheel accepted as-is.

1993 Tom metal in keyway (PT) on motor 2S-76P499 flywheel removed by
buffing.

NSP 1994 MT of flywheel no. 11 periphery (0.4 inch) to be re-examined in
January 1996 outage.

NRP 1995 MT indications in penphery of flywheel no. 21 (which were buffed in
1993) were found to be unchanged.

’ PGE 1995 Multiple MT linear indications (laminations) on lower periphery of RCP
1-4 flywheel, accept as-is, monitor.

1983-1995 Eleven recorded indications from surface examinations on seven
flywheels were identified as minor chatter marks in keyway from original
rough machine cuts due to the arbor tool used during manufacture.
Accept as is.
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Table 3-2: Summary of Recordable Indications (Continued)

Designation Year Description of Recordable Indications

SAP 1995 Wear marks on bottom surface of RCP | flywheel within seal ring

(circular like spacer wear) - removed.
TVA/TEN 1993 Recorded indications (10 year MT) in flywheel 3S-81P352. Laminations
in edge. dispositioned as acceptable.
VGB/VRA 1983 Tool marks noted in keyway of flywheel 2S-81P355.
1986 Four PT indications in the keyway of flywheel 3S-81P355 caused by
incorrect installation.
1988 Six reportable indications from keyway scratches in flywheel 35-81P777.
1993 Three acceptable rounded indications in the keyway of flywheel 2S-
81P777.

WAT 1986 PT recorded indication in keyway area of RCP 1 flywheel resulted from
tool chatter which occurred duning manufacture of the flywheel. The
indications were formed by the tearing and smearing of the raised metal
(introduced by the tool chatter) at disassembly and reassembly of the
keys.

1986 VT recorded indication in keyway area of RCP 4 flywheel.

Visual recorded indication in RCP "A" flywheel. Machine chips in five
small holes in center of shaft.

Volumetnc preservice indication in RCP 2 flywheel found to be
acceptable. Surface tears in keyway removed by surface conditioning.

Surface gouges in bore of RCP 4 flywheel from flywheel removal found
to be acceptable.
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SECTION 4
STRESS AND FRACTURE EVALUATION

All of the flywheels were subjected to a detailed stress and fracture evaluation, which is
summarized in this section. To avoid repetition, the flywheels were grouped by geometry,
and the logic for this grouping is explained in Section 4.1. There are two possible failure
mechanisms, ductile and brittle, which must be considered in flywheel evaluation and these
are discussed in detail in evaluations reported earlier (References 2 and 3). Figure 4-1 shows
the results of a typical flywheel overspeed evaluation, where the flywheel failure speed was
calculated for a range of postulated crack depths. Note that the brittle failure limit governs
for large flaws. The limiting speed increases for small flaws. Using brittle fracture
considerations alone, the limiting speed would approach infinity for vanishingly small flaws.
For these situations, the ductile failure limit governs, a finding that has been proven by scale
model tests whose results are reported in Reference 2.

Regulatory Guide 1.14, Revision 1, Section C, Subsection 2 (see Appendix A, or
Reference 1), provides the following regulatory position for flywheel design:

a. The flywheel assembly, including any speed-limiting and antirotation devices,
the shaft, and the bearings, should be designed to withstand normal conditions,
anticipated transients, the design basis loss-of-coolant accident, and the Safe
Shutdown Earthquake loads without loss of structural integrity.

b. Design speed should be at least 125% of normal speed but not less than the
speed that could be attained during a turbine overspeed transient. Normal
speed is defined as synchronous speed of the a.c. drive motor at 60 hertz.

c. An analysis should be conducted to predict the critical speed for ductile failure
of the flywheel. The methods and limits of paragraph F-1323.1(b) in Section
111 of the ASME Code are acceptable. If another method is used, justification
should be provided. The analysis should be submitted to the NRC staff for

evaluation.

d. An analysis should be conducted to predict the critical speed for nonductile
failure of the flywheel. Justification should be given for the stress analysis
method, the estimate of flaw size and location, which should take into account
initial flaw size and flaw growth in service. and the values of fracture
toughness assumed for the material. The analysis should be submitted to the
NRC staff for evaluation.
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e. An analysis should be conducted to predict the critical speed for excessive
deformation of the flywheel. The analysis should be submitted to the NRC staff
for evaluation. (Excessive deformation means any deformation such as an
enlargement of the bore that could cause separation directly or could cause an
unbalance of the flywheel leading to structural failure or separation of the
flywheel from the shaft. The calculation of deformation should employ elastic-
plastic methods unless it can be shown that stresses remain within the elastic
range).

f The normal speed should be less than one-half of the lowest of the critical
speeds calculated in regulatory positions C.2.c, d, and e above.

g The predicted LOCA overspeed should be less than the lowest of the critical
speeds calculated in regulatory positions C.2.c. d. and e above.

These guidelines will be reviewed in this section, for all the flywheels covered by this report,
and the results tabulated.

4.1 Selection of Flywheel Groups for Evaluation
From the flywheel dimensional information provided in Table 2-1 of this report, six fiywheel
groups were selected for evaluation, which encompass the range of domestic flywheel

dimensions covered by this report. These groups are as follo*ws:

Table 4-1: Flywheel Groups Evaluated

; Outer 1
| Flywheel | Diameter | Bore Keyway Radial
| Group (Inches) | (Inches) | Length (Inches) Comments {

| 76.50 9.375 0.937 Maximum flywheel OD.

2 75.75 8.375 0.906 Large flywheel OD, Minimum flywheel
bore.

10 72.00 16.125 0.906 Large flywheel OD, Large flywheel bore.

14 65.00 8.375 0.656 Minimum flywheel OD, Minimum
flywheel bore.

15 72.00 30.500 0.390 Maximum flywheel bore (spoked
flywheel), Minimum keyway radial length.

65.00 13.800 1.060 Minimum flywheel OD. Maximum
keyway radial length.
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4.2 Ductile Failure Analysis

The capacity of a structure to resist ductile failure with sufficient margin of safety during
faulted conditions can be demonstrated by meeting the faulted condition criteria of Section III
of the ASME Boiler and Pressure Vessel Code. The faulted condition stress limits for elastic
analysis, P, and P, + P,, are taken as 0.7 S, and 1.05 S,. where S, is the minimum specified
ultimate tensile stress of the material. As in Reference 2, 80 ksi was used for S,, which is the
minimum specified value for A-533 Grade B, Class | steel. The stresses in the RCP
flywheel, neglecting local stress concentrations such as holes and keyways, can be calculated
by the following equations (Reference 2):

o

' 8 3864

= (36\,) p(‘f (b3+ a?__ aZbI

where G, radial stress, psi

G, = circumferential, or hoop stress, psi

\Y = Poisson’s ratio, 0.3

p flywheel material density, 0.283 Ib_/inch®
® = flywheel angular speed, radians/second

b = flywheel outer radius, inches

a

r

= flywheel bore radius, inches

flywheel radial location of interest, inches

Since the stress in the thickness direction (G,) is assumed to be negligible, and the radial
stress (G,) always falls between G, and G,, the maximum stress intensity at any point in the
flywheel is equal to the circumferential stress, G,. It should be noted that the circumferentia'
stress peaks at the flywheel bore and keyway locations and decreases approximately linearly
thereafter in the radial direction. To apply the faulted stress limits to a nonlinear stress
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distribution, the actual stress distribution must be resolved into its membrane and bending
components:

b

1
P = d

b
6
P, = G, (r, - r)dr
b (b_a)z J.O m

where r,, is the flywheel mean radius defined as (a + b) / 2. Substituting the circumferential
stress term shown above and carrying out the integrations yields

p =(3w) pur -3 [1- 1 1+ 3v
™ ("8 ] 3864 (b-a) 3(3+v

3ov) 6pd  [be[13v) bla 1 [1+3v
8 ] 3864 (b-a) [12 {3+v | 2 3 (3w

il - balp, 1 dedvy  at 1edv ]
a

2 3 3+v . 12 3+v |

As was performed in the Reference 2 evaluation, a ductile failure limiting speed was
determined for each flywheel group selected for evaluation, assumning that cracks are not
present and neglecting the local stress effects from holes and keyways. Limiting speeds were
also calculated considering the reduced cross sectional area resulting from the keyway, and
from assuming that cracks may be present. Cracks were assumed to emanate radially from
the keyway, through the full thickness of the flywheel. The results of these calculations are
provided in the following table.
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Table 4-2: Ductile Failure Limiting Speed (rpm)

Assuming No Cracks Crack Length (from Keyway)
Neglecting | Considering
Keyway Keyway
Flywheel Radial Radial 1" Crack
Group Length Length 2" Crack | 5" Crack | 10" Crack

1 3487 3430 3378 3333 3240 3012
2 3553 3493 3435 3386 3281 3060

|| 10 3503 3471 3443 3398 3238 2990
14 4086 4032 3961 3903 3768 3448
15 3175 3155 3105 3056 2915 2698 |

3815 3565

Per Regulatory Guide 1.14, Revision 1, Section C, item 2f, the normal speed should be less
than one-half of the lowest of the critical speeds as calculated for ductile failure, nonductile
failure and excessive deformation. At the minimum calculated limiting speed of 3155 rpm
(assuming cracks are not present), the normal speed must be less than 1577 rpm. Since the
normal operating flywheel speed is 1200 rpm, item 2f of the Regulatory Guide is satisfied for
ductile failure with no cracks present. Assuming that a rather large crack of 10" depth is
present, item 2f is still satisfied for ductile failure since one-half of the lowest calculated
critical speed (2698 rpm) is 1349 rpm, which is higher than the normal operating flywheel
speed of 1200 rpm.

Per item 2g of Section C of the Regulatory Guide, the predicted LOCA overspeed should be
less than the lowest of the critical speeds calculated for ductile failure, nonductile failure and
excessive deformation. Since the predicted LOCA overspeed is in all cases less than 1500
rpm, and the minimum calculated limiting velocity for ductile failure is 3155 rpm, item 2g of
the Regulatory Guide is satisfied for ductile failure, assuming no cracks are present.
Assuming that a rather large crack of 10" length is present, item 2g is still satisfied for ductile
failure since the lowest calculated critical speed (2698 rpm) is higher than the LOCA
overspeed of 1500 rpm

Therefore, the Regulatory Guide acceptance criteria for ductile failure of the flywheels are
satisfied.

m\3356w.wpf:1b-111196 4-5




4.3 Nonductile Failure Analysis

As provided in Reference 2, an approximate solution for the stress intensity factor for a radial
full depth crack emanating from the bore of a rotating disk may be calculated by the
following equations (Reference 5):

, n(<-2)
- PW pmg|_b D
' 3864 (1-v?)

where p = flywheel material density (1b,, per cubic inch)
w flywheel angular speed (radians per second)
b = flywheel outer radius (inches)

a = flywheel inner radius (inches)

C radial location of crack tip (inches)

v

= Poisson’s ratio (0.3)

In the Reference 2 analysis, the keyway radial length was initially assumed to be included as
part of the total crack length for conservatism. Using the closed form solution, a nonzero
value of stress intensity was obtained for a zero crack length (i.e., ¢ = a + keyway radial
length), as would be expected, since the keyway itself was in essence considered to be a
crack. To eliminate this undue conservatism for short crack lengths, finite element analysis
was performed. It was shown that cracks emanating from the center of the keyway yielded
higher stress intensity factors than cracks emanating from the keyway comer, and that a zero
length crack resulted in a zero stress intensity factor. The finite element analysis results were
in close agreement with the closed form solution for crack lengths larger than about 1.0 inch.
It was also shown in the Reference 2 analysis that the ductile failure mode controls for
smaller crack lengths (less than 1.15 inches for the particular flywheel evaluated), and that
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nonductile failure controls for larger crack lengths. Therefore, the closed form solution was
used for calculation of the stress intensity factors in this report, keeping in mind that it is
overly conservative for small cracks. (However, small cracks are controlled by the ductile
failure mode).

To envelope the range of RTyr values for the flywheel materials, an upper and lower bound
value of 0°F and 60°F were used in this report. The lower bound fracture toughness for
ferritic steels was calculated by the following equation (Reference 4):

K, = 332 + 20.734 exp[0.02 (T - RT,)]

This resulted in fracture toughness values of 117 ksi Vinch and 58.5 ksi Vinch for RT g
values of 0°F and 60°F, respectively, at an ambient temperature of 70°F. The ambient
temperature used for the fracture evaluation represents a much lewer temperature than would
be expected in the containment building during normal plant operating conditions (typically
100°F to 120°F), and is therefore conservative with respect to nonductile failure analysis.

At the maximum flywheel overspeed condition of 1500 rpm, the following critical crack
lengths were calculated for cracks emanating radially from the keyway. Note that an
intermediate RTypy value of 30°F (K, = 79.3 ksi Vinch) is included in the table.

Table 4-3: Critical Crack Lengths for Flywheel Overspeed of 1500 rpm

Critical Crack Length in Inches and % through Flywheel
RT\pr = 0°F RTypr = 0°F RTypr = 60°F

16.6" 7.7" 31"
(50%) (24%) (9%)

17.5" 3.6"
(53%) (11%)

15.1" 33
(56%) 27%) (12%)

20.3" 14.4" 8.3"
(713%) (52%) (30%)

8.5"
(26%)

75"

15 104" 5.3" 2.6"
(51%) (26%) (12%)
16 17.2" 11.4" 6.0"
(70%) (46%) (24%)
i —_____— _ — —___ _——

Note: Crack length is measured radially from the keyway, and percentage through flywheel is calculated as
the crack length divided by the radial length from the keyway to the flywheel outer radius.
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As shown in the above table, the critical crack lengths are quite large, even when considering
higher values of RTypr and a lower than expected operating temperature.

4.3.1 Fatigue Crack Growth

To estimate the magnitude of fatigue crack growth during plant life, an initial radial crack
length of 10% of the way through the flywheel (from the keyway to the flywheel outer
radius) was conservatively assumed. The fatigue crack growth rate may be characterized in
terms of the range of applied stress intensity factor, and is generally of the form

(Reference 4):

a‘.’% = C, (AK,)
where da/dN = crack growth rate (inches/cycle)
n = slope of the log (da/dN) versus log (AK,)
Co = scaling constant

The fatigue crack growth behavior is affected by the R ratio (K,,,/K,,,) and the environment.
Reference fatigue crack growth behavior of carbon and low alloy ferritic steels exposed to an
air environment is provided by the above equation withn = 3.07 and C; = 1.99 x 10'°S. (S
is a scaling parameter to account for the R ratio and is given by S = 25.72 (2.88 - R)>*?’
where 0 < R < |. Since the maximum stress intensity range occurs between RCP shutdown
(zero rpm) and the normal operating speed of approximately 1200 rpm, the R ratio is zero,
and S = 1). The fatigue crack growth rate for the flywheels may therefore be estimated by

93 - 199 x 107 (AK,)
aN

Assuming 6000 cycles of RCP starts and stops for a 60 year plant life (typical for RCP
design including the potential for extended plant life, and conservative for actual operation),
the estimated radial crack growth is as shown below:
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WHEEL
oD
(INCHES)

WHEEL
BORE
(INCHES)

WAY
RADIAL
LENGTH

(INCH)

LENGTH
FROM
KEYWAY
TO OD
(INCHES)

ASSUMED
INITIAL
CRACK
LENGTH

(INCHES)

Table 4-4: Fatigue Crack Growth Assuming 6000 RCP Starts and Stops

CRACK
GROWTH
AFTER
6000
CYCLES
(INCH)

76.50

9.375

0.937

32.63

3.26

0.08

2

75.75

8.375

0.906

32.78

3.28

0.23

10

72.00

16.125

0.906

27.03

2.70

0.07

14

65.00

8.375

0.656

27.66

2.1

0.02

15

72.00

30.500

0.390

20.36

2.04

0.05

16

65.00

13.800

o e e e e e ot

1.060

24.54

245

0.03

As shown in the above table, crack growth is negligible over a 60 year life of the flywheel, even when

assuming a large initial crack length.

4.4 Excessive Deformation Analysis

The change in the bore radius (a) and the outer radius (b) of the flywheel at the overspeed condition
may be estimated by the following equations (Reference 6):

Aa = 2 3+v)b?+(l -v)al

]
4 386.4

Ab'—" P

- 1 -v)b?+ 3+ 2
7 3563 ( v) ( v) a’]
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At the flywheel overspeed condition of 1500 rpm (157.08 radians/second), the change in the bore
radius and the outer radius is calculated as shown below:

Table 4-5: Flywheel Deformation at 1500 rpm

CHANGE IN CHANGE IN
FLYWHEEL BORE RADIUS OUTER RADIUS
GROUP (INCH) (INCH)

] 0.003 0.006

2 0.003 0.000

10 0.005 0.006
14 0.002 0.004
15 0.010 0.009
16 0.004 0.004

As shown in the table above, a maximum flywheel deformation of only 0.010 inches is anticipated for
the flywheel overspeed condition. As deformation is proportional to @, this represents an increase of
56% over the normal operating deformation. This increase would not result in any adverse conditions,
such as excessive vibrational stresses leading to crack propagation, since the flywheel assemblies are
typically shrunk fit to the flywheel shaft, and the deformations are negligible.

4.5 Summary of Stress and Fracture Results

The integrity evaluations presented in this section have shown that the reactor coolant pump flywheels
have a very high tolerance for the presence of flaws. The results obtained here are even better than
those obtained in earlier evaluations, because the application of leak before break has demonstrated
that flywheel overspeed events are limited to less than 1500 rpm.

There are no significant mechanisms for inservice degradation of the flywheels, since they are isolated
from the primary coolant environment. Analyses presented in this section have shown there is no
significant deformation of the flywheels even at maximum overspeed conditions. Fatigue crack growth
calculations have shown that for 60 years of operation, crack growth from large postulated flaws in
each of the flywheel groups is only a few mils. Therefore the flywheel inspections completed prior to
service are sufficient to ensure their integrity during service. In fact, the most likely source of
inservice degradation is damage to the keyway region which could occur during disassembly or
reassembly for inspection.
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Figure 4-1: Results of a Typical Reactor Coolant Pump Flywheel Overspeed Evaluation
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SECTION §
RISK ASSESSMENT: EFFECT OF INSPECTIONS

To investigate the effect of flywheel inspections on the risk of failure, a structural reliability :.nd risk
assessment was performed for each of the flywheel groups selected for evaluation in Sectior. 4. A
40 year plant life including the potential for an extended plant life of 60 years, and 12 mcath
operating cycles were assumed for the evaluation. The following subsections describe t.ie
methodology used and the results of this assessment.

5.1 Method of Calculating Failure Probabilities

The probability of failure of the RCP flywheel as a function of operating time t, Pr(t < t,), is calculated
directly for each set of input values using Monte-Carlo simulation with importance sampling. The
Monte-Carlo simulation does not force the calculated distribution of time to failure to be of a fixed
type (e.g. Weibull, Log-normal or Extreme Value). The actual failure distribution is estimated based
upon the distributions of the uncertainties in the key structural reliability model parameters and plant
specific input parameters. Importance sampling, as described by Witt (Reference 7), is a variance
reduction technique to greatly reduce the number of trials required for calculating small failure
probabilities. In this very effective technique, random values are selected from the more severe high
or low regions of their distributions so as to promote failure. However, when failure is calculated, the
count is corrected to account for the lower probability of simultaneously obtaining all of the more
severe random values.

To apply this simulation method to reactor pump flywheel (RPFW) failure, the existing Westinghouse
PROF (probability of failure) Software System (object library) is combined with the problem-specific
structural analysis models described in Section 4.3. The PROF library provides standard input and
output, including plotting, and probabilistic analysis capabilities (e.g. random number generation,
importance sampling). The result is the executable program RPFWPROF.EXE for calculation of pump
flywheel failure probability with time. The failure mode being simulated by the program is an initial
flaw, undetected during pre-service inspection, growing by fatigue crack growth due to pump startup
and shutdown until a cntical length is obtained. The critical length is that which causes the flaw stress
intensity factor due to pump overspeed during the design limiting event to exceed the fracture
toughness of the flywheel material.

The Westinghouse PROF Software Library, which was used to generate the RPFWPROF program, has
been verified and benchmarked in a number of ways. Table 5-1 provides a comparison of
probabilities from hand calculation for simple models where the only random variables are the initial
and limiting crack depths. The crack growth due to two independent mechanisms is deterministic
(variables are constant). As can be seen, the W-PROF calculated values agree very well (less than

4% error) for a number of different distributions and with the effects of importance sampling.
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Table 5-1: Simple Verification of Results for Westinghouse PROF Methods

Type of Import. Hand W-PROF
Distribution on Sampling Calculated Calculated Percent
Crack Depths (1) Shift (2) Prob. (3) Probability Error
Normal 0.0 0.1003 0.10004 -0.26 ||
Normal +1.0 0.1003 0.09889 -141 I
Log-Normal 0.0 0.1003 0.09880 -1.50
Log-Normal +1.0 0.1003 0.09652 -3.717
Uniform 0.0 0.1003 0.10393 +3.62
Log-Uniform 0.0 0.1003 0.10018 -0.12
Weibull 0.0 0.0950 0.0934 -1.68
| e o e ————————— e = s . " e
(1)  Same type of distribution on the random values of initial crach depth and limiting crack
depth.
(2)  Median value of initial depth shifted +1 standard deviation and median value of limiting
depth shifted -1 standard deviation when importance sampling (Reference 7) is used with
less than half the number of trials.
(3)  Calculated using stress-strength overlap techniques on crack depth.

The calculation of failure probability using the W-PROF methods and importance sampling was also
compared to that calculated by an altemative method for more complex models. The more complex
model also included the uncertainties in growth rate, which were also a function of the crack depth.
The altemative method was the @RISK add-in for Lotus 1-2-3 spreadsheets (Reference 8). As seen in
Figure 5-1, the comparison of calculated probabilities is excellent at the low probability values, where
importance sampling is normally used.

In the verification of the simplified piping fracture mechanics (SPFM) structural reliability programs
for risk based inspection (Reference 9), the calculated probabilities for thermal transient induced
fatigue crack growth were compared with results from the pc-PRAISE program (Reference 10).
PRAISE, which was developed by Lawrence Livermore National Laboratory for the NRC, is the
nuclear industry's standard for calculating the structural reliability of piping. As shown in Figure 5-2,
the comparison of calculated leak probabilities with the number of operating cycles, without the effects
of inspection, is excellent for both the SPFMPROF and SPFMSRRA programs. The SPFMSRRA
program uses Westinghouse developed approximations to estimate the changes in probability with time
due to changes in the input variables relative to a reference case. The reference case is initially
calculated using the SPFMPROF Program, which is the same type of program as RPF\WPROF.

When the same inservice inspection frequency and accuracy are used, Figure 5-3 shows that essentially
the same failure probabilities are calculated by pc-PRAISE, SPFMPROF and SPFMSRRA.

Therefore, it is concluded that the Westinghouse methods employed in calculating probabilities with
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the RPFWPROF .EXE program have been sufficiently verified and benchmarked for the assessment of
pump flywheel failure risk and the effects of inspection.

The input parameters to the RPFWPROF program are described in Table 5-2.

Variables | to 4 and 9

to 17 are the key input parameters needed for failure probability calculation, as identified in

Section 4 3. Their usage in the program is specified as shown in the last column of Table 5-2 and
scheratically in the flow chart of Figure 5-4. "Initial” conditions do not change with time, "Steady-
State” is not needed for RPFWPROF, "Transient” calculates fatigue crack growth and "Failure” checks
to see if the accumulated crack length exceeds the critical length.

Table 5-2: Variables for Structural Reliability Model of RCP Flywheel Failure

No. Name Description of Input Variable Usage Type
1 ORADIUS Outer Flywheel Radius (Inch) Initial Il
2 IRADIUS Inner Flywheel Radius (Inch) Initial "
3 PFE-PSI Probability of Flaw Existing After Preservice Initial
Inspection

4 ILENGTH Initial Radial Flaw Length (Inch) Initial

S CY1-ISI Operating Cycle for First Inservice Inspection Inspection

6 DCY-ISI Operating Cycles Between Inservice Inspections Inspection

7 POD-ISI Flaw Detection Probability . .r Inservice Inspection Inspection

8 DFP-ISI Fraction PFE Increases per Inservice Inspection Inspection

9 NOTR/CY Number of Transients per Operating Cycle Transient

10 | DRPM-TR Speed Change per Transient (RPM) Transient

11 | RATE-FCG | Fatigue Crack Growth Rate (Inch/Transient) Transient

12 | KEXP-FCG | Fatigue Crack Growth Rate SIF Exponent Transient

13 | RPM-DLE Speed for Design Limiting Event (RPM) Failure

14 | TEMP-F Temperature for Design Limiting Event (F) Failure “
15 | RT-NDT Reference Nil Ductility Transition Temperature (F) Failure 1F
16 | F-KIC Crack Initiation Toughness Factor Failure

DLENGTH Flywheel Keyway Radial Length (Inch) Failure

Variables S to 8 are available to calculate the effects of an inservice inspection (IS]) in the
RPFWPROF program. In a Monte-Carlo type simulation, the failure probability at a given time is
approximated as the ratio of the number of failures at that time to the total number of tnals. For
inservice inspections, this ratio is modified tc reflect the fact that only those cracks that are not
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detected will remain to possibly cause failure. That is, a component with a detected crack is assumed
to be repaired or replaced, returning it to a good-as-new condition. This modified ratio for ISI is
expressed by the following equation:

Pr, = Summation [ Pryp(n) F(n) ]/ N
n=]toN

Where:
Pr, = the approximate probability of failure,

Pryp(n) = the ISI non-detection probability for the nth trial,

F(n) = the failure weight for the nth trial
(e.g. 1 if failure occurs and O otherwise for no importance sampling), and

N = the total number of tnals (simulations).

The non-detection probability normally vanes as a function of time since it depends upon the size of
the crack at the tinic the ISI is performed. That is, the larger the crack size. the lower the probability
of not detecting it. This is also expressed in equation form for the Ith inservice inspection as:

Pryo(n) = Product [ Pryy(n.t)) ]
i=1to]

Where:
Pryp(n.t,) = the probability of non-detection for the inservice
inspection of weld n at time t,.

These equations, which are used in the simplified model for the effect of ISI, are consistent with those
described in the pc-PRAISE Code User’'s Manual (Reference 10). They are somewhat optimistic since
there is no cormrelation between successive inspections of the same material, which may systematically
occur in actual practice. The parameters needed to describe the selected ISI program are the time of
the first inspection, the frequency of subsequent inspections (expressed as the number of fuel or
operating cycles between inspections) and the probability of non-detection as a function of crack
length. For the reactor pump flywheel, the non-detection probability, which is independent of crack
length, is simply one minus a constant value of detection probability, variable 7 in Table 5-2. An
increase in failure probability due to pump inspection (chance of incorrect disassembly and
reassembly) was included in the ISI model but not used (vanable 8 set to zero).

The median input values and their uncertainties for each of the parameters of Table S-2 are shown in
Table 5-3. The median is the value at SO% probability (half above and half below this value): it is
also the mean (average) value for symmetric distributions, like the normal (bell-shaped curve)
distribution. Uncertainties are based upon expert engineering judgement and previous structural
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reliability modeling experience. For example. the fracture toughness for initiation as a function of the
reference nil-ductility transition temperature and the uncertainties on these parameters are based upon
prior brobabilislic fracture mechanics analyses of the pressure vessel (Reference 11). Also note that
the stress intensity factor calculation for crack growth and failure used the flywheel keyway radial
length (vanable 17) in addition to the calculated flaw length. This allowed the probabilistic models to
be checked using the results of the conservative deterministic evaluations of Tables 4-3 and 4-4.

Table 5-3: Input Values for Structural Reliability Model of RCP Flywheel Failure

Name Median Distribution Uncertainty*
ORADIUS Per Flywheel Group Constant
2 IRADIUS Per Flywheel Group Constant
3 PFE-PSI 1.000E-01 Constant
4 ILENGTH 1.000E-01 Log-Normal 2.153E+00
S | CYI-ISI 3.000E+00 Constant
6 DCY-ISI 4.000E+00 Constant
7 POD-IS1 5.000E-01 Constant jIl
8 DFP-IS1 0.000E+00 Con- .ant
9 | NOTR/CY 1.000E+02 Normal 1.000E+01 Jl
r :0 | DRPM-TR 1.200E+03 Normal 1.200E+02
11 | RATE-FCG 9.950E-11 Log-Normal 1.414E+00
" 12 | KEXP-FCG 3.070E+00 « Constant “
" 13 | RPM-DLE 1.500E+03 Normal 1.500E+02 “
14 | TEMP-F 9.500E+01 Normal 1.250E+01 JI
15 | RT-NDT 3.000E+01 Normal 1.700E+01
16 | F-KIC 1.000E+00 Normal 1.000E-01
DLENGTH Per Flywheel Group Constant

* Note: Uncertainty is either the normal standard deviation, the range (median to maximum) for
uniform distributions or the corresponding factor for logarithmic distributions.

Table 5-4 provides sample output from the RPFWPROF Program for the values of the input variables
in Table 5-3. The first page of the output describes the input that is used for the calculations. The
"SHIFT MV/SD" column indicates how many standard deviations (SD) the median value (MV) is
shifted for importance sampling (Reference 7). The second page of the output provides the change in
failure probability per fuel (operating) cycle and the cumulative probability. The deviation on the
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cumulative total that is output is the deviation due to the Monte-Carlo simulation only. Figure S-§
shows the computer generated plot comparing the calculated reactor pump failure probabilitics with
and without the effects of inservice inspection. As can be seen, the effect of ISI, even with a

50% probability of detection, is very small. This is because the [ailure probability is not changing
much with time; therefore, the rate of increase cannot be significantly reduced even for a perfect
inspection with 100% probability detection.

Table 5-4: Example Output from the RPFWPROF Program

STRUCTURAL RELIABTILITY AND RISK ASSESSMENT (SRRA)

WESTINGHOUSE PROBABILITY OF FAIILIRE PROGRAM RPFWPROF ESBU-NTD
INPUT VARIABLES FOR CASE 1: REACTUR (DQLANT PUMP FLYWHEEL FAILLIRE
NCYCLE = 60 NFAILS = 1000 NIRIAL = 9999
NOVARS = 17 NOVSET = 4 NUMIST = 4

NUMIRC = 4 NOMFMD = 5

VARIARLE DISTRIBUTION MEDIAN DEVIATION SHTPT USAGE
NO. NAME TYPE oG VALUE OR FACTOR MV/SD NO. SUB
1 ORADIUS - (ONSTANT - 3.6000D+01 1 SET
2 IRADIUS - QXNSTANT - 8.0625D+00 2 SET
3 PFE-PSI - (ONSTANT - 1.0000D-01 3 SET
4 ILENGTH NORMAL  YES 1.0000D-01 2.1528D+00 1.00 4 SET
S CYl1-IsI - QONSTANT - 3.0000D+00 1 ISI
6 DCY-ISI - (QONSTANT - 4.0000D+00 2 ISI
7 PAD-ISI - (IONSTANT - 5.0000D-01 3 Is1
8 DFP-ISI - (ONSTANT - 0.0000D+00 4 ISI
9 NOTR/CY NORMAL NO 1.0000D+02 1.0000D+01 .00 1 TRC
10 DRPM-TR NORMAL NO 1.2000D+03 1.2000D+02 1.00 2 TRC
11 RATE-FEG NORMAL  YES 9.9499D-11 1.4142D+00 1.00 3 TrRC
12 KEXP-F@G - QINSTANT - 3.0700D+00 4 TRC
13 RMM-DLE NORMAL NO 1.5000D+03 1.5000D+02 1.00 1 M
14 TevP-F NORMAL NO 9.5000D+01 1.2500D+01 -2.00 2 D
1S RT-NDT NORMAL NO 3.0000D+01 1.7000D+01 2.00 3
16 F-KIC NORMAL NO 1.0000D+00 1.0000D-01 -1.00 4 BAD
17 DLENGTH - NSTANT - 9.0600D-01 S M
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Table 5-4: Example Output from the RPFWPROF Program (Cont’d.)

PROBABILITIES OF FAIIURE MIDE: FATIGUE CRACK GROWIH SIF > TOUGHNESS

END OF

p

wN =

0000 0000000000000 00000O00O0 OO

11.

14.
18.
19.
24.
26.
31.
32.
34.
35.
38.
40.
46.
47.
50.
51.
52.

55.
58.
59.
60.

NUVMBER FAILED =

470

NUVBER OF TRIALS =

9999

FATLLRE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION

FOR PERICD

.00777D-08
.00713D-08
.70982D-11
.56616D-11
.40206D-13
.17369D-11
.71179D-10
.91939D-10
.59524D-09
.00973D-12
.07667D-11
.30332D-09
.87692D-11
.81125D-11
.30472D-10
.12340D-10
.93218D-11
.71264D-11
.12251D-10
.94921D-11
.0779%D 12
.88193D-12
.48702D-10
.17426D-11
.35600D-11
.43375D-11
.00000D+00

ONWVURFR ABNMNUVNIYIFODNNEHEKEENDHEPNDOAFRNDBEBNMNOVWOODELO

S O N o Tl T S N TN N N N S S S Ty Sy VN S S TR Y.

QM. TOUIAL

.00777D-08
.00149D-07
.00236D-07
.00272D-07
.00273D-07
.00294D-07
.00766D-07
.01058D-07
.02653D-07
.02659D-07
.02680D-07
.03983D-07
.04012D-07
.04030D-07
.04160D-07
.04273D-07
.04302D-07
.04389D-07
.04501D-07
.04581D-07
.04586D-07
.045689D-07
.05037D-07

.05049D-07
.05143D-07
.05167D-07
.05167D-07

DEVIATION ON QMILATIVE TOTALS =

Note:

(e.g. 4.28172D-08 is 4.28172 x 10%)
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FOR PERICD

9.00777D-08
1.00713D-08
8.70982D-11
8.91540D-12
1.17526D-13
2.71711D-12
5.88974D-11
1.82462D-11
9.97024D-11
9.39020D- 14
3.24480D-13
1.01822D-11
1.12380D-13
7.07521D- 14
5.09655D-13
2.19414D-13
2.86346D-14
4.25422D-14
5.48099D-14
1.94( 72D-14
1.239/3D-15
3.51798D-16
5.47732D-14
1.43343D-15
5.71045D-15
1.48544D-15
0.00000D+00

4.73585D-09

Failure probabilities are provided in doubie precision format

— M. TOTIAL

.00777D-08
.00149D-07
.00236D-07
.00245D-07
.00245D-07
.00248D-07
.00307D-07
.00325D-07
.00425D-07
.00425D-07
.004235D-07
.00435D-07
.00435D-07
.00435D-C7
.00436D-07
.00436D-07
.00436D-07
.00436D-07
.00436D-07
.00436D-07
.00436D-07
.00436D-07
.00436D-07

.00436D-07
.00436D-07
.00436D-07
.00436D-07

O B T T N S T D U P WY,

»

.63324D-09




5.2 Evaluation of Risk for RCP Flywheels

Evaluations were performed to determine the effect on the probability of flywheel failure for
continuing the current inservice inspections over the life of the plant and for discontinuing the
inspections. Since most plants have been in operation for at least ten years, the evaluation calculated
the c¢ffects of the inspections being discontinued after ten years.

It is impontant to keep in mind that the probability of failure determined by these evaluations is only a
calculated parameter. The reason for this is that the evaluation conservatively assumes that the
probability of a flaw existing after pre-ervice inspection is 10%, and that the ISI flaw detection
probability is only 50%. In reality, most preservice and ISI flaws would be detected, especially for the
larger flaw depths which may lead to failure. Therefore, the calculated values are very conservative.
(The effects of some important parameters on the calculated probability of failure are discussed later in
Section 5.3). The most important result of th~ evaluation is the change in calculated probability of
failure from continuing to discontinuing the inspections after ten years (cycles) of plant life.

As shown in Figures 5-6 through 5-11, the effect of inservice inspection on failure probability has
little effect on minimizing the potential for failure of the flywheel. The results of this assessment are
summarized as follows for a plant life of 40 and 60 years:

Table 5-5: Probability of Failure after 40 and 60 Years with and without Inservice Inspection

[ e
Probability of

fiywheel failure Probability of flywheel
with IS] prior to failure with ISI prior te 10 % Increase in failure
Flywheel and after years and without ISI after probability for eliminating
Group 10 years 10 years inspections
At 40 years At 60 years | At 40 years | At 60 Years Jl
1 245E-7 2.50E-7 2.57E-7 2 5 "
2 1.43E-7 1 .45E-7 1.47E-7 1 3
10 1.00E-7 1.04E-7 1.05E-7 4 5
14 2.98E-10 2.98E-10 2.98E-10 0 0
1.1SE-8 1.18E-8 1.22E-8 6
7.02E-9 7.02E-9

It can be secn above that continuing inspection after 10 years has essentially no impact on the failure

probabilities.
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5.3 Sensitivity Study

A sensitivity study was performed to determine the effect of some important flywheel risk assessment
parameters on the probability of failure. Flywheel group 10 was arbitrarily chosen for the study. The
parameters evaluated included the probability of detectivn. the initial flaw length, and the initial flaw
length uncertainty. The results of this study are summarized in the table below. Note that this study
was performed for a flywheel design life of 40 years.

Table 5-6: Effect of Flywheel Risk Parameters on Failure Probability

Probability of
flywheel failure

Probability of

Description of flywheel risk

flywheel failure
after 40 years with
ISI prior to and

after 40 years with
iSI prior to 10
vears and without

IS1 after 10 years

parameter varied after 10 years

e |

Base Case 1.00E-7

Probability of Detection of 10% 1.03E-7 1.04E-7 "

Probability of Detection of 80% | .00E-7 1.04E-7 “
“ Initial ﬂaw length of 0.05 inches 4.57E-8 4.74E-8 ]I

Initial flaw length of 0.20 inches 2.97E-7 3.01E-7 "

llength 3 Sigma Bound Factor of 3 6.40E-8 6.46E-8

1.95E-7

The values for the base case, shown in Table 5-6 abuve are for 4 10% probability of a flaw existing
after preservice inspection, an initial flaw length of 0.10 inch (1.006 inch with keyway), an initial flaw
length (llength) 3-sigma bound factor of 10. an initial inservice inspection at three years of plant life
and subsequent inspections at four year intervals, and a probability of detection of S0% per inservice
inspection (see Table S-S, flywheel group 10).

The fNaw detection probability was varied from 50% to 10% and 80%. Failure probability increased
approximately 3% for a decrease in flaw detection probability from 50% to 10%. Failure probability
did not change for an increase in flaw detection probability from 50% to 80%. Therefore, flaw
detection probability, which is a measure of how well the inspections are performed, has essentially no
effect on flywheel failure probability.

The initial flaw length was varied from 0.10 inch to 0.05 inch and 0.20 inches. Failure probability
decreased by 547 for a decrease in initial flaw length from 0.10 inch to J.0S inch. Failure probability
tnpled (. an increase in initial flaw length from 0.10 inch to 0.20 :nches. Therefore, initial flaw
length does affect flywheel failure probability, but the failure probability is small, even for Jarger
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initial flaw lengths. Moreover, the probability of the larger ilaw being missed during preservice
inspection would be even smaller than the assumed [0 percent.

The initial flaw length 3-sigma bound factor was varied from 10 to 3 and 20. Failure probability
decreased about 38% for a decrease in the 3-sigma bound factor from 10 to 3. Failure probability
increased about 90% for an increase in the factor from 10 to 20. Therefore, the uncentainty in the
deviation factor does affect flywheel failure pro*ability, but fai.ure probability is still small, even for a
higher 3-sigma bound factor of 20.

5.4 Risk Assessment Conclusions

An evaluation of flywheel structural reliability was performed for each oi the flywheel groups selected
for evaluation in Section 4, using methods which have been sufficiently venfied and benchmarked.

Using conservative input values for preservice flaw existence, initial flaw length, inservice flaw
detection capability and RCP start/stop transients, it was shown that flywheel inspections beyond ten
years of plant life have no significant benefit on the risk of flywheel failure. The reasons for this are
that most flaws which could lead to failure would be detected during preservice inspection or at worst
early in the plant life, and crack growth is negligible over the plant life. It should be noted that the
effect on potential flywheel failure from damage through disassembly and reassembly for inspection
has not been evaluated. It is believed that this effect could demonstrate that the risk of failure by
continuing flywheel inspections is the same as >r greater than the risk by eliminating the inspections.

Sensitivity studics showed that improved flaw detection capability and more inspections result in a
small relative change in calculated faili ' 2 probability. Failure probability was most affected by the
initial flaw length and its uncertainty. These parameters are determined by the accuracy of the
preservice inspection. The uncertainty could be reduced using the results from the first inservice
inspection but would probably not change much during subsequent inspections.
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SECTION 6
SUMMARY AND CONCLUSIONS

Reactor coolant pump flywheel inspections were implemented as a result of United States Nuclear
Regulatory Commission Regulatory Guide 1.14, which was published in 1971 and revised in 1975.

. Flywheels are carefully designed and manufactured from excellent quality steel, which has a
high fracture toughness.

o Flywheel overspeed is the cntical loading, but leak-before-break has limited the maximum
speed to less than 1500 rpm.

o Flywheel inspections have been performed for 20 years, with no indications of service induced
flaws.

. Flywheel integrity evaluations show a very high flaw tolerance for the flywheels.

. Crack extension over a 60 year service life is negligible.

. Structural reliability studies have shown that eliminating inspections after 10 years of plant life

will not significantly change the probability of failure.

. Inspections result in man-rem exposure and the potential for flywheel damage during assembly
and reassembly.

Based on the above conclusions. continued inspections of reactor coolant pump flywheels are not
necessary. Furthermore, overall plant safety could be increased by eliminating these inspections,
because man rem doses would be lowered, and the potential for flywheel damage during disassembly
and reassembly for inspection would ve eliminated.
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APPENDIX A

REGULATORY POSITION

The United States Nuclear Regulatory Commission (NRC) issued Regulatory Guide 1.14,

(Reference 1) to describe acceptable methods to ensure RCP flywheel integrity. Under Section C o!
the regulatory guide, the NRC Regulatory position is defined. This portion of the regulatory guide is
. provided below.

l. Material and Fabrication

a. The flvwheel material should be of closely controlled quality. Plates should conform to
ASTM A20 and should be produced by the vacuum-melting and degassing process or the
electroslag remelting process. Plate material should be cross-rolled to a ratio of at least
Il 10 3.

b.  Fracture toughness and tensile properties of each plate of a flvwheel material should be
check. 1 bv tests that vield results suitable to confirm the applicability to that flywheel of
the prc erties used in the fracture analvses called for in regulatory positions C.2.c, d,

and e.

c.  All flame-cut surfaces should be removed by machining to a depth of at least 12 mm
(172 inch) below the flame cut surface.

d.  Welding, including tack welding and repair welding, should not be permitted in the
finished flywheel unless the welds are inspectable and considered as potential sources of
flaws in the fracture analysis.

2. Design

a. The flywheel assembly, including any speed-limiting and antirotation devices, the shaft,
and the bearings, should be designed to withstand normal conditions, anticipated
transients, the design basis loss-of-coolant accident, and the Safe Shutdown Earthquoke
loads without loss of structural integrity.

b.  Design speed should be at least 125% of normal speed but not less than the speed that
could be anained during a turbine overspeed transient. Normal speed is defined as
svnchronous speed of the a.c. drive motor at 60 hert:.

¢.  An analvsis should be conducted to predict the critical speed for ductile failure of the
flvwheel. The methods and limits of paragraph F-1323.1(b) in Section 11l of the ASME
Code are acceptrable. If another method is used, justification shouid be provided. The
analysis should be submitted to the NP” staff for evaluation.
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d.  An analysis should be conducted to predict the critical speed for nonductile failure of the
Sflvywheel. Justification should be given for the stress analysis method, the estimate of flaw
size and location, which should take into account initial flaw size and flaw growth in
scrvice, and the values of fracture toughness assumed for the material. The analysis
should be submitted to the NRC staff for evaluation.

e An analysis should be conducted to predict the critical speed for excessive deformation of
the flywheel. The analysis should be submitted to the NRC staff for evaluation. (Excessive
deformation means any deformation such as an enlargement of the bore that could cause
separation directly or could cause an unbalance of the flywheel leading to structural
failure or separation of the flywheel from the shaft. The calculation of deformation should
employ elastic-plastic methods unless it can be shown that stresses remain within the
elastic range).

f The normal speed should be less than one-half of the lowest of the critical speeds
calculated in regulatory positions C.2.c, d. and e above.

g The predicted LOCA overspeed should be less than the lowest of the critical speeds
calculated in regulatory positions C.2.c, d, and e above.

3. Testing
Each flywheel assembly should be spin tested at the design speed of the flywheel.
4.  Inspection

a.  Following the spin test described in regulatory position C.3, each finished flywheel should
receive a check of critical dimensions and a nondestructive examination as follows:

(]) Areas of higher stress concentrations, e.g. bores, keyways, splines, and drilled holes,
and surfaces adjacent to these areas on the finished flywheel should be examined for
surface defects in accordance with paragraph NB-2545 or NB-2546 of Section lil of
the ASME Code using the procedures of paragraph NB-2540. No linear indications
more than 1.6 mm (1/16 inch) long, other than laminations, should be permitted.

(2) Each finished flywheel should be subjected to a 100% volumetric examination by
ultrasonic methods using procedures and acceptance criteria specified in paragraph
NB-2530 (for plates) or paragraph NB-2540 (for forgings) of Section lll of the
ASME Code.
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b.  Inservice inspection should be performed for each flywheel as follows:

(1)

(2)

(3)

(4)

(5)

An in-place ultrasonic volumetric examination of the areas of higher stress
concentration at the bore and keyway at approximately 3 vear intervals during the
refueling or maintenance shutdown coinciding with the inservice inspection schedule
as required by Section XI of the ASME Code.

A surface examination of all exposed surfaces and complete ultrasonic volumetric
examination at approximately 10 year intervals, during the plant shutdown
coinciding with the inservice inspection schedule as required by Section XI of the
ASME Code.

Examination procedures should be in accordance with the requirements of
Subarticle IWA-2200 of Section XI of the ASME Code.

Acceptance criteria should conform to the recommendations of regulatory
position C.2.f.

If the examination and evaluation indicate an increase in flaw size or growth rate
greater than predicted for the service life of the flywheel, the results of the
examination and evaluation should be submitted to the staff for evaluation.
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APPENDIX B
HISTORICAL INSPECTION INFORMATION: HADDAM NECK

The following chronological listing shows the results of reactor coolant pump flywheel inspections at
the Haddam Neck Plant:

1970 -  Prior to the April 1970 refueling outage, Westinghouse and the AEC, became concermed
about the possibility of cracks being initiated at or propagating from the intenior corners of
the keyway areas in RCP flywheels. Ultrasonic examinations were performed during the
refueling outage on all four RCP flywheels and revealed a <5§% amplitude indication on
RCP flywheel #4 in the bore keyway area and it was not recordable. The indication was
recorded by Westinghouse personnel purely for future reference purposes.

RCP flywheel #1 was liquid penetrant inspected in the bore area after it had been
removed from the shaft and no indications were observed.

Total radiation exposure for these first inspections was 1.038 Person REM and
included examination technicians, and engineering and maintenance personnel. This

amount of personnel radiation exposure has continued to be expended to complete
these inspections when they were required during the last 25 years.

-

&

~3

o
L]

In April 1971, the Inservice Inspection Program Requirements of ASME Section XI, were
put into the Plant Technical Specifications. Requirements were additionally added for
RCP flywheels, outside of Section XI Requirements, based on AEC request.

Technical Specification Requirement - One different flywheel shall be examined visually
and 100% volumetrically at every other refueling shutdown.

The AEC requested that all four flywheels be examined at the next refueling outage
before this inspection sampling program could be put into effect.

During the May 1971 refueling outage, all four flywheels were inspecied. The bore seal
weld area of RCP flywheel #4 was found to be cracked. The cracks were identified in
the bore seal weld and it’s associated heat affected zone. Cracked areas were removed by

grinding and weld repaired.

Review of the inspection data shows that these cracks may have been identified by the
ultrasonic examination indication reported in 1970, but the data is not conclusive. One
point that does stand out is that the material of the RCP flywheel #4 is Grade T-1 Boiler
Plate and is different than the other three flywheels which were fabricated to a

Westinghouse specification.
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1973 -

During the 1973 refueling outage, the inspection sampling program now required by
Plant Technical Specifications began. RCP flywheels #1 and #4 were examined. Both
flywheels were removed from their shafts. Cracks were discovered in the RCP flywheel
#4 bore seal weld area emanating from the weld repairs and in the existing seal weld
areas.

Westinghouse was contacted and recommended that the bore seal weld and associated
heat affected zone ve removed by grinding. Ultrasonic and liquid penetrant
examinations were performed following the grinding repair and no indications were
identified. Additionally, liquid penetrant examinations were performed in the bore pawl
areas of both RCP flywheels. Liquid penetrant indications were identified in RCP
flywheel #1 at two bore pawl areas. These indications were determined to be from
mechanical surface marks and were dispositioned as acceptabie.

Daring this time frame inspections continued under the sampling program provided in
Plant Technical Specifications with continuing efforts by CYAPCO to meet a request by
the NRC to comply with the inspection requirements specified in Regulatory Guide 1.14.

No further flaws/cracks were identified in any of the tiywheels. In 1980, one of the
flywheels had liquid penetrant indications in the bore keyway areas, but were once again
determined to be from mechanical surface marks and dispositioned as acceptable.

Plant Technical Specifications were changed under Amendment No. 87 to specifically

include reference to Regulatory Guide 1.14 inspection requirements.

During this refueling outage all four of the RCP flywheels were completely removed
from the motors and sent to Westinghouse for a 10-year refurbishment. RCP flywheel
#1 and #2 were examined to the requirements of Regulatory Guide 1.14 and magnetic
particle indications were found in the seal baffle surface fillet weld area of RCP
flvywheel #2. These indications/flaws/cracks were removed by grinding, weld repaired
and reinspected until no indications were found. RCP flywheel #3 was not required to
be inspected per Regulatory Guide 1.14 requirements. The RCP flywheel #4 bore seal
weld area that had been ground out in 1973 was machined smooth, liquid penetrant
inspected, and no indications were observed.

2No cracks have been identified on any of the RCP flywheels in the critical areas of the
bore and keyways since 1973.

No cracks have exceeded the critical flaw size needed to cause a catastrophic failure of
our flywheels in a normal operating overspeed condition.

All of the 1973 RCP flywheel #4 cracks were of a limited depth approximately
172" deep and the bore seal weld and heat affected zone is now totally removed.

Note: Additional details are available in Docket No. 50-213, B15320, dated
August 10, 1995.
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APPENDIX C

SAMPLE FLYWHEEL INSPECTION PROCEDURES
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ULTRASONIC EXAMINATION
REACTOR COOLANT PUMP FLYWHEEL
CONNECTICUT YANKEE

1. SCOPE

1.1 INIENT

1

1

.2

.3

This procedure shall be used in conjunction with Procedure NU-UT-1
unless otherwise specified. NU-UT-1 contains all the general
requirements applicable to this examination procedure. This pro-
cedure contains all the specific application requirements for the
examination of areas specified in paragraph 1.2.

AREAS OF EXAMINATION

This document covers the ultrasonic examination procedure for the
bore and keyway areas and the remaining volume of the Connecticut
Yankee reactor coolant pump (RCP) flywheels.

IXPE OF EXAMINATION

1. Volumetric examination shall be performed using ultrasonic pulse
echo 0° and 3%° beam technique applied to the gage holes in the
flywheel.

2. The examinations shall be performed manually using contact

search units.
2. REFERENCES
NU-UT-1 Ultrasonic Examination General Requirements.
Calibration block CYW-47.
Nuclear Regulatory Commission Guide 1.14.
ASME Section XI Code - IWA 2240.

3. PROCEDURE CERTIFICATION

The examination procedure described in this document is in conjunction with

Procedure NU-UT-1 and complies with Section XI of the ASME Boiler and
Pressure Code, 1983 Edition, Summer of 1983 Addenda, except where examina-
tion coverage is limited by part geometry or access.

1.

4. PERSONNEL CERTIFICATION

Each person performing ultrasonic examination governed by this proce-
dure shall be certified in arcordance with Procedure NU-UT-1.
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5.1

5.2

6.1

7.1

5. EXAMINATION REQUIREMENTS

EXAMINATION FREQUENCY

The nominal examination frequency shall be 5 MHz. Other frequencies

may be used if such variables as materials, attenuation, grain struc-
ture, etc., necessitates their use to achieve penetration or resolu-

tion.

EXAMINATION ANCLES AND COVERAGE

1. The bore and keyways and the remaining accessible volume of the
RCP flywheel shall be examined using special design 0° and 34%°
azimuth probes. Coverage will be limited to those areas of the
flywheel that can be scanned from the four gage hole probes in
each flywheel.

2. Other angles and techniques may be used if required for aid in
evaluating indications.

6. EQUIPMENT REQUIREMENTS

EXAMINATION EQUIPMENT

The following test equipment or its equivalent shall be provided for
examinations specified in this procedure.

1. Special design azimuth probes
2. Couplant
7. EXAMINATION SYSTEM CALIBRATION

Calibration using the .920" diameter azimuth probe shall be performed
as follows:

1. Fully insert the .920" diareter transducer and set the 0° on the
azimuth to coincide with the axial centerline and facing the
bore of the flywheel calibration block.

2. Inject couplant and establish acoustic contact.

3. Set the amplitude of the reflection from the bore to 1002 full
screen height.

4. Rotate transducer counterclockwise, CCW, through 90° and locate

the k" diameter through drilled hole. Adjust gain if necessary.

5. Using the sweep control, establish a 20" sweep on the display by
placing the signal from the sidewall at 5.75" along the time-
base. Return to the bore signal and place this at 10" on the
timebase.
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Through the use of the sweep control and delay control, repeat
the above procedure until the display is as described above.

6. Sensitivity: Rotate the transducer to locate the signal from
the number one k" diameter thru hole, see Figure 1, and adjust
signal amplitude from this reflector to 802 FSH. Rotate
transducer to locate signal from the number two k" diameter thru
hole and record 2 FSH. Draw DAC curve between two points
obtained from holes 41 and §/2. Rotate transducer to notch in
flywheel keyway and record ¥ FSH. If the CRT is saturated,
record the dB difference to bring notch signal to 802 FSH. £:§§

7. Attenuation: Locate the signal from the bore of the CYW-47 and
adjust the amplitude to 802X FSH and note the gain setting.
Locate the signal from the bore of the flywheel and set the
signal to 802 FSH and record the gain setting. The difference
between the gain setting on the calibration block and flywheel
must be added or subtracted to the instrument settings for
calibration to account for any attenuation differences between
the calibration block and the flywheel.

8. Repeat the above calibration steps for the .721" diameter and .125
34°* aziumth probe.

9. Upon completion of the calibration, ensure that all data and
instrument settings are recorded orn the appropriate calibration
data sheet (NU-UT-1, Figure 6).

7.2 CALIBRATION CHECKS

Calibration checks shall be performed in accordance with Procedure
NU-UT-1.

8. EXAMINATION PROCEDURES

1. Insert .920" diameter azimuth probe into gage holes on the RCP fly-
wheel and examine bore and keyway to maximum extent possible.

2. Insert .721" diameter azimuth probe into gage holes on the RCP fly-
wheel and examine bore and keyway to the maximum extent possible.

3. Insert the 3h° angle beam azimuth probe so that the transducer just
clears the threaded portion of the gage hole. Examine the bore and
keyway to maximum extent possible.

9. RECORDING CRITERIA

1. All indications with a signal amplitude >100% DAC at reference level
shall be recorded and investigated to ensure proper evaluation.

2. The reference point for recording all indications shall be as
. follows: Looking down at the top surface of the flywheel, locate all
indications clockwise, CW, from the gage hole in line with the
largest keyway in the flywheel. All radial and angular measurements
to recordable indications shall be taken from the exit point of the
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probe. A sketch of all recordable indications shall be attached to
the RCP flywheel data sheet.
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CALIBRATION BLOCK
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REVISION/CHANGE ATTACHMENT SHEET

Section Change

All Major Rewrite

All Major Rewrite

Para. 2.2 Charge Blocks to Read "Block*
Para. 7.1.6 Correct Typo

Para. 7.1.7 Reword 1st Sentence

Para. 7.1.8 Change 7.6.1 to Read *"7.2.1"
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2.0

3.0

4.0

UT-V-41°

Rev. 2
PURPOSE

This procedure grovides the ultrason:c examination requirements
for reactor coclant pump flywheel in accordance with the

applicable American Society of Mechar: 1| Engineers (ASME) Boiler
and Pressure Vesse! Code.

SCOPE

This procedure defines the method for ultrasonic examination
reactor coolant pump flywheel to facilitate preservice and
inservice inspection all high-stress regions (bnre, keyways and

bolt hole regions) with or without the removal of the flywheel
from its shaft.

Note: Applications in this procedure are not covered in Section

XI and are based on special techniques as allowed in IWA-
2240.

APPLICABLE DOCWMENTS

This procedure is written to comply with the requirements of the

following documents to the extent specified within this
procedure.

3.1 ASME Boiler and Pressure Vessel Code, Section XI, 1983
Edition with Addenda through Summer 19€3, "Rules for
Inservice Inspection of Nuclear Power Plant Components."

3.2 ASME Boiler and Pressure Vessel Code, Section V, 1983

Edition with Addenda through Summer 1983, "Nondestructive
Examination."

3.3 U. S. Nuclear Regulatory Commission Regqulatory Guide 1.14

"Reactor Coolant Pump Flywheel Integrity" Revision 1 dated
August 1975,

RESPONSIBILITIES

4.1 The Manager- Inspection and Tes ing Services shell be
responsible for the approval and control of thi. procedure.

4.2 An ITS NDE Level III individual certified in ultrason:z
examinaticn 1s responsible for having ultrasonic procedures
and techn:gues developed, approved, and for assuring that
this procedure, when correct!y followed, will detect

discontinuities which do not meet the applicable acceptance
standards.
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5.0 QUALIFICATION OF ULTRASONIC EXAMINATION PERSONNEL

6.0

5.1 All personnel performing ultrasonic examinations in
accordance with this procedure shall be gqualified and
certified ts the regui.rements of a procedure (written
practice) written and approved by ITS 1n accordance with the

"American Society of Nondestructive Testing" (ASME)
SNT-TC-1A.

5.2 The ultrasonic examination may be performed by a Level I
Examiner under the direct supervision of a certified Level
II or Level III individual in ultrasonic examination;
however, all interpretation of the results shall be

performed ky a lLevel II or Level III examiner certified in
ultrasonic examination.

ULTRASONIC EQUIPMENT

6.1 The Ultrasonic Instrument

6.1.1 A pulse-echo type ultrasonic instrument with an

A-Scan presentation and operating frequencies of one
to ten MHz shall be used to perform examination in
accordance with this procedure.

6.2 The Ultrascnic Transducer Search Unit

6.2.1 Search units with a nominal frequency of 2.25 MHz

shall be used for examination in accordance with
this procedure.

6.2.2 Search unit cize for the "periphery" scan shall be
.750" to 1.00" diameter straight beam.

6.2.3 Search unit size and configuration for "radial gauge
hole" and "keyway corner" examinat.on will be a
special desygn internal probe from :he gauge hole.

6.2.4 Upon ITS NDE Level III concurrence, other
frequencies and sizes of search units may be used if
product grain structure precludes achieving the
necessary penetration or sensitivity required.

6.3 Couplant

Any commerz.ally available ultrasonic couplant may be used
and shall e cert-£f.:ed for total sulfur and halogen content
1n accordance with the American Society for Testing and
Materials ASTM) Z-129 and D0O808. The <zotal residual amount

of sulfur znd halcgen shall not exceed one percent by
weight.
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UT-V-417
Rev. 3
6.4 Reference Block

Reference blocks (e.g., IIW, ROMPAS, DSC) if used, shall be
of the same material as the component to be examined.

6.5 Calibration Block

The flywheel to be examined shall be used for calibration.

6.6 CABLES

Coaxial type cables shall be used and may be of any
convenient length not to exceed 50 feet (unless permitted by
qualification). The type and length shall be recorded on

the Reactor Coolant Pump Flywheel Report, (Figure 417-1), or |
equivalent form.

SURFACE PREPARATION

The finished contact surface shall be free from any roughness
that would interfere with free movement of the search unit. This

examination and calibration may be performed through tightly
adhered paint.

EQUIPMENT CALIBRATION

8.1 A daily linearity, as a minimum, shall be performed to

verify the instrument to linearity requirements of Procedure
UT-V-455.

8.2 The reject control shall be placed and remain in the "O"

(off or minimum) position during calibration and
examination.

8.3 Temperature of the flywheel shall be recorded on the Data
Report.

8.4 The equipment calibration shall be performed in accordance
with the following and the results documented on the Reactor

Coolant Pump Flywheél Report, (Figure 417-1), or equivalent
form.

8.4.1 Keyway Corner Examination

8.4.1.1 Reflections from the bore of the flywheel
shall be used for calibration.

8.4.1.2 From the gauge hole, obtain the maximum

reflection from the bore of the flywheel
using the special gauge hole probe.
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8.

8.

q.

4.

8.4.1.3

8.4.1.4

TT-V-417
Rev. 3

Establish a horizontal screen range by
setting the response from the flywheel
bore at a maximum of 60 percent of the
instruments screen range.

Bring the bore reflection to 80% FSH.
This shall be the primary reference level.

Radial Gauce Hole Examinations

8.4.2.1

8.4.2.2

8.4.2.3

8.4.2.4

Periphery

Reflections from any two holes shall be
used for calibration. The hole selected
for the longest metal path shall be a
maximum of 25 inches.

From the hole, obtain the maximum response
from the nearer of the two holes. 3et
this response at 80% FSH.

Without changing the gain setting, obtain

the maximum response from the remaining
hole.

Mark these amplitudes on the CRT. Connect
the two points with a smooth line. Extend
the DAC to cover the maximum calibrated
screen width. This shall be the primary
reference level.

Examination

8.4.3.1

8.4.3.2

8.4.3.3

8.4.3.4

From the edge of the flywheel, obtain the
maximum response from any two holes with a
minimum of 10 inches metal path
separation.

Egqtablish the horizontal screen range to
coincide with the hole location from the
edge of the plate. The response obtained
from the hole with the greatest metal path
shall be set between 50-80 percent of
screen range.

Construct a DAC curve by setting the
maximum response from the hole with the
shortest metal path at 80% FSH.

Without changing the gain setting, obtain
the maximum response from the hole with
the greatest metal path. Mark these
points on the CRT and connect them with a
smooth line to cover the examination area.
This snall be the primary reference level.
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8.5 Calibrat:on Checks

8.5.1 A calibratior check shall be perf~rmed at the

beginning and end of each examinaticn or every 12
hours, whichever is less.

8.5.2 If, in the opinion of the examiner, the validity of
the calibration is in doubt, a calibration check
shall be perfc:med.

8.5.3 If any point of the calibration check has moved on
the sweep line by more than 10 percent of the sweep
division reading, correct the sweep range
calibration and note the correction on the
applicable calibration sheet. If recordable
indications are noted, the examination is voided,
and a new calibration Section 8.0) shall be recorded
and the voided examination shall be reexamined.

8.5.4 If any point of the calibration check has decreased
20 percent or 2 dB of its amplitude, all data and/or
calibration sheets since the last calibration or
calibration check shall be recorded and the voided
examinations shall be reexamined.

8.5.5 If any points of the calibration check was increased

more than 20 percent or 2 dB of its amplitude, all
recorded indications since the last valid
calibration or calibration check may be reexamined
with the courrected calibration and their value shall

be recorded on the applicable calibration and data
sheet.

9.0 EXAMINATION PROCEDURE

9.1 Keyway Corner Examination

9.1.1 Scanning of the keyway corners shall be accomplished
starting at the top of the gauge hole and rolling
the sound belam from the bore over to examine the
keyway and back. Insert the probe with a minimum of

25% overlap and repeat until the entire length of
the keyway has been examined.

9.1.2 <=Zach gauge hole shall be used to examine the keyway
corners for 1ndications propagating from the keyway.

9.2 Radial Gauge Hole Examination

9.2.1 Scanning shall be accomplished by inserting and
retracting the probe the full length of the gauge

hole and overlapping a minimum of 25% for each
insertion.
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9.2.2 <tach gauge hole shall be used to scan the complete
available portion of the flywheel cross-section.

9.3 Periphery Examination

9.3.1 Scanning from the edge shall include the area from
the edge up to and including the gauge holes.

9.3.2 The transducer shall be moved across and along the
flywheel edge so as to scan the entire edge
overlapping each scan by a minimum of 25% of the
transducer diamecter.

9.4 Scanning speed shall not exceed six inches/second.

9.5 Scanning shall be performed at a minimum gain setting of two
times the primary reference level sensitivity (6 dB).

NOTE:

If conditions such as material properties produce noise
levels which preclude a meaningful examination, then
scanning shall be performed at the highest possible
sensitivity level above the primary reference level. The
examiner shall note the dB and the reason on the applicable
data sheet and notify the site NDE coordinator to proceed
per the applicable ITS PM Procedure 2-1.

9.6 Upon completion of the ultrasonic examination, the couplant

shall be removed from the area of examination to the extent
practical.

10.0 INVESTIGATION OF INDICATIONS

10.1 All indications shall be investigated to the extent that the

examiner can determine the size, identify and location of
the reflectors. .

10.2 Previous data, when applicable, shall be made available to
the rechnicians to provide gprevious examination information.

11.0 RECORDING OF INDICATIONS

11.1 For the keyway corner examination, all indication which
exceed 10% of the primary reference level shall be recorded.

11.2 For the radial gauge hole or periphery examinations, all
indications which exceed 50% DAC shall be recorded.
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NOTE:

Geometric reflectors in the flywheel shall be verified by
physical measurements and need not be recorded.

"12.0 REPORTING INDICATIONS

12.1 It shall be the responsibility of the Level II or level III
individual certified in ultrasonic examination re review,
evaluate the disposition all recordable indications to
determine their reportability requirements. Previous data
shall be made available to the reviewer/evaluator for
appropriate indication disposition.

12.2 Reportable indications or other indications determined to be
significant by the ITS Level II or level III individual
shall be reported to the operating company in accordance
with ITS PM Proce-ure 3-4.
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VOGTLE Z_ECTRIC GENERATING PLANT Southern Nuclear Operating Company

Reactcr Coolant Pump Fl:.wheel Report UT-V-Form 015
Plant/Unit: RCP Flywheel No:
Isometric Drawing No: Procedure/Revision/Deviation:
Couplant Batch No: Sheet No:
Transducer Periphery Exam Gauge Hole & Keyway Exam
Serial No:
Size:
Frequency:
Equipmer.t
Instrument: Frequency: Damping:
Serial No: Rep. Rate: Reject:
Cable Type: Cable Length:

Calibration/Examination

Keyway Corner Screen Range: % FSH
dB:
Screen Div: NI _ NRI __ RI __
Bolt Hole Region Screen Range:
dB:
Screen Div: NI _ NRI __ RI __
Periphery Screen Range:
dB:
Screen Div: NI NRI RI
Remarks:
Examiner/SNT Level: Examiner/St” Level:

Technical Review: Non Technical Review:

Figure 417-1
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1-1/2% x 3-3/4*~
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Vogtle Reactor Coolant
Pump Flywhneel

Figure 417-2
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1.0  BURPOSE

1.1 The purpose of this procedure is to describe the techniques for manual uitrasonic
examination of TMi-1 Resctor Coolant pump motor assembly fiywheels,

2.0 PPLICABILITY PE

2.1 This procedure is applicabie to ati certified GPUN and contractor personnel assigned by
GPUN to pertform manual ultirasonic examination of reactor coolant pump flywheels.

2.2 The requirements of this procedure delineate the manual ultrasonic technigues 1o detect.
locate and dimension indications in the reactor coolant pump motor assembly flywheels in
accordance with Reference 6.2

3.0 DEFINITIONS
3.1 None.
4.0 PROCEDURE

4.1 Personne! Qualification and Certification

4.1.1 GPUN personnei performing examinations to this procedure shall be certified in
accordance with Reference 6.3.

4.1.2 Contractor personnel performing examinations to thus procedure shall be qualified
and certified in accordance with the Contracror’'s written practice which has been
approved by GPUN or they may be certified in accordance with Reference 6.3.

a.13 At le3st one member of the examingtion crew shali be certified vevel It UT
inspector or higher.

414 The examination crew should demonstrate practical proficiency in applying the
technical requirements of this standard to a GPUN UT Level {1,

4.2 Material/Equipment

4.2.1 Flaw detector

4.2.1.1 A puise echo uttrasonic flaw detection instrument capable of
penerating frequencies from 1.0 10 5.0 MHZ shall be utilized. The
instrument shall contain @ stepped gain control. calibraied in units of
2db or iess. and shall be accurate over its useful range 10 =0% of
the nominal amplitude ratio which will sllow comparison ot
‘indications beyond the viewable portion of the CRT.

4.2.2 Search units

4.2.2.1 Angle beam and straight beam search units shall be single element
with 3 nomina! frequency of 2.25 MHZ. Other frequencies may be |

4.0
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used to overcome variables caused by materisl properties and for
purposes of evaluation of indications. Use of other frequencies shall
be approved by a3 GPUN UT Level |I! and recorded on Exhibit 1.

4.2.2.2 Examinations shall be performed utilizing 3 45¢ beam angle for
fiywheels #1 and #4 from the top and bottom surfaces respectively.

4.2.3 Angle beam exit point/angle verification

4,2.3.1 Prior to performance of examinations the exit point of the search
unit wedge (angle beam) shall be verified utilizing a standard |W
block or mini-lIW block. This verification shall be performed daily
prior t0 8any examinations being performed.

4.2.3.2 Prior to performance of examinations, the actual beam angle shall be
determined utilizing a carbon steel IW block or mini-liw block. This
shall be done to verify that the beam angle s within the required
range of =° of the nominal angle of the search unit wedge. This
verification shall be performed daily prior to any examinations being
performed. The actual angle and nominal angle of the search unit
wedge shall be recorded on Exhibit 1.

4.2.4  Coaxial cables

4241 Coaxial cable assembly shall be of any convenient length not to
exceead 50 feet.

4.2.5 Couplant

4.2.5.1 Any GPUN approved couplant, such as Ultraget li, which provides
intimate contact required for the transmission of high frequency
vitrasound shall be acceptable for use. Use of couplant shall be as
required by reference 6.8.

4.2.5.2 The minimum amount of couplant should be utlized to prevent
- . damage to the motor windings.

4.25.3 Couplant shall be removed from the flywheels after completion of
the examinations.
. 4.2.6 Calibration standard
4.2.6.1 The pump motor assembly flywheels have calibration holes as
. shown in Exhibits 3 and 4. These holes may be utilized for the nitial

calibration if directed by a GPUN UT Level lil. Flywheel Calibration
Standards TMi 370 (Flywheel #1) and TMI 371 (Flywheel #4) shall
be used to establish the sweep range of the instrument and DAC
curve. To establish the primary sensitivity level for examinatuon, the
transfer method. which is outlined in paragrach 4.4.3.6, shall be
performed when using calibration standards.

5.0
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4.3 Prerequisites
4.3.1 Surface preparation

4.3.1.1 Surfaces to be examined shall be clean and free of foreign materisl

which could interfere with the performance of the exsmination or
conduction of sourd energy into the part.

NOTE
| Precautions shall be taken to prevent loose parts from falling into
! motor flywheel agssemblies whenever access is gained to the

| flywheels.
e e e

4.3.2 Examination records

43.2.1 Baseline and subsequent examination records should be available for
review.

4.3.3 Maimenancé and Operation Preparation
4.3.31 Operation of ihe fiywheel motor lift pumps shall be coordinated with

the control roocm. The motor lift pumps must be energized before
the flywheels can be rotated.

43.3.2 The oil drip pan should be removed for access 10 the lower flywheel.
a.4 Calibration
4.4.1 instrument calibration

44.1.1 instrument calibration for screen height, horizontal and amplitude
control linearity shall be in accordance with References 6.4.

44.1.2 For instruments and search units, maintenance, calibration and
performance characteristics shall be as required by reterence 6.9.

4.4.2 .Svstom calibration

4421 Calibration shall include the complete ultrasonic examination system.
Any change in search units, shoes, couplants, cables, ultrasonic
instrruments, recording devices or any part of the examination
system shall be cause for a calibration check. The calibration shall
be performed on flywheel calibration standards and the transfer
method identified in paragraph 4.4.3.6 shall be performed.

4.4.2.2 The maximum reflector response, during calibration, shall be

obtained wrth the sound beam oriented essentially perpendicular to
the axis of the calibration reflector. The centerline of the search unit

6.0
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4.4.2.3

4.4.2.4

shall be a minintum of 3/4° from the nearest edgc of the calibration
standard. Rotation of the sound beam into'a corner formed by the
reflector and the side of the block may produce a higher amplitude
signal at a longer beam path, this beam pat!: shall not be used for
calibration.

The temperature difference between component to be examined and
the basic calibration block shall not exceed 25¢F.

The transfer method 3s described elsewhere in this. procedure may
be omitted by a GPUM Level Il if there is reason 10 question the
reliability of the results or if unchininable.

443 450 angle beam calibration

4.4.3.1

Calibration shall be performed on Calibration Standard TMI-270 for
fiywheel #1 and TMI-371 for flywheel #4. Side drilled holes (SDH)
are present in each flywheel as identified in Exhibits 3 and 4,
however, only the 1/2T SDHs shall be utilized tor the transfer
method.

NOTE

| Calibration may be performed directly on the flywheel but only

' as dnrected bv aGPUN uT Level i,

4.43.2

4433

4434

44.3.5

To determine the 45° angle beam sweep calibration on flyv/heel #1,
uvtilize Calibration Standard TMI-370 and place the bottom notch at
the 4.2 screen position and the tap notch at 8.4. The instrument
sweep is now calibrated to represent 107 of metal path.

On Calibration Standard TMI-370 for Flywheel #1, establish a DAC
curve by adjusting the gain to set the bottom notch signal at 80%
+ % FSH at screen position 4.2. Without changing gain, peak the
top notch signal at screen position 8.4 and mark the location on the
screen. Plot a DAC curve by connecting the peak signal locations
(marked on the CRT screen) with a straight line and-extrapolate
through the full examination range. Note the gain serting (db) on
Exhibit 1.

On Calibration Standard TMI-370, locate the 1/2T $SDH ana establish
a signal between 50% and 80% FSH and note the signal height and
gain setting (db) on Exhibit 1.

On flywheel #1, locate the 1/2T SDH by scanning adjacent to the
edge of the flywheel (i.8. 1 to 3 inches) as the flywheel 1s being
slowly rotated or by visually locating the holes between the fiyvwhaeel
face and the motor housing or both,

7.0
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4.4.3.6

directed and

4.43.7

4.43.8

4.43.9

4.4.3.10

4.43.11

The ransfer method shall be used t0 note the difference in gain (db)
between the response received from the 1/2Y signal in the
calibration standard and the 1/2T signal in the flywheel and add or
subtract the difterence 10 the reference level established by the
bottom notch. This level shall be primary reference level and the
difference shall be noted on Exhibit 1.

| Other transfer methods may be utilized such as the two search
E unit techniques with the sound opposing each ather, but only as
approved bPUN Lvel il

To determine the 45° angle beam sweep calibration on Flywheel #4,
utilize Calibration Standard TMI-371 and place the /2T signal at
screen division 3, the 3/4T at 4.5 the bottorm notch at 6 and the 1
1/4T at 7.5. The instrument svvéep 1S now calibratcd to represent
20" of metal path.

On Calibration Standard TMI-37 for tiywheel #4, estabish a DAC
curve by adjusting the gain to set the 1/27T signal at 80% +5% FSH
at screen position 3 and mark its position on the CRT. Maximize the
response from the 3/47 and 1 1/4T SDHs and mark their positions
on the CRT. Note the gain sertting (db) on Exhibit 1, since this
reference leve! will be utilized for the transfer method on the
flywheel. Connect the marks with a straight line and extrapolate
through the thickness being examined.

Locate the bottom notch signal on Calibration Standard TMI-371 at
screen division 6. Increase or decrease the gain to set the peak of
this signal to the DAC curve line. Note this gain setting (db) on
Exhibit 1.

On fiywhee! #4, locate the 1/2T SDH as identified in paragraph

4.4 3.5 for flywheel #1. With the gain setting and signal height
trom the 1/2T SDH In paragraph 4.4.3.8, utilize the transfer method
as outlined n paragraph 4.4.3.6 10 determine the db difterence
between the 1/2T SDH in fiywheel #4 and the 1/27 SDH responsc
on Calibration Standard TMI-371.

Add or subtract the db difference established in paraqgraph 4.4.3.10

to the gain serting established in paragraph 4.4.3 9. This gain
serting shall be primary reference level.

8.0
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4.4.4 System calibration confirmation

4.4.4.1 The sweep range and primary DAC curve shall be checked and
verified:

- At the beginning of each day of examination,

. At least every four {4) hours during performance of
examinations,

- It any component of the test system is changed fi.e.,
instrument, transducer, coaxial ¢cable, etc.).

- After any change in parsonacl,

At the completion of e examination to wiich the calibration
applies.

It the operator suspects any maltunciion of the UT sysizm,
In the event of a power (0SS.
4.4.%5 Calibration changes
4.4.51 If any point on the DAC'curve nas decreascd 20% of its amplitude.
all data sheets since the last callbration check shall be marked void.

A new calibration shall be performed and recorded and the voided
examination area(s) shall be re-examine:d.

445.2 if any point on the DAC curve has increased more than 20% of its
amplitude, recordable indications taken since the last valid
calibration or calibration check may be re-examined with the cutrent
calibration and their values changed cn the data sheets.

4.4.5.3 If any point on the DAC curve has moved on the sweep line mare
than 10% of the sweep division reading, correct the sweep range
calibration and note the correction on the appropriate data sheets. If
recordable indications are noted on the data sheets, those data
sheets shall be voided and a new calibration shall he recorded and
the examination areas shall be re-examined.

4.9 Examination procedures
4.5.1 Examination of base material for laminar type reflectors.

45.1.1 Base material adjacent to the inner bore region on flywheels #1 and
#4 and the bolt holes on flywheel #1 shali be scanned with 3
. longitudinal (O degree) search unit to detect discontnuities which
may intertere vvith the transmission of shear waves during angle
. . beam examination. {See Exhibit 7)

8.0
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The requirements of paragraph 4.5.1.1 apply only when there is

a reason to question sound penetration such as excessive loss of
| back reflection or existence of abnormal geometric reflcctars
} which dampen.

4.5.2 General requirements.

4.5.2.1 All angle bearn examinations shall be pertormed at a scanning
seasitivity level 8t 2x (+6 db) greater than thie calibrated reference
sensitivity level.

4.5.2.2 Scan speeds shall not exceed six (6) inches per second. Scan the
exposed areas within each access port prior to moving the flywheel
10 the next adjacent area for each system calibration.

4.5.2.3 All angle beam examinations shall be performed in two directions
(i.e. beam directed essensally clockwise and counter clockwise
around the flywhee! bore regions and bolt holes as depicted on
Exhibits S and 6).

4.5.2.4 Beam angles other than 450 may be utilized as directed and
approved by a GPUN UT Leve! iil.

4.5.3 450 Angle Beam Examingtion

4.5.3.1 On flywhee! #1, the top surface is accessible through access pons |
through 3. The area of interest for the top fiywheel is the inside
bore region which includes the keyway and all accessible areas
surrounding the four (4) bott holes (Reference Exhibits S and 6).

4.53.2 On ¢‘lywheel #4, the bottom surface 1s sccessible through one
access port. The area of interest for the bottom fiywheel is the
inside bore region which includes the keyway.

4533 For barh Flywheeis #1 and #4, the examination requirements for the
inside bore region and keyway are identified on Exhibit 5. Exhibit 6
delineates the requirements on flywheel #1 tor examination of the
areas surrounding each bott hole.

4534 For the inside bore region, Keyway angd the areas surrounding the
bolt holes, scanning shall be performed on a tangential line or on a
line perpendicular to the flywheel and bolt hole radii. The scan
width (w) shall be as identified in Exhibits S and 6. The minimum
overiap ot the search unit shall be 25% of the search unit width.
The search unit shall be oscillated a minimum 6f 150 in each
direction for each paraliel path.

10.0
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wmﬂ_
NOTE

Due to access restrictions and surface ared limitations, the
scanning distances and patterns will be a best effort activiry.
Limitations and restrictions shall be documented on the UT
Examination Data Sheet, Exhibit 2, or 8 Limited Examination

45.3.5 450 angle beam examination ot flywheels ¥ 1nd #3 is not possible
unless the fiywheels are disassembled.

454 Evaluation/Interpretation

4.5.4. Indicauons showing a signal ampiitude response equal to or greater
than 20% of the reference response Shall be investigated to
determine their origin (geometric or non-geometric). f an indication
is determined geometric, it necd not be recorded.

4.54.2 Evaluation of indications shall be made at the reference sensitivity
level and 1n accordance with the requiremen:s cf the Reference 6.6.

454.3 Non-geometric indications showing a signal ampitude response
equal 10 or greater than 50% of the reference sensitivity level shall
be recorded on the data sheet.

45.4.4 Each recorded indication shall be identified on the data sheet as t0
depth, ength, signal amplitude and location.

4545 In order to determine depth and length of a flaw, flaw sizing
techniques, as delineated in Reterence 6.7. may be required.

454.6 Calibration and examinatron resuits shail be dhocumented on the
applicable data sheets Exhibits 1 and 2.

4.6 Reporting

4.6.1 ' The distribution of NDE/1SI data shall be prrtermed in accordance with Reference
6'5-

4.7 QA Records

4.7.1 All calibration and examination results shall be recorded on Exhibits 1 and 2, as
applicable, and are considered permanent QA Records.

. 4.7.2 All forms must be totally filled out as applicabie, then signed and dated for the
day the examination was performed. There shall be no biank spaces on any farm
after completion. if there is no information available for a particular space. the
spacc shall be filled in with "N/A".
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473 Errors on dats tonms shall not be covered or eradicated with white-cut (liquid
paper). Any error which may occur shall be crossed out with a hne, initialed and
dated by the person making the change. All forms stall be filled ou: with black
ink.

4.7.4 Record retention and transmittal shall be in accordance with F.icrence 6.5,

5.0 BESPONSIBILITES

5.1

Responsibilities are as defined earlier in this procedure.

6.0  REFERENCES

6.1

6.2

6.3

6.4
6.5
6.6
6.7

6.6

6.9

ASME Boiler and Pressure Vessel Code. Section V, Non-destructive Examination, Article S,
1986 Edition, No addenda

TMI-1 Technical Specifications Section 4,2.4

GPUN Procedure 5361-ADM-7230.01, Qualification and Certification of NNOE Examination
Personne!

GPUN Procedure 5361-NDE-7209.17. Ultrasonic instrument Linearity
GPUN Procedure 5361-ADM-3272.03, Control and Processing of NDE Data
GPUN Procedure 5361-SPC-7230.26. Evaluation of Recordable Indications
GPUN Procedure 5361-NDE-7209.10, Uhrasonic Sizing of Planar Flaws

TMI Administrative Procedure 1104-28Q. Mixed Low Level Radioactive Waste Control
Program

GPUN Procedure 5361-NDE-7209.18, Calibration and Maintenance of Nondesiructive
Examinaton ‘Equipment

TMI Administrative Procedure 1068 - Controlled Consumable Materials

12.0
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7.0 EXHIBITS

7.1 Exhibit 1 - UT Calibration Data Sheet (Typical).

7.2 Exhibit 2 - UT Examination Data Sheet (Typical).

1.3 Exhibit 3 - Configuration of Flywheel #1.

7.6 Exhibit 4 - Configuration of Flywheel! #4.

7.5 Exhibit 5 - Scanning Requirements for flywheel #1 and 4 inside bore region and keyway

7.6 Exhibit 6 - Scanning Requirements for flywheel #1 bolt hole region

7.7 Exhibit 7 - Straight beam scan requirements for laminar reflectors

13.0
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EXMIBIT 1
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EXHIBIT 2
UT EXAMINATION DATA SHEET
-TYPICAL-
{dd7 Nuctesr Ultrasonic Examination Data Sheet Poge __of __
Locstion: T30OC JTMLY STML2 NOE Requent Data Sheet No.
Clase: j Hom
Task Owmopaon: | Tesk No.: | Date:
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EXHIBIT 3

RATION OF | -~

— - ny ma W —

FLYWHEEL #1
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EXHIBIT 4
CONFIGURATION OF FLYWHEEL #4

Ryeums 64 Caiwymn
Rige Mgy e of Punw N Cawwy)

E4-1

FLYWHEEL #4

0 ey Baa :
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EXHIBIT 5

SCANNING REQUIREMENTS FOR FLYWHEEL #1 AND #4

INSIDE BORE REGION AND KEYWAY

Reywey wmauin
Innar

Spoke
() of B) Diemeter
laner bdors and Foreverd/Backvard Scan $can
Leyvay Scan Distence wigehlw) Direction
(1) Flywheel #} 3.5"(1/2%) to 7"(full V') ) 8 360 Cw & COV
(2) Flywheel & 0" (Surface) te 8.47(1/2V) B Je0° CW & CC¥
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80:z Yole Scar._Jistance Viqrhiw) direction
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Vet 1.68" dis 3.8"CL/2v) o 77(Full V') 2.9 JeNo Cv 6 LC=
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Scans i & 2 asy be perforwmed simultsneously n bothCW s CCV girectioms.
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EXHIBIT 7 -
STRAIGHT QEQM SCAN REQUIREMENTS FOR LAMINAR,BEFLECTQQS

Straight Beam for Laminar Reflectors (all procedure requirements apply except when superseded by this
exhibit).

1.0 CALIBRATION
1.1 Calibrate the screen range on the calibration standard or other simdar metai stanrard.
1.2 Select a oirect reac screen range which will produce @ back refiection of greater than 40%
but less than 100% full screen swesp from the maximum anticipated examination

thickness.

1.3 Couple the search unit to the calibration standard and calibrate the screen range by use of
the sweep and delay controls.

1.4 Couple the search unit to the part being examined and adjust the itial back reflecuon 10 -
B0% FSH Adjustment of the gain control is permitted durning examination in order to
maintain ti.e back reflection response.

20 RECORDING
2.1 Record all areas giving indications equa! 10 or greater than the remaining back reflection.

2.2 Recording of straight beam laminar type reflectors requires recording the locations of all
tour sides of a rectangle which would contain the indication extremities at the required
recording level,

23 Record all laminar indications which produce a response equal to or greater than the
remaining back reflection. These dimensions and locations wili be used to determine areas
of interference wrth the angi¢ beam examination.

18]
P N

Record all laminar indications where a continuous loss cf back reflection exists along .th a
continuous indicauon in the same plane. These dimensions and locations wil. be used to
determine acceptability of the component for continued Service.

3.0  SCAN SENSITIVITY

3 Adjustment to the scan sensSitivity may be necessary and shall be considered when
recordable laminar reflectors are noted in order to maintain an acceptable back reflection.
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PT per B.L350UD of plate prior to assembly.

P.0. LOZ2-237 M. No. D&IOI~4  nsp.adate._7T- (an degih, 5=3°78

PT per EBLJ5CUD of plate prior to assembly.

P.0. P£22 —238 Ht.No._[A/2/2—%_ Insp.kiste , /$-28

PT per 38435000 after first machining.

lnosp. &Date 7? (Zn a_/z;z‘é,‘ S=/ 28 Gue/ -2 -

PT per 84350UD after keyway.

Insp. & Date___é i{[i /Ls //—/5373 x

UT per B84351WL of finished flywvheel.
Ins . & Date T Pena < I L. Loce 2=l =78
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Original documents are on file at ¥ LRAD East Pittsburgh, Penna. 15112




.

-

-

cx
AEDWsE, LUKENS STEEL COMPANY oare, 3-11-78 e soB587-07-
SN 3. WESTINGHOUSE ELEC. CORP. CoATEVALL, PA. 1933
. QUAL. ASSURANCE DEPT.-2GA TEST CERTIFICATE Conaet.
EAST PITTSBURGH, PA. 1Fi12 ML ORDER NO. | CUSTOMER P.O. |
£4173-1 PO92-23R |[MP 4778 DD
i 2/10
’ @ s TEBAL 4AS BN NS ALTURID AND TTITTD B¢ ALCGROMIY With ASKCRAN CHDIS WO AN
WEST PDE-10310CR REV. N 77 A-532 GR. B cL. 1
SEND TEST __NOMOGENEITY TESY / 'j j /) ‘/ /L
CHEMICAL ANALYSIS é
TRETRO. M 3 I o % 1N =2 _‘r_& v ¥ Tﬂtﬁ‘_'ﬁw
81717 .20 (1.33 [.011 |.002 .25 1.68 .59 vIP S#EEL ELEC
‘ |
I
: | !
. i . ]
I ! i
4 | i ! l
v PHYglCAl raor!urle
N AR E | E RACrURE—
- I - R N R A R lxm v-uorcu +70°F APPEARANCH DESCRIPTION
-_— g ,LOC. L SHEAR
S B1717 U (701 925 23 T |156 160 166 69- -99-99 |2- 5" - _.1/2 10 X 6C OD
.\ , 719 1964 |26  [LATERAL ExdaNsion IN INCHES e
: i I |-096 :.098 :.058 !
| : L ii72 66 180 o 99-99-99
\ . LATERAL EX thxou IN INCHES t :
| .096 ;.099 :.0G8 !
'TRANS ! DROP |WEIGHT TESTY PER 42038 {SIZE é3) RERY °0°F 4 EXHIBIT NO BREAK
: ' ! NDT 1S +}0°F. OR °ELOd | i
!
. |
RINGS AND |TESTS |HEATE( 10?5-1675°i., HEYD 1/2 HR. PER INCH MIN AND '
WATER QUENCHED, |THEN TEMPERED 126Q°F., HELD }/2 HR. PER INCH M
WATER QUENCHED. | : - | RELEASED BY Q.C.
RINGS AND,TESTSJSTﬁE:;AEELé geg a} HESE NG TQ 1100- :1120°F., HELD TO SEC. =0 I
R INCH NIN. AND FU LED 1O F. ; ,
PE ! l : ; INSP.N. matesevien DATEZ L 2]

We harsby ‘cortify the cbove informotion is correct.
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neocuszr, LUKENS STEEL COMPANY oare. 2-28=7B  mzwoB587-07-99
3¢ WESTINGMCISE ELEC. CORP, COATESVRUR PA. 19320 COOrTs
QUAL. ASSURANCE DEPT.-2GA TEST CERTIFICATE S N A
EAST PITTSBURGH, PENNA. MLl ORER NO. = CUSIONES 7.0, k RS
15112 52345-1  {paga- 237 MP 22378 WM @f D DY
) 2/24 - i ).
—/ ‘-’1 j '~ .
WENER T W asrad sVt @ WITWO 51 ACCONCAET Wi PUBCRALE GREES IEGURIENIPITS AnD DI IRC ANGTip
WEST PDS-10310CR REV. N 77 A-533 GR. B CL. 1
SEND TESV MOMOGENEITY TEST _
CH!MICAl ANALYSIS o o
TREIYNO. [T o] P (3 o Ny Can_ ] Mo v 7 AL _[ARS BASIC PRUCESS
D5301 .18 {1.30 }.013 |.005 .22 |.65 '.55 VIP STEEL ELEC.
N~
)
_ _ s PHYSICAL r::c':llnssw“
~ELT NO ::3. o e -'5,‘. % RA N V+70°F. APFEARANC DESCRIPTION
v ¥ § SHEAR
3oa 4 729 350 24 T 142143 51“7 9%-96-99 |1- 7.5" X 6.5 ID X 73 0D
707 925 25 L 147150 146 39-99-99
LATERAL EXPANSION IN INCHES
T.090:.088 :.0S$
L.090:,093 : 1.091
TRANS [DROP WE IGHT |TESTS |PER EJ0S(S]ZE P-3) @ +200F., [EXHIBIT NG BREAK.
N.D.T{ IS 410°F..OR BELOW.
RINGS AND |TESTS HEA‘I’E[J 1625i1675°|+., HEYD 1/4 HR. PER INGH MIn] AnD
WATER QUEMCM:D, |[THEN EMPERED 12i(°F., HELD 1/2 HRJ4 PER [NCH MIN. AND o =
WATER QUENCHED. ; : AELEASED BY QC
RINGS AND |TESTS [STRESY aeuﬁveo BY HEATING TQ 1100-1150°#., xeyp 1 wr. | TDSCC. L
PER (»CH MIN. Ab,D FURMACE C(OLED 10 GNPOYF. ‘ ' INSP.N. MATEJEVICH DATE;' R I
, '
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Shop Order jjﬂj éq

PT per 8435000 of plate priocr to assembly.

P.0./79-F24  w. vo. 42523/ Inlp.&Dato_MéZl’)/—go

PT per E84350UD of plate priar to assembdly.

P.0. /27 QFX°P_ h.Yo. 22502~/ In-p--‘sﬂlt-_z.da.éul)_/L:LZ:&_

PT per 8435000 aftar first machining.

tosp. avate_Z Conchack, & L D lady (24-T1

PT per B84350UD afte= keyway.

torp. & ete__ L, Voyphek 2257/

UT per B84351WL of finished fiyuheel.

Iosp. & Dno_ﬁzw wey FASor/
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Original dccuments are on file at ‘Y LRAD East Pittsburgh, Pemna. 15112
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AT A | LUKENS STEEL COMPANY loan. '9-10-80 e vo853707
. E EE ° . ° COATEEVRIA M. Y972
" QUAL. ASSURANCE DEPT, TEST CERTIRCATE :
AL ORDER NO. QUITOMA P.O.
39437-1 P179-980 MP 9480 VS
L9880 376

mwmummummmmmum

UEST PDS-10310CR REV. P 78 A-£33 GR. B CL. 1 ASME CODE SECT. IIl SUB NCA N-1160 8/4/81

SEND TEST __MEIMOGENEITY TEST_ f (; p Qﬁ

M Y
: : T F T ao T % T ¢ T F--c P E(M LT t T Atﬂ A'l 'ui ! Is L TN S Y T xt_r—"r‘ﬂﬂ?fﬁ
AT503 19 1.31 | .014 | .008 .27 | .67 .57 vIP STEEL CLi.C,

- N~
. (42N
PHYSICAL PROPERTIES, . |
sa [ T Teega T wan [xuw [v +700f0" APPEARANC DESCRIPTION
toc T v $SHEAR — —
1 757 [950 |24 T |86 i8s 70 0-70-70 |1- 8" X 7 1D X 66.75 ou
728 1924 |24 L 130 115 117 go 7
LATERAL EXPANSION IN IMCHES
T .056 ' .061 !.062
’

.084 '.089 !.090

DROP WEIGHT FESTS PER £2p8 (SIRE P-3) FROiW TOP .( BOTTPM OF RING|Q +20°F. EXHIBIT NO BRLAK,
. ' '

| : ; : CRE e T
IR RINGS AND| TESTS|HEATEP 1625+1675°F., HELD 1/p HR. PER INEH MIN AN:NM’ AL ]R}\L:,{. AT l:"-'d!}-
B QUENCHED, | THEN FEMPERED 122P°F., HELD 1f2 HR| PER §NCH MJN. AND WATER

B QUENCHED.

RINGS AND| TESTS| STRESp RELIKVED BY HEATLNG Th 1100+1150°F., HELD 1 HR RELEASED BY .C.

PER INCH PIN. AND FUR[iacE choLED Fo 800}F. : - [ " I T0SEC. ,4‘ N
S INSP.n. Mavesevicn ii%l&’/z}a
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CONSIGNED 10 SPACING Amp{iTUDE colmany f RN /5" T
AMPERAGE METHOD / \,_4::‘,'—‘
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AL. ASSURANCE DEPT.

me 18587-07-11

“w‘ 9-10-80
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SND TESY MOMOGENEITY TEST

[T — T T.%

P179-979

MP 9480 VS
L9880 377

- e
OIDED NOEN TS MO PV oA TETYy

WEST PDS-10310CR REV. P 78 A-533 GR. B CL. 1 ASME CODE SECT. IIl S

CHEMICAL ANALYSIS

£-NCA N-1160 8/4v8

q P99

")

-\ o) o M P T T 5 ™ e o \%ﬂﬁf BAS1
AT503 .19 [1.31].014 | .008 .27 | .67 .57 vip sFeEEL ELCC.
{C"I,":..
T PHYS)CAL PROPERTIE
- g "o LT - WAPACTS
METNO. | SAR | e | e O3] wea | ame | v 4T0°F, APPEARANCE DESCRIPTION
. LOT v : % SHEAR Y
AT503 1 757 | 950 |24 T [86 186 :i70 |70-70-70 |1- 8" x 7 1p x 76.5 op
, ¥ 724 | 924 |24 L 130 ;115 :117 |80-80-80
R LATERAL EXPANSION IN INCHES
S ’. e T 0056 : 0061 : 0062
- L .084 : .089 5 .090
TRANS. DROP WEIGHT [TESTS PER ezte (SIRE P-P) FROM TOP ¥ GOTTPM OF RING| @ +20°F. EXHIBIT MO BRLAK.
RINGS AND| TESTS| HEATED 1625+1675°F., HELD 1/R HR. PER INCH MIN. AND AT Y O
QUENCHED,| THEN [TEMPERED 1220°F., HELD 1/2 HRL PER IINCH MIN. AND WATZ %ﬂf FRIAL THA VReR Y LR,
QUENCHED, , i e
RING AND [rESTS kTress| ReL1eleo eY] veaTiNG To| noo-gnso"r‘ , HELD 1 Hr. Pek RELEASED l“( 0 (‘.
INCH MIN.| AND FURNACE| COOLEp TO 8PO°F. : : TOSEC. /7/4 '
. ] -
; : INSP. n. uArz:evucllD}\]l/_é)
: o N !
/e horeby certify the obove.information is correct. SPVISOs WSSO - ’ .
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Mml_m Beaver VaSey Power Station
PO Box 4

Shppingpont. PA 15077-0004

SUSHIL C JAIN 1412) 393-5512
Division Vice President Fax (412) 641-8069
Nuclear Services

Nuclear Power Division June 14, 1996

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, DC 20555-0001

Subject: Beaver Valley Power Station, Unit No. 1 and No. 2
BV-1 Docket No. 50-334, License No. DPR-66
BV-2 Docket No. 50-412, License No. NPF-73
Response to Request for Additional Information Concerning
WCAP-14535

Attached is the response to an NRC staff request for additional information
provided by letter dated May 1, 1996, concerning WCAP-1453S, “Topical Report on
Reactor Coolant Pump Flywheel Inspection Elimination.” Beaver Valley submitted the
subject report by letter dated January 24, 1996, as the industry’s lead plant on this issue.

Please direct questions regarding this submittal to Mr. Roy K. Brosi at (412) 393-
5210.

Sincerely,

c:  w/enclosure:
Mr. L. W. Rossbach, Sr. Resident Inspector
Mr. T. T. Martin, NRC Region I Administrator
Mr. D. S. Bnnkmman, Sr. Project Manager - (3 copies)
Ms. Diane Jackson, Westinghouse Electnic Corporation
w/o enclosure:
Mr. David Haile, South Carolina Electnc and Gas Co.
Mr. Pat Naughton, Virginia Power
Mr. Don Gulling, Flonnda Power Corporation

Mr. Ben Mays, TU Electric Co.
Mr. Jim Edwards, Georgia Power Co. m

Mr. K. J. Voytell, Westinghouse Electnic Corporation QUALITY
Mr. S. A. Binger, Jr., Westinghouse Electnc Corporation ENERGY
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Box 35¢
g:ft;m%mntion Energy Systems PisDurgn Pennsylvania 1523C C35%

ESBU/WOG-96-212
June 17, 1996

To:  Dennis W-akland, Duquesne Ligiit Company
David Haile, South Carolina Electric & Gas
Pat Naughtoa, Virginia Power
Lorretta Cecilia, Florida Power Corporation
Ben Mays, TU Electric Company
Jim Edwards, Southern Nuclcar Operating Company

Subject: Wesunghouse Ownen Gmup

Reference: WOG Letter ESBU/WOG-96-173 dated 5/17/96 Subject: NRC Request for Additional
Information on WCAP-14535 "Topical Report on Resctor Coolant Pump Flywheel
Inspeciion Eliminstion® (MUHP-5042)

The original submittal on this subject was made on behalf of the WOG by Duquesne Light Company for
Beaver Valley Sution on January 24, 1996. A similar submittal was made by Entergy for Arkansss
Nuclear One on bebalf of the Combustion Engineering Owners Group. The NRC bas performed a
preliminary review of the Besver Valley submittal, and bas determined that additional information is
required to complete the review. A letter dated May 1, 1996 requesting additional information (RAI) was
transmitted to Mr. J. E. Cross of Duquesne Light Company from Mr. Donald S. Brinkman of the NRC.
The NRC has requested that Duquesne Light Company provide a respoass to the RAI within 45 days of
receipt of the letter.

The purpose of this letter is to provide input to Duquesne Light Company for input to their NRC letter
responding (o the RAL

The NRC plans (o resolve this issue by the end of this summer. We will keep you informed of any new
developments on this subject.

Please contact Warren Bamford at (412) 374-6515 with additional questions or comments.

Regards,

St e

S.A. Binger, Jr /c"\-
Project Engineer
Westinghouse Owners Group

SAB/ygs




Response to NRC Request for Additional Information on WCAP-14535

Item 1:

Section 1.1 Previous Flywheel Integrity Evaluations, Page 1-3 - It was stated, "Since shrink fit forces
would retard the growth of radial cracks in the heyway area, they were omisted from the analysis of the
keyway crack.” Physically, the shrink fit forces can be considered as internal pressure acting on the inner
bore of the reactor coolant pump (RCP) flywheel. Thus, it would accelerate, not retard, the growth of
radial cracks in the keyway area. Provide sufficient finite element modelling details and resul’~ 10
validate your claim or revise your results by taking inso account the effect due to shrink fit forces, ' ich
was shown by the Combustion Engineering Owners Group in report

SIA-94-080, "Relaxation of Reactor Coolant Pump Flywheel Inspection Requirements,” which was
submitted to the NRC on April 4, 1995, on dockets 50-313 and 50-368. These shrink fut forces were
shown in that report to be capable of producing stresses of comparable magnitude to those produced by
the centrifugal force when the flywheel was naning at the normal operating speed.

Respoase to Item 1:

The shrink fit {~.rces do add to the stresses at the flywheel bore, but fatigue crack growth is approximately
proportional «; the cube of the stress range applied during a given cycle. For the flywheel, the stress
range is from the rest condition (zero rpm) 0 normal operating speed.  Therefore, if the shrink fit stresses
bad been used, the streas range would be smaller because the shrink (it stresses are significantly lower at
normal operating speed than at the rest condition. Our calculations used a zero stress state at rest, which
maximized the crack growth predictions. The amount of conservatism induced by this assumption is
discussed below.

Westinghouse has evaluated the effect of shrink fit forces on crack growth. Due to the large number of
flywheels in service, actual shriak fit values were not obtained for each pump, but typical shrink fit values
for lywheels which are attached directly 1o the RCP motor shaft are 0.5 to 1.0 mil on the flywheel bore,
or 0.00025 inch to 0.000S inch on the bore radius For conservatism, and 10 be consisteat with
Combustion Engineering Owners Group report SIA-94-080, "Relaxation of Reactor Coolant Pump
Flywheel Inspection Requirements,” a shrink fit of 0.0052 inch on the bore radius was imposed for
evaluation purposa. This is approximately one order of magnitude higher than the typical shrink fit for
flywheels which are attached directly to the RCP motor shaft A shrink fit of 0.0125 inch was used for
the spoked flywheel, as was used in the Combustion Engineering Owners Group report

Hoop stresses coatrol the growth of radially oriented cracks in the flywheel. Shrink fit hoop stresses for
the flywheels at :cst are on the order of one o three times the hoop stresses pro-luced by centrifugal forces
alone, when the flywheels are running at the mormal operating speed  However, as the (lywheel rotational
speed increases, the shrink fit hoop stresses decrease, due o the radial growth of the flywheel bore radius.
This growth may be determined by the following equation:




IR -EE_I"’EL 2l eV 2l

where: bore radius (inches)

outer radius (inches)

flywbeel material deasity (0.283 lb_/cubic inch)
flywheel angular velocity (radians per second)
Young'’s modulus (30 x 10° psi)

Poissoa’s ratio (0.3)

a
b
P
w
E
v

The total boop stress may be determined by adding the shrink fit and ceatrifugal force components. The
stresses at the flywheel keyway location are shown in Figure 1 for Flywheel Group 1, which is
representative of the Beaver Valley Units 1 and 2 flywheels. Stress plots for the other lywheel groups
are similar w Figure 1.

Fatigue crack growth rate may be characlenized in terms of the range of applied stress intensity factor
(AK), and is genenally of the form:

-5‘;, - G, (AKp)*

where
da/dN = crack growth rate (incbes/cycle)
n = slope of the log (da/dN) versus log (AK)
G = scaling constant

The fatigue crack growth behavior is affected by the R ratio (K/K..) and the eavironmeat Reference
fatigue crack growth behavior of carboa and low alloy ferritic steels exposed 0 an air eavironmeat is
provided by the above equation with o = 3.07 and g = 1.99 x 10"'* S. S is a scaling parameter 10 account
for the R ratio and is givea by S = 25.72 (288 - R)** where 0 s R < 1.0.

In the WCAP-14535 evaluation, the maximum stress inteasity faclor range occurred between RCP
shutdown (zero rpm) and the sormal operating speed. Shrink fit was excluded, therefore the R ratio was
zero, S was 1, and C, was 1.99 x 10,

Including shrink fit results in an R ratio of spproximately 0.9, an S of approximately 3.2, and a G of
approximately 6.4 x 10, Thaefore, the scaling constant (C,) is approximately 3.2 times higher than not
including shrink fit _

The range of applied boop stress for excluding shrink fit was at least twice that for including shrink fit
for all lywheel groups. Therefore, the relative fatigue crack growth rate for including shrink fit may be
eslimated by the following equation:




Rate with Shrink Fic_ .
Rate without Shrink FIt - (3+2)(0-8)

The fatigue crack growth rate for including shrink fit is at most 40% c{ ihe rate for not including shrink
fit, for the assumed shrink fit values discussed above. Therefore, shrink fit retards the growth of radial
cracks in the keyway area, and excluding sbrink fit yields conservative fatigue crack growth results, as
reported in WCAP-14535.

Item 2:

Section 1.1 Previous Flywheel Integrity Evaluations, Page 1-3 - The fatigue analysis is dependant on
the premise that UT equipment used for examinatons of RCP flywheels at these facilities is capable of
accurately detecting and sizing 0.24 inch long near swyface flaw. Provide your basis supporting the
probability of detection (POD) for the examinations performed. Provide details on how the POD values
were determined, qualified, and used in concluding the assumed size of the initial flaw.

Response to Item 2:

The initial crack length of 0.24 inch was used in a previous evaluation of RCP flywheel integrity by
Babcock and Wilcox (Report BAW-10040, December 1973, "Reactor Coolant Pump Assembly Overspeed
Analysis"). This length was assumed to be the largest crack that could be missed in nondestructive

testing.

As seen in Table 44 of WCAP-1453S, crack growth assuming extremely large initial flaw lengths (from
2.04 w 3.28 inches) was found to be insignificantly small over a 60 year extended plant life. In the crack
growth evaluation, 6000 RCP starVstop cycles were assumed, which is conservative with respect to actual
operation. This evaluation suggests that very large initial flaws can be tolerated. Such flaws are of a size
which are expected 10 be detectable with the examination procedure of Attachment A

An altemative method of evaluating this issue is 0 define an "allowable” flaw size based on the
application of a margin to the calculated critical flaw size. The approach used here is to apply the margins
of ASME Section XI. The results of this approsch are provided in Table 1 below. In this table, crack
length is measured radially from the keyway, and percentage through the flywheel is the crack length
divided by the radial length from the keyway to the flywheel outer radius.

The inspectic- methods used for flywheels are capable of finding flaws much smaller than the smallest
allowable flaw 1a Table 1.

Table 1: Allowable Crack Lengths for Flywheel Normal Speed and Overspeed

Allowable Crack Lengths ia Inches and % through Flywheel
1200 rpm 1500 rpm
RTgrs 7 RTgr = 307 RT,gr = 07 RT,gy = ¥ RTgrs T | RTgr = OT
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1 30" (9%) | 1.8° (5%) | 1.0° 3%) | 85" (26%) | 3.8" (12%) | 1.5" (4%)
2 34° (10%) | 1.9° (6%) | 1.1° 3%) | 94" (29%) [ 4.2" (13%) | 18" (5%)
10 32° (12%) | 1.6" (6%) | 1.0" (4%) | 83" 31%) | 3.7" (14%) | 1.6" (6%)
14 8.1" (29%) | 2.8° (10%) | 1.7° (6%) | 152" (55%) | 7.5" (27%) | 4.1° (15%)
15 26° (13%) | 1.1° (5%) | 077 3%) | 57" (28%) | 2.6" (13%) | 1.3 (6%)
58" (24%) | 18" (1%) | 147 (6%) | 122" (50%) | 5.7° (B3%) | 3.0" (12%)

Over the past ten years, the examination techniques employed have improved, particularly with the use
of the defocused gage bole probe. The detectability of the gage bholes at various metal paths displayed
in Attachmeat B indicate that the inspection methods used for flywheels are capable of finding flaws much
smaller than those ideatified in Table 1.

In Attachment B, the 1.2S inch diameter gage boles (effectively side drilled boles) were clearly identified
at a metal path which is nearly twice the metal path distance involved in the inspection of the keyway
arca. It should be noted that it is conservatively estimated that the effective reflective surface of a side
drilled bole is a 30° arc. The reflective surface from a 1.25 inch gage bole would therefore be 0.33 inch.
This is clearly smaller than the smallest allowable flaw in Table 1.

Item 3:

Inspection, Page 3-1 t0 3-6 - Provide additianal informanion regarding whether the UT examinations
at Beaver Valley Power Station, Units Nos. 1 and 2 were qualified relagive to inspection of RCP flywheels.

Regardless of whether a formal gualificadon was performed, please include in your response the
Jollowing:

a. Any information supparting qualification of the examinatans of RCP flywheels.

b. Any information supporring qualification of the persannel performing the examinations of RCP
Nlywheels.

. Any informatian regarding the degree of unceriainty in UT measurements based on the

Respoase to Item 3:

All of the plants covered by WCAP-1453S, except one, have {lywbeels which are made of AS33 Grade
B Class 1 or AS16 Grade 70 steel, which is reactor vessel quality steel. (The exception is Haddam Neck,
which bas flywheels made of boiler plate steel. A discussion on this plant is provided in WCAP-1453S,
Appendix B. Haddam Neck has conducted a scparste demonstration of their inspection capability, as
documented in Docket No. 50-213 B15230, dated 08/10/95).




The ultrasonic examination procedure used at Beaver Valley is included as Atachment A. This procedure
includes qualification requirements of the persounel and equipment for the RCP flywheels. Additional
information supporting requalification of the personne! performing the examinations of RCP flywheels is
provided in Atachment B. Attachment B also includes enhancements made o the probe design o
improve examination capabilities, and an evaluation of those enbancements.

Examination personnel are qualified o SN-TC1A a are trained in the use of the UT procedure
(Attachment A). Duquesne Light Company NDE Level 11l personnel perform the examinations.

Item 4:

Section 4.3 Nonductile Failure Analysis - It was stated, “It was shown that cracks emanating from the
center of the keyway yielded higher stress intensity factors than cracks emananing from the keyway corner,
and ...." Provide the dewailed stress plos around the keyway area from yowr finite element method analysis
and provide an estimagon of the stress intensity factors for the case when the pertwrbed stress distribution
due to the keyway is used instead of the closed form solution used in this report.

Respoase to Item 4:

Finite element analyses were completed for cracks emanating from the center of the keyway and from the
comer of the keyway. The results clearly show that a crack at the center of the keyway is more severe.
This work was documented in an earlier submittal o the NRC in 1974-197S, and in the attached ASME
technical paper (Attachment C) entitled "Reactor Coolant Pump Flywheel Overspeed Evaluation,” by P.
C. Riccardella and W. H. Bamford. The comparisos of interest is shown in Figure 4 of the technical

paper.

Note that the difference in streas intensity factor occurs oaly for short crack lengths, and the effect of the
keyway on the stress inteasity factor is only seea for cracks shorter than ope inch. Results of the ovenall
fracture evaluation show that flywheel limiting speed for small crack lengths is governed by ductile failure
limits, as shown in Figure 10 of Atmchment C. Therefore, this item is not relevant 0 the flywheel

integrity.
Item §:

Section 4.4 Excessive Deformanan Analysis - Table 4-5 listed the change in bore radius at the speed
of 1500 rpm for flywheels in various flywheel groups Provide the amount of original shrink-fit and the
percentage of shrink-fit lost at 1500 rpm for the typical flywheel in each flywheel group of the wble.

Respoase te Item §:

The percentage of shrink fit lost at 1500 rpm is shown in Table 2 below for the assumed worst case shrink
fit values discusaed in item 1 above. (For the typical shrink fits of 0.0002S w0 0.000S inch for flywbeels
which are attached directly to the RCP motor shaft, discussed in item 1 above, 100% of the shrink fit
would be lost at 1500 rpm for all {lywheel groups). Figure 2 provides (lywheel bore expansion and
correspooding shrink fit for speeds of zero w0 1500 rpm, for Flywbeel Group 1, which is representative
of the Beaver Valley Units 1 and 2 flywbedls. Displacement plots for the other flywheel groups are
similar w Figure 2.




Table 2: Shrink Fit Lost at 1500 rpm

Noles for Table 2:
1) Shrink Fit at 1500 rpm = Assumed Shrink Fit + Shaft Radial Expansion - Flywheel Bore Radial

Expansion.
2) Shrink Fit Lost at 1500 rpm = (Assumed Shrink Fit - Shrink Fit at 1500 rpm)/Assumed Shrink Fit

Based on the worst case assumed shrink fits showu in Table 2, shrink fit will exist at 1500 rpm for all
flywbeel groups except Flywheel Group 10. The shrink fit sCesses at 1500 rpm will reduce the critical
crack leagths reported in WCAP-1453S, Table 4-3. Critical cvack leagths including shrink fit stresses at
1500 rpm are provided ia Table 3 below. As shown, these lengths are significantly larger than the leagths
which are expectad 10 be detecable with the examinstion procadure of Altachment A. Stress inteasity
facior as a functioa of critical crack length is sbown is Figure 3, for Flywbeel Group 1, which is
representative of the Beaver Valley Units 1 and 2 flywheels. Stress intensity factor plots for the other
flywheel groups are similar W Figure 3.

T.bb 3: Critial Cncll ln‘th lldudlu Shriak Fit for Hyvboel Overspeed of 1500 rpm

Critka) Crack Leagth in Inches and % through Flywheel

n‘r,.,-o'l-' RT gy = 30°F RT\or = 60F
152" (46%) 5.4° (16%) 13° (4%)
16.0° (49%) 5.6° (17%) 1.1° (3%)
15.1° (56%) 1.5 (27%) 33° (12%)
18.7° (67%) 10.9° (39%) 2.5° (9%)
82" (40%) 3.6" (18%) 1.6" (8%)
16.1° (66%) 93" (38%) 3.7* (15%)




It is imporant (o point out that most flywheels are designed (o lose their shrink fit at operating speed.
The three keyways maintain the centering of the flywheels, which assures that balance is maintained. The
imposition of a very large shrink fit would be detrimental to flywheel reliability, because of the difficulty
in installation and removal of the flywhee). This would in tern detract from the consistency of assembly.

A concern was raised about excessive deformation in the Regulatory Guide. Excessive deformation was
defined as "any deformation such as an enlargement of the bore that could cause separation directly or
could cause an unbalance of the flywheel leading to structural failure or separation of the flywheel from
the sbaft " Therefore, the concern about excessive deformation is not related to the loss of shrink fit, but
instead relates to the amount of deformation which could cause unbalance or failure.

Our extensive calculations bave shown that the speed at which excessive deformations could occur is
grealer than or equal (o the limiting flywheel speed for ductile failure. The flywheel would fail due o
plastic instability at speeds of 3155 to 4032 rpm, as shown in Table 4-2, page 4-5 of WCAP-1453S. Even
with large flaws, the failure speed exceeds 3000 rpm, which is twice the maximum overspeed of 1500
rpm. Therefore, there is no concern with excessive deformation.
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1.0

2.0

UT-304
Revision 7

RURICCE AND SCOPE

1.1 To provide minimm requiremnts for the marmual ultrasanic
straight beam examination of RCP flyvhaels.

1.2 This proosdire is intarded to meet the ultrasanic requiremernts of
NRC Regulatary Quide 1.14 Revision 1 (Reference 6.1).

1.3 This procedire is applicable to BVFS Units 1 and 2.

EXAMINATION REUIREMENTS

NOTE: Whan using Ultragel II oouplant, safety glasses or goggles are
recquired. Individuals that are sensitive to detargents should
wear gloves.

2.1 BEBmre cxtact surfaces are clean and fres frum all faruign
mattar, pits, nicks, or dents, etc., that would adversely affect
ar limit the eaminatian. If such anditions are notad, correct
tham prior to cxdxrtiny ths eanmination.

2.2 DPamine the anrtire volume of the RCP flyvheal to the maximm
oxtant— possible. Attach a dravilyy of any limitations exxmmtared
to the Flyvhaal UT PBaminatian Repart (Attachmmt 7.1).

2.3 Priar to bmyiming oaminations, calibrats the ultrasonic
irstrunyt swesp to represent a linear 40 inch lagitudinal wvave
soud path. This may be acoamplishad using a carban staal IIW
block and ths straight beam search unit specified in Para. 5.2.2.

2.4 Keywsy Qornar BExaminatian.
2.4.1 Qalibration
A. Apply cgplant to ane of ths 1 inch dixmstar gage
holes (A, B, C orDfarUnit 1; A, B, C, D, E, ar F
for Unit 2).

B. Insaxt ths gage hole prabe into the hole and direct
ths bamn tovard ths flywheal cantar bare hole.

C. Msasure ths distarce from the gage hole to the amtar
bore—hole. Adjust ths dalay control anly to position

D. Gtain the maximm respanes from the cantar bore hole
u:‘adjmmgam:ommmmaot
(¢58) FSH.




E. Racxxd the instrumnt gain estting and reflector sweep
position on the Flyvhael UT Examination Report,

2.4.2 Bamination
A. Imcrease the instrumett gain a minimm of 6 dB.
B. Suartir;y at the top of thse gage hole, rotate the probe
fram the maximm bore signal area to abtain the

maximm respame fram the keyvay crnar, then back to
the bore resprma. Qatime to eoamine ths full

lagth of the kayway by insertirg the probe in 1/2%
incrumnts.

C. Bamine the ksyway corners for imdications propagating
franr ths ksyvay at approximataly 90 degrees to the
soamd path.

D. Respsat the entire calibration and eamination cycle
fram each of the reminixy gage holes;, confimming
calibration after gach eamination.

2.4.3 Rrdirmg

A. Racord all imdications that edibit a deviation from
ths narmal ksysay gecmstTy response actserved from each
gage hole @aminatian.

2.5 Radial Gage Hole Bamination.
2.5.1 Calibration (Unit 1 Attachment 7.2)

A. Apply cogplant to gage hole D.

B. Insart the gage hole prube into gage hole D and abtain
ths maximmm respanas from ream bolt hole 5.

C. AMjust ths irstxummrt gain to bring the responee to
80% (+5%) FSH.

D. Rotats ths prube to abtain the maximm remonse from
ream bolt hole 2.

E. Gastxt a Adistameayplitide arxrr=tian (DAC) axve
by cxmectirg the maximm respanse points with a lins.

F. Reaxxd ths irstrumsr gain setting, swesp positions
andamplitides an ths Flywvhesl UT Bamination Repore.

2.5.2 (Calibration (Unit 2 Attachmmt 7.3)
A. Apply couplant to gage hole F.
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c.

D.

F.
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Insert the gage hole prube into gage hole F amd abtain
the maximm respaome fram ream bolt hole 4.

Adjust the irstcumnt gain to bring the respanse to
80% (+5%) FSH.

Rotats the prubs to abtain the maximm resgame from
ream bolt hole 1.

Qretnuect a distanoe-ampl itide arrection (DAC) axxve
by comctirg the maximm respanse points with a line.

Racord the istrumet qain settirmg, sweep positions,
axdamplitudes on the Flywhasl UT Bamination Repart.

2.5.3 Bamination

A.
B.

c.

D.

Irreass the irnstrument qain a minimm of 6 dB.

sn:tm; at the top of the gage hole, slowly routate

prabe 360 dagrees to eamins the volums of ths
ﬂyuh-.l Gmarve reflechars frox flyvheal geamstric
fastirws as the probe —is rotated, idemtifying each
reflectar sowrce as it appears. Qartinue to eamins
the volume by irmerting the probe in 1/2" incrensnts.—

Repsat the eoamination from the reminirg gage holes
using the initialcalibration settirge.

Gnfim istrumt libration vhan radial gage hole
oaninations are campletad using the staps outlined in
m. 2.501 “ 2.502.

2.5.4 Rxxdirg

A.

Recard all \nidentified reflectors equal to or greatar
than50% DAC.

2.6 Puriphary Papination (Ateactemstt 7.2 and 7.3)
2.6.1 Qlibration

A.

Caple the straigt beam saarch unit to the outside

age of the Jowr flywvheal plate and abtain the
paximm respaonse from ream bolt hole S.

Adjust ths qain to brirg the resgxzwme to 80% (+5%) FSH
ard mark the point on ths screen.




2.7

2.6.2

2.6.3
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C. Cople the straight beam saarch unit to the cutside
edge of the \roer flyvhasl plate and abtain the
maximm respanse from ream bolt hole S. Mark this
point on the screen.

D. Castrwt a DAC arve by caamctiry the respmse
points with a line.

E. Recrd the instrumert qain settigg, sweep positions
andanplitudes on tha Flyvhesal UT Bxamination Repart.

Bamination
A. Ilicreass the {rsrumnt qain a minimm of 6 dB.
B. Scan the flyvhasl pariphary face to include the area

fram the edge U to and including the ream bolt
holes. andxt this eoan an both the upper and lowar

platas, 360 degress, arourd the pariphary.

A. Rscxd all unidentified reflactars equal to ar greatar
than—50% DAC.

Qalibratian Confirmatian

2.7.1

2.7.2

Gnfim libration at the {ntarvals specified within each
eaninztion catayory.

Evaluats calibration anfirmation in acxoxdaros with the
followirg criteria:

A. A ECREASE in aesnsitivity of more than 2dB requires
recalidbration axd a@zmination of all itams eocmirmd
sincs—the~ previam acEprable libration or
calibration confirmatian.

B. An INCREASE in sansitivity of more than 2dB requires
recalibration and peinveRication of all irdications
recorded since the previcus accsprable calibratian or
calitration canfirmtion.
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4.0

5.0
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C. If any point an the DAC axrve has moved more than 10%
of the sweep division readiryy, corract the sweep range
calibration and nots the correction on the flyvhael
examination repart. If reflectars were recordad,
recalibrate and remanirs all itams e=minad since ths
previous acomptable calibration or calibration

confirmation.

2.8 FPost-Pamination Cleanim
2.8.1 Drywvipm the area t0o raxve any tagrrary markirgs and
cxplant.

RECORDING REQUIREMENTS

3.1 Racd data specified within each oamination catagary on the
Raactar Coolant Pump Flyvheal Ultrasonic Bamination Repart.

3.2 Reapxxts are to bs nmbared in acxrdarce with QSP 9.4.
3.3 OCmEration is cnsiderud as lifetims and treated as such in

acgxrdarce with QSP 17.1.
4.1 Due to ths txdmnigowe aployad and the unique nature of this

and
crientatian. This evaluatian process will bs parfarmad and
dommEred in acxrdarce with GP-108.

Duquasne
with QSP 2.3.

B. All individials perfamiry oaminations to DIC aln’g
proceare(s) =shall recmaive suffizist training
ariamration to emue Ubhxstamdirg of prooadiral
requiremsnts.




5.2
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C. Ultrasanic eanmination persamel who dstarmine which
indications —are—to bs rectrdad shall have successfully
capletad a qtnliticati:m-pmgrm administared by the
Quality Services Inspection
which demonstrataes pu:oticicr.y in discriminating
between flav imiicatiaons and indications of geamstric
or metallurgical origin.

Equipmernt Qualificatians

5.2.1 Ul Dstrumamt - Use a pulse-echo irstrummnt capable of
establighirgy a =ainimm 40 inch metal path in the flyvheel
material. Aditicnally the irstrumst must meet the

linearity requirements of UT-301.

5.2.2 Search Unit(s) - Use a 1.0 inch diasmwtar, 2.25 Miz
straight beam search unit for initia)l mstal path
calibration amd for ths pariphary scans. For the gage
hole eaminations, use a .5" x .1", 2.25 Miz gage hole

inspaction wvand. (Msgasanics C1281 1" bore prube).

5.2.3 Couplant - Use Ultragel II, Sowtrace 40 or equivalent as
permittad by the Pre-Enginesred Matarial List.

6.0

6.1
6.2

6.3

6.4
6.5
6.6
6.7

6.8

6.9

USNRC Regulatary Guide 1.14, Revision 1, datad August 1975
Duquesns Light Copany Quality Services Inspsction Bamination
NIE Procedures

ASME Boiler axd Premswte Vessel Coda, Section V, 1983 Editian,
Sumner 1983 Addarda

DI, Nuclear Enginemring Memxcardim 90104, datad 4-19-85

ISI lattar NDGISI:0106, dated 11-8-85

WRirPnms respxras J0H-86-512, datad 2-19-86
NFOAP 9.6 Bexable Praiicts Contxol

Duquasne Light cxnpany Quality Sarvices Procedures 9.4,
"Nadastxctive ", 17.1 "CQaorrol of the Quality
Services Unit QA m:mds"' 2.3 "™Writtan Practice For
Qualifiation and Cartification of Narwstrxrtive Panmination amd
Testiry Farsamal”

DIoo Quality Control Repart #638, datad 3-9-93.
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ATIAQRENIS
7.1 RCP Flywhasl UT Bxamination Repart

7.2 Unit 1 Flyvwheel Hole Ide—tification Drawvirng
7.3 Unit 2 Flyvheal Hole Id .fication Draving

SHRONOLOGY. OF CHANGES

8.1 Revision 7 - Incorparata safety requirements with the use of
' Ultragel II ocouplant, add Chrawology of Charges Section, made
administrative charnges, and perform two year review.
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Elywheel Hole Identification Drawirg (Unit 1)
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ATTACHMENT B

INFORMATION ON REQUALIFICATION OF PERSONNEL
AND EVALUATION OF MEGASONICS PROBE
FOR RCP FLYWHEEL EXAMINATIONS AT BEAVER VALLEY




FORM D37-122153

QR NUMEER

QUALITY QONTFOL REFORT 638

The trip was arrarged as a mrtually bamaficial evaluation of the Msgasonics RCP
flynvheasl probe an an actual RCP  flywhsesl:—Mr: Douglas Iseman, Wstirghome NIE
leval III, assistad in esttirg Wp a tize vhen the aswick Plamt would have a 75"
dismwter RCP flywheal available. The flywhesl beiry muficturwr had-6 gage holes
in a circle 29" from the flywhesl cmrtarline. This design is similar to the RCP
flyvhaals at BVPS Unit 2. (Ths Unit 1 flywhssl has anly 4 gage hales.)

The Msgasonice flywheal frobe differe in design from previamly used probes in

Te sacaxi typs of aamination is a 360° scan of the flywhasal volume from each
the gage Mhales. In this «omination, the Msmaonics bare probe performnad
argrically wall, povidirg ooallett resalution of clasaly spacd holes at
signiticant metal paths. The attachad] pages shovw specific calibrztion scsnarics
rxrwerative of UT=304 procedral requiressnts. As a result of cmsrvaticns made,
savaral proode reviaias have besn requastad to fully taks advantags of the probe
cammabilities.
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the prooxdre scope ard subject to the limitations notad above.

. o
‘ ¢ . =18 &‘ < -
Tt e e

* If requalificatian is not required, the DIOo. Lesvel IIT should write a orief
explanation in the czments saction.
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While the cmnfiquration of the flyvhesl oamired is similar to the BVPS Unit 2
flyvheal dasign, differences in actual flywhesl ocnfiquration will necessitats °
procadure qualification—on—the actual flyvheel(s). This qualification of the
revisad UT-304 will taks place an the BVPS Unit 1 flyvhaal at Chemwvick Arring April,
1993 in axjurtion with the UT @aminations. Unit 2 flywhasl configuration will ’
also bs qualified in carjunction with U wxaminatians. This repart will serve as a
preliminary prooadmre qualification to val“—atsthe tadtmiqus and to doament the
improved eanmination capabilities of the Msgas. ics faused bore probe.

TG/ 1md

cc: M. A. Pargmr
J. J. Giocomdi
G. L. Buck
Factary Mitaml ANIX
QSIE File

REFCRIED BY: %‘ \.I."E'-ég 4r-Jg

REVIBED BY: M‘&gﬁ&, =/./38

3-/1-93
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Reactor Coolant Pump Fiywheel Overspeed
Evaluation
P. C. RICCARDELLA

‘ ' Atemic Ca. TAs overspesd capadility of the Large stasl flyrwhssls used on light waker reacior primary
Sen Diege, Calit. cvolantpumpehss—bern evaluaied Urough ¢ combinyd enaiptical end exrpemimanial
effort. Limiting speads of the prowotype fiynchesl dasign wers-calculated for the ductile
W. K. BAMFORD Jaloe meds using the principles of Section 1] of the ASME Beilsr and Pressure
* Vescsl Cods, and for the bniltle fractoe meds umng o freches snarAemics approach
Westingheuss Nusiesr in which stress \almmaly faciors were delermined from finils dswent compular cnalyns.
e, Sremerns. The accwrncy of (he analytical appreech wes werified by ¢ ssls madl Lest program
which demensraies cxllrni agreement betwesn ezperiment and analyms. The resulls
of ths evaluation are preamniad in (his paper, and they illustruls the kinds of things
which can—beacamplished Uhrough application of madern fractoe machemics (ech-
nology, sincluding plasticily cenmderations, (9 s ssiution of Aedvere predlems of

real enginsaring (alsrast.

introduction ABME Bailer and Pramwe Vamsal Cods for ductile failure coa-
lnthemtdsp::ktdh.dmhm“hsn mmmdml Mel_lm
eurized watar reactor t, it is pumsible for the reactor primary . . Y .
ovolant pump to achisve spads cu the order of twe to thres plastiaty, the LEFM spproach is not strietly applics e to this
times its oormal dasign spaad. At apusds of this magnitude, cos-
corn arims &8 t0 the likelihood of compossnts of the pamp-
motor amembly frastiag and produdiag high ey nimile
within the contaiameat. Of utmast concern ia this regard is the
remctor coolant—pumpfywhes, sine it possesses the mast ro-
tational inartis in the pump-@otor assembly, and thas the
highest amoust of enargy &t a givea spesd.

The Westinghows coolaat pump fywhesl design coasists of
two large otesl disim, 78 in. and @5 in. in dismeter, whichare
bolted together in order t0 provide the secessary rotatiosal
inantis to maintain fow and thus prevest core overhesting in
the eveat of lom of power to the pumpn. A skatch of the Sywhaeel
ammmbly, showing the significast detais and dimasions is
gives in Fig. 1. The twe plasm are 7.8 in. thick and 8-5in-thick,
repectvely, aad costals aumerows holes and keyways as shown.
The Gywhed is fadwicstad-from—A-S3, Grade B, Clams 1 stesl
plate.

The purpam of this evalustios is 0 detarmise the speed at
which this lywheal design becomm critieal from the stz.dpoint '
. of fracture and subssquest mimsile productioa. An-analytical hoh AR
approsch is taken, utilising the asmhods of Sectioa III of the [y o '

- = T T i

Tomaty, of Vat'asghsan Nedaw Casyy Syvemmn. | -
Nenbhu® ia brasha j—icmnte Rofeeegey of end of g, I . ;
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t t
with a sbarp paling effect due 1o the stress concen
the bore. Altbough the magnitude of the stremes will
angular velocity, the shape of the stress distribtion
m.‘.unEcozl.plo-o!.wi. The shape of the streng
distribution has an imporant effect upon the behavior of the
nwlinﬂsipvogiﬂvzazw when applying stregs
limits to the calculated stremes.

Fautted Condiven SVess Limie. The capedity of & structure -
to resist ductile failure with gufficient margin of safety during
faulted conditions can be demonstratad by meeting the faulted

condition criteria of Section III of the ASME Boiler and Preg-
b sure Vassei Code (3) (Appendix F). The faulted condition limits
‘ for elastic analysis are as follows
P. <078,
Pa + P, <105 8., (2)

i?r?ﬁssz&egsg.ga
9.5.2.\:.-5.3555?5‘8‘135&8
—o&.&gaoagi?rpr.vn!sg&g-i
intensity. (The torm strems intensity is defined bore as twice
E?Eﬁgiﬁgllﬁ.&omﬂns
nnmgggg;gg;ggilﬁof
ELBB.«.%EO-R‘FE.« factor which is

used later in this peaper.) Sywbed
Since the thickness direction strm (¢,) in the i
710-1 Rotslien vend e Ayviusi evaiustion aaumed 10 be nagligible, and the redial stram (s,) always fall

problem, and thus a scale model tast program was implemented gﬂlﬂ p-f.v-r:wu.. direction strem o«.ﬁ ”vo Ensﬂ_.—ap..pn-uch

to verify the analywis A summary of the Aywheel evalustion ‘U™ (7). BEE...-:I-.E.!E«.-GQ_!

aad the supporting test program is given in this peper. A more aal[l.!..ESE-n.E.?ucL}i. Feaa._.:.._-!zu

Egggr.llﬂrla.l?c!_?:_. E-:lrl.‘loaﬁ.l.uﬁ:o-guru! stress wtribution
’ 2&.!9!5.3353-.»...'8«&3‘%5«:&

Ductile Fallure Analysis must be resoived into its membrans and bending components
1
Nywtsnl Svvesse. ?-ﬂl?ﬁoggpvﬁuv 1-.-943.‘.50‘

fywheal, asglecting loal strems coocantrations such as holes and
i«!!f!irﬂ.rnslgs

- ul.....vl.ﬁ.......u...hn..u

[}
P = ﬂi c‘-oa Cra — r)dr, )

whare 7, is the Sywheal mean radius defined as (s + b)/3. Sub-
iEE&E‘E-ﬂ'g_aﬂlgsi
..-Aﬁ.vl_utt;%nﬁlllﬁrvxw arrying out the intagrals in (3) yieds
’ 34r\ st L1+
o ?IA#v@lan&ﬁ-lmAu.fuvw
whare the notation is defined in Fig. 2. Substituting the ap-
i‘gﬁpgiisgﬂvﬁvn‘{ P S4» G [V /14D
Q.‘.:FSSEE.E!EEaEEiLEQ ' @ G-ep|l12\ 347
St&ic&?ﬁo—‘\—l}rizgg.ﬁvi
E‘glogligt?&\!v Ve 114+
.T.'N -lw q lb‘.ﬂ?\ov

b 1 L+ ¥ ¢/l 14D
T2 _+mAu+-v.._|m u+.vv @
13 | Finally, substitution of the appropriste gumnsuic dats fom
“m Fig. 1 ioto equstion (4) yialds
Pa = 040 o (pal)
P = 023  (ped) () .

) Equaticas (2) aad (5) will sow be axnpared in order to evaluate
the speed at which the fywhael streumm axcsed the Bectico IT1
{aulted coadition aritaria.

e o Valom of P, and (Pa + Pi) have besn calculated
~ from equation (5) and cxmpmred to the fenlted condition strem
limits of equation (2) 40 determine the limiting Sywheel epeed

43..-323 of the ASME
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of 80,000 pai was used in computing the faulted condition limits
which is the minimum specified value for A-533 Grade B, Clase
1 sweal given in (3). The limiting speed based on the membrans
<+ bending stress limit is 385 rad/sec or 3485 rpa, and the limit-
ing spesd based on the membrune stress limit is 372 rad/sec or
3350 rpm. Therwfore, the membrane +- beading limit is govern-
ing.

Io summary, the results of the analysis performed in this seo-
tion demonstrate that the resctor cvolant pump fywheel can
withstand s rotational speed of 3485 rpm, which correpoode to
approzimately & 200 peramnt overspeed condition (Fig. 10)
without exoseding the faulted coudition critaria (Appeudix F)
of Secuon [II of the ASME Boiler and Pressure Vemel Code.
Complisace with thase limits assures that the fSywheal can
withetand this overspeed condition with sufcent margin from
the standpoint of ductile failure.

Brittle Fracture Evaluation

Gessd Ferm Stuss Latansity Foster Selwtien. AD agpruzimate
solution for the strem intensity factor for a radial crack emanat-
icg from the bore of s rotating disk has been reportad by Williams
aod Isherwond (4], and is given by the following expremion
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snd where the gwawOic quantit@ s, J, and ¢ are defined in
Fig. 2. Ths quantities p and & refer t0 the matarial density and
angular velocity as before. Subutituting and appropriate geo-
metric data from Fig. 1 into equations (6) and (7) leads to stram
iotensity fecior us a functios of angular velodty for variom
assumed crackad depths as shown by the solid curve ia Fig. 4.
Note that for the case of & crack emanating from s ksyway, the
keyway depth is induded as pert of the total creck depth for
conservatism.

laspection of Fig. 4 indicates that the clamd form solutice
technique erroneously gives & nonsero value of strees intensity
factor for zero crack depth. Thus it becamaes obvious that the
assumption of adding keywuy depth-to—crack depth is overly
conservative for very short creck deptha In order Lo eliminate
this undue conssrvatiam, and (0 coasider the effect of the kaywny
more ascurataly, & detailad finitselemant modal of the fywheel
with a crack emanating from the keyway wag set Up and analysed.

Nalts Cemant Analynia. Appraximately 500 cmstant strain
Unangular finite elements wers used to model the reactor coolant
pump fywhaesl for analysis using the computer program PPCNT
(3). A detailed illustration of the modals used in the analyses ie

shown in Fig. 5. Due to symmetry, only s 60-deg segmsnt of
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the flywheal, including balf of one ksyway, is required to model
the compiste ywheal. A number of differeat crack daopths and
locations wure studied by placing the special crecktip modal at
variow locations within the fine grid regicn. Elastio solutions
ware obtained for all casm amnming the loading to be dus only
to cantrifugal (ovam resulting from filywheal spinning. The of-

(ects of contact loading et the inner bore and keywnys wwre
amumed (o be nagligible, and the fiywheal was asnanad to be in
a state of plans strain. Valuas of strem intangity factor ware
atimatad from the numerical strem results in the vicinity of the
cucktip by fitting the data to the first two tarms of the serim
expansion for the crack tip strem fiald along the plane of the
arsek gives by

I XX
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where r is the radial distance from the crack tip, C is an arbitrary
constant, sad K, is the cracktip stress intenmty fector. This
procsaure is described in detail eisewhere [6], snd lesds to the
finite element strews intensity factor dsta shown by the dashed
eurves in Fig. 4.

The agreement betwenn the cloged form ar J uumerical rasulte
in Fig. 4 is excelient for crack depths of 1.0 in. and grester, thus
providing an independent check of one technique aguinst the
other for those crack depths. For crack depths less than 1.0
in., however, the ciossd form solution with ita ultrsapnserve-
tive keyway asumption gives unrealistically high strems in-
tensity predictions It is also noteworthy that, contrary to
what one would exps. . the stress intensity factor for & 0.5 in.
crack emanasting from the keywsy corper is amaller than that
for the same crack smanating from the center ¢’ the keyway.
This phenomenon ea.. be explained by the (act that the strem
concentrating effect of the keywsy corner is exuemaly localised,
and thus has no effect at a distance 0.5 in. from the crusr. The
strems intensity {actor for cracks of this sise is governed by the
overall iywhee] strems distribution ratber than by local stress
coposntrations.

The strese intensity factor data of Fig. 4 will sow be com-
pared to the material fracture ughnam to determine critical
speeda lor the flywhesl as o function of assumed crack depth.
Based on the sbove discussion, the mast meaningful strwm in-
wnaity factor data of Fig. 4 is the finite denent curve for &
crack emanating from the center of the keywsy, and this curve
will cherefore be used in the remainder of the evaluation.

Frocuwe Toughaoes. The fncture toughnem and other me-
chanical propertiss of A-333 Grade B, Clam 1 steel bave been
studisd extensively under the AFC Heavy Section Sweel Tech-
oology Program {7, 8, 9, 10]. Lower bound fracture toughoem
versus tempersture data for both the longitudisal (RW) and
tnmvew (WR) directions were obtained in this program using
the equivalent energy concept for lower bound (racture tough-
nam tarting. The date were obtained from asveral hasts of ateal,
all of which had drop weight nil ductility transition tsmpersture
in the range of 0 deg FF 40 410 deg F. Therefore this data ahould
be applicable to reacter coalant pump flywheel matarial with

mvesrn. The Sywheal opunntion tempersture is 4120 deg
F, and the minimum watarial fracture toughnam st this tem-
perature from (9] is 230,000 pei+/Ia. This value is for the weak
or Gansverss direction, the longitudiaal directica toughoem
being much higher. Thus, the analyuis asswnes the worst pos-
sible location sad ormntation of any flaws which may exist
Using this toughnems valus, and the finits elament data for s
center ksywsy crack (Fig. 4), critical Sywheal speads bave besa
detarmined as s fusetion of areck depth, and sre ehown along
with the ductils failere imit ia Fig. i0.

PosSalty Considerstisas. Strict applicahility of Lissar elastic
fracture mochanics is kimited to situstions in which the extent
of plastic flow in the vicinity of the eracktip is small in compari-
eon to the erack depth and other pertinent genmetrio quantities
of the problem. Irwim [11) has suggmted the {allowing epproxi-
mation [or plastic soms sise in & plane strain crack problem

= v. . ®

where K is the applind stress intensity factor and ¢, is the ma-
wrial yield streagth. Values of plastic sone sise have bess el
culatad according to thie expression for the reactor coolant pump
Gywhaal at incipisat fracture (K; = Kic), and the rsults are
susamarised in Table 1.

Flaw sise (d) Plasuc zooe size (7)) Rauo (r,/d)
0.52iu 1.04

0.52n 0.52
0.26

0.521n

The plastic 200 sises listed in Tabie 1 are far too large W
salisly the plasticity limitations of linesr elastic fracture me-
chanies. Nonetheless, the critical speed calculstions of the pre-
vious section are expeciad 10 be accurate. ,

In the pump flywheel problem, the plasticity is completely
contained. That is, dus to the large stress gradienws (Fig. 3), the
outer periphery of the fiywheel remains elastic even st the cal-
culated critical speed lovels. Conuined plasticity such as this
creatss, in effect, o strain controlied loading situstion for which
experience has shown (12, 13| that elastically calculsted atrain
distributions are accurate well beyond the limitws of strict ap-
plicability of the theory of elasticity. This coocupt of ‘“‘strain
equivaience” is well accapted in low cycle {stigue applications,
and ite extension o fracture problems is straightforward.

Acosptiag this strain equivalence argument aliows obne W
justify the use of linear elastic fracture mechanics for the fiy-
wheel evaluation using Rice’s J-integral Concept {14]. It has
besn shows experimentally (15, 16) that the J-integral is & pe-
rameiar which takes on s critical valus (Jc) at fracture over the
axnplete range froem linear elastic to fully plastic behavior. It is
wull established that in the elastic range the J-integral spproach
is identical to linecr elastic fracture mechanica. However, dus
to the priacipls of strain equivalance discussed above, the identi-
ty bytewm J and LEFM ean be extended well into the elasto-
plastic range in strain coaurolied loading situstions (17]. Henes,
the reaftar ooolant pump Bywhesl evalustion pressnted herein
is emsentially a J-intagral evaluation, and ss such is valid re-
gardlan of the excemsive plastic 5000 sises developed.

1o summary, the methods used to predict brittle fracture in the
rector anclast pump fiywhsal are not strictly applioable be-
cause of excesssive plasticity. However, it is argusd that the

which is spplicable. Ia order to counfirm thase arguments, o
scale modal test program was implemented and is discusseu
\ater in this paper.

Flywheel inspection and Quality Assurance
Gstwid Qualifestion Tosts. Wastinghouss reactor coolant
pump Bywhmmis are fabricated from A-533 Grade B Class 1 steel
plate which is produced by s procms that minimises fiaws in the
matarial and improves its fracture toughness properties (vacuum
dgaming vacuum melting, or electroslag remeiting). Supplier
csrtifmtien reports are available for all plates and they damod-
strats the soceptability of the Sywheel material on the basis of

the {allowing requirements {18):
(s) The nilduetility transition \emperasture (NDTT) is ob-
tainsd by two drop weight tests which must exhibit ‘o~
" performance at 20 deg F in accordance with the
of ASTM Testing Proosdure E-208 (18]. These
waight tests assure that the NDTT of the flywheal
s

Complianee with the foregoing criteria insures that all reactor

eoolant pump Sywhes! material has s low enough NDT tem- -

!:’E.-E%ig.o%.ogi
lower bound fracture toughness data oi [0) are applicable.

Transactions of the ASME




with paragrapbs NB-25321 aad NB-2532.2 of Sectioa III of the
ASME Boiler and Presrare Vessal Code (3] for sccoptance. After
{abrication, the finished machined bore sad keyways are sub-
ijectad to magnetic partide or liquid peastrant surfase examins-
tions. The finished Gywhesls are also subjected to e 100 percant
ultrasoeic examination aceording to the shove reflervaced pan-
graphe of (3].

In addition to the aforementioned shop inspections, the fly-
whaeels receive extensive (urther examination as part of the re-
quired inservies iaspectice program for resctor coolant pump
flywheals (18]. A surfece examination aad full 100 percent ulirs-
eonic sxamination are parformed at approximats ten-year inter-

The bales were aleo countarboced at the top ead bottom .18-
ss showr in Fig. 6 t0 sccommodate the presnare eycling device
uwed for precracking. Finally, an electric arc discharge ms-
E.HUZVE.I’-.I& 0 producs s 1 /8-in-long alot
enamting from the 1/4 in. hole. Stop II in the medel fabrice-
tion procsdure was fatigus prearacking. A pressure cydling de-
vies vas used to pulsate pressure in the holes at & frequency of
60 cpm, and an ultrososic flaw detection schame was used to
contisuwaly mositor and control arack growth during the pre-
sure eyding operstion. Maximum pressure duriag fatigue pre-

% "
R e auecking was limited as & function of armek leagth ia order to

avoid the problams amsociated with ezommtve arasktip plasticity
during precracking (22]. In the final phase of {sbricasion (Step
1), \he models were machined to their Snal dimeasioos by re-
moving the excam peripheral and surface material ae ahown ia
Fig. & The inner bore, keywsy aad ¢ slot from the ksyway to the
1/4<ia. bole were also machined in this step.

Tia fizal models thus contained cmmpusite oracks of pre-
spucifiad leagihs consisting of & machined elot, 8 1/4-in. hole, aa
EDM dlot, and s fatigus precrack, all emansting from the key-
waysia the Sywheel boras. The irregularity of the exusk surfece
doss ot affect the validity of the experiment sines the magnituds
of stram intensity fagtor is only aflected by crask shape in the
very saar orscktip region. Note also thet the final creck is
aramtd in the transverse or wesk direction with respect to the
rolliag direction (WR). .—.roiml‘ibtli
00 a8 ¢0 yisld nominal final crack depthe of 1 in., 3 in., and 5 in.
The mxact value of crack depth could aot be determined uatil
after the tasts, howewer, dus 10 Tariability in the lengths of the
fatige prearscis.

vals. Wastinghouse is also introducing & sew inpesction procedure | ¢
(21), in which the eritical regions of the Sywheel (bore, keywny,

and bolt bole regioas) caa be examined ultrasonically by passing 08
Ecnlgl'l..r- four gage holm ia the Gywvhanl

(es0 Fig. 1). This aew prossdure providem s more thorough az-
E&il&il!fl!g
{requent intervals aines it doss 80t require removal of the fiy.
wheel.

All of tbe ultrasogic tests discussed in the foregoing are cali-
brated to provide detectability of Baws as amall a0 0.23 in. in
radial penstration. Thus Gaws on the order of 0.3 in. are a factor

|
) takem in the transverss (WR) orimatation sad
ulc».o_l. hicknass (ZTCT). Tests ware parformad at 0 deg
F, 450 dag F and +70 deg F, and valum of __!aﬁ-.b‘i

of two greater than the inpeection capability of the techniques i

being used. Furthermore, inspections of the flywhasl are both
axtenaive and (requaat. It can, thereiore, be conciuded that Baws

of this size will not ecape detection in flywhesls aad that fly. iD

wheels containing such flaws will not be accepiad lor service.
Scale Mode! Test Program

v ¢
-1".[ oiw.qp_ﬁcowa. & scale model lywhesi test pro-
Journal of Pressure Vesse! Technology

curecy of the analytical techaiques used.




Fig. 7 Frostare oughascss ¢ate for ssalc medel (ywhee! materta

Anslytisal Fractare Fredictiens.  As in ibe prutotype flywheel
overspeed evaluation, the scale model filywheels were evaluated
oo the basis of both ductile failure and britue fracture con-
siderations.

The method (or ductile (ailure anslysis follows the (oregoing
description for the prototype flywhsal, except the ultimate
tengile strength of the material (S. = 80,000) is used in place of
the Bection I1I faulted condition limit (0.7 S,) since no safety
margin ia desired when making the failure prediction. Sub-
stituting the scale modal flywheal dimemminas into equations (4)
yialds

Pa = 0.028 & (pd)
Py = 0.014 ¢ (pa) (10)

For the acale modal Sywhiels, the prefabricated cracks reprammnt

o siguificant reduction i’ ‘oad bearing ares of the cracked plans.

Ralearing to Fig. , V) «flect of reduasd bearing ares can be

isrporated inte eguations (10) by the fallowing appraximatine
Pa = 0.028 R (pd)
Py = 0.014¢ R (pd) a11)

wvhare

0 -0

20-0)~d

Asuming that (ailure cccun vha P, aunds 8, or vhan
(Pa + P)) caomsds 1.5 8, leads to the falrwing expramicns lor
ductile fnilure spesd a8 a function of areck sise

156
oona

whare e is the critiol gpesd baged ea the membwass strem and
6

192

(13)

IRAIE (0. ecesr
e sariamn of saslysis and experiment for scale medel fiy-
whoo! oo

h is the critic:l spesd based on the mombrane + bending stress.
Values of v and sy bave bean calculated as a function of crack
depth. As in the case of the prototype fiywheel, the two limiting
spoeds are very cloge; however, the membrane + bending limit
(wy) is governing. This limit is shown as & dashed line in Fig. 8.

The maethod for brittle fracture analysis of the scale models also
follows that of the prototype evaiuation, however, the experi-
mentally messured matarial fracture toughnems data of Fig. 7
are Used in plam of the lower bound fracture toughness curve.
Substituting the scale model Aywbesl parameten into equations
(0) and (7) yiddds modal Sywhael stress intensity (actor data
which have been compared to the average value of measured
fracture toughnam of the model material at the test temperature
(+75 deg) W predict critical epeeds for bnttle fracture of the
scale modal Byvhmais. These limiting speeds are shown as the
oolid line in Fig. 8.

A third st of limiting spesds is shown in Fig. 6, which is
reprammruative of ecritical spepds s determined in the prototype
fywhseel evalustion. The critianl epeads for the pump fywheel
alalsiad in the exctions, entitied “Ductile Feilure Analysis'

and ‘‘Britde Fracure Evalustion” are oot failure speeds since

thry are based upon 0.7 8, for ductils failure and s lower bound
fraaro toqgheas curve Jor brittle ractare. The safety margios
eswciated with thase mathods of eriticul spesd detarmination are
luwtretsd in this igwe

Me. 9 i‘l"l.!l-l[
Trancactions of the ASME
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fig. 10 Sasaits of reestir anaisst pamp fywhes! ovarapesd ovels-
stien

Test Resatts. The three scale modal fywhesls, fabricated as
dacribed above, were tastsd to failure in the high speed turbine
rotor testing mechine st Westingbouss Rassarch Labortories.
The tests wereperformed st room tempwetve (+75 deg) and
tast tempersture and rotational spesd were moaitored coe-
tiououaly throughout the test.

The specimens fractured in the manner shown in Fig. 9. The
fracture data from these @periments are plotted on Fig. 8, in
terms of fracture speed versus actual crack depth for comparens
with analyzis. The agresment betwessn the fractuze predictions
and the experimsntal data is excallent, thus lsnding & bigh de-
gree of aredibility w0 the annlytical procsdures used in the
prototype flywheal evalustion, even in the pramnce of excamive
plastic 000 sism.

Conclusions

A dstailed evaluation has been performed W0 determine the
critical speed for the Wantinghouse reactor colant pump fiy-
wheel dexign from the standpoint of fracture and submsqusat
mimile production. The results of this study are summarised ia
Fig. 10.

Ductils failwe and brittls fractuze of the Sywhesl were coe-
cidared sspantaly end limiting spesds were established for
sach. The limiting spsed curve of Fig. 10 shows that-thaductile
failure limit of 3485 rpm (290 parcwnt overspesd) is governing
for crack sises less than 1.18 ie., and that the brittle frecumw
limit becomen governing for lasger crack sises. Sines this creck
cise is Ywry large in acamparm (0 that which is detactable uader
current iaspection aad quality ammam procsdures-forthefly-
whoel demign, it can be cossludedthat 3485 rpm is the limiting
speed for the design.

Finally, s scale modal Gywheal tast program was carried out to
weri{ly the analytiaal prooadures used in this evaluatioa. Three
tasts wers performed, and the results of all three srere highly con-
firmatory. On the baasis of this scale model test program, it can
be concluded that the methods used to predict Aywhsel (racture
in this report are highly sccurate and, in conjunctioa with the
consgvetive materials property data ussd, should serve to pre-
clude ywheal fracture under ovarspeed losding coaditions pro-
vidiog the calculated limiting specds are not exameded.

Acknowledgment
The suthon gratelully acknowiedge the smsitance of Memsrs.

Journal of Pressure Vessel Technology

! Ricoardels, P. c..uu.-m.w A “Bascor Coolas
ucm.b.:xm ¢ i

ts,
New York, 1971

¢ Williams, J. G..ndhhtwod.b ) R “Cdmbﬁonol
the Strain-Energy Release Rates of Crasked Plates b an Ap-
Moethod,” deo!&u Anslyeis, Vol.3.No 1

8. E., “User’s Masual for w-mpm Re-

t Weating-
il 23, 1970.
Enhunon ol
of Elastic

‘Fracture ‘ru’- Charscterisation
‘Z"Ag..’?{mWMNudm
d Buchaist, tal Veris-

C.
Values Utﬂuing the Equivaleat
&h Annual h%qomnon

aﬁi

cndare 1
“‘"%?”?3?
ol'i. lﬂ. &“l

of Presswre Vessels for Low-Cycle
ol. 64, &l!ll.t.)'.llm . 380-402.

Notches

P, J70-304.
‘*The J-In Y
P-S514,

Mturmumwxm.

s J. A *“The Effect of
n.hn. ASTMSTP-514, Amer-

mbmurmumw 1972, pp.

Ewunn-ml

=y on%-& Amerieas s«my,a Testing
and Maserials, Ps. (0 be published

).
13 anc,u" Molet l“grm Coolant Pump Fly.
m 7 Standard E-208, ‘“Standard Mathod lor Coo-
W@t Test Dlw- Nil-Du
S Fortitic Blasm” 48TM um
(er Testing aad Materials,

801

2 5-23. “Standard Mathods for Notched
Bar Impact Testing of Metallic Matrials,” ASTM Sienderds
(1078), Pert 31, Ameriran Soc%ln Testing and Materials,

% Pa., 1073, pp
21 G.. “Uluasonic Procedure for the Examination of

din Ly i
Clark, W. ! o “F
5 'I'G — lr"lspnauullm

E-200, “‘Standard Maethod of Test {or
F oudm-dmusumh." ASTM

3) Pert SI.AnmmmlaTmM
Pa., 1973, pp.

Cracis,"”

E
Iy

'5
?i&«i

Printad ia USA.

7




Duquesne LIght Company g e ssum

Shippingport, PA 15077-0004

SUSHIL C. JAIN (412) 393-5512
Division Vice President Fax (412) 643-8069
Nuclear Services

Nuctear Power Division
U. S. Nuclear Regulatory Commission June 21, 1996
Attention: Document Control Desk

Washington, DC 20555-0001

Subject: Beaver Valley Power Station, Unit No. 1 and No. 2
BV-1 Docket No. $0-334, License No. DPR-66
BV-2 Docket No. 50-412, License No. NPF-73
Response to Request for Additional Information Concerning
WCAP-14535; Revised Item 2 Response

Attacheq is a rcvised response to Item 2 to an NRC staff request for additional
information provided by letter dated May 1, 1996, concerning WCAP-14535, “Topical
Report on Reactor Coolant Pump Flywheel Inspection Elimination.” Beaver Valley
submitted the subject report by letter dated January 24, 1996, as the industry’s lead plant
on this issue, and submitted a response to the request for additional information on
June 14, 1996. On June 18, 1996, a teleconference between the NRC staff reviewers,
Westinghouse Electric Corporation staff, and members of the Beaver Valley staff
discussed the June 14, 1996, submittal, in particular Item 2.

This revised response to Item 2 is intended to clarify the interaction and impact of
adding the stresses associated with a conservative shrink fit and flaw sizing conservatism
associated typically with Section XI acceptance criteria of the ASME Boiler and
Pressure Vessel Code. The response to Item 2 and Table 1 has been revised to reflect
additional conservatism in the allowable crack lengths for reactor coolant pump
flywheels.

Please direct questions regarding this submittal to Mr. Roy K. Brosi at (412) 393-
5210.

Sincerely,

DELIVERING
‘(]7 UA ,lA,I TY
ENERGY




Response to NRC Request for Additional Information on WCAP-14535
(Revised Response to Item 2)

liem 2:

Section 1.1 Previous Flywheel Integrity Evaluations, Page 1-3 - The fatigue analysis is dependant on
the premise that UT equipment used for examinations of RCP flywheels at these facilities is capable . /
accurately detecting and sizing 0.24 inch long near surface flaw. Provide your basis supporting the
probability of detection (POD) for the examinations performed. Provide details on how the POD values
were determined, qualified, and used in concluding the assumed size of the initial flaw.

Response to Item 2:

The initial crack length of 0.24 inch was used in a previous evaluation of RCP flywheel integrity by
Babcock and Wilcox (Report BAW-10040, December 1973, "Reactor Coolant Pump Assembly
Overspeed Analysis"). This length was assumed to be the largest crack that could be missed in
nondestructive testing.

As seen in Table 4-4 of WCAP-145385, crack growth assuming extremely large initial flaw lengths
(from 2.04 to 3.28 inches) was found to be insignificantly small over a 60 year extended plant life. In
the crack growth evaluation, 6000 RCP startstop cycles were assumed, which is conservative with
respect to actual operation. Shrink fit was not included in the WCAP-14535 evaluation. This is
conservative, since shrink fit retards crack growth, as discussed in the Response to Item |, above.
This evaluation suggests that very large initial flaws can be structurally tolerated, from a crack growth
perspective. As noted later in this discussion, the reflective reference area used for calibration of the
inspection procedure is nearly an order of magnitude smaller than these structurally stable flaws.

An altemative method of evaluating this issue is to define an "allowable" flaw size based on the
application of margins to the calculated critical flaw size and the calculated stress intensity factor.

The approach used here is to apply the Code pressure boundary margins of ASME Section XI to the
flywheel, which is a non-pressure boundary, non-Code component. This application is considered to be
extremely conservative. The Section XI criteria are as follows:

Criteria based on flaw size: 0w 01 acntical (Normal, Upset and Test Conditions)
810w 0-5&gicas  (Emergency and Faulted Conditions)

Critenia based on stress
intensity factor: K; Toughness/ 10 (Normal, Upset and Test Conditions)
K; Toughness/ 2 (Emergency and Faulted Conditions)

The normal condition for the flywheel is the normal operating speed of 1200 tpm. The faulted condition
for the flywheel is the overspeed of 1500 rpm.

The results of this approach are provided in Table | below. Shrink fit is included in these results, since
shrink fit increases the magnitude of the hoop stresses (as shown in Figure 1) and consequently, the stress
intensity factor. In Table |, crack length is measured radially from the keyway, and percentage through
the flywheel is the crack length divided by the radial length from the keyway to the flywheel outer radius.




Table 1: Allowable Crack Leagths for Flywheels
Including the EfTect of Shrink Fit and Section XI Criteria

Flywheel Allowable Crack Lengths in Inches and % through Flywheel
Group 1200 rpm (Normal Speed) 1500 rpm (Overspeed)
RTNDT = RTnpT= | RTnDT = RTNDT = RTnor= | RTnpT=
0°F 30°F 60°F 0°F 30°F 60°F

1 2.3" (%) 14" (4%) | 04" (1%) 7.6"(23%) | 2.7"(8%) | 0.6" (2%)
2 2.3" (%) 1.5" (4%) | 0.4" (1%) 8.0" (24%) | 2.8"(8%) | 0.5" (2%)
10 1.9" (7%) 1.3" (5%) 0.6" (2%) 8.3"(31%) | 3.7" (14%) | 1.6" (6%)
14 2.2" (8%) 1.8" (7%) 1.1" (4%) 12.0" (43%) | 5.4" (20%) | 1.2" (4%)
15 1.0" (5%) 0.5"(2%) . | 0.2" (1%) 4.3" (21%) 1.9" (9%) | 0.9" (4%)
16 1.9" (8%) 1.4" (6%) 0.7" (3%) 10.2" (42%) | 4.6" (19%) | 1.8" (7%)

It is important to note that several conservative ..;sumptions were included in the determination of the

allowable crack lengths provided in Table 1. These are discussed as follows:

a) The closed form solution for the stress intensity factor was used. This solution assumes that the
keyway radial length is included in the crack length, which is conservative for smaller crack lengths.
This conservatism is evident in Figure 3 for Flywheel Group 1, which indicates that a zero length crack
has a stress intensity factor of about 42 ksi Vinch, since a crack of 0.937 inches (the keyway length) is
assumed. As shown in Figure 4 of the attached ASME technical paper (Attachment C), finite element
analysis shows that the stress intensity factor for cracks less than about one inch long is significantly less
than the closed form solution would predict. Therefore, there is significant conservatism in the smaller
allowable crack lengths ( 1 inch and smaller) provided in Table 1 above.

b) A conservative shrink fit was assumed, as discussed in the Response to Item 1.

c) A lower bound fracture toughness for ferritic steels was used, as discussed in Section 4.3, page 4-7 of

WCAP-14535S.

d) The very conservative criteria of Section XI were used. These criteria apply margins of ten (10) to
normal, upset and test conditions, and two (2) to emergency and faulted conditions. These margins

account for uncertainties in flaw sizing and loading. It should be noted that the loadings associated with
the flywheel (centrifugal forces and shrink fit) are well defined and were conservatively applied in this

evaluation.

¢) The ambient temperature used for the fracture evaluation (70°F) represents a much lower temperature
than would be expected in the containment building during normal plant operating conditions (typically
100°F to 120°F).

f) The stress intensity factor is calculated using the methods of linear elastic fracture mechanics. This
method assumes rapid crack extension in a linear elastic material (i.e., material properties below RTnp7).
The flywheel material would remain highly ductile since the operating temperature is well above the
RTnpT of the material. The conservatism usiny this method is therefore inherent.




Over the past ten years, the examination techniques employed have improved, particularly with the use of
the defocused gage hole probe. The detectability of the gage holes at various metal paths displayed in
Attachment B indicate that the inspection methods used for flywheels are capable of finding flaws of the
sizes identified in Table |.

In Attachment B, the 1.25 inch diameter gage holes (effectively side drilled holes) were clearly identified
at a metal path which is nearly twice the metal path distance involved in the inspection of the keyway
area. It should be noted that it is conservatively estimated that the effective reflective surface of a side
drilled hole is a 30° arc. The reflective surface trom a 1.25 inch gage hole would therefore be 0.33 inch.
This length is smaller than all but the smallest of the allowable crack lengths in Table | (0.2 inch,
Flywheel Group 15, RTypt of 60°F, 1200 pm). As discussed above, a significant amount of
conservatism is inherent in the smaller allowable crack lengths ( 1 inch and smaller) provided in Table 1.
In addition, Flywheel Group 15 includes only one plant, Three Mile Island Unit |. Per Babcock and
Wilcox Power Generation Group, Nuclear Power Generation Division Topical Report BAW-10040,
December 1973, "Reactor Coolant Pump Assembly Overspeed Analysis," the RTypt value of the
flywheel material is estimated to be -10°F. Therefore, a crack length of greater than one inch would be
allowed, which is larger than the 0.33 inch reflective surface from a 1.25 inch gage hole discussed above.

Therefore, the inspection methods used for flywheels are capable of finding the flaw sizes shown in
Table |.
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RESPONSE TO SECOND NRC REQUEST FOR ADDITIONAL INFORMATION
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mm UQ\( W‘Y Beaver Vakey Powsr Siation

Shippingport, PA 15077-0004

SUSHIL C JAIN (412) 393-5512
Division Vice Presidem Fax (412) 643-8069
Nuciear Services

Nuclear Power Division August 2, 1996

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, DC 20555-0001

Subject: Beaver Valley Power Station, Unit No. 1 and No. 2
BV-1 Docket No. 50-334, License No. DPR-66
BV-2 Docket No. 50-412, License No. NPF-73
Response to Request for Additional Information Concerning
WCAP-14535; RAI Dated July 24, 1996

Attached is our response to an NRC staff request for additional information
provided by letter dated July 24, 1996, following a meeting between Duquesne Light
Company and NRC staff on July 17, 1996. This response concerns the maintenance
history and frequency of pump motor overhauls for the types of pumps proposed to be
covered by WCAP-14535, "Topical Report on Reactor Coolant Pump Flywheel
Inspection Elimination."

Currently a reactor coolant pump flywheel inspection would be required during the
Beaver Valley Power Station Unit No. 2 sixth refueling outage scheduled to begin on
August 30, 1996. Therefore, NRC approval is requested by this date.

Please direct questions regarding this submittal to Mr. Roy K. Brosi at
(412) 393-5210.

Sincerely,

Sushil C. Jain

c. w/enclosure:
Mr. L. W. Rossbach, Sr. Resident Inspector
Mr. H. J. Miller, NRC Region I Administrator
Mr. D. S. Bninkanan, Sr. Project Manager (3 copies)
Ms. Diane Jackson, Westinghouse Electric Corporation

QUALITY
ENERGY




Response to NRC Reguest for Additional Information on WCAP-14535
RAI Dated July 24, 1996

On July 17, 1996, a meeting with the NRC staff was held to provide information concerning the
costs of reactor coolant pump (RCP) motor flywheel inspections, and the frequency of RCP
motor disassembly for maintenance. Duquesne Light Company (DLC) personnel discussed actions
performed at the Beaver Valley Power Station. The applicability of the responses to the industry
as a whole could not be addressed, accordingly, a survey of the flywheel group was conducted.
The results of this survey are discussed below along with an altemnative flywheel inspection.

Survey responses were received for 35 of the 57 plants which are covered by WCAP-14535. The
results show a wide range of responses to the question of how often RCP motors are
disassembled for maintenance, but most are disassembled on an average frequency of about every
8 years. The other two questions concerned the cost and exposure involved with flywheel
inspections now being done per Regulatory Guide 1.14 (dollars and man-rem). For inspections
with the flywheel in place (not removed from the motor shaft), the average cost and exposure are
$5,300 and 0.34 man-rem, respectively. For the flywheel removed from the motor shaft, the
average cost and exposure are $28,100 and 0.88 man-rem, respectively.

WCAP-14535 presents a strong technical case for the elimination of RCP flywheel inspections.
This elimination would not affect the frequency of RCP motor maintenance, but would
significantly reduce the risk of RCP motor flywheel failure, since the only credible mechanism for
flywheel damage is from removal, handling and reassembly, as discussed in WCAP-14535. This
potential for damage during handling was also discussed at the meeting, and in response to the
concerns raised by the staff concerning flywheel integrity following RCP motor maintenance, the
following is proposed.

An alternative inspection patterned after Code Case N481 for RCP casings which integrates
inspections into normal maintenance activities is recommended. Inspections using visual, liquid
penetrant or ultrasonic techniques would be performed on the bore and keyway region whenever
the flywheel is removed from the shaft for RCP maintenance. This is in concert with the
conclusion of the technical assessment that only the bore and keyway regions need to be
inspected, not 100% of the flywheel volume, as presently required by the regulatory guide.

Therefore, the following will be incorporated in DLC's maintenance program:
Upon disassembly (removal of the flywheel from the shaft of the RCP motor) for normal

maintenance activities, the bore and keyway region of the RCP motor flywheel shall be inspected
by visual, surface or ultrasonic techniques.
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UNITED STATES NUCLEAR REGULATORY COMMISSION
SAFETY EVALUATION REPORT
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Mr. Sushil C. Jain, Division Vice President
Nuclear Power Division e

Duquesne Light Company

Beaver Valley Power Station

P.0. Box 4 .
Shippingport, Pennsylvania 15077-0004

SUBJECT: ACCEPTANCE FOR REFERENCING OF TOPICAL REPORT WCAP-14535, "TOPICAL
REPORT ON REACTOR COOLANT PUMP FLYWHEEL INSPECTION ELIMINATION®

Dear Mr. Jain:

We have completed our review of the subject topical report submitted by
Duquesne Light Company (OLC) for Beaver Valley 1 & 2 as the two leading plants
by letter dated January 24, 1996. We find the report to be acceptable for
referencing in license applications to the extent specified and under the
limitations delineated in the report and the associated NRC safety evaluation
(SE), which is enclosed. The evaluation defines the basis for acceptance of
the report as limited by an inspection period acceptable to the staff.

We do not intend to repeat our review of the matters described in the report
when the report appears as a reference in license applications, except to
ensure that the material presented is applicable to the specific plant
involved as indicated in the conclusion section of the SE. Our acceptance
applies only to the matters described in the report.

In accordance with procedures established in NUREG-0390, it is requested that
OLC coordinate with the Westinghouse Owners Group and publish this report
within three months of receipt of this letter. The final version shall
incorporate this letter, the enclosed evaluation, and DLC’s responses to the
NRC RAI dated June 14 (without .attachments) and June 21, 1996, between the
title page and the abstract. The final version shall include an -A
(designating accepted) following the report identification symbol.

Licensees having Group-15 flywheels need to demonstrate that material
properties of their A516 material is equivalent to SA 533 B material, and its
reference temperature, RT,,, is less than 30°F. Licensees with Group-10
flywheels need to confire fn the near term that their flywheels have an
adequate shrink fit to preclude loss of shrink fit of the flywheel at maximum
overspeed or to provide an evaluation demonstrating that no detrimental
effects would occur if the shrink fit was lost at maximum overspeed.

Sincerely,

Divisioﬁ of Eng;neering
Enclosure: As stated Office of Nuclear Reactor Regulation




BEAYER VALLEY 1 § 2
MATERIALS AND CHEMICAL ENGINEERING BRANCH
DIVISION " ENGINEERING

1.0 INTRODUCTION

On January 24, 1996, Duquesne Light Company (DLC), the licensee for Beaver
Valley 1 & 2) submitted a Westinghouse report, WCAP-14535 [1], "Topical Report
on Reactor Coolant Pump Flywheel Inspection Elimination,” for NRC review.

This report, which provides an engineering analysis based on fracture
mechanics, is intended to eliminate reactor coolant pump (RCP) flywheel
inservice inspection (ISI) requirements for all operating Westinghouse plants
and some Babcock and Wilcox Plants. Presently, Beaver Valley’s RCP flywheel
inspection is performed in accordance with its licensing commitment to -
Regulatory Guide (RG) 1.14 [2], which provides guidelines on conduct .9
surface and ultrasonic volumetric examinations of RCP flywheels coinciding
with each individual plant’'s ISI schedule as required by Section XI of the
American Society of Mechanical Engineers (ASME) Code.

2.0 BACKGROUND

The function of the RCP in the reactor coolant system (RCS) of a pressurized
water reactor plant is to maintain an adequate cooling flow rate by
circulating a large volume of primary coolant water at high temperature and
pressure through the RCS. A concern over overspeed of the RCP and its
potential for failure led to the issuance of RG 1.14 in 1971. The regulatory
position of RG 1.14 concerning ISI calls for an in-place ultrasonic volumetric
examination of the areas of higher stress concentration at the bore and keyway
at approximately 3-year intervals and a surface examination of all exposed
surfaces and complete ultrasonic volumetric examination at approximately 10-
year intervals. The flywheel inspection schedule is to coincide with the
individual plant’s ISI schedule as required by Section XI of the ASME Code.

Operating powsr plants have been inspecting their flywheels for over twenty
years, and no flaws have been identified which affect flywheel integrity.
This inspection record, plus the licensee’s concern over inspection costs and
personnel radiation exposure, prompted it to submit this topical report to
demonstrate through fracture mechanics analysis that flywheel inspections can
be eliminated without impairing plant safety.

3.0 EVALUATION AND VERIFICATION

The primary regulatory position of RG 1.14 regarding flywheel design concerns
three critical speeds: (a) the critical speed for ductile fracture, (b) the
critical speed for nonductile fracture, and (c) the critical speed for
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excessive deformation of the flywheel. This regulatory position specifies, as
a design criterion, that the normal speed of the flywheel should be less than
one-half of the lowest of these three critical speeds, and the LOCA overspeed
should be less than the lowest of these three critical speeds.

3.1 MATERIAL INFORMATION

As shown in Table 2-1 of WCAP-14535, all flywheels have been classified into
16 groups according to their material and geometric information. Except for
flywheels in Groups 14 to 16, all flywheels were made of reactor pressure
vessel plate steel, SA 533 Grade B (SA 533 B). The analytical results
presented in this report are for SA 533 B material. To cover a wide range of
flywheels, the results were‘Presented for three reference temperatures, that
is, RTqy = 0°F, 30°F, and 60°F. A reference temperature of 60°F is a
reasongkle bounding value for material SA 533 B, and has been used in the
subsequent evaluation.

3.2 ANALYSIS FOR CRITICAL SPEED BASED ON DUCTILE FRACTURE

RG 1.14 permits the use of elastic stress analysis methods and the acceptance
criteria of Section III of the ASME Code to predict the critical speed based _
on ductile fracture of the flywheel. The ASME Code requires that the stress
limits for the general primary membrane stress intensity P_ and the primary
membrane plus primary bending stress intensity P, + P, be d.7s, and 1.08§, for
the “aulted loading combination, where S, is the minimum specf*ied ultimate
tensile stress of the material. The top‘cal report used these limits and
employed the minimum specified S, value of 80 ksi for flywheel material SA-533
B to arrive at the critical speeas for six groups of flywheels under ductile
fracture conditions shown in Table 4-2. These six groups were selected from a
total of 16 groups so that they cover all flywheel dimensions. Table 4-2
indicates that the lowest calculated critical speed is 2698 rpm (Group 15
flywheels), and the normal speed of 1200 rpm is clearly less than one-half of
that value. The type of analyses performed above satisfies RG 1.14. However,
" since RG 1.14 was published in 1975, more appropriate elastic-plastic fracture
mechanics (EPFM) methodology has been developed to predict ductile fracture.
Performing an EPFM analysis is not necessary because the linear elastic
fracture mechanics (LEFM) analysis in Section 3.3 is the appropriate analysis
nethodifor the thick section of the flywheel and temperature regime of
operation.

3.3 ANALYS]S FOR CRITICAL SPEED BASED ON NONDUCTILE FRACTURE

The topical report provided a 1inear elastic fracture mechanics analysis to
:ddress the prediction of critical speed for nonductile fracture of the
i lywheel specified in Item 2.d of RG 1.14.

The analysis used the closed-form solution for a radial full-depth crack
emanating from the bore of a rotating disk to calculate the applied stress
intensity factor (applied K). The fracture resistance for the SA-533 B plate
was obtained from the lower bound K, curve of Section XI of the ASME Code.
Use of K, was suggested by RG 1.14. The loads used in calculating the
applied K were from an overspeed of 1500 rpm. Further, three values of RT.,
0°F, 30°F, and 60°F, were used in calculating the K,.. The resulting critica)
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crack lengths for the six groups of flywheels were summarized in Table 4-3.
It showed that the smallest critical crack length is 2.6 inches for Group-15
flywheels having an assumed RT,, value of 60°F.

The flaw evaluation including fatigue analysis in the original submittal did
not determine a critical speed based on an assumed initial flaw size as
requested by RG 1.14, or show that the acceptance criteria of IWB-3610 of
Section XI of the ASME Code were satisfied. In response to this, the licensee
applied in Reference 3 the margins of IWB-3610 of Section XI of the ~sME Code
and expanded Table 4-3 of the topical report to include critical crack lengths
at the normal speed for the six groups of flywheels. The new table was called
Table 1. The staff also determined that the applied K due to shrink-fit
stresses were not considered in the initial response. In the second response
to the staff’s RAI [4], the licensee revised Table 1 one more time to include
the shrink-fit effect. This table indicates that normal/upset conditions are
controlling for the flywheels. The allowable crack lengths, with IWB-3610
margins applied, are 0.2 inch for Group 15 and 0.4 inch for the remaining
groups of flywheels. In Attachment B to Reference 3, the 1.25 inch diameter
gage holes were identified at a metal path which is about twice the metal path
distance involved in the inspection of the keyway area. The reflective
surface from a 1.25 inch gage hole would therefore be 0.33 inch. Since the -
ASME IWB-3610 minimum allowable crack length, 0.4 inch, for all groups except
for Group 15 is greater than the 0.33 inch that was demonstrated to be
detected, all flywheels except those in Group 15 satisfy the nonductile
fracture criterion. For licensees having Group-15 flywheels, they need to
demonstrate that the reference temperature, RT.,, for their SA 533 B material
or its equivalent is less than 30°F because Taﬁe 1 of Reference 4 indicates
that the allowable crack length for this RT,, value is greater than 0.4 inch.
Further, it should be noted that the minimum initial crack length, considering
shrink fit but not the ASME margin, is 1.0 inches at the normal speed of 1200
rpm for all groups. Based on experience with the inspection of ferritic
components with short metal paths, the staff considers that it is unlikely
that any defect that could challenge flywheel integrity would be missed by the
inspection. In addition, the staff agrees that other conservatisms that are
identified in keference 4 were not accounted for in the analysis.

RG 1.14 requires the normal speed of the flywheel be one half the critical
speed. Meeting the margins based on applied K of IWB-3610 of Section XI of
the ASME Code is ucceptable to the staff for satisfying this criterion. When
this is translated into the concept of factor of safety on applied stress, it
is equivalent to a factor of 4. Since the toughness used is K;, in the ASME
Code (for the 1imiting normal condition) and K, in RG 1.14, and K hszlarger
than K;,, the RG margin will be very close to the ASME margin of (Yb) /% after
having applied the ratio of K,, to K,..

Fatigue crack growth was determined from the rate formula in Appendix A of
Section XI. For the flywheel in each group, an initial crack length of 10% of
the distance from the keyway to the flywheel outer radius was assumed (ranging
from 2.04 inches to 3.28 inches). As to the loading, 6000 cycles of RCP
starts and stops were assumed for a 60-year plant 1ife. The crack growth
after 6000 cycles are tabulated in Table 4-4 of WCAP-14535 for the six groups
of flywheels. The largest growth is for cracks in Groups 1 and 2 flywheels,
for which a value of 0.08 inch is reported.
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The fatigue crack growth calculation did not include the stresses due to
shrink fit. However, in Reference 3 it was demonstrated that excluding the
shrink-fit stresses is conservative in the crack growth calculation. This is
because the key parameter now is aK instead of K. The explanation provided in
Reference 3 is acceptable and the staff agrees that the crack growth
calculation is conservative. The staff concludes that after 10 years the
maximum fatigue growth would be expected to be about 0.013 inch. If it is
assumed that a crack of 0.33 inches were missed and the maximum expected
fatigue crack growth were applied, the end of cycle crack size would be 0.343
inch. Therefore, the ASME margins would be maintained during the service
period and a 10-year inspection period appears reasonable.

3.4 COMPLIANCE WITH THE EXCESSIVE DEFORMATION FAILURE CRITERION

The analyses in the report used standard closed-form formulas for rotating
disks to calculate the change of flywheel inner and outer radi{ at 1500 rpm.
The results are tabulated in Table 4-5 for the six groups of flywheels. The
largest value is 0.010 inch for the change in the inner radius. Without
referri..g to any criterion, this report stated that these increases would not
result in any adverse conditions.

The primary concern of RG 1.14 over excessive deformation is the enlargement
of the bore that could cause a separation of the flywheel from the shaft or
could cause an unbalance of the flywheel leading to structural failure. The
staff believes that the concern here is the loss of shrink-fit at high speed.
Once it happens, the keys on the flywheels may not be able to prevent the
slight relative displacement Latween the wheel and the shaft from happening.
Consequently, the balance of the flywheel might be altered. The staff
concludes that most flywheels satisfy the excessive deformation failure
criterion based on loss of shrink-fit. However, it aprears that using the
generic initial shrink-fit assumed in the topical rep.rt, the shrink fit may
be lost for Group-10 flywheels at a speed of 1500 rpm. Licensees havin? these
flywheels need to use the plant-specific shrink-fit value to check the loss of
shrink-fit of the flywheel at this speed.

3.5 COMPLIANCE WITH THE LOCA OVERSPEED CRITERION

RG 1.14 requires that the LOCA overspeed should be less than the lowest of the
three critical speeds mentioned in Section 3.0. Since the predicted LOCA
overspeed reported in the submittal is in all cases less than 1500 rpm, which
happens to be the lowest critical speed discussed above, the LOCA overspeed
criterion 1s satisfied.

3.6 RISK ASSESSMENT

The staff relied solely on deterministic methodology to review this submittal.
The risk assessment in Section 5, which used a Monte-Carlo simulation with
importance sampling for assessing the effect of inspections, concluded that
flywheel inspections beyond ten years of plant 1ife have no significant
benefit on reducing the risk of flywheel failure. Since the risk assessment
was not reviewed, acceptance of this report shall not be interpreted as the
staff accepting the probabilistic methodology in Section S.




4.0 CONCLUSIONS

The Materials and Chemical Engineering Branch has completed its review of the
licensee’s submittals and has determined that the evaluation methodology in
the reports is appropriate and the criteria are in accordance with the design
criteria of Rg 1.14. :

For the RG criteria on the three critical speeds, the staff concluded that (1)
all flywheels satisfy the ductile fracture criterion of RG 1.14; (2) except
for Group-15 flywheels, all flywheels satisfy the nonductile fracture criteria
of Section XI of the ASME Code because their allowable crack length (2 0.4
inch) is greater than the minimum flaw size that would be found by periodic
inspections used for flywheels describes in Attachment B to Reference 3; and
(3) all flywheels except those in Group 10 satisfy the excessive deformation
criterion of RG 1.14.

This report requests complete flywheel inspection elimination. The staff
believes that even for flywheels meeting all the design criteria of RG 1.14,
as modified in this SER, inspections should not- be completely eliminat~d.
Inspections are performed in part to protect against events or degradation
that is not anticipated and has not been considered in the analysis. This
philosophy is consistent with the requirements in the ASME Code for successive
inspections. for flaws evaluated to the Section XI acceptance criteria.
Therefore, the staff will not accept elimination of flywheel inspection.
However, conducting flywhee! inspection when RCP motor maintenance is required
(about e:ery 8 years from a 'imited survey [5]), the staff finds the following
acceptable:

(1) Licensees who plan to submit a plant-specific application of this topical
report for flywheels made of SA 533 B material need to confirm that their
flywheels are made of SA 533 B material. Further, licensees having Group-15
flywheels need to demonstrate that material properties of their AS16 muterial
:s equivaleng to SA 533 B material, and its reference temperaiure, RT,,, is
ess than 30°.

(2) Licensees who plan to submit a plant-specific application of this topical
report for their flywheels not made of SA 533 B or AS5i6 material need to
either demonstrate that their flywheel material properties are bounded by
those of SA 533 B material, or provide the minimum specified ultimate tensile
stress, S,, the fracture toughness, K., and the reference temperature, RT,,
for that material. For the latter, tko licensees should employ these material
properties, and use the methodology in the topical report, as extended in the
two responses to the staff’s RAI, to provide an assessment to justify a change
in insnection schedule for their plants.

(3) Licensees meeting either (1) or (2) above should either conduct a
qualified in-place UT examination over the volume from the inner bore of the
flywheel to the circle of one-half the outer radius or conduct a surface
examination (MT and/or PT) of exposed surfaces defined by the volume of the
disassembled flywheels once every 10 years. The staff considers this 10-year
inspection requirement not burdensome when the flywheel inspection is
conducted during scheduled ISI inspection or RCP motor maintenance. This
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would provide an appropriate level of defence in depth.

Licensees with Gro p-10 flywheels need to confirm in the near term that their
flywheels have an adequate shrink fit to preclude loss of shrink fit of the
flywheel at maximum overspeed or to provide an evaluation demonstrating that
no detri:ental effects would occur if the shrink fit was lost at maximum
overspeed.

Since this topical report and all related documents were submitted by OLC, no
demonstration of plant-specific applicability is required from DLC.
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Safety Evaluation Report on RC Pump Flywheel Inspection

The NRC staff has completed their review of the topical report submitted by Duquesne Light
Company on your behalf, and has issued a Safety Evaluation Report, which is attached. The report is
dated September 12, 1996, but was not received by Duquesne Light until September 12. Our review
of the SER has revealed several mistakes, and a number of areas where the wording is not clear. We
have obtained clarifications through several phone calls with the NRC staff, and these are discussed
below. First, a brief summary of the key provisions of the SER.

Key Provisions

(€]

Inspections need only be done on a ten year interval, instead of 40 months.

Acceptable inspection methods are either UT or surface exams (magnetic particle or liquid
penetrant).

UT inspection coverage is required only on the inner half of the flywheel radius.

Surface examination coverage is the exposed surfaces of the flywheel when the pump is
disassembled for maintenance.

All licensees can reference this SER in license applications, and detailed technical reviews of the
submittals will not be required, unless new technical information is presented.

Follow-up Clarifications

The new inspections are meant to be a relief from those contained in Regulatory Guide 1.14.

The term "qualified” as applied to the UT has no hidden meaning. The inspections under this
SER should be qualified in the same way the inspections under RG 1.14 were qualified.
Specifically, the staff said that Appendix VIII of Section XI does not apply.

Referring to item (3) on page 5, the area to be examined by surface examination is stated as the
"exposed surfaces defined by the volume of the disassembled flywheels". This was clarified to
mean the "exposed surfaces of the disassembled flywheels".

The questions about the toughness of the Group 1S flywheels and the shrink fit for Group 10
flywheels have been answered earlier in response to the staff request for additional information,
but for some reason were missed by the staff when they issued the SER. The staff suggested
that this information be included in the submittals of the affected utilities, with a note
mentioning the earlier submittal.
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Follow-up Actions

The original WCAP-14535 will be republished, along with the two requests for additional information
and the responses, and the SER. The information needed by Group 15 and Group 10 owners will be -
clearly laid out. This : :port will be numbered WCAP-14535A.

Conclusions
The SER provides some relief, but the extent of relief was somewhat disappointing. The NRC staff
said that technically the basis for further minimizing flywheel inspections has been established, but

they felt they could go no further at the present time. This leaves the door open for future actions on
this subject.
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