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CHAPTER 7 — INSTRUMENTATION AND CONTROLS

7.1 Introduction

The APR1400 instrumentation and control (I&C) system uses advanced design features
such as digital data communication, a network-based distributed digital control system, and
a compact workstation-based human-system interface (HSI) in the control room.

The 1&C architecture of the APR1400 is implemented by two major independent and
diverse platforms: (1) safety-qualified programmable logic controller (PLC) platform for
the safety systems and (2) non-qualified distributed control system (DCS) platform for the
data processing system and non-safety control systems. In addition, independent systems
such as the turbine/generator (T/G) control and protection system, the nuclear steam supply
system (NSSS) monitoring system, and the balance of plant (BOP) monitoring system
perform the required functions of a portion of the I&C systems.

Table 3.2-1 provides the safety classifications and quality groups of the APR1400 systems.

Safety Systems

The safety systems are implemented by safety-grade hardware and previously developed
software components that are dedicated or qualified for use in nuclear power plants. The
PLC platform is loaded with the APR1400-specific application software to implement

various safety functions.

The components of the safety system are qualified to satisfy nuclear requirements such as
environmental, seismic, electromagnetic interference (EMI), and radio frequency
interference (RFI) qualifications. The safety system software is designed, verified, and
validated using the industry standard for software development and the verification and
validation (V&V) process as described in the Software Program Manual Technical Report
(Reference 1). The qualified PLC platform applies to the following safety systems:

a. Plant protection system (PPS)
b. Core protection calculator system (CPCS)

c. Engineered safety features — component control system (ESF-CCS)
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d. ESF-CCS soft control module (ESCM)
e. Qualified indication and alarm system — P (QIAS-P)

The Safety 1&C System Technical Report (Reference 2) describes the functional
requirements and design features, and the Software Program Manual Technical Report
describes the software design process of the safety 1&C system, particularly the PPS,
CPCS, ESF-CCS, and QIAS-P.

The following safety I&C systems are implemented on independent platforms that are
diverse from the safety-qualified PLC platform: ex-core neutron flux monitoring system
(ENFMS) (see Subsection 7.2.1.1.c), auxiliary process cabinet — safety (APC-S) (see
Subsection 7.2.1), safety portion of radiation monitoring system (RMS) (refer to Section
11.5 and Subsection 12.3.4) and component interface module (CIM) (see Subsection
7.3.1.11).

Non-Safety Systems

Most of the non-safety 1&C systems are implemented by a DCS-based common platform
that has been proven in operating experience in the nuclear industry and other industries.
The DCS conducts the functions of the operator interface, component-level control,
automatic process control, high-level group control, and data processing for normal
operation. The DCS is designed with a redundant and fault-tolerant architecture for high
reliability and to prevent the failure of a single component from causing a spurious plant

trip.
The following systems are implemented on the DCS platform:

a. Process-component control system (P-CCS), which includes the NSSS process
control system (NPCS)

b. Power control system (PCS)
c. Information processing system (IPS)

The qualified indication and alarm system — non-safety (QIAS-N) is also implemented on
the common PLC platform, even though it is a non-safety system, because it displays the

important plant parameters and maintains diversity from the IPS.
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Some I&C functions are not installed on a common PLC and DCS platform. These
functions are implemented in independent systems to fulfill system design requirements.
Non-standard systems include the diverse protection system (DPS), diverse indication
system (DIS), NSSS integrity monitoring system (NIMS), radiation monitoring system
(RMS), and seismic monitoring system (SMS).

Data Communications

Data communications within or between I&C systems are designed to provide reasonable
assurance that any error in data communication will not cause inadvertent actuations or
prevent the safety functions from being performed. Data communication systems are
composed of a qualified PLC data communication network, a non-qualified DCS data
communication network, and a network between qualified PLC and non-qualified DCS.
The qualified PLC data communications network is independent and diverse from the non-
qualified DCS data network.

Human-System Interface

The APR1400 HSI is designed based on a compact workstation using the soft control and
digital DCS. The compact workstation, which is based on HSI, provides a convenient
operating environment to facilitate the display of plant status information to the operator so
that operability is enhanced by using advanced display, alarm, and procedure systems. The
HSI has sufficient diversity to demonstrate defense-in-depth protection against common-
cause failure of the safety system.

7.1.1 Identification of Safety Systems and Non-Safety Systems

Safety and non-safety I&C systems, including supporting systems, are identified in the
following subsections.

7.1.1.1 Plant Protection System

The PPS is a safety system that includes electrical, electronic, network, mechanical devices,
and circuits and performs the following protective functions:

a. Reactor protection system (RPS)
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The RPS is the portion of the PPS that acts to trip the reactor when required. The
RPS is described in Subsection 7.1.1.2 and Section 7.2.

b. Engineered safety features actuation system (ESFAS)

The ESFAS is the portion of the PPS that activates the engineered safety features
(ESF) systems listed in Subsection 7.1.1.3 and described in Section 7.3.

7.1.1.2  Reactor Trip System

The reactor trip system (RTS) is a safety system that initiates reactor trips. The RTS
consists of sensors, APC-S cabinets, ENFMS cabinets, CPCS cabinets, the RPS portion of
the PPS cabinets, and reactor trip switchgear system (RTSS) cabinets. The RTS initiates a
reactor trip based on the signals from the sensors that monitor various NSSS parameters

and the containment pressure.

When a safety limit is approached, the RPS function in the PPS cabinet initiates a signal
that opens the reactor trip breakers. This action removes power from the control element
drive mechanism (CEDM) coils, permitting the rods to fall by gravity into the core. The
rapid negative reactivity insertion causes the reactor to shut down.

7.1.1.3  Engineered Safety Features Systems

An ESF system is a safety system that includes the actuation systems of ESF and the
components that perform protective actions after receiving a signal from the ESFAS or the

operator.
The ESF system consists of the following systems:
a. Containment isolation system
b. Main steam isolation system
c. Safety injection system (SIS)
d. Auxiliary feedwater system (AFWS)

e. Containment spray system (CSS)
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f.  Fuel handling area heating, ventilation, and air conditioning (HVAC) system
g. Containment purge system

h. Control room HVAC system

i.  Containment combustible gas control system (manual)

J. Supporting systems

The ESF system also includes sensors, APC-S cabinets, the ESFAS portion of the PPS, the
safety portion of the RMS, and the ESF-CCS, as described in Section 7.3.

7.1.1.4  Systems Required for Safe Shutdown

The safety systems that are required for a safe shutdown are defined as the systems that are
essential for pressure and reactivity control, coolant inventory makeup, and removal of
residual heat once the reactor has been brought to a subcritical condition. These safety
systems are categorized according to the following shutdown modes:

a. Hot shutdown

Systems that maintain the primary system at, or near, operating temperature and
pressure

b. Cold shutdown

Systems that cool down and maintain the primary system at, or near, ambient
conditions

The safety systems that are required for a safe shutdown are listed below and described in
Section 7.4.

a. AFWS
b. Main steam system (MSS) — atmospheric dump
¢. Shutdown cooling system (SCS)

d. Safety injection system (SIS)
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e. Safety depressurization and vent system (SDVS)
f.  Reactor coolant gas vent system (RCGVS)

The auxiliary supporting safety systems that are required for a safe shutdown are as
follows:

a. Essential service water system (ESWS)

b. Component cooling water system (CCWS)

c. Class 1E emergency diesel generator system

d. Emergency diesel generator fuel storage and transfer system
e. Class 1E power system

f.  HVAC systems

In addition, remote shutdown console (RSC) equipment and systems are provided to allow
for an emergency shutdown from outside the main control room (MCR).

The safe shutdown systems or portions of systems required to place the reactor into a cold
shutdown include the systems listed above and the SCS.

7.1.1.5 Information Systems Important to Safety

Information systems important to safety provide information that is needed to mitigate the
consequences of anticipated operating occurrences (AOOQOs) and postulated accidents (PAs).
Information systems important to safety are listed below. Further details are provided in
Section 7.5.

a. Accident monitoring instrumentation (AMI)

The AMI provides the operator with information that is used to assess the state of
the plant following AOOs and PAs. AMI variables are displayed in the MCR by
the QIAS-P, QIAS-N, and IPS. The design is implemented to meet the guidance
of Nuclear Regulatory Commission (NRC) Regulatory Guide (RG) 1.97
(Reference 3), as depicted in Figure 7.5-1.
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The QIAS-P processors and display processors are dedicated to continuously
monitor and display AMI Type B and C variables.

The QIAS-N displays AMI Type B and C variables. The QIAS-N also displays
selected Type D and E variables.

The IPS displays all AMI variables.
Inadequate core cooling (ICC) monitoring instrumentation

The ICC monitoring instrumentation provides an unambiguous, easy-to-interpret
indication of ICC. The design follows the guidance of II.F.2 of NUREG-0737
(Reference 4). The safety parameter display system (SPDS) displays ICC
variables as a primary display. The QIAS-P displays the ICC monitoring signals
as a backup.

Bypassed and inoperable status indication (BISI)

The BISI is monitored on the large display panel (LDP) and information flat panel
display (FPD). The BISI provides an indication of bypassed or deliberately
introduced inoperability of the protection system at the system level, which is
required for safe operation of the plant.

Alarm system

The alarm systems are redundantly implemented by the IPS and QIAS-N. The IPS
and QIAS-N are independent and diverse from each other. Therefore, any single

alarm system failure will not cause a total loss of the plant’s alarm system.
Safety parameter display system

SPDS functions are implemented in the safety parameter display and evaluation
system+ (SPADES+), which is designed to meet the criteria for SPDS in NUREG-
0696 (Reference 6) and NUREG-0737, Supplement No. 1 (Reference 78).

Information systems associated with the emergency response facilities (ERF) and
emergency response data system (ERDS)
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The ERF consists of the technical support center (TSC), operation support center
(OSC), and emergency operation facility (EOF), SPDS, and ERDS.

The ERDS is a data transmission system designed to send a set of variables from
the plant to the NRC operations center in accordance with NUREG-0737,
Supplement No. 1, and NUREG-0696.

7.1.1.6  Interlock Systems Important to Safety

Interlock systems important to safety include the interlocks required to prevent
overpressurization of the SCS and to provide reasonable assurance of safety injection
availability. The interlock systems important to safety are also required to isolate the non-
essential supply and return headers from the essential supply and return headers, and to
supply component cooling water flow between two separate divisions. The interlock
systems important to safety are listed below and are described in Section 7.6.

a. Shutdown cooling system suction line isolation valve interlocks
b. Shutdown cooling system suction line relief valve interlocks
c. Safety injection tank (SIT) isolation valve interlocks

d. Component cooling water (CCW) supply and return header tie line isolation valve
interlocks

e. Interties between redundant or diverse safety system isolation valve interlocks

7.1.1.7  Control Systems Not Required for Safety

Control systems not required for safety include plant information, monitoring, and control
systems that are not essential for the safety of the plant. The primary function of the non-
safety control system is to maintain variables and the systems within normal operational
limits. The non-safety control systems consist of the PCS and the P-CCS.
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7.1.1.8  Diverse Instrumentation and Control Systems

The diverse actuation system (DAS) is a non-safety system and is provided to meet the
diverse methods required to cope with AOOs concurrent with potential common-cause
failure (CCF) of the safety systems. The DAS is also provided to mitigate PAs concurrent
with a postulated software CCF in the safety system. The basis for the DAS functions is
provided in the Diversity and Defense-in-Depth Technical Report (Reference 7).

The DAS consists of the following systems, which are independent and diverse from the
safety system:

a. Diverse protection system (DPS)
b. Diverse manual ESF actuation (DMA) switches
c. Diverse indication system (DIS)

Diverse I&C systems are described in Section 7.8.

7.1.1.9  Data Communication Systems

Data communication systems provide high-speed reliable communications between each
segment of a division, between divisions, and between systems. The systems consist of
hardware, protocols, and interfacing cabling. The systems are designed to provide the
accurate, reliable, and timely transfer of data between control, protection, and information
systems or within information systems. Input modules in cabinets acquire plant data, and
the acquired data are transmitted to control and protection systems. The IPS and QIAS-N
acquire information from data communication networks, process the data, and provide
information to the display devices and other peripherals. The major components of the data
communication systems within the I&C architecture are shown in Figure 7.1-1.

Data communication systems consist of the following three kinds of data communication
networks or links with different protocols:

a. Safety system data network (SDN) for safety systems

b. Serial data link (SDL) for safety systems
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c. Data communication network — information (DCN-I) network for non-safety
systems

7.1.1.10 Auxiliary Support Features

Auxiliary supporting features and other auxiliary features are safety systems or components
of systems that provide the services that are required for the safety systems to accomplish
their safety functions. HVAC and electrical power systems are examples of auxiliary
supporting features. The I&C aspects of auxiliary supporting features are described
primarily in Chapters 8 and 9. Examples of other auxiliary features are built-in test
equipment and isolation devices.

7.1.2 Identification of Safety Criteria

Subsections 7.1.2.2 through 7.1.2.75 and Sections 7.2 through 7.6 contain comparisons of
the design with the applicable NRC regulatory guides and a description of the degree of
compliance with the appropriate design bases, the General Design Criteria (GDC) in 10
CFR Part 50, Appendix A (Reference 21), standards, and other documents used in the
design of the systems listed in Subsection 7.1.1.

7.1.2.1 Design Bases

The design bases for each safety I&C system are presented in the relevant sections of this
chapter.

7.1.2.1.1 Systems Required for Plant Protection

The design bases for plant protection systems are described in Sections 7.2 and 7.3.

7.1.2.1.2  Systems Required for Safe Shutdown

The design bases for the systems required for safe shutdown are described in Section 7.4.

7.1.2.1.3 Information Systems Important to Safety

The design bases for information systems important to safety are described in Section 7.5.
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7.1.2.1.4  All Other Systems Required for Safety

The design bases for all other systems required for safety are described in Section 7.6.
7.1.2.1.5  Interlocks

The interlocks for safety instrumentation are described in Subsections 7.2.1.7 and 7.3.1.6
and Section 7.6.

7.1.2.1.6  Bypasses
The bypasses for safety instrumentation are described in Subsections 7.2.1.6 and 7.3.1.5.
7.1.2.1.7  Diversity

The diversity for safety instrumentation is described in Subsections 7.2.1.9, 7.2.2.4, and
7.3.2.4.

7.1.2.1.8 Instrumentation Protection

The safety instrumentation protection is described in Chapter 3.

7.1.2.2  Conformance with 10 CFR 50.55a(a)(1)

The I&C systems that are applicable to 10 CFR 50.55a(a)(1) (Reference 8), as shown in
Table 7.1-1, are designed in accordance with 10 CFR 50.55a(a)(1) by complying with IEEE
Std. 603 (Reference 9), Clause 5.3.

7.1.2.3 Conformance with 10 CFR 50.55a(h)(2)

The 1&C systems that are applicable to 10 CFR 50.55a(h)(2) (Reference 10), as shown in
Table 7.1-1, are designed in accordance with 10 CFR 50.55a(h)(2) except that the CPCS
has two channels of a reed switch position transmitter (RSPT) for each control element
assembly. The alternative to Clause 5.6 of IEEE Std. 603 is described in the Safety 1&C
System Technical Report.
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7.1.2.4  Conformance with 10 CFR 50.55a(h)(3)

The 1&C systems that are applicable to 10 CFR 50.55a(h)(3) (Reference 11), as shown in
Table 7.1-1, are designed in accordance with 10 CFR 50.55a(h)(3).

7.1.2.5 Conformance with 10 CFR 50.34{(2)(v)

The 1&C systems that are applicable to 10 CFR 50.34f(2)(v) (Reference 12), as shown in
Table 7.1-1, are designed in accordance with 10 CFR 50.34(f)(2)(v). Display
instrumentation provides accurate, complete, and timely information to safety system status
by compliance to Clause 5.8.2 (system status indication) and Clause 5.8.3 (indication of
bypasses) of IEEE Std. 603. Conformance with IEEE Std. 603 is described in the Safety
I&C System Technical Report. Information regarding bypassed and inoperable status is
provided in Subsection 7.5.1.3.

7.1.2.6  Conformance with 10 CFR 50.341(2)(x1)

The I&C systems that are applicable to 10 CFR 50.341(2)(xi) (Reference 13), as shown in
Table 7.1-1, are designed in accordance with 10 CFR 50.34(f)(2)(xi), as described in
Subsection 7.5.1.1.

7.1.2.7  Conformance with 10 CFR 50.34(2)(xii)

The 1&C systems that are applicable to 10 CFR 50.34f(2)(xii) (Reference 14), as shown in
Table 7.1-1, are designed in accordance with 10 CFR 50.34(f)(2)(xii). The automatic and
manual initiation of the auxiliary feedwater system is described in Subsection 7.3.1.9.

7.1.2.8  Conformance with 10 CFR 50.34{(2)(xiv)

The 1&C systems that are applicable to 10 CFR 50.34f(2)(xiv) (Reference 15), as shown in
Table 7.1-1, are designed in accordance with 10 CFR 50.34(f)(2)(xiv). The containment
isolation function, including reset of the function, is described in Subsection 7.3.1.9.
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7.1.2.9  Conformance with 10 CFR 50.34{(2)(xvii)

The 1&C systems that are applicable to 10 CFR 50.34f(2)(xvii) (Reference 16), as shown in
Table 7.1-1, are designed in accordance with 10 CFR 50.34(f)(2)(xvii), as described in
Subsection 7.5.1.

7.1.2.10 Conformance with 10 CFR 50.34f(2)(xviii)

The 1&C systems that are applicable to 10 CFR 50.341(2)(xviii) (Reference 17), as shown
in Table 7.1-1, are designed in accordance with 10 CFR 50.34(f)(2)(xviii), as described in
Subsection 7.5.1.1.

7.1.2.11 Conformance with 10 CFR 50.34{(2)(xix)

The 1&C systems that are applicable to 10 CFR 50.34f(2)(xix) (Reference 18), as shown in
Table 7.1-1, are designed in accordance with 10 CFR 50.34()(2)(xix).

7.1.2.12 Conformance with 10 CFR 50.34{(2)(xx)

The 1&C systems that are applicable to 10 CFR 50.34f(2)(xx) (Reference 19), as shown in
Table 7.1-1, are designed in accordance with 10 CFR 50.34(f)(2)(xx).

7.1.2.13 Conformance with 10 CFR 50.62

The 1&C systems that are applicable to 10 CFR 50.62 (Reference 20), as shown in Table
7.1-1, are designed in accordance with 10 CFR 50.62, which states in part, “Each
pressurized water reactor manufactured by Combustion Engineering must have a diverse
scram system from the sensor output to interruption of power to the control rods.” The
conformance with 10 CFR 50.62 is described in the Diversity and Defense-in-Depth
Technical Report.

7.1.2.14 Conformance with GDC 1

The 1&C systems that are applicable to GDC 1 (Reference 21), as shown in Table 7.1-1, are
designed in accordance with GDC 1 through compliance with IEEE Std. 603, Clause 5.3.
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The quality assurance program description (QAPD) complies with the requirements of 10
CFR Part 50, Appendix B (Reference 22).

7.1.2.15 Conformance with GDC 2

The 1&C systems that are applicable to GDC 2, as shown in Table 7.1-1, are designed in
accordance with GDC 2 through compliance with IEEE Std. 603, Clause 5.4.

7.1.2.16 Conformance with GDC 4

The 1&C systems that are applicable to GDC 4, as shown in Table 7.1-1, are designed in
accordance with GDC 4 through compliance with IEEE Std. 603, Clause 5.4.

7.1.2.17 Conformance with GDC 10

The [&C systems that are applicable to GDC 10, as shown in Table 7.1-1, are designed in
accordance with GDC 10.

7.1.2.18 Conformance with GDC 13

The I&C systems that are applicable to GDC 13, as shown in Table 7.1-1, are designed in
accordance with GDC 13.

7.1.2.19 Conformance with GDC 15

The 1&C systems that are applicable to GDC 15, as shown in Table 7.1-1, are designed in
accordance with GDC 15.

7.1.2.20 Conformance with GDC 16

The I&C systems that are applicable to GDC 16, as shown in Table 7.1-1, are designed in
accordance with GDC 16.
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7.1.2.21 Conformance with GDC 19

The I&C systems that are applicable to GDC 19, as shown in Table 7.1-1, are designed in
accordance with GDC 19. The capabilities with regard to the safe operation of the plant
from the MCR during normal and accident conditions are described in Section 7.4.

7.1.2.22 Conformance with GDC 20

The 1&C systems that are applicable to GDC 20, as shown in Table 7.1-1, are designed in
accordance with GDC 20. The protection function is described in Sections 7.2 and 7.3.

7.1.2.23 Conformance with GDC 21

The 1&C systems that are applicable to GDC 21, as shown in Table 7.1-1, are designed in
accordance with GDC 21. The protection system is designed to comply with the
requirements of IEEE Std. 603. No credible single failure would result in a loss of the
protection function.

7.1.2.24 Conformance with GDC 22

The 1&C systems that are applicable to GDC 22, as shown in Table 7.1-1, are designed in
accordance with GDC 22. The protection systems comply with the independence
requirements of IEEE Std. 603 except for the CEA position inputs described in Subsection
7.1.2.3.

7.1.2.25 Conformance with GDC 23

The I&C systems that are applicable to GDC 23, as shown in Table 7.1-1, are designed in
accordance with GDC 23. Failure modes and effects analysis (FMEA) for protection
systems is described in Subsections 7.2.3.1 and 7.3.3.1.

7.1.2.26 Conformance with GDC 24

The 1&C systems that are applicable to GDC 24, as shown in Table 7.1-1, are designed in
accordance with GDC 24. Electrical isolation, physical separation, and communication
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independence are maintained between redundant safety divisions and between the safety
system and non-safety system.

7.1.2.27 Conformance with GDC 25

The I&C systems that are applicable to GDC 25, as shown in Table 7.1-1, are designed in
accordance with GDC 25.

7.1.2.28 Conformance with GDC 28

The 1&C systems that are applicable to GDC 28, as shown in Table 7.1-1, are designed in
accordance with GDC 28.

7.1.2.29 Conformance with GDC 29

The I&C systems that are applicable to GDC 29, as shown in Table 7.1-1, are designed in
accordance with GDC 29.

7.1.2.30 Conformance with GDC 33

The [&C systems that are applicable to GDC 33, as shown in Table 7.1-1, are designed in
accordance with GDC 33.

7.1.2.31 Conformance with GDC 34

The 1&C systems that are applicable to GDC 34, as shown in Table 7.1-1, are designed in
accordance with GDC 34.

7.1.2.32 Conformance with GDC 35

The I&C systems that are applicable to GDC 35, as shown in Table 7.1-1, are designed in
accordance with GDC 35.
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7.1.2.33 Conformance with GDC 38

The I&C systems that are applicable to GDC 38, as shown in Table 7.1-1, are designed in
accordance with GDC 38.

7.1.2.34 Conformance with GDC 41

The 1&C systems that are applicable to GDC 41, as shown in Table 7.1-1, are designed in
accordance with GDC 41.

7.1.2.35 Conformance with GDC 44

The 1&C systems that are applicable to GDC 44, as shown in Table 7.1-1, are designed in
accordance with GDC 44.

7.1.2.36 Conformance with SECY-93-087. Item IL.Q

Analyses and design features for diversity and defense-in-depth for the PPS and ESFAS are
provided in accordance with SECY-93-087, Item I1.Q (Reference 23), as referenced by
NUREG-0800 (Reference 24). The analyses and design features address postulated safety
system CCFs and are described in the Diversity and Defense-in-Depth Technical Report.

7.1.2.37 Conformance with SECY-93-087, Item IL.T

The alarm systems are required to meet the redundancy, independence, and safety alarm
system requirements in accordance with SECY-93-087, Item IL.T (Reference 5). The
APR1400 design complies with the requirements as follows:

a. Redundancy

The alarm systems are implemented in the software driven IPS and QIAS-N. The
alarm functions in the IPS and QIAS-N are non-safety.

Major equipment of the IPS such as the computational server, alarm server,
historical data storage and retrieval (HDSR) server, and data communication are
configured to primary and standby processors.
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The QIAS-N processors also provide redundant processing in a hot standby
configuration. ~ Multi-divisional information displayed by the QIAS-N is
independently processed and displayed by the IPS. The QIAS-N receives the
processed information via the multi-channel gateway and alarms any discrepancies

from its own corresponding multi-division information calculations.

Therefore, the implemented alarm function complies with the intent of the
redundancy requirement. The redundant processor configuration enhances the
availability of alarm systems.

b. Independence

The IPS and QIAS-N in which the alarm function is implemented are designed as
independent and diverse.

The IPS and QIAS-N are isolated from each other with qualified isolation devices
so a failure of the IPS will not affect the QIAS-N.

c. Safety alarm system requirements

This requires the alarms to be safety related when safety functions need to be
manually performed with no safety automatic control functions available.

7.1.2.38 Conformance with NRC RG 1.22

The 1&C systems that are applicable to NRC RG 1.22 (Reference 25), as shown in Table
7.1-1, conform to the guidance of NRC RG 1.22. Conformance is as follows:

a. Provisions are made to permit periodic testing of the complete PPS, ESF-CCS, and
RTSS with the reactor operating at power or when shutdown. These tests cover
the trip action from sensor input to the actuated devices. ESF-actuated devices
that could affect operations are tested when the reactor is shut down but not when
the reactor is operating.

b. No provisions are made in the design of the PPS, ESF-CCS, or RTSS at the system
level to intentionally bypass an actuation signal that may be required during power
operation. The provisions for operating bypass and trip channel bypass are
provided. Bypass methods are described in Subsections 7.2.1.6 and 7.3.1.5.
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c. The manual testing for an RPS channel is performed administratively to prevent
testing more than one redundant channel simultaneously. When a channel is

bypassed for manual testing, the bypass is automatically indicated in the MCR.

d. When an ESFAS is bypassed for manual testing, the bypass is automatically
indicated in the MCR.

e. Actuated devices that cannot be tested during reactor operation are tested when the
reactor is shut down.

f.  The DPS is not a safety system. Therefore, NRC RG 1.22 is not applicable to the
DPS design. However, the DPS is designed to provide system testing features as
described in Subsection 7.8.2.1.

7.1.2.39 Conformance with NRC RG 1.47

The 1&C systems that are applicable to NRC RG 1.47 (Reference 26), as shown in Table
7.1-1, comply with the recommendations of NRC RG 1.47. A discussion of the application
of the BISI is described in Subsection 7.5.1.3.

7.1.2.40 Conformance with NRC RG 1.53, as Augmented by IEEE Std. 379

The 1&C systems that are applicable to NRC RG 1.53 (Reference 27), as augmented by
IEEE Std. 379 (Reference 28) and shown in Table 7.1-1, comply with the requirements of
IEEE Std. 379 as endorsed by NRC RG 1.53. A discussion of the application of the single
failure criterion is provided in Subsections 7.2.2.1 and 7.3.2.1.

7.1.2.41 Conformance with NRC RG 1.62

Manual initiation of the RPS is described in Subsection 7.2.1.5. Manual initiation of the
ESFAS is described in Subsections 7.3.1.3 and 7.3.1.4. Conformance with NRC RG 1.62
(Reference 29) is as follows:

a. The RPS and ESFAS can be manually actuated.
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b. Manual initiation of a protective action is provided at the system level and causes
the same actions to be performed by the protection system as would be performed
if the protection system had been initiated by automatic action.

c. Manual switches are located on the safety console in the MCR. Some ESF

functions also have manual actuation at the remote shutdown room (RSR).

d. The amount of equipment common to the manual and automatic initiation paths is
kept to a minimum, usually only the actuation devices. No single credible failure
in the manual, automatic, or common portions of the protective system would
prevent initiation of a protective action by manual or automatic means.

€. Manual initiation requires a minimum of equipment consistent with the needs of

Items a, b, ¢, and d above.

f.  Once initiated, a manual protective action goes to completion.

7.1.2.42 Conformance with NRC RG 1.75. as Augmented by IEEE Std. 384

The instrumentation for the safety electric systems complies with the requirements of IEEE
Std. 384 (Reference 30) as endorsed by NRC RG 1.75 (Reference 31) with the exception of
the CEA position inputs described in Subsection 7.1.2.3. The physical independence is
described in this subsection and includes compliance with Clause 5.6 of IEEE Std. 603,
GDC 3, and GDC 21.

The PPS is connected to Class 1E buses, which are divided into four assemblies that are
physically located in different geographic fire zones. Each assembly contains one of the
four redundant divisions of the RPS and ESFAS, which provides the separation and
independence necessary to meet the requirements of Clause 5.6 of IEEE Std. 603.

The independence and separation of redundant Class 1E circuits within and between the
PPS assemblies or ESF-CCS assemblies are accomplished primarily by using fiber-optic
technology. The optical technology provides reasonable assurance that no single credible
electrical fault in a PPS division will prevent the circuitry in any other redundant division

from performing its safety function.

The ESF-CCS cabinets provide separation and independence for the 2-out-of-4 actuation
and component control logic of the divisions in the redundant ESF systems. The

7.1-20 Rev. 0



APR1400 DCD TIER 2

component control logic for each division is contained in a separate cabinet. The redundant
cabinets are physically separated from each other by locating them in separate zones.

The RTSS consists of two sets of four reactor trip switchgears (RTSGs). Each RTSG, along
with the associated switches, contacts, and relays, is contained in a separate cabinet. Each
cabinet is physically separated from the other cabinets. This method of construction
provides reasonable assurance that a single credible failure in one RTSG will not cause
malfunction or failure in another cabinet.

The separation and independence of the power supplies are described further in Subsection
8.3.1.

The digital data sent from the safety system to non-safety systems (e.g., IPS, QIAS-N) for
status monitoring, alarm, and display are isolated from the safety system. Fiber-optic
isolation and other techniques are used to provide reasonable assurance that no credible
failures on the non-Class 1E side of the isolation device will affect the PPS side and that the

independence of the PPS will not be jeopardized.

7.1.2.43 Conformance with NRC RG 1.97

The design of the accident monitoring instrumentation system (the QIAS-P, QIAS-N, and
IPS) is described in Subsection 7.5.1.1. The design complies with NRC RG 1.97.

7.1.2.44 Conformance with NRC RG 1.105

The setpoint methodology (Reference 75) follows the methodology in ISA-S67.04
(Reference 36) as endorsed by NRC RG 1.105 (Reference 37).

The environment considered when determining errors is the most detrimental realistic
environment calculated or postulated to exist until the worst-case time of the required
reactor trip or engineered safety features actuation. This environment may be different for
different events analyzed. For the setpoint calculation, the accident environment error
calculation for process equipment uses the environmental conditions up to the longest
required time of trip or actuation that results in the largest errors, thus providing additional
conservatism to the resulting setpoints.
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7.1.2.45 Conformance with NRC RG 1.118. as Augmented by IEEE Std. 338

The 1&C systems that are applicable to NRC RG 1.118 (Reference 38), as augmented by
IEEE Std. 338 (Reference 39) and shown in Table 7.1-1, are designed so that they can be
tested periodically in accordance with the criteria of IEEE Std. 338 as endorsed by NRC
RG 1.118. The response time of individual instrumentation and control components is
obtained from the performance verification tests and is provided to the site operator. It is
the site operator’s responsibility to test the integrated response time of each protection
system after installation. Testing criteria are specified in Subsections 7.2.2.5 and 7.3.2.5.
Minimum testing frequency requirements are provided in the Technical Specifications
(Chapter 16).

Complete divisions in the ESFAS can be tested individually without initiating protective
action and without inhibiting the operation of the system.

The system can be checked from the sensor signal to the actuated equipment or devices.
The sensors can be checked by comparison with redundant signals from other divisions.

The actuated equipment or devices that are not tested during reactor operation are tested
during the scheduled reactor shutdown to demonstrate that they are capable of performing
the necessary functions.

7.1.2.46 Conformance with NRC RG 1.151

Instrument sensing lines comply with NRC RG 1.151 (Reference 40). Compliance with
NRC RG 1.151 is described in Section 1.9.

7.1.2.47 Conformance with NRC RG 1.152

NRC RG 1.152 (Reference 34) states that the requirements set forth in IEEE Std. 7-4.3.2
(Reference 33) provide methods for designing, verifying, and implementing software and
for validating computer systems in safety systems in nuclear power plants.

The software development plan is described in the Software Program Manual Technical
Report.
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Clause 5.3.3 of IEEE Std. 7-4.3.2 requires V&V of software in accordance with IEEE Std.
1012 (Reference 35), which requires software integrity level 4 V&V. The safety 1&C
system meets the requirements of IEEE Std. 7-4.3.2, and the software for these systems is
qualified as safety-critical (SC) or important-to-safety (ITS) class as defined in the
Software Program Manual Technical Report.

a. The CPCS described in Subsection 7.2.1.1 is a digital computer system that
generates reactor trip signals for low departure from nucleate boiling ratio
(DNBR) and high local power density (LPD). The core protection calculator
(CPC) software is developed and tested in accordance with NRC RG 1.152.

b. The PPS described in Section 7.2 is a digital system that generates RPS and ESF
initiation signals. The PPS software is developed and tested in accordance with
NRC RG 1.152.

c. The ESF-CCS described in Section 7.3 is a digital system that controls and
actuates ESF fluid system components. The ESF-CCS software is developed and
tested in accordance with NRC RG 1.152.

Some of the safety I&C system software, such as the QIAS-P described in Subsection
7.5.1.1, is assigned to the ITS class. The ITS class is defined as “software whose function
is necessary to perform DPS control actions, or software that is relied on to monitor or test
protection functions, or software that monitors plant critical safety functions” in the
Software Program Manual Technical Report. The design and V&V for SC and ITS class
software are described in the Software Program Manual Technical Report.

7.1.2.48 Conformance with NRC RG 1.168

The 1&C systems that are applicable to NRC RG 1.168 (Reference 41), as shown in Table
7.1-1, comply with IEEE Std. 1028 (Reference 42) and IEEE Std. 1012 as endorsed by
NRC RG 1.168. The activities associated with conformance to NRC RG 1.168 are
described in the Software Program Manual Technical Report.

7.1.2.49 Conformance with NRC RG 1.169

The 1&C systems that are applicable to NRC RG 1.169 (Reference 43), as shown in Table
7.1-1, comply with NRC RG 1.169, which endorses IEEE Std. 828 (Reference 44). The
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activities associated with conformance to NRC RG 1.169 are described in the Software
Program Manual Technical Report.

7.1.2.50 Conformance with NRC RG 1.170

The 1&C systems that are applicable to NRC RG 1.170 (Reference 45), as shown in Table
7.1-1, comply with IEEE Std. 829 (Reference 46), as endorsed by NRC RG 1.170. The
activities associated with compliance to NRC RG 1.170 are described in the Software
Program Manual Technical Report.

7.1.2.51 Conformance with NRC RG 1.171

The 1&C systems that are applicable to NRC RG 1.171 (Reference 47), as shown in Table
7.1-1, comply with IEEE Std. 1008 (Reference 48), as endorsed by NRC RG 1.171. The
activities associated with conformance to NRC RG 1.171 are described in the Software
Program Manual Technical Report.

7.1.2.52 Conformance with NRC RG 1.172

The 1&C systems that are applicable to NRC RG 1.172 (Reference 49), as shown in Table
7.1-1, comply with IEEE Std. 830 (Reference 50), as endorsed by NRC RG 1.172. The
activities associated with conformance to NRC RG 1.172 are described in the Software
Program Manual Technical Report.

7.1.2.53 Conformance with NRC RG 1.173

The 1&C systems that are applicable to NRC RG 1.173 (Reference 51), as shown in Table
7.1-1, comply with IEEE Std. 1074 (Reference 52), as endorsed by NRC RG 1.173. The
activities associated with conformance to NRC RG 1.173 are described in the Software
Program Manual Technical Report.

7.1.2.54 Conformance with NRC RG 1.180

The 1&C systems that are applicable to NRC RG 1.180 (Reference 53), as shown in Table
7.1-1, are designed, tested, qualified, and installed to conform with the requirements and
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guidance specified in NRC RG 1.180. The equipment qualification plan is described in
Section 6 of the Safety I&C System Technical Report.

7.1.2.55 Conformance with NRC RG 1.189

The 1&C systems that are applicable to NRC RG 1.189 (Reference 55), as shown in Table
7.1-1, are designed in accordance with NRC RG 1.189. The details of the conformance
with NRC RG 1.189 are provided in Chapter 9.

7.1.2.56 Conformance with NRC RG 1.204

The 1&C systems that are applicable to NRC RG 1.204 (Reference 56), as shown in Table
7.1-1, are designed in accordance with NRC RG 1.204. The details of the conformance
with NRC RG 1.204 are provided in Chapter 8.

7.1.2.57 Conformance with NRC RG 1.206

The APR1400 DCD including referenced technical reports is prepared in accordance with
the guidance of NRC RG 1.206 (Reference 57) together with NUREG-0800 in order for
NRC to evaluate and confirm the safety evaluation.

7.1.2.58 Conformance with BTP 7-1

The 1&C systems that are applicable to BTP 7-1 (Reference 58), as shown in Table 7.1-1,
are designed in accordance with BTP 7-1.

7.1.2.59 Conformance with BTP 7-2

The [&C systems that are applicable to BTP 7-2 (Reference 59), as shown in Table 7.1-1,
are designed in accordance with BTP 7-2.
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7.1.2.60 Conformance with BTP 7-3

The reactor is not permitted to operate with reactor coolant pump out of service. The PPS
trips the reactor by low reactor coolant flow. Therefore, BTP 7-3 (Reference 60) is not
applicable.

7.1.2.61 Conformance with BTP 7-4

The 1&C systems that are applicable to BTP 7-4 (Reference 61), as shown in Table 7.1-1,
are designed in accordance with BTP 7-4.

7.1.2.62 Conformance with BTP 7-5

The 1&C systems that are applicable to BTP 7-5 (Reference 62), as shown in Table 7.1-1,
are designed in accordance with BTP 7-5.

7.1.2.63 Conformance with BTP 7-6

The APR1400 does not have a recirculation mode. Therefore, BTP 7-6 (Reference 63) is
not applicable.

7.1.2.64 Conformance with BTP 7-8

The 1&C systems that are applicable to BTP 7-8 (Reference 64), as shown in Table 7.1-1,
are designed in accordance with BTP 7-8.

7.1.2.65 Conformance with BTP 7-9

The I&C systems that are applicable to BTP 7-9 (Reference 65), as shown in Table 7.1-1,
are designed in accordance with BTP 7-9.

7.1.2.66 Conformance with BTP 7-10

The 1&C systems that are applicable to BTP 7-10 (Reference 66), as shown in Table 7.1-1,
are designed in accordance with BTP 7-10, as described in Subsection 7.1.2.43.
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7.1.2.67 Conformance with BTP 7-11

The 1&C systems that are applicable to BTP 7-11 (Reference 67), as shown in Table 7.1-1,
are designed in accordance with BTP 7-11.

7.1.2.68 Conformance with BTP 7-12

The 1&C systems that are applicable to BTP 7-12 (Reference 68), as shown in Table 7.1-1,
are designed in accordance with BTP 7-12.

7.1.2.69 Conformance with BTP 7-13

The 1&C systems that are applicable to BTP 7-13 (Reference 69), as shown in Table 7.1-1,
are designed in accordance with BTP 7-13.

7.1.2.70 Conformance with BTP 7-14

The 1&C systems that are applicable to BTP 7-14 (Reference 70), as shown in Table 7.1-1,
are designed in accordance with BTP 7-14.

7.1.2.71 Conformance with BTP 7-17

The 1&C systems that are applicable to BTP 7-17 (Reference 71), as shown in Table 7.1-1,
are designed in accordance with BTP 7-17. Test provisions for the RPS and ESFAS are
described in Subsections 7.2.2.5 and 7.3.2.5.

BTP 7-17 states, “The safety classification and quality of the hardware and software used to
perform periodic testing should be equivalent to that of the tested system. The design
should maintain channel independence, maintain system integrity, and meet single-failure
criterion during testing.” The maintenance and test panel (MTP) and interface and test
processor (ITP) are used to perform the periodic testing of the safety system. Hence, the
MTP, ITP, and associated communication path software are qualified in accordance with
IEEE Std. 7-4.3.2, as endorsed by NRC RG 1.152, and are assigned to ITS software class.

The justification for this deviation is described in Subsection 7.1.2.47.
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7.1.2.72 Conformance with BTP 7-18

The 1&C systems that are applicable to BTP 7-18 (Reference 72), as shown in Table 7.1-1,
are designed in accordance with of BTP 7-18. The safety I&C systems are based on a
common platform that is qualified as described in the safety 1&C system technical report
(Reference 2). The hardware is qualified to satisfy the nuclear requirements such as
environmental, seismic, and EMI/RFI qualifications. The software is designed, verified,
and validated with codes and industry standards for software development and V&V
processes in accordance with the Software Program Manual Technical Report.

7.1.2.73 Conformance with BTP 7-19

The 1&C systems that are applicable to BTP 7-19 (Reference 73), as shown in Table 7.1-1,
are designed in accordance with BTP 7-19. Compliance to this BTP is addressed in the
Diversity and Defense-in-Depth Technical Report.

7.1.2.74 Conformance with BTP 7-21

The 1&C systems that are applicable to BTP 7-21 (Reference 74), as shown in Table 7.1-1,
are designed in accordance with BTP 7-21. Real-time performance is determined by
performing response time analysis for all safety functions. An analysis for each function is
performed to demonstrate that the actual system response time is less than the response
time requirements. The response time requirements are described in the Response Time
Analysis of Safety I&C System Technical Report (Reference 77).

7.1.2.75 Conformance with DI&C-ISG-04

The compliance of the safety 1&C systems with DI&C-ISG-04 (Reference 76) is addressed
in Appendix C of the Safety 1&C System Technical Report.

7.1.3 Digital Instrumentation and Control Systems Software Design Process

The processes for developing and implementing software comply with the regulatory
requirements and industry standards governing these processes. The software quality
assurance program is implemented in accordance with 10 CFR Part 50, Appendix B.
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Compliance with safety criteria for software is described in the Software Program Manual
Technical Report.

The software design throughout the software life cycle is implemented in accordance with
various software development plan documents described in the Software Program Manual
Technical Report. The software development process is carried out throughout the software
life cycle, which consists of the following:

a. Concept phase

b. Requirements phase

c. Design phase

d. Implementation phase

e. Test phase

f. Installation and checkout phase
g. Operation and maintenance phase

Software is classified based on the functionality and importance related to safety, as
described in the Software Program Manual Technical Report. The software that is used
within the APR1400 I&C systems is assigned to one of the following classes:

a. SC (Protection)
b. ITS
c. Important-to-availability (ITA)

d. General purpose

7.1.4  Combined License Information

No combined license (COL) information is required with regard to Section 7.1.
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Table 7.1-1 (1 of 6)

Regulatory Requirements Applicability Matrix

1&C System
ESF Section in
Applicable Criteria Title RTS System QIAS-P QIAS-N PCS P-CCS DAS APR1400 DCD
10 CFR Part 50
1 50.55a(a)(1) Quality Standards and Records for Systems Important to Safety X X X X X X X 7.2,73,74,7.5,
7.6,7.7,7.8,79
2 50.55a(h)(2) Protection Systems X X 72,7.3,7.9
3 50.55a(h)(3) Safety Systems x X X 72,73,75,7.6,
79
4 50.34()(2)(v) Bypass and Inoperable Status Indication X X X X 7.2,7.3,7.5,7.6,
79
5 50.34()(2)(x1) Direct Indication of Relief and Safety Valve Position X 7.5
6 50.34()(2)(xii) Auxiliary Feedwater System Automatic Initiation and Flow X X X 72,7.3,7.5
Indication
7 50.34()(2)(xiv) Containment Isolation Systems x X X 72,73,75
8 50.34(f)(2)(xvii) Accident Monitoring Instrumentation X X 7.5
9 50.34(£)(2)(xviii) Instrumentation for the Detection of Inadequate Core Cooling X 7.5
10 | 50.34(H)(2)(xix) Instruments for Monitoring Plant Conditions Following Core X 7.5
Damage
11 | 50.34(f)(2)(xx) Power for Pressurizer Level Indication and Controls for X 74,75
Pressurizer Relief and Block Valves
12 | 50.62 Requirements for Reduction of Risk from Anticipated x 7.8
Transients without Scram
10 CFR Part 50, Appendix A GDC
13 | GDC1 Quality Standards and Records X X X X X X X 72,7.3,7.4,7.5,
7.6,7.7,7.8,79
14 | GDC2 Design Bases for Protection against Natural Phenomena X X X X X X X 7.2,7.3,74,17.5,
7.6,7.7,7.8,79
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Table 7.1-1 (2 of 6)

1&C System
ESF Section in
Applicable Criteria Title RTS System | QIAS-P | QIAS-N | PCS | P-CCS DAS APR1400 DCD
15 GDC 4 Environmental and Dynamic Effects of Design Bases X X X x X X X 72,7.3,74,7.5,
7.6,7.7,7.8,7.9
16 GDC 10 Reactor Design X X X X 72,7.3,7.6,7.7
17 GDC 13 Instrumentation and Control X X X X X X X 72,7.3,74,7.5,
7.6,7.7,7.8,7.9
18 GDC 15 Reactor Coolant System Design X X X X 72,7.3,7.6,7.7
19 GDC 16 Containment Design x 7.3,7.6
20 GDC 19 Control Room X X X X X X X 72,73,74,7.5,
7.6,7.7,7.8,7.9
21 GDC 20 Protection System Functions x x 72,73
22 GDC 21 Protection System Reliability and Testability x x 72,73,79
23 GDC 22 Protection System Independence X X 72,73,79
24 GDC 23 Protection System Failure Modes X X 72,73,7.9
25 GDC 24 Separation of Protection and Control Systems X X X x X X X 72,7.3,74,7.5,
7.6,7.7,7.8,7.9
26 GDC 25 Protection System Requirements for Reactivity Control x 7.2,7.6
Malfunctions
27 GDC 28 Reactivity Limits x 7.6,7.7
28 GDC 29 Protection against Anticipated Operational Occurrences x x x x 72,73,7.7,79
29 GDC 33 Reactor Coolant Makeup X X 72,7.3,7.6
30 GDC 34 Residual Heat Removal X X 72,73,7.4,7.6
31 GDC 35 Emergency Core Cooling x x 72,73,74,7.6
32 GDC 38 Containment Heat Removal X X 72,7.3,74,7.6
33 GDC 41 Containment Atmosphere Cleanup x x 72,73,7.6
34 GDC 44 Cooling Water x 7.3,7.6
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Table 7.1-1 (3 of 6)

1&C System
ESF Section in
Applicable Criteria Title RTS System | QIAS-P | QIAS-N | PCS | P-CCS DAS APR1400 DCD
Staff Requirements Memoranda
35 SECY-93-087, Defense Against Common-Mode Failures in Digital X X X 72,7.3,7.8,7.9
Item I1.Q Instrumentation and Control Systems
36 SECY-93-087, Control Room Annunciator (Alarm) Reliability X 7.5,79
Item IL.T
NRC Regulatory Guides
37 NRC RG 1.22 Periodic Testing of Protection System Actuation Functions X X 72,7.3,,79
38 NRC RG 1.47 Bypassed and Inoperable Status Indication for Nuclear Power X X X 7.2,7.3,7.5,7.6,
Plant Safety Systems 7.9
39 NRCRG 1.53 Application of the Single-Failure Criterion to Safety Systems x x x 72,73,74,75,
7.6,7.9
40 NRC RG 1.62 Manual Initiation of Protective Actions X X X 72,7.3,7.8
41 NRCRG 1.75 Criteria for Independence of Electrical Safety Systems X X X X X X X 72,73,7.4,7.5,
7.6,7.7,7.8,7.9
42 NRC RG 1.97 Criteria for Accident Monitoring Instrumentation for Nuclear X X 7.5
Power Plants
43 NRC RG 1.105 Setpoints for Safety-Related Instrumentation X X X X 72,7.3,74,7.5,
7.6,7.9
44 NRCRG 1.118 Periodic Testing of Electric Power and Protection Systems X X X X 72,7.3,74,7.5,
7.6,7.9
45 NRCRG 1.151 Instrument Sensing Lines X X X 7.2,7.3,7.5,
46 NRCRG 1.152 Criteria for Digital Computers in Safety Systems of Nuclear x x x 72,73,75,79
Power Plants
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Table 7.1-1 (4 of 6)

1&C System
ESF Section in
Applicable Criteria Title RTS System | QIAS-P | QIAS-N | PCS | P-CCS DAS APR1400 DCD

47 NRCRG 1.168 Verification, Validation, Reviews and Audits for Digital X X X 72,73,7.5,79
Computer Software Used in Safety Systems of Nuclear Power
Plants

48 | NRCRG 1.169 Configuration Management Plans for Digital Computer Software x X x 72,73,7.5,79
Used in Safety Systems of Nuclear Power Plants

49 NRC RG 1.170 Software Test Documentation for Digital Computer Software x X X 72,7.3,7.5,79
Used in Safety Systems of Nuclear Power Plants

50 | NRCRG1.171 Software Unit Testing for Digital Computer Software Used in X x x 72,73,75,79
Safety Systems of Nuclear Power Plants

51 | NRCRG 1.172 Software Requirements Specifications for Digital Computer X x X 72,73,75,79
Software Used in Safety Systems of Nuclear Power Plants

52 | NRCRG1.173 Developing Software Life Cycle Processes for Digital Computer x X x 72,73,7.5,79
Software used in Safety Systems of Nuclear Power Plants

53 | NRCRG 1.180 Guidelines for Evaluating Electromagnetic and Radio-Frequency x x X 7.2,73,7.4,7.5,
Interference in Safety-Related Instrumentation and Control 7.6,7.9
Systems

54 | NRCRG 1.189 Fire Protection for Nuclear Power Plants Refer to Chapter

9 (Subsection
9.5.1)

55 | NRCRG 1.200

An Approach for Determining the Technical Adequacy of
Probabilistic Risk Assessment Results for Risk-Informed
Activities

See BTP 7-12 for
applicability

56 | NRCRG 1.204

Guidelines for Lightning Protection of Nuclear Power Plants

Refer to Chapter
8 (Subsection
8.3.1.1.8)
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Table 7.1-1 (5 of 6)

1&C System
ESF Section in
Applicable Criteria Title RTS System | QIAS-P | QIAS-N | PCS | P-CCS | DAS APR1400 DCD
57 NRC RG 1.206 Combined License Applications for Nuclear Power Plants (LWR x X x x x x X 72,73,7.4,7.5,
Edition) 7.6,7.7,7.8,7.9
Branch Technical Positions
58 | BTP7-1 Guidance on Isolation of Low-Pressure Systems from the High X 7.6
Pressure Reactor Coolant System
59 | BTP7-2 Guidance on Requirements of Motor-Operated Valves in the X 7.6
Emergency Core Cooling System Accumulator Lines
60 | BTP7-3 Guidance on Protection System Trip Point Changes for Not Applicable
Operation with Reactor Coolant Pumps Out of Service
61 BTP 7-4 Guidance on Design Criteria for Auxiliary Feedwater Systems x 7.3
62 | BTP7-5 Guidance on Spurious Withdrawals of Single Control Rods in X X 72,77
Pressurized Water Reactors
63 | BTP7-6 Guidance on Design of Instrumentation and Controls Provided to Not Applicable
Accomplish Changeover from Injection to Recirculation Mode
64 BTP 7-8 Guidance for Application of NRC RG 1.22 x X 72,7.3,7.9
65 | BTP7-9 Guidance on Requirements for Reactor Protection System x 72
Anticipatory Trips
66 | BTP7-10 Guidance on Application of NRC RG 1.97 X X 7.5
67 BTP 7-11 Guidance on Application and Qualification of Isolation Devices X X X 7.2,7.3,7.5,79
68 BTP 7-12 Guidance on Establishing and Maintaining Instrument Setpoints x X x 72,7.3,7.4,7.5,
7.6,
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Table 7.1-1 (6 of 6)

1&C System
ESF Section in
Applicable Criteria Title RTS System | QIAS-P | QIAS-N | PCS | P-CCS DAS APR1400 DCD
69 BTP 7-13 Guidance on Cross-Calibration of Protection System Resistance x X X 72,7.3,74,7.5
Temperature Detectors
70 BTP 7-14 Guidance on Software Reviews for Digital Computer-Based x X X 72,7.3,74,7.5,
Instrumentation and Control Systems 7.6,7.9
71 BTP 7-17 Guidance on Self-Test and Surveillance Test Provisions X X X 72,73,7.4,7.5,
7.6,7.9
72 BTP 7-18 Guidance on the Use of Programmable Logic Controllers in X X X X 72,73,7.5,79
Digital Computer-Based Instrumentation and Control Systems
73 BTP 7-19 Guidance for Evaluation of Diversity and Defense-In-Depth in x X x x x X X 72,7.3,74,7.5,
Digital Computer-Based Instrumentation and Control Systems 7.6,7.7,7.8,79
74 BTP 7-21 Guidance on Digital Computer Real-Time Performance X X X X X X X 72,73,7.4,7.5,
7.6,7.8,7.9
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Figure 7.1-1 APR1400 I&C System Overview Architecture
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Setpoint Comparison (High Threshold)

Setpoint Comparison (Low Threshold)

Sensor Measurement

1 out of 2 Coincidence Logic Function

2 out of 4 Coincidence Logic Function

Selective 2 out of 4 Function
(When two inputs are true except for A/C on B/D combination, logic output is set true. A/C input and B/D input do not generate the actuation.)

SR Flip Flop, Latch Function

Setpoint Generation Function

AND Function

NOT Function

OR Function

ORI
VAAe

Less than or Equal
More than or Equal

Less than

More than

@ Pulse Generator

The output is normally Logic 0. The output pulse of a single Logic 1 is generated when the input changes from Logic 0 to Logic 1.

Input Isolator

Electrical faults that may exist on its input have no effect on its output.

Output Isolator

Electrical faults that may exist on its output have no effect on its input.

S Q OVERRIDE LOGIC
_ The override is executed by activating the control switch corresponding to present position and then control switch
R Q for the newly desired position.

Figure 7.1-2 Symbol & Legend Diagram
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7.2 Reactor Trip System

7.2.1 System Description

The reactor trip system (RTS) is a safety system that initiates reactor trips. The RTS
consists of four channels of sensors, auxiliary process cabinet-safety (APC-S) cabinets, and
ex-core neutron flux monitoring system (ENFMS) cabinets, and four divisions of core
protection calculator system (CPCS) cabinets, the reactor protection system (RPS) portion
of the plant protection system (PPS) cabinets, and reactor trip switchgear system (RTSS)
cabinets, as shown in Figure 7.2-1.

The PPS performs the RPS function and the engineered safety features (ESF) initiation
function. The ESF system consists of four channels of sensors and APC-S cabinets, and
four divisions of the ESF initiation portion of the PPS cabinets and the ESF component
control system (ESF-CCS). The ESF system is described in Section 7.3.

The RPS functions protect the core fuel design limits and the reactor coolant system (RCS)
pressure boundary following anticipated operational occurrences (AOOs) and provide
assistance in mitigating the consequences of postulated accidents (PAs). Four measurement
channels with electrical isolation and physical separation are provided for each parameter to
generate the trip signals, with the exception of the control element assembly (CEA) position
indication used in the CPCS.

APC-S functions include signal conditioning/splitting for the safety field sensor signals
shared by the PPS, CPCS, and ESF-CCS loop controller (LC), or safety systems and non-
safety systems, and provide isolation when signals are split to the non-safety system.

The RPS portion of the PPS includes the following functions: bistable trip logic, local
coincidence logic (LCL), reactor trip initiation, and testing.

The PPS consists of four divisions. Each PPS division is located in a divisionalized
instrumentation and control (I&C) equipment room. The cabinets contain the input and
output module, bistable processor (BP), LCL processor, and other hardware for the
interface with other PPS divisions.

7.2-1 Rev. 0



APR1400 DCD TIER 2

Each division is designed based on a programmable logic controller (PLC) platform. The
BPs (two redundant processors per channel) perform A/D conversion, signal compensation
(if required), engineering unit conversion, and generate trip signals if the process values
exceed their respective setpoints. The BP provides trip signals to the LCL processors in the

four redundant divisions, as shown in Figure 7.2-10.

The LCL processors (four redundant processors per division) determine the LCL output
state based on the state of the eight bistable trip signals and their respective trip channel
bypasses. For the RPS, the LCL outputs are transmitted to the RTSS through the selective
2-out-of-4 initiation circuit (see Section 7.2.1.3 for a description of the logic). For the
engineered safety features actuation system (ESFAS), the initiation signals are provided to
the ESF-CCS.

The 2-out-of-4 LCL generates four reactor trip signals per division. The four reactor trip
signals are combined using selective 2-out-of-4 logic to generate two reactor trip signals
that are transmitted to the two reactor trip circuit breaker (RTCB) undervoltage (UV) trip
devices (Al and A2) in the respective division (Al to RTSS-1 Al and A2 to RTSS-2 A2),
as shown in Figure 7.2-10. The reactor trip signals de-energize the UV trip devices, which
results in opening the respective RTCB. The reactor trip signal interrupts power to the
control element drive mechanism (CEDM) coils, allowing all control element assemblies
(CEAs) to drop into the core by gravity.

The CPCS consists of four redundant channels. Each channel is located in a divisionalized
[&C equipment room. Each cabinet contains the device signal conditioner, the control
element assembly calculator (CEAC), the CEA position processor (CPP), and the core
protection calculator (CPC). The CPCS sends a low departure from nucleate boiling ratio
(DNBR) and a high local power density (LPD) trip signals to the PPS.

The PPS receives variable overpower and high log power for the reactor trip from the
ENFMS.

The ENFMS consists of four redundant safety channels. The ENFMS includes neutron
detectors located around the reactor core, and signal processing equipment located within
the auxiliary building. The four safety channels provide neutron flux information from near
startup neutron flux levels (2 x 10 percent) to 200 percent (10 decades) of rated power.
Each safety channel consists of a detector assembly, a preamplifier assembly, and a signal
processing drawer. These signal processing drawers provide the logarithmic power, linear
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power, and rate-of-change of power for the DNBR; LPD; overpower protection; and
display of the rate-of-change of power.

The operator modules (OMs) of each division shared by the PPS, CPCS, and ESF-CCS are
located on the safety console in the main control room (MCR) (Figure 7.1-1). Each OM
provides the human system interface (HSI) displays and controls needed to support the
operation of the PPS, CPCS, and ESF-CCS.

The OM provides an indication of trip, pre-trip, initiation, trip channel bypasses, and
operating bypasses of the PPS and an indication of the status of the CPC/CEAC variables
and the CPC/CEAC calculations.

The maintenance and test panel (MTP) and the interface and test processor (ITP) cabinet
are located in a divisionalized 1&C equipment room. The MTP and ITP are shared by the
PPS, ESF-CCS, CPCS, and the qualified indication and alarm system-P (QIAS-P).

The bistable trip channel bypasses, all-bypass, operating bypass, and setpoint reset switches
are provided on the MTP switch panel. These switches are directly connected to the digital
input module of the BPs or LCL processors. The MTP also provides a unidirectional data
communication gateway function to send a selected safety system division status to the
information processing system (IPS). The MTP is used to initiate manual surveillance
testing based on operator input.

The ITP monitors the status of the safety systems. The ITP has interfaces with the BPs,
LCL processors, MTP, CPCS, and ESF-CCS for status indications and surveillance testing
feedback, as shown in Figure 7.2-12. The ITP serves as a data communication gateway to
send a selected safety system division status to the qualified indication and alarm system —
non-safety (QIAS-N) using a one-way serial data link (SDL). The MCR safety console and
remote shutdown console (RSC) provide the means to manually initiate reactor shutdown.

7.2.1.1 Reactor Protection System Variables

a. Process measurements

Various process parameters (e.g., pressures, levels, temperatures) are continuously
monitored to provide signals to the BPs. These process parameters, as shown in
Table 7.2-2, are measured with four redundant and independent process instrument
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channels with the exception of the CEA position indication used in the CPCS.
The number of RPS sensors is listed in Table 7.2-3.

As shown in Figure 7.2-2, a measurement channel consists of a sensor/transmitter,
signal converter, and bistable logic part. MCR and RSR displays are provided
from the IPS and the QIAS-N via the MTP and ITP, respectively.

Each process measurement channel is physically separated and electrically
independent from the other channels.

CEA position measurements

The position of each CEA is an input to the CPCS. The positions are measured by
two reed switch assemblies on each CEA.

Each reed switch assembly consists of a series of magnetically actuated reed
switches spaced at fixed intervals along the CEA housing and wired with precision
resistors in a voltage divider network (see Figure 7.2-3). A magnet attached to the
CEA extension shaft actuates the adjacent reed switches, causing voltages
proportional to position to be transmitted for each assembly. The two assemblies
and wiring are physically and electrically separated from each other.

The signals of the reed switch position transmitter (RSPT) are transmitted to
CEACs through CPPs in all four CPCS channels. The CEACI1 and CEAC2
monitor RSPT1 and RSPT2 of all CEAs, respectively.

The CEAs in control groups that are moved in response to operator or control
system demand are arranged into subgroups. Within each subgroup, the CEAs are
symmetric about the core centerline. Subgroups within a control group are
designed to move together and comply with the fixed insertion order for the
control group.

Each CEAC monitors the position of all CEAs within each control subgroup. If a
CEA position deviates from its subgroup position, the CEAC monitors the event,
activates alarms, and transmits the appropriate penalty factors to the CPCs. If
needed, the penalty factors result in a reduction in the margins-to-trip for a low
departure from the nucleate boiling ratio (DNBR) and a high LPD. This function
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provides reasonable assurance of the conservative operation of the RPS in case of
an anticipated operational occurrence (AOO), which requires a reactor trip.

The positions of each regulating, shutdown, and part-strength CEA are displayed
on the IPS. The operator is able to select a channel from the four CPCS channels
for display. If channel A or B is selected, CEA position RSPT1 is displayed. If
channel C or D is selected, CEA position RSPT?2 is displayed.

The CPC uses the designated 23 CEA RSPT signals to measure the position of the
group and subgroup. The CPC uses one penalty factor from two CEACs to get the
conservative result from CEA deviation calculated in CEACs. The analog signals
of the RSPT are converted into digital signals in two CPPs of each channel and are
transmitted to the associated CPPs and CEAC of all channels. The CPPs transmit
the designated 23 CEA position signals to the CPC in the same channel using data
communication between the CPC and CPP, and the isolated data communication is
used to interface with the other channels. The detailed signal paths of CEA
position information within the CPCS are shown in Figure 7.2-4. The functional
block diagram of the CPCS is shown in Figure 7.2-7.

Ex-core neutron flux measurements

The ENFMS consists of four redundant safety channels and two redundant
startup/control signal processing drawers. The startup/control signal processing
drawers are independent from the four safety channels through the qualified

isolation devices.

The ENFMS includes neutron detectors located around the reactor core, and signal
processing equipment located within the auxiliary building. There are four
channels of safety instrumentation, as shown in Figure 7.2-5.

The four safety channels provide neutron flux information from near startup
neutron flux levels (2 x 10 percent) to 200 percent (10 decades) of rated power.
Each safety channel consists of a detector assembly, preamplifier assembly, and
signal processing drawer. These signal processing drawers provide the
logarithmic power, linear power, and rate-of-change of power for the DNBR; local
power density; overpower protection; and a display of the rate-of-change of power.
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The detector assembly provided for each safety channel consists of three identical
fission chambers stacked vertically along the length of the reactor core. The use
of multiple subchannel detectors in this arrangement permits the determination of

axial power shape during power operation.

The fission chambers are mounted in detector holder assemblies, which are located
in four dry instrument wells (thimbles) at or in the primary shield. The wells are
spaced radially around the reactor vessel to provide optimum neutron flux
information.

Four safety channel preamplifier assemblies and signal drawers for the fission
chambers are mounted in the ENFMS cabinets in the 1&C equipment rooms.
Physical separation and electrical isolation between redundant channels are

provided.
Reactor coolant flow measurements

The speed of each reactor coolant pump (RCP) is measured for calculation of
reactor coolant flow through each pump. Two metal discs, each with 44 uniformly
spaced slots about its periphery, are scanned by proximity sensors. The metal
discs are attached to the pump motor shaft-one to the upper portion and one to the
lower portion, as shown in Figure 7.2-6. Each scanning device produces a voltage
pulse signal. The pulse train that is input to the CPCS to calculate flow rate is
based on every n-th pulse from the scanning sensor. The frequency of this pulse
train is proportional to pump speed. Physical separation between proximity
sensors is provided.

The mass flow rate is obtained using the pump speed inputs from the four RCPs,
cold leg temperatures, and hot leg temperatures. The volumetric flow rate through
each RCP is dependent on the rotational speed of the pump and the pump head.
Calibration of the calculated mass flow rate is performed periodically using
instrumentation that is not part of the RCP shaft speed sensing system.

The mass flow rate is calculated for each pump using a correction factor based on
the pump speed, density of cold leg coolant, and hot leg temperature. The mass
flow rates calculated for each pump are summed to give a core mass flow rate.
This flow rate is then used in the CPC DNBR and AT power algorithms.
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Core protection calculators

One CPC per channel is provided. The DNBR and LPD are calculated in each
CPC using the input signals described below. The DNBR and the LPD are
compared with trip setpoints for initiation of the low DNBR trip and the high LPD
trip. A trip signal from a CPC in each channel is hardwired to the BP in the
respective PPS channel. The CPC also provides pre-trip output signals.

Two independent CEACs are provided in each channel of the CPCS to calculate
individual CEA deviations from the position of the other CEAs in their subgroup.
RSPT signals of all core quadrants are transmitted to the CEAC through CPPs of
each channel, and the specified CEA position signals used in the CPC of the
corresponding channel are provided from the CPPs to the CPC through the CEAC.
CPP channels A and B provide the position signals of RSPT1 to CEACI1 through
CPPs in the other channels, and CPP channels C and D provide the position
signals of RSPT2 to CEAC2 through CPPs in the other channels.

The data communications between CPPs and CEACs of the other channels use
isolated one-way SDL communication.

Each CPC receives the following inputs:

1) Core cold leg and hot leg temperature

2) Pressurizer pressure

3) RCP speed

4) Ex-core neutron flux power

5) Selected CEA position

6) Penalty factors for CEA deviations within a subgroup from each CEAC

The following calculations are performed in the CPC or CEACs and are described
further in the Functional Design Requirements for a Core Protection Calculator
System for the APR1400 (Reference 1):

1) CEA deviations
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2) Correction factor for ex-core flux power for shape annealing and CEA
shadowing

3) Reactor coolant flow change rate from RCP speeds, and temperatures and
DNBR penalty for pump speeds less than a setpoint

4) AT power from reactor coolant temperatures, pressure, and flow information

5) Ex-core flux power signals are summed and corrected for CEA shadowing,
shape annealing, and cold leg temperature shadowing. This corrected flux
power is periodically calibrated to the actual core power measured
independently of the RPS.

6) Axial power distribution from the corrected ex-core flux power signals

7) Radial peaking factors based on CEA positions

8) DNBR

9) Comparison of DNBR with a fixed trip setpoint

10) LPD

11) Comparison of LPD with a fixed trip setpoint

12) CEA deviation alarm

13) Calculation of cold leg temperature for asymmetric steam generator transient

trip determination

14) Comparison of core power with CPC variable overpower trip setpoint

The outputs of each CPC are as follows:

1)
2)
3)

4)

DNBR low trip and pre-trip
LPD high trip and pre-trip
CEA withdrawal prohibit

CPC auxiliary trips (see Table 7.2-4)
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The outputs to the IPS are as follows:

1) DNBR margin

2) LPD margin

3) Calibrated neutron flux power

4) CPC measurement factor and calculation results values
5) Trip-buffer and snapshot reports

The outputs to the QIAS-N are as follows:
1) DNBR margin

2) LPD margin

3) Axial shape index

4) DNBR

5) Compensated LPD

6) Cold leg temperature

7) Hot leg temperature

The CPCS consists of four channels, and each channel is installed in an independent
cabinet. The operator can monitor all calculators, including inputs and calculated outputs
from the OMs. The operator can change CPC addressable constants according to
administrative procedures.

7.2.1.2  Reactor Protection System Logic

a. Bistable logic

The bistable logic compares input signals from the process measurement
instrumentation to fixed or variable setpoints. The bistable logic initiates a
channel trip when any monitored parameter exceeds the trip setpoint, as shown in
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Figure 7.2-8. The analog input signals are assigned to different analog input
modules in each channel with the segregation based upon which initiating event is
mitigated by the input signal, as shown in Figure 7.2-10. There are two redundant
BPs per channel (A1 and A2 in channel A, B1 and B2 in channel B, C1 and C2 in
channel C, and D1 and D2 in channel D) that receive the same process variable
inputs.

The trip output signal of the bistable logic is sent to the LCL processors via the
SDL in the four protective divisions. A pre-trip output signal is also provided as
part of the bistable logic output signals.

In addition to the trip and pre-trip functions, the BPs contain testing logic. The
testing logic allows testing of the following signals:

1) Analog input

2) Trip setpoint

3) Pre-trip setpoint

4) Status information (pre-trip, trip, operating bypass)

The setpoint for bistable logic is adjustable from the MTP. The setpoint can be
changed only if the function enable keyswitch is enabled. The setpoint change is
restricted by a cabinet door open alarm, door keylock, and administrative
procedure. The actual setpoint value can be monitored through the MTP, IPS, and
OM.

The setpoint type for each trip parameter is provided in Table 7.2-4.

Bistable logic with fixed setpoint

For the bistables with a fixed setpoint (i.e., digital), the setpoint can be changed at
the MTP. Setpoint change is controlled by administrative procedure. All of the
fixed setpoints are monitored by the ITP.

Bistable logic with variable setpoint
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Bistable logic with variable setpoints is provided to permit safe and orderly plant

startup and shutdown. Two types of variable setpoints are as follow:

1)

2)

Variable setpoint with manual reset

This type of variable setpoint is a function of the input signal to the bistable
logic. The design permits manually initiated automatic decrementing of the
setpoint. Decrementing of the setpoint can be initiated by setpoint reset
switches on the safety console and remote shutdown console (RSC).

When the signal decreases, the setpoint resets itself to a fixed value less than
the actual input signal that exists at that time. By continuing to reset the
setpoint whenever the pre-trip setpoint is reached, the plant can be shut down

without the initiation of any unnecessary protective actions.
Variable setpoint with automatic rate limiting

The variable setpoint with automatic rate limiting permits the automatic
incrementing and decrementing of the setpoint based on the action of the
bistable input variable. The design allows for maintaining a fixed difference
between the bistable input and the setpoint. If the input signal changes at a
rate greater than the preset setpoint changing rate, the difference between the
two values eventually becomes zero and creates a bistable trip. When the
bistable trip occurs, it prevents the setpoint change until the bistable trip clears.

Local coincidence logic

The function of the local coincidence logic (LCL) is to generate a coincidence trip

signal based on the BP outputs that are transmitted using SDLs. There are two

sets of two redundant LCL processors for the RPS in each division. For example,

the first set of two LCL processors generates two redundant trip signals based on
the following logic combination: 2-out-of-4 of [(1-out-of-2 of A1 and A2), (1-out-
of-2 of B1 and B2), (1-out-of-2 of C1 and C2), (1-out-of-2 of D1 and D2)].

The four LCL redundant processor outputs are combined in the initiation circuits,

as shown in Figures 7.2-10 and 7.2-15.
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In addition to a coincidence trip signal, each LCL also provides trip channel
bypass status outputs. The bypass status is provided to verify that a bypass has
actually been entered into the coincidence logic. The bypass status is available for
display at the MTPs, OMs, and IPS.

7.2.1.3  Initiation Circuits

The initiation circuit is located in each division of the PPS. The initiation circuit for the
RPS function is composed of initiation relays, interposing relays, contacts from the manual
initiation switches, and wiring.

The initiation circuit implements the following logical expression, as shown in Figure
7.2-10: (A1 OR A3) AND (A2 OR A4) where Al, A2, A3, and A4 are the output signals of
the redundant LCLs (A1 and A3 from one rack; A2 and A4 from the other rack).

Figure 7.2-9 illustrates the interface between the initiation circuit outputs and the reactor
trip breakers and the reactor trip breaker configuration applied to the RPS function.

Eight RTSGs are connected with 2-out-of-4 configuration, as shown in Figure 7.2-9. A full
2-out-of-4 RTSG configuration with eight RTSGs meets the single failure criterion during
maintenance and testing.

There are separate initiation circuits for undervoltage and shunt-trip initiation. The PPS
provides the undervoltage trip signals, and the diverse protection system (DPS) provides
the shunt-trip signals to each RTSG for diversity.

The RTSS consists of two sets of four reactor trip switchgears (RTSGs) (RTSS 1 and
RTSS 2). The PPS interfaces with the undervoltage trip device and the DPS interfaces with
the shunt trip device. The RTSS 1 breakers are supplied from a different manufacturer than
the RTSS 2 breakers, thereby providing reasonable assurance that a different actuation
mechanism is used on the two sets of breakers.

If an initiation circuit fails, it is set as fail-safe (i.e., in a trip state), resulting in a partial trip
(1 of 4) in the reactor trip breaker arrangement. The partial trip activates the alarm by
opening one reactor trip breaker and is indicated by the IPS. The partial trip cannot be
bypassed.
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Two pairs of manual trip switches are provided in the MCR, and one pair of manual trip
switches is provided in the RSR for reactor trip. These manual reactor trip switch signals
are connected directly to the undervoltage trip device of the trip circuit breaker (TCB) in
each RTSG.

7.2.1.4  Reactor Trip Initiation Signals

Figure 7.2-14 illustrates the logic for the RPS and ESFAS functions. The nominal trip
setpoints are provided in Table 7.2-4. The trip parameters for the RPS are as follows:

a. Variable overpower

b. High logarithmic power level

c. High local power density

d. Low departure from the nucleate boiling ratio
e. High pressurizer pressure

f.  Low pressurizer pressure

g. Low steam generator -1 water level
h. Low steam generator -2 water level
1.  Low steam generator-1 pressure

j.  Low steam generator-2 pressure

k. High containment pressure

1. High steam generator water level-1
m. High steam generator water level-2
n. Low reactor coolant flow-1

o. Low reactor coolant rlow-2
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In addition, the PPS generates the turbine trip signal to the turbine control system (TCS)
when any variable trip initiation occurs.

a. Variable overpower

The variable overpower trip is provided to trip the reactor when the neutron flux
positive power rate or neutron flux power exceeds the preset value. The neutron
flux value is the average of the three linear subchannel flux values from each
ENFMS safety channel. A pre-trip alarm is initiated below the trip setpoint to
provide an audible and visible indication of approach to a trip condition.

1) Input
Neutron flux power from the ENFMS
2) Purpose

To provide a reactor trip in the event of uncontrolled CEA withdrawal; the
functional logic for variable overpower is shown in Figure 7.2-17

b. High logarithmic power level

The high logarithmic power level trip is provided to trip the reactor when
indicated neutron flux power reaches a preset value. The flux signal used is the
logarithmic power signal originating in each ENFMS safety channel. The trip can
be manually bypassed by the operator if power is equal to or greater than a preset
value. The operating bypass is removed automatically when the power decreases
below the preset value. The operating bypass setpoint is provided in Table 7.2-1.

A pre-trip alarm is initiated below the trip setpoint to provide audible and visible
indications of an approach to a trip condition. The pre-trip alarm is bypassed
when the trip is bypassed.

1) Input
Neutron flux power from the ENFMS

2) Purpose
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To provide reasonable assurance of the integrity of the fuel cladding and RCS
boundary in the event of unplanned criticality from a shutdown condition,
resulting from either the dilution of the soluble boron concentration or the
uncontrolled withdrawal of CEAs

If CEAs are in the withdrawn position, automatic trip action is initiated. If all
CEAs are inserted, an alarm is provided to alert the operator to take the
appropriate action in the event of an unplanned criticality.

The functional logic for high logarithmic power level is shown in Figure
7.2-18. The functional logic for operating bypass permissive is shown in
Figure 7.2-31.

High local power density

The high LPD trip is provided to trip the reactor when the calculated core peak
LPD reaches a preset value. The preset value is less than that value that would
cause fuel centerline melting. The calculation of the peak LPD is performed by
the CPCs, which compensates the calculated peak LPD to account for the thermal
capacity of the fuel.

The calculation considers axial distribution, average power, radial peaking factors
(based on target CEA position), and CEAC penalty factors to calculate the current
value of compensated peak LPD.

The calculated trip provides reasonable assurance that the core peak LPD is below
the safety limit for peak linear heat rate (W/cm or kW/ft). The effects of core
burnup are considered in the determination of the LPD trip. The trip can be
manually bypassed by the operator if power is equal to or less than a preset value.
The bypass is automatically removed when the power is greater than the preset
value. The operating bypass setpoint is provided in Table 7.2-1.

A pre-trip alarm is initiated below the trip value to provide audible and visible
indications of an approach to a trip condition. The pre-trip alarm is bypassed
when the trip is bypassed.

The high LPD trip signal is also generated based on the CPC auxiliary trips
identified in Table 7.2-4.
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1) Input

a) Neutron flux power and hot pin axial power distribution from the
ENFMS

b) Radial peaking factors from CEA position measurement system (reed
switch assemblies)

¢) AT power from coolant temperatures, pressure and flow measurements
d) Penalty factors from CEACs for CEA deviation within a subgroup

e) Penalty factors generated within the CPC for subgroup deviation and
groups out-of-sequence

2) Purpose

To prevent the linear heat rate (W/cm or kW/ft) of fuel pin in the core from
exceeding fuel design limits in the event of AOOs

The functional logic for the high LPD is shown in Figure 7.2-19. The
functional logic for operating bypass permissive is shown in Figure 7.2-29.

Low departure from nucleate boiling ratio

The low DNBR trip is provided to trip the reactor when the calculated DNBR
approaches a preset value. The calculation of DNBR is performed by the CPC
based on core average power, reactor coolant pressure, reactor cold leg
temperature, reactor coolant flow, and the core power distribution. The
calculations include allowances for sensor, processing time delays and
inaccuracies such that a trip is generated within the CPC before violation of the
DNBR safety limit during an AOO.

The trip can be manually bypassed by the operator if power is equal to or less than
a preset value. The bypass is automatically removed when the power is greater
than a preset value. The bypass setpoint is provided in Table 7.2-1.
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A pre-trip alarm is initiated above the trip value to provide audible and visible

indications of an approach to a trip condition. Pre-trip alarm is bypassed when the

trip is bypassed.

A combined low pressure and low DNBR trip provides a trip signal when the

DNBR and pressurizer pressure reach their respective setpoints at the same time.

The low DNBR trip signal is also generated based on the CPC auxiliary trips
identified in Table 7.2-4.

1) Input

a)

Neutron flux power and hot pin axial power distribution from the
ENFMS

b) RCS pressure from pressurizer pressure measurement

c) AT power from coolant temperatures, pressure and flow measurements

d) Radial peaking factors from CEA position measurement (reed switch
assemblies).

e) Reactor coolant mass flow from RCP speeds and temperatures

f) Core inlet temperature from reactor coolant cold leg temperature
measurements

g) Penalty factors from CEACs for CEA deviation within a subgroup

h) Penalty factors generated within the CPC for subgroup deviation and
groups out-of-sequence

2) Purpose

To prevent the DNBR of the coolant channel in the core from exceeding the

fuel design limit in the event of AOOs. In addition, this trip provides a

reactor trip to assist the ESF systems in limiting the consequences of the

steam line break outside the containment, steam generator tube rupture, and

RCP shaft seizure accidents
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The functional logic for low DNBR is shown in Figure 7.2-20. The functional
logic for the operating bypass permissive is shown in Figure 7.2-29.

High pressurizer pressure

The high pressurizer pressure trip is provided to trip the reactor when the

measured pressurizer pressure reaches a high preset value.

A pre-trip alarm is initiated below the trip setpoint to provide audible and visible
indications of an approach to a trip condition.

1) Input
Reactor coolant pressure from narrow range pressurizer pressure measurement
2) Purpose

To provide reasonable assurance of the integrity of the RCS boundary for any
defined AOO that could lead to an overpressurization of the RCS

The functional logic for the high pressurizer pressure is shown in Figure 7.2-21.
Low pressurizer pressure

The low pressurizer pressure trip is provided to trip the reactor when the measured
pressurizer pressure falls to a low preset value. At pressures below the normal
operating range, this setpoint can be manually decreased to a fixed increment
below the existing pressurizer pressure down to a minimum value. The
incremental and minimum values are given in Table 7.2-4. This provides the

capability to trip the reactor when required during plant cooldown.

The trip can be manually bypassed by the operator if the pressure decreases below
a preset value. The bypass is automatically removed as pressure is increased
above the preset value and the low-pressure setpoint automatically increases,
maintaining the fixed increment between the plant pressure and the setpoint. The
bypass setpoint is provided in Table 7.2-1.
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A pre-trip alarm is initiated above the trip setpoint to provide audible and visible
indications of an approach to a trip condition. The pre-trip alarm is bypassed
when the trip is bypassed.

1) Input
Reactor coolant pressure from wide range pressurizer pressure measurements
2) Purpose

To provide a reactor trip to assist the ESF systems in the event of reduction in
system pressure such as a loss of coolant accident (LOCA)

The functional logic for low pressurizer pressure is shown in Figure 7.2-22. The
functional logic for operating bypass permissive is shown in Figure 7.2-30.

Low steam generator water level

The low steam generator (SG) water level trip is provided to trip the reactor when
the measured SG water level falls below a preset value. Separate trips are
provided for each SG.

A pre-trip alarm is initiated above the trip setpoint to provide audible and visible
indications of an approach to a trip condition.

1) Input

Level of water in each SG downcomer region from wide range differential

pressure measurements
2) Purpose

To provide a reactor trip to assist the ESF systems to provide reasonable
assurance that there is sufficient time for actuating the auxiliary feedwater
pumps to remove decay heat from the reactor in the event of a reduction of
steam generator water inventory

The functional logic for low steam generator level is shown in Figure 7.2-23.

Low steam generator pressure
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The low SG pressure trip is provided to trip the reactor when the measured SG
pressure falls below a preset value. At SG pressure below normal, the setpoint can
be manually decreased to a fixed increment below the existing system pressure.
This is used during plant cooldown. During startup, this setpoint is automatically
increased and remains at the fixed increment below SG pressure. The fixed
increment is provided in Table 7.2-4.

A pre-trip alarm is initiated above the trip setpoint to provide audible and visible
indications of an approach to a trip condition.

1) Input
Steam pressure in each SG
2) Purpose

To provide a reactor trip to assist the ESF systems in the event of a steam line
break accident

The functional logic for low steam generator pressure is shown in Figure 7.2-24.
High containment pressure

The high containment pressure trip is provided to trip the reactor when the
measured containment pressure reaches a high preset value. The high containment
pressure trip setpoint is selected in conjunction with the high-high containment
pressure setpoint to prevent exceeding the containment design pressure during a
LOCA or main steam line break (MSLB) accident.

A pre-trip alarm is initiated below the trip setpoint to provide audible and visible
indications of an approach to a trip condition.

1) Input
Pressure inside containment
2) Purpose

To assist the ESF systems by tripping the reactor coincident with the initiation

of safety injection caused by excessive pressure in containment
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The functional logic for high containment pressure is shown in Figure 7.2-25.
High steam generator water level

A high SG water level trip is provided to trip the reactor when the measured SG
water level rises to a high preset value. Separate trips are provided for each SG.

A pre-trip alarm is initiated below the trip setpoint to provide audible and visible
indications of an approach to a trip condition.

1) Input

Level of water in each SG downcomer region from narrow range differential
pressure measurements

2) Purpose

To assist the ESF systems by tripping the reactor coincident with the initiation
of the main steam isolation caused by a high SG water level

The functional logic for high steam generator water level is shown in Figure
7.2-26.

Low reactor coolant flow

The low reactor coolant flow trip is provided to trip the reactor when the
differential pressure across the primary side of either SG decreases below a rate-
limited variable setpoint or below a preset value.

A separate trip is provided for each SG. This function is used to provide a reactor
trip in an RCP-sheared shaft event.

A pre-trip alarm is initiated above the trip setpoint to provide audible and visible
indications of an approach to a trip condition.

1) Input
Pressure differential measured across the SG primary side

2) Purpose
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To provide a reactor trip in the event of an-RCP sheared shaft
The functional logic for low reactor coolant flow is shown in Figure 7.2-27.
1. Turbine trip

The turbine trip signal is generated whenever any RPS initiation signal is
generated.

The time delay is implemented in the RPS so the turbine trip signal occurs 3
seconds following a reactor trip to prevent core damage from a single CEA
withdrawal.

1) Input
All RPS initiations including manual reactor trip
2) Purpose
To provide a turbine trip in the event of a single CEA withdrawal

The functional logic for a turbine trip on a reactor trip is shown in Figure 7.2-14.

7.2.1.5 Manual Reactor Trip and Actuated Devices

Manual trip switches (two pairs in the MCR and one pair in the RSR) are provided to open
the RTSS, as shown in Figures 7.2-16 and 7.2-28. Actuation of any pair of switches opens
the TCBs, resulting in interruption of the ac power to the CEDMs. Both manual trip
switches in a pair must be actuated to initiate a reactor trip. The manual trip signals

completely bypass the automatic trip logic in accordance with NRC RG 1.62 (Reference 2).

A minimum of two divisions of RPS trips are required for a reactor trip. The RPS initiation
relays in each division interface with the undervoltage devices to trip the circuit breakers of
the RTSS while the DPS interfaces with the shunt trip devices to trip the RTSGs. The final
actuation logic for the RPS is connected to the RTSS, which connects or interrupts the
power to the digital rod control system (DRCS).

Power for CEAs comes from two full capacity motor generator (MQ) sets so that the loss of
either set does not cause a release of the CEAs.
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The RTSS is housed in separate cabinets from the RPS cabinet. The cabinet also contains
current monitoring devices for testing purposes and pushbuttons on each trip switchgear
that allow manual opening of the circuit breaker.

7.2.1.6  Bypasses

The design provides for two types of bypasses, such as operating bypasses and trip channel
bypasses, as shown in Table 7.2-1. The bypass status is indicated at the MTP and OM in
the MCR. In addition, all bypass information in each channel is available for the displays
on the QIAS-N and IPS.

a. Operating bypasses

Operating bypasses are provided to permit orderly startup and shutdown of the
plant and to allow low power testing. The following operating bypasses are
provided:

1) DNBR/LPD trip bypass

The DNBR and LPD bypass, which bypasses the low DNBR and high LPD
trips from the CPC, is provided to allow system tests at low power and to
allow CEA withdrawal at a subcritical condition during pre-power ascension.
The bypass can be manually initiated if power falls below the permissive
setpoint and is automatically removed when the power level increases above
the bypass setpoint, as shown in Figure 7.2-13. In addition, manual operation
of the bypass removal function is provided.

2) Low pressurizer pressure bypass
The RPS/ESFAS pressurizer pressure bypass is provided for two conditions:
a) System tests at low pressure
b) Heatup and cooldown with shutdown CEAs withdrawn

The bypass can be manually initiated if pressurizer pressure is below the

bypass setpoint and is automatically removed when the pressurizer pressure
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increases above the bypass setpoint. In addition, manual operating bypass
removal function is provided.

3) High logarithmic power level bypass

The high logarithmic power level bypass is provided to allow the reactor to be
brought to the power range during a reactor startup. The bypass can be
manually initiated above the bypass setpoint and is automatically removed
when power decreases below the bypass setpoint, as shown in Figure 7.2-13.
In addition, manual operating bypass removal function is provided.

4) CPC CWP bypass

For each channel, an automatic bypass is provided for the CPC CEA
withdrawal prohibit (CWP) signals to the CWP logic if the power level is less
than 10™* percent full power, as shown in Figures 7.2-13 and 7.2-32. The high
pressurizer pressure pre-trip to the CWP logic is unaffected by this bypass.
The permissive status (energized when the power is below 10™ percent full
power) is provided on the ENFMS safety channel drawer.

Trip channel bypasses

A trip channel bypass prevents a bistable trip. The bistable logic bypass converts
the LCL to a 2-out-of-3 coincidence.

An individual trip channel bypass is possible on each MTP switch panel for each
bistable trip. Trip channel bypass is used when removing a trip channel input
from service for maintenance or testing. The trip channel bypass signal is
distributed to the LCLs in the four redundant divisions.

The process sensor (or transmitter) signal can be bypassed using the trip channel
bypass described above.

An all-bypass function for all RPS variables is provided to bypass all parameters
in one channel. An all-bypass switch is connected to the LCL digital input
modules. The PPS initiation logic and initiation circuit outputs cannot be
bypassed.
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Interlocks

The following interlocks are provided:

a.

Trip channel bypass interlock

Bypassing the same parameter in more than one channel is restricted by
administrative procedure. The coincidence logic becomes 2-out-of-3 coincidence
logic. The all-bypass function for bypassing all parameters in one channel is
interlocked in an LCL algorithm to prevent the simultaneous bypass of more than
one channel. The all-bypass interlock is implemented based on an analog circuit
through hardwired cable between LCLs in all divisions. The purpose of the all-
bypass functions is to support testing and maintenance of the BP whereas the trip

channel bypass is used against sensor failure.
Manual bistable logic test interlock

The manual bistable test function is performed after implementing the trip channel
bypass by administrative procedure so that only one of the four channels can be
selected for manual bistable testing at one time. The function enable key switch is
interlocked for testing.

Initiation circuit test interlock

Testing of the initiation circuit is restricted to one channel at a time by
administrative procedure. The function enable key switch is interlocked for
testing.

ENFMS test interlock

The ENFMS generates an ENFMS test interlock to the PPS whenever the ENFMS
is in test mode or trouble has occurred. The ENFMS test interlock generates a low
DNBR RPS bistable and high LPD RPS bistable trips in the PPS channel.

CPCS test interlock

Both the low DNBR and the high LPD channel trips are bypassed to test a CPCS
channel.
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f. CEA withdrawal prohibit interlock

The CPCS generates a CWP input to the PPS to generate a CWP signal to the
digital rod control system (DRCS) for the following events:

1) Low DNBR pre-trip

2) High LPD pre-trip

3) Reactor power cutback

4) CEA deviation within a subgroup beyond a preset limit

5) CEA group out-of-sequence or subgroup deviations within a group beyond a
preset limit

The PPS provides the CWP signal to the DRCS when the 2-out-of-4 coincidence
logic is met for CPC CWP input or high pressurizer pressure pre-trip.

7.2.1.8  Redundancy

Redundant features of the RPS include:
a. Four redundant channels of process sensors
b. Four redundant channels of bistable logics
c. Redundant BPs in each channel
d. Four redundant divisions of coincidence logics
e. Redundant coincidence logics in each division
f.  Four redundant divisions of initiation circuits

g. Three pairs of manual trip pushbuttons with one pair being sufficient to cause a

reactor trip
h. Four redundant ac power supplies from vital instrument buses

1. Four redundant dc power supplies for the RTSG control circuit
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Four redundant divisions of the RPS allow a division functional test during power operation
while still meeting the single failure criteria.

7.2.1.9  Diversity and Defense-in-Depth

The PPS is designed to minimize credible multiple division failures originating from a
postulated software common-cause failure. The diversity features for the PPS are as
follows:

a. The software execution orders in the redundant BPs in a channel are different. In
each channel, one BP executes a trip function in sequence 1 through N while the
other BP executes trip functions in the reverse sequence (N through 1). The
reverse trip function execution orders between redundant BPs provide software

trajectory diversity for the PPS.

b. Each RTSS circuit breaker has diverse methods of being automatically opened via
the shunt trip and undervoltage trip devices. The PPS interfaces with the UV trip
device and the DPS interfaces with the shunt trip device. For additional diversity,
the RTSS consists of one set of four RTSGs (RTSS 1) and another set of four
RTSGs (RTSS 2) with diverse design features.

c. The PPS and the DPS are designed using different hardware and software to
address postulated software common-cause failures, as described in Section 7.8.

The RPS provides the reactor trip echelon of defense, as described in the Diversity and
Defense-in-Depth Technical Report (Reference 3).

The critical function success path for diversity is shown in Table 7.2-6.

7.2.1.10 Vital Instrument Power Supply

The vital instrument power supply is described in Subsection 8.1.3.2.
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7.2.1.11 System Arrangement

RPS components are arranged to comply with the separation and independence criteria
specified in this chapter. The safety components are located to provide access for

maintenance, testing, and operation as required.

The redundant divisions of the RPS are designed to be located in separate I&C equipment
rooms.

7.2.2 Design Basis Information

7.2.2.1 Single Failure Criterion

The RPS is designed so that any single failure within the system does not preclude
protective action at the system level in accordance with NRC RG 1.53 (Reference 4).

The RPS meets the single failure criteria through four redundant and independent channels.
One input channel may be out of service (or bypassed), and the RPS continues to meet the
single failure criterion. The time duration the channel may be out of service is specified in
the Technical Specifications.

The 2-out-of-4 voting logic also prevents a system-level spurious actuation due to any
single failure.

7.2.2.2  Quality of Components and Modules

All safety functions of the RPS are implemented using Class 1E components.

The 1&C used for the RPS are designed in accordance with the QA program that meets the
requirements of ASME NQA-1 (Reference 5).

The integration of RPS software and hardware including software development, tool,
verification, validation, and configuration management is performed according to the
Software Program Manual Technical Report (Reference 6).
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7.2.2.3  Independence

a. Independence between redundant portions of the safety system

The routing of Class 1E and associated cabling and sensing lines from sensors
meets the guidance of NRC RG 1.75 (Reference 7) and NRC RG 1.151 (Reference
8). The cablings for the four safety divisions are routed separately.

The PPS divisions receive ac power from the vital bus power supply system. The
PPS does not share the power between divisions.

b. Independence between safety systems and effects of design basis events

Independence between the components of the RPS and the effects of design basis
event is provided by qualifying the equipment in accordance with the requirements
in Subsections 7.2.2.2 and 7.2.2.8.

c. Independence between safety systems and non-safety systems

The PPS and non-safety systems are isolated using qualified isolation devices or
fiber-optic cables so that any failure in a non-safety system does not cause loss of
the safety system function. The PPS signals transmitted to the IPS/QIAS-N are
isolated using fiber-optic cable.

Data flow is unidirectional from Class 1E systems to non-Class 1E systems.

7.2.2.4  Diversity and Defense-in-Depth

The diversity and defense-in-depth analysis is described in Reference 3. The diversity
features of the PPS are described in Subsection 7.2.1.9.

7.2.2.5 System Testing and Inoperable Surveillance

The system integrity is confirmed through self-diagnostics and surveillance testing. Testing
features are provided for RPS testing during power operation or shutdown.

The RPS testing covers the trip path from the sensor input to the RTSG, as shown in Figure
7.2-11. The system test does not affect the protective functions. The testing system meets
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the guidance of IEEE Std. 338 (Reference 9), which is endorsed by NRC RG 1.118
(Reference 11). The testing also complies with RG 1.22 (Reference 10).
The test intervals are specified in the Technical Specifications (Chapter 16).

The test equipment consists of divisionalized MTP, ITP, and the associated interface
circuits. Test results are displayed at the MTP.

Bypasses and inoperable status of safety systems displayed at the MTP and OM meets the
guidance of NRC RG 1.47 (Reference 12).

RPS manual testing consists of the following tests:
a. Sensor check

During power operation, measurement channels for the RPS are checked in the
IPS by comparing process input values between channels.

b. Bistable logic test
Manual bistable logic testing is performed to verify bistable logic functions.

Manual testing is interlocked by administrative procedure for testing only one
channel at a time.

c. CPCS test

The predetermined test inputs are entered into one CPCS channel at a time. The
outputs of CPCS are checked against specific values.

The checks of trip logic by the trip signal generated from the CPCS are performed
by tripping the CPCS and monitoring the trip indication of each bistable logic.

d. LCL test

The LCL test is performed manually. The trip path of 2-out-of-4 coincidence
logic is tested for all input combinations.

e. Initiation logic and circuit test

The initiation “OR” logic is tested simultaneously with the initiation circuit test.
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Input signals are injected from the MTP, and the results are verified with the
expected contact status of the initiation circuit.
f.  Manual trip test

The manual trip test is performed by using one of the two pairs of manual trip
pushbuttons on the safety console or one pair of manual trip pushbuttons on the
RSC, observing an RTSG trip, and closing the RTSG prior to the next manual trip
test.

The RTSG can be closed from the MTP.
g.  Response time test

Response time from sensor to the RTSG is tested during shutdown to verify that
the measured system response time is less than or equal to the response time
assumed in the Chapter 15 safety analysis.

7.2.2.6  Use of Digital Systems

All RPS functions are implemented by digital systems. Manual reactor trip pushbuttons
from the MCR and RSR are hardwired directly to the RTSGs.

7.2.2.7  Setpoint Determination

The RPS nominal trip setpoints are determined based on the analysis setpoints in the
Chapter 15 safety analysis, in which analysis setpoints exist for the parameters.

When determining uncertainties, the worst environment considering a reactor trip or ESF
actuation is assumed based on the bounding initiating event. The methodology for
calculating uncertainty is provided in the Uncertainty Methodology and Application for
Instrumentation Technical Report (Reference 13).

The methodology for combining uncertainty in a channel and determining the final trip
setpoint is provided in the Setpoint Methodology for Plant Protection System Technical
Report (Reference 14).
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The setpoint methodology includes the relationship between the analytical limit, setpoint,
and channel uncertainty. The setpoint methodology provides the channel uncertainty
calculations associated with the setpoints used for the RT and ESF actuation functions.

The setpoint methodology meets the guidance of ANSI/ISA-S67.04 (Reference 15), as
endorsed by NRC RG 1.105 (Reference 16).

The instrumentation channel response time is the signal propagation time from the process
sensor to the final actuation device. The response time for the RPS meets the response time
assumed in Chapter 15. The reactor protective instrumentation response times assumed in
the safety analysis in Chapter 15 are shown in Table 7.2-5.

The methodology for calculating system response time is provided in the Response Time
Analysis of Safety I&C System Technical Report (Reference 17).

7.2.2.8  Equipment Qualification

The RPS meets the requirements of I[EEE Std. 323 (References 18) for environmental
qualification, IEEE Std. 344 (Reference 19) for seismic qualification, NRC RG 1.89
(Reference 20), and NRC RG 1.209 (Reference 21).

The RPS that is designed and tested to minimize both the emission and susceptibility of
EMI and RFI meets the guidance of NRC RG 1.180 (Reference 22).

The RPS is designed and tested to have immunity to electrostatic discharge in accordance
with IEC-61000-4-2 (Reference 23).

7.2.3 Analysis

This section provides analyses, including a failure modes and effects analysis (FMEA), to
demonstrate how the analyses satisfy the requirements of the applicable GDC (see Table
7.1-1), IEEE Std. 603 (Reference 24), and IEEE Std. 7-4.3.2 (Reference 25).

Compliance with the applicable GDC, IEEE Std. 603, and IEEE Std. 7-4.3.2 is described in
the Safety I&C System Technical Report (Reference 26).
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7.2.3.1 Failure Modes and Effects Analysis

The FMEA meets the guidance of IEEE Std. 352 (Reference 27), as referenced by IEEE
Std. 603, IEEE Std. 7-4.3.2, and IEEE Std. 379 (Reference 28).

The RPS is designed with four independent redundant divisions. Independence provides
reasonable assurance that a single failure cannot propagate between divisions within the

safety system or between the safety system and non-safety system.
The FMEA demonstrates that:

a. As a result of the four division redundancy, any single failure does not prevent a
system-level RPS reactor trip.

b. No single failure results in a spurious reactor trip.
c. Any single failure is detected by diagnostic or periodic testing.

The FMEA is prepared assuming that one bistable trip channel is bypassed for

maintenance.

The results of a system-level FMEA are shown in Table 7.2-7.

7.2.3.2  Safety Analysis

The RPS is designed to provide the following protective functions:

Automatic protective action is initiated by the RPS to provide reasonable assurance of
adequate protection of the fuel, fuel cladding, and RCS boundary during specified AOOs.

Automatic protective action is initiated by the RPS to aid the ESF systems in limiting the
consequences of the accidents.

The Chapter 15 safety analysis addresses PAs and AOOs including single CEA ejection,
load rejection, and turbine trip. Control functions to mitigate the consequences of a plant
load rejection and turbine trip are addressed in Subsection 7.7.1.1. The RPS has no reliance
on plant instrument air or cooling water to vital equipment.
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7.2.3.3 Test and Inspection

The RPS complies with the test requirements of IEEE Std. 338. Test intervals and their
bases are included in the Technical Specifications (Chapter 16).

Periodic testing complies with NRC RG 1.22 and NRC RG 1.118.

7.2.3.4  Restrictive Setpoints

Restrictive setpoints are not used for the RPS.

7.2.3.5 Conformance to General Design Criteria

Conformance with the applicable GDC is described in Reference 26, and cross references
to relevant information are provided in Table 7.1-1.

7.2.3.6  Conformance with IEEE Std. 603

Conformance with IEEE Std. 603 is described in Reference 26.

7.2.3.7  Conformance to IEEE Std. 7-4.3.2

Conformance to IEEE Std. 7-4.3.2 is described in Reference 26.

7.2.4 Combined License Information

No combined license (COL) information is required with regard to Section 7.2.
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Table 7.2-1

Reactor Protection System Operating Bypass Permissive

Operating
Operating Bypass
Title Bypass Function Permissive Removed By Notes

DNBR and LPD Disable low If power is Automatic if Allows low power
DNBR and high <10"% poweris > 10%% | testing and CEA
LPD trips by withdrawal under
manual operation non-critical state
of bypass switch

Pressurizer Disables low If pressure is Automatic if -

pressure operating | pressurizer <28.12 kg/em’A pressure is
bypass permissive | pressure trip, (400 psia) >35.15 kg/cmZA

SIAS, and CIAS (500 psia)

by manual

operation of

bypass switch
High log power Disables high If power is Automatic if Bypassed during
level operating logarithmic power | > 107 % power is < 10° % reactor startup
bypass permissive | level trip by

manual operation

of bypass switch
CPC CWP Disables CPCS If power is Automatic if CWP by high PZR
operating bypass CWP signals by <10"% power is > 10 % | pressure is not
permissive automatic affected by bypass

operation of

bypass
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Table 7.2-2

Reactor Protection System Monitored Plant Variable Ranges

Nominal

Monitored Variable Minimum (full power) Maximum
Neutron flux power, % of full power Near 2 x 10°® 100 200
Cold leg temperature, °C (°F) 230 (446) 291 (555) 330 (626)
Hot leg temperature, °C (°F) 250 (482) 324 (615) 350 (662)
Pressurizer pressure 105 (1,494) | 158.2 (2,250) | 175(2,489)
(narrow range), kg/cm’A (psia)
Pressurizer pressure 0(0) 158.2 (2,250) | 210.9 (3,000)
(wide range), kg/cm’A (psia)
CEA positions Full in NA Full out
Reactor coolant pump speed, rpm 0 1,190 1,320
Steam generator water level (wide range), % 0 77 100
Steam generator water level (narrow range), % @ 0 50 100
Steam generator pressure, kg/cm’a (psia) 0(0) 70.3 (1,000) | 105.0(1,494)
Containment pressure, cm/H,O (psig) =300 (4) 0(0) 1,200 (17)
Steam generator primary pressure differential, 0(0) 2,110 (30) 5,000 (71)

cm/H,0 (psig)

(1) Percentage of the distance between the wide range level instrument nozzles (above the lower nozzle)

(2) Percentage of the distance between the narrow range level instrument nozzles (above the lower nozzle)
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Table 7.2-3

Reactor Protection System Sensors

Monitored Number Receiving
Variable Type of Sensors Location System
Neutron flux power | Fission 12 Shield of ENFMS (for generating
chamber primary side VOPT and high Log
Power)
Cold leg Precision 8 Cold leg piping | CPCS (for generating
temperature RTD high LPD and low
DNBR)
Hot leg temperature | Precision 8 Hot leg piping CPCS (for generating
RTD high LPD and low
DNBR)
Pressurizer pressure | Pressure 4 Pressurizer PPS, CPCS (for
(narrow range) transmitter generating high IPD
and Low DNBR)
Pressurizer pressure | Pressure 4 Pressurizer PPS
(wide range) transmitter
CEA positions Reed switch 2/CEA Control element | CPCS (for generating
position drive high LPD and low
transmitter mechanism DNBR)
Reactor coolant Proximity 4/pump Reactor coolant | CPCS (for generating
pump speed sensor pump high LPD and low
DNBR)
Steam generator 1/2 | Differential 4/steam Steam PPS
level (narrow pressure generator ") | generators
range) transmitter
Steam generator 1/2 | Differential 4/steam Steam PPS
pressure (wide pressure generator ") | generators
range) transmitter
Steam generator Pressure 4/steam Steam PPS
pressure transmitter generator M generators
Containment Pressure 4m Containment PPS
pressure transmitter structure
Steam generator 1/2 | Differential 4/steam Steam PPS
primary differential | pressure generator generators
pressure transmitter
(1) Common with the engineered safety features actuation system
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Table 7.2-4 (1 of 2)

Reactor Protection System Design Inputs

Nominal
Value at Full | Nominal Trip Setpoint Nominal
Type Power Setpoint Type"” Margin to Trip

High logarithmic power level NA 0.018 % power Fixed NA
Variable Ceiling 100 % power 109.6 % power Rate limited 9.6 % power
Overpower [ pate 0%/ min 6.0 % / min variable 6.0 % / min
(Ex-core)

Step NA 12.5 % band @ NA
Low DNBR >1.98 >1.29 Fixed >0.69
High local power density, < 485 (peak) 656 (20) Fixed >171(5.2)
W/em (kW/ft) (14.8)
High pressurizer pressure, 158.2 (2,250) 167.1 (2,377) Fixed 8.9 (126.6)
kg/cm®A (psia)
Low pressurizer pressure, 158.2 (2,250) 1273 @-® Variable 30.9 (439.5)
kg/cm®A (psia) (1,810)
Low steam generator water 77.0 45.0 Fixed 32
level, WR % ©
Low steam generator pressure, 70.3 (1,000) 60.1 (855) @ Variable 10.2 (145)
kg/cmZA (psia)
High containment pressure, 0 133.6 (1.9) Fixed 133.6 (1.9)
c¢cmH,0 (psig)
High steam generator water 50.0 90.0 Fixed 40.0
level, NR % 7
Low reactor Min 2,100 (30) 730.9 (10.4) Rate limited 1,346.3 (19.1)
z?n(}l{al(l)t ?Os\;:i’) Rate 0/second 3.0/second ¥ Variable 3.4/second

22 P (0.043) (0.048)
Step NA 646.7 band (9.2) NA
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Table 7.2-4 (2 of 2)

Nominal Value at| Nominal Trip Setpoint Nominal Margin
Type Full Power Setpoint Type o to Trip
CPC Auxiliary Trips
Cold leg temperature, °C (°F) 291 (555) 262.2 (504) Fixed +19.6 (36)
to 310.6 (591) -28.8 (51)
Primary pressure, 158.2 (2,250) 127.3 (1,810) Fixed +9.8 (139.4)
kg/cm’A (psia) to 168.0 (2,389) -30.9 (440)
Hot pin ASI 0.0 —0.5 to +0.5 Fixed +0.5; 0.5
One pin radial peak 1.6 1.28t0 7.0 Fixed +5.4; +0.32
Hot leg temperature, °C (°F) 324 (615) Thot > Fixed 10 (18)
Tsat-11.1 °C
(20 °F)
Asymmetric steam generator 0(0) 8.33(15) Fixed 8.33 (15)
transient, °C (°F)
Pump speed, % 100 95.0 Fixed 5.0
Variable overpower 100 % Power 110 % Power Variable 10 % Power
Increasing rate 0 6 % / min 6 % / min
Decreasing rate 0 90 % / min 90 % / min
Band @ NA 15 % band NA
Low pressure, 158 (2,250) 141.7 (2,015) Fixed 16.3 (235)
kg/cm®A (psia) and DNBR and 2.0 and 1.45 and 0.55

(1) Type of setpoint generation

(2) % band is percent above measured ex-core power level.

(3) Calculated value of DNBR provides reasonable assurance of a trip conservatively considering all sensor
and processing time delays and inaccuracies. Calculated DNBR is less than or equal to actual core

DNBR.

(4) Setpoint can be manually decreased to a fixed increment below existing pressure as pressure is reduced
during controlled plant cooldown and is automatically increased as pressure is increased maintaining a

)
(6)
()

®)

fixed increment. This fixed increment is 28 kg/cm?® (400 psi) for pressurizer pressure and 14 kg/cm®
(200 psi) for steam generator pressure.

Trip setpoint has a minimum value of 7 kg/cmzA (100 psia).
Percentage of the distance between steam generator upper and lower level wide range instrument nozzle

Percentage of the distance between steam generator upper and lower level narrow range instrument
nozzle

For the low reactor coolant flow (LRCF) reactor trip setpoint, the process used to calculate the trip
setpoint and generate a trip by comparing it with the input value occurs simultaneously. That is, the
digital data from which the trip setpoint is created is the same as that used to establish the trip. Therefore,
no uncertainty factor exists that would affect the trip setpoint, and the nominal trip setpoint for LRCF is
identical to the allowable value in Technical Specifications (Chapter 16), Table 3.3.1-1.
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Table 7.2-5 (1 of 2)

Reactor Protective Instrumentation Response Time

Function

Response Time

I. Trip Generation

A. Process

Pressurizer Pressure — Low

< 1.15 seconds

2. Pressurizer Pressure — High <0.85 second
3. Steam Generator Level — Low < 1.25 seconds
4. Steam Generator Level — High < 1.15 seconds
5. Steam Generator Pressure — Low < 1.15 seconds
6. Containment Pressure — High <1.15 seconds
7. Reactor Coolant Flow — Low < 0.7 second
8. Local Power Density — High

a. Neutron Flux Power from Ex-core Neutron Detectors <0.65 second "

b. CEA Positions < 1.45 seconds ¥

c. CEA Positions: CEAC Penalty Factor <0.85 second ?
9. DNBR - Low

a. Neutron Flux Power from Ex-core Neutron Detectors <0.65 second "

b. CEA Positions < 1.45 seconds ¥

o

Cold — Leg Temperature

< 8.65 seconds @

o

Hot — Leg Temperature

< 8.65 seconds ®

e. Reactor Coolant Pump Shaft Speed

<0.45 second ¥

=

Reactor Coolant Pressure from Pressurizer

<0.95 second ©

g. CEA Positions: CEAC Penalty Factor

<0.85 second @
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Table 7.2-5 (2 of 2)

Function Response Time
B. Ex-core Neutron Flux
1. Variable Overpower Trip <0.55 second "
2. Logarithmic Power Level — High
a. Startup and Operating <0.55 second "
b. Shutdown <0.55 second "
C. Core Protection Calculator System
1. CEA Calculators Not Applicable
2. Core Protection Calculators Not Applicable
D. Diverse Protection System
1. Pressurizer Pressure — High <0.85 second
2. Containment Pressure — High < 1.15 seconds
II. RPS Logic
A. Coincidence Logic
B. Initiation Logic
HI. RPS Actuation Devices
A. Reactor Trip Breakers
B. Manual Trip
(1) Neutron detectors are exempt from response time testing. The response time of neutron flux signal

2

3

“
(6))

portion of the channel is measured from the detector output or from the input of first electronic component
in channel.

Response time is measured from the output of the sensor. Acceptable CEA sensor response is
demonstrated by compliance with Technical Specifications Subsection 3.3.1.

Response time is measured from the output of the resistance temperature detector (sensor). RTD response
time is measured at least once per 18 months. The measured response time of the slowest RTD is less
than or equal to 8.0 seconds.

The pulse transmitters measuring pump speed are exempt from response time testing. The response time
is measured from the pulse shaper input.

Response time is measured from the output of the pressure transmitter. The transmitter response time is
less than or equal to 0.3 second.
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Table 7.2-6

Critical Function Success Path Diversity

Success Path/ Indirect
Control Reactivity Inventory RCS Pressure Core Heat RCS Heat CNMT CNMT Radiation Vital
Function Control Control Control Removal Removal Isolation Environment Releases Auxiliaries
Normal success .CVCS CVCS 1. Pressurizer Reactor coolant | Main feed Control valves 1. CNMT fan Monitoring only . Non-vital ac
path ) (boration) heaters and pumps cooling from offsite
. CEA drive Sprays 2. Hydrogen source
mechanism 2.CVCS recombiner . Alternate ac
source
. Non-safety
CCW
Alternate 1.RPS 1. Safety 1. Safety 1. Shutdown 1. Auxiliary CIAS actuation | CNMT spray Monitoring only | 1. Vital ac and
(emergency or . Safety injection injection cooling feedwater dc from
Safet%?) success injection 2. Rapid 2. Rapid 2. Safety 2. Atmospheric onsite source
path depressuri- depressuri- injection dump valves . Emergency
zation zation 3. Rapid 3. Safety diesel
3. Reactor depressuri- injection generators
coolant gas zation 4. Rapid . Safety -
vent depressuri- related CCW
zation
(1) Type 2 system: PCS or P-CCS
(2) Type 1 system: PPS or ESF-CCS
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Table 7.2-7 (1 of 68)

Failure Mode and Effects Analysis for the Plant Protection System

Symptoms and Local Inherent
Effects Including Compensating
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Remarks and Other Effects
1-1 | Ex-core a) Low Loss of high e Data loss e Alarm: Three-channel Reactor trip logic on Loss of high power supply
neutron flux output power supply o Incorrect data comparison of redundancy variable overpower, high makes all three sub-channel
detector source three channels logarithmic power, detectors not work properly.
o Detection failure of L DNBR/LPD changes to 2-
high neutron flux level | * Periodic test out-of-2 coincidence logic. | Operator has to bypass the
channel in failure after
restoring the bypassed
channel to operating state in
order to restore the system
logic to 2-out-of-3
coincidence logic.
b) High o Short circuit Channel trip can occur Occurrence of pre- Three-channel Reactor trip logic on Operator has to bypass the

output

of detector

o Continuous
ionization

due to variable
overpower, low DNBR,
high logarithmic power
level or high LPD.

trip and trip alarm
for variable
overpower, low
DNBR, high
logarithmic power
level, or high LPD.

redundancy

variable overpower, high
logarithmic power,
DNBR/LPD changes to
1-out-of-2 coincidence
logic.

channel in failure after
restoring the bypassed
channel to operating state in
order to restore the system
logic to 2-out-of-3
coincidence logic.
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Table 7.2-7 (2 of 68)

Symptoms and Local Inherent
Effects Including Compensating
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Remarks and Other Effects
1-2 | Pressurizer a) One signal e Sensor failure | o High-level pressure |  Alarm: comparison | Three-channel Logic for reactor trip, Operator has to bypass the
pressure tuns ondue | S~ signal is input to of three channels redundancy CIAS, and SIAS channel in failure after
(wide range) to failure op bistable logic. T changes to 2-out-of-2 restoring the bypassed
. failure o Periodic test .2 . . .
(high level . coincidence logic. channel to operating state in
. e Low pressurizer
signal) ressure bistable order to restore the system
{9 . logic to 2-out-of-3
ogic does not incid logi
generate trip under cotncidence fogic.
trip condition.
b) One signal e Sensor failure | ® Low-level pressure | Occurrence of pre-trip | Three-channel Logic for reactor trip, Operator has to bypass the
turns off due | | DC power signal input to and trip alarm for low | redundancy CIAS and SIAS channel in failure after
to failure powe bistable logic. pressurizer pressure changes to 1-out-of-2 restoring the bypassed
supply failure g .2 . . .
(low level o o Low Dressurizer channel coincidence logic. channel to operating state in
signal) ¢ Open circuit P order to restore the system

pressure bistable
logic initiates
channel trip.

logic to 2-out-of-3
coincidence logic.
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Table 7.2-7 (3 of 68)

Symptoms and Local Inherent
Effects Including Compensating Remarks and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
1-3 | Pressurizer a) Signal turns e Sensor failure | e High-level pressure Occurrence of pre-trip | Three-channel e Reactor trip logic on Operator has to bypass the
pressure on o Component signal is input to and trip alarm for high | redundancy low DNBR changes to channf:l in failure after
(narrow (high level failure bistable logic. pressurizer pressure 2-out-of-2 coincidence | restoring the bypassed
range) signal) channel logic. channel to operating state

High pressurizer
pressure bistable
logic initiates
channel trip.

Reactor trip logic on
high pressurizer
pressure changes to
1-out-of-2 coincidence
logic.

o CWP logic on high
pressurizer pressure
changes to 1-out-of-2
coincidence logic.

in order to restore the
system logic to 2-out-of-3
coincidence logic.

b) Signal turns
off (low-
level signal)

o Sensor failure

e DC power
supply failure

e Open circuit

Low-level pressure
lowers margin of
DNBR and initiates
low DNBR channel
trip.

High pressurizer
pressure bistable
logic does not
generate trip under
trip condition.

Occurrence of pre-trip
and trip alarm for low
DNBR channel

Three-channel
redundancy

Reactor trip logic on
low DNBR changes to
1-out-of-2 coincidence
logic.

Reactor trip logic on
high pressurizer
pressure changes to 2-
out-of-2 coincidence
logic.

e CWP logic on high
pressurizer pressure
changes to 2-out-of-2
coincidence logic

Operator has to bypass the
channel in failure after
restoring the bypassed
channel to operating state
in order to restore the
system logic to 2-out-of-3
coincidence logic.

7.2-48

Rev. 0




APR1400 DCD TIER 2

Table 7.2-7 (4 of 68)

Symptoms and Local Inherent
Effects Including Compensating
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Remarks and Other Effects
1-4 | Steam a) Signal turns | e Sensor failure e Low-level signal is Occurrence of pre- Three-channel Logic for reactor trip Operator has to bypass the

generator-1
level signal,
Steam
generator-2
level signal
(wide range)

off
(low level
signal

e DC power
supply failure

e Open circuit

input to bistable
logic.

Low steam generator
level bistable logic
generates channel
trip on affected steam
generator by
changing logic state.

trip and trip alarm
for low steam
generator level
channel

redundancy

and AFAS on affected
low steam generator

level changes to 1-out-
of-2 coincidence logic.

channel in failure after
restoring the bypassed
channel to operating state in
order to restore the system
logic to 2-out-of-3
coincidence logic.

b) Signal turns
on
(high level
signal)

o Sensor failure

e Component
failure

High-level signal is
input to bistable
logic.

Low steam generator
level bistable logic
does not generate trip
on affected steam
generator.

e Alarm:
comparison of
three channels

o Periodic test

Three-channel
redundancy

e Logic for reactor trip
and AFAS on
affected low steam
generator level
changes to 2-out-of-2
coincidence logic.

e System on normal
steam generator level
still operates.

Operator has to bypass the
channel in failure after
restoring the bypassed
channel to operating state in
order to restore the system
logic to 2-out-of-3
coincidence logic.
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Table 7.2-7 (5 of 68)

Symptoms and Local Inherent
Effects Including Compensating
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Remarks and Other Effects
1-5 | Steam a) Signal e Sensor failure | o Low-level signal is e Alarm: comparison | Three-channel Logic for reactor trip and | Operator has to bypass the

generator-1
level signal,
Steam
generator-2
level signal
(narrow
range)

turns off | o input to bistable logic of three channels redundancy MSIS on high steam channel in failure after
(low level powe! on affected steam T generator level changes to | restoring the bypassed
. supply failure o Periodic test S . .
signal) generator. 2-out-of-2 coincidence channel to operating state in
0 ireuit h
¢ Open circul o Bistable logic does not logic. ordgr to restore the system
oo logic to 2-out-of-3
generate trip signal > .
. coincidence logic.
from actual signal
value of high steam
generator level.
b) Signal e Sensor failure | o Incorrect high-level Occurrence of pre-trip | Three-channel Logic for reactor trip and | Operator has to bypass the
turns on signal is input to and trip alarm for high | redundancy MSIS on affected high channel in failure after
. e Component ; . .
(high failure bistable logic on steam generator level steam generator level restoring the bypassed
level affected steam channel changes to 1-out-of-2 channel to operating state in
signal) generator. coincidence logic. order to restore the system

Bistable logic does not
trip applicable channel
of steam generator by
changing logic state.

logic to 2-out-of-3
coincidence logic.
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Table 7.2-7 (6 of 68)

Symptoms and Local Inherent
Effects Including Compensating
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Remarks and Other Effects
1-6 | Steam a) Onesignal | e Sensor failure | o Low-level pressure Occurrence of pre-trip | Three-channel Logic for reactor trip and Operator has to bypass the
generator-1 unnecessari | DC power signal is input to and trip alarm for low | redundancy MSIS on steam generator channel in failure after
pressure ly turns off su pl failure bistable logic. steam generator pressure changes to 1-out- restoring the bypassed
signal, (low level PPy . S pressure channel of-2 coincidence logic. channel to operating state in
. -~ o Bistable logic initiates
Steam signal) ¢ Open circuit . order to restore the system
channel trip of low .
generator-2 steam penerator logic to 2-out-of-3
pressure g . coincidence logic.
omal pressure on reactor trip
sigha and MSIS.
b) One signal | e Sensor failure | e High-level pressure e Alarm: comparison | Three-channel Logic for reactor trip and Operator has to bypass the
unnecessari | Component si'gnal is input to of three channels redundancy MSIS on low steam chann.el in failure after
ly turns on - bistable logic. Lo generator pressure changes | restoring the bypassed
. failure o Periodic test L . .
(high level to 2-out-of-2 coincidence channel to operating state in
. e One channel of low .
signal) logic. order to restore the system

steam generator
pressure on affected
steam generator at
low-pressure state
does not generate
channel trip.

logic to 2-out-of-3
coincidence logic.

7.2-51

Rev. 0




APR1400 DCD TIER 2

Table 7.2-7 (7 of 68)

Symptoms and Local Inherent
Effects Including Compensating Remarks and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
1-7 | Steam a) One signal e Sensor e High or normal pressure | o Alarm: Three-channel Reactor trip logic on Operator has to bypass the
generator-1 turns on due failure difference signal is input comparison of redundancy affected low steam channel in failure after
pressure to failure o Component to one bistable logic on three channels generator flow changes to | restoring the bypassed
difference (high level failure affected steam generator. | o poiiodic test 2-out-of-2 coincidence channel to operating state
signal, signal) e One channel is not logic. in order to restore the
Steam tripped at actually low system logic to 2-out-of-3
generator-2 steam generator flow on coincidence logic.
pressure affected steam generator.
difference
signal b) One signal e Sensor e Low-pressure difference | Occurrence of pre- Three-channel Reactor trip logic on Operator has to bypass the
turns off due failure signal is input to bistable | trip and trip alarm redundancy affected low steam channel in failure after
to failure e DC logic on affected steam for low steam generator flow changes to | restoring the bypassed
power . .
(l.OW level supply generator. generator flow 1-0}1t-0f-2 coincidence _channel to operating state
signal) failure « Bistable logic changes channel logic. in order to restore the

Open circuit

logic initiates channel
trip.

system logic to 2-out-of-3
coincidence logic.
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Table 7.2-7 (8 of 68)

Symptoms and Local Inherent
Effects Including Compensating
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Remarks and Other Effects
1-8 | Containment | a) Signal Component e High-level pressure e RPS and ESF Three-channel e Reactor trip logic on Operator has to bypass the
pressure turns on failure signal is input to bistable channel indication redundancy high containment channel in failure after
signal (high level logic. and pre-trip/alarm pressure changes to 1- restoring the bypassed
(narrow signal) « Bistable logic initiates for high containment out-of-2 coincidence channel to operating state in
range) channel trip of high pressure channel logic. 0rd§r to restore the system
containment pressure for e Logic for CIAS, SIAS, loglc to 2—0ut—0f—3
RPS, SIAS, CIAS, and and MSIS on high coincidence logic.
MSIS. containment pressure
changes to 1-out-of-2
coincidence logic.
b) Signal o Sensor o Low-level pressure e Alarm: comparison | Three-channel e RPS trip logic on high Operator has to bypass the
turns off failure signal is input to bistable |  of three channels redundancy containment pressure channel in failure after
(l_ow level o DC power logic. o Periodic test chgnges to 2-ouF-of-2 restoring the bypgssed )
signal) supply « Bistable logic does not coincidence logic. channel to operating state in
failure change logic state, and e Logic for CIAS, SIAS, order to restore the system

e Open circuit

no trip occurs at actual
condition of high
containment pressure.

and MSIS regarding
high containment
pressure changes to 2-
out-of-2 coincidence
logic.

logic to 2-out-of-3
coincidence logic.
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Table 7.2-7 (9 of 68)

Symptoms and Local Inherent
Effects Including Compensating
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Remarks and Other Effects
1-9 | Containment a) Signal turns | e Sensor e High-level pressure o ESF channel Three-channel CSAS logic changes to Operator has to bypass the
pressure on failure signal is input to indication and pre- | redundancy 1-out-of-2. channel in failure after
signal (wide (high level o Component bistable logic. trip/alarm for high- restoring the bypassed
range) signal) failure o Bistable logic initiates high containment channel to operating state in
channel trip for CSAS pressure channel order to restore the system
’ logic to 2-out-of-3
coincidence logic.
b) Signal turns | e Sensor e Low level or normal e Alarm: comparison | Three-channel CSAS logic changes to Operator has to bypass the
off failure containment pressure of three channels redundancy 2-out-of-2. channel in failure after
(l.ow level o DC power Sl.gnal is mput to o Periodic test restoring the bype}ssed ‘
signal) supply bistable logic. channel to operating state in
failure o Bistable logic does not order to restore the system

Open circuit

initiate channel trip at
actual condition of
high-high containment
pressure.

logic to 2-out-of-3
coincidence logic.
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Table 7.2-7 (10 of 68)

Inherent
Symptoms and Local Effects Method of Compensating Remarks and Other

No. Name Failure Mode Cause Including Dependent Failures Detection Provision Effect on PPS Effects
1-10 | Ex-core neutron | a) ENFMS test e Open circuit |  Relay output for ENFMS test | Alarm Three-channel RPS trip logic on Operator has to bypass

flux interlock . interlock is de-energized. redundancy on LPD | LPD and DNBR the channel in failure

e Mechanical .
measurement contact turns off . . and DNBR changes to after restoring the
. failure e Unnecessary channel trip of
channel due to failure. LPD and DNBR 1-out-of-2 bypassed channel to
(ENFMS) ’ coincidence logic. operating state in order

b)

ENFMS test
interlock
contact turns on
due to failure.

Contact arc
and fixing

Relay output for ENFMS test
interlock is not de-energized
upon failure of signal
processing drawer of or test
for ENFMS.

Loss of failure alarm

Bistable logic of LPD and
DNBR does not generate trip
signal.

Bistable logic of LPD and
DNBR may not generate trip
signal due to incorrect data
during nuclear measurement
system test.

Periodic test

Three-channel
redundancy

RPS trip logic on
LPD and DNBR can
change to 2-out-of-2
coincidence logic.

to restore the system
logic to 2-out-of-3
coincidence logic.
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Table 7.2-7 (11 of 68)

Symptoms and Local Inherent
Effects Including Compensating Remarks and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
1-10 | ENFMS ¢) Logarithmic e Open circuit | o Bistable fails to be e Periodic test Three-channel e Channel trip occurs in Operator has to bypass
(Continued) power o Mechanical energized with output e Channel trip alarm redundancy one channel of high the channel in failure
bistable . power of over 107%. logarithmic power after restoring the
£ failure o No bypass A . b 4 ch |
cogtact 0 o Bypassing one high ypa during power operation. | bypassed channel to
107% turns P permissive operating state in order
logarithmic power level indication light f e Two other channels can
off due to trin channel is Indication light for still be bypassed to restore the system
failure. I ¢ . high logarithmic P ’ logic to 2-out-of-3
inapplicable resulting in power incid logi
channel trip on high comncidence loglc
logarithmic power level.
d) Logarithmic | Contact arc o Bistable relay is e Alarm: comparison | Three-channel RPS trip logic on high
power and fixing energized Operator can of three channels redundancy logarithmic power
bistable appl}{ bypfiss on high o Periodic test chgnges to 2-out-of-2
contact of logarithmic power coincidence logic.
107°% turns bistable with power being
on due to below 107%.
failure.
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Table 7.2-7 (12 of 68)

Symptoms and Local Effects Inherent
Including Dependent Method of Compensating Remarks and Other
No. Name Failure Mode Cause Failures Detection Provision Effect on PPS Effects
1-10 ENFMS e) Logarithmic e Open o Bistable relay is not e Alarm: Three-channel Trip occurs in one Operator has to bypass
(Continued) power bistable circuit energized with power comparison of redundancy channel on LPD, DNBR, | the channel in failure
contact of being below 10%. three channels and CWP at low power after restoring the

10“% turns off
due to failure

e Mechanical
failure

Neither bypassing CWP
nor bypassing CPC is

e Periodic test

and trip logic changes to
1-out-of-2 coincidence

(CPCS, CWP). applicable. logic.
o Unnecessary channel trip

of LPD and DNBR and

unnecessary CWP at low

output power.
Bistable for e Contact arc | e Bistable relay stays e Bypass Three-channel RPS trip logic and CWP
logarithmic and fixing energized with output permission redundancy logic on LPD or DNBR
power of power exceeding 107%. indication of changes to 2-out-of-2

10™% turns on
due to failure
(CPCS, CWP).

e Operator can apply bypass
on CPCS with power
exceeding 107%.

e One channel on CWP
stays bypassed.

CPCS

o Periodic test

coincidence logic.

bypassed channel to
operating state in order
to restore the system
logic to 2-out-of-3
coincidence logic
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Table 7.2-7 (13 of 68)

Inherent
Symptoms and Local Effects Compensating Remarks and Other
No. Name Failure Mode Cause Including Dependent Failures Method of Detection Provision Effect on PPS Effects
2-1 | Analoginput | a) High level Sensor For failures beyond input o For out of range failures: | Three-channel DNBR/LPD logic of | To restore the system
hot leg signal (out of failure module range limits: DNBR/LPD channel redundancy RPS are converted logic to 2-out-of-3
temperature range) DNBR/LPD channel auxiliary auxiliary trip, CPC to 1-out-of-2 coincidence, the
trip on sensor out of range sensor failure indication / coincidence logic. bypassed channel is
failure; CPC failed sensor annunciation, CPC returned to operation and
indication and channel trouble trouble indication / the failed channel is
OM and MTP indication, annunciation. bypassed.
channel trouble annunciation. .
o Sensor input cross
channel comparison.
b) High level Sensor e For in range failures, For in range failures: Three-channel When trip occurs,
signal (in range) | failure possible DNBR/LPD Increase in delta T power, redundancy DNBR/LPD logic of
channel trip on quality Sensor input cross channel RPS are converted
margin. comparison possible sensor to 1-out-of-2
o Likely Auxiliary trip on failure alarm. coincidence logic.
VOPT for rapid changes.
o CPC software generated
sensor failure alarm if
process exceeds high range
limits.
c) Low level signal | Sensor For failures beyond input o For out of range failures: | Three-channel DNBR/LPD logic of
(out of range) failure module range limits: DNBR/LPD channel redundancy RPS are converted
DNBR/LPD channel auxiliary auxiliary trip, CPC to 1-out-of-2

trip on sensor out of range
failure; CPC sensor failure
indication and channel trouble
OM and MTP indication,
channel trouble annunciation.

sensor failure indication /
annunciation, CPC
trouble indication/
annunciation

Sensor input cross
channel comparison

coincidence logic.
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Table 7.2-7 (14 of 68)

Inherent
Symptoms and Local Effects Compensating Remarks and Other
No. Name Failure Mode Cause Including Dependent Failures Method of Detection Provision Effect on PPS Effects
2-1 | Analoginput | d) Low level Sensor e For in range failures, For in range failures: Three-channel If no action is The bypassed channel is
hot leg signal (in Failure Reduces Delta T power. o Sensor input cross redundancy perf(?rmed aftf:r retume'd to operatiqn.
temperature range) o NIL-Delta T Power deviation channel comparison, sensing the fa'llu.re, The failed channel is
(Continued) alarm. possible NI-Delta T the R_PCS logic is bypassed or placed in _
power deviation remained 2-out-of-3 trip. Then the RPS logic
e CPC software generated alarm. possible sensor coincidence logic. is converted to 2-out-of-
sensor failure alarm if arm. p 3 or 1-out-of-3
. failure alarm . .
process exceeds low limits. coincidence logic
2-2 | Analoginput | a) High level Sensor For failures beyond input DNBR/LPD channel e Single PPS DNBR/LPD logic of | To restore the system
cold leg signal (out of | Failure module range limits: auxiliary trip, CPC channel trip RPS are converted to | logic to a 2-out-of-3
temperature range) DNBR/LPD Channel Sensor Failure indication 1-out-of-2 coincidence logic, the
e . _ o Three-channel .. . .
inued Auxiliary Trip on sensor out / annunciation, CPC coincidence logic. bypassed channel is
(Continued) . B redundancy .
of range failure; CPC sensor Trouble indication / returned to operation and
failure indication and Channel | annunciation the failed channel is
Trouble OM and MTP bypassed.
indication, CPC Channel
Trouble annunciation.
b) High level Sensor o For in range failures, For in range failures: e Single PPS DNBR /LPD logic of
signal (in Failure reduces Delta T power. e Sensor input cross channel trip RPS are converted to
range) 1-out-of-2

e Lowers DNBR calculation.

e NI-Delta T Power deviation
alarm Auxiliary Trip
(DNBR/LPD) on High Tc;
if only one Tc input failed,
additional Delta Tc
Auxiliary channel Trip.

e CPC software generated
sensor failure alarm if
process exceeds high limits.

channel comparison,
possible DNBR
trip/pre-trip, NI-Delta
T power deviation
alarm.

o Possible aux trip
possible sensor failure
alarm

Three-channel
redundancy

coincidence logic.
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Table 7.2-7 (15 of 68)

Symptoms and Local Effects Inherent Compensating Remarks and Other
No. Name Failure Mode Cause Including Dependent Failures Method of Detection Provision Effect on PPS Effects
2-2 | Analoginput | ¢) Low level Sensor For failures beyond input e CPC sensor failure Single PPS channel trip | DNBR /LPD logic of | To restore the system
cold leg signal (out | failure module range limits: indication/annunciatio Three-channel RPS are converted to | logic to 2-out-of-3
temperature of range) DNBR/LPD channel auxiliary n, Increase in Delta T redundanc 1-out-of-2 coincidence logic, the
(Continued) trip on sensor out of range power, DNBR/LPD Y coincidence logic. bypassed channel is
failure; CPC sensor failure channel auxiliary trip returned to operation
indication and channel trouble sensor input cross and the failed channel
OM and MTP indication, CPC channel comparison is bypassed
channel trouble annunciation. o CPC trouble indication
/ annunciation
d) Low level Sensor For in range failures: possible For in range failures: Single PPS channel trip | DNBR/LPD logic of | To restore the system
signal (in failure Auxiliary Trip (DNBR/_LPD) N | o Sensor input cross- Three-channel RPS are converted to logic to 2-out-0f-3
range) low Tc. If only one Tc input 1-out-of-2 coincidence logic, the

failed, additional Delta Tc
auxiliary channels Trip. Increase
in Delta T power. Possible NI-

channel comparison,
possible DNBR
trip/pre-trip, NI-Delta
T power deviation

redundancy

coincidence logic.

bypassed channel is
returned to operation
and the failed channel

Delta T power deviation alarm. alarm. is bypassed.
CPC software — generated
sensor failure alarm if process * Possible aux. trip
exceeds low range limits. o Possible sensor failure
alarm
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Table 7.2-7 (16 of 68)

Symptoms and Local

Effects Including Inherent Compensating Remarks and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
2-3 | Reactor a) Low pulse Power Supply | e Out of range e DNBR/LPD Channel ¢ Single PPS channel DNBR/LPD logic of To restore the system
coolant rate input, or pulse interpreted as low trip trip RPS are converted to 1- | logic to 2-out-of-3
pump flow 1oss of o ?H.llphﬁer flow. o Sensor input cross e Three-channel ;)ut?of-2 coincidence ;01nc1deélc§ loglci,.the
ransmission atlure e DNBR/LPD channel channel comparison redundancy oglc. Ypassed channct 15
(out of range) trip on low flow returned to operation
p ’ and the failed channel
is bypassed.
b) Low pulse Power Supply | e Decrease in thermal e Sensor cross channel | e Three-channel For in range failures
rate input (in | or pulse power. Change in comparison redundancy not resulting in a
range) amplifier calculated DNBR. e Possible NI-Delta T channel trip, RPS logic
failure . o is converted to 2-out-
o Possible NI-Delta T Power deviation alarm S .
o of-2 coincidence logic.
Power deviation
alarm.
c) High pulse Pulse amplifier | ¢ DNBR/LPD channel | @ DNBR/LPD channel | o Single PPS channel DNBR/LPD logic of
rate input failure Trip on low flow. Trip trip RPS are converted tol-
(out of range) o Excessively high e Sensor input cross o Three-channel outjof-2 coincidence
. . . logic.
speed input exceeding channel comparison. redundancy
module range limit CPCS sensor failure
interpreted as error. indication and
annunciation
d) High pulse Pulse amplifier | e Increase in thermal e Sensor cross channel | e Three-channel For in range failures
rate input (in | failure power. Change in comparison redundancy not resulting in a
range) calculated DNBR. e Possible NI-Delta T channel trip, RPS logic
e Possible NI-Delta T power deviation alarm is converted to 2-out-
. of-2 coincidence logic.
power deviation
alarm.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
2-4 | Non-target a) Low level e Shorted Erroneous input to one of | ¢ CEAC sensor failure Normally, no PF or trip on | e If sensor failure is recognized,
CEA signal resistor 2 CEAC:s in all four CPC indication/annunciatio | sensor failure. If failure is and few sensors are affected
position causedby | Failed reed channels. CEAC sensor n. CEA Position slow to develop, and is not (less than 4), then there is no
failure switches fail indication for out of display depiction recognized by CEAC as a effect on RPS.
(out of range or rate of change o CPC DNBR/LPD sensor failure until after o CEAC uses last valid position
range) ¢ Power failures. If more than - - out of range, PF could . .
channel trips unlikely, ; of the sensor in calculations.
supply ) three CEAs are affected, but possible on slowl occur. On excessive RPS remains in 2-out-of-3
malfunction | likely CEAC fail poss . Y| number of failures (as in . :
- . developing failure coincidence logic. If sensor
condition. If failure occurs the loss of RSPT power), a failure is not recoenized b
slowly, and multiple CEAs CEAC Falil condition . S oy
CEAC prior to sensor going
are affected, may get large occurs. tof tor
PF to all operable CPC Owt O" range, reacior Hip may
h ) . ‘ occur on CEAC PF, Multiple
channels, causing a reactor CEA failures can cause
trip- CEAC Fail. CPC then selects
last valid PF from failed
CEAC, or current PF from
operable CPC, whichever is
larger.
® RPS logic is converted to a 2-
out-of-2 coincidence logic on
a channel trip.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
2-4 | Non-target b) Low-level Shorted e For in range failures, o All channel e Normally, no PF or trip on | e Plant is shutdown due to
CEA signal caused | resistor, failed erroneous input to one DNBR/LPD trips are sensor failure. If failure is the DNBR and LPD trip
position by 12 finger | reed switches, of 2 CEAC:s in all four possible for 12 finger slow to develop, and is not for 12 finger CEAs.
(Continued) CEA failure power supply CPC channels. CEAs recogniz;d by QEAC a3 | o Ginole channel PPS trip
(in range) malfunction. o All channel DNBR and | e Single PPS trip in the sensor failure with rate of for 4 finger CEAs and
LPD trips due to corresponding change, PFs could occur. RPS logic is converted to
subgroup deviation PFs channel due to the PF | e On excessive number of a 1-out-of-2 coincidence
unless sensor failure and subgroup failures (as in the loss of logic on a channel trip.
indication exists for out- deviation alarm in RS_PT pm_zv;r), a CEAC o The RPCB flag may be
of-range or rate of the other channels for Fail condition occurs. set, to prevent the Plant
change failures. 4 finger CEAs shutdowr.
o RSPT input cross
channel comparison
within each channel
c) Low-level Shorted Subgroup deviation alarm | e Subgroup deviation e Normally, no PF or trip on | Normally, no PF or trip on
signal caused | resistor, failed | occurs in all channels. alarm occurs in all 4 finger CEA sensor 4 finger CEA sensor
by 4 finger reed switches, channels failure. failure.
C.EA failure power supply e RSPT input cross e On excessive number of
(in range) malfunction. . . .
channel comparison failures (as in the loss of
within each channel RSPT power), a CEAC
Fail condition occurs.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
2-4 | Non-target d) High-level | Shorted e Erroneous input to one e CEAC sensor failure Sensor failure does not o If sensor failure is
CEA signal resistor, failed of two CEACs in all indication/annunciatio | cause PF or trip. recognized, and few sensors
position caused by | reed switches, four channels. CEAC n on OM and MTP. Until the range is deviated are affected (less than 4),
(Continued) failure power supply sensor fail and channel CEA position display | during the failure is then there is no effect on
(out of malfunction trouble indication for out depiction developing slowly, the PF RPS.
range) of range or deviation o CPCS channel trip can be generated if not o CEAC uses last valid
from normal change unlikely, but possible ac.kn owledged as sensor position of the sensor in its
rate. - failure by CEAC. .
on slowly developing calculations.
o If more than ff)ur CEAs failure from erroneous | Op excessive number of e RPS remains in 2-out-of-3
are affected, likely PF calculation failures (as in the loss of coincidence logic.
CEAC fail condition. In RSPT power), a CEAC fail . )
case that the failure condition oceurs. e If sensor failure is not
proceeds slowly and recognized by CEAC prior
many CEAs are to sensor going out of range,
affected, the operating reactor trip may occur on
CPC receives a large PF CEAC PF.
and generates reactor o Multiple CEA failures can
trip. cause CEAC failure. CPC
then selects last valid PF
from failed CEAC, or
current PF from operable
CPC, whichever is larger.
e RPS logic is converted to a
2-out-of-2 coincidence logic
on a channel trip.
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Remarks
Symptoms and Local Effects Inherent Compensating and Other
No. Name Failure Mode Cause Including Dependent Failures | Method of Detection Provision Effect on PPS Effects
2-4 | Non-target e) High-level Shorted For in range failures, All channel e Normally, no PF or trip on Plant is shut down due
CEA signal resistor, failed | erroneous input to one of two | DNBR/LPD trips sensor failure. If failure is to the DNBR and LPD
position caused by reed switches, | CEACs in all four CPC occur. slow to develop, and is not trip.
(Continued) fgilure power supply channels. All channel DNBR recognized by CEAC as a
(in range) malfunction. and LPD trips due to subgroup sensor failure with rate of

deviation PFs unless sensor
failure indication exists for out
of range or rate of change
failures.

change, subgroup deviation
PFs could occur.

On excessive number of
failures (as in the loss of
RSPT power), a CEAC Fail
condition occurs.
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Symptoms and Local

Effects Including Inherent Compensating Remarks and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
2-5 | Target CEA | a) Low level Shorted For failures beyond input | CPC sensor failure e Single PPS channel trip | RPS logic for function | To restore the
position signal caused | resistor, failed | module range limits: indication/ e Three-channel is converted to 1-out- | system logic to
by failure reed switches, DNBR/LPD channel annunciation, redundancy of-2 coincidence 2-out-of-3
(out of range) | power supply auxiliary trip on sensor DNBR/LPD channel logic. coincidence logic,
malfunction. out of range failure; CPC | trip the bypassed channel
sensor failure indication is returned to
and channel trouble OM operation and the
indication, CPC channel failed channel is
trouble annunciation. bypassed.
b) Low level Shorted For in range failures, CPC | ¢« DNBR/LPD channel | e Single PPS channel trip | RPS logic for function
signal caused | resistor, failed | channel trip on DNBR trips are possible. o Three-channel is converted to 1-out-
by failure reed switches, | and LPD due to subgroup The RPCB flag is redundancy of-2 coincidence
(in range) power supply deviation/PFs; CPC set, and a CWP logic.
malfunction. sensor failure indication/ generated.
annunciation. Affected .
CEAC also indicates * RSPT input Cross
channel comparison
sensor out of range, and o
. within each channel
respond as in the non-
target CEA failure.
¢) High level Shorted For failures beyond input | CPC sensor failure o Single PPS channel trip | RPS logic for function
signal caused | resistor, failed | module range limits: indication/ o Three-channel is converted to 1-out-
by failure reed switches, DNBR/LPD channel annunciation, redundancy of-2 coincidence
(out of range) | power supply auxiliary trip on sensor DNBR/LPD channel logic.
malfunction. out of range failure; CPC | trip.
sensor failure indication
and channel trouble OM
indication, CPC channel
trouble annunciation.
d) Low level Shorted CPC Channel Trip on RSPT cross channel o Three-channel If no DNBR/LPD
signal caused | resistor, failed | DNBR and LPD due to comparison within redundancy channel trip occurs,
by failure reed switches, | subgroup deviation/PFs each channel. RPS logic for function
(out of range) | power supply only if group is inserted is converted to 2-out-
malfunction. and is not the lead group. of-2 coincidence
Possible sensor failure logic.
indication / annunciation.
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Symptoms and Local

Effects Including Inherent Compensating Remarks
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS and Other Effects
2-6 | CEA a) Loss of Loss of ac power, Loss of CEAC position Annunciation on OM Two channel None e CPC uses input data
calculator data output | input/output failure, | indication of CPC redundancy from other CEAC
(CEAC) data link failure, and annunciates the
logic or memory failure.
device failure e CPC compares data
b) Erroneous | CEA position sensor | Erroneous calculation e Annunciation on OM | CPC uses the DNBR or LPD trip from two CIEAC and
data output | failure, input/output | value, DNBR or LPD trip of CPC. conservative value in possible generates alarm.
failure, data link possible . the two CEAC values.
. . e CEA position
failure. calculation, S
. indication
logic or memory .
. . comparison, same
device failure . .
variable comparison
in OM
2-7 | Core a) Tripped Loss of ac power, Loss of control panel PPS alarm for channel | o Single RPS channel | The RPS trip logic | e Computer stops
protection input/output failure, | control, erroneous trip, comparison of trip for DNBR/LPD, sequentially on ac
calculator 10gi§ or memory calculation result three cl?am?els, _alarm o Three-channel CWP is converted power failure.
(CPC) device failure, of monitoring timer . to 1-out-of-2
. redundancy logic . e To restore the system
sensor failure coincidence logi
ogic to
2-out-of-3

coincidence logic, the
bypassed channel is
returned to operation
and the failed
channel is bypassed.
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Symptoms and Local Inherent
Effects Including Compensating Remarks and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
2-7 | Core b) Stays in Input/output Erroneous calculation Comparison of three Three-channel The RPS trip logic for | e Computer stops
protection untripped failure, logic or result channels, alarm of redundancy DNBR/LPD, CWP is sequentially on ac
calculator state memory device monitoring timer converted to 2-out-of- power failure.
(CPC) failure, sensor 2 coincidence logic.
1 o To restore the system
failure logi
ogic to
2-out-of-3
coincidence logic, the
bypassed channel is
returned to operation
and the failed
channel is bypassed.
2-8 | CEA a) The contact Open circuit, CWP contact open, Visually indication Three-channel e No effect on RPS To restore the system
withdrawal of CWP from | mechanical unnecessary CWP redundancy channel trip logic. logic to
pro_hlblt CPC open damage, contact channel trip o« CWP logic is 2-0}1t-0f—3 coincidence
logic due to failure | corrosion logic, the bypassed
converted to 1-out- .
(CWP) . channel is returned to
of-2 coincidence . .
logic operation and the failed
) channel is bypassed.
b) CWP contact | Contact fixation No CWP signal Periodic test, Three-channel e No effect on RPS
from CPC generated when CWP DNBR/LPD pre-trip redundancy channel trip logic.
closed due to generation situation without any channel A L
o CWP logic is

failure

occurs.

CWP command

converted to 2-out-
of-2 coincidence
logic.

c) Discrete
input ON
(Untripped)

Contact failure

Bistable logic not
tripped

Periodic test

Three-channel
redundancy

Coincidence logic is
converted to 2-out-of-
2 coincidence logic
for the affected
variable.

d) Discrete
input OFF
(tripped)

Contact failure,
open cable

Bistable logic tripped

Comparison logic trip
alarm, comparison trip
indication in cabinet and
MCR

Initiated when
tripped for the same
variable in another
channel.

Coincidence logic is
converted to 1-out-of-
2 coincidence logic
for the affected
variable.
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Symptoms and Local

Effects Including Inherent Compensating Remarks and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
2-9 | CPCdigital | DO module failure | Failures CPC WDT timeout. e DNBR/LPD channel e Single PPS channel RPS logic for To restore the system
output (DO) resulting in /O | DNBR/LPD channel trip/pre-trip trip function is logic to
module Diagnostics trips and pre-trips, . . : converted to 1-out- | 2-out-of-3 coincidence
indicating CWP, “CPC Fail” ‘ CPC. Fa.ll al_lnunmators * Three-channel of-2 coincidence logic, the bypassed
. L and indication at redundancy . .
module failure | annunciation logic. channel is returned to
OM/MTP . .
operation and the failed
e CPC Trouble indication channel is bypassed_
at OM/MTP Module failures are
e Diagnostics indicate monitored and cause
DO module failure. CPC WDT timeouts.
e Local DO Module Fault
lamp on, green Run
lamp off
2- | CPC a) OFF; processor Loss of Watchdog timer e Channel DNBR/LPD o Single PPS channel The RPS logic is To restore the system
10 | processor off. Failure of module power; | timeout, DNBR and channel trip and pre- trip converted to 1-out- | logic to
module either the software LPD trip/pre-trip/CWP trip, CWP, also CPC e Three-channel of-2 coincidence 2-out-of-3 coincidence
(PM) processor or execution stops | output contact opening. Fail, annunciation CPC logic. logic, the bypassed
L . SN redundancy .
communication Also CPC Fail trouble indication on channel is returned to
section OM/MTP indication. OM/MTP operation and the failed

CPC processor fault
lamp on, green Run
lamp out

b) ON; processor
running, CPC
fails to trip for a
bona fide trip
condition.

Erroneous
inputs,
improper
addressable
constant,
Unrecognized
hardware or
software
malfunction.

Change in DNBR/LPD
margin indication value
of QIAS-N and IPS.

Four channel
comparison

DNBR/LPD margin

indication of QIAS-N
and IPS

o Three-channel
redundancy

The RPS logic is
converted to 2-out-
of-2 coincidence
logic (assuming no
channel trip)

channel is bypassed.
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Symptoms and Local Effects Inherent Compensating Effect on Remarks and Other
No. Name Failure Mode Cause Including Dependent Failures Method of Detection Provision PPS Effects
2-11 | Aux CPC a) OFF; Loss of module | e Aux CPC watchdog timer e Channel trouble e Aux CPC does not perform | None CPC channel is
processor processor power; software timeout input to CPC annunciation and a safety function. operable with a failed
module off execution stops processor to make channel indication on the e No effect on PPS. Aux CPC processor.
(PM) trouble annunciation. OM/MTP .
. o No compensating provisions However, channel trip
o OM/MTP monitors e Aux CPC processor required buffer report and
heartbeat, forcing OM/MTP fault lamp on, green run ’ failed sensor data are
channel trouble indication. lamp out unavailable.
o Loss of trip buffer report
and failed sensor array data.
b) ON; Unrecognized Improper trip buffer data, After four-channel e Aux CPC does not perform | None
processor hardware or failed sensor data, depending comparison of operating a safety function.
on software on failure. trip buffer data and failed
. e No effect on PPS.
malfunction. sensor data, a normal } o
condition is indicated. ¢ No compensating provisions
required.
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Symptoms and Local Inherent
Effects Including Compensating Remarks and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
2-12 | CEAC 1 a) OFF; processor | Loss of e CEAC 1 watchdog e CEAC 1 fail Two redundant o Affected CPC uses the Operation with a
processor off module power; timer timeout, CEAC indication on CEACs in each last valid PF from the single failed CEAC in
module software 1 fail indication on OM/MTP channel. failed CEAC or the one or more channels
(PM) execution stops OM/MTP. o Channel trouble currer;)t1 PF from the gd}dr}essed in LCO
pro::_essor e Channel trouble indication / O%?ril e CE‘?C’ o
seetion indication / annunciation CEAC 1 wiichever s larger.
annunciation. processor fault lamp o If the other CEAC is
o CEAC 1 fail flag to on, green run lamp out failed/declare{i
CPC in the same inoperable/or in test, a
channel. large pre-_assigned PF is
assumed in that CPC.

b) ON; processor Erroneous e Possible inconsistency | ® Cross channel Two redundant o Affected CPC uses the | To restore the PPS
running, CEAC | inputs, in CEA position with comparison of CEA CEAC:s in each higher of the PFs from | logic to 2-out-of-3
fails to detect unrecognized respect to other position channel. the two CEACs in the coincidence, the
proper CEA hardware or CEAC/pulse count. affected channel. bypassed channel is
position, or software . . returned to operation
otherwise fails malfunction; * Failure to properly * CEAC 1 is the preferred and the failed

to produce
desired results.

indicate CEA motion.

source of Target CEA
position to the CPC.

If target CEA position
is improper, could get
improper channel
response to a valid
subgroup deviation or
groups out of sequence.

If so, only one CPC
channel is affected.

RPS logic is converted
to a 2-out-of-2
coincidence logic.

channels are bypassed.

Note that on line
diagnostics identify
problems in CEAC
module and generate
CEAC failure.
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Symptoms and Local Inherent
Effects Including Compensating Remarks and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
2-13 | CEAC 2 a) OFF; processor | Loss of module e CEAC 2 watchdog e CEAC 2 Fail Two redundant o Affected CPC uses the | Operation with a
processor off power; software timer timeout, CEAC 2 indication on CEAC:s in each last valid PF from the | single failed CEAC in
module execution stops fail indication on OM/MTP channel. failed CEAC or the one or more channels
(PM) OM/MTP. e Channel Trouble current PF from the addressed in LCO
processor o Channel trouble annunciation CEAC ope_rable CEAC’ 3.33.
section whichever is larger.

annunciation.

e CEAC 2 Fail flag to
CPC in the same
channel.

2 processor fault
lamp on, green run
lamp out

If other CEAC is
failed/declared
inoperable/or in test, a
large pre-assigned PF
is assumed in that
CPC.

b) ON; processor
running, CEAC
fails to detect
proper CEA
position, or
otherwise fails
to produce
desired results.

Unrecognized
hardware or
software
malfunction

Possible inconsistency in
CEA position with respect
to other CEAC/pulse
count. Failure to properly
indicate CEA motion.

Cross channel
comparison of CEA
position

Two redundant
CEAC s in each
channel.

Affected CPC uses the
higher of the PFs from
the two CEACs in the
affected channel.

CEAC 2 is the
alternate source of
Target CEA position
to the CPC.

Therefore, Target
CEA position errors
are not passed on to
CPC unless CEAC 1 is
also inoperable.

e Operation with a
single failed CEAC
in one or more
channels addressed
in LCO 3.3.3.

After on-line
diagnostic function
is performed and
the problem within
CEAC module is
identified, CEAC
fail condition is
generated.
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Symptoms and Local
Effects Including

Inherent Compensating

Remarks and

No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Other Effects
2-14 | CEA position a) OFF; Loss of e CPPI watchdog e CPP trouble OM/MTP | e CPPs 1 and 2 are None. Operation with a
processor 1 in processor module power; timer timeout, CPP indication, channel redundant in each . single failed
channels A or B. off software trouble OM/MTP trouble annunciation channel. CEACHI mn all. charggﬁ CEAC in one or
. s . normally receives
Processor and/ :gscutlon indication, channel in all four channels e CPP 2 in channels A position from CPP2. more chanpels
or ps. Trouble and channel trouble and B is preferred addressed in LCO
communication annunciation. indication on source of CEAC 1 CEA | Target CEA position 3.3.3.
section. e Loss of alternate OM/MTP in all 4 position in all channels, | input in affected channel
source of RSPT 1 channels due to loss of | 5 slternate source of | is switched from the
CEA position 1 of 2 redundant target CEA position. CEAC 1 to CPC SDL to
transmission to sources of CEA the CEAC 2 to CPC
CEAC 1 in all four position mput SDL.
channels. ¢ i?:cltzgl%g;t on Loss of CPP 1 receives
o Loss of preferred ports in channels A and
source of target o Diagnostics identify B disables the alternate
CEA position in loss of SDL input to source of SDL input to
channel of origin. CPC. CEAC 1.
e Loss of receive o WDT in the affected This has no effect on
ports for alternate CPP provide failure to CEAC 1 since the
CEA position to CrC preferred SDL input is
CEAC L. directly to the CEAC
processor receive port.
b) ON; Unrecognized | e Failure to provide e Possible erroneous e CPP1 is alternate source | None. To restore the
Erroneous | hardware or proper alternate target CEA position for CEAC 1 position I CEA position i PPS logic to 2-
CEA software source of CEA indication indication, and is imtgcg);ter onepCOIiglon S| out-of-3
position malfunction position in CEAC 1 | | If problem is due to normally not selected. channel i7s inoperable, coincidence logic,
transmitted in all channels. : : . e the bypassed
processor failure, this | e CPP1 is preferred and RPS logic is in 2- .
. . ! . = channel is
e Possible failure of is detected by on line source of target CEA out-of-2 coincidence returned to

preferred source of

diagnostics and a CPP

position, and target

logic.

operation and the

target CEA position trouble/CPP WDT CEA position may be failed ch |
transmission in time out. improper in one CPC arled channels
. are bypassed
channel of origin channel.
o 3-channel redundancy.
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Symptoms and Local

Effects Including Inherent Compensating Remarks and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
2-15 | CEA position a) OFF; Loss of o CPP 2 watchdog o CPP trouble OM/MTP | o CPPs 1 and 2 are None. Operation with a
processor 2 in processor | module power; timer timeout, CPP indication in affected redundant in each . single failed CEAC
channels C or D off software trouble OM/MTP channel, channel channel. CEAC2 in all channels in one or more

processor and/

execution stops

indication, channel

trouble annunciation

e CPP 2 in channels C

normally receives CEA
position from CPP1.

channels addressed

or o trouble annunciation. in all four channels and D is alternate in LCO 3.3.3.
communication o Loss of alternate and channel trouble source of CEAC 2 Similarly, CPP 1
section. source of RSPT 2 indication F)n CEA position in all provides preferred
CEA position OM/MTP in all 4 channels, and source of target CEA
transmission to channels due to loss of alternate source of position in the affected
CEAC 2 in all four 1 of 2 redundant target CEA position. | channel. These are
channels. sources of CEA unaffected by a failure of
position mnput CPP 2.
e Loss of alternate
source of target CEA | ° Rfl;n 2 ?rgglf ut on Loss of CPP 2 receive
position in channel of affecte ports in channels C and
origin. e Diagnostics identify D disables the alternate
o Loss of receive ports loss of SDL input to source of SDL input to
for alternate CEA CPC. CEAC2.
position to CEAC 2. e WDT in the affgcted This has no effect on
CPP provide failure to CEAC 2 since the
CpC preferred SDL input is
directly to the CEAC
processor receive port.
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Symptoms and

Local Effects
Including Dependent Inherent Compensating Remarks and
No. Name Failure Mode Cause Failures Method of Detection Provision Effect on PPS Other Effects
2-15 | CEA position b) ON; Unrecognized e Failure to provide | If problem is due to e CPPs 1 and 2 are None. Operation with a
processor 2 in Erroneous hardware or proper alternate processor failure, this is redundant in each . single failed
channels C or D CEA software source of CEA detected by on line channel. CEAC2 in all .channels CEAC in one or
processor anfl/ or positiop malfunction pqsition in CEAC | diagnostics anda CPP | | CPP 2 in channels C and nggﬁﬂiyéziflé;;?EA more chanpels
communication transmitted, 2 in all channels trouble/CPP WDT Dis al p . addressed in LCO
. . is alternate source of
section. but processor o Improper alternate timeout. CEAC 2 CEA position Similarly, CPP1 3.33.
(Continued) remains source of target in all channels, and provides preferred
functional. CEA position in alternate source of target | source of target CEA
channel of origin CEA position. position in the affected
channel.
These are unaffected by
a failure of CPP2.
Loss of CPP 2 receive
ports in channels C and
D disables the alternate
source of SDL input to
CEAC 2.
This has no effect on
CEAC 2 since the
preferred SDL input is
directly to the CEAC
processor receive port.
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Symptoms and Local
Effects Including

Inherent Compensating

Remarks and

No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Other Effects
2-16 | One CEAC to Loss of one | Mechanical e SDL diagnostics e Channel trouble o Redundant CEAC to e One channel has one | Operation with
CPC high SDL failure, loss of indicate SDL failure, indicated on OM/MTP CPC SDL provides PFs inoperable CEAC. one failed CEAC
speed link in a fiber-optic f:ha_nne_l trouble in affected channel(s) and. T_arg_et CEA o Other channels fully in one or more
CPC channel modem indication on OM/MTP, | | oo denti position input. channels
o gnostics identify operable.
power, trouble annunciation nature of failure. e One channel has one S addressed by LCO
damage to link | CPC uses last valid PF inoperable CEAC * RPS remains mn Z-out- | 3.3.3.
. : of-3 coincidence
from inoperable CEAC o All others channels fully logic.
versus current PF from operable.
operable CEAC.
o Target CEA position
sent to CPC over
remaining link
2-17 | Both CEACto | Lossofboth | Mechanical e SDL diagnostics e CPC Fail indicated on | @ On loss of both CEACs, | e One channel has two To restore the
CPC high SDL failure, loss of indicate SDL failure, OM/MTP in affected CPC channel uses pre- inoperable CEACs. PPS logic to 2-
speed links in fiber-optic channel trouble channel(s) assigned penalty. Likely channel trip. out-of-3
a CPC channel modem indication on QM/MTP, o Diagnostics identify o Trip likely at high o RPS is converted to coincidence logic,
power, . trouble anmunciation nature of failure power levels. 1-out-of-2 the bypgssed
damage to link | Both CEAC:s fail. CPC . coincidence logic channel is
: e Channel trip o Loss of Target CEA gic. returned to

uses pre-assigned PF on
loss of both CEAC:s.

Likely channel trip if at
high power levels

If SDL failure also
causes loss of target
CEA position
transmission, CPC Fail
and DNBR/LPD
channel trip occurs.

(DNBR/LPD trip/pre-
trip/CWP) likely

position input causes
aux trip (DNBR/LPD)

Three channel
redundancy in PPS

operation and the
failed channels
are bypassed.
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Table 7.2-7 (32 of 68)

Symptoms and Local
Effects Including

Inherent Compensating

Remarks and Other

No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
2-18 | Loss of'all Off, no Loss of fiber- | e Channel trouble e SDL include e Two CEACs per e One CEAC Failed | Operation with a
SDL withina | transmission optic modem indication on OM/MTP diagnostics to detect operable CPC channel. in all operable CPC | single CEAC failure
single CPC power in receiving channels failures by receiving e Other CEAC remains channels, and one in one or more
channel o DNBR/LPD trip in processor. operable. CPC c.hannel in trip .Channels addressed
; (RPS in a 1-out-of- | in LCO .3.3.3.
failed channel due to e Channel trouble o CPC uses last valid PF 3 coincidence
losg qf target CEA %ndicat.ed. on OM/MTP from failed CEAC or logic). To restore the PPS
position in receiving current PF from logic to 2-out-of-3
e CPC fail indicated at channel(s) operable CEAC, ¢ Other CPC . coincidence logic,
OM/MTP e One CEAC failed in whichever is larger. channglls re_rtr}llaln the bypassed channel
operable with one is returned t
o Failure of one CEAC in other channels. e One CPC channel in CEAC in each 18 refunec 1o
o . operation and the
other operable CPC e Both CEAC:s failed in trip, three channel channel :
. : failed channels are
channels inoperable channel redundancy

DNBR/LPD trips in
failed channel.

CPC fail indication on
OM/MTP

Diagnostics in
receiving processors
identify nature of
failure

bypassed.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
3 | Analoginput | a) Failure of Component e Scan and processing Al diagnostic alarms are | BP signal selection logic in all | e No loss of safety N/A
module (PPS microprocessor | failure of analog input activated; comparisons the LCLs uses quality data function
BP rack) common to all channels stop of signals between BPs from the redundant BP of the e Coincidence remains
analog input and between channels affected safety channel. -
e Process measurements as 2-out-of-3 logic.
channels . (performed by IPS)
for analog bistables
detect and alarm
are tagged as bad diffe
quality by BP ifferences.
b) Failure of Component Digitized values for all Comparisons of signals e Coincidence needs at least e No loss of safety N/A
analog portion failure the Al channels may not | between BPs and two safety channels to have function
common to all be representative of the | between channels the same process partial trip. | § ~oincidence remains
input channels process. It could result (performed by IPS) - .
: S e An early partial trip does as 2-out-of-3 logic.
in the partial trip detect and alarm . L
- . not result in coincidence. A
occurring early, late, at differences late trip has no affect since
setpoint or not at all. coinci(li)ence already exists.
o BP selection logic in all the
LCLs performs a logical OR
of data from the redundant
BPs in each of safety
channels.
o This addresses the Al
module input failure
resulting in the BP not
generating a partial trip.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
3 Analog input c) Single Component Channel value set to range | Al module diagnostic Partial trip/actuation ® No loss of safety N/A
module (PPS channel failure limit; with bad quality alarms are activated; selection logic in all LCLs function
BP rack) fails out of comparisons of signals uses quality data from the o Coincidence remains
range high between BPs and between | redundant BP in affected as 2-out-of-3 logic
or low channels (performed by channel. '
IPS) detect and alarm
differences
d) Failure of Component BP notes lack of response | Al module diagnostic BP signal selection logic in e No loss of safety N/A
BIOB failure from input module and alarms are activated; all the LCLs uses the quality function
interfaces flags all channels as BAD | comparisons of signals data from the redundant BP e Coincidence remains
quality. between BPs and between | of the affected safety as 2-out-of-3 logic
channels (performed by channel. '
IPS) detect and alarm
differences
e) Single Component Could result in the PM Comparisons of signals e Coincidence needs at least | @ No loss of safety N/A
channel failure partial trip occurring early, | between BPs and between two safety channels to function
experience late or not at all. If failure | channels (performed by have the same process e Coincidence remains
calibration causes the analog value to | IPS) detect and alarm partial trip. as 2-out-of-3 logic
shift or go out range, high or low, | differences e An early partial trip does ’
becomes see “Single channel out of ¥ partia’ trip
. : g not result in coincidence.
noisy. range, high or low” failure
above. o A late trip has no affect
since coincidence already
exists.
o BP signal selection logic
in all the LCLs performs a
logical OR of data from
the redundant BPs in each
of safety channels.
o This addresses the Al
module input failure
resulting in the BP not
generating a partial trip.
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Symptoms and Local
Effects Including

Inherent Compensating

Remarks and

No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Other Effects
4 | Digital input a) Entire module Component | e BP sets bad quality on Detected /O module e CPCS trip inputs and e No loss of safety N/A
module (PPS (common failure all affected input signals | failure results in BP ENFMS trouble (generates function
BP rack) portion) fails. based on detected activating a diagnostic low DNBR and high LPD | § o0 iqonc0 o
failure of module to alarm trips) are provided by the as 2-out-of-3 logi
R gic.
respond to I/O read. digital input modules.
o Digital inputs for e BP selection logic in all
function enable switch the LCLs uses quality data
position, setpoint reset from the redundant BP of
switch, operating the affected safety
bypass switch, and trip channel.
channel bypass switch
from MTP switch panel
are lost.
b) Single channel Component | The affected channel Inability to trip is BP signal selection logic in o No loss of safety N/A
fails ON failure cannot enter trip state. detected by Periodic test | all the LCLs performs logical function
(normal, OR of the partial trip data Coincid .
untripped state). from the redundant BPs of ¢ Lomaidence remains
as 2-out-of-3 logic.
the affected safety channel.
c) Single channel | Component | e BP generates partial trip | ITP detects discrepancy | ¢ LCL voting needs 2 safety | e No loss of safety N/A
fails OFF failure for failed single between BP processors channels to be tripped for function
(tripped state). channel. and alarms. coincidence. o Coincidence changes
e Coincidence occurs on e A manual partial bypass from 2-out-of-3 logic
next safety channel can be entered for the to 1-out-of-2 logic.
becoming tripped for failed input channel. If manual partial
this bistable. bypass entered,
coincidence changes
from 1-out-of-2 logic
to 2-out-of-3 logic.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
5 Bistable a) Processing Component Affected BP halts. o Lack of BP processor Partial trip/actuation o No loss of safety N/A
processor section fails to | failure No periodic updates updates detected by selection logic in all LCLs function
module execute transmitted to SDL and MTP/ITP via SDN uses quality data from the o Coincidence remains
(PPkS BP p rotgrartr_l SDN from affected BP e Lack of BP processor ridund'imt BP in affected as 2-out-of-3 logic.
rack) instructions. updates detected by LCL channet.
via SDL
e Trouble alarm is actuated.
b) Application Component Affected BP halts. o CRC checks performed on Partial trip/actuation e No loss of safety N/A
program failure No periodic updates memory. selection logic in all LCLs function
rfn@lmory transmitted to SDL and e Lack of BP processor usgs q(;lallty data fg)m t}:ie e Coincidence remains
atlure SDN from affected PM updates detected by ri un lant BP in affecte as 2-out-of-3 logic.
MTP/ITP via SDN channel.
e Lack of BP processor
updates detected by LCL
via SDL
e Trouble alarm is actuated.
c) Processing Component o BP inputs (process o Corrupted 1/O bus cycles e Partial trip/actuation o No loss of safety N/A
section fails to | failure values, CPC trips, are detected. selection logic in all LCLs function
scan ENFMS permissives) e Trouble alarm is actuated. uses quality da_ta fromthe |, Coincidence remains
input/output not updated redundant BP in affected :
L as 2-out-of-3 logic.
modules. periodically. channel.
e BP outputs (SOE e SOE points are provided
points) are not updated by redundant BP in
periodically. affected channel.
o Calculated bistable
outputs are set to Bad
quality.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
5 Bistable d) Processing Component | e No periodic updates e CS detects lack of live Partial trip/actuation e No loss of safety N/A
processor section fails to failure received from SDL by signal handshaking and selection logic in all LCLs function
module (PPS read from affected BP sets diagnostic alarm. use quality data from the e Coincidence remains
BP rack) communication e Op B d o Lack of BP redundant BP in affected 3 -out-of-3 logi
. p Bypass an ack o processor as 2-out-of-3 logic.
section. Variable Setpoint updates detected by LCL channel.
(VSP) reset request via SDL
data from MCR'CP M | ¢ Lack of BP processor
and RSR-CPM via updates detected by
SDL are losﬁ to the BP MTP/ITP via SDN
bistable logic. ]
o Lack of CS/PS e Trouble alarm is
. actuated.
handshaking causes
affected processor to
halt.
¢ No periodic updates
transmitted to SDL
and SDN from
affected PM
e) Processor Component | e No periodic updates o CS detects lack of live Partial trip/actuation o No loss of safety N/A
section fails to failure transmitted to SDL signal handshaking and selection logic in all LCLs function
write to from affected BP sets diagnostic alarm. use quality data from the e Coincidence remains
communication e Lack of BP redundant BP in affected 7 -out-ofo3 logi
. processor as 2-out-of-3 logic.
section. updates detected by LCL channel.
via SDL
e Trouble alarm is
actuated.
f) Communication | Component | e No periodic updates e Lack of CPM processor Partial trip/actuation o No loss of safety N/A
section fails to failure received from SDL by updates detected by BP selection logic in all LCLs function
receive SDL. affected PM via SDL use quality data from the o Coincidence remains
. redundant BP in affected .
e Op Bypass and VSP e Trouble alarm is as 2-out-of-3 logic.
channel.
reset request data from actuated.
MCR-CPM and RSR-
CPM via SDL are lost
to the BP bistable
logic.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
5 Bistable g) Communication Component | No periodic updates o Lack of BP processor Partial trip/actuation o No loss of safety N/A
processor section fails to failure transmitted to SDL from updates detected by selection logic in all LCLs function
module (PPS transmit SDL. affected PM LCL via SDL use quality datg from the e Coincidence remains
BP rack) . redundant BP in affected .
e Trouble alarm is h ) as 2-out-of-3 logic.
(Continued) actuated. channet.
h) General failure of | Component | e Affected processor halts. | e PS detects lack of live Partial trip/actuation o No loss of safety N/A
con;mumcatlon failure o No periodic updates signal. handshakilrlg and selecuo?tlo(%lct 1nf all LtELs function
section transmitted to SDL and sets diagnostic alarm. use quality data from the e Coincidence remains
redundant BP in affected .
SDN e Lack of BP processor as 2-out-of-3 logic.
updates detected b, channel.
e No periodic updates P : y
received from SDL by MTP/TP via SDN
affected PM e Lack of BP processor
e Op Bypass and VSP reset update§ detected by
request data from MCR- LCL via SDL
CPM and RSR-CPM via | e Trouble alarm is
SDL are lost to the BP actuated.
bistable logic.
i) PM locks Component | e Affected processor halts. | e Lack of BIOB activity Partial trip/actuation o No loss of safety N/A
(permanently) the | failure o All /O functions are d?teCted,by BP selectloq logic in all LCLs function
backplane . . diagnostics use quality data from the - -
. prevented including data . e Coincidence remains
input/output . redundant BP in affected .
exchange with SDN e Lack of BP processor as 2-out-of-3 logic.
network (BIOB) s channel.
communication module. updates detected by
LCL via SDL
e Lack of BP processor
updates detected by
MTP/ITP via SDN
e Trouble alarm is
actuated.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
6 | Fiber-optic Failure of fiber- | Component BP periodic updates to o Lack of BP processor BP selection logic in all the | e No loss of safety N/A
SDL link to optic modem failure one LCL via SDL do not periodic updates LCLs uses quality data from function
LCLs get to the destination. detected by LCL SDL tl;; retdgndz;ntt Bl}’1 of thle e Coincidence remains
e Trouble alarm is atlected satety channel. as 2-out-of-3 logic.
actuated.
7 | Fiber-optic Failure of fiber- | Component e BP periodic updates of | e Lack of CPM periodic ¢ Coincidence logic requires | ® No loss of safety N/A
SDL link from | optic modem failure control switch status via updates is detected by at least two safety function.
MCR-CPM or SDL does not oceur BP via SDL channels to l.lave.the same |  coincidence remains
RSR-CPM (oqu one lqcatlon is e Trouble alarm is process partlal trip. A. ) 2-out-of-3 if no
active at a time) actuated partial trip due to inability bistable partial trip
e Loss of operating {)0 g;zoc:;n\%);rf;;zfdoes occurs.
b d VSP reset Y] . N
ré’p 1? e?sstsa I;r om SDrESB not result in coincidence. e If bistable partial trip
q . occurs, coincidence
e MTP provides alternate changes to a 1-out-of-
capability to perform these 2 logic
functions. '
8 | Failure of BP | Loss of power Power supply | LCL processors in four o Lack of BP processor BP selection logic in all the e No loss of safety N/A
Process to one BP wire PPS safety divisions periodic updates LCLs uses quality data from function
Station Station tegnlnatlon connected to falle_d BP detected by LCL SDL the redundant BP of the e Coincidence remains
Backplane failed. detect loss of periodic . affected safety channel. .
e Trouble alarm is as 2-out-of-3 logic.
(PPS BP rack) updates. actuated
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
9 | SDN a) Shared memory Component | e BP halts. o Lack of BP processor BP selection logic in all the e No loss of safety N/A
communication failure failure o No PM periodic periodic updates on SDN | LCLs uses quality data from function
module updates to all LCLs network detected by the redundant BP of the e Coincidence remains
(PPS BP Rack) via SDL and on SDN MCTP/ITP and on SDL by | affected safety channel. as 2-out-of-3 logic.
network LCL
e Trouble alarm is
actuated.
b) Back Plane Component | e BP halts. o Lack of BP processor BP selection logic in all the o No loss of safety N/A
failure failure « No PM periodic periodic updates on SDN | LCLs uses quality data from function
updates to all LCLs network detected by the redundant BP of the e Coincidence remains
via SDL and on SDN M(;I"P/ ITP and on SDL by | affected safety channel. as 2-out-of-3 logic.
network LCL
e Trouble alarm is
actuated.
¢) SDN interface Component | e BP halts. o Lack of BP processor BP selection logic in all the o No loss of safety N/A
failure failure o No PM periodic periodic updates on SDN | LCLs uses quality data from function
updates to all LCLs network detected by the redundant BP of the e Coincidence remains
via SDL and on SDN I£4T5/ITP and on SDL by | affected safety channel. as 2-out-of-3 logic.
network C
e Trouble alarm is
actuated.
d) Microprocessor Component | e BP halts. o Lack of BP processor BP selection logic in all the | e No loss of safety N/A
failure failure o No PM periodic periodic updates on SDN | LCLs uses quality data from function
updates to all LCLs network detected by the redundant BP of the e Coincidence remains
via SDL and on SDN MCTP /ITP and on SDL by | affected safety channel. as 2-out-of-3 logic.
network LCL
e Trouble alarm is
actuated.
e Data storm. e Trip alarm is actuated. Three-channel redundancy ¢ Coincidence remains N/A
e Spurious data is sent as 1-out-of-2 logic.
to the receiving
processors
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
10 | LCL a) Processing Component o Affected LCL halts and | e Lack of LCL processor | Open WDT contact only Open WDT contact trips N/A
processor section fails to failure the WDT contact opens. updates detected by affects one-half of the one-half of the safety
performing execute program o No periodic undates MTP/ITP via SDN affected safety division division RT initiation
RT function instructions. tranI;mi tted topSDN o Trouble alarm is RT initiation circuit. circuit.
(PPS LCL from affected PM actuated.
rack)
e No periodic updates
received from SDL by
affected PM
b) Application Component e Affected LCL halts and | ¢ CRC checks performed | Open WDT contact only Open WDT contact trips N/A
program memory | failure the WDT contact opens. on memory affects one-half of the one-half of the safety
failure e No periodic updates e Lack of LCL processor ;fﬂfqe_ct_e? igfety.dlv%tsmn d.IVISl.?n RT initiation
transmitted to SDN updates detected by tnifiation cureut. cireutt.
from affected PM MTP/ITP via SDN
e No periodic updates e Trouble alarm is
received from SDL by actuated.
affected PM
c¢) Processing Component o LCL outputs e Corrupted I/O bus Digital output only affects | Digital output trips one- N/A
section fails to failure (reactor trips) not cycles detected one-half of the affected half of the safety
scan input/output updated periodically o Trouble alarm is safety division RT division RT initiation
modules. « Digital Output module actuated. initiation circuit. circuit.
sets outputs to default
de-energized state.
7.2-86 Rev. 0




APR1400 DCD TIER 2

Table 7.2-7 (42 of 68)

Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
10 | LCL d) Processing Component | e No periodic updates o CS detects lack of live | Open WDT contact only Open WDT contact trips N/A
processor section fails to failure received from SDL by signal handshaking affects one-half of the one-half of the safety
performing read from affected PM. and sets diagnostic affected safety division division RT initiation
RT function com_munication o Lack of CS/PS alarm. RT initiation circuit. circuit.
(PPS LCL section. handshaking causes e Lack of LCL
rack) affected processor to halt processor updates
(Continued) and the WDT contact detected by MTP/ITP
opens. via SDN
e No periodic updates e Trouble alarm is
transmitted to SDN from actuated.
affected PM
e) Processing Component | SDL transmits are not CS detects lack of live N/A o No loss of safety N/A
section fails to failure provided by this processor. | signal handshaking and function
write to sets diagnostic alarm. Coincid .
communication ¢ Coincidence remains
. as 2-out-of-3 logic.
section.
f) Communication Component | No periodic updates e Lack of BP processor | Partial trip/actuation o No loss of safety N/A
section fails to failure received from SDL by updates detected by selection logic in ESF function
receive SDL. affected PM LCL via SDL LCL and both RT LCLs e Coincidence remains
e Trouble alarm is of a‘ffected LCL. process as 2-out-of-3 logic.
actuated. station use quality data )
from the redundant BP in
affected channel.
g) Communication Component | SDL transmits are not N/A N/A e No loss of safety N/A
section fails to failure provided by this processor. function
transmit SDL. - .
o Coincidence remains
as 2-out-of-3 logic.
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Symptoms and Local
Effects Including

Inherent Compensating

Remarks and

No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Other Effects
10 | LCL h) General failure | Component o Affected processor e PS detects lack of live | e Partial trip/actuation o No loss of safety N/A
processor of failure halts and the WDT signal handshaking selection logic in ESF function
perforrnir}g communication contact opens. and sets diagnostic LCL and second RT LCL | | Coincidence remains
%)gguﬁgfn section o No periodic updates alarm. of affected LCI; prgcess as 2-out-of-3 logic.
( transmitted to SDN e Lack of LCL station use quality data
rack) f ff from the redundant BP in | ® Open WDT contact
) rom affected PM processor updates ffected ch ) trips one-half of the
(Continued) « No periodic und detected by MTP/ITP |  atiected channel. o
periodic updates ) safety division RT
received from SDL by via SDN * Open WDT contact only initiation circuit.
affected PM e Trouble alarm is affects one-half gf'the
actuated. affef:tc.s('l sgfety'dlv%smn
RT initiation circuit.
i) PM locks Component o Affected processor e Lack of BIOB activity | e System level reactor trip | ® No loss of safety N/A
(permanently) failure halts and the WDT detected by PM provided by other three function.
the BIOB. contact opens. diagnostics safety divisions. e Coincidence remains
e RT initiation circuit e Lack of LCL o Redundant LCL station as 2-out-of-3 logic.
associated with processor updates available to provide RT
affected LCL station detected by MTP/ITP function for affected
causes 1/2 leg trip. via SDN division.
e All /O functions are e Trouble alarm is
prevented including actuated.
data exchange with
SDN Communication
Module.
j) WDT relay coil | e Component | RT initiation circuit Trouble alarm is e System level reactor trip | e No loss of safety N/A
shorts when failure associated with affected | actuated. provided by other three function.
energized. o Mechanical | FCL §tation causes 1/2 safety divisions. e Coincidence remains
WDT relay NO failure leg trip due tf) WDTNO e Redundant LCL station as 2-out-of-3 logic.
contact opens contact opening. available to provide RT
with coil function for affected
energized. division.
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Symptoms and Local Effects Remarks
Including Dependent Inherent Compensating and Other
No. Name Failure Mode Cause Failures Method of Detection Provision Effect on PPS Effects
10 | LCL k) WDT relay NO | Mechanical | ¢ WDT NO contact, one of | Trouble alarm is o System level reactor trip | ® No loss of safety N/A
processor contact does not | failure three contacts in series actuated. provided by other three function.
;ﬁezlffglrrnipg open wgen (cioil forming one of the two safety divisions. e Coincidence remains
PPS Egion required to de- l_la_lf—lgg trips O,f the RT d e Redundant LCL station as 2-out-of-3 logic.
( s energize. 1n}t;1atlgcn circuit associate available to provide RT
rack) with affected LCL station function for affected
(Continued) does not contribute to a 1/2 division.
leg trip due to WDT NO
contact not opening.
11 | LCL a) Processing Component | e Affected processor halts. e Lack of LCL ESFAS actuations from o No loss of safety N/A
Processor section fails to failure o No periodic updates processor updates redundant LCL station function
Module execute transmitted to SDL and detected by MTP/ITP | provided to rgdundant ESF- | o Coincidence remains
performing_ ?rf;%ruirt?ons SDN from affected PM via SDN CCS GC station. as 2-out-of-3 logic.
E;igg;uanon . o Partial actuation data to ¢ I[:;lcf;(e:sfolr‘cg dates
ESF-CCS GC is lost. U
(PPS LCL one 18 108 detected by ESF-CCS
Rack) e No periodic updates GC via SDL
received from SDL by .
affected PM e Trouble alarm is
actuated.
b) Application Component | e Affected processor halts. e CRC checks ESFAS actuations from e No loss of safety N/A
program il failure o No periodic updates performed on memory redur‘l((iiaéltt LCI(; ste(litio?ESF function
memory farlure transmitted to SDL and e Lack of LCL [():rgxsll (f C (t)? undan " |  Coincidence remains
SDN from affected PM processor updates station. as 2-out-of-3 logic.
e Partial actuation data to dgtecg:d by MTP/ITP
one ESF-CCS GC is lost via SDN
e No periodic updates * Lack of LCL
received from SDL by processor updates
affected PM detected by ESF-CCS
GC via SDL
e Trouble alarm is
actuated.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
11 | LCL ¢) Processing Component | LCL outputs not updated e Corrupted I/O bus cycles | N/A o No loss of safety N/A
processor section fails to failure periodically. detected function
module . scan e Trouble alarm is e Coincidence remains
performing input/output actuated as 2-out-of-3 logic
ESF actuation modules. ’ ’
function ; - B
(PPS LCL d) Processing Component | e No periodic updates o CS detects lack of live ESFAS actuations from ¢ No loss of safety N/A
rack) section fails to failure received from SDL by signal handshaking and redundant LCL station function
ead from ffe PM i ic alarm. rovided to redundant — .
(Continued) Zo?nmlﬁnication aftected sets diagnostc alarm I};SIZ-CCS GC station * Coincidence remains
i e Lack of CS/PS e Lack of LCL processor ) as 2-out-of-3 logic.
section. handshaking causes updates detected by
affected processor to halt MTP/ITP via SDN
o No periodic updates e Lack of LCL processor
transmitted to SDL and updates detected by ESF-
SDN from affected PM CCS GC via SDL
o Partial actuation data to e Trouble alarm is
one ESF-CCS GC is lost actuated.
e) Processing Component | e No periodic updates e CS detects lack of live ESFAS actuations from e No loss of safety
section fails to failure transmitted to SDL from signal handshaking and redundant LCL station are function occurs
write to affected PM sets diagnostic alarm. provided to redundant e Coincidence remains
cot?munlcatlon o Partial actuation data to e Lack of LCL processor ESF-CCS GC station. as 2-out-of-3 logic.
section. one ESF-CCS GC is lost. updates detected by ESF-
CCS GC via SDL
e Trouble alarm is
actuated.
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Symptoms and Local Effects
Including Dependent

Inherent Compensating

Remarks and

No. Name Failure Mode Cause Failures Method of Detection Provision Effect on PPS Other Effects
11 | LCL f) Communication Component | e No periodic updates e Lack of BP processor Partial trip/actuation e No loss of safety N/A
processor section fails to failure received from SDL by updates detected by selection logic in ESF function
mogule ' receive SDL. affected PM LCL via SDL LfCI}fan? B?EET LCLs |, Coincidence remains
perlorming e Partial trip/actuation data o Trouble alarm is ot atlecte . process as 2-out-of-3 logic.
ESF actuation station use quality data
. from two BPs (each from a actuated.
function - from the redundant BP
separate channel) via SDL .
(PPS LCL are lost to the LCL voting in affected channel.
Rack) logic.
(Continued) — -
g) Communication | Component | e No periodic updates e Lack of LCL processor | ESFAS actuations from | e No loss of safety N/A
section fails to failure transmitted to SDL from updates detected by redundant LCL station function occurs
transmit SDL. affected PM ESF-CCS GC via SDL alr(e1 prgvu';le;ist]? cesae | Coincidence remains
o Partial actuation data to e Trouble alarm is r: tl.m an B as 2-out-of-3 logic.
one ESF-CCS GC is lost. actuated. station.
h) General failure Component | o Affected processor halts. o PS detects lack of live ESFAS actuations from | e No loss of safety N/A
of o failure ¢ No periodic updates signal. handshaking and redupdant LCL station function occurs
communication transmitted to SDL and sets diagnostic alarm. provided to redundant e Coincidence remains
section SDN from affected PM e Lack of LCL processor ESF-CCS GC station. as 2-out-of-3 logic.
o Partial actuation data to uMchl};t/?frgetgctegby
one ESF-CCS GC is lost. via SDN
e No periodic updates e Lack of LCL processor
received from SDL by updates detected by
affected PM ESF-CCS GC via SDL
e Trouble alarm is
actuated.
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Remarks
Symptoms and Local Effects Inherent Compensating and Other
No. Name Failure Mode Cause Including Dependent Failures Method of Detection Provision Effect on PPS Effects
11 | LCL processor | i) PM locks Component | o Affected processor halts. e Lack of BIOB activity ESFAS actuations from o No loss of safety N/A
module _ (permanently) | failure o All /O functions are dgtectediby PM redupdant LCL station are function
performing the BIOB. . . diagnostics provided to redundant F—
ESF actuati prevented including data ESF-CCS GC stati e Coincidence
actuation exchange with SDN e Lack of LCL processor . station. remains as 2-out-of-
function s :
PPS LCL communication module. updates detected by 3 logic.
( MTP/ITP via SDN
Rack)
. o Lack of LCL processor
(Continued) updates detected by
ESF-CCS GC via SDL
e Trouble alarm is
actuated.
12 | LCL processor | a) Processor Component | o Affected processor halts. e Lack of LCL processor | Partial trip/actuation o No loss of safety N/A
module section fails to | failure Lo . updates detected by selection logic in ESF function.
performing execute ‘ I;grﬁesrgﬁlﬁ;ggg Cetsege;e;;/ed MTP/ITP via SDN. LCL and both RT LCLs o Coincidence
only COM program o ] ’ e Trouble alarm is of affected LCL process remains 2-out-of-3
function (PPS instructions. o Partial trip/actuation data actuated station will use good ‘
LCL rack) from two BPs (each from a ’ quality data from the
separate channel) via SDL redundant BP PM in
are lost to the LCL voting affected channel.
logic.
b) Application Component | e Affected processor halts. e CRC checks performed | Partial trip/actuation o No loss of safety N/A
program failure. o No periodic updates received on memory. iﬁt(ljﬁ;ftl()g Logtilc [ngIiS(I;L function.
memory from SDL by affected PM. e Lack of LCL processor and o s o Coincidence
failure (mirror o ] undates detected b of affected LCL process remains 2-out-of-3
RAM) o Partial trip/actuation data I\/I[)TP JITP vi SDNy station will use good '
from two BPs (each from a via : quality data from the
separate channel) via SDL e Trouble alarm is redundant BP PM in
are lost to the LCL voting actuated. affected channel.
logic.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
12 | LCL Processor | ¢) Processor section | Component | ¢ LCL COM PM does not | N/A N/A o No loss of safety N/A
module fails to scan failure access /O modules. function
Ezgogl(l)lll\l/% $§gg{; L;tput e Coincidence remains
function (PPS 2-out-of-3.
LCL rack) d) Processor section | Component | e No periodic updates e Communication section | Partial trip/actuation ® No loss of safety N/A
fails to read from | failure received from SDL by detects lack of live selection logic in ESF function
communication affected PM signal handshaking and | LCL and both RT LCLs | | Coincidence remains
section. e Partial trip/actuation data sets diagnostic alarm. of affected LCL process 2-out-of-3
from two BP PMs (each o Lack of LCL processor statllt‘)tn ‘gllt] ufse gOtCIJId
from a separate channel) updates detected by ql? ! (}; i %Pr CI’)III\I/I ne
via SDL are lost to the MTP/ITP via SDN. ra?felt:riegnchannel m
LCL voting logic. e Trouble alarm is .
e Lack of communication actuated.
section/processing
section handshaking
causes affected processor
to halt.
e No periodic updates
transmitted to SDN from
affected PM.
e) Processor section | Component | SDL transmits are not Communication section N/A o No loss of safety N/A
fails to write to failure provided by this processor. | detects lack of function
communication handshaking and sets o Coincidence remains
section. diagnostic alarm.
2-out-of-3
f) Communication Component | e No periodic updates e Lack of BP processor Partial trip/actuation o No loss of safety N/A
section fails to failure received from SDL by updates detected by selection logic in ESF function
receive SDL. affected PM. LCL via SDL LCL and both RTLCLs | | Coincidence remains
o Partial trip/actuation data | e Trouble alarm is of a.ffecte.d LCL process 2-out-of-3
from two BP PMs (each actuated Statll(.)tn ‘glltl ufse gOt(;ld
from a separate channel) qu; ! (}; i gpr (I)’T/l e
via SDL are lost to the redundan mn
LCL voting logic. affected channel.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
12 | LCL processor | g) Communication | Component SDL transmits are not N/A N/A o No loss of safety N/A
module section fails to failure provided by this function
performing transmit SDL. processor. o Coincidence remains
only COM 2-out-of-3
function (PPS
LCL rack) h) General failure of | Component o Affected processor e PS detects lack of Partial trip/actuation ® No loss of safety N/A
communication failure halts. live signal selection logic in ESF LCL function
section o No periodic updates handshaking and sets and both RT LCLs of o Coincidence remains
transmitted to SDN diagnostic alarm. affef:ted I.“CL process 2-out-of-3
from affected PM e Lack of LCL statlgn will use good
quality data from the
* No periodic updates processor updates |y dant BP PM in
received from SDL by detected by MTP/ITP | o 4 channel
affected channel.
affected PM via SDN.
e Partial trip/actuation * Trouble alarm is
data from two BPs actuated.
(each from a separate
channel) via SDL are
lost to the LCL voting
logic.
i) PM locks Component o Affected processor e Lack of BIOB o System level reactor trip | ® No loss of safety N/A
(permanently) the | failure will halt. activity detected by provided by other three function
BIOB o RT matrix associated PM diagnostics. safety channels. e Coincidence remains
with affected LCL e Lack of LCL o ESFAS actuations from 2-out-of-3
station will prevent processor updates redundant LCL station
1/2 leg trip. detected by MTP/ITP are provided to redundant
e All /O functions are via SDN. ESFCCS GC station.
prevented including e Trouble alarm is
data exchange via actuated.
SDN.
7.2-94 Rev. 0




APR1400 DCD TIER 2

Table 7.2-7 (50 of 68)

Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
13 SDN a) Shared Component o All affected LCL o Diagnostic alarms o Other safety division o No loss of safety N/A
communication memory failure station processors halts, actuated upon failure of cabinet RT initiation function
module failure and the WDT times out. normal I/O functions circuit half leg available to L
PPS LCL rack ide the safety division | © o incidence
( rack) e All I/O functions are e Lack of affected ESF 1}){](3? ¢ t. e safety division remains as 2-out-of-
prevented, as is data LCL processor periodic unction. 3 logic.
exchange with SDN updates on SDL is o ESFAS initiations for the
communication module. detected by ESF-CCS. safety division with the
o Affected LCL station e Lack of LCL station affecteq LCIE Statlﬁn will
causes half leg trip in periodic updates on SDN be drecelved rom the
the RT initiation circuit. network detected by re gndant LCL process
MTP/ITP station ESF PM.
o Trouble alarm is actuated.
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Symptoms and Local Effects Remarks
Including Dependent Inherent Compensating and Other
No. Name Failure Mode Cause Failures Method of Detection Provision Effect on PPS Effects
13 | SDN b) BIOB ASIC | Component | e All affected LCL station o Diagnostic alarms o Other safety division o No loss of safety N/A
communication ,module failure failure processors halt and the actuated upon failure cabinet RT initiation function
(PPS LCL rack) WDT times out. of nomal /o cirguit half leg . e Coincidence
(Continued) e All /O functions are functions a}:’ allat‘t}le tgip.ro.wdeI:{T remains as 2-out-of-
prevented, as is data o Lack of affected ESF the safety division 3 logic.
exchange with SDN LCL processor function.
communication module. periodic updates on o ESFAS initiations for
o Affected LCL station SDL is detected by the safety division with
causes half leg trip in the ESF-CCS the 'affect.ed LCL .
RT initiation circuit. o Lack of LCL station ;tatlonhwﬂlg)e fiecewed
periodic updates on rom the redundant
SDN network detected LCL process station
by MTP/ITP ESFPM.
e Trouble alarm is
actuated.
¢) SDN Component | e All affected LCL station e Diagnostic alarms o Other safety division o No loss of safety N/A
interface failure processors halt and the actuated upon failure cabinet RT initiation function
ASIC failure WDT times out. of nqrmal /0 cirguit half leg ) e Coincidence
o All I/O functions are finctions a}:/ allal‘?Ie to.p?o.wde remains as 2-out-of-
prevented, as is data o Lack of affected ESF the safety division RT 3 logic.
exchange with SDN LCL processor function.
communication module. periodic updates on o ESFAS initiations for
o Affected LCL station SDL is detected by the safety division with
causes half leg trip in the ESF-CCS. the .affect‘ed LCL .
RT initiation circuit. e Lack of LCL processor ;tatlonhwﬂl be flecelved
periodic updates on fom the redun ant
SDN network detected LCL process station
by MTP/ITP ESF PM.
e Trouble alarm is
actuated.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
13 | SDN d) Microprocessor | Component o All affected LCL e Diagnostic alarms e Other safety division o No loss of safety N/A
communication failure failure station processors halt actuated upon failure of cabinet RT initiation function
rr;%tisu}fCL Rack and the WDT times out. normal I/O functions circuit h(ziilfrg a\t{allable e Coincidence
( ack) o ESFAS initiation e Lack of affected ESF fio provy ;,} F sa c?ty remains as 2-out-
(Continued) signals to GC is not LCL processor periodic tvision unction. of-3 logic.
updated via SDL for updates on SDL is e ESFAS initiations for the
affected LCL process detected by ESF-CCS. safety division with the
station. o Lack of LCL processor le;ffectv:c_l LgIErstatlﬁn will
o Affected LCL station periodic updates on © recglve om the
causes half leg trip in SDN network is redgn ant LCL process
the RT initiation circuit. detected by MTP/ITP. station ESF PM.
e Trouble alarm is
actuated.
Data storm spurious data | Trip alarm is actuated. Three-channel redundancy | Coincidence remains N/A
is sent to the receiving 1-out-of-2 logic
processors.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
14 | DO Relay a) Division (UV) Component | Contact resistance DO relay contacts are RT via UV interposing o No loss of safety N/A
Output Module contact does not failure remains near zero. tested during surveillance relay provided through function
open on command. test. other 3 RT LCL o Coincidence remains
processors fmd as 2-out-of-3 logic.
corresponding 3 DO relay
output modules.
b) Division (UV) Component | Causes loss of 1 of 2 ITP detects change in UV interposing relay e No loss of safety N/A
contact spuriously | failure voltages to UV voltage on the UV circuit; remains energized through function
opens. interposing relay coil. actuates diagnostic alarm. RT initiation circuit leg in | | Coincidence remains
opposite cabinet. as 2-out-of-3 logic.
c) Common portion Component | e Upon lack of ITP detects difference in The UV relay coils e No loss of safety N/A
(BIOB) fails failure communication with voltage on the UV halfleg | remains energized through function
PM the DO outputs circuits; actuates diagnostic | RT initiation circuitlegin | | Coincidence remains
are set to Fhelr default | alarm. opposite cabinet. as 2-out-of-3 logic.
(de-energized) state.
o Affected LCL station
causes half leg trip in
the RT initiation
circuit.
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Symptoms and Local Effects Remarks
Including Dependent Inherent Compensating and Other
No. Name Failure Mode Cause Failures Method of Detection Provision Effect on PPS Effects
15 | Fiber-optic Failure of fiber- Component e Only failed fiber-optic GC detects loss of e Redundant GC process o No loss of safety N/A
SDL link to GC | optic modem failure modem does not transmit periodic updates and station receives valid function
Progess ESF initiations, from the activates a diagnostic communicatior}s from o Coincidence remains
Stations connected LCL ESF PM, alarm. LCL ESF PM in as 2-out-of-3 logic.
to one of the four GCs. redundant LCL station in
o Other three fiber-optic opppsite safety division
modems transmit cabinet.
initiations to their e GC front end processing
connected GC. of PPS ESF initiations is
a logical OR, hence a
loss of a single input does
not result in a loss of
function.
16 | Failure of LCL | Loss of power to Power supply o Contacts open on digital Safety division ITP o The digital output e No loss of safety N/A
Process Station | one LCL station wire output modules removing | detects loss of LCL modules in the redundant function
Backplane tel_rmination one leg of the tyvo ) periodic updates on L.CL.station Qf the safety | Coincidence remains
failed powering both interposing | SDN network and division continue to as 2-out-of-3 logic
relay coils for RT alarm. provide the power to the '
initiation for the safety interposing relay coils for
division SDL. RT initiation in the
e The communication for cabinet with the failed
ESFAS initiation to GC is LCL station as well as its
lost. own cabinet.
e The LCL ESF processor
in the redundant LCL
station of the safety
division continues to
provide ESFAS
initiations to the other
ESF-CCS group
controller.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
17 | UV Relay a) Open or shorted | Component o Energized UV relay e UV relay function is When four safety division | e No loss of safety N/A
(one/safety coil failure drops out opening verified during routine TCBs are wired in a 2- function
division) current path for TCB surveillance test. out-of-4 arrangement, a e Coincidence remains
U.V. C.Oll in safety e ITP provides TCB minimum of two open as 2-out-of-3 logic.
division TCB opens. P before an RT occurs.
position and UV relay o The safety division
contact status signals to TCB UV coil is
MTP for PPS screen commanded to open.
display.
b) High resistance | Component e RT contact on UV o ITP provides breaker When four safety division | e No loss of safety N/A
trip contact failure relay does not close position and UV relay TCBs are wired in a 2- function
when coil energized. contact status signals to | out-of-4 arrangement, a e Coincidence remains
e TCB remains open. MTP for PPS screen minimum of two open as 2-out-of-3 logic.
display. before an RT occurs.
e The safety division
TCB UV coil is
commanded to
operate.
¢) Welded trip Component e RT contact on UV e UV relay function is When four safety division | e No loss of safety N/A
contact failure relay does not open verified during routine | TCBs are wired in a 2- function
when coil de- surveillance test. out-of-4 arrangement, a e Coincidence remains
energized. minimum of two open as 2-out-of-3 logic
o TCB UV coil keeps before an RT occurs.
TCB closed.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
18 | ITP processor a) Functional Component | e Affected processor halts. | e Lack of ITP processor | ITPs operating in three | e No effect on PPS N/A
module processor section failure o No periodic updates updates detected by other safety divisions safety function
fails to execute transmitted to SDL and MTP via SDN e PPS status data
program SDN from affected PM e Lack of ITP processor processed by ITP for
instructions. dates detected b indication not updated
o PPS status data from updates detected by indication not update
affected ITP are lost to QIAS-N via SDL for affected division.
the QIAS-N. e Trouble alarm is e PPS status data
actuated. transmitted to QIAS-N
not updated for
affected division.
b) Application Component | e Affected processor halts. | ¢ CRC checks ITPs operating in three | e No effect on PPS N/A
program memory failure o No periodic updates performed on memory | other safety divisions safety function
gﬁlﬁ/r{e (mirror transmitted to SDL and e Lack of ITP processor e PPS status data
) SDN from affected PM updates detected by processed by ITP for
o PPS status data from MTP via SDN indication not u.p(.iated
affected ITP are lost to e Lack of ITP processor for affected division.
the QIAS-N. updates detected by o PPS status data
QIAS-N via SDL transmitted to QIAS-N
e Trouble alarm is not updatgd 'f(')r
actuated. affected division.
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Symptoms and Local Inherent Remarks
Effects Including Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
18 | ITP ¢) Processor Component o ITP inputs (PPS status, e Corrupted /O bus cycles ENFMS test e No effect on PPS N/A
Processor section fails to failure ENFMS test requests) not detected capability provided by safety function
Module scag ]{O updated periodically. e Trouble alarm is actuated. other divisions. o PPS status data
(Continued) modu’es. o ITP outputs (ENFMS test processed by ITP for
permissive, MTP Panel indication not updated
indications) not updated for affected division.
periodically.
d) Processor Component o No periodic updates e CS detects lack of live ITPs operating in e No effect on PPS N/A
section failsto | failure received from SDL by signal handshaking and three other safety safety function
read fI'Ol’l:l ; affected PM sets diagnostic alarm. divisions. o PPS status data
cor?mumca ton o Lack of CS/PS e Lack of ITP processor processed by ITP for
section. handshaking causes updates detected by MTP indication not updated
affected processor to halt via SDN for affected division.
e No periodic updates e Lack of ITP processor o PPS status data
transmitted to SDL and updates detected by QIAS- transmitted to QIAS-N
SDN from affected PM N via SDL not updated for
« PPS status data from o Trouble alarm is actuated. affected division.
affected ITP are lost to
the QIAS-N.
e) Processor Component e No periodic updates e CS detects lack of live ITPs operating in No effect on PPS safety N/A
section failsto | failure transmitted to SDL from signal handshaking and three other safety function
write to affected PM sets diagnostic alarm. divisions.
cor?mumcatlon « PPS status data from e Lack of ITP processor
section. affected ITP are lost to updates detected by QIAS-
the QIAS-N. N via SDL
o Trouble alarm is actuated.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
18 | ITP processor f) Communication | Component e No periodic updates e Lack of ITP processor ITPs operating in three | e No effect on PPS N/A
module section fails to failure received from SDL by updates detected by other safety divisions. safety function
(Continued) receive SDL. affected PM QIAS-N via SDL
e Trouble alarm is
actuated.
g) Communication | Component o No periodic updates o Lack of ITP processor ITPs operating in three | e No effect on PPS N/A
section fails to failure transmitted to SDL updates detected by other | other safety divisions. safety function
transmit SDL. from affected PM ITPs via SDL
o PPS status data from e Lack of ITP processor
affected ITP are lost to updates detected by
the QIAS-N. QIAS-N via SDL
e Trouble alarm is
actuated.
h) General failure of | Component o Affected processor e Lack of ITP processor ITPs operating in three | o No effect on PPS N/A
communication failure halts. updates detected by MTP | other safety divisions. safety function.
section. o No periodic updates via SDN o PPS status data
transmitted to SDL and | e Lack of ITP processor processed by ITP for
SDN from affected PM updates detected by indication not
o PPS status data from QIAS-N via SDL gPd‘aFed for affected
affected ITP are lost to | @ Trouble alarm is 1vision.
the QIAS-N. actuated. « PPS status data
transmitted to QIAS-
N not updated for
affected division.
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Remarks
Symptoms and Local Effects Inherent Compensating and Other
No. Name Failure Mode Cause Including Dependent Failures Method of Detection Provision Effect on PPS Effects
18 | ITP i) PM locks Component | e Affected processor halts. e Lack of ITP processor | ITPs operating in three o No effect on PPS N/A
prozeisor Elrl)erlranlgllgntly) failure o No periodic updates updateg dgtected by other safety divisions. safety function.
module ¢ : transmitted to SDL and SDN MTP via SDN o PPS status data
(Continued) from affected PM e Lack of ITP processor processed by ITP for
PPS status data fr ffected updates detected by indication not updated
* ITP asr: lli)sst ta oath eogllzse-:lc\le QIAS-N via SDL for affected division.
: Trouble alarm is « PPS status data
e All I/O functions are ¢ .
prevented including data actuated. transm&tte(ii tt(“) QIAS-N
exchange with SDN not up ate? . (?r
communication module. affected division.
19 | ITP fiber- Transmitter fails Component | e PPS status data transmitted to | Lack of ITP processor None in ITP No effect on PPS safety N/A
optic modem failure QIAS-N is not updated due to | updates, due to failed function.
failed FOM for affected FOM in affected
division. division, detected by
QIAS-N
20 | MTP PC General failure Component | e MTP display becomes ITP process station e Data from the other ¢ No effect on PPS N/A
node box failure “frozen” and does not update | monitors MTP health via three safety divisions safety function.
or respond to operator inputs; SDN nett‘worlk; activ?tes are avafilable to the o Data from this division
e Communication on SDN and :Cagn(‘Jsdl‘c ada:m Or(‘; ?SS non-safety system. is not available to the
Ethernet link to IPS stops; of periodic data update. e Data through the OM IPS.
e Unable to modify setpoint safe_tlyb(ilsp lay still
values in BP or CPCS availaple.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
21 | MTP SDN General failure | Component MTP display reacts ITP process station e Data from the other three | ® No effect on PPS safety N/A
communication failure normally, but data from Monitors MTP health via safety divisions are function.
module division is stale. SDN network; activates available to the IPS. o Data from this division
diagnostic alarm on loss of | e Data through the QIAS-N |  is not available to the
data update is available. IPS.
o Display still available; e Surveillance testing or
affected module is software maintenance
repaired before not available.
surveillance testing or
software maintenance
can take place.
Data storm. Spurious data | Periodic test Function enable keyswitch | No effect on PPS safety N/A
is sent to the receiving function.
processors.
22 | MTP Ethernet General failure | Component Loss of communication to | ITP process station Data from the other three e No effect on PPS safety N/A
adapter failure the IPS monitors MTP health via safety divisions are function.
SDN network; activates available to the system IPS. Data from this divisi
diagnostic alarm on loss of ¢ oata from ts CIvision
o is not available to the
periodic update IPS.
23 | MTP flat panel | a) Degraded Component Loss of raster line; ghost Technician notices May be possible to use No effect on PPS safety N/A
display display failure image (burn-in); display degraded display when display depending on extent | function.
flicker attempting to use MTP. of failure.
b) Total failure | Component Dark display Technician notices lack of | The safety division o No effect on PPS safety N/A
failure display when attempting to | operator’s module PPS function.
use MTP. screens are available to the s
e Repair is performed
operator. before PPS safety
division surveillance
testing or software
maintenance is
available.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
24 | MTP keyboard | Erratic key stroke | Component Spurious keystrokes or one | Technician notices Not applicable o No effect on PPS N/A
data failure key does not respond erratic behavior when safety function.
attempting to use .
keyboard. . Keyl?oard is not
required for any
safety function.
25 | PPS vital bus Off Circuit breaker o Loss of PPS safety o LCL stations in other | @ Three PPS safety o No effect on PPS N/A
inverter feed for PPS division three safety divisions divisions remain safety function.
safety division o PPS safety division ;S)rowdeg]armﬁlross of operable. o Coincidence changes
opens. signals reactor trip D ;‘ u}} atezls. rom e A complete reactor from 2-out-of-3 logic
breaker to open. P P hsa ety division trip requires two to 1-out-of-2 logic
e SDLs to ESF-CCS group without power. breakers to open. for RPS and
controllers do not update o ITP in safety division | , ESF-CCS group coincidence changes
does not provide controllers take default from 2-out-of-3 l_oglc
alarm. action to 2-out-of-2 logic
' for ESFAS.
26 | PPS input a) Breaker is ON: | Internal Device causing overload If a mechanical problem | Other protective devices | e No effect on PPS N/A
circuit breaker does not trip mechanical fails. exists, it may manifest are provided for safety function.
on overload. failure itself when attempting to | downstream loads. e Coincidence remains
turn the breaker OFF. -
as 2-out-of-3 logic.
e No loss of DC circuit
functionality.
b) Breaker OFF: | Internal o Loss of PPS safety LCL stations in other e Receiving stations for | e No effect on PPS N/A
cannot be mechanical division cabinet three safety divisions failed PPS cabinet safety function.
turned ON. failure e Reactor trip leg in gg){lde(zial?rmfloss ggs SDLs al? d SDN bad e Coincidence remains
cabinet is open. updates trom networks assign ba as 2-out-of-3 logic.
safety division cabinet quality to updates.
e PPS cabinet SDLs to without power. P
ESF-CCS group . R_edu_ndant PPS safety
controllers and SDN division cabinet
network do not update. providing all signals
necessary for safety
functions.
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Table 7.2-7 (62 of 68)

Remarks
Symptoms and Local Effects Inherent Compensating and Other
No. Name Failure Mode Cause Including Dependent Failures Method of Detection Provision Effect on PPS Effects
27 | PPS surge Open circuit Device o Loss of PPS safety division LCL stations in other e Receiving stations for e No effect on PPS N/A
suppressor (failure to provide | burned open cabinet three safety divisions failed PPS cabinet SDLs safety function.
surge suppression) o PPS safety division has 1-out- gg)]\ilde;l?rmfloss ;gs f;"g SDT networl:is assign | o Coincidence
of-2 legs for reactor trip open. updates from ad quality to updates. remains as 2-out-
- safety division cabinet | Redundant PPS safet of-3 logic
e PPS cabinet SDLs to ESF- without power. R . Y glc.
CCS group controllers and d1V1§10n cabinet providing
SDN network do not update. all signals necessary for
safety functions.
28 | PPS EMI a) Open (OFF); Device shorts | e Loss of PPS safety division LCL stations in other o Receiving stations for e No effect on PPS N/A
filter internal internally cabinet three safety divisions failed PPS cabinet SDLs safety function.
fe.ulur‘i; short o PPS safety division has 1-out- gg){ldegl?rmfloss gg " and SDN networks assign |  incidence
cireut of-2 legs for reactor trip open. upcates from bad quality to updates. remains as 2-out-
- safety division cabinet | Redundant PPS safet of-3 logic
e PPS cabinet SDLs to ESF- without power. R X Y gic.
CCS group controllers and d1V1§10n cabinet providing
SDN network do not update. all signals necessary for
safety functions.
b) Input to output | Internal System may act spuriously in Periodic surveillance AC input rating of PS not o No effect on PPS N/A
short failure the presence of noise introduced | measurements manifest | exceeded. safety function.
via the vital network. defective EMI filter.
® No effect on the
dc circuit
functionality.
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Remarks
Symptoms and Local Effects Inherent Compensating and Other
No. Name Failure Mode Cause Including Dependent Failures Method of Detection Provision Effect on PPS Effects
29 | PPS cabinet Overvoltage Component e Overvoltage device detects Receiving stations for Second cabinet o No effect on PPS N/A
power supplies failure and removes voltage to the SDLs and SDN networks | containing redundant BP safety function.
connected load. detect loss of update and | and LCL stations in the e Coincidence remains
e Lose BP and LCL stations. alarm. Sflfety division provide as 2-out-of-3 logic.
signals for safety
e Results in safety division functions. o Affected safety
half-leg reactor trip. division has a half-
leg reactor trip.
30 | PPSI/O power | Overvoltage Component Dominant voltage is present on | Periodic test Components operate to e No effect on PPS N/A
supplies failure the loads. qualified conditions. safety function.
e Coincidence remains
as 2-out-of-3 logic.
31 | PPS power a) Open diode | Overload One supply is not available to Annunciation — one of The companion power o No effect on PPS N/A
supply component power the downstream the auctioneered power supply/diode safety function.
auctioneering failure components in the affected supplies is offline. combination supplies . .
A . e Coincidence remains
circuit cabinet. power to the components -
. h as 2-out-of-3 logic.
applicable to 24 receiving power from the
VDC power supply. e No loss of DC circuit
supplies functionality.
b) Shorted Overload The voltage applied to the Periodic test Each power supply in e No effect on PPS N/A
diode component components in the cabinet is the the auctioneered pair is safety function.
failure same as the voltage at the capable of providing o Coinci .
. oincidence remains
supply terminals. power to all of the -
as 2-out-of-3 logic.
components.
e No loss of DC circuit
functionality.
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
32 | PPS power Overvoltage Over voltage e Overvoltage device Receiving stations for Second cabinet containing | e No effect on PPS N/A
supply protection device detects and removes SDLs and SDN networks | redundant BP and LCL safety function.
auctioneering operates when voltage to the connected | detect loss of update and | stations in the safety -
- .. A o e Coincidence
circuit voltage is in load. alarm. division provide signals .
. . remains as 2-out-of-
applicable to 24 range. for safety functions. .
. e Lose BP and LCL 3 logic.
VDC cabinet tati
power supply stations o Affected safety
o Results in safety division has a half-
division half-leg reactor leg reactor trip.
trip
33 | PPS power Overvoltage Component Dominant voltage is Periodic test Components operate to e No effect on PPS N/A
supply failure present on the loads. qualified conditions. safety function.
auctioneering e Coincidence
circu_it remains as 2-out-of-
applicable to 24 3 logic
VDC /O power gic.
supply
34 | MTP/ITP a) Breakeris ON | Internal e Device causing If a mechanical problem | Other protective devices No loss of safety N/A
cabinet input does not trip mechanical overload fails. exists, it may manifest are provided for function
circuit breaker on overload. failure - itself when attempting to | downstream loads.
e No loss of DC circuit
. . turn the breaker OFF.
functionality
b) Breaker OFF: | Internal e Redundant power feed If a mechanical problem | Functionality maintained | No loss of safety N/A
cannot be mechanical is not affected. exists, it may manifest within the division due to | function
turned ON. failure o No loss of DC circuit itself when attempting to | redundant power feed.
functi . turn the breaker ON.
nctionality
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
35 | MTP/ITP Open circuit (failure | Device e If voltage surges are Periodic test and/or Other protective devices No loss of safety N/A
cabinet surge to provide surge burned open present on the vital bus periodic replacement are provided for function
suppressor suppression). power, spurious downstream loads.
operation may result. No
loss of DC circuit
functionality.
36 | MTP/ITP a) Open (OFF); Series e Redundant power feed is | Annunciation — one of Circuits are powered by No loss of safety N/A
cabinet EMI internal failure; component not affected. the auctioneered power the redundant function
filter short circuit. failure o No effect on the circuit supplies is offline. auctl;)neered power
functionality. SuppLy.
b) Input to output Internal e System may act Periodic surveillance AC input rating of PS not | No loss of safety N/A
short failure spuriously in the measurements manifest exceeded. function.
presence of noise defective EMI filter.
introduced via the vital
bus.
o No effect on the DC
circuit functionality.
c) Short between Internal e Input circuit breaker Annunciation — one of Redundant power feed is No loss of safety N/A
input terminals or | failure trips. the auctioneered power not affected. function.
short betwefen e No effect on the circuit supplies is offline.
output terminals. functi .
nctionality.
37 | MTP/ITP Overvoltage Component e Overvoltage device Receiving stations for ITP in other three safety e No loss of safety N/A
cabinet power failure detects and removes SDLs and SDN networks | divisions operable. function.
supplies: 24 voltage to the connected | detect loss of update and e Some PPS screens on
VDC load. alarm. MTP and OM not
o Lose ITP station. updated.
e No SDL or SDN activity.
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Failure Symptoms and Local Effects Inherent Compensating Remarks and
No. Name Mode Cause Including Dependent Failures Method of Detection Provision Effect on PPS Other Effects
38 | MTP/ITP cabinet | Overvoltage | Component Dominant voltage is present on Periodic test Components operate to No effect on PPS N/A
/O power failure the loads. qualified conditions. safety function.
supplies: 24 VDC
39 | MTP/ITP cabinet | a) Open Overload, e One supply is not available to | Annunciation —one of | The companion power No loss of safety N/A
power supply diode component power the downstream the auctioneered power | supply/diode combination function
auctioneering failure components in the affected supplies is offline. supplies power to the
circuit applicable cabinet. components receiving
;Oc)\i}i:rc;slgg;ties e No loss of DC circuit power from the supply.
24 VDC functionality
b) Shorted | Overload, o The voltage applied to the Periodic test Each power supply in the No loss of safety N/A
diode component components in the cabinet are auctioneered pair is capable | function
failure the same as the voltage at the of providing power to all of
supply terminals. the components.
e No loss of DC circuit
functionality
40 | MTP/ITP cabinet | Overvoltage | Component e Overvoltage device detects Receiving stations for ITP in other three safety e No loss of safety N/A
power supply failure and removes voltage to the SDLs and SDN divisions operable function.
apctlgtneerllr_lg o connected load. net(;v?rks getlect loss of e Some PPS screens
cirewt appucapie e Lose ITP station update and afarm. on MTP and OM
to 24 VDC cabinet t updated
power supply e No SDL or SDN activity not updated.
41 | MTP/ITP cabinet | Overvoltage | Component Dominant voltage is present on Periodic test Components operate to No effect on PPS N/A
power supply failure the loads. qualified conditions. safety function
auctioneering
circuit applicable
to 24 VDC I/O
power supplies
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Symptoms and Local Remarks
Effects Including Inherent Compensating and Other
No. Name Failure Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
42 | MTP/ITP Breaker opens on Component MTP ac transfer relay de- Indicator on relay Two vital ac sources No loss of safety N/A
cabinet primary | overload. failure energizes and provides module not illuminated. | provided for powering function
ac feed breaker alternate vital ac to MTP MTP / ITP cabinet.
for MTP via relay contacts.
43 | MTP/ITP Breaker opens while Component e Alternate vital ac lost to Stations on SDN detect MTPs operating in three Loss of MTP N/A
cabinet powering the MTP. failure MTP loss of updates from other safety divisions. function with PPS in
alternate ac o MTP is not available as it MTP and generate an the safety division
feed breaker for alarm.
normally operates from
MTP . .
primary vital ac.
44 | MTP ac a) Relay coil opens. Component MTP ac transfer relay de- Indicator on relay Two vital ac sources No loss of safety N/A
transfer relay failure energizes and provides module not illuminated. | provided for powering function
alternate vital ac to MTP MTP.
via relay contacts.
b) One relay contact Mechanical The neutrals of the vital ac | Stations on SDN detect Three other safety Lose MTP function N/A
position not in failure feeds are independent, soa | loss of updates from divisions operating. with PPS in the
agreement with failure in the relay contact, | MTP and generate an safety division
coil state. which switches the lines or | alarm.
neutrals, results in the loss
of vital ac to the MTP.
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Symptoms and Local Remarks
Failure Effects Including Inherent Compensating and Other
No. Name Mode Cause Dependent Failures Method of Detection Provision Effect on PPS Effects
45 | Trip circuit 1) Open o Loss of 125Vdc control The RTSG opens. o Alarm The RTSGs in other The logic of RTSGs
breaker (TCB) power o Indication on the MTP divisions are not changes to 1-out-of-3.
of RTSG e Unwanted energizing of and OM in the MCR affected.
UV coil
e Mechanical failure of TCB
2) Closed | e Mechanical failure of TCB | The RTSG cannot be Periodic test The RTSGs in other The logic of RTSGs
e Failure of UV coil opened. divisions are not changes to 2-out-of-3.
affected
e Short contact of TCB
(1) FMEA assumes that all trip parameters in one channel are already bypassed. The inherent compensating provisions and effects are described based on this assumption.
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Figure 7.2-1 PPS Basic Block Diagram

7.2-114 Rev. 0



APR1400 DCD TIER 2

SAFETY RELATED
CHANNEL “A” (B,C,D SIMILAR)

> MAINXEII\;ANCE INFORMATION
— — - PROCESSING
CONTAINMENT AUXILIARY TEST PANEL SYSTEM
PROCESS
CABINET-S
PRESSURIZER INTERFACE —  QUALIFIED
TRANSMITTER VE BP > AND _ _ 5 INDICATION
CONVERTER PROCESSOR AND ALARM
(P-101) TEST PROCESSOR SYSTEM - N
PLANT PROTECTION
SYSTEM
HARDWIRED CABLE
————— FIBER OPTIC CABLE

INTRA-DIVISION SDN

MAIN
CONTROL
ROOM

AND
REMOTE
SHUTDOWN
ROOM
DISPLAY

Figure 7.2-2 PPS Measurement Channel Functional Diagram (Pressurizer Pressure Narrow Range)
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Figure 7.2-4 CEA Position Signal Flow for CPCS
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Figure 7.2-5 Ex-Core Neutron Monitoring System (Safety Channel)
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Figure 7.2-12 Interface and Test Processor Block Diagram
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Figure 7.2-13 PPS Channel Contact Bistable Interface Diagram
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Figure 7.2-14 Plant Protection System Interface Logic Diagram for Division D
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Figure 7.2-15 Reactor Trip Initiation Diagram
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* Functional logics for Division B,C and D are same as that of Division A. The manual reactor trip switches in the RSR are provided only in Division A and B.

Figure 7.2-16 Manual Reactor Trip Initiation Diagram
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Figure 7.2-17 Functional Logic Diagram for Variable Overpower
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Figure 7.2-18 Functional Logic Diagram for High Logarithmic Power Level
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Figure 7.2-19 Functional Logic Diagram for High Local Power Density
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Figure 7.2-21 Functional Logic Diagram for High Pressurizer Pressure
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7.2-135 Rev. 0



BP
|
2/4
§ LCL

RT_Low Steam Generator
Water Level #1

Division A

APR1400 DCD TIER 2

Low Steam Generator 1

| LCL

2/4

| LCL

2/4

RT_Low Steam Generator
Water Level #1

Division B

A

RT_Low Steam Generator
Water Level #1

Division C

Note : Low Steam Generator #2 Water Level Logic is same as that of Low Steam Generator #1 Level

SDL

| LCL

RT_Low Steam Generator
Water Level #1

Division D

Figure 7.2-23 Functional Logic Diagram for Low Steam Generator Water Level
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Figure 7.2-24 Functional Logic Diagram for Low Steam Generator Pressure
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Figure 7.2-25 Functional Logic Diagram for High Containment Pressure
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