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MITSUBISHI HEAVY INDUSTRIES, LTD.

16-5, KONAN 2-CHOME, MINATO-KU
TOKYO, JAPAN

November 11, 2010

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

Attention: Mr. Jeffery A. Ciocco

Docket No. 52-021
MHI Ref: UAP-HF-10310

Subject: MHI's Response to US-APWR DCD RAI No. 646-5065 (SRP 03.09.02)

Reference: 1) "Request for Additional Information No. 646-5065 Revision 0, SRP Section:
03.09.02 - Dynamic Testing and Analysis of Systems Structures and
Components, Application Section: 3.9.2" dated 10/7/2010.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document entitled "Response to Request for Additional
Information No. 646-5065 Revision 0."

Enclosed is the response to question 03.09.02-92 (Reference 1).

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

Sincerely,

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

Enclosures:

1. Response to Request for Additional Information No. 646-5065, Revision 0

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
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

11/1112010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 646-5065 RO

SRP Section: 03.09.02 - Dynamic Testing and Analysis of Systems
Structures and Components

APPLICATION SECTION: 3.9.2

DATE OF RAI ISSUE: 10/0712010

QUESTION : 03.09.02-92

The applicant states in DCD Tier 2, Subsection 3.9.5.3.2 that some percentage of the main
coolant flow is bypass flow, which is either for cooling metal or leakage between gaps. The
bypass flows from gap leakages are as follows: small gap between the core-barrel outlet
nozzle and RV outlet nozzle, neutron-reflector ring block inside surface and peripheral fuel
assembly grids and nozzles, and neutron-reflector small gaps between the ring blocks.
However, the applicant did not assess the liability of the core barrel flange to leakage flow-
induced vibration.

In RAI 374-2446, Question # 03.09.05-25, the staff requested the applicant to discuss the
liability of the core barrel flange to flow-induced vibration caused by the leakage (or bypass)
flow between the outlet nozzle of the core barrel flange and the RV exit nozzle.

Since the diameter of the core barrel flange is larger than that of the current 4-loop reactors,
its shell modes have lower frequencies. In addition, the leakage flow rate is higher in the US-
APWR than in the current 4-loop reactors. The applicant was also requested to provide
evidence showing that the leakage flow between the outlet nozzle of the core barrel flange
and the RV exit nozzle will not cause excessive vibration of the core barrel flange. Lastly, the
applicant was requested to revise Section 3.9.5 of the DCD to include an assessment of the
leakage flow effects on the core barrel flange.

In its response MHI stated the following:

There has been no reported evidence of nozzle gap by-pass flow being a major contributor
to the core barrel vibration response through the experience of previous plants operation or
testing. The bypass flow from the outlet nozzle gap between the Core Barrel / RV has little
effect on the core barrel vibration because the flow rate and the flow contact area of the gap
are much smaller than those of the downcomer as discussed in the response to RAI 206-
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1576 (QUSTION NO.: RAI 3.9.2-43) and Appendix-A of MUAP-07027-R1:"Comprehensive
Vibration Assessment Program for US-APWR Reactor Internals".

The applicant argues that the US-APWR is not expected to experience leakage flow-induced
vibration because such vibration has not been experienced by other in-service reactors.
However, the in-service reactors are smaller in size, operating at lower flow rates, and
experience smaller pressure drops than the US-APWR. This argument is therefore
unacceptable, and the applicant is requested in this supplementary question to provide
evidence or a basis for stating that leakage flow vibration is not a concern in the US-APWR.

References:
MHI's Response to US-APWR DCD RAI No. 374-2446; MHI Ref: UAP-HF-09335; dated
June 19, 2009; ML091751096.MHI's Response to US-APWR DCD RAI No. 206-1576; MHI
Ref: UAP-HF-09116; dated March 27, 2009; ML090910123.

ANSWER:

In this response, MHI will address potential core barrel vibration due to outlet nozzle bypass
flow by making a comparison to potential vibration due to reactor vessel inlet nozzle flow.

The core barrel flange stress due to flow vibration depends both on the magnitude of the
flow-induced force on the core barrel and the distance from the forced point to the core
barrel flange. The reactor vessel inlet nozzle and outlet nozzle are located at the same
elevation, so that the distances from the inlet and the outlet nozzle centers to the core barrel
flange are the same. Therefore, insights into the effects on the core barrel flange stress by
the outlet nozzle bypass flow can be based on a comparison of vibration forces by the inlet
flow to the forces associated with the outlet nozzle bypass flow.

Table 1 summarizes the key parameters of the comparison, such as flow rate, flow velocity
and forced area on the core barrel. It is noted that, in the US-APWR reactor design, the
outlet nozzle bypass flow velocity at the mating surface gap is approximately the same as
the inlet nozzle flow velocity. Because the turbulent pressure fluctuation is generally
proportional to the square of flow velocity, the pressure fluctuation amplitude of the outlet
nozzle bypass flow has the same magnitude as the inlet nozzle flow.

The flow entering through the inlet nozzle is spread into the reactor vessel downcomer after
impingement on the core barrel wall. Therefore, the vibration force of the inlet nozzle flow is
applied to the upper portion of core barrel. On the other hand, the forced area for the outlet
nozzle bypass flow is applied only to the mating surface of the core barrel outlet nozzle. The
forced area for a inlet nozzle flow is much larger as a1/4 sector of the upper half of the core
barrel excluding the outlet nozzle. The 1/4 sector is simply derived based on equally
positioned 4 inlets. As a result, as shown in Table 1, the forced area for the outlet nozzle
bypass flow is only 3.8% of that for inlet nozzle flow.

The flow-induced force is proportional to the multiple of the forced area and the amplitude of
pressure fluctuation. As shown in Table 1, the effective vibration force due the outlet nozzle
bypass flow is evaluated as 3.5% of that by the inlet flow. The combined effects of inlet flow
and outlet nozzle bypass is derived using Square Root Sum of Squares (SRSS) manner as
(1.02+0.0352 ) 12=1.0006. Therefore, the relative effect of the outlet nozzle bypass flow is
evaluated as 0.06 %.
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Based on the discussion above, MHI concludes that the effect of the outlet nozzle bypass
flow on the core barrel vibration is negligibly small.

Table 1 Comparison of Vibration Forces Associated with
Inlet Nozzle and Outlet Nozzle Bypass Flows

Main Flow from Inlet Nozzle Outlet Nozzle Bypass

Flow rate: Q(ratio) 1.0 0.003

Flow Velocity: V (ratio) 1.0 0.95

Pressure fluctuation:
Prms oc pV 2 (ratio) 1.0 0.91

Forced Area per one nozzle: 1 .0e (reatione (upper core barrel 1/4 sector 0.038
excluding the outlet nozzle)

Effective Vibration Force 1.0 0.035

oc PrmsA (ratio)

Effect on Core Barrel 1.0 0.0006
Vibration (ratio) I II

Notes p: fluid mass aensity tsame Tor botn Tiows)
Prms, : root mean square of the pressure fluctuation amplitude

Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.
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