
MITSUBISHI HEAVY INDUSTRIES, LTD.
16-5, KONAN 2-CHOME, MINATO-KU

December 19, 2008

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

Attention: Mr. JefferyA. Ciocco,

Docket No. 52-021
MHI Ref: UAP-HF-08278

Subject: MHI's Response to US-APWR DCD RAI No. 107

Reference: 1) "Request for Additional Information No. 107-1293 Revision 0, SRP
Section: 03.09.04 - Control Rod Drive Systems, Application Section:
3.9.4," dated 11/24/2008

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear

Regulatory Commission ("NRC") documents as listed in Enclosure.

Enclosed is the response to 1 RAI contained within Reference 1.

As indicated in the enclosed materials, this submittal contains information that MHI considers
proprietary, and therefore should be withheld from public disclosure pursuant to 10 C.F.R. §
2.390 (a)(4) as trade secrets and commercial or financial information which is privileged or
confidential. A non-proprietary version of the document is also being submitted with the
information identified as proprietary redacted and replaced by the designation "[ ]".

This letter includes a copy of the proprietary version (Enclosure 2), a copy of the non-
proprietary version (Enclosure 3), and the Affidavit of Yoshiki Ogata (Enclosure 1) which
identifies the reasons MHI respectfully requests that all materials designated as "Proprietary"
in Enclosure 2 be withheld from public disclosure pursuant to 10 C.F.R. § 2.390 (a)(4).

Please contact Dr. C. Keith Paulson, Senior Technical Manager, Mitsubishi Nuclear Energy
Systems, Inc. if the NRC has questions concerning any aspect of the submittals. His contact
information is provided below.

Sincerely,

Yoshiki Ogata,
General Manager- APWR Promoting Department
Mitsubishi Heavy Industries, LTD.



Enclosures:

1. Affidavit of Yoshiki Ogata

2. "Response to Request for Additional Information No. 107-1293, Revision 0"
(Proprietary Version)

3. "Response to Request for Additional Information No. 107-1293, Revision 0"
(Non-Proprietary Version)

4. Reference-1 "Improvement of CRDM Durability for PWR Plants, The Part of
Mitsubishi Nuclear Technical Report No.54,1989"

CC: J. A. Ciocco
C. K. Paulson

Contact Information
C. Keith Paulson, Senior Technical Manager
Mitsubishi Nuclear Energy Systems, Inc.
300 Oxford Drive, Suite 301
Monroeville, PA 15146
E-mail: ck-paulson@mnes-us.com
Telephone: (412) 373-6466



Enclosure 1

bocket No. 52-021
MHI Ref: UAP-HF-08278

MITSUBISHI HEAVY INDUSTRIES, LTD.

AFFIDAVIT

I, Yoshiki Ogata, state as follows:

1. I am General Manager, APWR Promoting Department, of Mitsubishi Heavy
Industries, LTD ("MHI"), and have been delegated the function of reviewing MHI's
US-APWR documentation to determine whether it contains information that should
be withheld from public disclosure pursuant to 10 C.F.R. § 2.390 (a)(4) as trade
secrets and commercial or financial information which is privileged or confidential.

2. In accordance with my responsibilities, I have reviewed the enclosed document
entitled "Response to Request for Additional Information No. 107-1293, Revision 0",
dated December 19, 2008, and have determined that portions of the document
contain proprietary information that should be withheld from public disclosure. Those
pages contain proprietary information are identified with the label "Proprietary" on the
top of the page, and the proprietary information has been bracketed with an open
and closed bracket as shown here "[ ]". The first page of the document indicates
that all information identified as "Proprietary" should be withheld from public
disclosure pursuant to 10 C.F.R. § 2.390 (a)(4).

3. The information identified as proprietary in the enclosed document has in the past
been, and will continue to be, held in confidence by MHI and its disclosure outside
the company is limited to regulatory bodies, customers and potential customers, and
their agents, suppliers, and licensees, and others with a legitimate need for the
information, and is always subject to suitable measures to protect it from
unauthorized use or disclosure.

4. The basis for holding the referenced information confidential is that it describes the
unique design parameters developed by MHI for the Control Rod Drive Mechanism.

5. The referenced information is being furnished to the Nuclear Regulatory Commission
("NRC") in confidence and solely for the purpose of information to the NRC staff.

6. The referenced information is not available in public sources and could not be
gathered readily from other publicly available information. Other than through the
provisions in paragraph 3 above, MHI knows of no way the information could be
lawfully acquired by organizations or individuals outside of MHI.

7. Public disclosure of the referenced information would assist competitors of MHI in
their design of new nuclear power plants without incurring the costs or risks
associated with the design of the subject systems. Therefore, disclosure of the



information contained in the referenced document would have the following negative
impacts on the competitive position of MHI in the U.S. nuclear plant market:

A. Loss of competitive advantage due to the costs associated with the
development of the unique design parameters.

B. Loss of competitive advantage of the US-APWR created by the benefits of the
Control Rod Drive Mechanism operation.

I declare under penalty of perjury that the foregoing affidavit and the matters stated
therein are true and correct to the best of my knowledge, information and belief.

Executed on this 1 9 th day of December 2008.

Yoshiki Ogata,
General Manager- APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

12/19/2008

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 107-1293 REVISION 0

SRP SECTION: 03.09.04 - CONTROL ROD DRIVE SYSTEMS

APPLICATION SECTION: 3.9.4

DATE OF RAI ISSUE: 11/24108

US-APWR Design Certification- 03.09.04, Control Rod Drive Systems (CRDS)

[Review performed against revision 0 of the US-APWR DCD Tier 2.]

QUESTION NO. : RAI 1293-01

Include reference(s) that documents control rod drive mechanism (CRDM) qualification to operate
in the reactor pressure vessel (RPV) environment. Based on the nature of this reference, provide
one of the following for review:

1. For a new series of tests unique to the US-APWR CRDM, provide for review an operability
assurance program for the US-APWR CRDM that covers all the items contained in the guidance
in SRP Section 3.9.4, Part I, Item 4, or

2. If a specific previous testing program that has been approved by the USNRC is referenced,
such as for the L-1 06A CRDM, provide the following additional information for review:

a. Describe differences between the US-APWR and the previous design, such as the L-106A
CRDM and discuss their effects on the applicability of the previous operability tests to the US-
APWR CRDM. US-APWR DCD Tier 2, Section 3.9.4.1.1 (page 3.9-56) states that the US-APWR
CRDM design is improved by (1) butt welding the CRDM latch housing to the CRDM nozzle on
the reactor vessel closure head and (2) applying a chrome carbide coating to the latch arms.
b. Identify any differences in the operating conditions, such as the weight of the rod control cluster
assembly (RCCA) and loads imposed by hydrodynamic forces through the RCCA to the CRDM,
and discuss their effects on the applicability of the previous tests to the US-APWR CRDS. US-
APWR DCD Tier 2, Section 1.2.1.5.1.1 (page 1.2-11) states that the active fuel length of the US-
APWR will be increased from 12 to 14 ft as compared to the current Mitsubishi-APWR design.
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Therefore, the rod control cluster assembly (RCCA) of the US-APWR may be heavier than in
previous designs, and the increased weight may affect functionality and wear differently than in
previous tests. US-APWR DCD Tier 2, Section 1.5.2.1 (page 1.5-1) indicates that there are
changes in the reactor internals which may alter flow loads from those in previous designs. US-
APWR DCD Tier 2, Section 4.3.4 (Page 4.3-27) states there the number of fuel assemblies has
been increased to 257 from previous designs.
c. Compare the design LOCA plus SSE loads for the US-APWR CRDS to the loads that were
used in the previous design verification tests.
d. Provide the basis for the 60-year lifetime for the CRDM internals. The design lifetime for the L-
106A CRDM was 40 years. US-APWR DCD Tier 2, Section 3.9.4.2.1 (Page 3.9-60) states that
the design life for the US-APWR CRDM is 60 years.

General Design Criteria (GDC) 2, 26, 27, and 29, require that the CRDS be designed to withstand
the effects of an earthquake, and be designed with appropriate margin to assure its functionality
under conditions of normal operation, anticipated operational occurrences, and the postulated
accident conditions. The guidance in USNRC Standard Review Plan (SRP), Section 3.9.4, Part I
AREAS OF REVIEW, Item 4 (page 3.9.4-3) states that a review of plans for the conduct of an
operability assurance program or that references previous test programs or standard industry
procedures for similar apparatus is performed. The guidance in USNRC Standard Review Plan
(SRP), Section 3.9.4, Part III REVIEW Procedures, Item 1 (page 3.9.4-8) states that, "The
objectives of the review are to determine.. that suitable life cycle testing programs have been
utilized to prove operability under service conditions".

ANSWER:

Review option 2 is applicable, as the design and operating conditions of the US-APWR CRDM
are compared with that of the previously tested L-1 06A CRDM.

The CRDM for the US-APWR design is based on the L-106A type CRDM, which has been used
in many operating plants in the USA and Japan. CRDMs for the US-APWR have incorporated two
design improvements. As noted by question RAI 1293-01, the US-APWR design utilizes butt
welding instead of a threaded connection and canopy seal weld to assure an extremely low
probability of leakage, and chrome carbide coating is applied on tip of the latch arms where it
engages the control rod drive rod to improve resistance to wear.

Butt welding design is used in both USA and Japanese plants, and chrome carbide coating is
used in Japanese plants. Applicability of the US-APWR improved design features is described
below. The structural integrity of the pressure housing under loss of coolant accident (LOCA)
coincident with safe shutdown earthquake (SSE) conditions will be reported to the NRC by the
end of March, 2009. After this action, the response to question RAI 1293-01, review option 2, part
c will be provided in April, 2009.

a. Describe differences between the US-APWR and the previous design, such as the L-106A
CRDM, and discuss their effects on the applicability of the previous operability tests to the
US-APWR CRDM.

(1) Latch Assembly

The design of the US-APWR CRDM latch assembly is the same as the previous L-1 06A type
CRDM, except the chrome carbide coating on the latch arms to improve wear resistance. The
latch assembly is shown in Figure 1. This design change does not affect operability, since
the thickness of the chrome carbide coating is thin enough compared with the clearance
between the latch tip and the groove of the drive rod.
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Figure 1 Applied Area of the Chrome Carbide Coating

(2) Pressure Housing

The US-APWR CRDM and previous CRDM pressure housings are shown in Figure 2 to
illustrate three areas of design improvements for the cap, rod travel housing and latch
housing connections. The previous CRDM design connections of the cap, rod travel housing
and latch housing are threaded and canopy seal welded. For the US-APWR CRDM pressure
housing, the cap and rod travel housing is machined from one piece of material, and the latch
housing and CRDM adapter is also machined from one piece of material. The pressure
housing consists of a rod travel housing and a latch housing, both of which are butt welded.
The latch housing is butt welded to a CRDM nozzle of the reactor vessel (RV) head. This
improved design results in an extremely low probability of primary coolant system leakage.
This design change does not affect operability, because interface condition between the latch
housing and the latch mechanism is not changed.
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Figure,2 Comparison Sketch Between Previous CRDM and US-APWR CRDM

(3) Drive Rod Assembly

The length of the US-APWR drive rod is extended from the previous design to
accommodate the 14-ft fuel and the larger size of the RV. The weight of the drive rod is
increased, but operability is maintained, because the effect is small enough. Please see
answer b (3) and d.

(4) Coil Stack Assembly

The US-APWR coil stack assembly design is same as previous design.

b. Differences and discussion of effects on operability

(1) Without canopy seal design of the pressure housing

The interface between the latch mechanism and the latch housing is not changed. Therefore
this design change does not affect operability.

(2) Chrome carbide coating on the tip of the latch arm
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Thickness of the chrome carbide coating on the latch arm is [ ] mils, which is thin enough
compared with the approximately [ ] inch clearance between the latch tip and groove of the
drive rod. Therefore, chrome carbide-coating does not affect operability.

(3) Extension of the drive rod

Drive line weight of the US-APWR is [ ] lbs ([ ] kg), which is about a 10 % increase from
current 4 loop drive line weight. This weight increase is within the tested capability of the
CRDM noted in Reference 1.

(4) Plant operating conditions

Plant operating conditions are described in DCD Table 4.4-1.

Pressure of the primary coolant water of US-APWR is the same as current 4 loop plants.
Temperature and core average coolant velocity of US-APWR are slightly lower than current 4
loop plants.

Hydrodynamic forces in the reactor are upward forces, such as a flow force in the core region,
which act in opposite direction of the drive line weight. The verification test (Reference 1) was
conducted in high pressure and high temperature water, however the core flow is not
simulated in order to provide a conservative test. The effect of decreasing core average
coolant velocity is covered by the verification test.

c. Effect of LOCA and SSE loads

Effect of LOCA and SSE loads is verified by comparison between the estimated deflection of
the pressure housing and the allowable limit described in DCD Tier 2, Subsection 3.9.4.3.
Confirmation that the estimated deflection .is within the allowable limit will be provided after
the~stress report of pressure housing is submitted to the NRC in March, 2009.

d. The bases for assuring the 60 year design life for the US-APWR CRDM are described below.

(1) The stress and fatigue strength of the IPressure boundary is evaluated by application of
design transients covering 60 years of expected plant life. The results are scheduled to be
reported to the NRC in March, 2009.

(2) the integrity of CRDM latch mechanism was confirmed by the endurance test
(Referencel). The test was conducted by using a 12 foot drive line CRDM with chrome
.carbide coating. The drive line weight used in this test was 324 lbs (147 kg), which is slightly
heavier than the US-APWR drive line weight of [ ] lbs ([ ] kg), and the functionality was
confirmed to ten million steps. The required step numbers of a 40 year life time is two and
one-half million steps. Therefore, a ten million step endurance test is conservatively bound to
be enough for the 60 year design life time (Reference 1).

(3) The coil stack assembly and drive rod assembly are not required to have a 60 year

operating time. These assemblies can be replaced during the life of the plant.

Reference 1: Improvement of CRDM Durability for PWR Plant, Mitsubishi Nuclear
Technology Report No. 54, 1989:
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Impact on DCD

DCD Revision 2 will incorporate the following change:

* Insert as the last sentence in the first paragraph in Subsection 3.9.4.1.1: "These design
improvements do not affect operability."

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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QUESTION NO.: RAI 1293-02

Provide for review how wear and, overcoming a stuck rod are addressed in the operability
assurance program, including details of the improved wear resistance offered by the chrome
carbide coating that has not previously been used in U.S. nuclear power plants.

General Design Criteria (GDC) 26, 27, and 29, as they relate to the CRDS, require that the CRDS
be designed with appropriate margin to assure its functionality under conditions of normal
operation, postulated accident conditions, and anticipated operational occurrences. The guidance
in USNRC Standard Review Plan (SRP), Section 3.9.4, Part II SRP Acceptance Criteria, Item 4
(page 3.9.4-6) states that, "The operability assurance program will be acceptable provided that
observed performance as to wear, functioning times, latching, and ability to overcome a stuck rod
meet system design requirements." US-APWR DCD Tier 2, Section 3.9.4.4 (page 3.9-62) states
that, "The capability of the CRDM functions, including withdrawal, insertion, and trip delay are
confirmed by both lead unit tests and production unit tests to demonstrate that the design
specification requirements are met prior to shipment." System design requirements for cold
stepping, hot and cold trip delay times, and hot stepping are given in US-APWR DCD Tier 2
Section 3.9.4, and preoperational tests are discussed in Section 14.2, but there is no discussion
on wear or overcoming a stuck rod.

ANSWER:

The operability assurance to limit wear is achieved by the chrome carbide coating of the latch
arms. The need to overcome a stuck rod is avoided by the design as discussed below.

(1) The critical wear of the latch mechanism occurs at the surface of latch arms where it
contacts with the drive rod. Chrome carbide coating is applied on the tip of the latch arms.
The wear and reliability of the improved CRDM was confirmed by the test as discussed in
Reference 1 of RAI 1293-01.

(2) The clearances in the US-APWR CRDM latch assembly, each part are designed to avoid a
stuck rod condition. The thermal expansion of each part is evaluated to determine the
clearances. This design is the same as L-106A, which reflects operationally-proven design
and experience.

Impact on DCD

DCD Revision 2 will incorporate the following change:

Insert as the last paragraph of Subsection 3.9.4.3, "The clearances in the CRDM latch
assembly, the latch arm, and the coil assembly are controlled to avoid a stuck rod
condition. The thermal expansion of each part is evaluated to .determine and ensure the
clearances. This design is the same as L-106A, which reflects operationally-proven
design and experience."

Impact on COLA

There is no impact on COLA.

Impact on PRA
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There is no impact on PRA.
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QUESTION NO.: RAI 1293-03

Include the acceptance criteria for the safety-related non-pressurized portion of the USAPWR.
Provide for review a description and results of stress, deflection, and fatigue analyses for the non-
pressurized portion of the US-APWR CRDM, including the following:

* What are the design loads and loading combinations?
* What values of material properties are used and what is the justification for their basis?
* What stress, deflection, and fatigue criteria are used and what is the justification for their

basis?
* What are the design margins and how do they compare with previous designs?

General Design Criteria (GDC) 2, 26, 27, and 29, as they relate to the CRDS, require that the
CRDS be designed to withstand the effects of an earthquake, and be designed with appropriate
margin to assure its functionality under conditions of normal operation, anticipated operational
occurrences, and postulated accident conditions. The guidance in USNRC Standard Review Plan
(SRP), Section 3.9.4, Part II SRP Acceptance Criteria, Item 2.C (page 3.9.4-6) states that for
"non-pressurized equipment (Non-ASME Code): Design margins presented for allowable stress,
deformation, and fatigue should be equal to or greater than margins for other plants of similar
design with successful operating experience. A justification of any decreases in design margins
should be provided." The guidance in USNRC Standard Review Plan (SRP), Section 3.9.4, Part II
SRP Acceptance Criteria, Item 3 (page 3.9.4-6) states that, "The stress limits applicable
to... non-pressurized portions of the control rod drive system should be as given in SRP Section
3.9.3 for the response to each loading set." US-APWR DCD Tier 2, Section 3.9.4.2.3 (page 2.9-
61) states that the non-pressurized portion of the USAPWR CRDM is non-ASME Code, Section
III, limited; however, no description is provided on the criteria for structural analyses, design
margins, or how design margins were obtained.

ANSWER:

The ASME Code requirements do not apply to non-pressurized components such as latch
mechanism, the drive rod and the coil assembly. These non-pressurized components are
classified as non-safety components. This is based on a file safe design with scram principle
utilizing gravity. If the coil assembly or electric device of the CRDM fails, the control rods are
dropped/inserted into the core by gravity and reduce the reactivity. If the drive rod fails, the
control rods drop into the core and reduce the reactivity.

Design endurance criteria of the latch mechahism is six million steps, which accommodates a
margin for 60 years of operation (e.g., maintain stepping function). The verification test result is
provided in Reference 1 in reply for RAI 1293-01.

Impact on DCD

DCD Revision 2 will incorporate the following changes:

Replace the 1st sentence of 2 nd paragraph in Subsection 3.9.4.2.3 with the following: "The
ASME Code requirements do not apply to non-pressurized components such as latch
mechanism, the drive rod and the coil assembly. These non-pressurized components are
classified as non-safety components. This is based on a file safe design with scram
principle utilizing gravity. If the coil assembly or electric device of the CRDM fails, the
control rods are dropped/inserted into the core by gravity and reduce the reactivity. If the
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drive rod fails, the control rods drop into the core and reduce the reactivity."

Insert as the last bullet in the 1s' paragraph in Subsection 3.9.4.2.1: "Design endurance
criterion of the latch mechanism is six million steps, accommodating a margin for 60
years of operation (e.g., maintain stepping function)."

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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QUESTION NO.: RAI 1293-04

Include design basis pipe breaks (DBPB) in the ASME Code Service Level C Design Load
Combinations in Section 3.9.3 or provide for review a discussion as to why DBPB is not included
in the ASME Code Service Level C Design Load Combinations.

General Design Criterion (GDC) 27, as it relates to the CRDS, requires that the CRDS be
designed with appropriate margin to assure its functionality under accident conditions. The
guidance in USNRC Standard Review Plan (SRP), Section 3.9.3, Appendix A, Table 1 (page
3.9.3-23) includes DBPB in both Emergency and Faulted System Operating Conditions (ASME
Code Service Stress Limits C and D, respectively). Similar guidance is also found in USNRC
Standard Review Plan (SRP), Section 3.9.3, Appendix A, Paragraph 4.B(iii)(1) (page 3.9.3-20).
However, in US-APWR DCD Tier 2, Section 3.9.3, Table 3.9.3 (page 3.9-91), DBPB is listed in
the ASME Code Service Level D Design Load Combinations, but not in the ASME Code Service
Level C Design Load Combinations.

ANSWER:

RAI 1293-04 requested justification for not including design base pipe break (DBPB)
loading in the Service Level C loading combinations, since DBPB loading is included in
the Level C loadings suggested by SRP Section 3.9.3. The Service Level C pipe break
is defined to be a maximum of 1 in. diameter pipe size in a Class 1 branch line small
break LOCA. This is somewhat larger than the DBPB identified in SRP Section 3.9.3
Appendix A, which is equivalent to a 3 /8th in. diameter break (i.e., the break size in a
Class 1 branch line that results in the loss of reactor coolant at a rate less than or equal
to the capability of the reactor coolant makeup system). Postulated breaks in 1 in.
diameter piping and smaller piping, in accordance with guidance in SRP 3.6.2, do not
require the analysis of the dynamic mechanical loadings from the ruptured pipe on
reactor coolant system components and therefore are not included in US-APWR DCD
Tier 2, Section 3.9.3, Table 3.9-3, which gives the loading combinations for mechanical
loads.

A break in a 1 in. diameter Class 1 branch line results in reactor coolant system
temperature and pressure transient conditions, which are included in the reactor coolant
system design transients noted in DCD Table 3.9-1.

Impact on DCD

There is no impact on DCD.

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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QUESTION NO.: RAI 1293-05

Provide for review a description in more detail of the quality classification of the nonpressurized
safety components of the CRDS (e.g., latch mechanism).

General Design Criterion (GDC) 1 and 10CFR50.55a, as they relate to the CRDS, require that the
CRDS be designed to quality stands commensurate with the importance of the safety functions to
be performed. US-APWR DCD Tier 2, Section 3.9.4.2.3 (page 3.9-61) states that, "The design,
fabrication, inspection, and testing of the safety-related latch mechanism comes under the quality
assurance requirement regarding safety components in 10CFR 50.55a..." However, non-
pressurized safety component portions of the CRDM are not listed in US-APWR DCD Tier 2,
Table 3.2.2 (pages 3.2-16 to 3.2-65), nor is a specific paragraph of 10CFR50.55a referenced, and
the quality standards (e.g., such as NQA-1 or 10 CFR 50 Appendix B) to be applied need to be
clarified.

ANSWER:

See response to RAI 1293-03.

The Quality Assurance Program Complies with ASME NQA-1 and 10 CFR 50.55a, Appendix B.

Impact on DCD

There is no impact on DCD.

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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QUESTION NO.: RAI 1293-06

Provide for review the basis of the 1.18-inch allowable rod travel housing deflection during the
seismic event in US-APWR DCD Tier 2, Section 3.9.4.3 (page 3.9-62), and how it has been
quantified by analysis that the rod control cluster assembly (RCCA) will be inserted into the core
at this deflection.

General Design Criterion (GDC) 2, as it relates to the CRDS, requires that the CRDS be designed
to withstand the effects of an earthquake. The guidance in USNRC Standard Review Plan (SRP),
Section 3.9.4, Part I AREAS OF REVIEW, Item 1 (page 3.9.4-2) states that, "The descriptive
information, including design criteria .., is reviewed to permit an evaluation of the adequacy of the
system to perform its mechanical function properly."

ANSWER:

The allowable rod travel housing deflection of 1.18 inches was determined by the rod insertion
test. The maximum deflection of the rod travel housing due to the LOCA and seismic loads is
obtained by the analysis.

The summary of test report is scheduled to be translated to English and to be submitted to the
NRC in April, 2009, after the CRDM stress report is finalized in March, 2009.

Impact on DCD

There is no impact on DCD.

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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QUESTION NO. : RAI 1293-07

Include the criteria used for CRDM operational capability, including the margin, following
exposure to the combined effects of a LOCA and an SSE.

General Design Criteria (GDC) 2 and 27, as they relate to the CRDS, require that the CRDS be
designed to withstand the effects of an earthquake, and be designed with appropriate margin to
assure its functionality under conditions of postulated accident conditions. The guidance in
USNRC Standard Review Plan (SRP), Section 3.9.4, Part I AREAS OF REVIEW, Item 1 (page
3.9.4-2) states that, "The descriptive information, including design criteria, testing programs,... is
reviewed to permit an evaluation of the adequacy of the system to perform its mechanical
function properly."

ANSWER:

The CRDM safety function of scram capability is confirmed by limiting the maximum deflection of
the rod travel housing due to a LOCA and SSE to less than 1.18 inch.

The design margin in response to this RAI will be provided in April, 2009 after the stress analysis
is finished in March, 2009.

Impact on DCD

There is no impact on DCD.

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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QUESTION NO.: RAI 1293-08

Include a reference(s) that the CRDM design conforms to its design criteria and limits. If the
design verification includes loading combination analysis in conjunction with testing, then include
a reference(s).

General Design Criteria (GDC) 2 and 27, as they relate to the CRDS, require that the CRDS be
designed to withstand the effects of an earthquake, and be designed with appropriate margin to
assure its functionality under conditions of postulated accident conditions. The guidance in
USNRC Standard Review Plan (SRP), Section 3.9.4, Part I AREAS OF REVIEW, Item 1 (page
3.9.4-2) states that, "The descriptive information, including design criteria, testing programs,... is
reviewed to permit an evaluation of the adequacy of the system to perform its mechanical
function properly."

ANSWER:

This stress report is identified in the DCD as Reference 3.9-59, Summary of Stress Analysis
Results for Components and Piping, scheduled to be submitted to the NRC in March, 2009. As
clarification, a sentence will be added in Subsection 3.9.4.4 during DCD Revision 2 to clarify the
applicability of this reference to the CRDM design.

Impact on DCD

DCD Revision 2 will incorporate the following change:

* Insert as the last sentence in 2 nd paragraph of Subsection 3.9.4.4: "Stress analysis
results are provided in Reference 3.9-59."

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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QUESTION NO.: RAI 1293-09

Verify that the insertion and withdrawal times in the stepping mode, and the drop times, meet the
design requirements. Provide the design requirements for these functions, their bases (for
example, the safety analysis), and the margins between the CRDS functional requirement times
and the times required by the safety analysis.

General Design Criteria (GDC) 26, 27, and 29, as they relate to the CRDS, require that the CRDS
be designed with appropriate margin to assure its functionality under conditions of normal
operation, postulated accident conditions, and anticipated operational occurrences (AOO). The
guidance in USNRC Standard Review Plan (SRP), Section 3.9.4, Part I AREAS OF REVIEW,
Item 1 (page 3.9.4-2) states that, "The descriptive information, including design criteria, testing
programs,...is reviewed to permit an evaluation of the adequacy of the system to perform its
mechanical function properly." Section 3.9.4.2.1 of US-APWR DCD Tier 2 (page 3.9-61), states
that, "The rod drop time... is evaluated by analysis." However, no analysis is referenced and the
type of analysis needs to be clarified.

ANSWER:

The design requirements from safety analysis during stepping mode are:

" Maximum speed: 72 steps/minute

" Scram delay time: within 0.15 second

Design requirements are the same as the functional requirements.

The functionality of the US-APWR CRDM is assured through many years of operating experience
in Japan. Production tests are performed on all CRDMs prior to shipment to demonstrate that the
design specification requirements are met.

The effect for the rod drop time is evaluated by the calculated deflection of the CRDM pressure
housing and test result, which is basis of the deflection criteria of the CRDM pressure housing.

Impact on DCD

There is no impact on DCD.

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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QUESTION NO.: RAI 1293-10

Clarify if all CRDMs go through the functional verification tests, and at what stage (including post-
refueling). Provide for review the test abstract for the Control Rod Drive System referred to in US-
APWR DCD Tier 2 Section 14.3.4.7.

General Design Criteria (GDC) 26, 27, and 29, as they relate to the CRDS, require that the CRDS
be designed with appropriate margin to assure its functionality under conditions of normal
operation, postulated accident conditions, and anticipated operational occurrences. Section 4.6.3
in US-APWR DCD Tier 2 (page 4.6-2) lists four stages of tests: prototype tests of components,
production tests of components following manufacture in shop, preoperational tests on site, and
periodic in-service tests, which are stated to be in Section 3.9.4.4 and Section 14.2. These
Sections give some information on preshipment and preoperational testing, but none on periodic
in-service or post-refueling startup tests. The tests included in each stage need to be clarified,
and whether each CRDM must be tested. Section 14.3.4.7 in US-APWR DCD Tier 2 (page 14-16)
refers to Section 14.2.9.1.8 for a test abstract on Control Rod Drive Systems, but this section is
not included in the Tier 2 information.

ANSWER:

Functional testing is performed in the shop on all CRDMs before shipping to the plant site. At the
plant site, all CRDMs are tested to confirm the functionality as described in Subsection
14.2.12.2.1.5, Rod Drop Time Measurement Test, and Subsection 14.2.12.2.1.6, CRDM
Operational Test. The stepping and the drop tests to be performed as in-service/post-refueling
tests will be added in Subsection 3.9.4.4 in the next revision of the DCD. A sentence will also be
added to Subsection 3.9.4.4 to clarify that all CRDMs go through the functional verification tests.

Impact on DCD

DCD Revision 2 will incorporate the following change:

* Insert at the end of Subsection 3.9.4.4:

"Post-Refueling Startup Test

- The stepping and the drop tests are performed as in-service/post-refueling tests. The
criteria of this test are applicable to all CRDMs as described in Subsection 14.2."

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.

03.09.04-17



Improvement of CRDM Durability for PWR Plants (1/20)
The part of Mitsubishi Nuclear Technical Report No. 54, 1989

Reference 1i

Improvement of CRDM Durability for PWR Plants
The Part of Mitsubishi Nuclear Technical Report No.54,1989

Notes: This document is translated the part of Mitsubishi Nuclear Technical Report No.54,

1989.

1. Introduction

The L-106A Control Rod Drive Mechanism (hereafter, CRDM) is attached to upper part of

the reactor vessel head. The drive rod of the CRDM connects with a control rod cluster

(hereafter, control rods) in the reactor vessel. The CRDM withdraws, inserts, or holds the

control rods to control the thermal power output. The drive speed can be adjusted within a

range of 10 cm per minute (4 in/min) to 114 cm per minute (45 in/min) in normal operation.

The CRDM provides high level safety as a fail-safe mechanism. In an emergency, electrical

power for the CRDM is cut off, then the control rods are inserted in the core by their weight

to shutdown the reactor.

For recent plants various types of CRDM operation such as frequency controlled

operation and high-performance load follow operation have been requested, and

improvement in the CRDM's durability is required. To improve this durability, at Mitsubishi

Heavy Industries (here after, MHI) has developed an improved CRDM latch arm (hereafter,

latch) whose tip is coated chromium carbide by thermal spraying. MHI carried out 10 million

steps endurance test for this latch under high-temperature and high pressure water

conditions that simulated the operating environment of an actual plant. MHI showed that it

could endure use of more than 6 million steps under a variety of operating conditions.

2. Outline of the CRDM design

MHI has shown a cutaway view of Mitsubishi's standard CDRM in Figure-i, and we give

an outline of its equipment specifications in Table-1. The CDRM is composed of four main

parts described below-the latch assembly, the pressure housing, the drive rod assembly,

and the coil assembly. As shown in Figure-2, the control rods are inserted or withdrawn by

a method in which three kinds of operating coils become sequentially energized or

de-energized. This type of CRDM drives the internal mechanism by electromagnetic

power coming from the outside of the pressure housing. Thus it does not need penetration

on the pressure housing, and there are no adverse effects on the pressure boundary's

reliability.
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The latch assembly is a mechanism that holds the drive rod and inserts or withdraws it

in steps. Figure-3 shows an outline of this mechanism. The latch assembly consists of

three groups of magnetic poles and plungers and two groups of latches (with three latches

per group). The latch assembly moves the drive rod about 16 mm up and down per step by

the series of actions shown in Figure-2. The latch assembly is installed in the pressure

housing, and its moving parts are constantly lubricated by coolant while operating.

The pressure housing is consisted the latch housing and rod travel housing. The latch

housing contains the latch assembly and on its outside supports the coil stack assembly.

The rod travel housing makes space to withdrawn the drive rod in the pressure boundary.

The drive rod is a tube form product which outer diameter is about 45 mm(1.75 in). On

its outer surface there are 16 mm pitched grooves that are latched by the latch arms. At the

drive rod's lower end there is a coupling that connects with the control rods. Inside the drive

rod there is a detachable rod for connecting with and disconnecting from the control rods.

When the reactor vessel head is removed with CRDMs, the drive rods stay in the reactor,

and it is possible to connect or disconnect the control rods and the drive rod by manipulating

the detachable rod.

The coil stack assembly is set onto the outer circumference of the latch housing. A coil

stack assembly contains three coils that operate in response to the latch assembly and are

energized and de-energized by a controlled electric current.
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Table - 1 CRDM Equipment Specifications

Quantity

(Number needed for thermal output) control

2 loop plant 29

3 loop plant 48

4 loop plant 53

Driving Method

Normal Operation Magnetically operated jacking type

Plant Trip Insert by gravity

Speed

Withdrawal and Insertion in normal From about 10 cm / min (4 in / min)

operation to 114 cm / min (45 in / min)

Rod drop time (Insert 85 % of full stroke) About 2 sec

Design pressure 175kg/cm 2g (2500 psia)

Design temperature 343 degrees C (650 degrees F)
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Rod Travel Housing

Latch Housing

Lift Pole

•XI•)•NLift Coil

__Lift Pole

.. Movable Gripper Coil

Movable Gripper Latch

- - Stationary Gripper Pole

Sttionary Gripper Coil

Stationary Gripper Latch

-.--. Drive Rod

- Coupling (part connecting with the control rods cluster)

Figure-1 CRDM Cutaway View
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Withdrawal sequence

M-G
Latch

Drive Li
Rod.a

S-G
Latch

M-G: movable gripper M Coil energized
S-G: Stationary Gripper • Coil de-energized

ri
I I , Ik

F tH~~I

Hold (1) (2) (3) (4) (5; (6) f7)

Hold (1) (2) (3) (4) (5) (6) (7)

Figure-2 CRDM Operational Sequence
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Structural Outline
Guide Tube

--- Lift Pole

-- -Lift Coil

Movable Gripper Pole

E_. ------Movable Gripper Coil

Movable Gripper Latch
-- Movable Gripper Plunger

Movable Gripper Latch Link

tationary Gripper Pole
Stationary Gripper Coil

Stationary Gripper Latch Support

- - Stationary Gripper Plunger
Stationary Gripper Latch Link

Stationary Gripper Latch
Drive Rod

Figure-3 Outline of Latch Assembly
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3. Development of the improved latch arm

In 1971 MHI's CRDM went through an endurance test of 3 million steps. The CRDM was

designed for 2.5 million operation steps, including load follow operation. The latch assembly

was taken apart, and the exact measurements and inspections of its condition before and

after the test were compared. The test results showed slight wear on the contact surface of

the latch arms with the drive rod's groove, but there was almost negligible wear on the

sliding surface on the pins and pinholes, and on the sliding surface by the axial direction

movement for withdrawal and insertion the drive rods. However, when the number of

operations increased to more than 6 million steps, it was predicted that there would be a

slight increase in wear on the latch arm surface. To improve more than two times durability

compared with the conventional CRDMs for increasing diversification of plant operation in

the nuclear power reactors, it is necessary to improve the latch arm's wear resistance. In

conventional latch arm design, cobalt alloy, satellite, cladding is applied onto a base area

made of austenite stainless steel for wear resistance of the tip, the pin and the pinholes. To

improve wear resistance, we investigated various kinds of surface treatment materials and

cladding materials, and we conducted wear resistance test, and resistance test for stress

corrosion cracking in the simulated reactor coolant water. As a result of these tests, we

found that a latch surface treated with chromium carbide (hereafter Cr 3C2 ) thermal spray on

the Stellite cladding showed excellent wear resistance and did not have any negative effects

to wear of the drive rod engaged with the latches. We conducted long-term wear tests in the

simulated reactor cooling water using test sample, which test results showed that there were

no adverse effects such as blistering or peeling on the thermal sprayed coating. It was

confirmed that Cr3C2 thermal spray coating on the satellite cladding can be used long

period. The results of a mock-up wear test which performed in ambient temperature are

shown below as sample of the various basic tests we conducted. This test used the drive

rods and latch arms that were the same as those using in the actual plants, and it produced

wear on the latch tip by dropping the drive rod on the latch arm repeatedly. Photograph 1

shows the improved latch arm, and Figure-4 shows concept of the test equipment.

Figure-5 shows comparison the results of mock-up wear test between the improved latch

arm and the conventional latch arm under the same conditions. As shown in Figure-5, the

improved latch had outstanding wear resistance. Photograph 2 shows the condition of

both the improved latch and the conventional latch after six million steps. The conventional

latch arm has wear on the tip and its thickness has been reduced. On the other hand, the

improved latch arm has a little wear as negligible.
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Photograph-1 Appearance of Improved Latch Arm

15o-ndition of the latch arm

Before Test After Test (After 6 million Steps)

Current Design

Stallite No. 6
Cladding

Iml

Ste
Cla

Ch
Th

proved Design

Hlite No. 6
adding

romium carbide
ermal spray

Photograph-2 Appearance of Latch Arm after 6 Million Step Wear Simulation -up Test



Improvement of CRDM Durability for PWR Plants
The part of Mitsubishi Nuclear Technical Report No. 54, 1989

(9/20)

Pick-up and drop

) Rod

-r Supply Inlet

low

h Arm

ipport

Figure-4 Mock-up for Latch Arm Wear Test

4 6 810' 2 4 6 8 IC

Stepping Number

Figure-5 Test Result of Latch Arm Wear Mock-up Test
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4. Outline of endurance test

Photograph 3 shows the test vessel, Photograph 4 shows the set-up conditions, and

Photograph 5 shows the control cabinet. The test vessel is connected to the pressurizer.

and the heater, and pressure and temperature are controlled to simulate actual plant

condition by the control cabinet. We produced a CRDM with improved latch arms and

carried out the endurance test under the conditions shown in Table 2. To confirm durability

more than six million steps, the endurance test was continued until reaching ten million

steps. During the endurance test, five times of the intermediate inspections were performed.

As for the intermediate inspection, decrease the test equipment temperature to ambient

temperature, and performed view test on the latch arm tips to confirm wear condition by the

fiberscope inserted into the latch assembly. At every 50,000 steps during the test, we

checked current trace of the operating coils and sounds by latch mechanism action using

the electromagnetic oscilloscope to confirm operability that maintain stepping function at

rate speed, maximum speed of 114 cm per minute (45 in / min).

Table 2 CRDM Endurance Test Conditions

Model of CRDM L-106A

Latch arm Cr3C2 thermal spray

Drive line weight 147 kg (*) (324 Ibs)

Test temperature From 280 degrees C to 290 degrees C

(From 536 degrees F to 554 degrees F)

Test pressure 157kg/cm 2 (2250 psia)

Environment In pure water

Note(*) Drive line weight is consisted the weight of the drive rod for standard 4 loop and

control rods, and margin considering drug force in the actual plant condition.
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Photograph-4
Set Up View of CRDM Assembly
on Test Vessel
(Part of View for Coil Stuck Assembly)

Photograph-3 CRDM Test Vessel
Photograph-5
Control Cabinet of CRDM and Test Facility
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5. Results of the endurance test

Even after ten million steps, the CRDM with the improved latch arms can be operated

normally at rated speed without any mechanical or electrical problems. Below we show the

results obtained.

El After six million steps the chromium carbide thermal spray coating had almost

disappeared due to wear and peeling, but the Stellite, which is base material of the tip of the

latch arm, had almost no wear. After ten million steps wear on the tip had developed, and

its thickness had become small. After the test, we measured the amount of wear on the latch

tip in the disassembling inspection. Most wear latch arm in the set, six latch arms per set, to

the tested CRDM that had been worn down to knife edge condition at the tip. However there

was no adverse effect on the CRDM's operational function. Photograph 6 shows an

external view of the latch arms after the test.

0 There was little wear on the pins and pinholes. At the largest wear area, diameter of the

pin and the pin holes are increase or decrease about 0.5 mm (0.02 in).

iz Parts that slid in the axial direction such as the magnetic poles and the plungers showed

partial wear on the chrome plating but the amount of wear was about 0.1 mm (0.004 in).

11 In the test, the number of passing times at the latch portion per one groove of the drive rod

was 60,000 excursions, which is 120,000 steps. The wear of the grooves of the drive rod

was within a permissible range.

[I There was not any un-permissible damage on the all parts such as fatigue. We confirmed

that improved CRDM has enough durability such as wear resistance and structural integrity.
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Photograph-6 Appearance of Latch Components After Endurance Test

(After 10 Million Steps of Operation)
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6. Afterword

As for the plant operation become more diverse in a nuclear plant, improvement in the

durability of CRDMs is requested. Mitsubishi Heavy Industries has developed an improved

latch arm with a surface treatment of chromium carbide thermal spray on the tip, and we

have shown the durability of improved CRDM in the ten million step test. The test was

conducted in high-pressure and high-temperature water conditions which conditions were

simulated actual plant condition. We are planning to apply the CRDM with improved latch

arms to improve life cycle and reliability of the CRDM for plants which required many

operation steps on CRDMs which are under construction or that will be constructed.

Yoshinori Takata
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