UNITED STATES
NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, DC 20555 - 0001
September 22, 2011
Mr. R. W. Borchardt
Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
SUBJECT:

CHAPTERS 2, 5, 8, 10, 11, 12, 13, AND 16 OF THE SAFETY EVALUATION
REPORT WITH OPEN ITEMS FOR CERTIFICATION OF THE US-APWR
DESIGN

Dear Mr. Borchardt:
During the 586th meeting of the Advisory Committee on Reactor Safeguards, September 8-10,
2011, we met with representatives of the NRC staff and Mitsubishi Heavy Industries, Ltd. (MHI)
to review the following chapters of the Safety Evaluation Report (SER) with Open Items
associated with the United States Advanced Pressurized Water Reactor (US-APWR) design
certification application:
•
•
•
•
•
•
•
•

Chapter 2, "Site Characteristics"
Chapter 5, "Reactor Coolant and Connecting Systems"
Chapter 8, "Electric Power"
Chapter 10, "Steam and Power Conversion System"
Chapter 11, "Radioactive Waste Management"
Chapter 12, "Radiation Protection"
Chapter 13, "Conduct of Operations"
Chapter 16, "Technical Specifications"

Our US-APWR Subcommittee also reviewed these chapters during meetings on June 7, 2010;
November 29, 2010; April 22, 2011; May 27, 2011; and August 17, 2011. Technical aspects of
the US-APWR design as well as the open items identified in each of these SER chapters were
discussed at those meetings. We also had the benefit of the documents referenced.
CONCLUSIONS AND RECOMMENDATIONS
1. Except for the current SER open items and the issues that are highlighted in
Recommendation 2, our review of chapters 2, 5, 8, 10, 11, 12, 13, and 16 did not identify
any other issues with potentially significant safety implications that merit special attention
at this interim stage of the review.

-22. The following items should be addressed:
•

Evidence to (a) justify why no leakage will occur through the reactor coolant pump (RCP)
seals within one hour after loss of all seal cooling, (b) estimate when leakage will begin
during a prolonged loss of all seal cooling at hot standby temperatures and pressures,
and (c) quantify the amount of seal leakage, based on the US-APWR RCP seal design
and materials.

•

Confirmation that published reliability estimates for the gas turbine generator (GTG)
emergency power supplies account for all relevant ancillary and support equipment that
is included in comparable reliability data for emergency diesel generators (DGs).

•

Evidence to (a) justify stable operation of the turbine-driven emergency feedwater
(TDEFW) pumps for at least one hour without active room cooling and (b) estimate when
turbine control failures are expected to occur if the room heatup continues for longer
than one hour.

3. We plan to review the staff’s resolution of the open items in SER chapters 2, 5, 8, 10, 11,
12, 13, and 16 and the issues in Recommendation 2 during future meetings.
4. Systems described in these chapters interact with other systems that are discussed in
SER chapters that we have not yet reviewed. We will comment on potential safety
implications of any system interactions in future interim letters and in our final report.
BACKGROUND
The US-APWR is a four-loop pressurized water reactor with a large dry containment. The
design includes a combination of active and passive safety systems, arranged in four divisions.
Reactor protection, safeguards actuation, and other instrumentation and control functions are
developed through integrated digital platforms. Notable design features include advanced
passive accumulators, elimination of low pressure injection pumps, a refueling water storage pit
inside the containment, a core debris spreading area below the reactor vessel, and gas turbine
generator emergency power supplies.
MHI submitted a Design Control Document (DCD) with its application for the US-APWR design
certification on December 31, 2007. Revision 1 of the DCD was submitted on August 29, 2008;
Revision 2 on October 27, 2009; and Revision 3 on March 31, 2011. We have agreed to review
the SER on a chapter-by-chapter basis to identify technical issues that may merit further
consideration. This process aids effective resolution of any early concerns and facilitates timely
completion of the US-APWR design certification review. Accordingly, the staff has provided
SER chapters 2, 5, 8, 10, 11, 12, 13, and 16 with open items for our review. The staff's SER
and our review of these chapters address DCD Revision 2. As a result of MHI's responses to
the staff's review questions and evolution of the design documentation, some issues that are
identified in these SER chapters may not account for the current status of specific design
information in DCD Revision 3.
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The current open items from these SER chapters identify several technical issues that must be
resolved during the staff's final review. As part of our reviews, we have requested additional
information about specific details of the US-APWR design. Based on our experience to date,
we expect that these issues will be resolved to our satisfaction before all open items are closed.
For this interim report, we note the following observations on selected elements of the design
addressed in these chapters. We did not identify any other issues that merit special attention at
this time.
Chapter 5: Reactor Coolant and Connecting Systems
The US-APWR RCP cooling systems design is similar to that for many currently operating U.S.
pressurized water reactors. The component cooling water (CCW) system provides cooling for
the RCP bearing oil coolers, motor coolers, and thermal barrier coolers. The CCW system also
cools the charging pumps, which supply normal RCP seal water injection flow.
The US-APWR station blackout coping analysis indicates that the RCP seals will retain their
integrity for at least one hour without cooling. The staff should request that MHI provide
evidence that there is no leakage through the seals during this one-hour coping time. Based on
the US-APWR RCP seal design and materials, the staff should also request an estimate when
leakage will begin during a prolonged loss of all seal cooling at hot standby temperatures and
pressures, and the corresponding amount of that leakage.
Chapter 8: Electric Power
Safety-related emergency AC power for the US-APWR is supplied by four GTGs. The design
includes two additional smaller non-safety GTGs that can be started and aligned manually as
alternate AC (AAC) power supplies if offsite power fails, and power is not available from the
safety-related GTGs. The safety-related GTGs are designed to start and be ready to accept
load within 100 seconds after loss of power at their respective buses. Due to the gas turbine
design and operation requirements, this starting time is longer than that for a comparably rated
DG. The advanced accumulators provide passive coolant injection during the GTG starting and
loading interval for all design basis loss of coolant accident (LOCA) conditions.
There has been considerable discussion about the use of GTGs as safety-related emergency
power supplies. This is a unique feature of the US-APWR, compared with currently operating
U.S. nuclear power plants and other proposed new reactor designs. We have not yet reviewed
the safety analyses that justify the GTG starting and loading times for the full spectrum of design
basis transients and LOCAs. However, we have not identified any inherent features of the GTG
design or operating characteristics that would preclude their use as safety-related emergency
power supplies.

-4There has also been considerable discussion about GTG reliability, compared with the
historically demonstrated reliability of emergency DGs. Based on the information that we have
reviewed in the DCD and supporting technical reports, we conclude that GTG reliability is
neither generically much better nor much worse than DG reliability. The available Japanese
operating experience for similar GTGs and preliminary test results for the US-APWR GTG
design indicate that the generic GTG and DG reliabilities are likely comparable, within the
expected range of data uncertainties; unit-to-unit variability; and plant-specific operating,
maintenance, and testing practices. The published GTG reliability data do not cover the same
scope of ancillary and support equipment as the U.S. data for emergency DGs (e.g., including
external starting signals, the generator output circuit breaker, etc.). The staff should request
that MHI confirm that the scope of the GTG operating experience data and test results account
consistently for contributions of these items to the published GTG reliability estimates.
Chapter 10: Steam and Power Conversion System
The US-APWR safety-related DC batteries can supply power for a rated duration of two hours
without recharging under design basis loading conditions. The emergency feedwater (EFW)
system contains two motor-driven pumps and two turbine-driven pumps. Each EFW pump is
sized to supply 50% of the feedwater flow required for reactor decay heat removal under design
basis accident conditions. The TDEFW pumps do not require AC power for startup, turbine
control, or feedwater flow control.
MHI stated that, without active room cooling, elevated temperatures in the TDEFW pump rooms
may cause turbine control system malfunctions and loss of stable control after approximately
one hour. The TDEFW pump room coolers and their heat removal systems are powered from
AC buses. Therefore, sustained stable flow from the TDEFW pumps requires restoration of AC
power to the room cooling equipment within approximately one hour after loss of all AC power.
The US-APWR station blackout analyses include credit for manual startup, alignment, and
loading of the AAC GTGs to supply the TDEFW room cooling equipment within one hour if
offsite power fails, and power is not available from the safety-related GTGs. Extended
operation of the TDEFW pumps for longer than two hours also requires restoration of AC power
to the safety-related battery chargers.
The staff should request that MHI provide room heatup analyses and documentation of the
turbine control systems environmental qualifications that justify why the TDEFW pumps will
continue to operate stably for at least one hour after loss of all room cooling. The analyses
should also estimate when TDEFW control failures are expected to occur if the room heatup
continues for longer than one hour.

-5We plan to review the resolution of the open items identified in SER chapters 2, 5, 8, 10, 11, 12,
13, and 16 and the issues discussed in this report during future meetings. Systems described in
these chapters interact with other systems that are discussed in SER chapters that we have not
yet reviewed. We will comment on potential safety implications of any system interactions in
future interim letters and in our final report.
Sincerely,
/RA/
Said Abdel-Khalik
Chairman
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