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QUESTION NO. : 07.07-33

The applicant is asked to provide additional information on how the US-APWR design takes
into account and bounds the effects of potential Plant Control and Monitoring System
(PCMS) failure(s) on the performance of safety functions under all applicable conditions.

IEEE Std. 603-1991, Clause 5.6.3.1(2), "Isolation," as endorsed by 10 CFR 50.55a(h), states
in part that no credible failure on the non-safety side of an isolation device shall prevent any
portion of a safety system from meeting its minimum performance requirements during and
following any design basis event requiring that safety function. The failure of any control
system component or any auxiliary supporting system for control systems should not cause
plant conditions more severe than those described in the analysis of anticipated operational
occurrences (AOO) in Chapter 15 of the DCD. This evaluation should address failure modes
that can be associated with digital systems such as software design errors as well as random
hardware failures.

The applicant should demonstrate how the plant is adequately protected from each credible
PCMS failure, including common cause software and random hardware failures that could
prevent or delay a safety function. The applicant should demonstrate that the safety
functions and their corresponding response times are sufficient to protect the plant if a PCMS
failure occurs. If certain failures of the PCMS are not credible, the applicant should provide
clear justification on why those specific failures are not credible.

In addition, the applicant should provide additional information on how the US-APWR design
takes into account the effects of potential PCMS failure(s) caused by design basis events.
The consequential effects of AOOs and postulated accidents should not lead to control
system failures that would result in consequences more severe than those described in the
analysis in Chapter 15 of the DCD.

The applicant should also demonstrate how the plant would be adequately protected from
each PCMS failure, including common cause software and random hardware failures, which
could be caused by a design basis event. If certain failures of the PCMS that are caused by
design basis events are not credible, the applicant should provide justification on why those
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failures are not credible, or why a PCMS failure as a result of a design basis event would not
result in consequences more severe than those described in the analysis in Chapter 15 of
the DCD.

ANSWER:
As stated in DCD Subsection 7.7.2.3, "The Chapter 15 analysis of anticipated operational
occurrences (AOOs) bounds all single random failures within the PCMS." This includes
single PCMS hardware component failures and a single or multiple control function failure
within a control group resulting from a single basic software block (e.g., AND function, Latch
function, PID function) failure. Basic software blocks are commonly used in one control group,
therefore spurious action of multiple functions in one control group may be caused by a
single basic software block failure due to random single hardware failures, such as a
memory bit failure and a failure of self-diagnostic circuit. The basic software blocks also
commonly used in all control groups, but these basic software blocks are installed in
dedicated memory devices in each controller, therefore, spurious action of multiple functions
in multiple control groups are not caused by a random single hardware failure, such as
memory bit failure. US-APWR control functions are segmented into different PCMS control
groups so that single or multiple control function failures in one PCMS control group cannot
result in consequences that are more severe than the DCD Ch. 15 AOOs acceptance criteria.
Therefore, the safety functions and their corresponding response times which are credited in
the Chapter 15 analysis are sufficient to protect the plant if single random failures within the
PCMS occur.

PCMS common cause software failures are analyzed in Technical Report MUAP-07014
"Defense-in-Depth and Diversity Coping Analysis". This coping analysis evaluates software
design defects that result in freezing PCMS functions in the same manner that the defect
freezes PSMS functions. Other potential software design defects that may result in spurious
PSMS/PCMS outputs are not evaluated in the D3 Coping Analysis because, in accordance
with BTP7-19, the D3 Coping Analysis credits that spurious actuations are self-announcing
and therefore will be corrected prior to AOOs or postulated accidents (PAs). Additional
discussion of spurious PCMS outputs is discussed below.

As stated in DCD Subsection 7.7.2.4, "The PCMS controllers are in mild environment
locations, which are not impacted by plant accidents. In addition, most PCMS inputs come
from safety-related sensors which are qualified for accident environments. To accommodate
random PCMS failures and PCMS failures that may be caused by accident conditions, the
Chapter 15 safety analysis assumes the worst case PCMS single failure, which would
aggravate the accident condition and is not blocked by safety functions." Some PCMS inputs
come from non-safety grade sensors which are not qualified for accident environments. For
example, for the feedwater line break (FLB) accident, malfunctions of the PCMS main
feedwater control system may occur as a consequence of non-safety grade sensor failures
due to the FLB accident environment. The DCD Chapter 15 analysis conservatively assumes
the PCMS main feedwater control system fails in a manner that aggravates this event. DCD
Subsection 7.7.2.4 will be revised to explain that AOOs or PAs that lead to control system
failures are bounded by the DCD Chapter 15 analysis.

As described above, all random failures, including random failures that lead to a basic
software block failure of the PCMS are bounded by the DCD Chapter 15 analysis.
Additionally, the US-APWR considers the defense-in-depth design to protect against
software design defects, including defects that may lead to common cause failures (CCFs) of
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multiple control functions within the same controller or multiple control functions in different
controllers.

Single or multiple control function failures, which may occur due to a software design defect
that are limited to one PCMS control group, cannot result in consequences that are more
severe than those described in the DCD Chapter 15 AOO acceptance criteria, as described
above.

The analysis of AQOs in the DCD Chapter 15 assumes only a single PCMS control group
failure. Therefore, it is possible that software design defects that exist in multiple control
groups may have the potential to cause CCFs that cause transients that are not bounded in
the DCD Chapter 15 AQOs analysis. It can, however, be demonstrated that the US-APWR is
adequately protected from these software design defects, and that the events resulting from
these defects are not more severe than the DCD Chapter 15 PA analysis. MHI performs
analyses of these events using best estimate methods because MHI considers these events
to be beyond design basis events.

In summary, MHI assumes all PCMS failures, including random hardware failures and
software design defects (CCFs), are credible, and demonstrates that the US-APWR is
adequately protected from the all PCMS failures and meets the DCD Chapter 15 AOO and
PA acceptance criteria as follows:

1. Consequences of multiple spurious actuation signals from a single PCMS control group
caused by multiple random hardware failures or a software design defect meet the DCD
Chapter 15 AOO acceptance criteria.

2. Consequences of multiple spurious actuation signals of multiple non-safety components,
caused by a software design defect in multiple PCMS control groups, meet the DCD
Chapter 15 PA acceptance criteria.

3. Consequences of multiple spurious actuation signals of multiple safety-related and non-
safety components, caused by a software design defect in one or more operational
VDUs, meet the DCD Chapter 15 PA acceptance criteria.

Since the failures discussed in item 2 and 3 above are caused by software design defects,
not single random hardware failures, these failures are considered as beyond design basis
events. Therefore, MHI conducted these analyses using best estimate methods.

The seismic qualification method of PCMS and operational VDU is equivalent to that for the
Seismic Category I qualification of the PSMS as described in DCD Subsection 7.1.3.20,
therefore, the SSE will not result in failures of these systems. Also, PCMS and operational
VDU are installed to minimize effects from design basis events such as internal flood and
fire. Additionally, even if any these systems failures are conservatively assumed to be
caused by design basis events such as SSE, internal flood and fire, consequences due to
these failures can be bounded by item 2 and 3 above. Therefore, there are no failures
assumed as not credible, and the US-APWR plant is adequately protected from the all
PCMS failures, including common cause software and random hardware failures, which
could be caused by a design basis event.
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Impact on DCD
DCD Section 7.7 and DCD Subsections 7.7.2.3 and 7.7.2.4 will be revised as shown in
Attachment-i.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on PRA
There is no impact on the PRA.

Impact on Topical Report / Technical Report
Subsection 5.1.8 of MUAP-07004 will be revised and new Appendix J will be added to
MUAP-07004 as shown in Attachment-2.
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Attachment-1 to Response to RAI 996-7040 (1/3)

7. INSTRUMENTATION AND CONTROLS US-APWR Design Control Document

7.7 Control Systems Not Required for Safety

The function of the US-APWR control systems not required for safety is to establish and
maintain the plant operating conditions within prescribed limits. These control systems
improve plant safety by minimizing the frequency of protection responses required and
relief the operator from routine tasks.

The control functions not required for safety are implemented by the PCMS. The PCMS
regulates conditions in the plant automatically in response to changing plant conditions
and changes in plant load demand. These operating conditions include the following:

• Step load changes of plus or minus 10% while operating in the range of 15 to
100% of full power.

• Ramp load changes of plus or minus 5% per minute while operating in the range

of 15 to 100% of full power (subject to core power distribution limits)

* Full load rejection from 100% power

These capabilities are accomplished without a reactor trip. Full load rejection is an event
in which the main generator is cut off from the transmission system by a tripping of the
main transformer breaker or the switchgear breaker without causing a turbine trip. In a
load rejection scenario, the turbine governor valves are immediately fully closed, and the
turbine bypass valves are opened fully, dumping the excess steam in the condenser.
Reactor power is decreased by the automatic insertion of the control rods.

The AQOs defined in the plant safety analysis that must be considered in the control
function design are listed in Table 7.7-1. To ensure the PCMS failures do not cause the
concurrent AQOs that have not been considered in the plant safety analysis, control
functions are distributed to separate the PCMS controller groups as shown in Table 7.7-2.
The following sections describe the control functions and the features of those functions
that ensure credible control system failures are bounded by the plant safety analysis.

The process control parameters and the control method are summarized in Table 7.7-4.
escri Insert "The listed control functions in the Table 7.7-2 are major

7.7.1 control functions. Detailed control function distribution is DCD-07.07-

The following sect described in Table J. 1-1 of the Safety I&C Technical Report hat

r (Reference 7.7-1)".can affect the perf -.... . .- .. .- ... - ............------

7.7.1.1 Reactor Control System

The reactor control system section in the PCMS provides the following automatic
functions to respond to the load changes described above.

7.7.1.1.1 Rod Control

The rod control function controls the reactor coolant average temperature (Tavg) by
sending control signals to the CRDM control system to adjust control rod bank positions,
refer to Figure 7.2-2 sheet 16. For any RCS loop, the Tavg is the average value of the
reactor coolant hot leg and cold leg temperatures.

Tier 2 7.7-1 Revision 4



Attachment-1 to Response to RAI 996-7040 (2/3)

7. INSTRUMENTATION AND CONTROLS US-APWR Design Control Document

7.7.2.3 Effects of Control System Failures

The Chapter 15 analysis of AQOs bounds all single random failures within the PCMS.
This includes single failures that result in:

" A fail as-is, fail de-energized or spurious actuation of a single PCMS hardware
component (e.g., input module, or output module).

" A fail as-is or fail de-energized condition of an entire PCMS control group; the
control function to control group assignment are shown in Table 7.7-2.

• Spurious actuation of a single or multiple control functions (e.g., reactivity control,
pressurizer control, or SG water level control) within a control group, resulting
from a single software block failure.

• A spurious single command from an operational VDU.

• Stuck or dropped control rod

* Stuck control rod bank or overlap sequence error

" Spurious actuation of a normal rod motion command (spurious motion of any
single bank)

" Spurious motion of multiple control banks in the predetermined overlap sequence.

Change to "The US-APWR is adequately prote= rom PM ects of interlocks in PCMS control groups
failures, including operational VDU failures, and meets PCM of a failed PCMS control group or control
Chapter 15 AOOs and PAs acceptance criteria as described in
the". -- ... _' .. ted credible, since they require a series of

specific suc ssive failures in multiple software blocks:

" Mul ple spurious commands from an operational VDU. Since multiple spurious
co Add
th f1l. Consequences of multiple spurious actuation signals from a single PCMS control group caused
o er by multiple random hardware failures or a software design defect meet the DCD Chapter 15

0( AOO acceptance criteria.
2. Consequences of multiple spurious actuation signals of multiple non-safety components, caused

• S. by a software design defect in multiple PCMS control groups, meet the DCD Chapter 15 PA
t r acceptance criteria.

3. Consequences of multiple spurious actuation signals of multiple safety-related and non-safety
,/ u /• components, caused by a software design defect in one or more operational VDUs, meet theSpu /,;DCD Chapter 15 PA acceptance criteria. ".
moti -1-1

Add "which" after
Spurious motion of a single control rod. "Subsection 5.1.8".

Safety&C Technical Report (Reference 7.7-1) Subsection 5.1.8 describes the basis IC07 07-
r the PCMS failures assumed ipnsafety analysis. Add "This is demonstrated 1133-

jAdd "the". . "by analyses which show:" D _07.07-
Tier.2.7o 433 -
Tier 2 7.7-19 Revision 4 F



Attachment-1 to Response to RAI 996-7040 (3/3)

7. INSTRUMENTATION AND CONTROLS US-APWR Design Control Document

7.7.2.4 Effects of Control System Failures Caused by Accidents

The PCMS controllers are in mild environment locations, which are not impacted by plant
accidents. In addition, most PCMS inputs come from safety-related sensors, which are
qualified for accident environment To accommodate random PCMS failures and PCMS
failures that may be caused by a ident conditions, the Chapter 15 safety analysisassumes the worst case PCMIVingle failure, which would aggravate the accident I!condition and is not blocked safety functions.

7.7.2.5 Environmen Control System

Environmental contr systems that are credited in the saf, analysis are controlled by
the PSMS, not the CMS. Environmental control systems co rolled by ^ .,,~~ _Co ......... r-• g'iro or hAdd "Therefore,

Add "Some PCMS inputs come from non-safety grade sensors which are i'r-coo gor 'Therefore,
not qualified for accident environments. 0 Subse ion results of any PCMS

Subse failures caused by
AOs or PAs are

For example, for the feedwater line break (FLB) accident, malfunctions of bounded by the DCD
the PCMS main feedwater control system may occur as a consequence Chapter 15 analysis."
of non-safety grade sensors failures due to the FLB accident addition, the PCMS application
environment. The DCD Chapter 15 analysis conservatively assumes that that applied to development of
the PCMS main feedwater control system falls in a manner that
aggravates this event."

Therefore, the potential for control system failures that could challenge safety systems or
impact plant safety functions has been minimized.

7.7.2.7 Independence

The PCMS is physically, electrically, and functionally independent of PSMS, refer to
Subsection 7.1.3.4 and 7.1.3.5 for related details.

7.7.2.8 Defense-In-Depth and Diversity

PCMS and PSMS utilize the MELTAC platform, which is described in The MELTAC
Platform Technical Report (Reference7.7-2). Maximum utilization of a common digital
platform throughout a nuclear plant reduces maintenance, training, and changes due to
obsolescence, thereby minimizing the potential for human error.

The potential for CCF in these systems is minimized by the following:

" Simplicity of the basic design.

" Maturity of the MELTAC platform.

" Design process including the elevated quality programs applied to both systems.

" Significant functional diversity within the numerous computers that compose these
systems.

Tier 2 7.7-20 Revision 4
Tier 2 7.7-20 Revision 4
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SAFETY I&C SYSTEM DESCRIPTION AND DESIGN PROCESS MUAP-07004-NP(R8-7) I

5.1.8 Control System Failure Mode

The non-safety PCIMS has high reliability based on the following design features:
" The MELTAC platform that is applied to the PCMS is essentially the same as the MELTAC

platform applied to the PSMS.
• The PCMS includes redundant controllers operating in a redundant standby controller

configuration, as explained in the MELTAC Platform Technical Report. In this configuration
a back-up standby controller changes into the active control mode if there is a failure of the
primary controller.

" Non-safety control functions are partitioned in multiple redundant PCMS controllers to limit
the effects of single failures.

Figure 5.1-2 shows the configuration example of the Reactor Control System.

Even assuming any type of failure including software CCFs of the PCMS, including operational
VDUs, the US-APWR is adequately protected by demonstrating the following;

1. Consequences of multiple spurious actuation signals from a single PCMS control group
caused by multiple random hardware failures or a software design defect meet the DCD
Chapter 15 AOO acceptance criteria.

2. Consequences of multiple spurious actuation signals of multiple non-safety components,
caused by a software design defect in multiple PCMS control groups, meet the DCD
Chapter 15 PA acceptance criteria.

DCD_07.
07-33
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Attachment-2 to Response to RAI 996-7040 (2/24)

SAFETY I&C SYSTEM DESCRIPTION AND DESIGN PROCESS MUAP-07004.NP(R87)

3. Consequences of multiple spurious actuation signals of multiple safety-related and non- DCD_07.
safety components, caused by a software design defect in one or more operational VDUs, 07-33
meet the DCD Chapter 15 PA acceptance criteria.

The effects of potential PCMS failures are analyzed and described in Appendix J.

5.1.9 Credit for Self-Diagnosis for Technical Specification Surveillance

Testing from the sensor inputs of the PSMS through to the actuated equipment is
accomplished through a series of overlapping sequential tests. The majority of the tests are
conducted automatically through self-diagnosis,

Figure 4.4-1 shows the overlap testability for reactor trip. Figure 4.4-2 shows the overlap
testability for ESF Actuation. Figure 4.4-3 shows the overlap testability for the safety VDU.

Plant specific technical specifications identify manual surveillance tests that confirm input
signal calibration and propagation through the digital system. Manual surveillance tests are
also provided to confirm command propagation through the digital system and correct control
of plant components. These manual surveillance tests, along with the self-diagnosis and
Memory Integrity Checks discussed above, are credited to eliminate manual surveillance tests
of functional logic and algorithms, setpoints and constants.

5.1.10 Unrestricted Bypass of One Safety-Related Instrument Channel

The PSMS includes multiple trains from sensors to actuated device with complete electrical
isolation and independence.

For system functions with four redundant (non-spatially dependent) instrument channels, one
instrument channel may be bypassed continuously without violating any design criteria. The
system adheres to all criteria with only three instrument channels in operation, as follows:

Mitsubishi Heavy Industries, LTD.
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SAFETY I&C SYSTEM DESCRIPTION AND DESIGN PROCESS MUAP-07004-NP(R8)

Appendix J Analyses for PCMS Failures DCD_07.
07-33

J.0 Purpose

The purpose of this Appendix is to describe the effect of Plant Control and Monitoring System
(POMS) failures, including operational VDU failures, in the US-APWR. The safety-related I&C
system, non-safety I&C system and diverse I&C system are referred to as the Protection and
Safety Monitoring System (PSMS). PCMS and the Diverse Actuation Systems (DAS),
respectively, as described in this Technical Report and DCD Chapter 7.

The PCMS failure mode and effect analysis (FMEA) in Section J.1 of this Appendix is to
demonstrate that the US-APWR is adequately protected from multiple random hardware
failures or a software design defect, that adversely affects single or multiple control functions
within a sinale PCMS control group. This analysis demonstrates that transients resulting from
these failures meet the DCD Chapter 15 anticipated operational occurrence (AOO)
acceptance criteria using the FMEA method.

Section J.2 of this Appendix shows that the US-APWR is adequately protected from multiple
hardware failures or a software design defect that adversely affects multiple control functions
within multiple PCMS control arouos (i.e.. a common cause failure (CCF) of multiple PCMS
controllers). This analysis demonstrates that transients resulting from these failures are
bounded by the DCD Chaoter 15 postulated accident (PA) acceptance criteria using best
estimate methods.

Section J.3 of this Appendix shows that the US-APWR is adequately protected from multiple
hardware failures or a software design defect that results in multiple spurious control
commands from single or multiple operational VDUs (i.e., a COF of the operational VDUs) that
adversely affects the safety-related components controlled by all four trains of the PSMS as
well as the non-safety components controlled by the PCMS. This analysis demonstrates that
transients resulting from these failures are bounded by the DCD Chapter 15 PA acceptance
criteria using best estimate methods.

J.1 Events Initiated by Single PCMS Control GrouD Failures

J.1.1 Evaluation Condition

US-APWR control functions are seamented into the different control groups of the PCMS, and
these control aroups are electrically isolated from each other. Also, any single failures of
common inputs for different control groups cannot affect the control functions in all control
groups due to how the signal selection algorithm (SSA) functions in each control group. The
control functions, which may cause a plant transient due to a failure, uses three or four sensor
input signals for these control functions. The SSA excludes a failed input signal as described
in DCD Subsection 7.1.3.16 and Subsection 4.2.5 of this Technical Report. Because it is
reiected by the SSA function, which is duplicated and segmented in each control group, the
failed input signal has no impact on any control functions. In addition, if the SSA function block
in one PCMS control group fails, the other control ,roups still perform the required PCMS
functions using their own SSA function blocks.

Each basic software block (e.g.. AND function, Latch function, PID function, SSA function) is
stored in the memory of a controller as part of that controller's basic software. Each controller

Mitsubishi Heavy Industries, LTD.
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Attachment-2 to Response to RAI 996-7040 (4/24)

SAFETY I&C SYSTEM DESCRIPTION AND DESIGN PROCESS MUAP-07004-NP(RS)

has its own copy of the basic software block. The controller uses its copy of the basic software
block for all of its control functions. Therefore, the spurious actuation of multiple functions in DCD_07.
one controller may be caused by the failure of one basic software block (e.g., a memory bit 07-33
failure for that basic software block), if that failure is not detected by the self-diagnostic
functions, such as the memory parity error detection. Therefore, for multiple functions in a
single controller to be adversely affected, two random hardware failures are needed: (1) a
basic software block memory failure and (2) a failure of self-diagnostics circuit.

Each control group of the PCMS consists of redundant controllers. If a failure in the main
controller is detected by self-diagnostic functions, all control functions will be automatically
switched to the back-up controller as described in Subsection 5.1.8 of this Technical Report.
Due to the segmentation of redundant controllers, a single random failure in one controller
does not cause a similar failure in the back-up controller. Therefore, single random failures in
one of these redundant controllers that are detected by the self-diagnostic functions, including
memory failure that affects a basic software block, does not cause a malfunction, including a
spurious actuation, of any control group of the PCMS. Therefore, for both redundant
controllers within a PCMS control group to be adversely affected, two random failures are
needed: (1) a failure in the first controller and (2) failure of self-diagnostics to detect that failure
and transfer to the backup controller, or correct transfer with a random failure of the backup
controller.

The application software of each control group is developed in a dedicated manner for each
PCMS control group by connection and combination of the basic software blocks. Therefore, a
design defect in the application software limits the conseauences of control function failures to
a single PCMS control group (i.e., it does not cause a CCF of multiple PCMS control groups).

The basic software blocks (e.g.. AND function, Latch function, PID functions) are commonly
used for different PCMS control functions in a single PCMS control group and in multiple
PCMS control groups. Therefore, a software design defect in a commonly used basic software
block can cause a failure of multiple control functions in multiple PCMS control arougs (i.e.. a
CCF). The basic software design defect (i.e., a CCF) is analyzed in Section J.2.

As described above, a PCMS control group failure will not result from a single hardware failure,
but Section J.1 conservatively assumes single control group failures which may be caused by
multiple hardware failures. These failures can lead to multiple control function failures within
one control group of the PCMS

The analysis in this Section J.1 demonstrates that the transients caused by these failures meet
the AOO acceptance criteria. These transients are not considered as new AQOs, because
they can only result from multiple hardware failures in the PCMS. Therefore, this analysis
demonstrates that the safety functions and their corresponding response times which are
credited in the Chapter 15 analysis are sufficient to protect the plant if multiple hardware
random failures within the PCMS occur.

Section J.1 also demonstrates that single or multiple control function failures which may occur
due to an application software design defect, of which effects are limited to one PCMS control
group, cannot result in consequences that are more severe than those described in the DCD
Chapter 15 AOO acceptance criteria.

Mitsubishi Heavy Industries, LTD.
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SAFETY l&C SYSTEM DESCRIPTION AND DESIGN PROCESS MUAP-07004-NP(R8)

The FMEA method is utilized to identify the transients that may result from failure of a single
PCMS group and to demonstrate that the US-APWR is adequately protected from these
events. The system configuration for the PCMS modeled in the FMEA is the same as Figure
4.1-1 of this Technical Report. The FMEA method and contents of the FMEA table are

DCD_07.
07-33

described in Section 65 1 of this Technical Report.
described in Section 6.5.1 of this Technical Renort.

In summary, Section J.1 demonstrates that the US-APWR is adequately protected from
failures in a single PCMS control qroup. including an application software design defect and
multiple hardware failures. The FMEA for PCMS in Section J.1 demonstrates that transients
caused by these failures meet the DCD Chapter 15 AOO acceotance criteria.
...... . I these.. ...... s. ..... he... . . . .... er 15. . . . . . .. a c rt c ....... ... ... .

J.1.2 Analysis and Conclusion

J.1.2.1 Hardware Failure and Software Defect in One PCMS Control Group

The following control groups are included in the PCMS. Each control group contains one or
multiple control functions. A failure of each control group, including all functions within that
control group. is considered individually in this Section J.1. The results are shown in Table J.1-
1. Postulated design defects that lead to multiple control group failures (CCF) are addressed in
Section J.2.

(1) Reactor Control System Failure:
There is no failure that results in consequences more severe than the DCD Chapter 15 AOO
acceptance criteria.

(2) Control Rod Drive Mechanism (CRDM) Control System Failure:
There is no failure that results in consequences more severe than the DCD Chapter 15 AOO
acceptance criteria.

(3) Incore Nuclear Instrumentation System (ICIS) Failure:
There is no control function. Therefore, the failure does not cause any olant transients.

(4) Radiation Monitoring System (RMS) Failure:
There is no control function. Therefore, the failure does not cause any plant transients.

(5) Rod Position Indication System (RPI) Failure:
There is no control function. Therefore, the failure does not cause any olant transients.

(6) BOP Control System Failure:
There is no failure that results in consequences more severe than the OCO Chapter 15 AOO
acceptance criteria.

(7) Turbine Electro-hydraulic Governor (EHG) Control System Failure:
There is no failure that results in conseauences more severe than the DCD Chapter 15 AOO
acceptance criteria.

(8) Turbine Protection System Failure:
There is no failure that results in conseauences more severe than the DCD Chapter 15 AOO
acceptance criteria.

Mitsubishi Heavy Industries, LTD.
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SAFETY I&C SYSTEM DESCRIPTION AND DESIGN PROCESS MUAP-07004-NP(R8)

(9) Turbine Supervisory Instrument System Failure:
There is no control function. Therefore, the failure does not cause any plant transients. DCD_07.

07-33
(10) Electrical Control System Failure:
There is no failure that results in consequences more severe than the DCD Chapter 15 AOO
accePtance criteria.

(11) Auto Voltage Regulator and Automatic Load Regulator (AVR/ALR) System Failure:
There is no failure that results in consequences more severe than the DCD Chaoter 15 AOO
acceptance criteria.

(12) Generator Transformer Protection System Failure:
There is no failure that results in conseauences more severe than the DCD Chapter 15 AO0
acceptance criteria.

The following HSIS computer arouos are included in the PCMS. Each HSIS group contains
multiple HSIS functions. Each failure of each HSIS group, including all functions within that
group, is considered individually. As shown below, with the exception of O-VDUs, these
comouters perform no control functions: therefore, they have no potential to cause Plant
transients. The failure of these computers is included in this section only for completeness, in
order to address all PCMS components. Since these HSIS computer arouos cannot cause
transients, they are not addressed again in Section J.2. Postulated O-VDU failures are
addressed in Section J.3.

(13) Alarm VDU Failure:
There is no control function. Therefore, the failure does not cause any plant transients.

(14) Alarm VDU Computer Failure:
There is no control function. Therefore, the failure does not cause any plant transients.

(15) Alarm Logic Compute Failure:
There is no control function. Therefore, the failure does not cause any plant transients.

(16) Large Display Computer Failure:
There is no control function. Therefore, the failure does not cause any plant transients.

(17) Larne Display Computer (TSC) Failure:
There is no control function. Therefore, the failure does not cause any Plant transients.

(18) Larae Display Panel Failure:
There is no control function. Therefore, the failure does not cause any plant transients.

(19) Operational VDU Panel Failure:
There is no control function. Therefore, the failure does not cause any plant transients.

(20) Operational VDU Computer Failure:
As described in Appendix C of this Technical Report, single random failures do not result in
multiple spurious commands: failures that result in single spurious commands are bounded by
the AQOs in Chapter 15. Regardless, as stated in Section D.2(b). Appendix D of this Technical
Report postulates multiple spurious operational VDU commands and demonstrates that those
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spurious commands cannot adversely affect the safety functions of the PSMS. Section J.3 of
this Appendix postulates these same multiple spurious operational VDU commands and
demonstrates that those spurious commands cannot cause plant transients that are not
bounded by the PA acceptance criteria in Chapter 15.

(21) Operational VDU (TSC) Failure:
There is no control function. Therefore, the failure does not cause any plant transients.

(22) Operational VDU Computer (TSC) Failure:
There is no control function. Therefore, the failure does not cause any plant transients.

DCD..07.
07-33

(23) Operational Procedure VDU Failure:There is no control function. Therefore. the failure does not cause any nlant transients.
... .. .. .... ....... ... .. ,r ... .... . . . .. . . .co to fu cin T e e o e t e f iu e d e o a s n nra.............

(24) Operational Procedure VDU Computer Failure:
There is no control function. Therefore, the failure does not cause any plant transients.

(25) Process Recordinl Computer Failure:
There is no control function. Therefore, the failure does not cause any Olant transients.

(26) Unit Manaaement Computer Failure:
There is no control function. Therefore, the failure does not cause any plant transients.

J.1.2.2 Conclusion

The PCMS FMEA shows the US-APWR is adequately protected from PCMS failures, including
multiple random hardware failures and an application software design defect, and concludes
that failures/defects that results in the failure of one single PCMS control group do not result in
consequences more severe than the DCD Chapter 15 AOO acceptance criteria.
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J.2 Events Initiated by Multiple PCMS Control Grout Failures

J.2.1 Introduction

The US-APWR DCD Chapter 15 evaluates events initiated by a single failure of the plant
systems, which includes the control systems in the PCMS, using the guidance in the SRP.
The D3 Cooing Analysis Technical Report (MUAP-07014) evaluates events in accordance with
the SRP BTP 7-19 which requires an evaluation of the concurrent occurrence of a Chapter 15
event with a CCF in the PSMS alone, or a CCF in the PSMS and PCMS which disables the
mitigating functions in the PSMS and similarly disables the PCMS which may aaaravate the
analyzed transients. MHI analyzed all the Chapter 15 initiating events in MUAP-07014, but
MUAP-07014 does not include other events which may be initiated by failures within the
PCMS that may be caused by a software design defect or multiple hardware failures. Section
J.1 evaluates transients that may be caused by a software design defect and multiple
hardware failures that affect a single PCMS control group. This Section J.2 discusses events
due to a software defect and multiple hardware failures that results in multiple PCMS control
group failures (i.e., a CCF).

J.2.2 Best Estimate Assumption of Plant Conditions

DCD_07.
07-33

DCD_-07.
07-33
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J.2.3 Consequences of PCMS Software CCF
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For the first set of failures described above, MHI performed evaluations of the concurrent
events based on realistic plant conditions, since multiple failures are considered as a beyond
design basis event.

J.2.4 Acceptance Criteria

DCD_07.
07-33

J.2.4.1 Fuel Intearity

Mitsubishi Heavy Industries, LTD.
362



Attachment-2 to Response to RAI 996-7040 (16/24)

SAFETY I&C SYSTEM DESCRIPTION AND DESIGN PROCESS MUAP-07004-NP(R8)

[ DCD_07.
07-33

J.2.4.2 RCS Pressure and Secondary Pressure

J.2.4.3 Radiological Consequences

C ]
J.2.4.4 CV Integrity

J.2.5 Summary

MI-U AvRIIi~tAd thA AvAnt~ initiAtAd hv mijItinlA t~nntrnI nrniin fAiIIim~ dhJA tn ~ PC~M~ flCF rind I
concluded that the Chaoter 15 PA acceptance criteria for fuel inteagrity, RCS and secondary
pressures, radiological consequences, and CV integrity are met.
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J.3 Events Initiated by Operational VDU Failures DCD,_07.

J.3.1 Introduction 07-33

The operational VDUs of the US-APWR. which are non-safety eauipment, have the capability
to control the safety-related components of all four trains as well as non-safety components. In
accordance with the 4 th bullet of Section 3.1.5 in ISG-04. the O-VDUs require multiple control
actions to generate control commands. In accordance with the 5th bullet of Section 3.1.5 in
ISG-04, the PSMS controllers detect and block commands that do not pass the
communication error checks. The effectiveness of these features in limiting the failures from
O-VDUs to single spurious control commands is demonstrated in Appendix C. and single
spurious control commands are bounded by the AQOs in Chapter 15.

Regardless of the effectiveness of these features in preventing multiple spurious control
commands, postulated multiple spurious control commands are demonstrated, in Appendix D.
to have no adverse effect on the safety functions of the PSMS. However, these PSMS safety
functions can only be considered effective if the accidents they are credited to mitigate have
been analyzed. Therefore, in accordance with the guidance of the last bullet in DI&C-ISG-04
Section 3.1.5, this section demonstrates that postulated multiple spurious command signals
from the operational VDUs meet the PA acceotance criteria.

This analysis considers that the following features of the safety-related systems limit the
impacts from the spurious command signals of the operational VDUs:
- Safety-related automatic signals (e.g., ESF actuation signals, interlocks important to

safety) ensure that the safety-related components are in the required positions or are
actuated to the required positions through the priority logic within the safety-related I&C
systems.

- Byvass or reset of the safety-related automatic signals from the operational VDU requires
the permissive signals on the safety VDUs through the priority logic within the safety-
related I&C systems. Therefore, it is assumed that all ESFAS signals are ooerable.

- The operator can disconnect the operational VDU command signals on the safety VDUs
throuah the priority Ionic within the safety-related I&C systems so that the operator can
manually rearrange the components to the required alignment after disconnecting the
operational VDUs.

- Control power supplies are normally off for some of the components in order not to
chanae their positions due to the spurious operations or signals. The operational VDUs
have no capability to turn these control power supplies on.

J.3.2 Best Estimate Assumption of Plant Conditions
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J.3.3 Consequences of Operational VDU CCF
DCD_07.
07-33
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J.3.4 Accep~tance Criteria
DCD_07.
07-33

J.3.5 Evaluation

J.3.5.1 Fuel Intearity
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J.3.5.2 RCS Pressure and Secondary Pressure

I
J.3.5.3 Radioloolcal Conseauences

a
DCD_07.
07-33

C
J.3.5.4 CN Intearity

r
a

J.3.5 Summary

MHI evaluated the events initiated bv multiole system failures due to an ooerational VDU
CCF and concluded that the acceptance criteria for fuel integrity, RCS and secondary
pressures, radiological consequences, and CV integqrity are met.
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