March 25, 2008

Mr. Keith Paulson
Senior Technical Manager
Mitsubishi Nuclear Energy Systems, Inc.
300 Oxford Drive, Suite 301
Monroeville, PA 15146
SUBJECT:  MITSUBISHI NUCLEAR ENERGY SYSTEMS, INC. - REQUEST FOR
ADDITIONAL INFORMATION ON US-APWR TOPICAL REPORT
MUAP-07006-P, “DEFENSE-IN-DEPTH AND DIVERSITY”
Dear Mr. Paulson:
By letter dated July 3, 2007, Mitsubishi Nuclear Energy Systems, Inc. (MNES) submitted
for NRC staff review Topical Report MUAP-07006-P, “Defense-in-Depth and Diversity.” The
NRC staff has reviewed this topical report and has determined that the following information is
needed for the NRC staff to complete its review. The NRC staff plans to schedule a non-public
(proprietary) meeting with MNES in order to discuss the response to this request for additional
information.
Sincerely,
/RA/
Stephen Raul Monarque
USAPWR Projects Branch
Division of New Reactor Licensing
Office of New Reactors
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Enclosure: As stated

cc: See next page
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Request for Additional Information Based on the Review of Topical Report

RAI No.

MUAP-07006-P, Rev.1, “Defense-in-Depth and Diversity”

Request for Additional Information (RAI)

Integrated Reactor Protection System (RPS) and Engineered Safety Feature Actuation

System (ESFAS) with Functional Diversity

RAI-01

Could a faulty sensor compromise the integrity of a train of RPS/ESFAS while also
providing an erroneous value to the Diverse Actuation System (DAS)?

RAI-02

Provide a description (and figure if necessary) of how sensor values (or signals)
are transmitted to the RPS and ESFAS systems.

RAI-03

Discuss the combining of the RPS and ESFAS into an integrated system and how
it impacts the defense-in-depth philosophy and the four echelons of defense
against Common Cause Failures (CCFs).

RAI-04

Clarify the type information shared between the RPS and ESFAS. In addition,
please explain the operation of the ESFAS given the failure of the RPS to
communicate a sensor/calculated value (i.e., will the RPS value be ignored, or will
it be interpreted as a trip signal?).

RAI-05

Discuss the interconnections between the Reactor Trip System (RTS) and ESFAS
and demonstrate that the functions required by the Anticipated Transient Without
Scram (ATWS) rule (10 CFR 50.62) are not impaired.

RAI-06

Discuss the sensor signals, interpreted (converted) sensor values, or calculations
based on sensor signals that are transmitted from the Protection and Safety
Monitoring System (PSMS) to the ESFAS.

RAI-07

Provide that portion of the Defense-in-Depth and Diversity analysis that evaluates
the four echelons of defense against CCFs that includes the RPS and ESFAS.

RAI-08

Discuss the collection and transmission of data to the ESFAS trains.

RAI-09

Please provide the probabilistic risk assessment (PRA) information including the
process, assumptions, data, uncertainties, and types of errors and failures
modeled (including maintenance, human errors, recovery factors, CCFs), and
results so that the integrated RPS/ESFAS with functional diversity are adequately
assessed.

RAI-10

Address the issue of a potential software CCF failing both the RPS/ESFAS at the
RPS/ESFAS interface.

RAI-11

Discuss the results of functional diversity vs. separation, including the model,
assumptions, data and sources, and comparison to operational experience. Also
address hardware and software, such as what is shared, CCFs, etc.

RAI-12

Clarify the operation of the Power Interface (PIF) Modules and discuss input and
output signals, hardware and software components, and system interfaces.




RAI No. Request for Additional Information (RAI)

RAI-13 Provide details of how the ATWS function is actually implemented. In addition, it
appears that there are too few sensors shared by too many systems, including
common mode failure. For example, the isolation device(s) could compromise
defense-in-depth objective of the design. Address any CCFs of the software of
the isolation devices or the sensors.

Is a postulated failure or series of failures of any aspect of any channel for these
common devices a part of the safety basis of this design? Request you provide
information to support the determination that no combination of failed sensors or
artifacts of any one or combination of common sensor channels will negatively
affect safety system operation due to CCF?

Conformity to SECY-93-087, “Policy, Technical, and Licensing Issues Pertaining to
Evolutionary and Advanced Light-Water Reactor (ALWR) Designs,” Subsection I1.Q,
“Defense against Common-Mode Failures in Digital Instrumentation and Control
Systems,” dated April 2, 1993

RAI-14 Identify the software failure modes for the digital systems, their likelihood, and the
effects of their occurrence. Specifically, please address how failure modes other
than “fails to function” could impact the actuation and operation of the DAS.

RAI-14a | The staff requirements memorandum to SECY 93-087, dated July 21, 1993, states
in full, “inasmuch as common mode failures are beyond design-basis events, the
analysis of such events should be on a best-estimate basis.” This is different than
stating that “common mode failures are beyond design-basis events.” This
statement does not say that there are not any CCFs that may not need to be
considered as single failures as implied by the quote portion of the sentence, but
that such events “should be considered on a best-estimate basis.” Please
address this difference.

RAI-14b | Did the Failure Mode and Effect Analysis (FMEA) consider failure mechanisms
that are recognized as being highly unlikely, but could affect multiple components?

Without the FMEA table included in the topical report, it is not apparent that all
components and failure modes have been considered. Does the FMEA
systematically identify and evaluate the failure modes for all components and
include failure modes such as loss of function, but also low or high values, timing
issues, maintenance, etc.?

RAI-14c | Did the FMEA consider the coincident occurrence of otherwise single failures (i.e.,
multiple failures, such as software CCF, loss of all power, fire, flood)?

RAI-15 Please confirm that the DAS functions and other Defense-in-Depth and Diversity -
related functions are consistent with the portions of the accident analysis that
support the Defense-in-Depth and Diversity analysis.

RAI-16 Identify any and all common components between and within the RTS, ESFAS,
and DAS divisions and systems. Discuss the CCF susceptibilities for these
common components and address their likelihood of occurrence.

RAI-17 What measures are used to reduce or limit the potential for inadvertent actuation
and challenges to the diverse instrumentation and controls safety systems?

RAI-18 Once initiated, will the ATWS mitigation logic and DAS the mitigation function go
to completion?




RAI No. Request for Additional Information (RAI)

RAI-19 Provide a listing of Anticipated Operational Occurrence (AOO)s and Postulated
Accident (PA)s considered in the design of the diverse instrumentation and control
systems and identify the potential concurrent CCFs that can disable or cause
erratic or erroneous operation of the PSMS and PCMS. Discuss the effects of
those failures.

RAI-19a | The coping analysis does not consider CCFs that result in output state changes

(i.e., spurious actuation to de-energized or energized state).

Conformity to NUREG/CR-6303, “Method for Performing Diversity and Defense-in-Depth

Analyses of Reactor Protection Systems,” December 1994

RAI-20

Identify and discuss those cases where functional diversity does not exist within
the PSMS for each AOO and PA.

RAI-21

Identify and discuss those events where the signal used to produce a reactor trip
is not diverse from the signals for ESF actuation.

RAI-22

Provide or discuss the Defense-in-Depth and Diversity Coping Analysis, along
with a reference. Include a listing and explanation of events under each category
of “equivalent protection,” expertly judged,” and “analyzed.”

RAI-23

Discuss the ability to detect and mitigate each AOO or PA using the DAS for Type
1, 2, and 3 Failures, including a discussion of sensor diversity withing the PSMS
for each AOO and PA.

RAI-24

Discuss the operating experience of the PSMS, PCMS, and DAS, including, but
not limited to, identifying any failures, detectable failures, diagnostics, failure
modes.

RAI-24a

Please discuss whether the failure mode “disables” is limited to “fails” such that no
signal is generated or does it include false signals.

RAI-25

This does not account for the transmittal of a faulty signal or value. Because of
the shared PIF modules, are there any postulated CCFs that could prevent the
proper operation of the PSMS and PCMS and impact the DAS?

RAI-25a

The only failure mode evaluated in the coping analysis is “fail as is.” Please
discuss that other failure modes are not considered. .

RAI-26

Identify and explain any differences and changes with an explanation on why the
change is appropriate from the Chapter 15 analysis compared with the best
estimate analysis for each AOO.

RAI-27

Identify and explain any differences and changes with an explanation on why the
change is appropriate from the Chapter 15 analysis compared with the best
estimate analysis for each PA.

RAI-28

Did the Defense-in-Depth and Diversity coping analysis evaluate CCFs, disabling
the two separate scenarios; the reactor trip functions and then the ESFAS
functions, that cause spurious actuations as well as preventing actuations? Did
this assume that, by providing a diverse means of protection, this did not effect the
DAS?




RAI No.

Request for Additional Information (RAI)

RAI-29

Please identify all shared hardware and software between the RPS/ESFAS and
the DAS (including the PIF Modules) and discuss the effects of its failure,
including CCF susceptibilities. Discuss whether other failure modes besides
“disable” were addressed. If not, please discuss why “disable” is the only failure
mode addressed and the appropriateness of this assumption.

Task Working Group #2: Diversity and Defense-in-Depth Issues

RAI-30

In those cases where plant response analysis shows that the protective action is
not required for at least 30 minutes, the protective action may be performed by
manual operator actions. Demonstrate that sufficient information and controls
(safety or non-safety), independent and diverse from the RPS, are provided in the
main control room, and that the information displays and controls are not subject
to the same CCF.

For those events where manual operator actions are required before 30 minutes,
please demonstrate that sufficient information and controls are provided, and
discuss any possible conflicts in training and procedures for evaluating when to
take action prior to 30 minutes.

Conformity to SECY 93-087, Subsection II.D, “Leak Before Break”

RAI-31

Containment level sump level and airborne particulate radioactivity monitoring are
diverse methods of detecting a reactor coolant pressure boundary leak. What
third methods are under consideration?

Common PIF Modules for PSMS/PCMS and DAS

RAI-32

Provide justification on why the PIF Module is not susceptible to a CCF.

RAI-33

Please clarify the definition “higher level in the system architecture.”

RAI-34

Does the statement “safety signals from within the PSMS always have priority
over signals from all non-safety equipment, with the exception of DAS which uses
state based priority” mean that other nonsafety signals (besides the DAS)
transmit/receive data, communicate, or interface with the PSMS?

RAI-35

Please discuss why it is ok to use the same sensors for PSMS/ESFAS and DAS,
with all signals then being transmitted to a common PIF Module.

RAI-36

Is there a communication independence between the PSMS and the DAS?

RAI-37

Please address handshaking or communication that would compromise functional
independence of the PSMS and DAS.

RAI-38

Please discuss the “conventional” hardware of the PIF Module.

RAI-39

Show that the “conversion to discrete signal” and “switching of control circuit” are
easily verifiable steps. Is there any self-testing or diagnostic running within the
PIF Module? What is the format of the digital signal from the “Control signal from
CPU™?

RAI-40

The topical report states that the PIF Modules are described in the MELTAC
Digital Platform Topical Report; this report does not provide any more information
than the topical report under review. Please describe the PIF Modules in detail in
this topical report or the MELTAC Digital Platform Topical Report. A simple device
might best be shown with a schematic.




RAI No.

Request for Additional Information (RAI)

RAI-40a

Is the Output Module in Topical Report MUAP-07004, “Safety 1&C System
Description and Design Process,” July 2007, the same component as the PIF
Module in Topical Report MUAP-070067 If not, please explain the differences and
clarify the uses of each component.

RAI-41

A PIF Module combines normal control, manual, auto safety, and auto DAS. What
examples of “these components” that are used in nuclear plants are referred to in
Point 4 (page 51 of the topical report)? Describe the similarities and differences.

Compliance with 10 CFR Part 50, Appendix A

RAI-42

Outline how leak detection (i.e., leak-before-break) will be used in the defense-in-
depth and diversity strategy and how it will comply with 10 CFR Part 50, Appendix
A, General Design Criterion 4 and the NRC's guidance for use of leak-before-
break analysis?
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