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Section 3.0 Applicable Code, Standards And Regulatory Guidance

RAI-01 With regards to Section 3.1, Code of Federal Regulations, evaluation of
instrumentation and controls system contributions to design margin for reactor
coolant systems are a part of the review of the adequacy of instrumentation and
controls protective and control functions. The instrumentation and controls
systems may contribute to reactor coolant system design margin in many ways,
for example, by providing better than the minimum required performance, as
conservatism in setpoint calculations, or by system features that make the
protection or control systems more fault tolerant. Thus, General Design, Criterion
(GDC) 15 is applicable. To understand the margins provided in the design of the
APWR and to confirm there is reasonable assurance that adequate margin is
provided; MHI should address how the design meets the requirements of GDC 15.

RAI-02 GDC 2, "Design Bases for Protection Against Natural Phenomena," set forth in
Appendix A to 10 CFR Part 50, requires, in part, that structures, systems, and
components (SSCs) that are important to safety in nuclear power plants must be
designed to withstand natural phenomena. Section 3.3, NRC Regulatory Guides,
does not reference compliance to Regulatory Guide (RG) 1.204, "Guidelines for
Lightning Protection of Nuclear Power Plants," for grounding and surge protection
methods to assure that electrical transients resulting from lightning phenomena do
not render instrumentation and controls systems important to safety inoperable or
cause spurious operation of such systems. Table 7.1 in NUREG-0800 identifies
RG 1.204 as acceptable for meeting the requirements for instrumentation and
control systems important to safety with respect to lighting protection. Will the
design of the US-APWR comply with RG 1.204, and if so, how?

RAI-03 Item 16-Branch Technical Position HICB-16-has been withdrawn by the NRC.
A reference for the level of detail required for design certification. applications
under 10 CFR Part 52 would be RG 1.206. Will MHI comply with this RG? Also,
this item states that design acceptance criteria (DAC) applies to system
application software and system setpoints. The US-APWR design certification
document does not list any DAC in the Tier 1 Section. Briefly identify where DAC
will be identified and discussed.

Section 4.1 Overall Instrumentation and Control System Architecture

RAI-04 In Section 4.1, Overall Instrumentation and Controls System Architecture, self-
diagnostics is credited for Various features and advantages. The software
architecture should support the claim that a failure of the diagnostic software
would not interfere with the operation of the safety function. Are any methods
other than a watchdog timer and a test used to prevent or detect failures? Can a
failure in the online diagnostic system cause some type of failure of the system?
Can the online diagnostics give false information that could lead to incorrect
responses by the operator and unsafe conditions? Were common cause failures
(CCFs) of the diagnostic software considered such that the failure of the software
could lead to a failure of the trip function to be performed?

RAI-05 Section 4.1 .d states that "The DAS consists of hardwired or digital components."
This sentence is confusing because of the "or." The Defense-in-Depth and
Diversity Topical Report (MUAP-07006-P, Rev. 1) states that the diverse actuation
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system (DAS) will be a conventional analog system, yet the "or" indicates that the
DAS may contain digital components, or that a digital option may be available for
the US-APWR or for upgrades of instrumentation and controls systems.
Clarification among these statements needs to be provided. Clarify the statement
"The DAS consists of hardwired or digital components." If a portion or portions of
the DAS may be digital, identify why this may be necessary and the possible
technologies to be used.

Section 4.2 Detailed Description of Safety-Related Systems

RAI-06 Section 4.2.1, Reactor Protection System, states that "Selected analog
measurements are converted to digital form by analog-to-digital converters within
the four trains of the RPS." What is the methodology embedded in the analog-to-
digital converters? Has their accuracy and method of performance been
evaluated for possible rounding or cumulative error fault?

Section 5.1 Key Technical Issue

RAI-07 Section 5.1.3, Operation under Degraded Conditions, discusses the potential
failure of all Operational visual display units (VDUs). Has a failure modes and
effects analyses (FMEA) and/or probabilistic risk assessment (PRA) been
performed on the failure of all Operational VDUs? Even though these Operational
VDUs are non-safety, the bases for the reliability of the components and system
should be provided to support the statement "high reliability." In other words, the
bases for any reliability statements should be provided. The operating experience
of the components and systems should be discussed.

RAI-08 Section 5.1.8, Control System Failure Mode, discusses the non-safety plant
control and monitoring system (PCMS) having high reliability. CCFs need not be
considered for hardware failures, yet are of concern for software. Were single
failures and CCFs of the software included in the analysis?

RAI-9 Section 5.1.9 discusses Self-Diagnostics for Technical Specification Surveillance.
Online, periodic testing is a featureof most digital systems. Ostensibly this
technique adds to the respective safety and reliability by continually monitoring
and verifying normal operation of sensors and logic system. This feature is not a
regulatory requirement but is a common feature on most digital protection
systems. The feature is briefly described; the information is not detailed, and
essentially only two failure modes are considered and the use of a watchdog timer
and a test are used to prevent or detect these failures. The concern is that a
failure in the online diagnostic system causes some type of failure of the system.
The online diagnostics might give false information, e.g. indicating the system is
operational when it is not or indicating it is failed when it is operational, which
could lead to incorrect responses by the operator and unsafe conditions. Another
type of failure of the diagnostic software could lead to a failure of the trip function
to be performed due to common mode failure. Have the failure modes that have
occurred in the operating experience been examined? Based on operating
experience, what are the causes of software failures and the effects of those
failures? Were any failures unannounced? Are any methods other than a
watchdog timer and a test used to prevent or detect failures? Can a failure in the
online diagnostic system cause some type of failure of the system? Can the
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online diagnostics give false information that could lead to incorrect responses by
the operator and unsafe conditions? Were CCFs of the diagnostic software
considered such that the failure of the software could lead to a failure of the trip
function to be performed?

RAI-10 Section 5.1.12 discusses "Computer Based Procedures." On what computer
system are the procedures loaded? What communication is provided between the
system containing the procedures and the Operational VDUs? Are the
procedures available on the Safety VDUs given a failure of the Operational VDUs?
Are hardcopies available? Are the electronic procedures pdf copies of the
hardcopies or specifically developed for electronic viewing and hyper linking?

Section 6.0 Design Process

RAI-1 1 The DAS is described briefly in this topical report and in more depth in the topical
report for Defense in Depth and Diversity. Will the US-APWR comply with
Generic Letter (GL) 85-06, "Quality Assurance Guidance for ATWS Equipment
That is not Safety-Related?" Section 3.1 of the topical report also states that "This
Equipment was originally developed under a Japanese nuclear quality program
that is equivalent to 10 CFR Part 50 Appendix B. Other licensing documents
describe this equivalence. An approved 10 CFR 50 Appendix B quality program is
now in effect for all Equipment." In addition, a safety software quality assurance
(QA) process that meets the life cycle requirements of IEEE 7-4.3.2-2003 was
used. Provide sufficient details to show that the software QA process met the life
cycle requirements of IEEE 7-4.3.2-2003. The software was not developed in
compliance with NRC regulations and an equivalency comparison has not been
provided. The topical report needs to address that it complies with guidance and
was not written to that guidance. Acceptance of software cannot be determined
without a mapping of requirements the software was written to against the NRC
requirements or guidance. Provide the reference that "an approved 10 CFR Part
50 Appendix B quality program is now in effect.

RAI-12 Section 6.1, Design Process Overview, includes number (7) Operational phases.
Portions of the constructed instrumentation and controls installation is likely to
have been subject to normal maintenance if not improvement and resultant design
changes to the process and configuration. The topical report is moot on the
discussion of the stability, over time, of the first installation relative to the last, how
the configuration has been managed over this time period and what the
determinants of stability in design and functionality are relative to the history of
performance of the original installation. Please discuss the design history
including the changes which would have affected safety functions, how the
configuration has been managed over this time period and what the determinants
of stability in design and functionality are relative to the history of performance of
the original installation.

RAI-13 Also with regards to (7) Operations phase, this mentions obsolescence. Has MHI
evaluated the obsolescence and replacement of MELTAC digital components?

RAI-14 The verification and validation (V&V) testing will be conducted according to a V&V
plan.

* What details regarding V&V testing, tests, and testing runs are expected to
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be included in the V&V plan?
" For any test and test run, show the determination of the specific

confidence limits of acceptance of the software module despite the failure
of detecting an existing fault?

* For any two tests or test runs relating to any one software module, show
the determination of independence of the confidence limits of each.

Requirements determination for the performance of the systems must be known
and understood relative to the criteria presented by NRC regulation and plant
design. In all instances the decomposition of requirements will be complete at the
first level that metrics can be applied (equations are metrics too). But the degrees
of possible error in the metric could render the determinism invalid and the
accumulation could lead to an un-verifiable and undocumented risk. Each metric
must have a known boundary condition and the metric and boundary must be
traceable to regulatory requirement, as well.

* If requirements are properly decomposed, how will that decomposed and
empirical measure be traced to the regulatory determination?

" Show the traceability from the determinant of performance to the
regulatory requirement.

• Show the analysis which determines the contribution of digital systems to
the overall plant PRA.

* Show the decomposition of a regulatory requirement to its constituent
measures and metrics of performance.

Show how the constituent performance requirements of any part of any safety
critical digital system encompasses, exclusively and comprehensively, the
respective physics of the reactor.

RAI-15 Section 6.2.1 of Software Life Cycle Process Control, presents the organizational
structure to control the software life cycle process. It is unknown if the QA
organization is an independent agent from Project Management. In addition, it
seems that the purview of the QA organization is limited to the platform and
systems implementation/ installation at the specific site/plant and all that can be
done at this point in time is to confirm plant specific application programming
interfaces (API's) and interfaces have been properly completed. Describe the
organizational structure, including internal and external organizations, and their
independence. Please explain how the V&V process described is not merely use
case limited? Please also explain the methods appropriate to V&V of MELTAC
versus all other safety system components?

Section 6.3 Requirements, Implementation and Design Outputs for Software Life Cycle
Process

RAI-16 With respect to Section 6.3, Requirements, Implementation and Design Outputs
for Software Life Cycle Process, how is the trace of each requirement (including,
for example, data specific requirements, data exchange requirements, network
operational requirements, network functional requirements, constraint
determination and tracking, refined specification) to include empirical measures of
performance and identification?

RAI-17 Section 6.3.1 discusses some of the software development plan. Without

complete and specific traceability, digital system(s) failure modes and reliabilities
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contributing to overall plant PRA(s) cannot be fully and deterministically
understood in the systems engineering sense of completeness. How will the
software safety plan be developed to accommodate this requirement? Once
completeness, validity and verification is accomplished for the digital system
requirements, constraints and their respective empirical measures, what will be
the method and empirical basis by which the plant PRA will be accomplished for
the category of the US-APWR as well as for each specific plant design?

RAI-18 Does Section 6.3.2, Software Life Cycle Process Implementation, apply to just the
plant-specific tasks and corresponding components of deployment or the full set of
component hardware and software comprising the entirety of the deployment?

Section 6.4 Life Cycle Process

RAI-19 For Section 6.4.1, Access Control, please show that the envelope of controlled
access completely surrounds the protective functions within the system and that
no loophole is available. Is access control and security of the MHI Safety
System(s) protected by a single system-specific password, a single per user or
how? If user-specific passwords are employed, does a user with access to
multiple systems and levels use one password for all or one password for each
access?

RAI-20 Section 6.4.3, discusses "Cyber Security Management". With respect to cyber
security, how are passive threats detected and understood?

RAI-21 With respect to Cyber Security Management in Section 6.4.3, if virus, worm, or
other active or passive breaches occur, how is the Engineering Tool protected
from contamination? Won't this PC have rotating media drives and therefore a
need for anti-virus software?

RAI-22 Section 6.4.3 states when the final application software is transferred from the
Engineering Tool to the protection and safety monitoring system (PSMS), software
checks are used to detect no errors or changes have been introduced. Confirm
that this is a repeatable maintenance function, although this is one control method,
indentified in the introduction, done during the design phase. If the system
response is "no errors or changes have been introduced", how are the files
maintained in the system? Is this a complete file comparison, a compiler partial or
complete check?

RAI-23 Section 6.4.4 item (2), Error and Corrective Action Reporting, discusses error and
corrective action reporting for life cycle management. What will be MHI's QA
involvement and how will the QA function be maintained between MHI and the
licensee during the operations and maintenance portion of these system(s) life
cycle?
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Section 6.5 Analysis Method

6.5.2 Reliability Analysis Method

RAI-24 With regards to Section, 6.5.2, Reliability Analysis Method, the defense in depth
and diversity review has to consider all the systems that, in total, contribute to a
highly reliable safety system. The overall strategy is discussed in MUAP-07006-P,
Defense in Depth and Diversity. However, in the topical report under review-
MUAP-07004-P-CCFs are not modeled in the fault tree, nor are operator errors
or recovery actions. It is not apparent that these human errors or those introduced
during upgrades of hardware and software are in included in Sect. 6.5.2 or Fig.
6.5-1. Describe how the typical fault tree analysis discussed in Sect. 6.5.2 will be
used in determining the overall reliability of the safety system.

RAI-25 Section 6.5.2, Reliability Analysis Method, the reliability of the safety
instrumentation and controls system to perform its safety functions is analyzed.
Provide a reference for the PRA analyses, and discuss the method of
performance and compliance for each step.

RAI-26 In Section 6.5.2, Reliability Analysis Method, the reliability analysis credits the
immediate detection of module failures that are tested by self-diagnostics. Discuss
the self diagnosis of components, including the sampling rate, error detection
probability, and history and reliability of self diagnostics.

RAI-27 Are software failures explicitly accounted for in the PRA model? If so, does the
model include "application software" and "support software"?

RAI-28 Section 6.5.2 references "industry handbooks" and "manufacturers publications."
Provide a reference for the failure data and a discussion on the operating history
of the components and if this was factored in to the failure data. Indicate if the
data will be different for plant specific analyses.

RAI-29 Does the FMEA evaluate input, output, communication, resource allocation, and
processing errors due to software failures? Any other software elements
considered? If so, what and how.

6.5.3 Response Time Analysis Method

RAI-30 The response time analysis method is presented in Sect. 6.5.3, Response Time
Analysis Method. The response time of the safety functions is used in the plant
safety analysis. The response time of each safety function is calculated by adding
the response time of each component that makes up the system, from the process
measurement to the actuation of the final component.

* What is the basis for selecting the response times?
* What are the uncertainties of the response times?
* Any standard or guideline used as a basis for performing the response

time analysis?
" What is the basis of the response time value used in the plant Safety

Analysis Report?
" Which statistical value is used for validation of the time response?
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6.5.5 Heat Load Analysis Method

RAI-31 The heat load of the components Within each PSMS enclosure (i.e. cabinet or
console in which PSMS equipment is mounted) is calculated to establish room
Heating Ventilating and Air Conditioning (HVAC) sizing requirements. The short
description does not specifyany guidance. It is unknown if the analysis accounts
for a loss of forced ventilation airflow or reduced airflow. Provide a reference or
standard for the guidance used to perform the heat load analysis, along with the
reference for the documented analysis. Does the analysis account for a loss of
forced ventilation airflow or reduced airflow?

6.5.8 Fire Protection Analysis

RAI-32 Section 6.5.8 discusses that plant fire protection analyses performed to
demonstrate the ability to achieve safe shutdown with a fire in one fire zone of the
plant and a failure of an instrumentation and controls component within that fire
zone. It is unknown if a fire assessment has been performed and what, if any,
guidance was followed. Has a fire assessment has been performed and what, if
any, guidance was followed?

RAI-33 The switches that experience a fire are assumed to not change state. A basis for
this assumption should be provided. In addition, the reliability of the switches and
their failure modes should be addressed. Further, any tests under such conditions
should be cited. If no tests have been performed, this should be cited too.

Appendix A Conformance to IEEE 603-1991

RAI-34 In the Appendix A on Conformance to IEEE 603, it is not clear in the topical report
whether or not communication independence criteria, Section A.5.6, are
determined and are met with regard to IEEE Std 603-1991 and IEEE Std 7-4.3.2.
Such additional empirical evidence is required. Does the function processor gain
access within the allotted time consistent with the loop cycle time and to meet the
overall response time of the safety function? Does the function processor perform
handshaking with other systems? Does it accept interrupts from outside its own
division? Does the communications processor and the function processor operate
asynchronously, and does the function processor have priority in the event that
both processors desire access to a shared resource? Is this method in compliance
with Section 1, Interdivisional Communications, of ISG D instrumentation and
controls-ISG-04?

RAI-35 In A.5.6.3.1, Interconnected Equipment, it would be applicable to discuss the
possibility for a malfunctioning PCMS channel to cause the protection system to
take erroneous actions. Since there is communication from the PCMS to the
safety systems at the Operational VDU is it possible for a signal to be transmitted
between the systems via the VDU. Discuss the operational experience with this
interface.

RAI-36 Section A.5.6.3.3 discusses "The Effects of a Single Random Failure." Does the
safety system design preclude the use of components that are common to
redundant portions of the safety system, such as common switches for actuation,
reset, mode, or test; common sensing lines. And are there any other features
which could compromise the independence of redundant portions of the safety
system?
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RAI-37 In paragraph (f) of B.5.6, Independence it states "Manual controls from the Safety
VDU can have priority over any non-safety controls from the PCMS." (emphasis
added) This statement implies that there are instances where the Safety VDU
does not have priority over the non-safety controls from the PCMS; these
instances should be described.

Appendix C Prevention of Multiple Spurious Commands and Probability Assessment

RAI-38 In Appendix C "Prevention of Multiple Spurious Commands and Probability
Assessment", the definitions of terms like "credible," "incredible," "no credible
failures," "infrequent", "unlikely" should be provided either numerically if the basis
is quantitative, or by discussion if qualitative (e.g., x number of failures must
occur). In addition, the probability assessment in Appendix C is a qualitative
assessment. Has a quantitative assessment been performed? The fault tree in
Sect. 6.5.2 implies that all detectable failures are detected with a probability of 1.0.
Is this correct? Are undetected latent defects addressed?

Section 3.4 Other questions for review

RAI-39 For the purposes of reviewing this topical report, the digital platform topical report
and the US-APWR design certification, provide the following definitions: 1)
MELTAC basic software and 2) MELTAC application software as MELCO
identifies these products. Also please provide the differences.

RAI-40 Typical methods to identify failure modes for analog systems are FMEA and
HazOp analysis. Was a systematic method applied for identifying failure modes of
the basic components of the digital system and their impact on the system?

RAI-41 Was operating and maintenance feedback used for insights and input to the PRA
models? Has the feedback process provided information on unforeseen scenarios
or unanalyzed configurations? Have all digital system failures resulting from
identified causes been within the acceptable level of a system's reliability?

RAI-42 Will there be any special hardware or software features in specific plant
applications in the U.S. that differ from Japanese Nuclear Power Plants?

RAI-43 What software initiating events have been considered in the PRA and safety
analysis?

RAI-44 Does the digital instrumentation and controls introduce any new degradation
conditions that are different from an analog system? What are the safety system
responses when encountering these new degradation conditions? What are the
provisions proposed for coping with these new degradation conditions?
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