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MITSUBISHI HEAVY INDUSTRIES, LTD.

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

February 22, 2010

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

Attention: Mr. Jeffrey A. Ciocco

Docket No. 52-021
MHI Ref: UAP-HF-10050

Subject: MHI's Responses to US-APWR DCD RAI No. 507-3993 Rev 0

Reference: [1] "Request for Additional Information No. 507-3993 Revision 2, SRP
Section: 09.01.04 - Light Load Handling System (Related to Refueling) -
Design Certification and New License Applicants, Application Section:
9.1.4," dated December 15, 2009.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document as listed in Enclosure.

Enclosed are the responses to 1 question (6 questions in detail) that is contained within
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 the submittals.
His contact information is below.

Sincerely,

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



Enclosure:

1. Response to Request for Additional Information No. 507-3993 Revision 2

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

02115/2010

US-APWR Design Certification

Mitsubishi Heavy Industries, Ltd.

Docket No. 62-021

RAI NO.: NO. 507-3993 REVISION 2

SRP SECTION: 09.01.04 - Light Load Handling System

APPLICATION SECTION: 9.1.4

DATE OF RAI ISSUE: 12/16/2009

QUESTION NO.: 09.01.04-16

Applicants for standard design certifications are required by 10 CFR 52.47(a)(22) to address
operating experience insights. Inspection and Enforcement (IE) Bulletin 84-03, "Refueling Cavity
Water Seal," was issued to address the potential failure of refueling cavity seals to assure that
fuel uncovery during refueling remains an unlikely event. The bulletin required licensees to
evaluate the potential for and consequences of a refueling cavity water seal failure. Additional
information concerning refueling cavity seal failures was provided by Information Notice (IN)
84-93, Potential for Loss of Water from the Refueling Cavity." IN 84-93 also noted that refueling
cavities can be drained due to failures associated with other seals and as a consequence of valve
misalignments. Therefore, in order to adequately address operating experience considerations
and in accordance with the requirement specified by 10 CFR 52.47(a)(22), the following
additional information is required:

a. Describe the design and installation of the refueling cavity seal and any other seals that will be
used and whose failure could cause the refueling cavity to drain.

b. For each of the seals identified in (a), describe measures that will be implemented to ensure
that the seals remain intact and do not become degraded over time.

c. For each of the seals identified in (a), evaluate the potential for and consequences of seal
failure. These evaluations should address the following considerations:

seal failure modes (including impact by dropped fuel bundles and weld failures) and the
maximum leak rate that can occur;
the refueling cavity makeup capability that is assured by Technical Specifications while in
Mode 6;
operator actions that are credited, including indication and alarms that are available to alert
operators of the problem, and the time needed for operators to complete the required
actions assuming that actions are not initiated until ten minutes after an alarm is sounded;
the impact on stored fuel, fuel in transit or otherwise located in the refueling cavity for other
reasons, and fuel in the reactor vessel, including the minimum height of water that will
remain above the fuel and the basis for this determination; and
the capability to isolate the fuel transfer tube with the maximum radiation level and flow rate
of water through the transfer tube that are anticipated as a result of the seal failure.

d. Other than the seals that are referred to in (a), identify all of the paths that are capable of
inadvertently draining the refueling cavity, describe controls that will be established to prevent
inadvertently draining the refueling cavity through these paths, and evaluate the potential for
and consequences of the refueling cavity to drain through these paths (similar to the
evaluation referred to in (c).
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e. Describe actions that must be taken to restore containment integrity when in Mode 6, the time
required to complete these actions, the capability to implement these actions during and/or
following situations that cause the refueling cavity to drain, and controls that will be
established to ensure that containment integrity can be restored as described.

f. Revise the Design Control Document (DCD) to adequately describe the licensing basis for the
certified plant design with respect to the above considerations. Establish inspections, tests,
analyses, and acceptance criteria (ITAAC), interface requirements, and combined license
(COL) action items as appropriate for design features, procedures and controls that are
important to ensure that occupational exposures and the release of radioactive material will
not exceed NRC requirements as a consequence of inadvertently draining the refueling cavity.

References:
1. Inspection and Enforcement Bulletin (BL) 84-03, Refueling Cavity Water Seal, August 24,

1984.
2. Information Notice (IN) 84-93, Potential for Loss of Water from the Refueling Cavity,

December 17, 1984.

ANSWER:

[a.]
The following systems and components will be used whose failure could cause the refueling
cavity to drain.
- Permanent Cavity Seal (PCS)

The US APWR uses a PCS design unlike the traditional seals with non-metal components that
were subject to failures mentioned in the IE Bulletin and IN mentioned in the RAI Question
(and the subject of the INPO Significant Operating Experience Report 85-1, "Reactor Cavity
Seal Failure").

The US APWR PCS is designed as Equipment Class 4 (EC4) as shown in DCD subsection
3.2, Table 3.2-3. The seal consists of a stainless steel structure filling the annular region
between the Reactor Vessel and the Refueling Cavity Floor. This seal is permanently
attached to both the Reactor Vessel flange and the Refueling Cavity Floor with both bolts and
welds. The arrangement is shown in the following sketch:

Permanent Cavity Seal

Reactor Vessel Flan

Refueling Cavity Floor

Enlarged Yie. ui 1 _

Enlarged View
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As shown, the part of the seal that is attached to the Refueling Cavity Floor is recessed and
protected by the "Curing Lid", which is a stainless steel guard plate that is installed above the
PCS before filling the refueling canal with water. In the event of a dropped load, the PCS is
protected from damage by this guard plate. Upon initial installation the integrity of the PCS is
confirmed and its welds are non-destructively inspected to confirm that there are no weld
deficiencies.

- Fuel transfer tube
The fuel transfer tube is designed as EC2 and is shown in DCD subsection 3.2, Table 3.2-3.
When the fuel transfer tube is initially installed, its integrity is confirmed and its welds are
non-destructively inspected to confirm that there are no weld deficiencies.

- Cask pit gate, Fuel inspection pit gate
The cask pit gate and the fuel inspection pit gate are designed as EC3 and are shown in DCD
subsection 3.2, Table 3.2-3. When these gates are initially installed, their integrity is confirmed
and their welds are non-destructively inspected to confirm that there are no weld deficiencies.
All seals installed between the pit gates and the plates on the pit concrete are also confirmed
upon installation to have no water leakage.

- Cavity drain valve
The cavity drain valves are designed as EC2 and are shown in DCD subsection 3.2, Table
3.2-3. These valves are confirmed to be in their proper position prior to filling the refueling
cavity with water.

[b.]
- PCS, Fuel transfer tube

The PCS plus its guard plate and the fuel transfer tube are made of stainless steel materials
and are washed thoroughly with demineralized water after the draining of the refueling cavity
water to remove extraneous materials such as sludge.

- Cask pit gate, Fuel inspection pit gate
The cask pit gate and the fuel inspection pit gate are made of stainless steel materials and
washed thoroughly with demineralized water after the draining of the refueling cavity water to
remove extraneous materials such as sludge. Deterioration of the seals utilized is also
prevented by thorough rinsing with demineralized water. The material condition of the seal is
confirmed periodically and any deteriorated components are replaced as appropriate.

- Cavity drain valve
The cavity drain valves are inspected periodically to determine if there are any deteriorated
components, which are replaced as appropriate.

[c. 1st bullet]
- PCS

The polar crane and the refueling machine are designed as single failure proof cranes.
However, should a load suspended from these cranes, such as a fuel assembly, be dropped,
damage to the PCS is prevented by the guard plate installed above the PCS before filling the
refueling cavity with water. The PCS is visually inspected before each filling of the refueling
cavity. Therefore, the possibility of a leak is minimized. As noted above, the design of the US
APWR PCS eliminates the kind of inflatable seal failures experienced in the past. There is
the possibility that a very small crack could form in the cavity seal weld and be undetected
upon examination. Based on the size of such a crack to escape detection, a small (< 1 gpm)
leak is considered.

- Fuel transfer tube
The fuel transfer tube is used at relatively low temperatures and pressures. The transfer tube
is rinsed thoroughly with demineralized water after the draining of the refueling cavity. There is
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the possibility that a very small crack could form and be undetected upon examination.
Based on the size of such a crack to escape detection, a small (< 1 gpm) leak is considered.

- Cask pit gate, Fuel inspection pit gate
The gates are made of stainless steel. Although deterioration of the seal would be detected by
periodical inspection and the seal is changed regularly, it is assumed that an undetected aging
deterioration of a seal causes leakage ofl gpm, as the maximum leak rate.

- Cavity drain valve
An undetected leak from a cavity drain valve is considered to be at a maximum leak of 1gpm.

[c. 2 nd bullet]
- TS 3.9.7: A low Refueling Cavity Water Level does not prescribe specific operator actions other

than to suspend movement of irradiated fuel assemblies within containment. The US AIPWR has
the capability to make up water to the refueling cavity by using the refueling water recirculation
pump. This pump can deliver borated water from RWSP or RWSAT to the refueling cavity at a
rate of 200 gpm.

[c. 3 rd bullet]
- When the leak detection system for the cavity seal alarms in the main control room, the operator

is notified to take actions.
- The time needed to complete the required actions is estimated at approximately 40 minutes (10

minutes after the alarm is sounded and 30 minutes for preparation to initiate makeup).
- The 40 minutes of additional leakage after the level alarm would result in a negligible additional

change in the canal water level.
- Since the makeup capability is much greater than the estimated leak rate, the water level in the

refueling cavity can easily be maintained.

[c. 4 th bullet]
The possible locations for spent fuel assemblies during refueling operation are as follows:
- Inside the reactor vessel
- Inside the refueling cavity (lifting the fuel assembly by the refueling machine)
- Inside the refueling cavity (lowering the fuel assembly into the containment rack, temporarily)
- Inside the fuel transfer tube (part of the fuel transfer system)
- Inside the spent fuel pit (lifting the fuel assembly by the fuel handling crane)

If there is a leak of cavity water at the leak rate described in [c. 1st bullet], the cavity water level
can be maintained above the minimum height if a fuel assembly is located in any location
described above. The refueling cavity, the transfer canal and spent fuel pit are connected to
each other during the refueling operation through the opened gate valve in the transfer tube and
the pit gate. The refueling cavity, the transfer canal and spent fuel pit have a total surface area of
over 3,400 ft2 . Therefore, the water level rate of decrease in the refueling cavity from the leak is
less than 0.0023 ft/hr. Should the refueling cavity water level decrease from a leak, the refueling
water recirculation pump is started to restore the water level. Because the rate of decrease in the
water level is small, the water level will not decrease below the minimum water level during the
time from the low level alarm to the time the operator starts the refueling water recirculation pump.
The makeup water pump rate is high enough to compensate for a continuous leak of 1 gpm.
Therefore, the minimum water depth above the active fuel during fuel handling does not fall
bellow the necessary value, 1 V-1", shown in DCD subsection 12.3.2.

[c. 5 1h bullet] 
thAs described in [c. 4 bullet], since the minimum water level is maintained, it will not be necessary

to close the gate valve of the transfer tube.
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[d.]
There are no paths that are capable of inadvertently draining the refueling cavity, other than those
referred to in (a).

[ej
Containment Integrity is ensured by TS 3.9.4 in Mode 6. A potential loss of containment integrity
is a severe loss of refueling cavity water sufficient to uncover the fuel transfer tube, which is
usually submerged during refueling. This would provide a direct flow path between the
containment atmosphere and the outside atmosphere. However, as stated above, any decrease
of the refueling cavity water level is slow and the makeup capability is sufficient to compensate
the leak rate. Therefore, the fuel transfer tube would not become uncovered.

If an unexpectedly large refueling cavity leak rate occurred, any fuel assembly in the refueling
cavity would be moved into the reactor vessel immediately. This ensures that the fuel assemblies
are kept under water even if the refueling cavity water could be completely drained.

thAs described in [c. 4 bullet], the necessary water level can always be maintained above the
minimum level, therefore it is not necessary to revise the DCD, except for the following:
- The permanent cavity seal will be described in subsection 3.2, Table 3.2-2.

Impact on DCD

The permanent cavity seal will be described in subsection 3.2, Table 3.2-2. See attachment 1.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There will be no impact on the PRA.
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Table 3.2-2 Classification of Mechanical and Fluid Systems, Components, and Equipment
(Sheet 41 of 57)

10 CFR 50
System and Equipment Quality Appendix B Codes Seismic
Components Class Group (Reference and (

3
) Category( 4

) Notes
3.2-8) Standards

Combustion air intake equipment 3 PS/B C YES 5 I
Exhaust equipment 3 PS/B C YES 5 1
Piping and valves 3 PS/B C YES 3 I
28. Fuel Handlingi and

Refuelinq System
Refueling machine 4 RIB D N/A 5 II
Fuel handling machine 4 R/B D N/A 5 II
Spent fuel assembly handling tool 5 RIB N/A N/A 5 NS
New fuel storage rack 3 R/B C YES 5 1
Spent fuel storage rack 3 R/B C YES 5 1
Fuel transfer tube 2 RIB B YES 2 1
Spent fuel Pit 3 R/B C YES 5 1
New fuel pit 3 R/B C YES 5 1
Fuel transfer canal 3 R/B C YES 5 1
Cask pit 3 R/B C YES 5 1
Cask washdown pit 3 R/B C YES 5 1
Spent fuel pit gates 3 R/B C YES _ 5 1
Fuel inspection pit 3 R/B C YES 5 1
Fuel transfer system 4 R/B D N/A 5 II
Suspension hoist and aux. hoist on 4 RIB D N/A 5 II
spent fuel cask handling crane
New fuel elevator 4 R/B D N/A 5 II
Containment rack 4 PCCV D N/A 5 II
New fuel assembly handling tool 5 R/B N/A N/A 5 NS
Rod control cluster handling tool 5 R/B N/A N/A 5 NS
Thimble plug handling tool 5 RIB N/A N/A 5 NS
Burnable poison rod assembly 5 RIB N/A N/A 5 NS
handling tool
Control rod drive shaft handling tool 5 R/B N/A N/A 5 NS
Permanent cavity seal 4 PCCV D N/A 5 1I
29. Containment System
Containment vessel 2 PCCV B YES 2
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