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Subject: AP1000 Response to Request for Additional Information (SRP 5), and Submittal of Proprietary
and Non-Proprietary versions of the Structural Analysis Summary for the AP1000 Reactor
Coolant Pump High Inertia Flywheel

Westinghouse is submitting a response to the NRC request for additional information (RAI) on SRP
Section 15. This RAI response is submitted in support of the AP1000 Design Certification Amendment
Application (Docket No. 52-006). The information included in this response is generic and is expected to
apply to all COL applications referencing the AP1000 Design Certification and the AP1000 Design
Certification Amendment Application.

Enclosure 1 provides the response for the following RAI(s):
RAI-SRP5.4.1-CIB1-01 R2

In addition, the revised RCP flywheel structural analysis summary report is provided, incorporating the
new retainer ring material. This report confirms that the conclusions of Revision 0 of the flywheel
structural analysis report are still valid with the new retainer ring material. Pursuant to 10 CFR 50.30(b),
the Proprietary and Non-Proprietary versions are provided within Enclosure 2.

Also enclosed is one copy of the Curtiss Wright Application for Withholding, WEM_DCP_000472 (non-
proprietary) with Proprietary Information Notice, and one copy of the associated Affidavit (non-
proprietary). :

Questions or requests for additional information related to the content and preparation of this response
should be directed to Westinghouse. Please send copies of such questions or requests to the prospective
applicants for combined licenses referencing the AP1000 Design Certification. A representative for each
applicant is included on the cc: list of this letter.

Very truly yburs,

Robert Sisk, Manager
Licensing and Customer Interface
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AP1000 TECHNICAL REPORT REVIEW

' Response to Request For Additional Information (RAI).

RAIl Response Number:; RAI-SRP5.4.1-CIB1-01
Revision: 2 4

Question (Revision 0):

Westinghouse Electric Technical Report 34 (TR-34), "AP1000 Licensing Design Change
Document for Generic Reactor Coolant Pump" summarizes the changes to the AP1000 DCD,
Revision 16, Section 5.4.1.2.1 "Design Description" which proposes to state that the reactor
coolant pump is a single stage, high-inertia, centrifugal sealless pump of either canned-motor
design or wet winding design and that the flywheel assembly is of bi-metallic design consisting
of a heavy metal alloy and stainless steel. TR-34 justifies the change from a canned motor
design to a sealless pump design in order to "provide flexibility in specific pump design and
vendor selection.” In addition Section 5.4.1.3.6.3 of AP1000 DCD, Revision 16 states that the
analysis to determine the capacity of the housing to contain the fragments of the flywheel is
performed in the Curtis Wright Electro-Mechanical Corporation Report AP1000 RCP-06-009-P.
This Curtis Wright report is only applicable for the canned-motor design.

10 CFR 52.63(a)(1)(vii) states that the Commission may not modify, rescind, or impose new
requirements on the certification information, whether on its own motion, or in response to a
petition from any person, unless the Commission determines in a rulemaking that the change
contributes to increased standardization of the certification information. The staff finds the
proposed change in Section 5.4.1.2.1 of AP1000 DCD, Revision 16 is not consistent with

10 CFR 52.63(a)(1)(vii) since it proposes the deletion of a standard pump design (canned
motor) to a more generic "sealless" pump design (canned motor, wet-winding, etc.). Therefore,
the AP 1000 DCD and TR-34 should be changed to provide the following:

e A specific reactor coolant pump/flywheel design (i.e. a single-stage, high-inertia,
centrifugal, sealless reactor coolant pump of canned-motor design). Currently, this is the
only reactor coolant pump design that has a supporting analysis for the flywheel integrity
and missile generation. A

e Provide the material specifications for the flywheel and the specific inspections to be
performed on the flywheel.

e Provide the material type for the end plates and outershell since TR-106 (Westinghouse
Report APP-GW-GLN-106, Revision 0) replaced the material type “Alloy 690" with
“corrosion resistant” from AP1000 DCD, Revision 16, Section 5.4.1.3.6.3.

Westi_nghouse Response (Revision 0):

Westinghouse proposes changes to the AP1000 DCD, Revision 16, to identify the canned motor
design as the reactor coolant pump design that is the standard design for the AP1000 plant.
This includes providing a sentence in Tier 2, section 5.4.1.2.1 that identifies the applicable RCP
design as information requiring NRC staff approval to change. Sentences pertaining only to the
wet winding design are removed from the DCD. Information identifying the materials used in the
flywheel is added, and the inspections that will be performed on the flywheel are identified.

RAI-SRP5.4.1-CIB1-01 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Westinghouse Additional Response (Revision 1) based on NRC comments at 3/18/09
meeting and a change in flywheel retainer ring material:

The flywheel retainer ring material has recently been changed as a result of lessons learned
from a flywheel manufacturing mockup assembly. The retainer ring material has been changed
from 18 Ni maraging steel (AMS 6519, Vascomax® T250) to 18Mn-18Cr alloy steel (ASTM A
289, Grade 8). It was determined that the susceptibility of the 18 Ni maraging steel to corrosion
and hydrogen embrittlement created a risk of flywheel failure that could be eliminated by
changing the retainer ring material to 18Mn-18Cr alloy steel. The 18Mn-18Cr material was
developed to replace retaining ring material used in generators which had proven to be
susceptible to a form of stress corrosion cracking in water containing environments. Corrosion
testing performed on 18Mn-18Cr material has shown that it is not susceptible to stress corrosion
cracking and hydrogen embrittlement. Although, the 18Mn-18Cr material has a lower yield
strength than 18 Ni maraging steel, the calculated retainer ring stresses are still less than the
allowable stress (1/3 of S, for normal speed, and 2/3 of S, for overspeed as specified in
NUREG-0800, Section 5.4.1.1). Although the overall conclusions of the structural evaluation of
the flywheel will not change, the summary report will be revised to include the new flywheel
material parameters.

The flywheel retainer ring material change will be incorporated in DCD sections 5.4.1.2.1,
5.4.1.3.6.3, and 5.4.16. As agreed in the March 18, 2009 meeting with the NRC, Westinghouse
will also include the retainer ring material ASTM reference in DCD section 5.4.1.3.6.3.

These changes are shown in the Revision 1 DCD markup starting on page 12 of this RAI
response.

Westinghouse Additional Response (Revision 2) based on preliminary NRC staff
" response provided to Westinghouse via e-mail (Perry Buckberg to Paul Loza, May 29,
2009):

‘Westinghouse will incorporate the material specifications for the flywheel inner hub and the
tungsten inserts in DCD subsection 5.4.1.3.6.3. These changes are shown in the Revision 2
DCD markup starting on page 15 of this RAl response.

Revision 1 of the flywheel structural analysis summary report, which incorporates the new
retainer ring material, is submitted with this response. This report confirms that the conclusions
of Revision 0 of the flywheel structural analysis report are still valid with the new retainer ring
material. The main conclusions are:
» The calculated stresses of all flywheel structural components are less than the
applicable stress limits at assembly, all operating conditions, and design conditions.
- o The fracture mechanics evaluation shows that the critical flaw size is well within
ultrasonic inspection technique capability.

RAI-SRP5.4.1-CIB1-01 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

e The missile penetration calculations show that in the unlikely event of a flywheel fracture,
the flywheel heavy metal inserts will not have sufficient energy to penetrate the pump
pressure boundary structures.

Design Control Document (DCD) Revision (Revision 0):
Revise Table 1.3-1 as follows:

Table 1.3-1 (Sheet 2 of 6)
AP1000 PLANT COMPARISON WITH SIMILAR FACILITIES .
Systems — Components DCD AP1000 AP600 Reference 2 Loop

Reactor Vessel 53
Vessel ID 159 in 157 in 172.in
Construction forged rings forged rings Werded plate
Number hot leg nozzles 2 2 2 |

-ID 31.0in 31.0in 42 in
Number cold leg nozzles 4 4 4

-1D 22.0in 22.01in 30in
Number safety injection 2 2 0
nozzles
Steam Generators 542
Type Vertical U-tube Vertical U-tube Vertical U-tube

Recirc. design Recirc. design Recirc. design

Model Delta-125 Delta-75 -
Number 2 2 2
Heat transfer area/SG 123,538 fi* - 75,180 ft* 103,574 ft2
Number tubes/SG 10,025 - | 6,307 9,300
Tube material ‘ [690TT 1690 TT I1600TT
Separate startup feedwater Yes Yes No
nozzle /
Reactor Coolant Pumps 54.1
Type cannedsealless canned shaft seal

Westinghouse
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Table 1.3-1 (Sheet 2 of 6)

AP1000 PLANT COMPARISON WITH SIMILAR FACILITIES

Systems — Components DCD AP1000 AP600 Reference 2 Loop
Number 4 4 4
Rated HP 7,300 hp/pump 3,500 hp/pump 9,700 hp/pump
Estimated flow/loop 150,000 gpm 102,000 gpm 198,000 gpm

Revise Appendix 1A, Reg. Guide 1.14, Rev. 1. 8/75 — Reactor Coolant Flywheel Integrity, as

follows:

Reg. Guide 1.14, Rev. 1, 8/75 — Reactor Coolant Pump Flywheel Integrity

1l.a

1b

l.c

ld

2.a-b

2.c-¢

ASTM A.20

ASME Code, Section III

Exception

Exception

The flywheel is made of a bi-metallic design. Heavy
alloy segments are fitted to a stainless steel hub and;
ifneeessary; held in place by a retaining ring.
Therefore, the specific guidelines in this section are
not directly applicable to the AP1000.

Fracture toughness and tensile prbperties are checked
for components that are required for structural

 integrity of the bi-metallic flywheel.

N/A

Conforms

Conforms

Exception

This guideline is not applicable to the flywheel
assembly. Therefore, the guideline is not applicable
to the AP1000 reactor coolant pump.

The components of the flywheel that‘are_ relied upon
for structural integrity require no welding.

The limits and methods of ASME Code, Section III,
Paragraph F-1331.1(b), (replacement for Paragraph

Westinghouse
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AP1000 TECHNICAL REPORT REVIEW

Response to Requést For Additional Information (RAI)

2.f

2.g

4b

Exception
Conforms
Conforms
ASME Code, Section III, - Exception
NB-2545 or NB-2546,
NB-2540, NB-2530
ASME Code, Section XI - Exception

F-1323.1) are not directly applicable to the flywheel
assembly. .

The calculated stress levels in the flywheel are
evaluated against the ASME Code, Section III,
Subsection NG stress limits used as guidelines and
the recommended stress limits in Positions 4.a and
4.c of the Standard Review Plan 5.4.1.1.

The calculated stress levels in the flywheel satisfy the
ASME Code, Section III, Subsection NG stress limits
used as guidelines and the recommended stress limits
in Position 4.a of the Standard Review Plan 5.4.1.1.

The inspections and guidelines referenced in ‘the
regulatory guide were developed for steel flywheels
in shaft seal pumps. The paragraphs of Subsection
NB referenced in the regulatory guide apply only to
forged and plate steel components. The bi-metallic
flywheel design will be manufactured using multiple
processes and materials. In accordance with the
regulatory guide, each structural component of the bi-
metallic flywheel will be inspected prior to final
assembly according to its fabrication and the
procedures outlined in Section III, NB-2500 of the
ASME Code. Inspection of the flywheel assembly
inside the sealed enclosure following a spin test is not
practical. ‘

Inservice inspection of the flywheel assembly is not
required to support safe operation of the reactor
coolant pump. Planned, routine inspections of the
flywheel assembly requires considerable
occupational radiation exposure and are not
recommended. Inservice inspection of the flywheel
assemblies requires extensive disassembly. Postulated
missiles from the failure of the flywheel are
contained within the stator shell and the pressure
boundary is not breached. Vibration of the shaft due
to a small flywheel fracture or leak in the enclosure
does not result in stresses in the pressure boundary of

@ Westinghouse
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

sufficient magnitude to result in a break in the
primary pressure boundary.

Revise Tier 2 Subsection 5.1.3.3 as follows:
5.1.3.3 Reactor Coolant Pumps

The AP1000 reactor coolant pumps are high-inertia, high-reliability, low-maintenance, sealless pumps of
either-canned motor-er-wet-winding-meter design that circulate the reactor coolant through the reactor
vessel, loop piping, and steam generators. The pumps are integrated into the steam generator channel
head.

The integration of the pump suction into the bottom of the steam generator channel head eliminates the
cross-over leg of coolant loop piping; reduces the loop pressure drop; simplifies the foundation and
support system for the steam generator, pumps, and piping; and reduces the potential for uncovering of
the core by eliminating the need to clear the loop seal during a small loss of coolant accident. .

The AP1000 design uses four pumps. Two pumps are coupled with each steam generator.

Each AP1000 reactor coolant pump is a vertical, single-stage centrifugal pump designed to pump large
volumes of main coolant at high pressures and temperatures. Because of its sealless design, it is more
tolerant of off-design conditions that could adversely affect shaft seal designs. The main impeller attaches
to the rotor shaft of the driving motor, which is an electric induction motor. The stator and rotor of the
motor are both encased in corrosion-resistant cans constructed and supported to withstand full system

pressure.

Primary coolant circulates between the stator and rotor which obviates the need for a seal around the
motor shaft. Additionally, the motor bearings are lubricated by primary coolant. The motor is thus an
integral part of the pump. The basic pump design has been proven by many years of service in other

applications.

The pump motor size is minimized through the use of a variable frequency drive to provide speed control
in order to reduce motor power requirements during pump startup from cold conditions. The variable
frequency drive is used only during heatup and cooldown when the reactor trip breakers are open. During
power operations, the drive is isolated and the pump is run at constant speed.

To provide the rotating inertia needed for flow coast-down, bi-metallic flywheel assemblies are attached
to the pump shatft.

Revise Tier2 Subsection 5.4.1.2.1 as follows:

‘ :'RA|-S'RP$.4.1-C|B1-01 R2
Westinghouse | Pege 6 orle




AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

5.4.1.2.1 Design Description

[The reactor coolant pump is a single stage, hermetically sealed, high-inertia, centrifugal sealless pump
of either-canned motor-erwet-winding-design.]' It pumps large volumes of reactor coolant at high
pressures and temperature. Figure 5.4-1 shows a reactor coolant pump. Table 5.4-1 gives the design

parameters.

A reactor coolant pump is directly connected to each of two outlet nozzles on the steam generator channel
head. The two pumps on a steam generator turn in the same direction.

A sealless pump contains the motor and all rotating components inside a pressure vessel. The pressure
vessel consists of the pump casing, stator closure, stator main flange, stator shell, stator lower flange, and
stator cap, which are designed for full reactor coolant system pressure. In a canned motor pump, the stator
and rotor are encased in corr051on-res1stant cans that prevent contact of the rotor bars and stator w1nd1ngs

; ; ation- Because the shaft for the 1mpe11er and rotor‘
is contalned w1th1n the pressure boundary, seals are not requlred to restrict leakage out of the pump into
containment. The connection between the pump casing and the stator closure issay-be provided with a
welded canopy type seal assembly, which provides definitive leak protection for the pump closure. H-the
eanopy-sealisused; aAccess to the internals of the pump and motor is by severing the canopy seal weld.
When the pump is reassembled, a canopy seal is rewelded. SealessCanned motor reactor coolant pumps
have a long history of safe, reliable performance in military and commercial nuclear plant service.

The reactor coolant pump driving motor is a vertical, water-cooled, squirrel-cage induction motor with a
canned rotor and stator. It is designed for removal from the casing for inspection, maintenance, and
replacement, if required. The stator can erinsulatienprotects the stator (windings and insulation) from the
controlled portion of the reactor coolant circulating inside the motor and bearing cavity. The can on the

_rotor isolates the copper rotor bars are-iselated-from the system andte minimizes the potential for the

copper to plate out in other areas.

The motor is cooled by primary reactor coolant system coolant circulating through the motor cavity and
by component cooling water circulating through a cooling jacket on the outside of the motor housing.
Primary coolant used to cool the motor enters the lower end of the rotor and passes axially through the
motor cavity to remove heat from the rotor and stator. An auxiliary impeller provides the motive force for
circulating the coolant. Heat from the primary coolant is transferred to component coolant water in an
external heat exchanger.

Each pump motor is driven by a variable speed drive, which is used for pump startup and operation when
the reactor trip breakers are open. When the reactor trip breakers are closed, the variable frequency drives
are bypassed and the pumps run at constant speed.

! NRC Staff approval is required prior to implementing a change in this information: see DCD Introduction Section 35.

‘ RAI-SRP5.4.1-CIB1-01 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAl)

Flywheel assemblies provide rotating inertia that increases the coastdown time for the pump. Each
flywheel assembly is of bi-metallic design consisting of a tungsten heavy metal alloy for mass with Type
403and stainless steel_and 18Ni maraging steel structural components. The upper flywheel assembly is
located between the motor and pump impeller. Hrequired;tThe lower assembly is located below the
canned motor, with the thrust bearing. Surrounding the flywheel assemblies are the heavy walls of the
stator closure, casing, thermal barrier, or stator lower flange.

The materials in contact with the reactor coolant and cooling water (with the exception of the bearing
material) are austenitic stainless steel, nickel-chromium-iron alloy, or equivalent corrosion-resistant
material.

There are two jFournal bearings, one at the bottom of the rotor shaft and the other between the upper

flywheel assembly and the motor.are-provided-as-necessary-based-onrotor dynamics-analyses: The

bearings are a hydrodynamic film-riding design. During rotor rotation, a thin film of water forms between
the journal and pads, providing lubrication. '

The thrust beariﬁg assembly is at the bottom of the rotor shaft. The pivoted pad hydrodynamic bearing
provides positive axial location of the rotating assembly regardless of operating conditions.

The reactor coolant pump is equipped with a vibration monitoring system that continuously monitors
pump structure (frame) vibrations. Five vibration monitors provide pump vibration information. The
readout equipment includes warning alarms and high-vibration level alarms, as well as output for
analytical instruments.

Four resistance temperature detectors (RTDs) monitor motor cooling circuit water temperature. These
detectors provide indication of anomalous bearing or motor operation. They also provide a system for
automatic shutdown in the event of a prolonged loss of component cooling water.

A speed sensor monitors rotor rpm’s. Additionally, voltage and current sensors provide information on
motor load and electrical input.

Revise the second and third paragraphs of Subsection 5.4.1.3.3 as follows:
5.4.1.3.3 Pressure Boundary Integrity

~The motor terminals form part of the pressure boundary in the event of a
stator-can failure. The ASME Code does not include criteria or methods for completely designing or
analyzing such terminals. Motor terminals are designed, analyzed, and tested using criteria established
and validated based on many years of service. Where applicable, ASME Code requirements and criteria
are used. Individual terminals are hydrostatically tested to test the integrity prior to performance testing.

RAI-SRP5.4.1-CIB1-01 R2
Westinghouse Page 8 of 16



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Revise the last paragraph of Subsection 5.4.1.3.4 as follows:

5.4.1.3.4 Coastdown Capability

| If the stator can—ér—windiﬂg—iﬂsu}aﬁea should leak during operation, the reactor coolant may cause a short
in the stator windings. In such a case, the result would be the same as a loss of power to that pump. With
either a rotor or a stator can-er-staterinsulatien failure, no fluid would be lost to the containment.

Revise the second paragraph of Subsection 5.4.1.3.6.1 as follows:
5.4.1.3.6.1 Natural Frequency and Critical Speeds

Determination of the damped natural frequency of the reactor coolant pump rotor bearing system model

| includes the effects of the bearing films, can ex-winding-annular fluid interaction, motor magnetic
phenomena, and pump structure. The damped natural frequencies for the AP1000 reactor coolant pump
exhibit sufficient energy dissipation to be stable. The high degree of damping provides smooth pump
operation.

Revise the Subsection 5.4.1.3.6.3 as follows:
5.4.1.3.6.3 Flywheel Integrity

The reactor coolant pump in the AP1000 complies with the requirement of General Design Criterion
(GDC) Number 4. That Criterion states that components important to safety be protected against the
effects of missiles.

The flywheel assemblies are located within and surrounded by the heavy walls of the stator closure, stator
main flange, casing, thermal barrier, or lower stator flange. In the event of a postulated worst-case
flywheel assembly failure, the surrounding structure can, by a large margin, contain the energy of the
fragments without causing a rupture of the pressure boundary. The analysis in Reference 10 of the
capacity of the housing to contain the fragments of the flywheel is done using the energy absorption
equations of Hagg and Sankey (Reference 2).

Compliance with the requirement of GDC 4 related to missiles can be demonstrated without reference to
flywheel integrity, nevertheless, the intent of the guidelines of Regulatory Guide 1.14 is followed in the

RAI-SRP5.4.1-CIB1-01 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

design and fabrication of the flywheel. The guidelines in Regulatory Guide 1.14 apply to steel flywheels.
Since the bi-metallic design of the AP1000 reactor coolant pump flywheel does not respond in the same
manner as homogeneous steel, many of the guidelines in the Regulatory Guide are not directly applicable.

The reactor coolant pump flywheel assemblies are fabricated from a tungsten heavy metal-alloy, Type 403
and stainless steel, and 18Ni maraging steel. Heavy alloy segments are fitted to a stainless steel hub; these
segments are not relied upon structurally. The segments aremay-be held into place by an interference fit
retainer cylinder of 18Ni maraging steel placed over the outside of the assembly. The assembly is
hermetically sealed from primary coolant by eerresienresistant-endplates and an outer thin shell of Alloy
625. Ni/Fe/Cr Alloy 600 is not used for this application.

The bi-metallic flywheel design will be manufactured using multiple processes and materials. In accordance
~ with Regulatory Guide 1.14, each structural component of the bi-metallic flywheel will be inspected prior to

final assembly according to its fabrication and the procedures outlined in Section III, NB-2500 of the ASME

Code. The Type 403 stainless steel inner hub material will be subject to impact testing using three Charpy

V-notch tests per ASTM A370, magnetic particle examination per ASTM A788 Supplemental Requirement
S18, and ultrasonic examination per ASTM A788 Supplemental Requirement S20, Acceptance Levels BR

- and S. The retainer ring will be subject to fracture toughness testing per ASTM E399, magnetic particle
examination per ASTM A788 Supplemental Requirement S18, and ultrasonic examination per ASTM A788
Supplemental Requirement S20, Acceptance Levels BR and S. Following finishing operations on the
flywheel assembly the outside surface of the retainer ring and the inside surfaces of the inner hubbere are
subject to liquid penetrant inspections in conformance with the requirements of ASTM-E-165 (Reference 4).
In-process controls used during the construction of the flywheel assemblies also provide for the quality of
the completed assemblies.

The design speed of the flywheel is defined as 125 percent of the synchronous speed of the motor. The
design speed envelopes all expected overspeed conditions. At the normal speed the calculated maximum
primary stress in the flywheel assemblies is less than one third of minimum yield strength. At the design
speed the calculated maximum primary stress in the flywheel assemblies is less than two thirds of
minimum yield strength. ’

An analysis of the flywheel failure modes of ductile failure, nonductile failure and excessive deformation
of the flywheel is performed to evaluate the flywheel design. The analysis is performed to determine that
the critical flywheel failure speeds, based on these failure modes, are greater than the design speed. The
critical flywheel failure speeds are not the same as the critical speed identified for the rotor. The critical
flywheel failure speeds are greater than the design speed. The overspeed condition for a postulated pipe
rupture accident is less than the critical flywheel failure speeds.

The flywheel assemblies are sealed within a welded nickel-chromium-iron alloy enclosure to prevent
contact with the reactor coolant or any other fluid. The enclosure minimizes the potential for corrosion of
the flywheel and contamination of the reactor coolant. The enclosure material specifications are ASTM-

| B-443168 and ASTM-B-564. Even though the welds of the flywheel enclosure are not external pressure
boundary welds, these welds are made using procedures and specifications that follow the rules of the

| ASME Code. A dye penetrant and-ultrasenie-test of the enclosure welds is performed in conformance

RAI-SRP5.4.1-CIB1-01 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

with these requirements._The final assemblies are leak tested using a leak test hole located in the inner
hub.

No credit is taken in the analysis of the flywheel missile generation for the retention of the fragments by
the enclosure. A leak in the enclosure during operation could result in an out-of-balance flywheel
assembly. An out-of-balance flywheel exhibits an increase in vibration, which is monitored by vibration
instrumentation.

The flywheel enclosure contributes only a small portion of the energy in a rotating flywheel assembly.

~ The stress in the welds of the flywheel enclosure components for normal and design speeds are within the
criteria in subsection NG of the ASME Code, which is used as a guideline.

Pipe rupture overspeed is based on a break of the largest branch line pipe connected to the reactor coolant
system piping that is not qualified for leak-before-break criteria. The exclusion of the reactor coolant loop
piping and branch line piping of 6 inches or larger size from the basis of the pump loss of coolant accident
- overspeed condition is based on the provision in GDC 4 to exclude dynamic effects of pipe rupture when
a leak-before-break analysis demonstrates that appropriate criteria are satisfied. See subsection 3.6.3 for a
discussion of leak-before-break analyses. The criteria of subsection 3.6.2 are used to determine pipe break
size and location for those piping systems that do not satisfy the requirements for mechanistic pipe break’
criteria.

In addition to material specification and non destructive testing requirement, each flywheel is subject to a
spin test at 125 percent overspeed, followed by a visual inspection, during manufacture. This ‘
demonstrates quality of the flywheel. Since the basis for the safety of the flywheel is retention of the.
fragments within the reactor coolant pump pressure boundary, periodic inservice inspections of the
flywheel assemblies are not required to ensure that the basis for safe operation is maintained.

Because of the configuration of the flywheel assemblies, inservice inspection of the flywheel assemblies
may not result in significant inspection results. Inspection of the flywheel assemblies would require
removal of the assemblies from the shaft, removal of the enclosures, rewelding of the enclosure,
reassembly, and balancing of the pump shaft. Opening of the pump assembly for a periodic inspection of
the enclosure would result in an increased occupational radiation exposure and would not be consistent
with goals relative to maintaining exposure as low as reasonably achievable. Also, opening the pump may
increase the potential for entry of foreign objects into the motor area. For these reasons, routine, periodic
inspection of the flywheel assemblies in the AP1000 reactor coolant pump is not recommended.

RAI-SRP5.4.1-CIB1-01 R2
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AP1000 TECHNICAL REPORT RvEVIEW'

~Response to Request For Additional Information (RAI)

Additional Design Control Document (DCD) markup (Revision 1) resulting from NRC
comments at 3/18/09 meeting and a change in flywheel retainer ring material:

Revise the seventh paragraph of Subsection 5.4.1.2.1 as follows:

54.1.2.1 Design Description

[The reactor coolant pump is a single-stage, hermetically sealed high-inertia, centrlfugal sealless pump
of canned motor design.]* It pumps large volumes of reactor coolant at high pressures and temperature.
Figure 5.4-1 shows a reactor coolant pump. Table 5.4-1 gives the design parameters.

A reactor coolant pump is directly connected to each of two outlet nozzles" on the steam generator channel
head. The two pumps on a steam generator turn in the same direction. :

A sealless pump contains the motor and all rotating components inside a pressure vessel. The pressure
vessel consists of the pump casing, stator closure, stator main flange, stator shell, stator lower flange, and
stator cap, which are designed for full reactor coolant system pressure. In a canned motor pump, the stator
and rotor are encased in corrosion-resistant cans that prevent contact of the rotor bars and stator windings
by the reactor coolant. Because the shaft for the impeller and rotor is contained within the pressure
boundary, seals are not required to restrict leakage out of the pump into containment. The connection
between the pump casing and the stator closure is provided with a welded canopy type seal assembly,
which provides definitive leak protection for the pump closure. Access to the internals of the pump and
motor is by severing the canopy seal weld. When the pump is reassembled, a canopy seal is rewelded.
Canned motor reactor coolant pumps have a long history of safe, reliable performance in military and
commercial nuclear plant service.

The reactor coolant pump driving motor is a vertical, water-cooled, squirrel-cage induction motor with a
canned rotor and stator. It is designed for removal from the casing for inspection, maintenance, and
replacement, if required. The stator can protects the stator (windings and insulation) from the controlled
portion of the reactor coolant circulating inside the motor and bearing cavity. The can on the rotor isolates
the copper rotor bars from the system and minimizes the potential for'the copper to plate out in other
areas.

The motor is cooled by primary reactor coolant system coolant circulating through the motor cavity and
by component cooling water circulating through a cooling jacket on the outside of the motor housing.
Primary coolant used to cool the motor enters the lower end of the rotor and passes axially through the
motor cavity to remove heat from the rotor and stator. An auxiliary impeller provides the motive force for
circulating the coolant. Heat from the primary coolant is transferred to component coolant water in an
external heat exchanger.
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Each pump motor is driven by a variable speed drive, which is used for pump startup and operation when
the reactor trip breakers are open. When the reactor trip breakers are closed, the variable frequency drives
are bypassed and the pumps run at constant speed.

Flywheel assemblies provide rotating inertia that increases the coastdown time for the pump. Each
flywheel assembly is of bi-metallic design consisting of a tungsten heavy metal alloy for mass with Type
403 stainless steel and +8Nimaragingsteell 8Mn-18Cr alloy steel structural components. The upper
flywheel assembly is located between the motor and pump impeller. The lower assembly is located below
the canned motor, with the thrust bearing. Surrounding the flywheel assemblies are the heavy walls of the
stator closure, casing, thermal barrier, or stator lower flange.

Revise the fourth and fifth paragraphs of Subsection 5.4.1.3.6.3 as shown below.

5.4.1.3.6.3 Flywheel Integrity

The reactor coolant pump in the AP1000 complies with the requirement of General Design Criterion
(GDC) Number 4. That Criterion states that components important to safety be protected against the
effects of missiles.

The flywheel assemblies are located within and surrounded by the heavy walls of the stator closure, stator
main flange, casing, thermal barrier, or lower stator flange. In the event of a postulated worst-case
flywheel assembly failure, the surrounding structure can, by a large margin, contain the energy of the
fragments without causing a rupture of the pressure boundary. The analysis in Reference 10 of the
capacity of the housing to contain the fragments of the ﬂywheel is done using the energy absorption

- equations of Hagg and Sankey (Reference 2).

Compliance with the requirement of GDC 4 related to missiles can be demonstrated without reference to
flywheel integrity, nevertheless, the intent of the guidelines of Regulatory Guide 1.14 is followed in the
design and fabrication of the flywheel. The guidelines in Regulatory Guide 1.14 apply to steel flywheels.
Since the bi-metallic design of the AP1000 reactor coolant pump flywheel does not respond in the same
manner as homogeneous steel, many of the guidelines in the Regulatory Guide are not directly applicable.

The reactor coolant pump flywheel assemblies are fabricated from a tungsten heavy alloy, Type 403
stainless steel, and 18Ni-maraging-steet] SMn-18Cr alloy steel (ASTM A 289, Grade 8). Heavy alloy
segments are fitted to a stainless steel hub; these segments are not relied upon structurally. The segments
are held into place by an interference fit retainer cylinder of 18Mn-18Cr alloy steel -1-8M—m&1=a-gmg—s%eel
placed over the outside of the assembly. The assembly is hermetically sealed from primary coolant by
endplates and an outer thin shell of Alloy 625. Ni/Fe/Cr Alloy 600 is not used for this application.

The bi-metallic flywheel design will be manufactured using multiple processes and materials. In
accordance with Regulatory Guide 1.14, each structural component of the bi-metallic flywheel will be
inspected prior to final assembly according to its fabrication and the procedures outlined in Section III,
NB-2500 of the ASME Code. The Type 403 stainless steel inner hub material will be subject to impact

' ' RAI-SRP5.4.1-CIB1-01 R2
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testing using three Charpy V-notch tests per ASTM A370, magnetic particle examination per ASTM
A788 Supplemental Requirement S18, and ultrasonic examination per ASTM A788 Supplemental
Requirement S20, Acceptance Levels BR and S. The retainer ring will be subject to impact testing using

three Charpy -notch tests per ASTM A370, hguld penetrant examination per ASTM A788,
Supplementarv Requlrement S19. fracts nehi

e emen and ultrasomc exammatlon per ASTM
A788 Supplemental Requlrement S20, Acceptance Levels BR-DA and S. Following finishing operations
on the flywheel assembly the outside surface of the retainer ring and the inside surfaces of the inner hub
are subject to liquid penetrant inspections in conformance with the requirements of ASTM-E-165
(Reference 4). In-process controls used during the construction of the flywheel assemblies also provxde
for the quality of the completed assemblies.

Revise Reference 10 of Subsection 5.4.16 as shown below.

5.4.16 References
1.  Not used.

H

2. Hagg, A. C. and Sankey, G. O., “The Containment of Disk Burst Fragments by
Cylindrical Shells,” ASME Journal of Engineering for Power, April 1974, pp. 114-123.

3. Notused.
4.  ASTM-E-165-95, “Practice for Liquid Penetrant Inspection Method.”
5. ANSI/ANS-5.1-1994, “Decay Heat Power in Light Water Reactors.”

. 6. ANSI/ANS-51.1-1983, “Nuclear Safety Criteria for the Design of Stationary Pressurized
Water Reactor Plants.”

7. ANSI N278.1-1975, “Self-Operated and Power-Operated Safety-Relief Valves
Functional Specification Standard.”

8. ASME QME-1-2007 Edition, “Qualification of Active Mechanical Equipment Used in
Nuclear Power Plants.”

9. ANSI BI16.34-1996, “Valves -  Flanged and  Buttwelding End.”

10. Curtiss-Wright Electro-Mechanical Corporation Report AP1000RCP-06-009-P Revision
1 (Proprietary), and AP1000RCP-06-009-NP Revision 1 (Non-Proprietary), “Structural
Analysis Summary for the AP1000 Reactor Coolant Pump High Inertia Flywheel,”
Oectober2006May 2009.

RAI-SRP5.4.1-CIB1-01 R2
. P 14 of 16
Wesnnghouse e




AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

_Additional Design Control Document (DCD) markup (Revision 2) resulting from
preliminary NRC staff response provided to Westinghouse via e-mail (Perry Buckberg to
Paul Loza, May 29, 2009):

Revise the fourth paragraph of Subsection 5.4.1.3.6.3 as shown below.

5.4.1.3.6.3 Flywheel Integrity

The reactor coolant pump in the AP1000 complies with the requirement of General Design Criterion
(GDC) Number 4. That Criterion states that components important to safety be protected against the
effects of missiles. '

The flywheel assemblies are located within and surrounded by the heavy walls of the stator closure, stator
main flange, casing, thermal barrier, or lower stator flange. In the event of a postulated worst-case
flywheel assembly failure, the surrounding structure can, by a large margin, contain the energy of the
fragments without causing a rupture of the pressure boundary. The analysis in Reference 10 of the
capacity of the housing to contain the fragments of the flywheel is done using the energy absorption
equations of Hagg and Sankey (Reference 2).

Compliance with the requirement of GDC 4 related to missiles can be demonstrated without reference to
flywheel integrity, nevertheless, the intent of the guidelines of Regulatory Guide 1.14 is followed in the
design and fabrication of the flywheel. The guidelines in Regulatory Guide 1.14 apply to steel flywheels.
Since the bi-metallic design of the AP1000 reactor coolant pump flywheel does not respond in the same
manner as homogeneous steel, many of the guidelines in the Regulatory Guide are not directly applicable.

The reactor coolant pump flywheel assemblies are fabricated from a tungsten heavy alloy, Type 403
stainless steel, and 18Mn-18Cr alloy steel (ASTM A 289, Grade 8). Heavy alloy segments (ASTM B777,
Class 4) are fitted to a stainless steel hub (ASTM A336, Grade F6); these segments are not relied upon
structurally. The segments are held into place by an interference fit retainer cylinder of 18Mn-18Cr alloy
steel placed over the outside of the assembly. The assembly is hermetically sealed from primary coolant
by endplates and an outer thin shell of Alloy 625. Ni/Fe/Cr Alloy 600 is not used for this application.

The bi-metallic flywheel design will be manufactured using multiple processes and materials. In
accordance with Regulatory Guide 1.14, each structural component of the bi-metallic flywheel will be
inspected prior to final assembly according to its fabrication and the procedures outlined in Section III,
NB-2500 of the ASME Code. The Type 403 stainless steel inner hub material will be subject to impact
testing using three Charpy V-notch tests per ASTM A370, magnetic particle examination per ASTM
A788 Supplemental Requirement S18, and ultrasonic examination per ASTM A788 Supplemental
Requirement S20, Acceptance Levels BR and S. The retainer ring will be subject to impact testing using
three Charpy V-notch tests per ASTM A370, liquid penetrant examination per ASTM A788,
Supplementary Requirement S19, and ultrasonic examination per ASTM A788 Supplemental
Requirement S20, Acceptance Levels DA and S. Following finishing operations on the flywheel assembly
the outside surface of the retainer ring and the inside surfaces of the inner hub are subject to liquid
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penetrant inspections in conformance with the requirements of ASTM-E-165 (Reference 4). In-process
controls used during the construction of the flywheel assemblies also provide for the quality of the
completed assemblies.

Revise Reference 10 of Subsection 5.4.16 as shown below.

5.4.16 References

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

PRA Revision:

None

Not used.

Hagg, A. C. and Sankey, G. O., “The Containment of Disk Burst Fragments by
Cylindrical Shells,” ASME Journal of Engineering for Power, April 1974, pp. 114-123.

Not used.
ASTM-E-165-95, “Practice forvLiquid Penetrant Inspection Method.”
ANSI/ANS-5.1-1994, “Decay Heat Power in Light Water Reactors.”

ANSI/ANS-51.1-1983, “Nuclear Safety Criteria for the Design of Stationary Pressurized
Water Reactor Plants.”

ANSI N278.1-1975, “Self-Oberated and Power-Operated Safety-Relief Valves
Functional Specification Standard.”

ASME QME-1-2007 Edition, “Qualification of Active Mechanical Equlpment Used in
Nuclear Power Plants.”

ANSI  B16.34-1996,  “Valves -  Flanged and  Buttwelding End.”

Curtiss-Wright Electro-Mechanical Corporation Report AP1000RCP-06-009-P Revision
2 (Proprietary), and AP1000RCP-06-009-NP Revision 2 (Non-Proprietary), “Structural
Analysis Summary for the AP1000 Reactor Coolant Pump High Inertia Flywheel,”
Oetober-2006]July 2009.

Technical Report (TR) Revision:

None
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CURTISS 1000 Wright Way

@) O N WRIGHT Cheswick, PA 15024
> Flow Control Company | Phone: 724-275-5000
b Fax: 724-275-5038
U.S. Nuclear Regulatory Commission ~ Letter No.:
ATTENTION: Document Control Desk WEM_DCP_000472

Washington, D.C. 20555 July 17, 2009

APPLICATION FOR WITHHOI DING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: Transmittal of Proprietary and Non-Proprietary Information, AP1000RCP-06-009.
"Structural Ana]y31s Summary for the AP1000 Reactor Coolant Pump High
Inertia Flywheel”

The Application for Withholding is submitted by Curtiss-Wright Electro- Mechamcal
Corporation (EMD) pursuant to the provisions of Paragraph (b) (1) of Section 2.390 of the
Commission's regulations. It contains commer01al strategic information proprietary to
EMD and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the

‘ tpnetary version of the subject report. In conformance with 10 CFR Section 2.390,

ftidavit WEM_DCP_000472 accompanies this Application for Withholding, setting

forth the basis on which the identified propnetary m?ormatlon may be withheld from
public disclosure.

Accordingly, it is respectively requested that the subject information which is proprietary to
EMD be withheld from public disclosure in accordance with 10 CFR Section 2.390 of the
Commission's regulations.

Correspondence with respect to this Application for Withholding or the accompanying
affidavit should reference WEM_DCP_000472 and should be addressed to Ms. Annette
Bohinski, Senior Contracts Manager, Curtiss-Wright Electro-Mechanical Corporation,
1000 Wright Way, Cheswick, Pennsylvania, 15024.

Verz truly yours, ;

Ross R. Klein, P.E.

Engineering Manager
Commercial Nuclear Products
EMD, a business unit of Curtiss-
Wright Flow Control Company
Tel: 724-275-5710

Cell: 412-418-3263



(D)

(2)

(3)

)

WEM_DCP_000472

I am the Engineering Manager for Commercial Nuclear Products at the Curtiss-Wright
Electro-Mechanical Corporation, and as such, I have been specifically delegated the
function of reviewing the proprietary information sought to be withheld from public
disclosure in connection with nuclear power plant licensing and rule making proceedings,
and am authorized to apply for its withholding on behalf of EMD.

1 am making this Affidavit in conformance with the provisions of 10CFR Section 2.390
of the Commission's regulations and in conjunction with the EMD "Application for
Withholding™" accompanying in this Affidavit.

I have personal knowledge of the criteria and procedures utilized by EMD in designating
information as a trade secret, privileged or as confidential commercial or fmdncna]
information.

Pursuant to the provisions of paragraph (b) (4) of Section 2.390 of the Commission's
regulations, the following is furnished for consideration by the Commission in
determining whether the information sought to be withheld from public disclosure should
be withheld. '

(i) The information sought to be withheld from public disclosure is owned and has been

held in confidence by EMD.

(i1) The information is of a type customarily held in confidence by EMD and not
customarily disclosed to the public. EMD has a rational basis for determining the
types of information customarily held in confidence by it and, in that connection,
utilizes a system to determine when and whether to hold certain types of information
in confidence. The application of that system and the substance of that system
constitutes EMD policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of
several types, the release of which might result in the loss of an ex1stmg or potential
competitive advantage, as follows:

~ (a) The information reveals the distinguishing aspects of a process (or component,

structure, tool, method, etc.) where prevention of its use by any of EMD's competitors
without license from EMD constitutes a competitive economic advantage over other
companies.

(b) It consists of supporting data, including test data, relative to a process (or component,
structure, tool, method, etc.), the application of which data secures a competitive
economic advantage, €.g., by optimization or improved marketability.



(iii)

(iv)

WEM_DCP_000472

(c) Its use by a competitor would reduce his expenditure of resources or improve his
competitive position in the design, manufacture, shipment, installation, assurance of
quality, or licensing a similar product.

(d) It reveals cost or price information, production capacities, budget levels, or
commercial strategies of EMD, its customers or suppliers.

(e) It reveals éspects of past, present, or future EMD or customer funded development
plans and programs of potential commercial value to EMD.

(f) It contains patentable ideas, for which patent protection may be desirable.
There are sound policy reasons behind the EMD system which include the following:

(a) The use of such information by EMD gives EMD a competitive advantage over its
competitors. It is, therefore, withheld from disclosure to protect EMD.

(b) It is information that is marketable in many ways. The extent to which such
information is available to competitors diminishes EMD's ability to sell products and
services involving the use of the information.

(c) Use by our competitor would put EMD at a competitive disadvantage by reducing his
expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive
advantage is potentially as valuable as the total competitive advantage. If competitors
acquire components of proprietary information, anyone component may be the key to
the entire puzzle, thereby depriving EMD of a competitive advantage.

(e) Unrestricted disclosures would Jeopardlze the position of prominence of EMD in the
world market, and thereby give a market advantage to the competition of those
countries. :

(f) The EMD capacity to invest corporate assets in research and development depends
upon the success in obtaining and maintaining a competitive advantage.

The information is being transmitted to the Commission in confidence and, under the
provisions of 10CFR Section 2.390, it is to be received in confidence by the
Commission.

The information sought to be protected is not available in public sources or available
information has not been previously employed in the same original manner or method
to the best of our knowledge and belief.



(v)
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The proprietary information sought to be withheld in this submittal is that which is
appropriately marked in AP1000 RCP-06-009P "Structural Analysis Summary for the
AP1000 Reactor Coolant Pump High Inertia Flywheel” Revision 2 (Proprictary),
dated July 16, 2009 in support of NuStart Energy Development Combined License
(COL) Demonstration Project. The proprietary information as submitted by ’
Westinghouse for the AP1000 NuStart COL Demonstration Project is expected to be
applicable in other licensee submittals in response to certain NRC requirements for
justification of compliance of the safety system to regulations.

. This information is part of that which will enable EMD to manufacture and delxver

products to utilities based on proprietary system designs.

Further this information has substantial commercial value because it reveals the
distinguishing aspects of a process or component, structure, tool, method, etc., and the
prevention of its use by competitors of EMD, without license from EMD, give EMD
a competitive economic advantage. :

Public disclosure of this proprietary information is likely to cause substantial harm to
the competitive position of EMD because it would enhance the ability of competitors
to provide similar technology for Reactor Coolant Pumps for commercial power
reactors without commensurate expenses.

The development of the technology described in part by the information is the result

-of applying the results of many years of experience in an intensive EMD effort and

the expenditure of a considerable sum of money.

In order for competitors of EMD to duplicate. this information, similar technical
programs would have to be performed and a significant manpower effort, having the
requisite talent and experience, would have to be expended.

This information, if used by a competitor, would reduce the competitor's expenditure
of resources or improve the competitor's advantage in the design, manufacture,

shipment, installation, assurance of quality, or licensing of a similar product.

Further the deponent sayeth not.



AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:
ss
COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared Ross R. Klein, who, being by
me duly sworn according to law, deposes and says that he is authorized to execute this Affidavit
on behalf of Curtiss-Wright Electro-Mechanical Corporation (EMD), and that the averments of

fact set forth in this Affidavit are true and correct to the best of his knowledge, information, and
belief:

Ross R. Klein, P.E.

Engineering Manager

Commercial Nuclear Products

EMD, a business unit of Curtiss-Wright
Flow Control Company

Swom to and subscribed

before me this_{ 7 day
of , 2009.
COMMONWEALTH OF PENNSYLVANiA
§ 7 [W
@ - A1ty wy 2 Twp, Alegnon Coumy |
Nofary Public oo pomsion Expires March 79, 2012 _ |

Association of Notaries
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to
the NRC in connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations
concerning the protection of proprietary information so submitted to the NRC, the information
which is proprietary in the proprietary versions is contained within brackets, and where the
proprietary information has been deleted in the non-proprietary versions, only the brackets
remain (the information that was contained within the brackets in the proprietary versions having
been deleted). The justification for claiming the information so designated as proprietary is
indicated in both versions by means of lower case letters (a) through (f) located as a superscript
immediately following the brackets enclosing each item of information being identified as
proprietary or in the margin opposite such information. These lower case letters refer to the types
of information Curtiss-Wright Electro-Mechanical Corporation (EMD) customarily holds in
confidence identified in Sections (4) (i1) (a) through (4) (i1) (f) of the affidavit accompanying this
transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear an EMD copyright notice. The NRC is permitted to
make the number of copies of the information contained in these reports which are necessary for
its internal use in connection with generic and plant-specific reviews and approvals as well as the
issuance, denial, amendment, transfer, renewal, modification, suspension, revocation, or
violation of a license, permit, order, or regulation subject to the requirements of 10CFR 2.390
regarding restrictions on public disclosure to the extent such information has been identified as
proprietary by EMD copyright protection notwithstanding. With respect to the non-proprietary
versions of these reports, the NRC is permitted to make the number of copies beyond those
necessary for its internal use which are necessary in order to have one copy available for public
viewing in the appropriate docket files in the public document room in Washington, DC and in
local public document rooms as may be required by NRC regulations if the number of copies
submitted is insufficient for this purpose. Copies made by the NRC must include the copyright
notice in all instances and the proprietary notice if the original was identified as proprietary.



