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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 f»w rate by circulating large volumes of the
primary coolant water at high wemperature and pressure through the reacior 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 nov., and no flaws have been
identified which affect flywheel integnty. 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 discharae piping. The RCP flywheel evaluated had an outer radius of 37.5", a bore
radius of 47" and a keyway with a radial 1:ngth of 0.9" and a width of 2.0". which are
typical dimensions for RCP flywheels. Thz flywheel material was AS533, Grade B, Class |
steel plate, which is typically used in flyweel 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, 1t
was concluded that 3485 rpm was the liniiting 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

Case Description Peak Speed
No. (rpm)
| 4 Loop plant, double ended break. RCP trip after 30 seconds. | 1248
2 Case | with instantaneous power loss. 3321
3 Case | 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*, I 189
6 Case 3 for a 3 loop plant 2330
7 Case 2 with moment of inertia increased by 10% 3200 ]
X Case | with moment of inertia increased by 10% 124X |
9 Case 1 with loop out of service 2965
10 Case | with longitudinal split break areas of 0.5 ft*, 3.0 ft* 1200
and pipe cross sectional area.
11 Case 10 with instantaneous power loss 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 MW1t, 177 fuel assembly, nuclear steam
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 fi* forces would retarc the growth of radial cracks in the keyway area,
they were omitted from the analysis of the acyway 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
lifc 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 cntical
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

Description

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
I 5 1.0 f¢ 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).
5 8.55 ft* cold leg guillotine break (pump 0.1 1190
suction).

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 deraonstrate 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 gualified 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 postulated under the structural design basis b2comes 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 f¢ 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 f¢* and 0.5 f* 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 kp) 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 Ib,-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 f*, and 1.0 ft* split
breaks (Cases 3. 4 and 5). The 1.0 £ 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 ehimination 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
. Davis Besse

. Three Mile Island Unit |

Three complimentary approaches will be used to demonstrate that flywheel inspection may be
safely eliminat>d. 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 further
inspections (Section 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 1o 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 example of this type of flywheel is shown in Figure 2-2,

For the purpose of the evaluations performed for this report, 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 K.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 A533 Grade B Class | or A508
Class 3 steel. Flywheels for the pumps at three plants are made from AS16 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 | steel. The Haddam Neck flywheels wore
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 1s
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
RTy; 18 less than 10°F, but it 1s 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,,; 1s no greater than 10°F.

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

m

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

I 76.50 9.375 0.937 110,000 SAS533B | TGX/THX/Spare

2 75.75 8.375 (.906 X2,000 SAS33B PSE*/PNJ/Spare

3 75.00 9375 0937 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 9375 0,937 K3.000 SAS33B | TVA/TEN/Spare

1r

5 75.00 9375 0937 X2.000 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 %.375 0911 K2.000 SAS33B INT Spare

X 75.00 8.375 ).906 X2,000 SAS23B IPP/INT. PGEPEG

9 75.00 8.375 0.906 RO,000 SAS33B | WEP/WIS

10 72.00 16.125 0.906 72,000 SAS33B BOCO/Spare

11 72.00 9.375 0937 72,700 SAS33B | BDAVI®

12 72.00 8.375 0,906 80,004 SAS33B | RGE*

13 72.00 8.375 0.906 70,000 SAS33B | CPL/Spare; FPL/FLA/Spare:
VPA/VIR*

14 65.00 X.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 Asl6 BCRY3
Notes:

1) Spare has a keyway radiai length oi ().8X5",

2) Haddam WNeck spare has a keyway radial length of 0.61%", and matenial 1s SAS33B.

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 SASOX 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

Plant Alpha Designation

Plant

| AEP/AMP
| ALA/APR
| CAE/CBE

CCE/CDE
CGE

| CWE/COM

 CPL

| CQL

| CYW

| 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
B3MI|
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D.C. Cook Units | and 2
JM. Farley Units | and 2
Byron Units | and 2
Braidwood Units | and 2
V.C. Summer

Zion Units | and 2

H.B. Robinson Unit 2
Shearon Harnis

Haddam Neck

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

Millstone Unit 3

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

Ginna

Wolf Creek

Callaway

Comanche Peak Units | and 2
Sequoyah Units | and 2
South Texas Units | 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 |




37.5 1N RAD.

7.5 I

[
Huj i® RAD
)
1

Sage oo S

6.5 In

2 I8 DiA BOLY nousﬁ

1,25 1N DIA

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

Bolt holes for | | / 72" OD

bolting flywhee! plates | 8 spokes 2.5 thick welidec to

together 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 fi

496" OD onto the spokes.

ot Rotor Core

Lower Flywheel: Consists of 1 plate
- shrunk fit and keyed 10 spokes
-j\Motor Shaft

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

Fiywheels are inspected at the plant or during motor refurbishment. Inspections are
conducted under Section X1 (Reference 4) standard practice tor control of instrumentation and
personnel qualification. The inspections are conducted by UT level Il and level 11
examiners.

3.1 Examination Volumes

Reactor Coolant pump flywheel examinations are conducted under the control of Utlity 15l
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 of the pump flywheel aft:r 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 Approacnes

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 corners 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 matenal 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 ali member
utilities contributed. The flywheel population surveyed was a total of 217. A total of

729 examination results were reported. and no 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 reassemblying the
flywheel. These were all dispositioned as not affecting flyw heel integrity, but are clear
evidence that disassembly for inspection and reassembly actually can produce damage.

Indications were found at the Haddam Neck plaut, in the weld used to join the two flywheel |
plates together. The indications identified were associated with this seal weld and resulted in
no radially oriented cracking. and no impact on the integrity 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
Total with No Inspections | Indications
Number Number of | Indications or with Affecting
Plant Alpha of Flywheel Nonrecordable | Recordable Filywheel
Designation Plant Flywheels | Inspections Indications Indications Integrity
AEP Cook | 4 14 13 1 0
AMP Cook 2 - 12 12 0 0
ALA Fariey 1 3 17 17 0 0
APR Farley 2 3 19 19 0 0
| CAE/CBE | Byron 1 & 2 K 20 19 ] 0
CCE Braidwood | B 13 11 2 0
I CDE Braidwood 2 4 9 8 ] 0
CGE Summer 4 10 10 0 0
I CWE Zion 1 4 10 9 1 0
I COM Zion 2 - 16 16 0 0
CPL Robinson 2 -+ 22 20 2 0
CQL Harris 3 17 17 0 0
CYw Haddam Neck - 32 28 4 0
DAP McGuire | R 13 13 0 0
DBP McGuire 2 - D 8 0 0
DCP Catawba | “ H 6 0 0
DDP Catawba 2 R 6 6 0 0
DLW Beaver Valley | 3 15 11 4 0
r DMW Beaver Valley 2 3 S 5 0 0
l FPL/FLA | Turkey Pomnt 3 and 4 7 36 34 2 0
GAE/GBE | Vogtle 1 and 2 9 19 19 0 0
IPP Indan Point 2 5 2] 21 0 0
INT Indian Point 3 5 17 17 0 0
NAH Seabrook 4 b - 0 0
NEU Millstone 3 5 12 12 0 0
NSP Pramne Island | 2 13 12 ] 0
NRP Prawnie Island 2 2 1 10 | 0
|
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Table 3-1: Flywheel Inspection Results (continued)

Total Number

Total

of Inspections Number of Number of
Total with No Inspections Indications

Number 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/PN] | Salem | and 2 9 24 13 1 0
RGE Ginna 3 21 21 0 0
SAP Wolf Creek 4 13 12 | 0
SCp Callaway 4 11 11 0 0
TBX Comanche Peak | 4 X N 0 0
TCX Comanche Peak 2 o 4 4 0 0
TVA/TEN | Sequoyah 1 and 2 9 37 36 I 0
TGX South Texas | 4 12 12 0 0
THX South Texas 2 4 12 12 0 0
VGB/VRA | North Anna 1 and 2 7 37 33 4 0
VPA/NIR | Surry | and 2 7 17 17 0 0
WAT Watts Bar | 4 4 2 2 0
I WEP Pomnt 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 b 24 22 2 0
BOCOI Oconee | 4 6 6 0 0
BOCO?2 Oconee 2 4 2 2 0 0
BOCO3 Oconee 3 4 3 3 0 0
BiMI! Three Mile Island | 4 9 u 0 0
TOTALS 57 217 729 686 43 0
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Table 3-2: Summary of Recordable Indications

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
reconditioming.

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

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

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

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

J 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
reexamined.

1992 Gouge on spare flywheel blended out to 3 (0 1 taper

DLW 1980 PT indication, unsatisfactory mechamcal 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 1o 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 |S-76P499 flywheel accepted as-is,

1993 Torn metal in keyway (PT) on motor 28-76P499 flywheel removed by
tuffing.

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

NRP 1995 MT indications in peniphery 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 flywhee!l. accept as-is, monitor.

PSE/PNJ 1983-1995 Eleven recorded indications from surface examinations on seven
flywheels were identified as minor chatter marks in keyway from onginal
rough machine cuts due 1o the arbor tool used during manufacture.
Accept as 1s.
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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 1 flywheel within seal ring
(curcular hike spacer wear) - removed.
TVA/TEN 1993 Recorded indications (10 year MT) in flywheel 35-81P352. Lamnations
m edge, dispositoned as acceptable.
I VGB/VRA 1983 Tool marks noted 1in keyway of flywheel 28-X1P355,
1986 Four PT mdications i the keyway of flywheel 35-81P355 caused by
meorrect mstallavon.
JORR Six reportable idications from keyway scratches in flywheel 38-X1P777.
1993 Three acceptable rounded indicauons i the keyway of flywheel 28-
I BIP777.
I i y :
WAT 1986 PT recorded indicaiion in keyway area of RCP i flywheel resulted from
ool chatter which occurred during manufacture of the flywheel. The
ndications were formed by the teanng and smearnng of the ramsed metal
(ntroduced by the wol chatter) at disassembly and reassembly of the
keys.
it 1986 VT recorded indicatton in keyway area of RCP 4 flywheel.
WPS 1976 Visual recorded mndicatuon in RCP "A" flywheel. Machine chips in five
smail holes i center of shaft.
BDAVI 1975 Volumetric preservice indicaton in RCP 2 flywheel found 0 be
acceptable, Surface tears i keyway removed by surface conditioning.
198X Surface gouges i bore of RCP 4 flywheel from flywheel removal 1ound
to be acceptable.
CYw 1971 See Appendix B.
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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 fiaws. 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 flysvheel design:

a. The flywheel assembly, inciuding 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-coolani accident, and the Safe
Shutdown Earthquake loads without loss of structural integriry.

b. Design speed should be ar least 1.5% of normal speed but not less than the
speed that could be attained during a turbine overspeed transient. Normal
speed is defined as svnchronous speed of the a.c. drive motor ar 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
Il of the ASME Code are ncceprable. If another meihod is used, justification
should be provided. The analysis should be submitted 1o the NRC staff for
evaluation.

d. An analvsis should be conducted to predict the critical speed for nonductile
failure of the flyvwheel. Justification should be given for the stress analvsis
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 1o the
NRC staff for evaluation.
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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).

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.

The predicted LOCA overspeed should be less than the lowest of the critical
speeds calculated in regulatory positions C.2.c, d, and ¢ 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 repon, six flywheel
groups were selected for evaluation, which encompass the range of domestic flywheel
dimensions covered by this report. These groups are as follows:

Table 4-1: Flywheel Groups Evaluated

Bore Keyway Radial l
Group (Inches) | (Inches) | Length (Inches) Comments
1 76.50 9375 0937 Maximum flywheel OD.
2 75.75 8.375 0.906 Large flywheel OD, Mimimum flywheel
hore.
10 72.00 16,125 0.906 Large fiywheel OD, Large flywheel bore.
14 65.00 K375 0.656 Minimum flywheel OD, Minimum
flywheel bore.
15 72.00 30.500 0.390 Maximum flywheel bore (spoked
flywheel), Minimum keyway radial length.
13.800 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 11
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):

3+v) pw WO L L
o = wmrey 0% B = 1*
E . 3X6.4 k r- J

(3+v) pw ST 4 L AP
O, ® cmegen b+ a- - {re
s 7 | [ e [5*\' |

where ©, = radial stress, psi

= circumferential, or hoop stress, psi

= Poisson’s ratio, 0.3

= flywheel material density, 0.283 Ib /inch'
= flywheel angular speed, radians/second

= flywheel outer radius, inches

= flywheel bore radius, inches

= flywheel radial location of interest. inches

-~ e Tg® <
i

Since the stress in the thickness direction (0,) is assumed to be negligible, and the radial
stress (0,) always falls between o, and 0, the maximum stress intensity at any point in the
flywheel is equal to the circumferential stress, 6. It should be noted that the circumferential
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:

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 = 34y pw - a?) l__I_ 1+ 3v
i 8 | 3864 (b-a) 3| 3+ v

p = |3V 6 pur b 1+3v] b'a -1 [143v ),
k ¥ ) 3864 (b-ay |12 (3o ) 72 T 3w

’azh: |ﬂ(—) T ——— l‘ —_ (-—-————) T — (-—-———
a 2 l 3 3¢v| 12 3+

b _ba’ I 1+ 3V af e 3v,]
As was performed in the Reference 2 evaluation, a ductile failure limiting speed was
determined for each flywheel group selected for evaluation, assuming that cracks are not
present and neglecting the local stress effects from holes and keyways. Limiting speeds were
aiso calculatad considening 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 calculatons are
provided in the following table.
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Table 4-2: Ductile Failure Limiting Speed (rpm)

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

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

10 3503 3471 3443 3398 3238 2990

14 4086 4032 396 3903 3768 344%

15 3175 3155 3108 3056 2915 269K
3850 3 3760 3264

Per Regulatory Guide 1.14, Revisien 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 tailure 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.
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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

tollowing equations (Refe *nce §5)

flywheel matenial density (Ib,, per cubic inch)
flywheel angular speed (radians per second
flywheel outer radius (inches)
tlywheel inner radius (inches)

lial | to vf k tip (inches)
radiai location or crack up anches

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 lL‘.".g(h tar conservatism. | sing the closed form soiution, 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 . keyway yielded
higher stress intensity factors than cracks emanating from the keyway corner, and that a zer
length crack resulted in a zero stre.s 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




nonductile failure controls for larger crack lengths. Therefore, the closed form solution was
used for calculation of the stress intensity factors in thi. report, keeping in mind that it s
overly conservative for small cracks. (However, small cracks are controlled by the ductile

tailure mode)

To envelope the range of RT,,,; values for the flywheel matenals, 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)

’\ = 332 + 20.734 C\[“"”): (T - RI

This resulted in fracture toughness values of 117 ksi Vinch and 58.5 ks1 vinch for RT,
values of 0°F and 60°F, respectively, at an ambient temperature of 70°F. The ambient
temperature used for the fracture evaluation represent. a much lower temperature than would
be expected in the containment building during normal plant operating conditions (typically

0°F to 120°F), and is therefore conservative with respect to nonductile fuilure analysis

At the maximum flywheel overspeed condition of 1500 rpm, the following cnitical crack
lengths were calculate * for cracks emanating radially from the keyway. Note that an
intermediate RT,,,, value ... 3°F (K, = 79.3 ksi vinch) 1s included in the table

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

Critical Crack Length in Inches and % through Flywheel

Flywheel
Group RT .oy = 0°} RT o = 30°F RT . = 60°F

' !!\fi v | ]
(S50 (24%) Q%)

46

Note:  Crack length 1s measered radally from the keyway, and percentage through flywheel 1< calculated as
the crack length divided by the rachal length from the keyway to the flywheel outer radus




As shown in the above table, the critical crack lengths are quite large, even when considering

higher values of RT,,, and a lower than expected operating temperature
4.3.1 Fatigue Crack Growth

F'o estimate the magnitude of fatigue crack growth during plant life, an initial radial crack

length of 10% ot the way through the flywheel (from the keyway to the flywheel cuter

radius) was conservatively assumed. The fatigue crack growth rate may be characterized in
terms of the range of applied stress intensity factor, and 1s generally of the torm

(Reference 4

where da/dN = crack growth rate (inches/cycle)

n : slope of the log (dw/dN) versus log (AK

( scaling constant
I'he 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 fernitic steels exposed to an
air environment is provided by the above equation with n = 3.07 and C, = 199 x 10" 8. (S
18 a scaling parameter to account for the R ratio and is given by S
where 0 < R < |. Since the maximum stress intensity range occurs between RCP shutdown
(zerH rpm) and the normal operating speed of approximately 1200 rpm, the R ratio 1s zero

and S = 1). The fatigue crack growth rate for the flywheels may therefore be estimated by

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 1s as shown below




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

CRACK
KEY- LENGTH ASSUMED GROWTH
FLY- FLY- WAY FROM INITIAL AFTER
FLY- WHEEL WHEEL RADIAL KEYWAY CRACK 6000
WHEEL oD BORE LENGTH TO OD LENGTH AK, (KSI CYCLES
GROUP | (INCHES) | (INCHES) | (INCH) (INCHES) (INCHES) VINCH) (INCH)
1 76.50 9.375 0.937 32.63 3.26 k1 0.08 H
2 75.75 8.375 0.906 32.78 328 37 0.08
10 72.00 16.125 0.906 27.03 2.70 35 0.07
14 65.00 8.375 0.656 27.66 2.77 25 0.02
15 72.00 30.500 0.390 20.36 2.4 33 0.05
65.00 13.800 1.060 24.54 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):

where a

mego o

<
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pwr a

bore radius (inches)
outer radius (inches)
fiywheel material density (0.2¥3 Ib /cubic inch)
flywheel angular speed (radians per second)

Young's modulus (30 x 10" psi)
Poisson’s ratio (0.3)

[(3+v)b + (1 =v)a‘)

(1 =v)b® +(3 +v)a’|
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At the flywheel overspeed condition of 1500 rpm (157.08 radians/s 2nd), 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)

1 0.003 0.006

2 0.003 0.006

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 tolcrance 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 fiywheels 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 o
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 cecur during disassembly or
reassembly for inspection.
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LIMITING SPEED (RPM)

CRACK DEPTH (INCHES)

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 and risk
assessment was performed for each of the flywheel groups selected for evaluation in Section 4. A
40 year plant life including the potential for an extended plant life of 60 years, and 12 month
operating cycles were assumed for the evaluation. The following subsections describe the
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 < (), 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 uncentainties in the key structural reliability model parameters and plant
specific input parameters. Importance sampling, as described by Witt (Reference 7), is a variance
reduction technigue 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 ali 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 critical 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 +1C 0.1003 0.09889 -1.41
Log-Normal 0.0 0.1003 0.09880 -1.50
Log-Normal + 1.0 0.1003 0.09652 3.1
Uniform 0.0 0.1003 0.10393 +3.62
Log-Uniform 0.0 0.1003 0.1001% -0.12
Weibull 0.0950 0.0934 -1.6%

Same type of distribution on the random values of initial crack 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.

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 alternative 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 alternative method was the @RISK add-in for Lotus 1-2-3 spreadsheets (Reference ). 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 prohabilities 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 RPFWPROF.

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. Vasiables 1 t0 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
schematically 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

Name Description of Input Variable Usage Type
1 ORADIUS Outer Flywheel Radius (Inch) Initial
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
5 CY1-ISI Operating Cycle for First Inservice Inspection Inspection
6 DCY-ISI Operating Cycles Between Inservice Inspections Inspection
7 POD-IS1 Flaw Detection Probability per Inservice Inspection Inspection
¥ 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

I 11 | RATE-FCG | Fatigue Crack Growth Rate (Inch/Transient) Transient
12 | KEXP-FCG | Fatigue Crack Growth Rate SIF Exponent Transient l
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
16 | F-KIC Crack Initiation Toughness Factor Failure
17 | DLENGTH | Flywheel Keyway Radial Length (Inch) Failure

Variables S 10 ¥ are available to calculate the effects of an inservice inspection (I1SI) 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 trials. For
inservice inspections, this ratio is modified to 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 1o a good-as-new condition. This modified ratio for ISI is
expressed by the following equation:

Pr, = Summation | Pry,(n) F(n) |/ N
n=1twN

Where:
Pr, = the approximate probability of failure,

Pry,(n) = the 1SI 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 trials (simulations).

The non-detection probability normally varies as a function of time since it depends upon the size of
the crack at the time the ISl 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:

Pan(n) = Pf()duc‘ [ Prp,'u( n.t‘) '
i=1wl

Where:

Pry,(nt) = 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 IS, are consisient with those
described in the pc-PRAISE Code User's Manual (Reference 10). They are somewhat optimistic since
there is no correlation 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
ceassembly) was included in the IS! model but not used (variable ¥ set 1o zero).

The median input values and their uncertainties for each of the parameters of Table 5-2 are shown in
Table 5-3. The median is the value at 50% 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 probabilistic 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 (variable 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*
1 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
5 | CYI-ISI 3. 000E+00 Constant
6 DCY-ISI 4.000E+00 Constant
7 | POD-ISI S.000E-01 Constant
8 DFP-ISI 0.000E+00 Constant
9 NOTR/CY 1L.OOVE+02 Normal 1.OOODE+01]
10 | 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.S00E+02
14 | TEMP-F 9.500E+01 Normal 1.250E+01
15 | RT-NDT 1000E+0] Normal 1.700E+01 l
F-KIC 1.000E+00 Normal 1.OOOE-O1
DLENGTH Per Flywheel Group Constant

* Note: Uncertainty is either the normal standard deviation, the range (median (0 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 5-5
shows the computer generated plot comparing the calculated reactor pump failure probabilities 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 smail. This is because the failure 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 RELIABILITY AND RISK ASSESSMENT (SRRA)
PROBABILITY OF FAILURE PROGRAM RPFWPROF

ESBU-NTD

INPUT VARIABLES FOR CASE

NCYCLE = 60

NOVARS = 17

NUMSSC = 0
VARIABLE DISTRIBUTION
NO. NAME TYPE LoG
1 ORADIUS - CONSTANT -
2 TRADIUS - CONSTANT -
3 PFE-PSI - CONSTANT -
4 ILENGTH NORMAL  YES
5 OMi-IsI - CONSTANT -
6 DCY-ISI - CONSTANT -
7 PD-1SI - CONSTANT -
8 DFP-ISI - CONSTANT -
9 NOTR/CY NORMAL NO
10 DRPM-TR NORMAL NO
11 RATE-FOG NORMAL YES
12 KEXP-FOG - CONSTANT -
13 RPM-DLE NORMAL NO
14 TBEMP-F NORMAL. NO
15 RT-NDT NORMAL NO
16 F-KIC NORMAL NO
17 DLENGTH - CONSTANT -

m\2537w wpt: 1b-012306

1: REACTOR COOLANT PUMP FLYWHEEL FAILURE

NFAILS =
NUMSET =
NUMIRC =

1000
4
4

OWHWOYWFRFWOUREFEFOUVEWHHOLW

MEDIAN
VALUE

.6000D+01
.0625D+00
.0000D-01
.0000D-01
.0000D+00
.0000D+00
.0000D-01
.0000D+00
.0000D+02
.2000D+03
.9499D-11
.0700D+00
.5000D+03
.5000D+01
.0000D+01
.0000D+00
.0600D-01

5-6

NTRIAL =
NUMISI =
NUMFMD =

9999
4
5

DEVIATION SHIFT USAGE
OR FACTOR MV/SD

.1528D+00

1.0000D+01

.

O

.2000D+02
.4142D+00

.5000D+02
.2500D+01
.7000D+01
.0000D-01

.00

.00
.00
.00

.00
.00
.00
.00

MBWR DWW S D WD W



Table 5-4: Example Output from the RPFWPROF Program (Cont'd.)

PROBABILITIES OF FAILURE MODE: FATIGUE CRACK GROWTH SIF > TOUGHNESS

END OF
CYCLE

OO0 0000000000000 O

NUMBER FAILED =

470

NUMBER OF TRIALS =

9999

FATLURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION
M. TOTAL

ONWVUKHE ANVNMIHONNHMFEFEDLDFEFNAENDDMANOVDWD =Y

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
.07798D-12
.88193D-12
.48702D-10
.17426D-11
.35600D-11
.43375D-11
.00000D+00

I el e I S i S S S ST S S S S R S S g Y

.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
.04589D-07
.05037D-07

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

DEVIATION ON CUMULATIVE TOTALS =

Note:
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FOR PERICD

.00777D-08
.00713D-08
.70982D- 11
.91540D-12
.17526D-13
.71711D-12
.88974D-11
.82462D-11
.97024D-11
.39020D- 14
.24480D-13
.01822D-11
.12380D-13
.07521D- 14
.09655D-13
.19414D-13
.86346D- 14
.25422D-14
.48099D-14
.94072D-14
.23973D-15
.51798D- 16
.47732D-14
.43343D-15
.71045D-15
.48544D-15
.00000D+00

.73585D-09

Failure probabilities are provided in double precision format
(e.g. 4.28172D-08 is 4.28172 x 10*)

CM. TOTAL

O el = e N S S S P W S )

=

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

.63324D-09



5.2 Evaluation of Risk for RCP lywheels

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 effects of the inspections being discontinued after ten years.

It is important to keep in mind that the probability of failure determined by these evaluations is only a
calculated parameter. The reason for this ic that the evaluation conservatively assumes that the
probability of a flaw existing after preservice inspection is 10%, and that the 1SI 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 the 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

Probability of

flywhee! failure Probability of flywheel

with ISI prior to failure with ISI prior to 10 % Increase in failure
Flywheel and after years and without ISI after probability for eliminating
Group 10 years 10 years inspections

At 40 vears At 60 years | At 40 years | At 60 Years
1 2.45E-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 R S
14 2.98E-10 2.98E-10 2 98E-10 0 0
15 1.15E-% 1. 18E-8 1.22E-8 3 6
6.92E-9 7.02E-9 7.02E-9

It can be seen 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 detection, the initial flaw length, and the ininal flaw
length uncertainty. The results of this study are summanzed in the table below. Note that this study
was performed for a lywheel design life of 40 years.

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

e S S |
Probability of
Probability of flywheel failure
fNywhee! failure after 40 years with
after 40 vears with ISI prior to 10
Description of flywheel risk IS] prior to and years and without
parameter varied after 10 years ISI after 10 years
Base Case 1.00E-7 1.04E-7
Probability of Detection of 10% 1.03E-7 1. O4E-7
Probability of Detection of 80% 1.00E-7 1.04E-7
Initial flaw length of 0.05 inches 4 57E-8 474E-8
Initial flaw length of 0.20 inches 297E-7 3.01E-7
llength 3 Sigma Bound Factor of 3 6.40E-8 6.46E-8
llengus > Sigma Bound Factor of 20 1.94E-7 1.95E-7

The values for the base case, shown in Table 5-6 above are for a 10% probability of a flaw existing
after preservice inspection, an initial flaw length of 0.10 inch (1.006 inch with keyway), an imtial flaw
length (Ilength) 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 50% per inservice
inspection (see Table 5-5, flywheel group 10).

The flaw 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 essentialiy 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 54% for a decrease in initial flaw length from 0.10 inch to 0.05 inch. Failure probability
tripled for an increase in initial flaw length from 0.10 inch to 0.20 inches. Therefore, initial flaw
length does affect flywheel failure probability, but the failure probability is small, even for larger
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initial flaw lengths. Moreover, the probability of the larger flaw being mussed during preservice
inspection would be even smaller than the assumed 10 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 froni 10 to 20. Therefore, the uncertainty in the
deviation factor does affect flywheel failure probability, but failure probability s 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 of the flywheel groups selected
for evaluation in Section 4, using methods which have been sufficiently verified 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 flywhee! 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 or greater than the risk by eliminating the inspections.

Sensitivity studies showed that improved flaw detection capability and more inspections result in a
small relative change in calculated failure 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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Figure 5-2: Comparison of Leak Probabilities without Inspection
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SECTION 6
SUMMARY AND CONCLUSIONS

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

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

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

. 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 be 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 of
the regulatory guide, the NRC Regulatory position is defined. This portion of the regulatory guvide is
provided below,

' Material and Fabrication

a. The flywheel material should be of closely controlled quality. Plates should conform io
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
110 3.

b. Fracture toughness and tensile properties of each plate of a flywheel material should be
checked by tests that vield results suitable to confirm the applicability to that flywheel of
the properties 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 analvsis.

2. Design

a. The flvwheel 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
svachronous speed of the a.c. drive motor at 60 hertz.

C. An analvsis should be conducted 1o predict the critical speed for ductile failure of the
filvwheel. The methods and limits of paragraph F-1323.1(b) in Section 11l of the ASME
Code are acceptable. If another method is used, justification should be provided. The
analvsis should be submitted to the NRC staff for evaluation.
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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,

e.  An analvsis should be conducted 1o predict the critical speed for excessive deformation of
the flywheel. The analvsis should be submitied 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 regulaiory 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:

(1) Areas of higher stress concentrations, e.g. bores, kevways, 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 111 of
the ASME Code using the procedures of paragraph NB-2540. No linear indications
more than 1.6 mm (1716 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 lI of the
ASME Code.
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APPENDIX B

HISTORICAL INSPECTION INFORMATION: HADDAM NECK
The following chronological listing shows the resuits of reactor coolant pump flywheel inspections at

the Haddam Neck Plant

1970 Prior to the April 1970 refueling outage, Westinghouse and the AEC, became concerned

about the possibility of cracks being initiated at or propagating from the intenior corners ol

the keyway areas in RCP flywheels. Ultrasonic examinations were performed during the

refueling outage on all four RCP flywheels and revealed a <8 % amplitude indication on

RCP fNlywheel #4 in the bore kevway area and it was not recordable. The indication was

recorded by Westinghouse personnel purely for future reference purposes

RCP fiywheel #1 was ligquid penetrant inspected in the bore area afier 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 285 vears

i April 1971, the Inservice Inspection Program Requirements of ASME Secuon X1, were
put into the Plant Technical Specifications. Requirements were additionally added for

RCP flywheels, outside of Section X1 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 etfect

During the May 1971 refueling outage, all four flywheels were inspected. 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 o

Westinghouse specification




During the 19735 refueling outage, the inspection sampling program now required by

Plant Technical Specifications began. RCP fiywheels #1 and #4 were examine!. Both
flywheels were removed from their shafts. Cracks were discovered in the RCP flywheel

#4 bore seal weld arca 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 be removed by grinding Ultrasonic and liquid penetrant

examinations were performed following the grinding repair and no indications were
identified. Additionally, liguid 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 dispositoned as acceptable

During 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 flywheels. 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. X7 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-vear refurbishment. RCP flywheel

#1 and #2 were examined to the requircments of Regulatory Guide 1.14 and magnetic
particle indications were found in the seal baffie surface fillet weld area of RCP

flywheel #2. These indications/flaws/cracks were removed by grinding, weld repaired

and reinspected until no_indications were found. RCP flvwheel #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 indicatens were observed

1988 No _cracks have been identified on any of the RCP flywheels in the critical areas of the

to bore and keyways since 1973
Present
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: Addinonal details are available in Docket No, S0-213, B15320, dated

August 10, 1905
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3.3

1.2

1.3

1.

ULTRASONIC EXAMINATION
REACTOR COOLANT PUMP FLYWHEEL
CONNECTICUT YANKEE

1. SCOPE

IBTENT

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.

IYFPE _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 Cuide 1.14.
ASME Section XI Code - IWA 2240.

3. PROCEDURE CERTIFICATION

The examination proced.re 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.

4, PERSONNEL CERTIFICATION

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

Rev.: 7
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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, graim struc-
ture, etc., necessitates their use to achieve penetration or resolu-
tion.

EXAMINATION ANCLES AND COVERACE

1. The bore and keyways and the femuining accessible volume of the
RCP flywheel shall be examined using special design 0* and 3%°
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.

(%)

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" diameter transducer and set the 0° on the
azimuth to coincide with the axial centerline and facing the
bore of the flywheel calibration block.

- 8 Inject couplant and establish acoustic contact.

3. Set the amplitude of the reflection from the bore to 100% full
screen height,

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

Rev.: 7
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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 %" diameter thru hole, see Figure 1, and adjust
signal amplitude from this reflector to 80X FSH. Rotate
transducer to locate signal from the number two %" diameter thru
hole and record X FSH. Draw DAC curve between two points
obtained from holes #1 and #2. Rotate transducer to notch in
flywheel keyway and record ¥ FSH. 1If the CRT is saturated,
record the dB difference to bring notch signal to 802 FSH. lf:ﬁ

7. Attenuation: Locate the signal from the bore of the CYW-47 and
adjust the amplitude to BOX FSH and note the gain setting.
Locate the signal from the bore of the flywheel and set the
signal to 80X 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
calibratiun to account for any attenuation differences between
the calibration block and the flywheel.

8. Repeat the above calibration steps for the .721" diameter and lfi&
3%* aziumth probe.

9. Upon completion of the calibration, ensure that all data and
instrument settings are recorded on 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 intoc gage holes on the RCP fly-
vheel and examine bore and keyway to maximum extent possible.

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

Js Insert the 3%* 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 ir 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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PURPOSE

This procedure provides the ultrasonic examination requirements
for reactor coclant pump flywheel in accordance with the

applicable American Society of Mechanical Engineers (ASME) Boiler
and Pressure Vessel Code.

SCOPE

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

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 1983, "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
Examinaticn."”

3.3 U. S. Nuclear Regulatory Commission Regulatory Guide 1.14

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

RESPONSIBILITIES

4.1 The Manager- Inspection and Testing Services shall be
responsible for the approval and control of this procedure.

4.2 An ITS NDE lLevel III individual certified in ultrasonic
examinaticn 1s responsible for having ultrasonic procedures
and technigues developed, approved, and for assuring that
this procedure, when correctly followed, will detect

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

5.1

9.8

All personnel performing ultrasonic examinations in
accordance with this procedure shall be gqualified and
certified to the requirements of a procedure (written
practice) written and approved by ITS in accordance with the

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

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 by a Level II or Level III examiner certifiea in
ultrasonic examination.

ULTRASONIC EQUIPMENT

6.1

6.2

6.3

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 1in
accordance with this procedure.

The Ultrasconic 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 size 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" examination will be a

special design internal probe from the gauge hole.

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

Couplant

Any commerczially available ultrasonic couplant may be used
and shall ze cert.fied for total sulfur and halogen ccntent
in accordance with the American Society for Testing and
Materials ASTM) --12% and DOB08. The total residual amount

of sulfur znd halcgen shall not exceed cne percent by
welght.

——
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€.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 Flywhedl 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.

4.

4.

3

8.4.1.3

8.4.1.4

Radial Ga

UT-V=417
Rev. 3

Establish a horizontal screen range by
setting the response from the flywneel
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.

uge 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. Set
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.

Egtabiish 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 shall be the primary reference level.
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8.5 Calibration Checks

8.5.1

8.5.2

8.5.3

8.5.4

8.5.5

A calibration check shall be performed at the

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

If, in the opinion of the examiner, the validity of
the calibration is in doubt, a calibraticn check
shall be performed.

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 & new calibration Sectiocn 8.0) shall be recorded
and the voided examination shall be reexamined.

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 tne voided
examinations shall be reexamined.

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 corrected calibration and their value shall

be recorded on the applicable calibration and data
sheet.

9.0 EXAMINATION PROCEDURE

9.

9.

1

2

Keyway Corner Examination

9.1.1

9.1.2

Scanning of the keyway corners shall be accomplished
starting at the top of the gauge hole and rolling
the sound beam 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.

fach gauge hole shall be used to examine the keyway
corners for indications propagating from the keyway.

Radial Cauge 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 hcle shall be used to scan the complete
available portion of the flywheel cross-section.

Periphery Examination

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

0.3.2 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 diameter.

Scanning speed shall not exceed six inches/second.

Scanning shall be performed at a minimum gain setting of two
times the primary reference level sensitivity (° 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.

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 technicians to provide previous examination information.

11.0 RECORDING OF INDICATIONS

11.

11.

-

-

>
-

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

For the radial gauge hcle 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 ultrascnic examination re review,
evaluate the disposition all reccrdable 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 Procedure 3-4.
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VOGTLE ZLECTRIC GENERATING PLANT
Reactor Coolant Pump Flywheel Report

Southern Nuclear Operating Company
UT-V=-Form 015

Plant/Unit:

RCP Flywheel No:

Isometric Drawing No:

Procedure/Revision/Deviation:

Couplant Batch No:

Sheet No:

Transducer

Serial No:

Periphery Exam Gauge Hole & Keyway Exam

Size:
Frequency:
Equipment
Instrument: Frequency: Damping:
Serial No: Rep. Rate: Reject:
Cable Type: Cable Length:
Calibration/Examination
Keyway Corner Screen Range: % FSH
Screen 023; NI __ NRI __ RI
Beolt Hole Region Screen Range:
Screen D??; NI __ NRI __RI
Periphery Screen Range:
Screen 0?52 NI __ NRI __ RI
Remarks:
Examiner/SNT Level: Examiner/SNT Level:

Technical Review:

Non Technical Review!

Figure 417-1
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1.0 PURPOSE

The purpose of this procedure is to describe the techniques for manual ultrasonic
examination of TMI-1 Reactor Coolant pump motor assembly flywheels.

2.0  APPLICABILITY/SCOPE

2.3 This procedure is applicable to all certified GPUN and contractor persannel assigned by
GPUN to perform manual ultrasonic examination of reactor coolant pump flywheels.

2.2 The requirements of this procedure delineate the manua! ultrasonic techmques to oetect,
locate and dimension indications in the reactor coolant pump motor assembty flywhee!s in
accordance with Reference 6.2

3.0  DEFINITIONS
33 None,
4.0 PROCEDURZ
4.1 Personne! Qualification and Certification

4114 GPUN personne! performing examinauions to this procedure shall be certified in
accordance with Reference 6.3.

4.1.2 Contractor personnel performing examinations to this procedure shall be quahfed
and certitied in accordance with the Contractor's written practice which has been
approved by GPUN or they may be certified n accordance with Reference 6.3.

413 At least one member of the exammnation crew shall be certified Level 1l uT
nspector or higher. .

414 The examination crew should demonstrate practical prof siency in applying the
technical requirements of this standard to a GPUN UT Level L.

4.2 Matrenal/Equipment
4.2.1 Flaw detector

$.2.11 A puise echo ultrasonic flaw detection instrument capable of
peneratng frequencies from 1.0 t0 5.0 MHZ shall be "' >ec. The
instrument shall contain a stepped gain control, calib- .ed n unns of
2db or less, and shall be accurate over its useiui range 1o =0% of
the nominal amplitude ratio which will allow comparison of
“indications beyond the wviewabie portion of the CRT.

4.2.2 Search units

4.2.21 Angle beam and straight beam search units shall be single element
with 2 nominal frequency of 2.25 MHZ. Other fregquencies may be
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used to overcome variables caused by material properties and for
purposes of evaluation of indications. Use of other frequencios shall
be approved by a GPUN UT Level lil and recorded an Exhibit 1,

4222 Examinations shall be performed utilizing a 45¢ beam angle for
flywheels #1 and #4 from the top and bortom surfaces respectively.

4.2.3 Angle beam exit pont/angle verification

4.2.3.1 Prior 10 perfermance of examinations the exit point of the search
unit wedge (angle beam) shall be verifiea utilizing a standard IW
block or mini-IW block. This verification shall be performed daily
prior 1o any examinatons being performed.

4.23.2 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 1s within the required
range of =7 of the nominal angle of the search unit wedge. Trus
verification shall be performed daily prior to any exammnauons being
performed. The actua' angie and nominal angle of the search unit
wedge shall be recorded on Exhibit 1.

4.2.4 Coaxial cables

4241 Coaxial cable assembly shail be of anv convement length not 10
exceed 50 feet.

4.2.5 Couplant

4.2.5.1 Any GPUN approved couplant, such as Ultragei Ii, which provides
intimate contact required for the transmussion of high frequency
ultrasound 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 utilized to prevent
. damage 10 the motor windings.

4.2.5.3 Couplant shall be removed from the flywheels atter completion of
the examinations.

4.2.6 Calibration standard

4.2.6.1 The pump motor assembly fiywheels have calibration hoies as
shown in Exhibits 3 and 4. These holes may be utilized for the nuial
calibration if directed by a GPUN UT Level lil. Fiywheel Calibration
Standards TMI 370 (Flywhee' #1) and TMI 371 (Flywheet #4) shail
be used 10 ertablish the sweep range of the instrument and DAC
curve. To establish the primary sensitivity level for examination, the
transter 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 Prerequistes

431 Surface preparation

43.1.1 Surfaces to be examined shall be clean and free of foreign materia!
which could interfere with the performance of the examination of
conduction of sound energy into the par.

NOTE
Precautions shall be taken to prevent loose parts from falling irto
| motor fiywheel assemblies whienever access i gamed to the

" ﬂv -SSR T

4.3.2 Examinaton records

4321 Baseline and subsequent examination records should be available for
review.

4.3.3 Maintenance and Operation Preparation

4331 Operation of the flywheel motor litt pumps shall be cooroinated with
the control room. The motor lift pumps must be energized before
the flywheels can be rotated.

4332 The oi! drp pan should be removed for access to the lower fiywheel.

a.4 Calibration
441 Instrument calibraton

4411 Instrument calibration for screen height, horizontal and amplitude
control finearity shall be in accordance with Refererces 6.4,

4412 For instruments and search units, maintenance, calibration and
performance characteristics shall be as required by reference 6.9.

442 'Svmm calibration

4.4.2.) Calibration shall inciude the complete ultrasonic examination system
Any change in search units, shoes, couplants, cables, ultrasonic
instruments, recording devices or any part of the exanmination
system shall be cause for 8 calibranon check. The calibration shall
be performed on flywheel calibration standards and the transfer
method identfied in paragraph 4.4.3 6 shall be performed

The maximum reflector response, during calibraton, shall be
obtained with the sound beam oriented essentially perpendicular to
the axis of the calibration refiector. The centerline of the search unit

o

4.4.2.

€.0
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A

Il be a mir n of 3/4" from the nearest eonc of the calibratuon
standard. Rotaton of the sound beam into a corner formed by the
reflector and the side of the block may produce a higher amplitude
signal ar a longer beam th; this beam pat! =+all not be used for
calibration

The temperature difference between component (0 be examined and
the basic canbration block shall not exceed 250F

The transfer method as describeg elsewhers scedure may
be omitted by a GPUN Level 1l if there is f | question the

reliability of the results or if unchrninable

angle beam calibration

4.4.3.1 Calibration shall be pertormed on Calibration §* dard TM
filywhee! #1 and TMI-371 for flywhee! #4 Sige drilied hoie
are present in each flywhee! as identified in Exhibits 3 and
however, only the 1/27 SDHs shail be utilized tor the trans'e
method

—3

| NOTE 'i
a Calibration may be performed directly e flywhee! but only |
as directed by a GPUN UT Levei Il i

o=

A S

To determine the 450 angle beam sweep calibration on tiywhee! £ 1
utilize Calibration Standard TMi-270 and place the bon otch at
the 4.2 screen postion and the top notch at B.4. The nstrument
sweep 1s now calibrated to reprcient 10" of metal pat!

On Calibration Standard TMI-370 for Fiywheei #1, est

curve by acjustng the gain to set the bottom notct

+ % FSH at screen position 4.2. Without changing gau

top notch signal at screen position 8.4 and mark the ocator
screen. Plot 3 DAC curve by connecting the peak signal localic
imarked on the CRT screen) with a straight line and extrapolate
through the full examinanon range. Note the gan sertng (du) or
Exhubit 1

On Calibration Standarc TMI-370, locate the 1/2T SOM ar

a signal between 50% and B0% FSH and note the signal he

gan serting (db) on Exhibit 1

~nY

On flywheel #1, locate the 1/2T SDH by

. scanning adiacent

edge of the flywheel (i.@ 1 10 3 inches) as the tiywheel 1§ beir
slowly rotated or by visually locatng the holes between the

tace and the motor housing or bormw
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The transfer method shall be used to note the ditferen

betweer the response received from the 1/2°7 signal in the
calibration standard and the 1/2T sipnal in the flywheel and acd
subtract the difference 1o the reference level established by the
bottom notch. This leve! shall be primary reference level and the
ditference shall be noted on Exhibit 1

NOTE
Other transfer methods may be utilized such as the
Uit e niques with the sound opposing eacd! the
directed and approved by GPUN UT Level |

D —— ——

4.4.3.7 To determmune the 45¢ angle beamn sweeg] ) v Fivwheel #4
utilize Calibration Standard TMI-Z71 ar ac 1/27 signal a1
screen division 3, the 3/47 at 4.5 the bottom notch a1 6 and the 1
4T a1 7.5. The instrume y [ 0 represent

of metal path

Y e L

4 8

On Calibration Standard TMI-3/ tor tiywheel #4, vztablish a DAC
curve by adjusting the gan to set the 1/2T signal at 80% 5% FSH
at screen position 3 and mark s positien on the CET. Maximize the
response from the 3/47 and 1 1/4T SDHs ang mark thew positions
on the CR1. Note the gain setting (ab) on Exhibit 1, since this
reference level will be utlized for the wanster method On thi

fivwhee!l. Connect the marks with 3 stra'ght ine and extrapolate
through the thickness being exammed

Locate the bottom notch signal on Calibration Standard TM
screen division 6. Increase or decrease the gain to sel the peax
this signa! to the DAC curve line. Note this gain setting (db) or
Exhibit 1

On flywhee! #4, locate the /2T SDH as «dentified i paragraph
4.4.3.5 for flywheel #1, With the gain setung # gnal height
trom the 1/27T SOH in paragraih 4.4.3.8, utikze 1 ransfer met
as outhned n paragraph 4.4.3.6 10 determine the

between the 1/2T SDH in fiywheel #4 and the

on Calibration Standard TM-371

Adcd or subtract the ab difference est.hlished n par
1o the gain serring established in | aragraph 4 .4
setting shaill be primary referance leve
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4.5.2

453

NOTE

The requirements of paragraph 4.5.1.1 apply only when there is

a reason to guestion sound penetranon such as excessive loss of

| back reflection or existence of abnormal geometric reficators
which dampen.

General requirements

45.2.1 All angle beam examinations shall be pertormed at @ scanning
sensitivity level at 2x (+6 db) greater than /e calbrated reference
sensitvity level,

4522 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 systemn calibration.

4.5.2.3 All angle beam examinations shall be performed in two directions
(1.e. beam directed essentiaily clockwise and counter clockwise
around the flywhee! bore regions and bolt holes as depicted on
Exhibns 5 and €).

4524 Beam angles other than 45° may be utilized as directed and
approved by a GPUN UT Level Il

4%0 Angle Bearn Examination

4.53.1 On fiywhee! #1, the top surface s accessi.le through access ports '
through 3. The area of interest for the top fiywneel is the insioe
bore region which includes the keyway and all accessible areas
surrounding the four (4) bott holes (Reference Exivuits © and 6]

4.5.3.2 On flywhee! #4, the bottom surface 1¢ accessible through one
access port. The area of imerest for the bottom flywheel s the
inside bore region which includes the keyway

4533 For both Flywheels #1 and #4, the examination requirements for the
inside bore region and keyway are identified on Extubit 5. Exhibit ©
delineates the requirements on flywheel #1 10r exammmation of the
areas surrounding each boht hole

4534 For the inside bore region, Keyway and the areas surrounding the
bolt holes, scanning shall be performed on a tangenual line or on 2
line perpendicular 10 the flywheel and bolt hole radin. The scan
width (w) shall be as identified in Exhibits S and 6. The minimum
overiap of the search unit shall be 25% of the search unit width,
The search unit shall be osciliated a mirvmum of 15¢ in each
direction for each parallel path.

10.0
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NOTE ;

Due 1o access restncuons and surface area !imom;ons, 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 a Uimited Examination
Sheet.

45235 452 angle beam examination of flywhee!: . - "d #3 1s not possible
uniess the tiywheels are disassembled.

454 Evatuation/lmerproution

4541 Indications showing a signal ampiitude response equal 10 or greater
than 20% of the reference response shail be nvesugated to
determine their origin (geometric or non-geometric). If an mndication
's determined geomatric, it nerd not be recorded.

4542 Evaluation of indications shali be made at the reterence sensitiviry
level and in accordance with the requirements cf tihe Reference 5.6

454.3 Non-geometric indicarions showing a signal ampinude response
equal 10 or greater than 50% of the reference sensitivity level shall
be recorded on the data sheest,

4544 Each recorded indication ghall be identifiea on the data sheet as to
depth, length, signal ampiitude and location

4545 In order 10 determine depth ang length of 4 fiaw, flaw sizing
techniques, as delineated ir Reterence 6.7 may be required.

4546 Calibration and examination resuirs shall te documnnted on the
applicabie dats sheets Ext bits 1 20 2

15 Reporting

461 The distribution of NDE/ISI data shall be peric =ad in accor Zance with Peference
6.5.

4.7 QA Records

471 All calibration and examination results shall be recoroed on E» 1bits 1 and 2, as
applicable, and are considared permanent QA Records,

4.7.2 All forms mus: be totaily filled our as applicabie, then $100ed and sated for the
day the examimnation was performed. There shall be no biank Sraces on any form
after compietion. if there i1s no information available for 2 particular SDace, the
space shall be filled in with “N/A*
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4.7.3 Errors on data forms shall not be covered or eradicated with white-cut {hquid
paper). Any error which may occur shall be crossed out with & hine, invitialed and
dated by the person making the change. All forms shall be filled out with black
ink.

4.7.4 Record retention and transmittal shall be in accordance wit! ¥, "rence 6.5,

5.0  RESPONSIBILITIES

5.1 Responsibilities are as defined earlier in this procedure.

€.0 REFERENCES

[}

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

[e 2
o

TMI-1 Technical Specifications Section 4.2 .4

6.3 GPUN Procedure 5361-ADM-7230.01, Qualfication and Certification of NDF Examunation
Personnel

6.4 GPUN Procedure 5361-NDE-7209.17, Ultrasonic Instrument Linearity

6.5 GPUN Procedure 5361-ADM-3272.03, Comro! and Processing of NDE Data
6.6 GPUN Procedure 5361-SPC-7230.26, Evaluation of Recordable Indications
6.7 GPUN Pracedure 5351-NDE-7208.10, Uhrasonic Sizing of Planar Fiav s

6.8 TMI Administrative Procedure 1104-28Q. Mixed Low Leve! Radicactive Waste Control
Program

6.9 GPUN Procedure 5361-NDE-7209.18, Calibration and Maintenance of Nondes uctive
Examinaton Equipment

£.10  TMI Administrative Procedure 1068 - Controlled Consumable Materii's,

12.0
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7.0 EXHIBITS
- % Exhibit 1 - UT Calibration Data Sheet (Typicall.
7. Exhibit 2 - UT Examination Data Sheet (Typical).
Exhibit 3 - Configuration of Flywheel #1.

Exhibit 4 - Configuration of Flywheel #4.

Exhibit & - Scanning Reguirements for flywheel #1 and 4 inside bore region and keyway
7.6 Exhibit & - Scanning Requirements for flywheel #1 boit hole region

p A Exhibit 7 - Straight beam scan requirements for laminar retlectors

13.0
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EXMHIBIT 1
UT CALIBRATION DATA SHEET
TYPICAL-
[AINuclear Cslibration Sheet P

E1-1

Comrperrents Exmmarad ":oe_s?u _ﬁ.. Y

& xamure i!uf'ﬂlluu M‘T - ____?_mv SSx: R ..¢.___.‘w

Examene’  Signature | Pene: bl .. . |

' T ey hoex A Semweh Unvt Catbe
Instrument Mak e — e r— it P g 1.4 i Tvou BN e e
) - . T ©
wmstrument 1D Number - - | --? % L 3 - 0. 5 (nsir. CONNSCIons ... L
- ™ e t | Conptant
| P ! .
Puige Duranon e | Coarse ol ] 1 Make Batch #
Dampig | | OH _J)n-.._.; Fine — leb T Y R XX I
- ' e - - K v
o 1 ‘: " - b 4
| JPuso Echo || Dual i» Uncal — ] . T ™ i SN CaiOw -y
Rapetinon Rate .o | Rucewwer & == 11 1 . ; Y

' . '. l w'r—i-—« L - ¢ | Cal Standard ;am T
Vottage | FoOumcy e st bt o 7 Axin ) o
e . - —1 ou DO" - e 1 2 3 4 86 8 7 8 8% W l '

Sweap Cooun ‘ ’ O v ey 1 Sae___. 5h :CR D
s T i ot W“ :‘" i Trnct nass | Sywren Crak
Range i i ! C 3 it ' % of FSH | { 5% cs ISE-‘“ Pomit

- - | § —
Deiay SSESE— (omatt 1) ) Matt (9 , l i e g
Velociy - [ Frw 1 23 48 - g P esmid
[ T Sanrch Unt
Screen Depth o U Other —— . D &
————— B s S ) o - — - ——
Other mrument Settng: T Diwtn | Mours / 1 / ; Tyoe . . L
B MH2Z
Surmng Value FSH | Wvches | % FSH | inches | % FBN | inches | 0 —
T Retecrr | % PN 1 | | ange : Mooe
e b i | 1 | 1 q - e
— . - : 1 ANY Rview
o e 1 | | |
. T et GG
1 -+
v ] T
1 l‘n__,x..___'q._._..',_.. - _J
S ————— D \ | i | AT T
e e | he: : Toctwwcwl Rervwrs
————— . Revmwed B s
I Lot e L DA e
o NOAZT 108 Y



“k‘INuclear Numbas
GPU NUCLEAR
ISI/NDE MANUAL $361-NDE-7209.24
Trde Rovision No,
Ultrasomc Examination of Reactor Coolant Pump Flywheels 0
EXHIBIT 2
AMINATION DAT
TYPICAL-
] Muciear Ultrasonic Examination Data Sheet Pogw __of __
Locution; 1OC JTMLY OTML2 1 NODE Reguest Data Shaet No.
Task Descriphon: | Tasx Mo | Dater
Tost Surtacw. | Thecxness: T Matern
1 ; o M w .u‘-
E xmrwrwer Segnansre: Pt T.D Lovei:
Scanrwng Direction. CiCicumierermg L Axwml | Limated Scan' L Yes CUNe | Cat Shewt: Cai Sheot | Cal Sheet:
Weld Jomnt | Wng Srote | Angle: Angle: | Angwe
Surte 1 "-—*——-—fw.uum Wels Width: Tine Start W | Time Start. W Time Siart [
7§ R R—— Flow T Tone Bue T ou
W Surtace One Surtace Two T"” ": tm""_’;. "’:fr"m -
wo: BM Har | Weld ClL | Hax am o s ot | Tore
' Date. Dae | Dam:
N | I]A TS BO MWl W L ra-mlw End L EnolL |RBR[FD|
0 a0 jeuie 1 la | Max [Mex| Two Two Powtt 1 MLO..'.!
lci; st|lat(xD{W O |CClW]|D W W I CC| W [CCimet|nmi
! ot fm s | & |WC { e | - IwCe wClaniigp!
TR & ¢ ) w) | » | © | oW wlii ejes
| o | m L L ¢ | 1 1 A elran)
\ P | h hi L] 1' s‘
1 I 1 1T
o 1 1
1 | | |
! T i 0 4 |
: I vl ] |
| ! ! 1
[ 1 ]
Tectmeal Heview | Desgonmson ! AN Review
By OIS (D Ascordabis ‘ :
Lavet: OPS UNo Recordably P
ER Numte | NDE Reguast #
! 1

E2-1

LU RAPE



[T Nuclear C | e
GPU NUCLEAR
' ISI/NDE MANUAL 5361-NDE-7209.24
Title Revision No.
Ultrasonic Examination of Reactor Coolant Pump Fiywheels 0
EXHIBIT 3
C TiO F FLYWHEEL #1

Frreimes 6 Carens  Sw—" 2
Aemeses ww ot oo Comses

Sow Owier W

I I 2

SEEECEE]
|

P-—-—-—- W O W

5

A bR
P —— gy gy WA (R
nE e W) P

FLYWHEEL #1
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EXHIBIT 4

RATION OF

CONFI

h
T FLYWHEEL #4 '~ | o]
e (P st o P o Cagrery ) - e s "r oo
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EXHIBIT §

SCANNING REQUIREMENTS FOR FLYWHEEL #1 AND #4
INSIDE BORE REGION AND KEYWAY

Inner
Diemetar

Scan

luner bore and Forevard/Backvard Scan
Pirsccion

Keyvay Scan Distence wideh(W)
) Flywheel 0) 3.8%(1/2v) o ?M(&uil 'V') 3™ 160° oW & CCW

Flywhesl 0" (Surface) te B.&"(L/2V) ™ Je0Y CW & CCW
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EXHIBIT 6
#1 T |
: ] *
P 3\ o |
‘ 1
385 e 5 k4B
:i .

zoc: ion A~A

$.U.
90° (2) }
.3 o o e l,.L
1) ‘_41’/, bl @
( ' i . V

) Foreward/Backwvara Scan Scan
3gi:z Hole Scar Distance Wadth(W) 2irection
V) 3.8" dis. 3.8%(172V) en TV(RuLL V') 1" 3679 27 & CCW
3! 1.08" dia. 3.8™(172v) 2o 7"(Full "V 2.4 36N° v & CC2
0T

Scans | & 2 may be performed simultaneously in both CW b CCW direccions,

E6-1
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EXHIBIT 7

STRAIGHT BEAM SCAN REQUIREMENTS FOR LAMINAR REFLECTORS

JAARLD L. —

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

Calibrate the screen range on the calibration standard or other simdar meta

»elect 3 direct read screen range which will produce a back reflection of greater t
but less than 100% full screen swesp from the maximum anticipated exarinatos
thickness

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

Couple the search unit 10 the part being examined and adjust the nitial back reflecton to
80% FSH. Adjustment of the gain control is permitted during examination in order 1¢
maintan the back reflection response

1IN

2.0 RECORDING
Record all areas giving indications equal 10 or greater than the remaming back reflectior

Recording of straight beam laminar type reflectors requires recoraing the iocatuons of all
four sides of a rectangle which would contain the indication extremities at the re quired
recording level

Record all laminar indications which produce a response equal to or greater than the
remaining back reflection. These dimensions and locations will be used 1o getermine areat
2 f interference wrth the angie beam examination

Record all laminar indications where a continuous loss of back refiection e xists along wrth a
contnuous Ingicaton in the same plane. These dimensions and locations will be used 1«
determine acceptability of the componem for continued ser vViCe

AN SENSITIVITY

Adjustment to the scan sensitivity may be necessary angd shall be counsidered when

-

recordable laminar reflectors are noted in order te maintai 1 an acceptable bach reflectior
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MELT NO. b - _f; = U Y 2 VaT70°F, APFEARANC DESCRIPTION
' " : : T SHEAR
05301 “ 729 350 24 | T 16‘2:1'03 1147 9%-~96-93 {1- 7.5" X 6.5 ID X 73 0D
707 25 25 L 147:150 146 19-99-99
' LATERAL EXPANSION IN INCHES ;
T.090.,088 ,.o%r
L.090:.093 :.091
TRANS |DROP Jttcnr TESTS |PER 5‘00(5 ZE P- 3) 2 ‘door., EXHIBIT 41 BREAK .
N.D.T, ]1o°r ‘OR BELOW. E
RINGS AND [TESTS |HEATEL 16253167 508,, HELYD 1/ ﬁea INCH MIN{ AND
WATER QUENCH.D, |THEN TEMPERED 124(Q°F., HELD 1/2 HRa PER INCH MIN. AND SR P S A W
WATER QUENCHED. J - ~ELEASED BY Q.C.
RINGS AND |[TECTS |STRESY RELIGVED BY HEATING TQ 1100- 1150°#., HEqD 1 R, | TOSEC - L
PER :*CH MNIN. AND FURMACE CQOLED TO 6007F ; 1 INSP. N, mATEsEien DATES 7"
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Shop Order j?ﬂq{q

PT per BL350UD of plete prior to asssmbly,

P.OLT7D-FT7E we. ¥o. BA725U2]  tnep.udate 7./ Z,, dpaé; 2/°>1=Z0

PT per EL350UD of plate pricr to asseably,

P.O.L2 2= @ F? Ht.¥o. 27503~/ mm-w-tol&éu‘{,_{uaa_

PT per BL350UD after first sachining.

Tosp. &Date__7 Lon OKJ.L@_A_A_/._Q.Z'AJ/; L2 e-T/

PT per E84350UD after keywvay.

T R 14,5411 B3 -

UT per BLOSIVL of finished flywheel.
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Oripinel documents are on file at & LRAD East Pittsburgh, Penna. 15112




&8, :gsr. ELEC. CORP,

QUAL. ASSURANCE DEPT.

COATESVRIA Pa_ 19939
TEST CERTIFICATE
ML ORDFR NO. CUSTOMER P O
39437-1 P179-380 MP 9480 vs
L9880 3/6

.t
“ oo

- e 23 L4 WS L Sy 3
"'ﬁﬂ'ﬂbnﬁnwuaiﬁimbu

9-10-80 me n03537-07-11

L=
-

MAR B AR AL TUBED an TTITRO v AL C ORDAMIT wiTS PUSE s 56 ORDSS EEOUIRS st TS A0 SPRCW ATOR S

8 WEST PDS-10310CR REV., P 78 A-£33 GR.

B CL. 1 ASME CODE SECT,

I1l1 SUB NCA N-1160 874/81

59 P69

PEND TEST - MOMOGENEITY TEST - -
CHEMICAL ANALYSIS .
A7T503 .19 1.31 | .014 ;, .008 27 | .67 5T viP STEEL ELLC.,
N~
AN
PH!,",TS,WCAl PIOP!!?IE&M,“,,,
MELT NO ol B Rl L o ISP P I +70° o h® APPEARANCE DESCRIPTION
S— toc : ' Y SHEAR S
Y A '
(] |
AT503 1 757 950 24 T 86 ' 86 ' 70 70-70-70 |1- 8" X 7 1D X 6K.75 oL
f°. o 724 924 |24 L 130 ;115 ;117 8o-80-80 .
LATERAL EXPANSION IN INCHES
4 T .056 :.061 |.062
§ % % .084 :.089 !.090
\ " '
»(ﬁAss. DROP WEIGHT JESTS PER E2D8B C(SifE P-8) rRo& TOP [ BOTTPM OF RING|Q +20°F. EXMHIBIT NO BRLAK.
" : : (MA} A! }n‘ (‘ *: AN L 1 4]
RINGS AND| TESTS! HEATED 1625+1675°F., HELD 1/P HMR. PER INCH MIN! AN i wWhidder G d00
| QUENCHED, | THEN FEMPERED 122D°F., HELD 1f2 MR| PER JNCH MIN. AND WATER
QUENCHED. : : -
' £
RINGS AND! TESTS| STRESS RELIEVED BY HEATING T 1100+1150°F., MELD 1 MR, RELEASED DY OC W
Bl PER INCH MIN. AND FURNACE CPOLED JO B00PF. : : TO SEC. 45’ :
" ' | INSP.n. matesevicn D.\Tﬁ/) D
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?’msr. ELEC. CORP.
{huAL. Assurance opeeT,
* ~N

e

«

mz 00587-07-11

|oare
COATESVRIA PA. 19238
TEST CERTIRICATE s
ML ORDER NO. CUSTOMER P O
39438-1 P179-979 MP 9R80 vs
L9880 377
/, . b

% MANEN WD SR MASAR ACTURD AD TIITED Bi AL CORDANCT WA PUBCIAN ORDER SOUSTmErS At WeCae AROm T

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

“HEA N-1160 a/nvaf;>

£9P99 _

SEND TEST HOMOGENEITY TEST
CHEMICAL ANALYSIS -
MR NG, < M P 3 Cy 5 N Cr Mo . A T EASTC PROUCESS
A7503 .19 |1.31|.014 | .008 .27 | .67 .57 VIP SFEEL ELEC.
I:‘;,ﬂ
/\_‘ :
P2 i PHYSICAL PIOP!IYIIW
marno. | odue | | TR SR | wan | e |y a700F. APPEARANCE DESCRIPTION
: LoT B T ¥ SHEAR Y
A7503 1 757 950 | 24 T 86 .86 170 70-70-70 {1- 8" X 7 ID X 76.5 OO d.
724 924 24 L 130 1115 1117 80-80-80
- LATERAL EXPANSIOP IN INCHES
‘ T .056 ! .061 . .062
L .084 ! .039 :.090
TRANS. DROP WEIGHT [TESTS PER E2DP8B (SIRE P-(3) FROM TOP } COTTPM OF RING| @ +20°F, EXMIBIT NO BHLAK.
RINGS AND| TESTS| HEATED 1625-1675°F., HELD 1/R HR. PER INCH MINL AND ATER " : VIOV Tatoil
QUENCHED,| THEN [TEMPERED 1220°F., MELD 1Y2 HR|. PER /INCH MIN. ANp wn:;ﬂ’f Emnl_ TW\ ,;J'_gfiu}g i|:_'>".\‘t_
QUENCHED. : ¢ J U ———
1 : iy S A
RING AND [TESTS STRESS| RELIEVED BY| MEATING TO 1100-1150°FL, HELD 1 MR. PER RELEASED DY €).C.
INCH MIN.| AND FURNACE| COOLEP TO BpO°F. : ; TOSEC &Z.—f ~ )
; : e C
;' ; INSP.n. marzsevicn DA '.7'42_,.; B
' L3 = w

/e hereby certify the obove information is correct.
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