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Abstract

This technical report is to justify the assignment of component control functions to each Safety
Logic System (SLS) controller of the US-APWR, through a functional assignment analysis.
SLS provides safety component controls in safety instrumentation and control (1&C) system in
the US-APWR.

In the SLS, multiple component control functions are grouped within each controller. This
analysis provided in this document ensures that each component control function is
appropriately assigned to each controller so that spurious state changes of multiple
components that may result from credible single failures cannot cause a plant transient that is
not bounded by the plant’s safety analysis. Where concurrent spurious actuation of multiple
components is determined to be unacceptable, these components are “separated” into
different SLS controllers. In addition, this analysis identifies component control functions
whose single spurious state change could lead to a plant trip. For these cases, the control
function is “duplicated” using a 2-out-of-2 configuration, so that these single spurious state
changes are precluded. The analysis in this document identifies the control functions that must
be “duplicated” to preclude failures that can lead to spurious plant trip, and the control
functions that must be “separated” to preclude failures that can lead to unanalyzed plant
transients.
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1.0 INTRODUCTION
1.1 Purpose

This report justifies the functional assignment of multiple plant components to each SLS controller.
This analysis supplements the Failure Modes and Effects analysis provided in US-APWR Tables
7.2-8 and 7.3-7, which demonstrate that the PSMS will perform its safety functions of reactor trip
and ESF actuation, respectively, with any single failure. Tables 7.2-8 and 7.3-7 demonstrate
compliance with the single failure criteria of IEEE-603, while this analysis demonstrates that single
failures cannot cause plant events that would not be adequately mitigated by those safety functions
(ie. events that are not bounded by the safety analysis).

This analysis is provided to demonstrate compliance with the criteria identified in the references of
Section 2.1, in accordance with the references of Section 2.2.

1.2 Scope

The scope of this document is to ensure that there is no transient that is not bounded by the safety
analysis in DCD Ch. 15 due to spurious state change of multiple components caused by a failure of
a single SLS controller. Spurious state change means that a component that is normally energized
becomes de-energized, or a component that is normally de-energized is erroneously energized to
its alternate position.

In performing this analysis, the assignment to the SLS controller and duplication of SLS controllers
are also considered. Components whose spurious state change can directly affect the critical
safety functions considered in the safety analysis are considered in this analysis. Other
components are not analyzed since they have no potential to adversely affect the plant’s critical
safety functions.

2.0 REFERENCE
21 U.S. Industry Standards

2.1.1 |EEE Standard Criteria for Safety Systems for Nuclear Power Generating Stations, IEEE
Std. 603-1991, Section 5.1.

2.2 Other References

2.2.1 Section 7.3.1.2.4 of DCD of the US-APWR “Instrumentation and Controls”, Rev. 2, October
20009.

2.2.2 Chapter 15 of DCD of the US-APWR “Trainsient and Accident Analysis”, Rev. 2, Octover
2009.

2.2.3 Safety 1&C System Description and Design Process, MUAP-07004-P Rev.4 (Proprietary)
and MUAP-07004-NP Rev.4 (Non-Proprietary), March 2010, Section 6.5.1.
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3.0 SLS Control Configuration

SLS provides safety component control in the safety I&C system, protection and safety monitoring
system (PSMS), of the US-APWR. 1&C overall architecture is shown in Figure 7.1-1 in DCD Ch.7.
SLS in Train A and D have 3 controllers and SLS Train B and C have 2 controllers. Each controller
has two parallel redundant Central Processing Unit (CPU)s and components are actuated through
Power Interface (PIF) modules. The parallel CPUs are configured so that either CPU can position
the component to its safe position as required by DCD Chapter 15 safety analysis. It is noted that
the parallel CPU configuration is not credited in this analysis to preclude spurious state change,
since a failure of either CPU can cause spurious state changes of the components controlled by

that CPU.

Safety BUS Train A

Train A

Grl

Controller

v

|PIF||PF]||PF] - -

Gr2

Gr3 Train B
2 Groups

Train C
2 Groups

~

A 4

|Component| v |Component[

4.0 SLS

Component

Figure 3.0-1

Component Assignment

4.1 Basic Principle

SLS Configuration

Train D
3 Groups
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4.2 Consideration

4.2.1 Scope of Controller Duplication
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Table 4.2-1 Component Consideration for Duplication (1/2)

Mitsubishi Heavy Industries, Ltd.




US-APWR Functional Assignment Analysis For Safety Logic System MUAP-09020-NP(R1)

/

Table 4.2-1 Component Consideration for Duplication (2/2)
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4.3 Scope of Controller Assignment

4.4 Result
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Table 4.4-1 Component Assignment for Safety Train and Controller Group
a N
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Table 4.4-2 Controller Duplication Components
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5.0 Controller Assignment Analysis

5.1 Condition for the Assignment Analysis

5.2 Result and Summary
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