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1.0 INTRODUCTION

1.1 Purpose

The purpose of this report is to assess the adequacy of the U.S. EPR™ (U.S. EPR)
instrumentation and control (I&C) architecture with respect to diversity and defense-in-depth
(D3). Specifically, this report assesses conformance with the four point staff position on D3
found in NUREG-0800 BTP 7-19 (Reference 3). '

To support the assessment, this report describes the 1&C systems that compose the overall I&C
architecture. The U.S. EPR defense-in-depth concebt is discussed, and is compared to the
echelons of defense discussed in NUREG/CR-6303 (Reference 7). Design features that
minimize the potential for occurrence of a common-cause failure (CCF) of the safety 1&C
systems, and features that mitigate the effects of a postulated software CCF (SWCCF) in the
protection system, are presented. Additionally, each of the 14 guidelines in NUREG/CR-6303
are discussed with respect to the U.S. EPR |&C architecture.

Appendix A presents the results of the U.S. EPR D3 plant response analysis, which concludes
that the U.S. EPR design contains adequate diversity and defense-in-depth to mitigate the
effects of an SWCCEF in the protection system during an anticipated operational occurrence
(AOOQ) or Postulated Accident (PA).

1.2 Background

CCFs of analog protection systems were not postulated in previous designs of safety [&C
systems for nuclear power plants. This was based on the nature of the equipment, steps taken
to preclude certain types of CCFs (e.g., equipment qualification, periodic testing), and years of
operating experience with the technology. In modern I&C system designs, digital equipment is
used because of its many advantages over analog technology, including features such as self-
monitoring, reliability, availability, and ease of installation and maintenance. Despite many of
the advantages that digital systems provide over analog systems, there are concerns that errors
in software of digital I1&C systems could cause CCFs that affect multiple redundant divisions of

safety systems.
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An early attempt to address these types of CCF was provided in NUREG-0493 (Reference 6).
Subsequéntly, in SECY 91-292 (Reference 5), the staff included discussion of its concerns
about eommon-cause-failureCCFs in digital systems used in nuclear power plants. As a result
of the reviews of advanced light water reactor (ALWR) design certification applications for
designs that use digital protection systems, the NRC documented its position with respect to
common-cause-fallureCCFs in digital systems and defense-in-depth. This position was
documented as ltem {1.Q in SECY 93-087 (Reference 8) and was subsequently modified in the
associated staff requirements memorandum (SRM), (Reference 9). BTP 7-19 was developed to
provide further guidance and clarification of D3 design and acceptance criteria.

With the advent of a new generation of nuclear power plants, the 1&C systems will be
implemented based on current techhology digital platforms, such as the AREVA NP
TELEPERM XS (TXS). As such, these new plants will need to demonstraté adequate D3 within
their design; especially relative to postulated seftware-commeon-cause-failuresSWCCF.
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20 _ U.S.EPRI&C ARCHITECTURE

The 1&C architecture for the U.S. EPR is depicted in Figure 2-1Figure-2-1. The |1&C architecture

is arranged into three levels—Human Machine Interface (HMI) Systems, Automation Systems &
Instrument and Actuator Interface Systems, and Dedicated I&C Systems.Level2{Supervisory
Controb-Leve System-Level-Automation)-and-Level-0(Processinterface):- In general,
functions (both automatic and manual) are allocated to the various Level-+Aautomation Systems
systems depending on the safety classification of the function, and what the function is designed
for (e.g., rod cluster control assembly control, initiation of safety injection). Interfaces are
provided between the HMI Ssystems and Aautomation Systems Level2-and-Level-H&C
systems-for manual functions. The intended platforms for each of the major U.S. EPR I&C
Systems are shown in Table 2-1Fable2-%.

21 HMI SystemsLevel 2—Supervisory-Gontrol

Level2HMI| Ssystems contains two systemé: the process information and control system
(PICS) and the safety information and control system (SICS).

The PICS is used for monitoring and control during all conditions of plant operation, inciuding
normal operation, anticipated operational occurrences, postulated accidents, and beyond design
basis events (DBE). Most plant equipment can be monitored and controlled via the PICS. PICS
equipment is located in the main control room (MCR) and the remote shutdown station (RSS).
View-only PICS displays are located in the technical support center (TSC). The PICS consists
of equipment such as computer-based displays, input devices (e.g., mouse, keyboard),
databases, network hardware, and data archival systems. The PICS is a non-safety-related
system and will be implemented with a-an industrial digital I&C platform other than digitaH&G

platform-diverse-from-TXS.
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The SICS is provided as a backup human-machine-interface{HMI} used in the unlikely event
that the PICS is unavailable. The SICS contains both safety-related and nen-safety+relatednon-

safety-related equipment located in both the MCR and RSS. The functions are location-specific

and are as follows:

¢ Monitoring and control of safety-related-systems. This includes the following

capabilities:

System-level actuation of reactor trip_(RT) (MCR and RSS).
System-level actuation of engineered safety features (ESF) systems (MCR-erby).

Men#ering—aﬁd-Cohtrol of safety systems to reach and maintain safe shutdown (MCR

and-RSS).

Component-level control of safety-related actuators (MCR).

« Monitoring and control of ron-safety-relatednon-safety-related systems. This includes

the following capabilities:

Diverse means of a system-level actuation of reastortripRT (MCR).

Diverse means of system-level actuations of critical safety functions (MCR).

+ Monitoring and control of plant equipment necessary to mitigate a severe accident (MCR

only)._These controls are hardwired to the PACS and bypass the computer systems,

o Display of Types A-C Ppost--Aaccident Mmonitoring (PAM) variables.

For the initiation of protective actions at the system level (e.g., reactor trip, safety injection),

conventional means (e.g., buttons, switches) are provided on the SICS. For RT initiation and

ESF system-level initiations, these signals are acquired by protection system (PS) computers
and combined with the automatic actuation logic. The RT signals are also hardwired directly to
the reactortripRT devices, bypassing the PS computers. -Diverse manual system-level

actuation of critical safety functions and RT is available to the operator on the SICS. The way in
which these diverse initiation signals are combined with the automatic actuation logic in the
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diverse actuation system (DAS) in-a-similarfashionis similar to the PS logic.Ferreastertrip{RH)

The SICS also contains qualified display system (QDS) video display units. These are

provided, in addition to the required hardwired SICS indications, to provide trending and

graphing capabilities of a limited number of plant parameters to improve operator situational

awareness. The QDS displays receive input from the PS for display and do not have control

capabilities.

The safety—related portions of the SICS are designed to the requirements of 10 CFR 50.55a(h)

(Reference 1)_The design of U.S. EPR I&C systems conforms to IEEE 603-1998 in lieu of IEEE
603-1991 based on an alternative request pursuant to 10 CFR 50.55a(a)(3)(i).

2.2 Automation Systems & Instrument and Actuator Interface SystemsiLevelf—
System-Level-Automation
The PS is a safety-related integrated RT and ESF actuation system. The PS detects the

conditions indicative of an AOO or PA and actuates the plant safety features to mitigate these
events. This is accomplished primarily through the execution of automatic safety |1&C actuation
functions; specifically, RT and actuation of ESF systems. The PS has four redundant,
independent divisions. Each division is located in a physically separated Safeguards Building.
Each division of the PS contains two independent subsystems to support implement-signal
diversity. The PS utilizes the TXS platform and is designed to the requirements of 10 CFR

50.55a(h)_subject to the alternative request described in Section 2.1.

The safety automation system (SAS) is a safety-related system. The SAS processes automatic
control functions, and manually initiated control functions, to mitigate AOOs and postulated
accidents and to reach and maintain safe shutdown. The SAS has four independent divisions.

Each division is located in a physically separated Safeguards Building. Additional SAS
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equipment is located in the two physically separated Emergency Diesel Generating Buildings
and the four Essential Service Water Pump Structures. For maximum reliability, there are
redundant controllers within each division of the SAS. The SAS utilize's the TXS platform and is
designed to the requirements of 10 CFR 50.55a(h)_subject to the alternative request described
in Section 2.1.

The reactor control, surveillance, and limitation system (RCSL) performs core-related

operational and limitation 1&C functions. It is a redundant (master - hot standby) control system
with physical separation of redundant equipment located in separate Safeguard Buildings. The
RCSL utilizes the TXS platform and is a non-safety-related system.

The process automation system (PAS) executes the majority of plant control functions.
Specifically, it performs operational and limitation |&C functions, except those performed by

RCSL. Hi-consists-of-three-main-subsystems:
oNusclearlsland-{NH-PAS-
«Turbinesland-{TH-PAS.
«Balance-of Plant(BOR) PAS.
The PAS is a non-safety-related system and is implemented with_an industrial control platform

other than TXS.-a-digitaH&GC-platform-

‘The diverse-actuation-system{DAS) executes those risk reduction I&C functions required to
mitigate BDBEs other than severe accidents, including anticipated transient without scram
(ATWS), station blackout (SBO), and SWCCF of the protection-systemPS. The DAS is a non-
safety-related system and is implemented with a non-microprocessor based |1&C system .digital

The priority and actuator control system (PACS) is a safety-related system. It performs the
following functions: priority control, drive actuation, drive monitoring, and essential component

protection.
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a-physically-separate-Safeguards Building—Each safety-related actuator is associated with one

PACS communication-priority pair (CoPP). Each CoPP consists of two modules: a safety-
related priority logic module, and a non-safety--related communication module. The priority
module is subject to 100 percent combinatorial testing and is thérefore not subject to an
SWCCF. The priority module is designed to the requirements of 10 CFR50.55a(h)_subject to

the alternative request described in Section 2.1.-

The Ssignal Sconditioning and Bdistribution Ssystem (SCDS) is a safety-related system

provided to condition and distribute safety--related sensor signals, and non-safety-related
sensor signals that are reguired in functions allocated to SICS, DAS or RCSL. It is segmented

within each division to include safety--related and non-safety--related equipment for the

conditioning and distribution of safety--related and non-safety--related instrumentation,
respectively. The SCDS receives inputs from process sensors and black box 1&C systems and

provides a conditioned, standard analog output signal to the Aautomation Ssystems and HMI

Ssystems. The SCDS is implemented with a hon-microprocessor based I&C system.

2.3 Dedicated I&C SystemsLevel 0—Process-interface

The process interface level consists of the actuators, sensors, and signal processing equipment
necessary to monitor and control the various plant processes. Examples include in-core
instrumen.tation, level sensors, pressure sensors, electrical switchgear, motor-operated valves,
and pumps.

24 U.S. EPR I1&C Defense-In-Depth Concept

AREVA NP has established three lines of defense within the I&C architecture. These lines of
defense are:

e Preventive Line (RCSL and PAS).
¢ Main Line (PS and SAS).
¢ Risk Reduction Line (DAS-and-SAH&C).

The various lines of defense, as well as the [&C systems and functions that support the
defense-in-depth concept, are shown in Figure 2-2Figure 2-2.
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The preventive line of defense attempts to cope with deviations from normal operation and
prevent their evolution into accidents. Operational and limitation 1&C functions are executed by
the RCSL and PAS, within the preventive line of defense.

The main line of defense mitigates the effects of AOOs and postulated accidents-and-prevents
their-evoldtion-into-severe-aceidents. Safety 1&C functions are implemented in the PS (RT and
ESF actuation), and the SAS (ESF control) to mitigate AOOs and postulated accidents, and to
reach safe shutdown.

The risk reduction line of defense is used to limit the consequences of a complete loss of the PS

due to SWCCF, concurrent with a design-basis-eventDBE. Risk reduction |&C functions are
executed by the DAS.R

In general, the lines of defense apply to the architecture Aautomation Ssystems &and
linstrument and Aactuator linterface Ssystemskevel-4-automation-systems. The PACS
prioritizes actuation requests from I&C systems within each of the lines of defense; therefore, it
supports all lines of defense. FBecause the SCDS provides information from the Bdedicated
1&C Ssystems to the Aautomation Ssystems in each of the lines of defense-thersfore, it
supports ali lines of defense. joritizati } i
concepis-andis-describedinU-SERR-FSAR Ter2,-Sestion7~1.—The PICS is used as long as

it is available, and the SICS implements a backup Class 1E human-machine interface (HM!) that

is always available for use even when the PICS is unavailable. The PICS and SICS support all

lines of defense.

2.5 Comparison of U.S. EPR 1&C Defense-in-Depth Concept and NUREG/CR-6303
Echelons of Defense

The original concept of “Echelons of Defense" was discussed in NUREG-0493. This study
identified three conceptual, functional echelons of defense (control, RT, and ESF) that were to
be used to an acceptable degree so that the postulated CCF events do not lead to unacceptable
consequences. This approach was expanded in NUREG/CR-6303 by using four echelons of
defense designated:
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1. Control.
2. RT.
3. ESF.

4. Monitoring and indication.

The U.S. EPR lines of defense are compared to these four echelons of defense discussed in

I NUREG/CR-6303 in Table 2-2Fable2-2. The control echelon is comparable to the preventive
line of defense; although, the preventive line of defense includes limitation 1&C functions that
provide additional mitigation capability beyond control functions. The RT echelon and the ESF
actuation echelon are both part of the main line of defense. The PS executes both functions.
The monitoring and indication echelon is part of all three lines of defense (preventive, main, and
risk reduction).

The risk reduction line of defense contains the following features beyond the four echelons of
defense described in NUREG/CR-6303:

s Functions to mitigate BDBEs that have associated regulatory significance (ATWS and
SBO).

¢ Functions to mitigate an SWCCF of the PS as discussed in BTP 7-19.
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Table 2-1—I&C Systems and Associated_Technology Platforms

System

Platform_Technoloqy

Process Information and Control System

Computerized, industrial platform; not
diverse-from-TXS

Safety Information and Control System

Hardwired / TXS (QDS

XS{QDS)Hardwired
Protection System TXS
Safety Automation System TXS

Priority and Actuator Control System

TXS (Programmable Logic Device-
based)

Signal Conditioning and Distribution System

Non-computerized, Hardwired

S Acoident] " | Control

s

Reactor Control, Surveillance, and Limitation System

TXS

Process Automation System

Computerized industrial platform_not
XS

Diverse Actuation System

Non-microprocessor based
C zod_d : XS

Table 2-2—U.S. EPR Lines of Defense

NUREG/CR-6303 U.S. EPR Line of Defense
Echelon of Defense Preventive Main Risk Reduction
Control X
RT X
ESF -
Monitoring and Indication X X X
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Figure 2-1—U.S. EPR 1&C Architecture
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Figure 2-2—L ines of Defense and 1&C Functions
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3.0 DIVERSITY AND DEFENSE-IN-DEPTH FEATURES OF THE U.S. EPR I&C
ARCHITECTURE

The U.S. EPR I1&C architecture withstands the effects of various CCFs that could prevent
performance of the required safety functions. In general, the design utilizes two types of

features:
e Features that prevent a CCF that could disable a safety function.
o Features that mitigate the effects of a postulated SWCCF that prevents the PS from
responding to an AOO or PA.
- 341 Features that Prevent a CCF of the I&C Safety Systems (Main Line of Defense)
3.1.1 Equipment Design

3.1.1.1 TXS Platform

- TXS is a digital 1&C platform designed specifically for use in safety systems in nuclear power
plants. The TXS platform is used for the implementation of the PS and the SAS, as well as the
computerized-portions-QDSefthe-SICS QDS. The NRC staff has approved the TXS platform

for use in safety-related applications (Reference 10).

The TXS platform is designed with many features that enhance reliability and availability. These
features are described in detail in Siemens Topical Report EMF-2110 (NP)(A), Revision 1
(Reference 13) and Siemens Topical Report EMF-2267(P), Revision 0 (Reference 14).

The following list summarizes the features of TXS that are designed to prevent a CCF of the
platform and the reference where that feature is described further.

¢ Cyclic, deterministic, asynchronous operation—refer to Section 2.4.3.4 of Reference 13
and Sections 9.1 and 9.3 of Reference 14.

e Interference-free communications—refer to Section 2.9 of Reference 13 and Section 9.1
of Reference 14.

e Independence of the TXS platform operation (including both hardware and system
software) from the application software program—refer to Section 2.4.2.2.1 of Reference
13 and Section 9.4 of Reference 14.
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o Fault tolerance—refer to Section 2.7 of Reference 13.
e Equipment and system software qualification—refer to Section 2.2 of Reference 13

o The use of a standard library of application function blocks with operating experience—

refer to Section 2.1.3.1 of Reference 13.

An analysis of postulated failures of the TXS platform is performed in Section 2.4.2 of Reference
13. The result of this analysis shows that random single failures are the dominant failure mode

based on the system design features.

Additionally, a review of the TXS design features and various failure mechanisms are described
in Section 9 of Reference 14. The results of this review, as discussed in Section 9.5 of
Reference 14, demonstrate that a CCF is very unlikely, if appropriate design and testing

measures are taken.

The TXS platform benefits from extensive operating experience. Internationally, TXS has been
in use for over 10 years with over 62 million processor hours of operation. Section 5.2 of
Reference 13 describes a configuration management plan, including a change control process.
According to problem reports gathered as a result of the change control process, there have
been no reported CCFs of the TXS platform system software to date.

3.1.1.2 - PACS Design

The PACS is a prioritization system that is part of the TXS product family, and meets the
requirements of 10 CFR 50.55a(h). The PACS operates independently of, and diverse to, the
operational principles of the digital TXS platform discussed in Section 3.1.1.1. As previously
mentioned, the safety-related priority module used in the PACS is subject to 100 percent
combinatorial testing, to preclude consideration of SWCCF. Further descriptions of the PACS
design and the 100 percent combinatorial testing methodology are found in Methodology for
100% Combinatorial Testing of the U.S. EPR Priority Module Technical Report (Reference 11).

3.1.1.3 SCDS Design

The signal conditioning and distribution system (SCDS) is-a-cenditioning-and-distribution-system
thatis part of the TXS product familyline, and meets the requirements of 10 CFR 50.55a(h)

subject to the alternative request described in Section 2.1._The SCDS operates independently
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of: and diversely to; the operational principles of the digital TXS platform discussed in Section
3.1.1.1. The SCDS contains only analog conditioning and distribution eguipment and is not
considered subject to a SWCCF.

3.1.2  Safety I&C System Design
31214 PS Syétem Design

Section 2.2 contains a general description of the PS. A detailed description of the PS
architecture is provided in U.S. EPR Digital Protection System Technical Report (Reference 12).
The PS i.s implemented with the TXS platform. In addition to the features inherent to TXS, the
PS design incdrporates the following featureé that are designed to prevent a CCF of the system:

o Signaldiversity-Subsystems within each division - ~Errors in requirement specification or

application software design_are potential sources of SWCCF. Separate subsystems that
impiement different reactertApRT functions can prevent a design error in one reactor
t#ripRT function from disabling another reastertripRT function in the other subsystem that

utilizes a diverse input parameter.

o Fail safe/fault tolerant design—-A failure in one division is accommodated by voting logic

in the other divisions so that those divisions remain capable of performing the safety
function.

« Independence—-Electrical isolation, physical separation, and communication isolation
are implemented between divisions to prevent a failure in one division from propagating

to redundant divisions.

e Diversity of RT devices—-Multiple sets of RT devices, with each set capable of achieving

the RT function, prevent a CCF of one set of dévices from disabling the RT function.
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3.1.2.2 SAS_System Design

The SAS is implemented with the TXS platform. In addition to'the features inherent to TXS, the
-design provides for independence between the four divisions of the SAS and between the SAS
and interfacing non-safety systems. The characteristics of this independence are physical
separation, electrical isolation, and communications independence, as described in U.S. EPR
FSAR Tier 2, Section 7.1.

3.1.2.3 PACS System Design

PACS 100 percent combinatorial testing demonstrates that the priority modules in PACS are not
subject to SWCCF. Additionally, the design provides for independence between the four
divisions of the PACS, and between the PACS and interfacing non-safety systems. The
characteristics of this independence are physical separation, electrical isolation, and
communications independence, as described in U.S. EPR FSAR Tier 2, Section 7.1.

3.1.3 Application Software Development Process

The processes used to develop, test, and maintain application software for the |&C safety
systems using TXS processors are described in Software Program Manual for TELEPERM XS
Safety System Topical Report (Reference 15). These processes include the following:

e Software Quality Assurance Plan.
e Software Safety Plan.
e Software Veriﬁcatioh and Validation Plan.
« Software Configuration Management Plan.
e Software Operations and Maintenance Plan.
Taken together, these plans provide a rigorous approach to the lifecycle managerﬁent of

application software in digital safety I1&C systems that reduces the probability of a CCF disabling
a safety function.
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The TXS platform provides important tools to implement the software development processes
and reduce the likelihood of a programming error. Function block programming and automatic
code generation significantly reduce the complexity of the application software programming
task, as compared to manual programming. The Simulation-based VAlidation Tool (SIVAT)
provides the ability to test the application software against its requirements to verify proper
functionality.—These-tools-are-described-in-detailin Reference-15-

3.2 Features that Mitigate a Postulated SWCCF of the Protection System

.The features described in Section 3.1 reduce the likelihood of a CCF. However, it is postulated
that an SWCCF occurs in the PS that prevents it from responding to an AOO or PA. This
postulated SWCCF is such that the design features discussed in Section 3.1 are ineffective at
preventing the failure. A system diverse from PS is provided to cope with this scenario. That
system, the DAS, automatically initiates reactor trip and ESF functions, or allows manual

execution of certain functions by the operator.

Additionally, substantial diversity attributes exist in several other I&C systems such that they can
be demonstrated not to be subject to the same SWCCF postulated to occur in the PS
concurrent with an AOO or PA.—TFhese-othersystems-may-assistin-event-mitigationin-case-the
postulated-PSfallure-oceurs:

Section 4.2 describes the diversity attributes that exist throughout the 1&C architecture relative
to the PS.

3.21 Diversity between the Main Line of Defense and the Risk Reduction Line of
Defense

Only the portion of the risk reduction line of defense provided to directly mitigate the loss of the
PS is required to be diverse from PS. In the U.S. EPR I1&C design, the DAS performs these

functions, and is implemented with a_non-microprocessor based I&C platform -digitaH&C
platform-diverse-from-TXS: -Additionally, in conformance with BTP 7-19 Position 4, the RPICS

SICS is required to be diverse from the PS for system-level initiation of critical safety functions. -

With respect to the TXS platform used to implement the PS, the platforms used for the DAS and
PICS-SICS exhibit the following attributes:
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The design architecture will be different.

The design organization, management, designers, programmers, and testing engineers

will be different.

+ A non-computerized, hardwired platform will be used to implement the |&C functions.

The AC/DC power supplies, and DC/DC power supplies will be from different

manufacturers.
ot | il bedif s
o : . it be.gliff _

3.211 Reactor Trip

The PS is the primary means of initiating RT. Assuming a postulated SWCCF renders the PS
inoperable, there are two diverse means of initiating a RT. If an RT is required to be
automatically initiated, it is performed by the DAS. If automatic initiation is not required, a
manual-hardwired means .of initiating an RT is provided on the SICS from eitherthe MCR-or
RSS. The hardwired-controls on SICS to initiate RT, as discussed in Section 2.1, are provided
to address Point 4 of NUREG-0800, BTP 7-19. These controls consist of four switches; each is

assigned to a division of DAS .an-independent-safety-division- The controls are diverse; a
software failure of the PS-safety-systems will not affect the operation of the hardwired-controls.

For high reliability of the reactortripRT function, the power supply for the RCCAs can be
interrupted in several diverse ways. The safety-related reactertripRT breakers contain both an
undervoltage (UV) coil and a diverse shunt trip coil. Power to the UV coil can be interrupted by
a signal from eitherthe PS-or-the-SICS-inthe-MCR. The shunt trip coil receives signals from

the DAS-and-thereactor-trip-switch-inthe-RSS. The safety-related trip contactors are diverse
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from the trip breakers, and receive actuation signals from the PS-or-the-SICS-inthe-MCR. The
non-safety-related control logic gates in the control rod drive control system (CRDCS) are
diverse from the trip breaker and trip contactors, and receive a signal to interrupt power from the
DAS.RS-orthe-SiCS-inthe-MCR-

3.2.1.2 ESF Actuation

The PS is the primary means of performing ESF actuations. Assuming a postulated SWCCF
renders the PS inoperable, there are twe-diverse means of performing an ESF actuation. _If an
ESF actuation is required to be automatic, it is performed by the DAS.—-automatic-astuation-is

Additionally, manual system-level initiation of critical safety functions is available from the SICS,
which is required to be diverse from the PS._The manual commands from SICS are combined

with the automatic actuation logic in DAS.

3.2.1.3 Indications and Alarms

Diversity is provided for the processing and display of indications and alarms necessary to alert
the operator to abnormal plant conditions, including type A, B and C post-accident monitoring
variables, as defined in Regulatory Guide 1.97 (Reference 4). The PS-and-SAS-areSCDS is the
credited means of processing these variables, and the SICS is the credited means for display.
FSince this display path bypasses any microprocessor-based systems:-therefore, a diverse
display is not required. The PAS BAS-provides redundant diverse-processing of sensor
information-because-the-BDAS obiains-sensorinformation-independentiyofthe-PS-and

software— and the PICS, which is used during all plant conditions; while it is available, provides
a redundant diverse-display. Fhe-indicationrs-previded-via-BAS-and-RICS-conformte-NRGC
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4.0 DIVERSITY AND DEFENSE-IN-DEPTH ASSESSMENT

The guidance of NUREG-0800, BTP 7-19 recommends that, for designs that use digital
protection-systemPSs, the applicant/licensee should assess the D3 of the proposed 1&C system
to demonstrafe that vulnerabilities to commen-cause-failureCCFs have been adequately
addressed. BTP 7-19 guidance also states that NUREG/CR-6303 describes an acceptable
method for performing such assessments. NUREG/CR-6303 contains 14 guidelines for
performing a complete D3 assessment. The following sections describe the U.S. EPR D3
assessment relative to each NUREG/CR-6303 guideline.

4.1 Guideline 1: Choosing Blocks

it is clear from the stated purposes of BTP 7-19 and NUREG/CR-6303 that the focus of the D3
assessment is the protection-systemPS. The PS is shown as a system-level block diagram in
U.S. EPR FSAR Figure 7.1-6. Based on NUREG/CR-6303, Guideline 1, the U.S. EPR PS
system-level block diagram is already divided into appropriate blocks to perform the D3

assessment.

NUREG/CR-6303, Guideline 1 states: “the main criterion for selecting blocks (previously
- defined in Section 2.5) is that the actual mechanism of failure inside a block should not be

significant to other blocks.”

This criterion is satisfied by the U.S. EPR FSAR Tier 2, Figure 7.1-6 block diagram because
each block contains all the equipment needed for that block to perform its function (e.g., 110
cards, communication modules, function processors). Essentially, any block can be removed
from the diagram and all other blocks can still perform their function (as demonstrated by the
system-level FMEA summary presented in U.S. EPR FSAR Tier 2, Sections 7.2 and 7.3).

Therefore, the system-level diagram of the U.S. EPR PS constitutes a block representation
consistent with the intent of NUREG/CR-6303, Guideline 1.

However, AREVA NP recognizes that use of the PS system level diagram to perform the D3
assessment would naturally result in taking credit for portions of the PS to function correctly
when other portions of the PS are impaired by SWCCF. For example, acquisition and
processing unit (APU) A2 would be assumed to function in all four divisions if APU A1 failed in
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all four divisions because APU A1 and APU A2 would not be viewed as “identical” biocks per
Guideline 7. AREVA NP believes this approach, while consistent with the intent of NUREG/CR-
6303, would result in an extensive and lengthy NRC review, which is undesirable. Additionally,
the U.S. EPR design includes a diverse actuation system conservatively designed to mitigate
AQOs and PAs, assuming a complete PS failure. The U.S. EPR design can satisfy D3 criteria
without credit taken for any portion of the PS functioning correctly. Therefore, AREVA has
chosen a more conservative block representation to use in performing the D3 assessment.

" Because 1&C systems outside the PS will be used to demonstrate adequate D3, these other
systems are established as blocks in the diagram, and the PS is simplified to only two blocks,
subsystem A and subsystem B. The subsystems within the PS are maintained as separate
blocks, because they are functionally independent of each other, and they are-designed
specifically-to-implement signal diversity between them._Signal diversity for RT functions

img' lemented in the subsystems of the PS is not_credited to mitigate any events in the D3 plant
response analysis. The subsystems are maintained as separate blocks simphyto illustrate that

signal diversity exists in the design to address type 3 failures as defined in NUREG/CR-6303.

~ Section 4.11 addresses type 3 failures relative to the D3 plant response analysis for SWCCF of
the PS.

The resulting block diagram used to perform the U.S. EPR D3 assessment is shown in Figure
4-1Figure-4-1. The connections in-Figure-4-1-that-are-numbered-(1-thru-3)-represent

- ob-1o-b rtorm

represent connections to perform all of the interfacing functions between those systems.

Note that not all major I&C systems are shown in the block diagram. The major I&C systems
that are-exsluded-are not included in the diagram may still be modeled in the D3 plant response
analysis under best estimate assumptions to accurately model progression of an event, but are

not needed to demonstrate the ability to terminate the events (see Section A.2.2).:credited-inthe
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Reactor Control Surveillance and Limitation System

The RCSL performs core control and limitation functions designed to prevent disturbances from
requiring protective action. This functionality could be very useful, if credited in the D3
assessment to mitigate a PS SWCCF. RCSL is implemented in the same technology as the PS
and acquires many of the same measurements as the PS, but has significantly different
functionality than the PS. This results in very different application software and allows a sound
argument to be made that RCSL would not be subject to the same SWCCF as the PS,
concurrent with a DBE. However, because of the multiple similarities between PS and RCSL, a

conservative decision is made not to credit the RCSL to terminate events in the D3 assessment.

Process Information and Control System

In the D3 assessment, no failures are postulated beyond the SWCCF of the PS-are postulated.
Therefore-PICS is therefore considered operational and the operator is assumed to be

controlling and monitoring the plant using PICS. This assumption allows the gvent progression

fo be accurately modeled. All manual control functions that are credited in the D3 analysis are
performed in SICS.
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Process Automation System

In the D3 assessment, no failures beyond the SWCCF of the PS are postulated. Fherefere.

PAS is therefore considered operational. As part of best estimate assumptions, normally
operating control functions in PAS, such as-{e-g-; pressurizer level control: and pressurizer

pressulre control,} continue to operate following a SWCCF. The only PAS function that relies on

a PS output is the Ppartial Gcooldown Aactuation. Because it relies on a PS output, this
function is not assumed to be operational in the D3 analysis. This assumption allows the event

progression to be accurately modeled taking into account the effects on plant systems caused

by the normally operating PAS functions.

4.2 Guideline 2: Determining Diversity
The next step of the assessment involves establishing diversity attributes, for each block in the
diagram, relative to the PS. The diversity attributes of the PS subsystems are established
relativé to each other.
NUREG/CR-6303, Guideline 2 defines the following six diversity attributes:

o Design diversity.

e Equipment diversity.

. Functioﬁal diversity.

e Human diversity.

e Signal diversity.

e Software diversity.
Guideline 2 also defines, for each diversity attribute, design characteristics that can be used to

establish the existence and strength of the diversity attribute. In NUREG/CR-6303, these
design characteristics are listed in decreasing order of effectiveness.

Commitments made in the U.S. EPR FSAR regarding 1&C system architectures and
functionality and the commitments relative to platform diversity made in Section 3.2.1 are used
to define design characteristics that establish diversity attributes for each I&C system, relative to

the PS. For each block in the diagram, the established diversity attributes are placed into one of
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two categories: those supborted by one of the more effective design characteristics (higher on
the NUREG/CR-6303 list); and, those supported by one of the less effective design
characteristics (lower on the NUREG/CR-6303 list).

The diversity attributes exhibited by each block in the diagram are discussed below.

PS Subsystems:

The PS subsystems, A and B, exhibit the foliowing diversity attributes, relative to each other:

o Design diversity——Subsystems A and B have different architectures. For example,

Subsystem A contains three APUs while Subsystem B contains two APUs. These

architectural differences result in different network topologies and different
communication patterns between the functional units within a subsystem. Different
architecture is a “less effective”, but still relevant, characteristic of design diversity.

o Signal diversity—=—Subsystems A and B acquire measurements from different sensors
measuring different process parameters, to perform RT functions that can protect
. against the same events. For example, one subsystem performs an RT on low reactor
coolant system (RCS) flowrate, while the other subsystem performs an RT on low
reactor coolant pump (RCP) speed. Using different reactor or process parameters
sensed by different physical effects is a “more effective” characteristic of signal diversity.

o Software diversity——Subsystems A and B perform different algorithms and logic. The
standard TXS software blocks are configured differently, to perform the different logical
functions that compose each protective action. Different algorithms and logic is a “more
effective” characteristic of software diversity. However, because the same or similar
standard software blocks are used to achieve different logic, a conservative decision has
been made to credit this type of different logic as a “less effective”, but still relevant,

characteristic of software diversity.

Safety Information and Control System:

The SICS exhibits the following diversity attributes relative to the PS:
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o Design diversity——The control functions and indications provided in SICS are performed

by hardwired, analog components. The PS uses digital processors to impiement its

functions. -including Bdifferent technology in the design is a “more effective”

characteristic of design diversity.

s Equipment diversity——At a minimum, the SICS equipment will be of fundamentally

different design than the PS equipment. Section 3.2.1 identifies this commitment. The

use of fundamentally different designs is a “more effective” characteristic of equipment
diversity.

¢ Functional diversity——The SICS fulfills a fundamentally different purpose, and performs
different types of functions, than the PS. The SICS is a human-machine interface
system that allows the operator to monitor and control plant operation. The PS performs
automatic actuation functions specifically designed to respond to AOOs or PAs.
Different purpose and function is a “more effective” characteristic of functional diversity.

« Human diversity—=—At a minimum, different engineers will be responsible for the design

of the SICS and PS._ltis likely that different design organizations will be responsible for
the design of the equipment of the two systems, which is-{ the strongestmost effective
characteristic of human diversity.}-butt This wen'tbe-known-fercertainwill not be
determined until the detailed design of these systems is in progressunderway. To-be

conservative_oAs a conservative measure, only the use of different engineers is credited

in human diversity, which constitutes a “less effective”, but still relevant, characteristic of

human diversity.

o Software diversity~-The SICS uses a hardwired, analog 1&C platform to implement a

human-machine interface. There is no software running in the SICS, {with exception of

the QDS, which is for display purposes only and is not credited in the D3 analysis.} This

congstitutes a “more effective” characteristic of software diversity.

Process Information and Control System:

The PICS exhibits the following diversity attributes relative to the PS:

o Design diversity——The PICS architecture is shown in U.S. EPR FSAR Tier 2, Section
7.1, and it is clearly different from the PS architecture. Different architecture is a “less

effective”, but still relevant, characteristic of design diversity.



AREVA NP Inc. ANP-10304
: : Revision 2

U.S. EPR Diversity and Defense-in-Depth Assessment

Technical Report o Page 4-7

o Equipment diversity——At a minimum, the PICS equipment will be of fundamentally
different design than the PS equipment. Section 3.2.1 identifies this commitment. The
use of fundamentally different designs is a “more effective” characteristic of equipment

diversity.

¢ Functional diversity—=—The PICS fulfills a fundamentally different purpose, and performs
different types of functions, than the PS. The PICS is a human-machine interface
system that allows the operator to monitor and control plant operation. The PS performs
automatic actuation functions specifically designed to respond to AOQOs or PAs. Two
systems with different purposes and functions require significantly different application
software structures. This greatly reduces the risk of the same latent software defect
existing in the two systems. Different purpose and function is a “more effective”

characteristic of functional diversity.

¢ Human diversity——At a minimum, different engineers will be responsible for the design
of the PICS and PS. ltis likely that different des'ign organizations will be responsible for
the software design of the two systems (the strongest-most effective characteristic of
human diversity. }-buttThis wor't-be-known-for-certainwill not be determined until the
detailed software design of these systems is in progressunderway. To-be

consepvativeAs a conservative measure,, only the use of different engineers is credited,

which constitutes a “less effective”, but still relevant, characteristic of human diversity.

¢ Signal diversity::—The PICS does not directly acquire signals from process
measurement sensors. Inputs to the PICS are in the form of manual commands from
the operator and incoming data messages from the various 1&C systems. The PICS
clearly-senses different reactor or process parameters {i-e—PICS-doesn-tdirectly-sense
these-parameters-at-all) than the PS, which'is a "more effective” characteristic of signal

diversity.

« Software diversity——Because of its different purpose and function, the PICS uses
completely different algorithms and logic than the PS; and, PICS functions are built from
a non-TXS set of standard software blocks. This constitutes a clear case of different
algorithms and logic, which is a “more effective” characteristic of software diversity.
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Process Automation System:

The PAS exhibits the following diversity attributes relative to the PS:

Design diversity——The PAS system architecture is shown in U.S. EPR FSAR Tier 2,
Section 7:1, and it is clearly different from the PS architecture. Most significantly, PAS is
redundant within a division, while the PS is redundant between divisions. Also, PAS is a
single layer system (only a control unit layer) while the PS is a multi-layer system (RAL;
APU, actuation logic unit). Different architecture is a “less effective”, but still relevant,
characteristic of design diversity.

Equipment diversity——The PAS equipment is specified to be an industrial control
platform other than TXS. This means the PAS equipment will be of fundamentally
different design than the PS equipment. The use of fundamentally different designs is a

“more effective” characteristic of equipment diversity.

Functional diversity——The PAS fulfills a fundamentally different purpose, and performs
different types of functions, than the PS. The PAS performs automated control functions
to regulate the majority of the plant systems. The PAS also processes commands from
the PICS, to allow the operator to manually control the majority of plant actuators. The
PS performs automatic actuation functions specifically designed to respond to AOOs or
PAs. Two systems with different purposes and functions require significantly different
application software structures. This greatly reduces the risk of the same latent software
defect existing in the two systems. Different purpose and function is a “more effective”

characteristic of functional diversity.

Human diversity——At a minimum, different engineers will be responsible for the design
of the PAS and PS. It is likely that different design organizations will be responsible for
the software design of the two systems (the strengest-most effective characteristic of

“human diversity. }-butiThis wenr'tbe-krown-for-certainwill not be determined until the

detailed software design of these systems is underway. To be conservative, only the
use of different engineers is credited, which constitutes a “less effective”, but still

relevant, characteristic of human diversity.

Signal diversity——The vast majority of sensors acquired by the PAS are not acquired by
the PS, and vice versa. A small set of sensors may be used by both systems; however,
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those signals would be used for fundamentally different purposes (e.g., signal selection
algorithms for closed loop control in PAS vs. coincidence voting logic for actuation in
PS). The PAS largely uses different process sensor measurements than the PS, which

is a “more effective” characteristic of signal diversity.

Software diversity——The PAS uses completely different algorithms and logic than the
PS (becaus.e of its different purpose and function) that are built from a non-TXS set of
standard software blocks. This constitutes a clear case of different algorithms and logic,
which is a “more effective” characteristic of software diversity.

Safety Automation System:

The SAS exhibits the following diversity attributes relative to the PS:

Design diversity——The SAS architecture is shown in U.S. EPR FSAR Tier 2, Section
7.1, and is clearly different from the PS architecture. Most significantly, SAS is a single
layer system (only a control unit layer) while the PS is a multi-layer system (RAY;-APU,
actuation logic unit). Different architecture is a “less effective”, but still relevant,

characteristic of design diversity.

Functional diversity——The SAS fulfills a fundamentally different purpose, and performs
different types of functions, than the PS. The SAS performs automated control functions
of safety-related plant systems, to regulate those systems during normal operation. The
SAS also processes commands from the PICS and SICS to allow the operator to
manually control the safety-related plant éystems. The PS performs automatic actuation
functions specifically designed to respond to AOOs or PAs. Two systems with different
purposes and functions require significantly different application software structures.
This greatly reduces the risk of the same latent software defect existing in the two
systems. Different pufpose and function is a “more effective” characteristic of functional

diversity.

Signal diversity——The vast majority of sensors acquired by the SAS are not acquired by
the PS, and vice versa. A small set of sensors is used by both systems; however, those
signals are used for fundamentally different purposes (e.g., signal selection algorithms
for closed loop control in SAS vs. coincidence voting logic for actuation in PS).

Additionally, the functions in SAS that use the same sensors as the PS rely on PS
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outputs for initiation and are therefore not credited to mitigate a PS failure in the D3
assessment. The use of different process parameters as inputs is a “more effective”

characteristic of signal diversity.

» Software diversity——The SAS performs different algorithms and logic than the PS. The
standard TXS software blocks are configured differently in each system to perform the
different algorithms and logical functions. Different algorithms and logic is a "rﬁore
effective” characteristic of software diversity. However, because the same or similar
standard software blocks are used to achieve different logic, a conservative decision has
been made to credit this type of different logic as a “less effective”, but still relevant,
characteristic of software diversity.

Diverse Actuation System:

The DAS exhibits the following diversity attributes relative to the PS:

o Design diversity——Though Fthe equipment used in the DAS; is-while considered digital,
it is a fundamentally different approach to digital technology than employedthat in the

PS. For instance-{e-g— the programmable logic device or discrete electronics in DAS

¥§-Versus processors running application software in the PS). This constitutes a
different approach within a technology, as listed in Guideline 2. Additionally{The DAS
architecture is shown in U.S. EPR FSAR Tier 2, Section 7.1, and it is clearly different

from the PS architecture. This combination of multiple design characteristics establishes
a "more effective” case of design diversity. Fhe-BDAS-architecture-is-shewn-inU-S-EPR

AR ig

© H ”

o Equipment diversity——At a minimum, the DAS equipment will be a fundamentally
different design than the PS equipment. Section 3.2.1 identifies this commitment. The
use of a fundamentally different design is a “more effective” characteristic of equipment
diversity. '

¢ Functional diversity——The DAS is desighed with the intent of allowing the PS to actuate
before the DAS, in response to a design-basis-eventDBE. This results in different
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setpoint parameters and delay times for the DAS functions, compared to the PS.
Different response timescale is a “less effective”, but still relevant, characteristic of

functional diversity.

Human diversity——At a minimum, different engineers will be responsible for the design
of the DAS and PS. ltis likely that different design organizations will be responsible for
the seftware-design of the two systems (the strongestmost effective characteristic of
human diversity. }-buttThis wer'tbe-knewn-for-certainwill not be determined until the
detailed seftware-design of these systems is underwayin progress. To be conservative,
only the use of different engineers is credited, which constitutes a “less effective”, but

still relevant characteristic of human diversity.

Software diversity——While the DAS uses similar functional logic as the PS, the DAS

uses non-microprocessor based technology to implement its functions. There is no
software running in the DAS. This implementation-in-a-different-platform-dictates-that the

DAS loa

charasteristics-establishes a “more effective” case of software diversity.

Priority and Actuator Control System:

The PACS exhibits the following diversity attributes relative to the PS:

Design diversity——The equipment used in the priority module of the PACS, while
considered digital, is a fundamentally different approach to digital technology than
employed in the PS (i.e., programmable logic device in PACS vs. processors running
application software in the PS). This constitutes a different approach within a
technology, as listed in Guideline 2. Additionally, the PACS architecture is shown in
U.S. EPR FSAR Tier 2, Section 7.1, and it is clearly different from the PS architecture.
Most significantly, a standalone-portion of the PACS is dedicated to each safety-related
plant actuator, while the PS uses its whole architecture to affect groups of actuators.

This combination of multiple design characteristics establishes a “more effective” case of

software-design diversity.



AREVA NP Inc. ANP-10304

Revision 2

U.S. EPR Diversity and Defense-in-Depth Assessment
Technical Report Page 4-12

Equipment diversity——The PACS equipment is of fundamentally different design than
the PS equipment (i.e., programmabile logic device in PACS vs. processors running
application software in the PS). Regardless of whether a different manufacturer is used,
a fundamentally different equipment design is a “more effective” characteristic of
equipment diversity.

Functional diversity—=—The PACS fulfills a fundamentally different purpose, and performs
different types of functions, than the PS. The PACS performs priority logic on signals
from multiple 1&C systems, so that each safety-related actuator is in the proper state for
the current plant condition. The PS performs automatic actuation functions specifically
designed to respond to AOQOs or PAs. Different purpose and function is a “more

effective” characteristic of functional diversity.

Signal diversity——The PACS does not acquire any input sensors that are acquired by
the PS. The use of different process sensor measurements is a “more effective”

characteristic of signal diversity.

Software diversity——Unlike the function processors of the PS, the priority modules in the
PACS do not utilize application software; they are pre-configured to perform static logic
functions. The PACS exhibits all of the design characteristics that support software

. diversity from the PS, which is clearly a “more effective” case of software diversity.
Signal Conditioning and Distribution System:

The SCDS exhibits the following diversity attributes relative to the PS:

Design diversity——The signal conditioning and distribution functions performed by the

SCDS are done by analog modules. The PS uses digital processors to implement its

automated functions. Different technology is a “more effective” case of design diversity.

Equipment diversity——The SCDS equipment is of fundamentally different d_esiqn than

the PS equipment (i.e., analog signal conditioning modules in the SCDS vs. processors

running application software in the PS). Regardless of whether a different manufacturer

is used, a fundamentally different equipment design is a “more effective” characteristic of

equipment diversity.
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e Functional diversity——The SCDS fulfills a fundamentally different purpose, and performs
different types of functions, than the PS. The SCDS performs signal conditioning and

distribution on signals from the sensors and black box systems. The PS performs

automatic actuation functions specifically designed to respond to AOOs or PASas.
Different purpose and function is a “more effective” characteristic of functional diversity.

e Human diversity——At a minimum, different engineers will be responsible for the design
of the SCDS and PS It is possible that different design organizations will be responsible
for the equipment design of the two systems (the strengestmost effective characteristic
of human diversity). Tbutthis wen'tbe-knownforcertainwill not be determined until the
detailed design of these systems is underwayin progress. To be conservative, only the
use of different enqineers is credited, which constitutes a “iess effective”, but still
relevant, characteristic of human diversity.

e Software diversity—The SCDS uses hardwired, analog equipment to implement signal

conditioning and distribution. There is no software running in the SCDS. This

constitutes a “more effective” case of software diversity.

Following the Guideline 2 diversity asseésment, each block in the block representation is
updated to include its diversity attributes, as described above. If the diversity attribute was
determined to be “more effective”, it is listed in red. Those diversity attributes that were

determined to be “less effective”, but still relevant, are listed in blue. The updated block diagram
is shown in Figure 4-2Figure-4-2.

4.3 Guideline 3: System Failure Types
NUREG/CR-6303 defines three failure types to be addressed in the assessment:

Type 1 Failures

This type of failure occurs when a plant transient is induced by a failure in the control system,
and, because of some interaction between the control and protection-systemPSs (e.g., common
sensors as inputs), the protective functions required to mitigate the transient also fail.
NUREG/CR-6303 states that assessment of type 1 failures is required by Guideline 12.
Therefore, U.S. EPR mitigation of type 1 failures is discussed in Section 4.12.
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Type 2 Failures

This typé of failure occurs when the PS simply fails to respond to occurrence of a design-basis
eventDBE, due to a seftware-commen-cause-failureSWCCF in redundant portions of the PS.
NUREG/CR-6303 states that assessment of type 2 failures is required by Guidelines 10 and 11.
Therefore, U.S. EPR mitigation of type 2 failures is discussed in Sections 4.10 and 4.11.

Type 3 Failures

This type of failure occurs when a common mode failure of redundant input sensors prevents
the PS from responding to occurrence of a desigr-basis-eventDBE. NUREG/CR-6303 states
that assessment of type 3 failures is required by Guidelines 10 and 11. Therefore, U.S. EPR
mitigation of type 3 failures is discussed in Sections 4.10 and 4.11.

4.4 Guideline 4: Echelon Requirement

Section 2 describes the U.S. EPR |&C architecture. Section 2.4 describes the lines of defense
within the 1&C architecture and Section 2.5 compares these lines of defense to the echelons of
defense defined in NUREG/CR-6303 Guideline 4.

4.5 Guideline 5: Method of Evaluation

In accordance with NUREG/CR-6303, when performing the SWCCF assessment, the PS is
treated as a black box and all PS outputs are assumed to fail. For the purpose of evaluating an
SWCCF, no credit is taken for one subsystem of the PS to function correctly, if the other fails
(i.e., the PS is treated as one block). The subsystems are treated as separate blocks only when
considering common-cause sensor failures. The following assumptions are used to define the

' l PS failure modes resulting from a postulated SWCCF concurrent with a design-basis-eventDBE:

e The PS functions credited in the U.S. EPR FSAR Tier 2, Chapter 15 safety analysis to
protect against a given AOO or PA do not respond. Two scenarios are possible:

l - Complete failure——No PS outputs credited in the U.S. EPR FSAR Tier 2, Chapter 15
' event respond.

I - Partial failure=—Some PS outputs credited in the U.S. EPR FSAR Tier 2, Chapter 15
event respond correctly, but others do not.
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e PS outputs that are not credited to mitigate the U.S. EPR FSAR Tier 2, Chapter 15 event
do not fail in a manner to worsen the consequences of the event.

e “Smart’ failures (i.e., the worst possible combinations of multiple failures) are assumed

not to occur.

4.6 Guideline 6: Postulated Common-Mode Failure of Blocks

NUREG/CR-6303 Guideline 6 states that: “Analysis of defense-in-depth should be performed
by postulating concurrent failures of the same block or identical blocks (as defined in Guideline
7) in all redundant divisions.”

Guideline 6 was taken into account in developing the block diagram shown in Figure 4-2Figure
4-2. The block diagram already combines all divisions of the PS into one block so that, when
that block is failed, ali divisions are assumed to fail.

4.7 Guideline 7: Use of Identical Hardware and Software Modules

NUREG/CR-6303 Guideline 7 recommends that blocks are to be considered identical, when the
likelihood of SWCCF affecting them simultaneously is acceptably low. Guideline 7 is taken into
account in the development of the block diagram shown in Figure 4-2Figure-4-2, mainly by

making two conservative assumptions:

» All of the functional units in each subsystem of the PS (e.g., RAUJ;-APU, actuation logic
unit.) are considered identical, although the NUREG/CR-6303 guidance would support

their use as separate, non-identical blocks.
e The RCSL is considered identical to the PS, although the NUREG/CR-6303 guidance

would support its use as a separate, non-identical block.

The diversity attributes in Guideline 2 are used to establish the non-identical nature of the other
blocks in the diagram relative to the PS. Section 4.2 describes the diversity attributes that are
established for each block.

4.8 Guideline 8: Effect of Other Blocks

Guideline 8 indicates that signals from failed blocks should be propagated to downstream
blocks that function correctly in response to the possibly erroneous signals. In the block
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diagram shown in Figure 4-2Figure-4-2, the signals from the PS to downstream blocks are
shown. It should be noted that, for signals from the PS in response to an AOO or PA, only
hardwired connections are used. This feature is important because it limits failure propagation
modes to “physical” (as defined in NUREG/CR-6303 Guideline 1) and excludes the possibility of

“logical” failure propagation.

In the U.S. EPR D3 assessment, downstream blocks are assumed to function correctly in
response to the PS output failures defined in Section 4.5. Essentially, the PS fails to respond to

the AOO or PA; so, any follow on actions normally taken by downstream blocks do not occur.

4.9 Guideline 9: Output Signals

In accordance with Guideline 9, the U.S. EPR assessment assumes that failures do not

propagate backwards into an output of a previous block.

. In the block diagram shown in Figure 4-2, no block output is influenced by a failure of equipment
connected to another output of the same block.

4.10 Guideline 10: Diversity for Anticipated Operational Occurrences

NUREG/CR-6303 Guideline 10 indicates that each AOO should be analyzed in conjunction with
the postulated common-cause-failureCCFs. Appendix A presents the results of such an
analysis (referred to hereafter as the “D3 plant response analysis”).

A detailed discussion of what types of semmen-cause-failureCCFs are postulated to occur
simultaneously with a design-basis-eventDBE (AOO or PA) is presented in Section 4.11, and it
is applicable to both the Guideline 10 and Guideline 11 analysis.

4.11 Guideline 11: Diversity for Accidents

NUREG/CR-6303 Guideline 11 indicates that each PA should be evaluated in conjunction with
the postulated eemmon-cause-failureCCFs. Appendix A presents the results of such an
_analysis.

The D3 plant response analysis is performed to assess conformance to BTP 7-19, using
NUREG/CR-86303 as guidance for the analysis methodology. NUREG/CR-6303 Guidelines 10

and 11 suggest performing the plant response analysis considering type 2 and type 3 failures.
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However, BTP 7-19 is clear that the need for performing this analysis is based solely on
concerns regarding SWCCF in digital protection-systemPSs. Therefore, type 3 failures
(common failure of sensors) are outside the scope of the analysis required by BTP 7-19, if no
software-based sensors are used. The U.S. EPR design does not use software-based sensors
as inputs to the PS. For this reason, the D3 plant response analysis is performed assumin.g
only type 2 SWCCFs concurrent with AOOs and PAs.

Although type 3 failures are not considered in the D3 plant response analysis, it should be noted
that the U.S. EPR design includes signal diversity for RT functions utilizing between-the
subsystems of the PS. This design feature is described in Reference 12. Signal diversity is
provided specifically to mitigate type 3 failures. Additionally, signal selection and/or voting logic
within the PS contributes to mitigating failures of multiple, redundant sensors.

To perform the D3 plant response analysis using a best estimate approach (as allowed by BTP
7-19), the analysis must identify the I1&C functionality it assumes to remain .available_following
the postulated SWCCF of the PS concurrent with an AOO or PA. This is done so that functions
that would remain available, but are not credited in the U.S. EPR FSAR Tier 2, Chapter 15
safety analysis, can be modeled and credited appropriately in the D3 plant response analysis.

>

The approach to identify I&C functionality that is unaffected by the postulated SWCCF of the PS

consists of three steps.
1. Identify SWCCFs that could credibly occur in the PS concurrent with an AOO or PA..
2. Define boundaries for the effects of the postulated SWCCFs.
3. Assess the other I&C systems with respect to the credible SWCCFs to identify 1&C
functionality that is unaffected.
4.11.1  Identification of Credible SWCCF

Three premises are used as the basis to identify credible SWCCFs that could occur in the PS

concurrent with an AOO or PA. Each premise is discussed below.

Premise #1

For a eommen-cause-fallureCCF to occur, two conditions must be present:



AREVA NP Inc. ANP-10304
Revision 2

U.S. EPR Diversity and Defense-in-Depth Assessment

Technical Report - Page 4-18

1. An identical, latent defect must exist in multiple redundancies of a system.

2. A triggering condition must occur, in multipie redundancies, that exposes the latent
defect.

If one of the two conditions in premise #1 does not exist, a failure does not occur. This premise
is useful in defining boundaries for the effects of a postulated SWCCF. If it is established that
two 1&C systems are not likely to contain identical latent defects, or that two I1&C systems are
not subjected to the same triggering condition, then those two 1&C systems are not subject to
the same SWCCF.

Premise #2

Only latent software defects and triggering conditions that could expose software defects are
considered concurrently with occurrence of an AOO or PA.

_ This premise essentially eliminates hardware defects and triggering conditions that could only
reveal hardware defects. Premise #2 is consistent with the BTP 7-19 explanation of the basis

for performing the D3 plant response analysis:

The above four point position is based on the NRC concern that software design errors
are a credible source of common-cause-failureCCFs. Software cannot typically be
proven to be error-free and is therefore considered susceptible to commen-cause
failureCCFs because identical copies of the software are present in redundant channels

of safety-related systems.

Premise #3

A triggering condition that is not related to occurrence of an AOO or PA will not expose a latent
defect simultaneously with occurrence of an AOO or PA.

This premise means that only combinations of triggering conditions that are directly related to
occurrence of an AOO or PA, and the latent defects that could be revealed by those triggers,
are considered to exist concurrent with an AOO or PA. Premise #3 is the logical conclusion of

progressive reasoning:
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e A postulated SWCCF (latent defect in multiple redundancies exposed by a
corresponding trigger) in the PS is a rare event. This is based on extensive operating
experience of the TXS platform, with no such failure occurring.

e A postulated SWCCF in the PS (rare event) that is triggered by an AOO or PA is an
extremely rare event because it requires existence of a specific defect that is subject to a

specific AOO or PA trigger.

e A postulated SWCCEF in the PS concurrent with an AOO or PA (extremely rare event)
where the trigger is unrelated to occurrence of the AOO or PA would require:

- alatent defect to exist.

- occurrence of a specific triggering condition that reveals the defect but is unrelated to

occurrence of an AOO or PA..

- occurrence of an AOO or PA.
The existence of these three conditions simultaheously is incredible.

A simple matrix can be constructed by applying the three premises discussed above. This
| matrix is shown in Figure 4-3Figure-4-3 and illustrates the category of SWCCF that can credibly
be assumed to occur in the PS concurrent with an AOO or PA.

\ As shown in Figure 4-3Eigure-4-3, triggering conditions can be placed into one of two
categories: those that result from occurrence of an AOO or PA, and those that do not. Likewise,
latent software errors can be placed into one of two categories: those that could be exposed by

| an AOO or PA trigger, and those that could not. As indicated in Figure 4-3Figure-4-3, only
those SWCCFs that can credibly be assumed to occur in the PS concurrent with an AOO or PA

are considered in the D3 plant response analysis.

4.11.2 Establishing Boundaries for the Effects of Postulated SWCCFs

Section 4.11.1 identifies the category of credible SWCCFs that could occur in the PS concurrent
with an AOO or PA. Boundaries for the effects of those cred.ible SWCCFs can be established
by examining the nature of relevant triggering conditions, and fundamental characteristics of the
TXS platform. '
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Triggering Conditions:

There are only three ways in which the computerized portion of the PS can be influenced by

interfaces with the remainder of the power plant:

¢ Through sensor measurements that change as a function of the process parameter they

measure.

 Through information received from a human-machine interface system reflecting any

operator commands.

» Through the physical environment where the system resides (e.g., temperature,
~ humidity).

The occurrence of an AOO or PA could result in the PS “seeing” changes at any one of these
interface points.

Any triggering conditions involving a change in the physical environment cannot reveal a latent
software defect, only a hardware defect. Therefore, according to Premise #2, environmental
triggers are not considered in the D3 plant response analysis. This ieaves the first two
interfaces (i.e., sensor inputs and manual inputs) as the triggering conditions of concern that

could reveal a latent software defect concurrent with an AOO or PA.

TELEPERM XS Software Characteristics:

The TXS software is described in Reference 13. For convenience, Figure 4-4Figure4-4 is a
reproduction of Figure 3.5 from Reference 13. As shown in Figure 4-4Figure-4-4, the TXS
software can be divided into three layers: Operating system software layer, platform software

layer, and application software layer.

The operating system software layer and the platform software layer together constitute the
“system software”; that is, the portion of TXS software that is not configured differently to suit
each specific application (e.g., U.S. EPR PS application). The application software layer is
configured uniquely for each TXS processor to perform its required functions relative to plant
operation (i.e., functional requirements). This distinction is made to highlight the fact that there
is no interface between the system software and the power plant. The application software
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layer is responsible for performing all logical-functions that use sensor measurements or manual

commands as inputs. Figure 4-5Figure4-5 illustrates this principle.

A fundamental design requirement of TXS to ersure-verify deterministic behavior is to prevent
interference by plant process data on the system software (Reference 13). The following are
key characteristics of TXS that exist to satisfy this requirement:

e The operating system is kept simple.
'3 Only basic, uncomplicated multi-tasking is used.

e No plant or application-dependent interrupts are used. Only a simple timer interrupt

exists.
e Strictly cyclic processing is employed.
- A constant number of input/output parameters are processed each cycle.

- A constant number of data messages are transferred each cycle. Each message is

a fixed length.
- Data messages are transferred in a fixed sequence each cycle.

e The “system software” performs no interpretation of data values processed by the
application software layer.

« There is no increase or decrease in communication loading as plant conditions change.
These characteristics are discussed in further detail in Reference 13.

To summarize, the TXS “system software” is in continuous use and performs its functions the
same way every processing cycle, regardless of external plant conditions. By design, it does |
not change its behavior in response to occurrence of an AOO or PA. It can therefore be
reasonably concluded that any latent software error existing in the “system software” is not
subject to an AOO or PA triggering condition. This is not to say that an SWCCF cannot occur in
the TXS “system software”; a triggering condition unrelated to occurrence of an AOO or PA
could reveal a latent error in the “system software”. However, per premise #3, it is incredible
that such a triggering condition could exist concurrently with an AOO or PA. Further, given that

the “system software” continuously performs its functions in the same manner every processing
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cycle, such a failure would be self-revealing (likely on system start-up) and would not remain
latent until occurrence of an AOO or PA.

Based on the discussion above, it is concluded that boundaries for the effects of a postulated
SWCCEF in the PS concurrent with a desigh-basis-eventDBE are as follows:

e The failure originates because of a change in inbuts (i.e., sensor measurement or
manual command) resulting from an AOO or PA that reveals a latent defect in the PS

application software layer.
o The failure does not affect the TXS “system software.”

o |fthe PS and a separate TXS-based system do not have the same sensor
measurements or manual commands as inputs, the failure does not affect the

application software layer of the other system.

¢ If common sensor inputs are used between the PS and a separate TXS-based system,
the failure does not affect the other system if strong functional or software diversity

characteristics are exhibited by the other system

e If an I&C system implemented in technology different from TXS exhibits strong functional
or software diversity characteristics, then the failure does not affect those systems, even
if they use the same sensor measurements as inputs.

Based on the discussion of diversity attributes in Section 4.2, it is concluded that these
boundaries correspond to the boundaries of the PS in the block diagram in Figure 4-2Figure
4-2.

A reasonable input assumption for the D3 plant response analysis is that a postulated SWCCF
in the PS concurrent with an AOO or PA does not affect 1&C functions outside of the PS, if those
functions do not rely on a PS output.

412 Guideline 12; Diversity among Echelons of Defense

NUREG/CR-6303 Guideline 12 focuses on control systems and identifies three roles that those
systems play in defense-in-depth. The U.S. EPR design addresses each of these three roles.

¢ They prevent the need for protective action by controlling disturbances.
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e They could fail, resulting in the need for protective action (type 1 failure from Guideline
3).

o They could assist in event mitigation in case of a CCF of the PS.

The RCSL and PAS perform control functions during normal operation that are designed to
maintain key plant parameters in ranges that preclude the need for protective action. The RCSL
also includes limitation functions specifically designed to take more aggressive action (e.g.,

partial reactor trip) if the normal controls are ineffective at controlling a disturbance.

Regarding control system failures, Guideline 12 indicates that type 1 failures are addressed by
compliance with GDC 24. The guideline states that, “the control system and the protestion
systemPS should not be disabled by the same single failure.” In the U.S. EPR design,
compliance to GDC 24 and mitigétion of tybe 1 failures is provided by:

+ Independence between the PS and the control systems
¢ Signal selection algorithms in the control systems

¢ Redundancy, fault detection and voting logic in the PS

With respect to event mitigation following a PS CCF, Guideline 12 states that, “Only in the third
role is the control system actively involved as a third echelon of defense ....” As described in
Section 4.1, the U.S. EPR design does not credit the RCSL system to perform in this role. This
is a conservative assumption given that the RCSL is designed to perform this type of function,

and an argument can be made that RCSL would not be subject to the same SWCCF as the PS.

While the PAS system is_not credited in the D3 plant response analysis to directly mitigate the
events, perferm-in-this-third-rele—the nature of its diversity attributes (described in Section 4.2)
and the fact that it is in continuous operation (i.e., a failure in PAS would be self-revealing

before occurrence of an AOO or PA) dictate that control functions in the PAS; that do not rely on
a PS output; can be assumed to function normally following a PS SWCCF concurrent with an
AOO or PA._For this reason, the best estimate assumption that the PAS is operational
allowsenables more accurate modeling of the AOO or PA-te-be-more-accurately-modeled.

It should be noted that NUREG/CR-6303 Guideline 12 was written without acknowledgement of
a diverse actuation system provided specifically to cope with PS CCF. The U.S. EPR design
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contains such a system, which provides.a layer of defense, diverse to the PS, beyond the
echelons addressed in Guidelines 4 or 12.

413 Guideline 13: Plant Monitoring
NUREG/CR-6303 Guideline 13 contains three major points:

1. Plant monitoring systems should not significantly reduce the reliability or increase the
complexity of the PS.

2. Failure of the monitoring systems should not influence the functioning of the PS.

3. If failure of the monitoring system induces incorrect operator action to cause a transient,
the PS should protect against that transient.

The first point is addressed by PS compliance with reliability requirements and adherence to the
PS application design process. These topics are addressed in Section 7.1 of the U.S. EPR
FSAR.

The second point is addressed by PS compliance with GDC 24 and IEEE-603 independence
requirements. These topics are addressed in Section 7.1 of the U.S. EPR FSAR.

The third point is addressed by the design characteristic differences diversity-between the PICS
and PS as discussed in Section 4.2. The diversity attributes dictate that the same failure is not
likely to occur in the two systems. Therefore, the-a failure in PICS does not occur in the PS,
and the PS remains available to mitigate any transient caused by erroneous operator action.
Additionally, as discussed in U.S. EPR FSAR Tier 2, Section 7.1, there is no data
communication from the PICS to the PS—is-independentirom-the-RIGS, so a PICS failure does
not prevent the PS from performing its function.

4.14 Guideline 14: Manual Operator Action

NUREG/CR-6303 Guideline 14 is similar to BTP 7-19 position 4 and indicates that independent
and diverse displays and manual controls should be available for system level actuation of
critical safety functions. The U.S. EPR design includes these system level actuations from
PICS-SICS via the DAS, both are diverse from the PS. These manual actions are discussed
further in U.S. EPR FSAR Tier 2, Section 7.8.
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4.15 Conclusions

The assessment of the U.S. EPR design against the 14 guidelines in NUREG/CR-6303
demonstrates that adequate D3 exists in the design as recommended by BTP 7-19. The key

results obtained in performing the assessment are as follows:

o The block representation (Figure 4-1Figure-4-1) used to perform the assessment was
constructed using conservative assumptions and decisions. Other than the PS, the 1&C
systems shown in the block representation are those that can be credited in the D3 plant

response analysis.

¢ Significant diversity attributes are present throughout the I&C architecture, even after
applying conservative assumptions relative to what types of diversity are credited.

» The I&C architecture contains multiple lines of defense, consistent with the traditional

“echelons of defense.”

e The risk reduction line of defense provides an extra layer of protection, beyond the

traditional “echelons of defense.”

¢ An analysis of postulated SWCCF in the PS, concurrent with an AOO or PA, provides
confidence that the effects of such a failure do not affect I&C functions outside of the PS,

if those functions do not rely on a PS output.
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Figure 4-1—Block Diagram for D3 Assessment
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Figure 4-2—Block Diagram with Diversity Attributes
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Figure 4-3—Credible SWCCF Concurrent with AOO or PA
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Figure 4-4—TXS Software
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Figure 4-5—TXS System Software and Application Software
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APPENDIX A

DIVERSITY AND DEFENSE-IN-DEPTH PLANT RESPONSE ANALYSIS
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A1 INTRODUCTION

U.S. NRC Standard Review Plan, Branch Technical Position 7-19 (BTP 7-19, Reference A-1)
recommends a D3 assessment of the proposed digital I&C system to demonstrate that
common-cause-failureCCFs have been adequately addressed. Part of that assessment
includes an analysis of design-basis-eventDBEs. If a postulated commen-causefailureCCF
could disable a safety function that is required to respond to a desigr-basis-eventDBE, a diverse
means of effective response is necessary. The 1&C-diverse means may be an automatic or
manual non-safety system, if the system is of sufficient quality to perform the necessary function

under the associated event conditions and within the required time.

The method of assessment used is to analyze, assuming an SWCCF in the PS, the design

basis-events{DBEs} analyzed in the U.S. EPR FSAR safety analysis. The DBEs are identified
in Section A.2.3. dn-this-analysis-creditistakenforthe- DAS{see-Section-A.2.5} anrd4&C

The purpose of this appendix is to present the U.S. EPR D3 plant response analysis that
assesses conformance with Point 2 of NUREG-0800 BTP 7-19. The D3 plant response
analysis entails a quantitative evaluation of U.S. EPR FSAR Chapter 15 AOOs and PAs in the
presence of an SWCCF that renders the PS ineffective.

The quantitative evaluation consists of engineering arguments and engineering analysis to
demonstrate that the U.S. EPR I1&C design mitigates an SWCCF in the PS concurrent with an
AQOO or PA. Realistic assumptions (best estimate) are used and the acceptance criteria for the
analyses are consistent with the guidance of BTP 7-19.

An assessment of SWCCF modes is presented in Section 4 of this report. That assessment
concludes that a postulated SWCCF in the PS, concurrent with an AOO or PA, does not affect
1&C functions outside of the PS, if those functions do not rely on a PS output. Complete failures
(i.e., no credited PS outputs respond) and partial failures (i.e., some credited PS outputs
respond, others do not) are considered. Partial failures are considered when the activation of a
PS function results in more severe consequences. The operation of a PS function is not
credited when it produces more favorable results. In most cases the complete failure of the PS

is limiting.
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Additionally, 10CFR50.62 requires that an ATWS mitigation system be composed of equipment
that is diverse from the reactor trip system_(RTS). The ATWS mitigation system for the U.S.
EPR isthe DAS. The D3 plant response analysis started with the DAS functions developed for
ATWS and added additional functions where needed to satisfy the acceptance criteria for D3.
The difference in required DAS functionality, between ATWS and D3, results from the fact that
ATWS addresses AOOs with the failure of the reactortrip-system{(RTS) while D3 addresses
AOOs and PAs with a failure of the PS (RTS and ESFs). In this sense, ATWS functions are a
subset of D3.

Section A.2 describes the method used in the D3 plant response analysis. This includes
assumptions regarding initial conditions, plant systems available for mitigation, postulated
events analyzed, acceptance criteria, DAS functions, evaluation models and methods, and

assumed operator actions.

Section A.3 presents the analysis of each postulated event, including an assessment of whether
the containment integrity and radi_ological consequences satisfy the BTP 7-19 acceptance

criteria.

This appendix provides a review of the U.S. EPR safety analysis in support of D3. The scope of
the review included the U.S. EPR FSAR safety analysis (U.S. EPR FSAR Tier 2, Chapter 15),
radiological consequence analysis (U.S. EPR FSAR Tier 2, Chapter 15)'and the containment
analysis (U.S. EPR FSAR Tier 2, Chapter 6). This review was performed to disposition the
various analyses assuming an sefiware-common-cause-failurefSWCCF}- in the pretestion
systemPS. A number of DAS functions were identified in the course of the review to
demonstrate that, in the event of an SWCCEF in the PS, the acceptance criteria of BTP-7-19 are
met. Events were found acceptable by engineering argument or specific engineering analysis.

Events where additional analyses were performed include:

e Single main steam isolation valve (MSIV) closure to determine the need for a high steam

generator (SG) pressure reactortripRT.

e Increase in steam flow to determine the effectiveness of high neutron flux reactertripRT.

¢ Complete loss of flow to confirm departure from nucleate boiling (DNB) margins,
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Rod cluster control assembly (RCCA) withdrawal and RCCA drop in the absence of a
low departure from nucleate boiling ratio (DNBR) trip function.

RCCA ejection to determine the effectiveness of the high neutron flux trip.

Boron dilution to determine the response of the plant with manual RCCA control under

best estimate conditions.

Steam Ggenerator Ttube Rrupture (SGTR) to assess the margin to overfill.

Small break loss of coolant accident (SBLOCA) to determine the need for an automatic
RCP trip.

Large break loss of coolant accident (LBLOCA) to confirm that continuous RCP
operation has a negligible impact.

Radiological analysis to determine the need for automatic control room isolation;

The DAS functions established from this review are provided in Table A.2-2Fable-A-2-2. These
functions are inclusive of those required to support ATWS. Operator actions that were

necessary to support the conclusions include:

Manual RT (steam-generatortuberuptureSGTR)._Note that this action makes the event

response more severe. Under normal conditions without an automatic reastertripRT

operators would maneuver the plant through a controlled shutdown.

Manual Biesel-diesel Generater-generator loading (emergency diesel generators or
SBOs) (Loss of AC power).

Manual emergency feedwater (EFW) actuation (Loss of AC power).

Manual operation of EFW for long-term steam-generater{SG) level control.

* Manual safety injection (SI) switchover to hot leg injection (loss of coolant accident).

Manual actions associated with an steam-generatortuberuptureSGTR identified in

Section A.3.7.2 (MSIV closure, feedwater isolation, initiate and control medium head

safety injection, extend partial cooldown, depressurize RCS using pressurizer sprays to
terminate leak, and actuate extra borating system_(EBS)).
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o Manual control room heating, ventilation, air conditioning (HVAC) reconfiguration on high

intake activity signal (radiological events).

e Manual chemical and volume control system (CVCS) isolation on boron dilution

indication for loss of shutdown margin.er-high-pressurizertevel{beron-dilution-CV/CS

e Manual main steam relief train (MSRT) (for long-term heat removal).

fhe’U.S. EPR design, including DAS functions, available plant control systems, and manual
operator actions, are determined to be sufficient in maintaining the acceptance criteria of BTP 7-
19 for an SWCCF in the PS during U.S. EPR desigh-basis-eventDBEs, which include AOOs and
PAs.

A.2 D3 PLANT RESPONSE ANALYSIS APPROACH
A.2.1 Method

The method used in this analysis is to review the U.S. EPR desigh-basis-eventDBEs analyzed in
the U.S. EPR FSAR safety analysis, assuming an SWCCF in the PS that renders the PS
ineffective. The events considered are identified in Section A.2.3. The D3 plant response
analysis considers the I&C functionality as described in Section A.2.2The-D3-plant-response

naly ad DA netion =2 ad < wetame otherthan the P hosa-svetem

The D3 plant response analysis consists of both engineering analysis and engineering

arguments to demonstrate that the acceptance criteria of BTP 7-19 are met (see Section A.2.4).
The engineering analysis, where applied, utilizes best estimate models and methods based on
the NRC-approved S-RELAP5 code (References A-2 and A-3). These models and methods are
described in Section A.2.5. The engineering arguments utilize results from the U.S. EPR FSAR
safety analysis to establish the plant response, with an SWCCF in the PS. The engineering
arguments draw on the fact that the DAS and other available plant éystems have functions that

provide a similar level of protection as the PS.

The analysis assumes the plant is operating under full power nominal conditions (no

uncertainties) with all equipment available (i.e., no preventative maintenance and no single
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failures). RCCAs are maintained in their normal full power position (i.e., all RCCAs are out, with
the lead control bank slightly inserted). The analysis employs best estimate core neutronic
parameters and power distributions expected at full power conditions (hot channel factors
accounting for ehgineering uncertainties, RCCA bow, or assembly bow are excluded). The best
estimate parameters assumed in the D3 assessments are compared to design parameters
assumed in the FSAR Chapter 15 analyses in Table A.2-4Fable-A-2-4, The core neutronic

parameters correspond to nominal conditions (no uncertainty) for an equilibrium cycle and are

considered representative during full power steady-state operation. An equilibrium cycle is
selected because it represents parameters that correspond to conditions where the plant is
expected to operate most of the time. Differences between the first cycle and the equilibrium
cycle do not affect the conclusions of this report. For example, the equilibrium cycle moderator
temperature coefficient (MTC) and Doppler are more conservative at end-of-cycle (EOC), for
overcooling events, than the first cycle. “The scram worth for the equilibrium cycle is also more
conservative than the first cycle. The MTC at beginning-of-cycle (BOC) for the first cycle is
slightly less negative than for the equilibrium cycle. The analysis considers variation in the core
neutronic parameters, as a function of cycle lifetime. Offsite power remains available; on
reactor trip, all RCCAs insert (i.e., the analysis assumes no stuck RCCAs).

The plant response analysis considers the response of the plant to the point where a stable
controlled condition is achieved. A “stable controlled condition” is defined as:

¢ Reactor is subcritical and remains subcritical.

e Coreis covered.

o Decay heat is being removed from the RCS.

e Secondary inventory levels are sufficient to maintain RCS temperatures.
e During large break LOCA, Sl is maintaining core temperatures.

For most events discussed herein, the end state corresponds to hot shutdown. There are some

cases that reach a new steady-state condition without an reactertripRT. These are also
considered a stable controlied condition. For a LOCA, the end-state corresponds to a

.depreésurized RCS with SI providing make-up for maintaining RCS inventory and core cooling.

For an steam-generatortuberupture{SGTRY), after initial stabilization, the plant is required to
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cool down and establish residual heat removal (RHR) cooling. Sufficient plant systems remain
available such that cooldown and depressurization is achieved in the normal fashion.

A.2.2 1&C Functions Available to Cope with SWCCF

The U.S. EPR I&C architecture is described in Section 2 of this report. The plant response
analysis assumes an SWCCF in the PS that renders the PS ineffective during a design-basis
even-tDBE unctions-of the-remainingt&GC-systems-are-a lableto-mitigateth

PS are assumed to be lost as a result of the SWCCF {i.e., partial cooldown). The analysis
assumes that normally-operating SAS and PAS functions that do not rely on a PS output
continue to operatecontrol-functions-continue to-operate. The analysis conservatively assumes

the RCSL is not available as a credited mitigation system. RCSL is assumed to function during

an event when its correct operation would make the response of the event more severe. The
assessment of the I&C systems that reaches these conclusions is presented in Section 4.

" Listed-belewThe following list provides-are the specific I&C functions credited-to-remain

available-either assumed to operate normally (SAS and PAS functions) or provided specifically
as a diverse means to mitigate events in the D3 evaluation with-of an SWCCF in the PS during

a postulated design-basis-eventDBE. These functions are eredited-described in the evaluation
presented in Section 8A.3. Essential auxiliary support systems required for these functions are

either in continuous operation (controlled by SAS or PAS and not affected by PS SWCCF), or
are initiated as part of the DAS actuation of the associated ESF function. The operator actions

listed below are not assumed to occur until 30 minutes after the initiating event, unless

otherwise noted.

Automatic control functions:

o PAS/PACS——main feedwater (MFW) flow control_and steam-generatorSG level control
(FLCVs and LLCVs).

o PAS/PACS———pressurizer pressure (heaters and spray) and level control (CVCS
charging and letdown).

o PAS/PACS——pressurizer level limitation function to isolate charging on high level,

isolate letdown and start second _charging pump on low level.
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PAS/PACS——steam-generatorSG level and turbine load (pressure control) control.
PAS/PACS——main steam pressure control (Turbine Bypass).

SAS/PACS——EFW flow control (limits flow to a depressurized SG).

Manual functions:

SICS/DAS——manual RT.

SICS/PACS—manual EDG start.

SICS/DASPACSPICS-&-PAS——manual diesel generator loading (emergency diesel

generators or SBOs).

SICS/DAS/PACSRPICS-&-DAS——manual EFW actuation®.

SICS/PACSPICS-&-PAS—~—manual operation of EFW for long-term SG level control.
SICS/PACSPIES-&PAS—~manual S| switchover to hot leg injection.
SICS/PACSPICS-&-PAS——manual MSIV closure.

SICS/PACSPICS-&PAS——manual feedwater isolation (MFW and EFW).

SICS/DAS/PACSPIGS-&-DBAS——manual initiation of medium head safety injection

(MHSI).

SICS/PACSPIGS-&-PAS——manual control of MHSI.

SICS/PACSRICS-&PAS——manually extend partial cooldown.

SICS/PACS: Manual depressurize RCS with pressurizer sprays.

SICS/PACSPICS-&-PAS——manual actuation of extra-borating-system{(EBS).

SICS/PACSPICS-&-PAS—manual control room HVAC reconfiguration.
SICS/PACSPIGS-&-PAS——manual CVCS isolation.

SICS/PACSPICS-&PAS——manual MSRT™,

SICS/DAS/PACS——manual Stage 1 cContainment ilsolation’.

| 'BTP 7-19 Point 4
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e SICS/DAS/PACS—manual 08pening of cGontainment H, mMixing dBampers'.

Automatic DAS functions:

DAS/PACS—RT on low SG pressure{DAS/RPAGCS).

e DAS/PACS-RT on low SG level{DAS/IPACS).

o DAS/PACS-RT on high SG level{BAS/PACS).

e DAS/PACS—RT on low RCS flow (two loops){BAS/RACS).

e DAS/PACS-RT on low-low RCS flow (one loop){BAS/PACS).

o DAS/PACS-RT on high neutron flux (power range){BAS/PAGS).
e DAS/PACS-RT on low hot leg pressure{DAS/PACS).

o DAS/PACS-RT on high pressurizer pressure{DAS/RAGS).

e DAS/TG I&C—tFurbine trip o.n RTADASHGI&O).

e (DAS/PACS)-EFWS actuation on low SG level {DAS/RACS)

o DAS/PACS-sSafety injection system (SIS) actuation on low pressurizer pressure

M' gnalto-PASto-generate-partial-cooldown-through-turbine-by

e (DAS/PACS)-mMain steam isolation on low SG pressure{DAS/PACS).

o (DAS/PACS)-cGontainment Isolation on high activity{BAS/RAGS). (This includes
functions that cascade from containment isolation: annulus ventilation and Safeguards

Building HVAC reconfiguration.)
o DAS/PACS—-MFW isolation on low SG pressure (affected SG){DAS/PACS).
o DAS/PACS-MFW isolation on high SG level (affected SG){BAS/PACS).

e DAS/PACS-Opening of containment H2 mixing dampers on high containment pressure.
or a differential pressure between the equipment rooms and the operational rooms

OASIPACS).

e DAS—sStart SBO dbiesel generatorss. {BAS)
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The setpoints and time delays for the PS and DAS functions are listed in Table A.2-3Table
A2-3. DAS setpoints are selected to provide reasonable assurance they are reached only after
the corresponding PS setpoint is reached. The delay times are composed of several
components. Differences between the PS and DAS delay times result from the response time of
the channel (RT) or signal application to actuators (ESF). These DAS functions are credited in
the analysis presented in Section 8A.3. These functions are enabled/disabled by separate

permissives.

Table A.2-3Table-A-2-3 includes the diverse-actuation-system(DAS) setpoint values used in the
diversity and defense-in-depth-{D3) transient analysis. The DAS setpoints represent nominal
values and were used directly in the S-RELAPS5 simulations for thosethe events wherefor which
specific analysis was performed. This approach differs from that used in the safety analysis
supporting the design basis. For the design basis, protection-system-{PS) setpoints are derived
from the analytical limits used in the safety analysis. From the analytical limits, the limiting trip

setpoints, which correspond to the limiting safety system settings defined in 10 CFR 50.36, take

into account total instrumentation channel uncertainty, such as calibration tolerance, drift, and
basic sensor accuracy. The D3 analysis uses best-estimate assumptions for the DAS setpoints.

These represent expected setpoints dialed-in the plant instrumentation. Because the dialed-in

setting meets the Technical Specification limit, it is typically set well below the analvytical limit

used in the safety analysis and including uncertainties as well as administrative margin. In the
D3 analysis, the DAS setpoints used represent conditions that are closer to actual plant

conditions.
A.2.3  Postulated Events

The desigh-basis-eventDBESs analyzed in the presence of an SWCCF of the PS are those
evaluated in the U.S. EPRFSAR safety analysis. Also included are analyses of radiological
consequences and containment integrity. The postulated events evaluated for D3 are given in
Table A.2-1Table-A2-%.

A24 Acceptance Criteria

The acceptance criteria applied in this analysis are those of BTP 7-19. This results in the
following for AOOs and PAs:
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¢ AOQOs: Radiation release must not exceed 10 percent of the 10CFR100 guideline; and,
The integrity of the reactor coolant system boundary must be maintained.

¢ PAs: Radiation release must not exceed the 10CFR100 guideline;
The integrity of the reactor coolant system boundary must be maintained; and,
The integrity of the containment must be maintained.

Faor some events, more conservative acceptance criteria are applied to assure conformance to
the radiological acceptance criteria of BTP 7-19. Those criteria are elaborated on in the

individual evaluations of Section 0.

The analysis assumes RCS boundary integrity is maintained, if RCS pressure is maintained
within 120 percent of design (This is consistent with ASME service level C limits and is
consistent with criteria applied for ATWS). The RCS design pressure is 2535 psig. Although
BTP 7-19 does not specifically address a secondary pressure limit, to determine if the integrity
of the secondary system is maintained during events that may chalienge secondary system
pressure limits, a similar criteria consistent with ASME service level C limits is applied

(i.e.,120 percent of design pressure). The main steam system design pressure is 1435 psig.

Containment integrity is maintained for pressures well-above containment design pressure. The
ultimate pressure below which containment integrity is-ersured- provided is 156 psig, which is
2.52 times the containment design pressure. Therefore, in this analysis, if containment
pressure remains below 156 psig, the conclusion is that containment integrity is maintained.
The containment ultimate capacity deterministic analysis was performed in accordance with the
guidance provided in U-S—-NRC Standard-ReviewPRlan{SRP) Section 3.8.1.11.4.K (Revision 2 —
March 2007). The ultimate pressure capacity of 156 psig corresponds to the loss of structural

integrity of the equipment hatch, the limiting containment structural component.

The analysis of core thermal-hydraulic performance consists of an assessment of the DNBR
and peak linear power density (PLPD) for all events that can challenge limits for DNB, fuel
centerline melt, or clad strain. The evaluation of these parameters is performed with best

estimate conditions.

The applicable limits for minimum DNBR are the design limits for the critical heat flux (CHF)
correlations used and are provided in Table A.2-2Table-A-2-2. The applicable limit for PLPD is
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the minimum of the fuel centerline melt and clad strain limits, also provided in Table A.2-2Fable
A=2-2. As long as these limits are respected throughout a transient, fuel integrity is assured.
This assessment is conservatively used to determine failed fuel fractions for input to radiological
analysis against the BTP 7-19 criteria.

A.2.5 Evaluation Models and Methods

The computer codes used for this analysis are the same as those used in the U.S. EPR FSAR
safety analysis. Minor changes to the S-RELAP5 computer code have been made to reflect
improved heat transfer in the steam-generatorSG secondary system.

Additionally, the D3 analyses utilize best estimate modeling assumptions that differ from the
U.S. EPR FSAR analysis. The system modeling is changed to reflect available systems and
expected behavior during best estimate conditions versus design basis.

The foliowing systems are included in the S-RELAPS5 best-estimate non-LOCA model. These
systems are not included in the U.S. EPR FSAR Tier 2, Chapter 15 analysis, unless the

operation of these systems provides a more adverse response.

o Automatic RCCA control system (RCCA control is evaluated in both automatic and

manual mode, depending on which produces the most limiting consequences).

o Pressurizer pressure and level control systems.

o Steam-generatorSG blowdown system.

¢ Turbine-bypass-specific secondary system overpressure relief system.

The best-estimate SBLOCA model (i.e., S-RELAPS) is essentially the same as that in
Reference A-2, except for changes to reflect available systems and expected behavior during
best-estimate conditions versus design basis. The secondary side model is consistent with the
non-LOCA model described above.

For the LBLOCA, the model used in the RCP study is identical to the model in Reference A-3.

This analysis uses the LYNXT computer model to perform DNB analysis. LYNXT is also used
in the U.S. EPR FSAR analysis. In this analysis, best estimate boundary conditions are used
from S-RELAPS and best estimate power distributions are used to represent core peaking.
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This analysis assesses core performance for RCCA ejection in a manner similar to the U.S.
EPR FSAR analysis. It consists of an asseésment of fuel rod thermal performance, including
DNBR, peak clad temperatures, peak fuel rod temperatures, and fuel enthalpy conditions. The
evaluation of these parameters is performed with best estimate conditions.
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Table A.2-1—U.S. EPR Initiating Events
Category Event Type |Section
Increase in [Decrease in feedwater temperature AOO | A3.2.1
Heat |Increase in feedwater flow AOO | A3.22
Re’gz"a' Increase in steam flow AOO |A.3.2.3
Secondary |Inadvertent opening of SG relief or safety valve AQOO | A3.24
System  |Steam system piping failures PA A3.25
_ |Loss of external load/turbine trip AOO | A3.3.1
Decﬁ::te "M | oss of condenser vacuum AOO | A.3.3.1
Removal [Closure of MSIV AOO | A3.3.2
By Loss of non-emergency AC power AOO | A3.33
Secondary
System Loss of normal feedwater flow AOO | A334
Feedwater system pipe break PA A3.35
Decrease in [ arial loss of forced reactor coolant flow AOO | A3.4.1
RCS Flow [Complete loss of forced reactor coolant flow AOCO | A34.2
Rate RGP rotor seizure or RCP shaft break PA |A343
Uncontrolled RCCA withdrawal from subcritical or low power AOO | A.3.5.1
startup condition
- Uncontrolled RCCA withdrawal at power AOO | A35.2
Reactivity & — - .

Power [oingle RCCA withdrawal AOO | A3.53
Distribution |RCCA misalignment / RCCA drop AOO | A3.53
Anomalies Istartup of RCP in inactive loop AOCO |A.35.4

Inadvertent decrease in boron concentration in RCS AOO | A355
RCCA ejection PA | A3.56
Increase in |Inadvertent operation of SIS or EBS AOO | A.3.6.1
RCS
Inventory CVCS malfunction that increases reactor coolant inventory AOO | A36.2
Inadvertent opening of PSRV AOO | A3.7.1
Decrease in |gieam generator-tube ruptureSGTR PA |A3.7.2
RCS —
~ Inventory Small break LOCA PA |A3.7.3.2
Large break LOCA PA |A3.7.31
Radioactive [Failure of small line carrying primary coolant outside PA A.3.9
Release [containment

FromA | oca PA | A3.9
Subsystem -

Or SG tube failure PA A3.9
Component MSL failure outside containment PA A3.9
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Category Event Type |Section
Feedwater line break PA A.3.9
RCP locked rotor / RCP broken shaft PA A.3.9
RCCA ejection PA A.3.9
Fuel handling accident _ PA A.3.9
Containment[LOCA PA A.3.8.1
Evaluation |Main steam line break PA |A38.2

1. Minor leaks or breaks are considered AOOs.

Table A.2-2—DNBR and PLPD Limits

Parameter Limit
ACH-2 CHF Correlation for the U.S. 1.25
DNBR | EPR
BWU-N BWU CHF Correlation 1.21
PLPD Fuel Cent.erline Melt 20.45 kKWIft
Clad Strain 17.20 kW/ft




AREVA NP Inc. ANP-10304
Revision 2

U.S. EPR Diversity and Defense-in-Depth Assessment

Technical Report Page A-16

‘Table A.2-3—Signals and PS/DAS Setpoints and Delays

high containment activity

background

Signal PS setpoint (uncertainty) PS Delay (sec) DAS setpoint DAS delay (sec)
RT, Low SG pressure 724.7 (30, 75 for harsh conditions) 1.3 684.7 psia 1.8
psia (670 psig)
RT, Low SG level 20 (3.5)% NR 1.9 15 % NR 24
RT, Low-Low RCS flow (one loop) 54 (4)% NF 1.05 44% NF 1.30
RT, Low RCS flow (two loops) 90 (4)% NF 1.05 80% NF 1.30
RT, High neutron flux (power range) None 0.7 115% RTP 1.0
RT, Low hot leg pressure 2005 (25, 55 for harsh conditions) psia 1.3 1964.7 psia 1.8
(pressurizer pressure) (1950 psig)
RT, High pressurizer pressure 2414.9 (25) psia 1.3 24547 psia 1.8
(2440 psig)
RT, High SG level 69 (9.5) % NR 1.9 79 % NR 24
" Turbine trip, on RT NA 1.0 NA 1.0
MFW Isolation, High SG level (w/ RT) (affected SG) | 65 (9.5) % NR for 10 sec 1.5 75% NR for 10 2.0
: sec
MFW Isolation, Low SG pressure (affected SG) 579.7 (30) psia 0.9 539.7 psia 14
(525 psig)
EFW actuation, Low SG level 40 (2) % WR 1.5 (plus 15 sec for 37% WR 2.0(plus 15 sec for
EFW delivery) EFW delivery)
Sl actuation / SG partial cooldown (via TBS), Low 1667.9 (25) psia 1.5 (plus 15 sec for 1627.7 psia 2.6 (plus 15 sec for Sl
pressurizer pressure Sl delivery (1613 psig) delivery)
MSIV isolation on low SG pressure 724.7 (30, 75 for harsh conditions) 0.9 684.7 psia 14
psia ' (670 psig)
Open H2 mixing dampers / 2.7 (0.5) psig 18 4.0 psig
high containment pressure_exceeding delta 0.5 (0.1) psi delta pressure 0.95 psi delta
pressure pressure
Containment Isolation / 100 x background 120 x
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Table A.2-4—Best Estimate Vs. FSAR Chapter 15 Parameters

Best Estimate FSAR
Parameter (Equilibrium Cycle) Chapter 15
MTC (pcm/°F) 0
BOC, HFP -11.38 -50
EOC, HFP -39.4
DTC (pcm/°F -1.17
BOC, HFP -1.40 -1.85
EOC, HFP -1.63
Scram (pcm 6161
BOC, HFP 9449 7353
EOC, HFP 10349
initial Core Power (MWi) 4590 4612
Tawo CF) 594 594 +4
Pressure (psia) 2250 2250 + 50
Reactor coolant System Flow 124,741 119,692
Per loo m
Decay Heat ORIGEN based ' ANS 1973
Fg> BOC 1.695 (2.1 SBLOCA) 26
EOC 1.613
FAH? BOC 1.476 (1.557 SBLOCA) 1.70
EQOC 1.425

1) % enrichment, 40 GWD/MTU including actinides

2) Limiting for all Cycles
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A3 EVALUATION RESULTS
A.3.1 General

Each DBE identified in Section A.2.3 and Table A.2-1Table-A2-1 is énalyzed assuming an
SWCCF in the PS. -The acceptance criteria used to assess whether the U.S. EPR 1&C design
adequately addresses commeon-cause-failureCCFs are identified in Section A.2.4. The analysis
uses a combination of engineering word arguments based on previous analysis and additional
engineering analysis when required to draw conclusions of the adequacy of DAS functions,
available plant equipment, and operator actions in coping with the SWCCF. The word
arguments use the design basis response, operator actions, and available plant equipment in
the presence of an SWCCF to draw the conclusion that the design basis is bounding or

representative. The results of the analysis are presented below.

A3.2 Increase in Heat Removal by Secondary System

A.3.21 Decrease in Feedwater Temperature

The Decrease in Feedwater Temperature event is defined as the inadvertent opening of a
feedwater heater bypass valve, which decreases the temperature of the feedwater to the steam
generatorSGs. In turn, this increases the heat removed from the RCS, lowering the
temperatures of the RCS. The decreased RCS temperatures, coupled with a negative MTC,
increase reactor power. In the U.S. EPR FSAR analysis, this event is terminated by a PS-
initiated low DNBR reactor trip. However, in this D3 analysis, with an SWCCF in the PS, power
increases and, depending on the time in core life, the power increase may stabilize at a slightly
higher power or increase until the DAS reactor trip on excore high neutron flux setpoint is

- reached.

Following the DAS reactor trip, normal pressurizer pressure and level controls maintain RCS
pressure and pressurizer level. The normal MFW control system reacts to control SG level.
Depending on the speed of control of the MFW to match decay heat, MFW may be isolated on
high SG level (a DAS function). If MFW is isolated, EFW actuates once SG level decreases to
the low level DAS setpoint. The operator then controls SG level, to remove decay heat using
the EFW system. It takes more than 60 minutes for the level to recover from the EFW actuation
setpoint, giving the operator sufficient time to manually control SG level. After RT, the ¥8S
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turbine bypass system (TBS) opens, to maintain secondary system pressure. This post-trip

response is similar for many events.

The increase in the load removed by the secondary system, with the accompanying decrease in
RCS temperatures and increase in core power, is much less for this event than for the Increase
in Steam Flow event. Therefore, DNB consequences for this event are bounded by the
Increase in Steam Flow event presented in Section A.3.2.3.

A.3.2.2 Increase in Feedwater Flow

Failure or misoperation of the MFW control system can increase flow to a single SG. The most
severe event is a rapid full opening of a MFW full-load line control valve. This increases the
heat removed from the RCS, lowering the temperatures of the RCS. The decreased RCS
temperatures, coupled with a negative MTC, increase reactor power. The primary PS reactor
trip for this event is high SG level. The PS isolates MFW on high level, shortly after RT. DAS
also has high SG level RT and MFW isolation fﬁnctions. In the presence of an SWCCF in the
PS, DAS provides an equivalent but diverse means of protection. The acceptance criteria are

met, and the U.S. EPR design is determined-adequatedetermined to be adequate for an
SWCCF in the PS, during the Increase in Feedwater Flow event.

Following the DAS reactor trip, normal pressurizer pressure and level controls maintain RCS
pressure and pressurizer level. Because MFW is isolated DAS actuates EFW when SG level
decreases to the low level DAS setpoint. The operator controls the EFW system manually to
maintain SG level and remove decay heat. It takes approximately 60 minutes for the SG level
to recover to its nominal value from the EFW actuation sétpoint. This provides the operator
adequate time to manually control SG level. After RT, the TBS opens, to control primary
pressure through the maintenance of secondary system pressure in a stable, controlled

condition.

A.3.2.3 Increase in Steam Flow

The Increase in Steam Flow event is defined as an increase in main steam flow above steady
state demand. The magnitude can range from a small increase, caused by the opening of the
turbine control valves, to a large increase, caused by the opening of the turbine bypass valves.

The increased steam flow increases the heat removed from the RCS, lowering RCS
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temperatures. Decreased RCS temperatures, coupled with a negative MTC, increase reactor
power.

in the U.S. EPR FSAR analysis, cases run from hot full power (HFP) trip the reactor on low
DNB, high SG pressure drop, or high core power (based on measured thermal power),
depending on the magnitude of the steam demand. The corresponding RT in DAS is on excore
high neutron flux. Therefore, in the case of an SWCCF in the PS, core power increases to a
higher level than in the U.S. EPR FSAR analysis, until the DAS RT on excore high neutron flux
setpoint is reached. The excore neutron flux signal is decalibrated by the reduction in
downcomer temperatures, further delaying RT. This resuits in more adverse conditions for
DNB. The increase in DNB margins, obtained using best estimate assumptions, is sufficient to
balance the reduction in minimum departure from nucleate boiling ratio (MDNBR) due to the
more adverse thermal hydraulic conditions. However, because DAS provides RT on excore
high neutron flux and does not contain a low DNBR or core power level trip, a specific analysis

of this event is performed.

The température decalibration factors used in the analysis are determined by an independent
adjoint calculation. This adjoint calculation uses the Oak Ridge National Laboratory (ORNL)

programs Group-Organized Cross-Section Input Program (GIP) and Discrete Ordinates

Transport (DORT). The GIP program generates 47 group neutron cross sections for the

materials internal and adjacent to the U.S. EPR pressure vessel. The DORT program

calculates the adjoint fluxes necessary to obtain the desired excore detector response factors

for a 25°F temperature variation around the nominal inlet coolant temperature. In addition, due
tebecause -the-uncertainty-in-the exact location of the excore detector has not been determined,

the factor is calculated for three different excore detector locations. The temperature

decalibration factor (DF) for all the locations is calculated to be 0.51% percent! per glEdegreé

Fahrenheit.

In the S-RELAPS best estimate model! used for diversity and defense-in-depth{D3) analysis, the

decalibration factor is applied as follows:
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|:AT(°F) X DF[%H
IndicatedPower(%) = reactorPower(%)x <1+
100(%)

Wh ere A T(o F) - TDowm‘omer _ TDowncamer

calibration current

When the temperature decreases, as in the Increase ind Steam Flow event,-the correction

(1)
T(°F)x DF(;/;TJ is negative,: the indicated reactor power is therefore-lower than the current

reactor power, and the reactortripRT on high neutron flux is delayed.

~The limiting Increase in Steam Flow event is the case with all turbine bypass valves
inadvertently opened at BOC conditions under manual RCCA control. The combination of rapid
cooling and neutron flux decalibration with a lower BOC MTC causes the reactor to reach its
highest power, without challenging the DAS excore high neutron flux RT.

Core power peaks at 131.1 percent in 825 seconds, but power is fairly constant at a value of
approximately 130 percent power, from 130 seconds until the transient is terminated by the
operator. For this event, reactor trip does not.occur. Indicated core power does not reach a
level high enough to cause a DAS-initiated reactor trip on excore high neutron flux. Instead, the
system moves to a higher steady-state power level. Steam-generatorSG levels are maintained
during the transient, even with actual core power at 130 percent. The MFW pumps are able to
match the demand, due to the decreased pressure on the secondary side. (Thisis a
conservative assumption because matching _the demand results in the highest core power.)

Figure A.3.2-1Figure-A3-2-1 through Figure A.3.2-11Figure-A-3-2-11 provide the response of
key parameters for the limiting Increase in Steam Flow event.

Under best estimate conditions, the feed train likely trips, as a result of the reduced feedwater

system pressures. If the MFW pumps are unable to keep up with demand, SG levels decrease
and the reactor trips on low SG level. MSIV closure and MFW isolation will be initiated by DAS
on low SG pressures. DAS will then actuate EFW on low SG level to provide long term cooling.
The operator controls EFW manually to maintain SG level. For long-term heat removal, manual

operation of the MSRTs is available.
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Actual reactor power reaches a higher value than in the U.S. EPR FSAR analysis, as a result of
the decalibration of the excore neutron flux signal used by DAS for RT. However, no fuel failure
is predicted. Any degradation in safety system functionality, due to the SWCCF in the PS, is

more than offset by the best estimate initial conditions analyzed within the core,: as illustrated in

Figure A.3.2-11—lIncrease in Steam Flow Event:

Normalized DNBR and LHGRFigure-A-3-2-11—Increase-in-Steam-FlowEvent:
Neormalized DNBRand LHGR, Normalized performance of DNBR and LHGR.

These resulis-presented-abeve were based on an evaluation of BOC and EOC cases. It is
possible that between EOC and BOC, reactivity kinetic conditions could lead to the stabilization
of the indicated neutron flux signal just under the DAS reactortripRT setpoint. An additional
analysis was performed with reactivity conditions that lead to an indicated power just below the
DAS reasctortripRT setpoint. Figure A.3.2-12Eigure-A-3-2-12 shows the indicated power and
reactor power response for this case. Figure A.3.2-13Eigure-A-3-2-13 presents the DNBR and
LHGR response.

Consequently, the acceptance criteria for D3 are met and the U.S. EPR design is assessed as

adequate to meet an SWCCF in the PS, for the Increase in Steam Flow event.

A.3.2.4 Inadvertent Opening of an MSRT or MSSV

Opening an MSRT or MSSV valve increases the steam removed from the SGs. This increases
heat removal from the RCS, lowering the temperatures of the RCS. The decréased RCS
temperatures, coupled with a negative MTC, increases reactor power. The U.S. EPR FSAR
safety analysis addresses cases for both MSRT and main steam safety valve (MSSV) opening.
An MSRT has a greater flow capacity than an MSSV, but the MSRT can be isolated by the PS,
so both scenarios are analyzed. The Inadvertent Opening of an MRST or MSSV evént is an
AQOO.

The response of the plant to an inadvertent opening of an MSRT or MSSV (along with an
SWCCEF in the PS) is analyzed in two parts. The first part is prior to RT by DAS. The excess
capacity of a single failed open MSRT is 50 percent of full steam load in one loop. This is
greater than the capacity of a failed open MSSV, which is 25 percent of full steam load in one
loop. However, the MSRT and MSSV capacities are both less than the excess capacity of
failing all the turbine bypass valves, which is 60 percent of full steam load from all four loops.
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Therefore, the increase in the load removed by the secondary system, with the accompanying
decrease in RCS temperatures and increase in core power, is less than for the Increase in
Steam Flow event discussed in Section A.3.2.3. Therefore, the pre-RT DNB consequences for

this event are bounded by the results of the Increase in Steam Flow event.

For the D3 evaluation, DAS will initiate a RT on low SG pressure. The post-RT response and
potential return to power, are bounded by the post-RT main-steam-lire-break{MSLB) response.
Applying AOO criteria to the steam line break (Section A.3.2.5) for the post-trip response
demonstrates that the D3 acceptance criteria are met for an Inadvertent Opening of an MRST or
MSSV event.

A.3.25 Steam System Piping Failures

A steam line rupture causes an increase in the steam removed from the SGs. This increases
the heat removed from the RCS, lowering the temperatures of the RCS. Decreased RCS
temperatures, coupled with a negative MTC, increase reactor power.

The U.S. EPR FSAR analyzes a spectrum of different break sizes_at different power levels; for
both pre-RT and post-RT conditions. In all cases, the FSAR analyses credit the EFW flow
control (SAS) to limit EFW flow to a depressurized steam-generatorSG. The operator is

assumed to isolate EFW to the affected steam-gereratorSG after 30 minutes. For the period up
to RT, the U.S. EPR FSAR analyzes three break sizes, 10 percent, 50 percent, and 100 percent

of steam line area.

The mainsteam-line-break{MSLB) event was not specifically analyzed with S-RELAPS for the
diversity and defense-in-depth-{D3) assessment, but was evaluated by a quantitative

comparison to the FSAR Tier 2, Chapter 15 analysis using best estimate assumptions. Hotfull

power{HFP) was assumed as the initial condition in all the D3 assessments. HFP represents
the normal plant operating condition and is consistent with best estimate conditions.

For these cases, RT occurs on high core power (based on thermal power), low DNB, or high SG
pressure drop. For the case with an SWCCF in the PS at full power, the available DAS RT

functions are excore high neutron flux or low SG pressure.
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The 10 percent break cases act essentially the same as the increased steam flow events. (See
Section A.3.2.3.) The conclusions and cases analyzed for these events cover the 10 percent
break area cases for MSLB for the pre-RT period.

Larger break sizes quickly lead to RT and MSIV closure, on low SG pressure. The use of best
estimate neutronics parameters, particularly MTC, limits the power increase. Therefore, DNB
does not occur; no fuel failures occur, and the radiological dose limits are respected.

After RT, flow to the turbine is isolated. However, if the break is located between the SG outlet
and the MSIV, steam flow through the break continues. The long term cooldown aspects
involve a potential return to power and a possible challenge to DNBR limits.

For the post-RT period, the U.S. EPR FSAR analysis considers a spectrum of breaks, initiated
from various power levels. In the FSAR analysis, the case initiated from hot zero powerHZP is
limiting with respect to return to power. For cases initiated from HFP, RT and MSIV closure is
on high SG pressure drop. For an SWCCF in the PS at full power, DAS initiates RT on low SG
pressure, as discussed above. DAS subsequently isolates MFW in the affected SG on a lower
SG pressure. |t actuates EFW on low SG level. After 30 minutes, the operator terminates EFW
ﬂow to the affected SG.

The value of MTC is a dominant parameter for MSLB, because it determines the positive
reactivity feedback from the cooldown. The use of a best estimate MTC significantly reduces
the positive reactivity feedback and the potential return to power. Additionally, by crediting best
estimate scram and shutdown margin worths (including no stuck RCCA), a significantly larger
negative reactivity must be overcome by the cooldown feedback to result in a return to criticality.
With best estimate neutronics, including scram worth and excess shutdown margin, the core

does not return to criticality, even after an extended cooldown. -Assuming-al-RCCAs-inafter

(-]

iticality—T o establish whether the core would return to critical
following an MSLB from HFP with a SWCCF of the PS, the temperature at which the core would
be critical under best-estimate assumptions was determined. For this calculation, the PRISM

reactor analysis tool was used to determine the reactor state (k.x) as a function of temperature

with all rods in (ARI), HFP xenon, and at end of cycle (EOC). The cases employ both thermal

and Doppler feedback mechanisms to determine the reactivity response as a function of inlet
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temperature at isothermal conditions. Assuming all RCCAs in after scram (no stuck RCCA) with

best estimate neutronics, it is calculated the RCS could cool to 105°F before the core returns to

criticality. This limiting set of conditions coincides with an equilibrium cycle, and the results are
summarized in Table A.3.2-1Table-A-3-2-%.

These data illustrate that the temperature at which a return to critical is expected to occur post-
MSLB is ~ 105°F under best-estimate core conditions at EOC, ARI with HFP xenon conditions.

This is the basis for the conclusion that a return to power would not occur following an MSLB

considering an i WCCFJ.

Because this temperature is well below the saturation temperature at atmospheric pressure, the
SGs cannot cool the RCS to this level. With no return to criticality, there are no fuel failures and
radiological dose criteria are met. Therefore, the U.S. EPR design is adequate in addressing an
SWCCEF in the PS, for a spectrum of MSLBs. As discussed in Section A.3.2.4, because there is
no fuel failure, this conclusion also applies to the Inadvertent Opening of an MRST or MSSV

event,

Once the affected SG dries-out because of isolation of the MFW and EFW, long term heat
removal is accomplished by feeding the unaffected SGs with MFW or EFW and venting steam
out of the MSRTs. In this scenario, the operator manually controls the MSRTs.

The difference between this analysis and that documented in the U.S. EPR FSAR Tier 2,
Chapter 15 involveis the use of best estimate medeaatet—tempenatu;e—eeefﬁeien_&—éMTC}, Doppler
fuel temperature coefficient (DTC), and scram reactivity. The difference in these parameters

between the best estimate and FSAR Tier 2, Chapter 15 values are given in Table A.3.2-2Table

The U.S. EPR FSAR Tier 2, Chapter 15 values include biases and account for calculational

uncertainties. The best estimate values are determined from the core analysis models for

projected C_ycle 1_and the equilibrium cycle. The scram reactivity used in the D3 analysis does
not assume a stuck rod.
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Table A.3.2-1—K.; Summary for MSLB Event
Moderator Temperature Effective Multiplication Reactivity
596.15 0.924745 -.081380 -8138
600 0.923059 -0.083354 -8335
500 0.953973 -0.048248 -4825
400 0.971725 -0.029097 -2910
300 - 0.983901 -0.016362 -1636
200 0.993078 -0.006971 -697
100 1.00018 0.000178 18
Table A.3.2-2—Reactivity Parameters Comparison
Parameter Best Estimate U.S. EPR™ FSAR Tier 2,
—_— {Equilibrium Cycle) Chapter 15
MTC (pcm/°F) EQOC HFP -39.4 -50
DTC (pcm/°F) EQC HFP -1.63 -1.85
Scram (pecm) EOC HFP 10349 7353
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Figure A.3.2-1—Increase in Steam Fiow Event:
Indicated and Actual Reactor Power
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Figure A.3.2-2—Increase in Steam Flow Event:
Indicated RCS Four-Loop-Average Temperatures
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Figure A.3.2-3—Increase in Steam Flow Event:
Indicated Pressurizer Pressure
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Figure A.3.2-4—lIncrease in Steam Flow Event:
Indicated Pressurizer Liquid Level
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Figure A.3.2-5—Increase in Steam Fiow Event:
Indicated SG Steam Line Pressure
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Figure A.3.2-6—Increase in Steam Flow Event:
Steam Generator Level (NR)
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Figure A.3.2-7—Increase in Steam Flow Event:
Indicated Steam Generator Level (WR)
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Figure A.3.2-8—Increase in Steam Flow Event:
Main Feedwater Flow Rate
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Figure A.3.2-9—Increase in Steam Flow Event:
Total TBS Flow Rate
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Figure A.3.2-10—Increase in Steam Flow Event:
MSSV Flow Rate
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Normalized DNBR and LHGR
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Figure A.3.2-12—Increase in Steam Flow Event: Power Response for
Case Stabilizing under the High Neutron Flux Setpoint
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Figure A.3.2-13—Increase in Steam Flow — Normalized DNBR and
Linear Heat Genetration Rate for Case Stabilizing under the High
Neutron Flux Setpoint
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A.33 Decrease in Heat Removal by Secondary System

A.3.3.1 Loss of External Load / Turbine Trip / Loss of Condenser Vacuum

The Loss of External Load event is initiated by an electrical disturbance that causes a reduction
orlloss of electrical load on the turbine generator. It results in the fast closure of the turbine
control valves. A turbine trip (TT) event causes the fast closure of the turbine stop valve.
Because the turbine stop valve closes faster than the turbine control valves, the TT bounds the

response of the LOEL event.

‘The main effect of this event is RCS overpressure consistent with the U.S. EPR FSAR analysis.
Secondary side overpressure is bounded by the MSIV closure event of Section A.3.3.2.
MDNBR limits are not challenged because RCS pressure increases during the event and there
is little change in core power. In the U.S. EPR FSAR analysis, RT occurs on high pressurizer
pressure. Inthe case of an SWCCF in the PS, DAS initiates RT on high pressurizer pressure,
providing comparable protection. in addition, MFW is available to provide primary system heat
removal. The TBS is available to limit the RCS and secondary pressure response to the TT
event. Under this condition, if RCS pressure increases to the PSRV setpoint, the PSRVs limit
RCS pressure to well below 120 percent of design pressure. (See Section A.2.4.) Therefore,
the acceptance criteria are met and the U.S. EPR design is determined to be adequate in
protecting against overpressure events with an SWCCF in the PS.

For the Loss of Condenser Vacuum event, the turbine, TBS and MFW are not available
because of the loss of the condenser. Consequently, the secondary side pressure increases up
to the MSSV setpoint after RT. The RCS pressure response is similar to that presented in the _
U.S. EPR FSAR. DAS initiates RT on high pressurizer pressure. Peak RCS pressure is limited
by the PSRVs and remains below 120 percent of design pressure. In the long term, decay heat
is removed'through the MSSVs or manually through the MSRTs. DAS automatically actuates
EFW on low SG level. SG level is maintained through manual control of the EFW system.
Therefore, the U.S. EPR design is determined to be adequate in addressing an SWCCF in the
PS during the Loss of External Load, Turbine Trip, and Loss of Condenser Vacuum events.
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A.3.3.2 Inadvertent Closure of MSIV

The MSIV closure event is initiated by a control system or operator error that closes a single
MSIV. The main effect of this event is secondary system overpressure. Although there is no
specific secondary system pressure criteria specified in Reference A-1, this analysis applies a
conservative limit of 120 percent of design pressure.

For the limiting case presented in the U.S. EPR FSAR analysis, the PS initiates RT on high SG
pressure. DAS does not have a comparable RT function. Therefore, for the case with an
SWCCEF in the PS, an analysis is performed to assess whether DAS is adequate.

In the case of an SWCCF in the PS, the closure of a single MSIV results in isolation of steam
flow to one SG. The net heat removal decrease leads to increasing pressure and temperature
in the isolated SG and main steam line and a consequential rise in RCS loop temperature in the
aff'ected'loop. The steam flow from the remaining SGs increases as a result, since the
unaffected SGs attempt to supply the total turbine steam load demand, resulting in a concurrent
cooldown of the unaffected SGs. Eventually, DAS initiates RT on low SG level in the affected
loop, as a result of the affected SG pressure increase. The affected SG pressure increase
significantly reduces the feedwater flow to that SG and also collapses the steam voids. The
most limiting case occurs under EOC conditions, because of the large negative MTC and the

cooldown in the unaffected loops.

Figure A.3.3-1Figure-A-3-3-1 through Figure A.3.3-7Figure-A3-3-% show the responses of the
key parameters for this event. The maximum pressure on the secondary side is found at the top

of the affected steam-generatorSG tubesheet below the cold-side downcomer. The peak
pressure is 113 percent of its design pressure, at approximately 134 seconds. The pressure
transient is controlied by the opening of the MSSVs in the affected steam line. Eventually, DAS
initiates RT on low SG level. The peak RCS pressure (at the bottom of the reactor vessel) is
2364 psia, which is less than the RCS design pressure. DNB and PLPD limits are not
challenged during this event. Thus, the acceptance criteria for D3 are met and the U.S. EPR
design is determined to be adequate in addressing an SWCCF in the PS for the Inadvertent
Close of MSIV event.

Long-term heat removal for this event is similar to the post-RT response described in
Section A.3.2.1.
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A.3.3.3 Loss of Non-emergency AC Power to the Station Auxiliaries

Loss of non-emergency AC power to the station auxiliaries is initiated by a complete loss of
either the external (offsite) grid or the onsite AC distribution system. Prior to RT, the event is
similar to the Complete Loss of RCS Flow event (Section A.3.4.2) and, in the long-term after
RT, the event is similar to the Loss of Normal Feedwater event (Section A.3.3.4). For the case
with an SWCCF in the PS, the DAS initiates RT on low RCS flow, within a few seconds of the
loss of RRCsRCPs. Normally, the emergency diesel generators (EDG) automatically start and
load the safety buses. However, with the loss of AC and the SWCCEF failure of the PS, the
EDGs must be manually started and loaded. The SBO DGs automatically start with a loss of
AC in this scenario. However, in order to power the EFW pumps, it is necessary to manually
load the EFW pumps to the SBO DGs.

For the loss of AC with an SWCCF in the PS, DAS initiates RT within a few seconds, on low
RCS flow. At this point, all four SGs are still essentially at their normal full power water level.
This amounts to approximately 170,000 Ib,, of liquid per steam-generatorSG. If it is assumed
this mass is at saturation and at a pressure corresponding to the low set MSSV (1460 psig), it
requires112.1 MW-hr of energy to boil the steam-generatorSGs dry.

Q boilary = (SG water mass per SG) * (hyg) * (number of SGs)
Q poilary= 170,000 Ib, * 563 Btu/lby, * 4
Q boi ary= 382.8x10°Btu / 3.414 x 10° Btu/MW-hr = 112.1 MW-hr

It takes approximately 1.5 hours for the cumulative decay heat to reach this value. Thus, it
takes approximately 1.5 hours for the steam-generatorSGs to boil dry, following a loss of AC.
Therefore, sufficient time is available for the operator to start the EFW pumps by using either
the EDGs or the SBO DGs, to prevent the stearr-generatorSGs from boiling dry and to maintain
a heat sink throughout the event. The U.S. EPR design is therefore determined to be adequate
in addressing SWCCF in the PS during a Loss of Non-emergency AC event.

If the SBO DGs are used to power the EFW pumps to provide liquid make up to the SGs, their
capacity is such that only two EFW pumps can be loaded. Under the loss of AC conditions, two
EFW pumps are sufficient to remove decay heat and recover level as illustrated below.
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Decay heat (best estimate) is 75.6 MW, at 30 minutes after shutdown. Therefore, the flow
required from the EFW system, to remove decay heat at 30 minutes after shutdown, is:

75.6 MW (3.414x10° Btu/MW-hr) (.01614 ft*/lb,,) (7.481 gal/ft®)
(1171.5 Btu/ Iby, -93.6 Btu/ Iby,) (60 min/hr)

W= Q/(hg-hin) = =482 gpm

The flow from each EFW pump under best estimate conditions is approximately 400 gpm at
122°F and a pressure of 1460 psig. Therefore, two EFW pumps feeding two steam
generaterSGs are sufficient to remove heat and recover level.

AtthistimeiThe U. S. EPR Emergency Procedure Guidelines/Emergency Operating

Procedures are still under development. Symptom-based recovery instructions for alithe

secondary inventory loss scenarios are envisienedplanned seto not require-that a special D3
coping procedure-wi i

There are alternative actions are available Jif EFW pumps cannot be started within the one and
a half hours and the SGs boil dry.-alternative-actions-are-avaitable. Once the SGs boil dry, the
primary system will initiate a heat-up. If feedwater sources cannot be recovered, the operator
initiates a primary system feed and bleed. The operator opens the pressurizer safety relief
valves (PSRVs) to depressurize the primary system, activating the medium head-safety-injection
fMHSI) and the low head safety injection (LHSI). Decay heat is removed by the vented steam

and water through the PSRVs, and the safety injection (SI) pumps would provide make-up to

keep the core covered. This process could continue indefinitely with recirculation from the in-

containment refueling water storage tank (IRWST) or until secondary feedwater sources are

recovered.

A.3.3.4 Loss of Normal Feedwater Flow

The Loss of Normal Feedwater event is an AOO initiated by the complete termination of MFW
flow. This condition can be caused by a loss of power to the main feedwater pumps or a
malfunction of the feedwater control system or equipment. The U.S. EPR FSAR criterion for
this event is to confirm the ability of the EFW system to maintain SG inventories sufficient for
decay heat removal. DNBR limits are not challenged, and, because the event progresses fairly
slowly, peak RCS and secondary system pressures are bounded by the TT and MSIV closure
events, respectively. In the U.S. EPR FSAR analysis, PS initiates RT on low SG liquid level. In
the case of an SWCCF in the PS, best estimate assumptions are made for the setpoint for EFW
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actuation (nominal) and EFW pump flow (nominal). The U.S. EPR FSAR analysis
conservatively biases EFW actuation setpoints and flow rates low. In addition, a single failure of
" an EFW train and a train out for preventative maintenance are not assumed, such that the full
flow from all four EFW trains are available. The response of the plant, with an SWCCF in the
PS, is'bounded by the U.S. EPR FSAR analysis response for this event.

Under the assumption of an SWCCF, MSRTs are not available for automatic actuation.
However, the TBS is available to control secondary pressure and remove decay heat, after RT.
Manual operation of the EFW flows is required for the operators to prevent SG overfill, during
long-term control. It takes approximately one hour to fill the steam-generatorSG with EFW from
the low level EFW actuation setpoint to the PS EFW isolation setpoint. Therefore, there is
sufficient time for the operator to manually control SG level with the EFW system. The
operators can also manually open the MSRTSs to control secondary pressure and decay heat
removal. The BTP 7-19 acceptance criteria are met and the U.S. EPR design is determined to
be adequate in addressing an SWCCF in the PS, for the Loss of Normal Feedwater event.

A.3.3.5 Feedwater System Piping Failures

A feedwater line break (FWLB) results from a rupture in a feedwater line large enough that it is
beyond what can be handled by the feedwater system. Smaller break sizes behave similar with
a loss of feedwater event. Larger break sizes cause the complete blowdown of an SG, followed
by a long term heatup. This event is more limiting than the loss of normal feedwater and
presents the greatest challenge to the EFW system.

The U.S. EPR FSAR analysis covers a complete break spectrum, from very small breaks just
beyond what can be handled by the feedwater system, to a complete severance of the main
feedwater pipe. The smaller breaks trip the reactor on high pressurizer pressure. Intermediate
breaks trip the reactor on low steam-generatorSG level and the larger breaks trip on high steam
generatorSG pressure drop or low steam-generatorSG pressure. Except for very small breaks,

the MSIVs close on high steam-generatorSG pressure drop or low steam-generaterSG
‘pressure. EFW is actuated on low steam-generatorSG level for the entire break spectrum. The

MSRTs and MSSVs function to control secondary pressure. The PSRVs limit RCS pressure.

In the case of an SWCCF in the PS, DAS provides the same protection for the range of breaks.
DAS has RT functions on high pressurizer pressure, low SG level, and low SG pressure. DAS
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also has functions for MSIV closure on low SG pressure, MFW isolation in the affected SG on
low SG pressure, and EFW actuation on low SG level. The PSRVs and MSSVs are not subject
to SWCCF and are still available to limit RCS and secondary pressure. In the long term, decay
heat would be removed through the intact MSSVs or through the MSRTs through manual

operator action.

As noted in Table A.2-3Fable-A-2-3, the setpoints and time delays for the DAS functions are
such that these functions are reached at a slightly later time in the transient. However, in the
case of an SWCCF in the PS with best estimate assumptions, four EFW pumps are available to
provide makeup to the SGs. The U.S. EPR FSAR analysis assumes only two EFW pumps are
available, because of single failure and preventative maintenance, and that one of the two feed
the break. Operator action is required in 30 minutes, to redirect EFW flow from the broken SG
to an intact steam-generatorSG. In the case of an SWCCF in the PS, three EFW pumps would
feed intact SGs, while one feeds the break. Note also that, since three pumps are feeding intact
SGs, as soon as EFW is actuated, sufficient cooling is évailable early in the transient to remove
decay heat and recover levels. The operator terminates EFW flow to the affected SG at

30 minutes. In the U.S. EPR FSAR analysis, only one EFW pump is feeding an intact SG for
30 minutes, until the operator redirects flow from the EFW pump feeding the affected SG. Two
EFW pumps feeding intact SGs are required to remove decay heat and recover levels. This
added EFW flow more than offsets the delayed actuation of the DAS functions and the plant
response is bounded by the U.S. EPR FSAR. Therefore, the acceptance criteria of BTP 7-19
are met and the U.S. EPR design is determined to be adequate in addressing an SWCCF in the
PS, for the spectrum of Feedwater Line Break events.
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Figure A.3.3-1—MSIVC Event:
Indicated and Actual Reactor Power
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Figure A.3.3-2—MSIVC Event:
RCS Average Temperatures

640.0

—©) Hot Leg (AVG 4 loops) <cntrivar-115>
£ Cold Leg (AVG 4 loops) <cntrivar-116>
(AVG 4 loops) <cntrlvar—117>

-=©RCS

620.0
OE
o
2
1]
£ 600.0 |
Q.
GEJ o
= '%ﬂ
©
Q
8 5800
o
560.0 %

540 0 ........................ Lo Lo I UNSTENER TN,

1D:21007 3Nov2009 08:34:03 D3~-MSIVC_eocc.dmx



AREVA NP Inc. ANP-10304
Revision 2

U.S. EPR Diversity and Defense-in-Depth Assessment :

Technical Report Page A-48

Figure A.3.3-3—MSIVC Event:
Maximum RCS Pressure (bottom of RPV)
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Figure A.3.3-4—MSIVC Event:
SG Pressure at Top of Tubesheet Below Cold-Side Downcomer
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Figure A.3.3-5—MSIVC Event:
Steam Generator Wide Range Levels
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Figure A.3.3-6—MSIVC Event:
Steam Generator Narrow Range Levels
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Figure A.3.3-7—MSIVC Event:
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A.3.4 Decrease in RCS Flow Rate

A.3.4.1 Partial Loss of Forced RCS Fiow

A partial loss of forced RCS flow is caused by an electrical or mechanical failure that causes the
loss of one or more RCPs. For this event, the U.S. EPR FSAR analyzed the loss of one RCP.
The results of losing two RCPs are bounded by losing a single RCP, because of the higher low-
flow in two loops setpoint compared to the low-low flow in one loop setpoint. There is no single
fault that could cause the loss of three RCPs.

In the U.S. EPR FSAR analysis of the loss of one RCP, PS initiates RT on low-low RCS flow in
one loop. In the case of an SWCCF in the PS, the DAS RT on low-low RCS flow in one loop
provides comparable protection. The setpoint for the DAS function is set slightly lower than the
setpoint for the PS function, to prevent the DAS-initiated RT from occurring before the PS-
initiated RT. However, for the case with an SWCCF in the PS, the nominal RT setpoints can be
used as part of the best estimate assumptions. Best estimate assumptions also include more
favorable power distributions. The gain in DNB margins from the use of these best estimate
assumptions more than compensates for the small delay in RT due to the use of the DAS low-
low flow RT setpoint; and DNB is precluded.

For the loss of two RCPs, DAS has an RT on low flow in two RCS loops that provides similar
protection as PS . Therefore, the acceptance criteria of BTP 7-18 are met and the U.S. EPR
design is determined to be adequate in addressing an SWCCF in the PS during Partial Loss of
Forced RCS Flow events.

A.3.4.2 Complete Loss of Forced RCS Flow

A complete loss of forced RCS flow is caused by a fault in the electrical power supply to the
RCPs that cuts-off power to all four RCPs simultaneously.

In the U.S. EPR FSAR analysis, PS initiates RT on low RCS speed in two loops. In the case of
an SWCCEF in the PS, DAS initiates RT on low RCS flow in two loops, providing comparable
protection. The DAS RT setpoint is set lower than the PS RT setpoint, to prevent the DAS RT
from occurring before the PS RT. However, for the case with an SWCCF in the PS, the nominal
setpoints for RT can be used as part of the best estimate assumptions. Best estimate
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assumptions also include more favorable power distributions. Because this event is the limiting
DNBR event, the complete loss of forced RCS flow event has been analyzed assuming an
SWCCF in the PS, to demonstrate that adequate DNBR margin remains.

Two cases were analyzed from full power conditions; one for BOC conditions and one for EOC
conditions. The results of the two éalculations are nearly identical. Detailed results are
presented below, for the BOC case. Figure A.3.4-1kigure-A-3-4-1 through Figure
A.3.4-10Figure-A-3:4-10 present the response of key parameters for this event. Table
A.3.4-1Table-A-3-4-1 presents the sequence of events. No fuel failures occur, for a completé

loss of the PS functions. Any degradation in performance from a failure of the PS and reliance
on the DAS is greatly offset by the best estimate conditions analyzed within the core. Long term
heat removal for this event is similar to the post-RT response described in Section A.3.2.1.

The acceptance criteria of BTP 7-19 are met and the U.S. EPR design is determined to be
adequate in addressing an SWCCF in the PS for the Complete Loss of Forced RCS Flow Event.

A.3.4.3 RCP Rotor Seizure or RCP Shaft Break

The RCP Rotor Seizure and RCP Shaft Break events are PAs that result in a sudden decrease
in flow in a single RCS loop. For the RCP rotor seizure event, flow in the affected loop
decreases rapidly. For the RCP shaft break event, RCP inertia is reduced to that of the impelier
and results in higher reverse flow in the affected loop than for rotor seizure. Because
substantial reverse flow does not occur until beyond the minimum DNBR, the rotor seizure

event is more limiting.

In the U.S. EPR FSAR analysis, PS initiates RT on low-low flow in one RCS loop. In the case of
an SWCCEF in the PS, DAS initiates RT on low-low flow in one RCS loop, providing comparable
protection. The DAS RT setpoint is set slightly lower than the PS RT setpoint, to prevent the '
DAS trip from occurring before the PS trip. However, in the case of an SWCCF in the PS, the
nominal setpoints for RT are used as part of best estimate assumptions. Best estimate

assumptions also include more favorable power distributions_and reactivity insertion

characteristics following reactor trip. The gain in DNB margin from the use of best estimate
assumptions more than offsets the delay in RT due to the use of the DAS low-low flow RT
setpoint. In addition, with offsite power available, the three remaining RCPs continue to provide

l forced flow._ Table A.3.4-2Table-A-3-4-2 provides a comparison between best estimate and U.
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S. EPR FSAR assumptions for the Seized Rotor event. The U.S. EPR FSAR analysis is
bounding for this event, and, therefore, the acceptance criteria of BTP 7-19 are met. Therefore,
the U.S. EPR design is determined to be adequate in addressing an SWCCF in the PS during
RCP Rotor Seizure and RCP Shaft Break events.

Table A.3.4-1—Complete Loss of RCS FLOW — Sequence of Events

Event Time (s

TripRCPs 1,2. 3. 4 0.00

DAS Low RCS Loop Flow Setpoint 3.74
reached

DAS Low RCS Loop Flow signal 4.24

Rods begin to drop 4.65

DNBR minimum 5.00

TIT Trip 5.24
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Table A.3.4-2—D3 Rotor Seizure Event Parameters — Comparison FSAR

Tier 2, Chapter 15 versus D3

Parameters 23 DN_BR FSAR Tier 2, Sect_jo.n 15.3.3
EE— Evaluation DNBR evaluation

Initial reactor power (MWt) 4590 4612

Average RCS temperature (°F) 594 59444

Initial PZR pressure (psia) 2250 2250450

Initial RCS loop flow rate (gpm) 124,741 119,692

Low-low flow trip setpoint (time delay)

44% (1.30 sec)

50%_(1.05 sec)

Flow to core Inlet

RCPs in 3 unaffected
loops continue

Impacted by LOOP (no
RCPs available)

1.695 BOC

Fa 1.613 EOC 28

EAH 1.476 BOC 17

I 1.425 EOC -

Scram {pcm

BOC; HFP 9449 ($14.87 6161($10.35
10349($19.63) 7353 ($14.28

EOC, HFP

ore bypass fraction (%) 3.79 5.5

Initial DNBR (normalized to SAFDL) 2.41 1.30
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Figure A.3.4-1—Complete Loss of Forced RCS Flow Event:
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Figure A.3.4-2—Complete Loss of RCS Flow — RCS Flow Coastdown
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Figure A.3.4-3—Complete Loss of Forced RCS Flow Event:
RCS Temperatures
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Figure A.3.4-4—Complete Loss of Forced RCS Flow Event:
Pressurizer Pressure
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Figure A.3.4-5—Complete Loss of Forced RCS Flow Event:
Core Average Heat Flux
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Flgure A.3. 4-6—Comp|ete Loss of RCS Flow — Plot of Minimum
DNBR Normalized to SAFDL
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Figure A.3.4-7—Complete Loss of Forced RCS Flow Event:
Pressurizer Liquid Level
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Figure A.3.4-8—Complete Loss of Forced RCS Flow Event:
Steam Generator Wide Range levels
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Figure A.3.4-9—Complete Loss of Forced RCS Fiow Event:
Steam Generator Narrow Range Levels
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Figure A.3.4-10—Complete Loss of Forced RCS Flow Event:
Turbine Bypass Flows
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A.3.5 Reactivity and Power Distribution Anomalies

A.3.5.1 Uncontrolled RCCA Withdrawal from a Subcritical or Low-Power Startup
Condition

The Uncontrolled RCCA Withdrawal from a Subcritical or Low-Power Startup Condition event is
defined as the uncontrolled addition of reactivity due to the withdrawal of banks of RCCAs at hot
shutdown or hot standby conditions. As discussed in Section A.2.1, in the analysis of an
SWCCF in the PS, the initial condition is operation at full power with RCCAs withdrawn beyond
the power-dependent insertion limit (PDIL). Therefore, this event is not relevant for SWCCF in
the PS.

A.3.5.2 Uncontrolied RCCA Withdrawal at Power

The Uncontrollied RCCA Withdrawal at Power event is defined as the uncontrolied addition of
reactivity due to the withdrawal of RCCAs during power operation, either due to a failure in an
automatic control system or operator error.

In the U.S. EPR FSAR analysis, a spectrum of power levels is considered, including 25 percent,
60 percent, and 100 perceht power. In the case of an SWCCF in the PS, only 100 percent
power is considered. Furthermore, -for this event to be possible, RCCAs are conservatively
assumed to be at the full power PDIL. Under normal conditions, all RCCAs are out, or the lead
bank is barely inserted (i.e., at- the bite position).

in the U.S. EPR FSAR analysis, PS initiates RT on high neutron flux rate of change, low DNBR,
high thermal power, or high pressurizer level, depending on the initial power level, rate of
reactivity insertion, and amount of reactivity feedback. In the case of an SWCCF in the PS, the
only relevant DAS function is RT on excore high neutron flux. In the U.S. EPR FSAR analysis,
BOC cases reached RT fairly quickly. EOC feedback cases reach RT much later, due to the
greater negativé reactivity feedback from the MTC, when RCS temperatures increase following
the increase in core power. Slower reactivity insertion rate cases, with EOC feedbacks, '
"stabilized at an increased core power below the RT on high thermal power setpoint, where the
positive reactivity insertion of the withdrawn RCCA is balanced by the negative reactivity
insertion from the MTC. In these cases, continued RCS heat-up causes pressurizer level to

increase until the PS initiates RT on high pressurizer level.
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Because this event has such a varied response and depends on a range of PS functions, a
specific analysis is performed to demonstrate D3 adequacy in the case of an SWCCF in the PS.
The analysis includes a BOC case (bank worth of 192 pcm) and an EOC case (bank worth of
363 pcm), initiated from full power from the PDIL, to test the adequacy of the DAS RT functions
in limiting the power response and assess whether acceptance limits are met.

In the case of an SWCCEF in the PS, the limiting RCCA withdrawal occurs from BOC conditions.
At BOC, the reactivity feedback is the least negative, allowing the power and RCS temperatures
to reach higher values. Figure A.3.5-1Figure-A-3-5-% through Figure A.3.5-4Figure-A3-54
show the response of the key parameters for this event. This transient causes an increase in
core power, with a corresponding increase in RCS temperatures. The increases in RCS
temperatures also lead to an increase in secondary pressure. Due to the increase in secondary
side pressure, main feedwater flow decreases, eventually resulting in DAS initiating RT on low
SG level followed by EFW actuation.

Reactor power peaks at 108.3 percent. No fuel failures occur during a complete loss of the PS
functions. Any degradation in performance, from failure of the PS and reliance on the DAS
functions, is greatly offset by the best estimate conditions analyzed within the core._The

transient is simulated by an insertion of reactivity corresponding to the withdrawal of the Bank D

from the PDIL to the all rods out position at the maximum RCCA extraction speed. The initial
DNBR normalized to the specified acceptable fuel design limit (SAFDL) is 2.41 and the

minimum DNBR normalized to the SAFDL value reached during the transient is 2.00 at 287.4
seconds. Table A.3.5-1TFable-A-3-5-1 provides a sequence of events for the RCCA withdrawal

transient.

- The acceptance criteria of BTP 7-19 are met and the U.S. EPR design is determined to be
adequate in addressing an SWCCEF in the PS for the Uncontrolled RCCA Withdrawal at Power

event.

A.3.5.3 RCCA Misoperation

In this category, three events are analyzed in the U.S. EPR FSAR: Dropped RCCA, Statically
Misaligned RCCA, and Single RCCA Withdrawal. For the Statically Misaligned RCCA event,
the local peaking factors are significantly less under best estimate conditions such that fuel
design limits are not challenged. In the U.S. EPR FSAR analysis, the transient analysis results
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for the RCCA Bank Withdrawal event are used as the basis for the Single RCCA Withdrawal
event DNBR calculations. In this D3 analysis, the Single RCCA Withdrawal event is addressed
as part of the RCCA Ejection event (Section A.3.5.6). Therefore, the remainder of this section
addresses only the Dropped RCCA event.

The Dropped RCCA event is initiated by de-energizing an RCCA drive mechanism or by a
malfunction of a control bank. In the U.S. EPR FSAR analysis, the primary RT is the PS RT on
low DNBR. In the case of an SWCCF in the PS, since DAS does not provide RT on low DNBR,
RT may not oceur.

Several cases are analyzed under best estimate conditions, to demonstrate that the BTP 7-19
criteria are met. These cases are selected, from among the limiting cases of the U.S. EPR
FSAR analysis, for the characteristic of low worth coupled with severe radial power
redistribution. Low worth limits the initial power and temperature reduction, while severe radial
power redistribution maximizes local core power. High localized core power threatens core

thermal limits.

The cases selected include three RCCA bank drops: (A bank of RCCAs is dropped, because
the dropping of individual RCCAs under best estimate conditions has a limited perturbation on

the core.)
e BOC, HFP, All RCCAs Out, dropping Bank A (435 pcm).
e EOC, HFP, PDIL, dropping Bank A (468 pcm).

e EOC, HFP, All RCCAs Out, dropping Bank C (1006 pcm).

In each of the dropped RCCA and dropped RCCA bank events, the core power distribution is
perturbed leading to an increase in the magnitude of the radial power peak. Because each of
these events have a similar return to full power, the DNBR performance is dominated by the
increase in radial peaking that results from the drop of the RCCA or RCCAs. Table _
A.3.5-2Table-A-3.5-2 shows the calculated ratio of radial peaking factors for the largest single
RCCA drop and for the drop of the RCCA Bank A for two times in life in two different fuel cycles.
Comparing the ratio of radial (FAH) augmentation factors shows that the peaking factors for the
RCCA bank drop are consistently larger. While the larger magnitudes of negative reactivity
insertion from the RCCA bank drop cases lead to larger decreases in core inlet temperature
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than single RCCA drop cases. the impact on DNBR performance is small when compared to the
increase in the radial power peak.

The limiting case involves returning to full power without a reactor trip. It corresponds to the
drop of Bank A at EOC from the PDIL at full power. In this case, the analysis assumes RCSL is
automatically controlling the RCCAs, which wersens-the-results in a more severe power

transient. The rod cluster control assembly (RCCA) bank drop events are characterized by an

initial decrease in reactor coolant system (RCS) temperature. The average coolant temperature

(ACT) function in the reactor control, surveillance and limitation (RCSL) system will withdraw the

controlling RCCA bank to restore nominal RCS temperature. For the limiting case, the drop of
Bank A at end of cycle (EOC) conditions initialized with the controlling RCCA bank at the power-

dependent insertion limit (PDIL), the RCSL system will automatically initiate a withdrawal of the

controlling RCCA bank in order to restore RCS temperature. Following the initial decrease in

core power, a return to power occurs, and the associated overshoot causes the maximum
power level reached to be 102 percent.

Figure A.3.5-5Figure-A-3.5-5 through Figure A.3.5-8Figure-A-3-6-8 illustrate the response of key
parameters for this event. No fuel failures occur, with a complete loss of the PS functions. Any

degradation in performance from a failure of the PS is greatly offset by the best estimate
conditions analyzed within the core._The limiting case of RCCA drop is the insertion of 468 pcm

at EOC from PDIL without a reactor trip (RT). The initial departure from nucleate boiling ratio

(DNBR) normalized to the specified acceptable fuel design limit (SAFDL) is 2.66, and the

minimum DNBR normalized to SAFDL is 1.63. The improvement in the initial DNBR margin
resulting from the use of best-estimate conditions is shown by comparing the 2.66 initial DNBR
normalized to the SAFDL value for the D3 analysis to the 1.38 initial DNBR normalized to the
SAFDL value for U.S. EPR FSAR Tier 2, Chapter 15.

The acceptance criteria for BTP 7-19 are met and the U.S. EPR is determined to be adequate in
addressing an SWCCF in the PS during a Dropped RCCA event.
A.3.5.4 Startup of an Inactive RCP at an Incorrect Temperature

The Startup of an Inactive RCP at an Incorrect Temperature event was analyzed to cover the
condition where the plant has undergone a partial scram due to the coastdown of one RCP.
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This reduces reactor power to approximately 50 percent. The U.S. EPR technical specifications
require idle RCP restart within a specified time. '

RY

In the U.S. EPR FSAR analysis of this event, RT conditions are not reached. Core power
stabilizes at a level near the initial power level. In the case of an SWCCF in the PS, no DAS
functions are required. Therefore, the U.S. EPR is determined to be adequate for this event.

A.3.5.5 CVCS Malfunction Resulting in Decreased RCS Boron Concentration

An Inadvertent Boron Dilution of the RCS event can resulit from an operator error or malfunction
of the reactor boron and water make-up system (RBWMS). The U.S. EPR FSAR analyzes
boron dilution events, in Modes 1 through 6, and credits the operation of the anti-dilution
mitigation (ADM) system. The ADM system senses boron concentration in the CVCS charging
line and isolates CVCS when a setpoint is reached. The predetermined setpoint is selected to
prevent an inadvertent criticality in shutdown modes, and a loss of shutdown margin during
power operation.

In the case of an SWCCF in the PS, the D3 analysis assumes the ADM system unavailable to
isolate the dilution flow path. Under full power conditions, the reactivity insertion from the
dilution and the minimum DNBR for this event are bounded by the Uncontrolled RCCA
Withdrawal at Power event (Section A.3.5.2). In addition to the potential challenge to DNBR
limits, continuous dilution of RCS boron can erode shutdown margin to the point that, upon RT,
the inserted RCCAs fail to take the reactor subcritical. |

If dilution occurs at power, the severity of the plant response depends on whether RCCA control

is automatic (RCSL) or manual. To provide reasonable assurance that the limiting case is
captured, both scenarios are examined.

If automatic_(partial failure of PS), RCSL begins to insert RCCAs to maintain T,y and core
power. RCCA insertion alerts the operator that boron dilution is occurring.

If the RCCA control is manual, continuous boron dilution slowly increases reactor power and
Tavg. These increases result in a siow increase in steam-generatorSG pressure. The feedwater
control system responds to increasing steam-generatorSG pressure by opening feedwater
control valves until they are fully open. Further increases in steam-generatorSG pressure result
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in a decrease in feedwater flow along the feedwater pump curve. Decreasing feedwater flow
results in a decrease in SG level and, eventually, DAS initiates RT on low SG level (within about
5 minutes of the initiating event.) The action of the feedwater control system, and the eventual
reactor trip, alert the operator that boron dilution is occurring. Figure A.3.5-9Figure-A-3-5-8
through Figure A.3.5-13Figure-A-3-6-13 provide the response of the key parameters to boron
dilution at BOC and full power conditions, with manual RCCA control.

Under best estimate conditions, crediting the worth of inserted RCCAs post RT, it takes
approximately four hours of continuous dilution at the maximum rate to erode the available
shutdown margin. Therefore, from the above discussion, sufficient time is available for the
operator to detect and terminate a dilution of the RCS and prevent a return to criticality. Manual
CVCS isolation is through PAS and is not dependent on the PS. Therefore, the acceptance
criteria of BTP 7-19 are met and the U.S. EPR design is determined to be adequate in
addressing an SWCCF in the PS, for an Inadvertent Boron Dilution of the RCS event.

A.3.5.6 RCCA Ejection

This event is defined as a rupture of an RCCA drive mechanism that results in the complete
ejection of its RCCA from the core. In the U.S. EPR FSAR, the analysis is divided into RCS
overpressurization and core protection (MDNBR and deposited enthalpy). The
overpressurization part of the analysis is performed with the S-RELAPS method used for the
other U.S. EPR FSAR transient analyses. The core protection part of the analysis is performed
with a newly developed RCCA ejection analysis methodology used in the U.S. EPR FSAR

analysis.

The U.S. EPR FSAR analysis considers a spectrum of RCCA worths and initial reactor power
levels. In the case of an SWCCF in the PS, only cases initiated from rated power conditions are
considered (Section A.2.1). This event is analyzed to estimate the core response under best
estimate assumptions and to determine the D3 adequacy of the DAS RT functions.

The limiting case occurs from BOC conditions, where Doppler feedback is the least. The .
analysis assumes an ejected RCCA worth of 65 pcm. Three cases are analyzed, to determine
the response of the plant and core:

¢ No Rupture.
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e Half Rupture (0.025 ft2).
e Full Rupture (0.048 ft?).

The No-Rupture case also serves to address the Single RCCA Withdrawal event (Section

A.3.5.3)._The three sizes provide a spectrum of possible coolant leakage path sizes if the
control drive were 1o be ejected from the reactor by the pressure driving head from a flange

break. This also allows consideration of the impact of the depressurization of the reactor

coolant system (RCS) on the departure from nucleate boiling ratio (DNBR) performance.

Each of the events is initialized to the same operating conditions and each “ejects” a contro! rod
with a worth of 65 pcm by adding the equivalent point kinetic worth in dollars (1$ = 1 beta, or
delayed neutron fraction) over a timeframe of 0.05 second to simulate the withdrawal from the

hot full power (HFP) dependent insertion limit (~50 percent inserted

The three-dimensional (3D) transient power shapes were determined for the fuel assembly of
interest from a rod ejection calculation with the three-dimensional noda) kinetics code NEMO-K
using constant inlet thermal hydraulic conditions. This captured the initial power shape
redistribution in the assembly of interest, following the methods of U.S. EPR Control Rod

Ejection Accident Methodology Topical Report, ANP-10286P. The total core power histories
were determined from the point kinetics S-RELAP5 model. These accounted for the reactivity

feedback effects from the depressurization and heatup of the RCS occurring after the addition of
reactivity from the ejected control rod. The inputs to the LYNXT DNBR calculation were a
combination of the transient 3D power shapes in the form of peaking factors and the total core

power, mass flux, RCS pressure, and inlet temperature in the form of histories normalized to the
initial conditions.

The core power response for the transient core thermal hydraulic boundary condition is
determined from S-RELAPS point kinetics model. The radial and axial power distributions are
obtained from a 3-D transient neutronics calculation. Figure A.3.5-14Figure-A-3-5-14 through
Figure A.3.5-17Figure-A-3-5-17 provide the response of key system parameters from S-RELAP
for the zero break case. The minimum DNBR during the rod ejection does not violate the

Specified Acceptable Fuel Design Limit (SAFDL). Simulations up to 1800 seconds do not
produce a DAS RT. However, a RT is not required as the SAFDL is not violated.
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For the break cases, a RT occurs from the DAS function low hot leg pressure after the MDNBR
decreases below the SAFDL threshold. The post-trip response for the rupture cases behaves
similarly to the small break LOCA (Section A.3.7.3.2). Fuel failures due to violation of the DNBR
are predicted to be far lower than the 30 percent limit described in U.S. EPR FSAR Tier 2,
Section 15.4. Table A.3.5-3Table-A-3-5-3 provides a summary of results for the core
performance for each case. All results are well within the U.S. EPR FSAR acceptance criteria.
Therefore, the DAS functions adequately protect the core when the PS is lost during a HFP
ejected rod accident. The results for the zero break case also show no fuel failures due to
DNBR and, thus, means there are no fuel failures for the single rod withdrawal event._Table
A.3.5-4Table-A-3.5-4 through Table A.3.5-6Fable-A-3-5-6 provides sequence of events for each

case.

The acceptance criteria for BTP 7-19 are met and the U.S. EPR design is determined_to be
adequate in addressing an SWCCF in the PS, for an RCCA Ejection event and a Single RCCA

Withdrawal event.
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Table A.3.5-1—RCCA Withdrawal at Power - Sequence of Events

Event Time (sec)
Bank D Withdrawal from PDIL beginning 0.0
Bank D withdrawal from PDIL end 72.0
DAS low SG level delay (RT signal) 290.1
DAS RT with delay (rod release for scram) 290.5
Minimum DNBR 288.0
DAS turbine trip (TT) with delay 291.1

Table A.3.5-2—Radial Power Peaking Factors (FDH) for Single RCCA
Drop and RCCA Bank A Drop

Ratio of Single RCCA Maximum FAH

Condition Augmentation to RCCA Bank A
FAH Augmentation
Cycle 1 BOC PDIL 0.87
Cycle 1 EOC PDIL 0.88
Equilibrium Cycle BOC PDIL 0.91

Equilibrium Cycle EOC PDIL

o

)

S
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Table A.3.5-3—RCCA Ejection Event: Core Performance Results
Case MDNBR/ Max Fuel Max Peak RCCA Fuel Failures
SAFDL Temp (°F) Cladding Average due to DNBR
normalized Temp (°F) Enthalpy
(cal/gm)
U.S. EPR 1.00 < rim melt < ballooning <150 < 30%
FSAR failure
Failure/ temperature
Acceptance
Criteria
No Break 1.198 2992.6 751.6 69.59 0%
Half Break 0.862 2976.8 11715 78.90 0.21%
Full Break 0.864 29440 1154.7 76.44 0.29%

Fuel rim melt temperature provided in Section 7.3 of Reference A-4.

Clad ballooning failure temperature provided in Section 2.2 of Reference A-4.

Table A.3.5-4—Sequence of Events for Rod Ejection for Case with No

Break

Event arameter Time (sec)
Peak core power reached 110.7% 0.066
High core power level delay {protection-system-{PS)} Trip 455 6.8
reactor trip (RT) not active)
Minimum MDNBR/SAFDL reached 1.198 159
Transient terminated (without diverse actuation system _ 1800.0
(DAS) RT) :
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Table A.3.5-5—Sequence of Events for Rod Ejection for Case with
0.025 ft° Break

Event Parameter Time (sec)

Peak core power reached 110.7% 0.066
High core power level delay (PS RT not active) Trip 455 7.2
MDNBR/SAFDL limit reached 1.000 29.0
Low hot leg saturation margin delay (PS RT not active) Trip 460 29.5

| Low PZR pressure delay (PS RT not active) Trip 15 55.8
Low hot leg pressure delay (PS RT not active) Trip5 57.8
Minimum MDNBR/SAFDL reached 0.862 69.0
DAS low hot leg pressure delay Trip 88 69.1
DAS RT with delay Trip 900 69.5
DAS turbine trip (TT) with dela Trip 899 701
Transient terminated 1281.6

Table A.3.5-6—Sequence of Events for Rod E|'ectioh for Case with

0.048 ft* Break

Event Parameter Time (sec)

Peak core power reached 110.7% 0.072
High core power level delay (PS RT not active) Trip 455 8.8

MDNBR/SAFDL limit reached 1.000 14.5
Low hot leg saturation margin delay (PS RT not active Trip 460 151
Low PZR pressure delay (PS RT not active) Trip 16 28.2
Low hot leg pressure delay (PS RT not active Trip 59 28.8
DAS low hot leg pressure delay Trip 88 34.8
Minimum MDNBR/SAFDL reached . 0.864 35.0
DAS RT with delay Trip 900 35.2
DAS TT with delay Trip 899 35.8
Safety injection system (SIS) by PS or by DAS Trip 1058 58.1
Transient terminated 195.1
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Figure A.3.5-1—Uncontrolled RCCA Withdrawal at Power Event:
Indicated and Actual Reactor Power
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Figure A.3.5-2—Uncontrolled RCCA Withdrawal at Power Event:
RCS Temperatures
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Figure A.3.5-3—Uncontrolled RCCA Withdrawal at Power Event:
Steam line Pressure
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Figure A.3.5-4—Uncontrolled RCCA Withdrawal at Power Event:
Steam Generator Narrow range Level
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Figure A.3.5-5—Bank A Drop at EOC Event:
Indicated-Reactor power
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Figure A.3.5-6—Bank A Drop at EOC Event:
RCS Temperatures
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Figure A.3.5-7—Bank A Drop at EOC Event:
Pressurizer Pressure
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Figure A.3.5-8—Bénk A Drop at EOC Event:
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Figure A.3.5-9—Boron Dilution at Power Event:
Indicated and Actual Reactor Power
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Figure A.3.5-10—Boron Dilution at Power Event:
RCS Temperatures
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Figure A.3.5-11—Boron Dilution at Power Event:
Pressurizer Pressure
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Figure A.3.5-12—Boron Dilution at Power Event:
Steam Line Pressure
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Figure A.3.5-13—Boron Dilution at Power Event:
Steam Generator Narrow Range Levels
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Figure A.3.5-14—RCCA Ejection - No Rupture Event:
Indicated and Actual Reactor Power
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Figure A.3.5-15—RCCA Ejection - No Rupture Event:
RCS Temperatures
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Figure A.3.5-16—RCCA Ejection - No Rupture Event:
Pressurizer Pressure
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Figure A.3.5-17—RCCA Ejection - No Rupture Event:
Steam Generator NR Level
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A.3.6 Increase in RCS Inventory

A.3.6.1 Inadvertent Operation of SIS or EBS

The Inadvertent Operation of SIS or EBS event results from a spurious actuation, either
automatic or manual, of the SIS or EBS that adds fluid to the RCS, potentially overfilling the
RCS. The actuation of SIS at power is not an issue for the U.S. EPR, because SIS consists
only of low- and medium-head systems and lacks sufficient head to deliver flow to the RCS at

power conditions.

As in the U.S. EPR FSAR, the Inadvertent Operation of EBS eveht is evaluated only as an RCS
inventory increase event. No consideration is given to the reactivity aspects of the event. The
EBS is a safety-related system designed to inject borated water into the RCS against RCS
pressure, following DBEs. The EBS consists of two trains, each with a high pressure, positive
displacement pump, and an EBS tank. During normal operation, the pumps are in standby and
must be started manually. The pressurizer level control system maintains RCS inventory by
regulating the CVCS letdown flow. The removal capacity of the letdown system is greater than
the combined injection capacity of both EBS pumps. Therefore, as long as the letdown flow
path is available, pressurizer level is maintained, even if both EBS pumps start inadvertently. In
the case of an SWCCF in the PS, the PAS pressurizer level control function remains available
and the inadvertent start of the EBS system would not result in filling the pressurizer. The U.S.
EPR design is determined to be adequate in addressing an SWCCF in the PS, for the
Inadvertent Operation of EBS event.

" A.3.6.2 CVCS Malfunction that Increases RCS Inventory

The CVCS Malfunction that Increases RCS Inventory event results from a spurious actuation,
either by a control system or operator action, of the CVCS that adds fluid to the RCS without
letdown, potentially overfilling the pressurizer. The U.S. EPR FSAR analysis considered cases
with and without loss of offsite power (LOOP). The case with LOOP resuited in the highest -
pressurizer level, because of the greater RCS heat-up from the transition to natural circulation.
Therefore, in the U.S. EPR FSAR analysis, the case with offsite power available is less severe.
In the non-LOOP case, the PS initiates RT on high pressurizer level at 783 seconds and
isolates the CVCS on high-high pressurizer level at 1052 seconds. A maximum pressurizer

level of 88.6 percent is reached at 1672 seconds.
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In the case of an SWCCEF in the PS, DAS does not provide an RT on a high pressurizer level or

a CVCS isolation on high pressurizer level. However, under best estimate conditions, the

pressurizer pressure and level control systems would be available. The pressurizer level control

system includes a limitation function that would isolate CVCS when the pressurizer level

increases to 70 percent. The pressurizer level limitation function is separate from the PS and
resides on PAS. This function is-intended-te-improves plant availability by avoiding reactor
tripRT and other safety function actuations for events that lead to increasing level in the

pressurizer. Therefore—theThe pressurizer level limitation function would therefore terminate

this event well before filling the pressurizer. This automatic feature would actuate approximately

8.5 minutes after event initiation.

Automatic CVCS isolation is available on PAS to terminate this event without operator

intervention. Pressurizer overfill is not challenged. Therefore, the acceptance criteria of

BTP 7-19 are met and the U.S. EPR design is determined to be adequate in addressing an
SWCCEF in the PS, for a CVCS Malfunction that Increases RCS Inventory event.
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A.3.7 Decrease in RCS Inventory

A.3.7.1 Inadvertent Opening of a PSRV

The Inadvertent Opening of a PSRV event is defined as the inadvertent opening of a pressurizer
safety relief valve. Because the PSRVs serve as both relief and safety valves, there are no
downstream block valves to isolate the relief line. The U.S. EPR FSAR analysis included cases
beginning from both BOC and EOC conditions, with the BOC cases being limiting. In the U.S.
EPR FSAR analysis, the PS initiates RT on low pressurizer pressure. In the case of an SWCCF
in the PS, DAS initiates RT on low hot leg pressure. This is comparable to the PS function and
provides adequate protection for this event.

The long-term progression of this event after RT is similar to that of a hot leg SBLOCA. The
SBLOCA analysis covers all required system interaction (e.g., SI, EFW). Therefore, the long-

_ term response for this event is bounded by the discussion for SBLOCA in Section A.3.7.3.

Therefore, the acceptance criteria of BTP 7-19 are met and the U.S. EPR design is determined
adequatedetermined to be adequate in addressing an SWCCF in the PS, for the Inadvertent
Opening of a PSRV event.

A.3.7.2 Steam Generator Tube Rupture

The Steam-GeneratorTube-RuptureSGTR event is defined as the double-ended rupture of a
single SG tube. This event proceeds very slowly. The SGTR event is analyzed to evaluate

offsite dose consequences and to demonstrate margin to SG overfill. In the U.S. EPR FSAR
analysis of the SGTR event, multiple manual actions for event mitigation are credited. Those

manual actions are listed below:

e Trip the reactor when CVCS is operating._Nete-tThat this action results in a more severe

response. Under normal conditions with CVCS in operation the break flow would be
offset by the capacity of CVCS and no automatic reastertripRT would occur. Under
these conditions the operator would maneuver the plant through a controlled shutdown.

e Reset the MSRT setpoints on affected SG and, if necessary, initiate partial cooldown in
the unaffected SGs.

e Close the MSIV on the affected SG.
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e Isolate feedwater to the affected SG (MFW & EFW).
s |nitiate and control MHSI.
s Extend partial cooldown of the unaffected SG and depressurize the RCS.

¢ Actuate EBS to add boron to the RCS during cooldown, to maintain subcriticality.

These actions are all performed beyond 30 minutes and control offsite dose consequences to
within limits. Margin to SG overfill is also controlled by taking these actions.

In the case with an SWCCF in the PS, the abqve manual functions are available outside the PS.
The main difference is that the MSRTs are not available to control the partial cooldown function
automatically following Sl, but are available for manual operation of the extended cooldown of
the RCS. Under normal conditions CVCS would function to maintain RCS pressure and level

CVCS has the capacity to make-up for the rupture of a single SG tube). Under
these conditions an RT or SI would not occur and therefore neither would the partial cooldown

function. After 30 minutes the operator would perform the listed actionslisted-above to isolate

the affected steam-generaterSG and terminate the leak. Hewever—ﬂ%e—tu#bme—bypass—system—;s

U—S—EP—R—ESAR—anaWsrs—MFW is-remains available for primary system heat removal through
the unaffected SGs.a }

turbine bypass system would also remain available. Therefore, offsite dose consequences
would be bounded by the FSAR analysis: areless;-as a result of discharging through the

condenser rather than directly to the atmosphere. The end state for this event considers a

cooldown_(manual use of MSRTs or turbine bypass) and depressurization to RHR entry to
terminate any offsite releases. #—the-MSRIs-aFe—amaﬂable-(-pthaLfa#uFe-Hhe-e#sﬂedese

For steam-gereraterSG overfill, DAS provides complete MFW isolation on SG high level for the
affected SGs, but not on RT. In addition, the SG level control system closes the full load control
valve (FLCV) and then the low load control valve (LLCV), in response to an increasing SG level.
The FLCV begins to close upon reaching 52 percent narrow range (NR). At 58 percent (NR)
level, both valves would be directed to close. Normal SG level is 49 percent (NR). Post-trip of
the level control setpoint is reduced to 33.7 percent (NR). Therefore, in the absence of a full
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load line isolation on RT, the SG level control system responds quickly to isolate MFW to the
affected SG.

In the case of a SWCCF, the steam-generatoriube-ruptureSGTR event has been analyzed with
S-RELAPS5 to calculate the SG level response in the affected steam-generatorSG by crediting
the response of the SG level control system to close on an increasing level. Figure
A.3.7-1Figure-A-3-7-1 through Figure A.3.7-8Figure-A-3-7-8 shows the response of key
parameters for the steam-generatortube-ruptureSGTR event with a SWCCF. As-illustrated-in
Figure A.3.7-5Eigure-A-3.7-5, Figure A.3.7-6Figure-A-3-786, and Figure A.3.7-7Figure-A-3-7-7,

show that there is ample margin to overfill.

Therefore, the acceptance criteria of BTP 7-19 are met and the U.S. EPR design is determined
to be adequate in addressing a SWCCEF in the PS during SGTR events.

A.3.7.3 Loss of Coolant Accidents

A LOCA event is initiated by the instantaneous rupture of an RCS pipe. Ruptures smaller than
10 percent of the cross-sectional area of the RCS loop piping are classified as SBLOCAs.
Those larger are considered LBLLOCAs.

A.3.7.3.1 Large Break LOCA

in the U.S. EPR FSAR analysis of an LBLOCA, RT is not credited. Therefore, although DAS
provides RT on low hot leg pressure, no RT function is required from DAS for LBLOCA. The PS
initiates an RCP trip on RCP low differential pressure. During an LBLOCA, the RCP trip occurs
about 10 seconds from the initiation of the event. In the event of a SWCCF in the PS, because
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DAS does not contain a RCP trip function, the RCPs would be expected to continue operation.

A sensitivity calculation was performed to assess the effect on peak cladding temperature (PCT)
without an automatic reaster-ceolantpump-{RCP) trip. This study removes the automatic RCP
trip for selected cases from the U.S. EPR uncertainty analysis. These realistic large-break loss-

of-coolant accident {RLBLOCA)}cases are representative of an initial fuel cycle and are

performed in accordance with ANP-10278, Revision 1 (Reference A-3). The results of the

sensitivity study show that not actuating the automatic RCP trip has a minor impact of <less
than 30-° F on the PCT (Figure A.3.7-9Eigure-A-3-7-8) and causes no discernible differences in
break flow between the FSAR calculation cases with automatic RCP trip and the D3 sensitivity

cases without an automatic RCP trip.

In the U.S. EPR FSAR analysisanalyses, the PS actuates S| on low pressurizer pressure. DAS
also actuates Sl on low pressurizer pressure. The availability of all Sl trains (no preventative
maintenance or single failure) and the use of best estimate core parameters make the D3
analysis core response much less severe than in the U.S. EPR FSAR analysis.

The prevention of boron precipitation in the core during post-LOCA recovery requires the
operators to switch to hot leg S| within 60 minutes of the LBLOCA. This action is also required
to support the containment response to a LBLOCA. The ability to manually switch Sl to the hot

legs is available outside the PS and is available in the event of an SWCCF in the PS.

Therefore, the acceptance criteria of BTP 7-19 are met, and the U.S. EPR is determined to be
adequate in addressing an SWCCEF in the PS for LBLOCA events.

A.3.7.3.2 Small Break LOCA

A SBLOCA event is defined as a break in the RCS pressure boundary that has an area of 0.5 ft?
or less (~10 percent of cold leg pipe area). The most limiting SBLOCA is in the cold leg pipe at
the discharge side of the RCPs. This break results in the largest inventory loss and the largest
fraction of SIS fluid being ejected through the break. In turn, this produces the greatest degree
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of core uncovery and the longest fuel rod heatup time. Consequently, it poses the greatest
challenge to the 10 CFR 50.46 criteria.

In the U.S. EPR FSAR analysis, the PS initiates RT and actuates Sl on low pressurizer

pressure, for all cases. The U.S. EPR FSAR analysis evaluates cases with and without LOOP.
In_the LOOP case, it is assumed that LOOP occurs coincident with RT, which also initiates EFW

flow, when the Sl signal is reached. If LOOP does not occur, EFW is not initiated until a low SG

level is reached.

The PS design for the U.S. EPR includes an automatic reaster-coolantpump{RCP) trip on low

differential pressure and a partial cooldown function on Sl. An automatic RCP trip function is

notneither available, nor required, on DAS for the beyond design basis SWCCF event. The
U.S. EPR design; therefore; conforms to the NUREG-0737 TMI Action Plan requirement

In the case of an SWCCF in the PS, DAS initiates an RT on low hot leg pressure and actuates
Si (i.e., MHSI) on low pressurizer pressure, providing protection egquivalent-gimilar to that
described in the U.S. EPR FSAR scenario. With-a SWCECEtThe partial cooldown function may
be lost with an SWCCF. MFW is available to provide decay heat removal. As discussed in
Section A.2.1, under best estimate conditions, a single failure or preventative maintenance is

not assumed. Thus, all EFW trains and S| trains are available.

For certain break Sizes, the MSRTs are relied upon in the U.S. EPR FSAR analysis to perform a

partial cooldown and depressurize the RCS to enable the injection of MHSI. In the case of an

SWCCEF in the PS, the MSRTs might not be available because actuation of the MSRT partial
cooldown function is initiated in the PS. The TBS partial cooldown function is also dependent
on a signal from the PS and is therefore not available. The PS includes an MSIV closure signal

on high con';ainment pressure. The MSIVs would remain open if this feature fails as part of the
SWCCEF._In the event of a partial SWCCF of the PS where the MSIVs still close on Hiqh

containment pressure, the TBS would not be avaiiable to provide for any-the cooldown function.

After 30 minutes and before 60 minutes, if the hot leq pressure indication is below 275 psig, the
operators will manually realign LHSI to the hot legs tewhich will suppress steaming in the core
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to prevent over-pressurization of the containment. This action also prevents boron precipitation.

'The ability to manually switch Sl to the hot legs is available outside the PS and is available in
the event of an SWCCF in the PS.

The PS provides an RCP trip on low RCP differential pressure to ensureprovide reasonable

assurance that, during an SBLOCA, the RCPs are tripped early in the event. During an

SBLOCA with RCPs running, a greater amount of inventory could be lost out the break than with

RCPs tripped. After sufficient inventory is lost and the RCPs are tripped, a deeper core
uncovery could result in a higher peak-clad-temperature {PCT). DAS does not include an RCP
trip fuhction. Fhus—wWith an SWCCEF in the PS, the RCPs continue operating, with the
opportunity to be tripped (manually) at a later time. Manual RCP trip time sensitivity analyses

are performed for a spectrum of break sizes; to determine the latest RCP trip time that

givesprovides acceptable PCT results (i.e., PCT less than2200°F).

- The SBLOCA RCP trip time sensitivity analysis is performed for a spectrum of break sizes
ranging from a 1.0 inch inner diameter (ID) break to the maximum small break of 10 percent

pipe cross-sectional area, the 9.71 inch ID break. RCP trip times of 10, 60, 900, and 1800

seconds were assumed. The analysis is performed using best estimate assumptions with an

SWCCF in the PS. The key best estimate assumptions include the availability of four trains of

Sl (no single failure or preventative maintenance assumptions), offsite power available, and best

estimate decay heat. A separate set of cases were included without a partial cooldown function.

The results of the sensitivity analysis, without a partial cooldown function, indicate that the

maximum PCT remains below the 10 CFR 50.46 criteria for the entire break spectrum, whether
erhotthe RCPs are operating or not. ThereforetThe timing of the RCP trip therefore has little

impact and manually tripping the RCPs is not required. Except for the high end of the break
spectrum, decay heat is first removed through the secondary steam-generaterSGs MSSVs until

the loop seal clears. Upon loop seal clearing the break removes sufficient energy to

depressurize the primary system actuating MHS!. Break sizes of 2.5 inches ID and larger clear

the loops early and are able to depressurize the primary system to the MHSI injection setpoint.
As the RCS continues to depressurizes-further, the MHSI and LHSI flow overcome the break
flow, establishing extended core cooling. The smaller the break, the longer it takes for the loop

seal to clear. For breaks between 2.5 inches and 1.0 inch ID, decay heat is removed mostly
through the steam generatorSG MSSVs. The primary pressure remains above the MHSI
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shutoff head until either EFW actuation or the loop seal clears. EFW actuation fills the

secondary with cold water condensing steam and reducing secondary pressure. The reduction
in secondary pressure then reduces primary pressure, leading to MHSI injection. In cases

where the effectiveness of the EFW to condense steam was reduced to zero, recovery occurs

when the loop seal clears. Once the loop seal clears, sufficient energy is removed through the

break to depressurize the RCS to the MHS] actuation setpoint. For these breaks, injection from

CVCS is sufficient to keep the core covered prior to MHSI injection. Actuation of MHS! recovers

RCS inventory. For breaks around 1.0 inch D the loop seal may take several hours to clear.
In this case, the operator will need to take manual control and cooldown through the MSRTs to
reduce RCS pressure and actuate MHSI. There is sufficient time to manually initiate the
cooldown suchso that the partial cooldown function is not required to be automated on DAS.

Figure A.3.7-10Figure-A-3-7-10 through Figure A.3.7-17FEigure-A-3-+1Z show the response of
key parameters for representative breaks at both ends of the spectrum.

These analyses demonstrate that the U.S. EPR design is-adequately-in addressesing an

SWCCEF in the PS during SBLOCA events, including partial failures. The analyses also
demonstrate that an RCP trip during an SBLOCA event with an SWCCF in the PS is not needed

to mitigate the event. Therefore, operator criteria or a D3 coping procedure for tripping the

RCPs during this event are not necessary.

2 A review is ongoing that could affect use of the turbine bypass system during a small break LOCA
event. This may require an additional DAS function or justification for manual operator action to open the
MSRTs.
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Figure A.3.7-1—Steam Generator Tube Rupture — Reactor Power
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Figure A.3.7-2—Steam Generator Tube Rupture — Pressurizer
Pressure
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Figure A.3.7-3—Steam Generator Tube Rupture — Pressurizer Level
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Figure A.3.7-4—Steam Generator Tube Rupture — Steam Generator
Pressure
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Figure A.3.7-5—Steam Generator Tube Rupture — Steam Generator
Wide Range Level
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Figure A.3.7-6—Steam Generator Tube Rupture — Steam Generator
Narrow Range Level
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Figure A.3.7-7—Steam Generator Tube Rupture —Affected- Steam

Generator Liquid Volume
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Figui'e A.3.7-8—Steam Generator Tube Rupture — Break Mass Flow
Rate
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Figure A.3.7-9—Comparison of PCT: RCP NO Trip (New) vs. RCP
TRIP FSAR
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Figure A.3.7-10—SBLOCA 6.5 inch diameter Break: Loop Seal
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Figure A.3.7-11—SBLOCA 6.5 inch diameter Break: Primary/
Secondary System Pressure
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Figure A.3.7-12—SBLOCA 6.5 inch diameter Break: Hot Assembly
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Figure A.3.7-13—SBLOCA 2.5 inch diameter Break: Primary/
Secondary System Pressure '
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Figure A.3.7-14—SBLOCA 2.5 inch diameter Break: EFW System
Mass Flow Rate
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Figure A.3.7-15—SBLOCA 2.5 inch diameter Break: Loop Seal Void
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Figure A.3.7-16—SBLOCA 2.5 inch diameter Break: RCS/ RV Mass
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A.3.8 Containment Integrity

The U.S. EPR FSAR analysis analyzes a spectrum of pipe breaks inside containment to
demonstrate containment integrity is maintained. Criterion applied in the U.S. EPR FSAR
analysis are that the design pressure and temperature of the containment structure (62 psig and
338°F) are not exceeded. As discussed in Section A.2.4, the ultimate strength of the ,
containment structure exceeds the stated design pressure by a factor of 2.52. Therefore, in this
D3 analysis, if containment pressure remains below 2.52 times design pressure, the conclusion
is containment integrity is maintained. Pipe breaks in the RCS, main steam system, and main
feedwater system are considered. Feedwater line breaks are bounded by mair-steam-line
breakMSLBs.

A.3.8.1 LOCA Inside Containment

To maximize the containment peak pressure and temperature response, the U.S. EPR FSAR
LOCA containment analysis uses conservative assumptions that maximize the mass and
energy released from the RCS to the containment atmosphere. These assumptions maximize
the primary system inventory, the heat into the RCS, and transfer of mass and energy into
containment. In the event of an SWCCF in the PS, the DAS includes comparable functions to
trip the reactor and initiate safety injection.” Therefore, the mass and energy released into
containment during a LBLOCA event is not significantly different from the U.S. EPR FSAR
analysis. In fact, under best estimate conditions, the mass and energy released into
containment is less than assumed in the U.S. EPR FSAR analysis. DAS also includes opening
of the hydrogen mixing dampers to assure that the containment atmosphere remains well
mixed. As noted in Section A.3.7.3.1, manual S| hot leg switchover is a required action to
support the containment response. The ability to manually switch Si to the hot legs is available
outside the PS and is available in the event of an SWCCEF in the PS.

Therefore, from the standpoint of the peak containment pressure and temperature response, the
U.S. EPR FSAR analysis is bounding, and no further analysis is required. Therefore, the U.S.
EPR design is determined to be adequate in addressing an SWCCF in the PS during LBLOCA

Inside Containment events.
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A.3.8.2 MSLB inside containment

An main-stearm-line-breakMSLB inside containment results in the release of high energy fluid to
the containment atmosphere. The mass and energy release following an MSLB depends on the
_configuration of the main steam system, the containment design, the protection-systemPS
features, plant operating conditions, and the break size. The major factors that influence the
mass and energy release following an MSLB include steam-generatorSG fluid inventory, MFW

isolation, main steam line isolation, and EFW operation.

It is important to isolate MFW to prevent extended energy loss into containment. It is also
important to close the MSIVs to prevent the extended blowdown of the intact SGs through the
break. The U.S. EPR FSAR analysis isolates MFW and main steam on high SG pressure drop.
In the case of an SWCCEF in the PS, DAS isolates the MFW and main steam on low SG
pressure. These isolatioh functions are comparable to the PS function, but they may result in
delayed isolation, for some break sizes. In those cases, the peak containment pressure may
slightly exceed the design pressure. However, containment integrity is maintained, because the
ultimate strength of the containment structure far exceeds the design pressure and, therefore,

the peak pressure for this event.

Therefore, the U.S. EPR design is determined to be adequate in addressing an SWCCF in the
PS during an MSLB Inside Containment event.

A3.9 Radiological consequences

The analysis of radiological consequences from design-basis-eventDBESs is presented in the
U.S. EPR FSAR Chapter 15. The specific DBEs evaluated are given in Table A.2-1Table-A2-4

and are listed below.

e Small line break outside containment.

e LOCA.
¢ SGTR.
e MSLB.
o FWLB.

¢ RCP rotor seizure / RCP shaft break.
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e RCCA ejection.

o Fuel handling accident (FHA).

The radiological consequence analysis credits certain functions, to limit offsite and control room
dose. For events that result in radiological releases inside containment (loss of coolant
accident, MSLB, FWLB, and RCCA Ejection), the containment isolation function and associated
system activations are credited. The containment isolation function limits offsite dose
consequences. For events that result in direct radiological releases outside containment (small
line break outside containment, SGTR, MSLB, FWLB, FHA, and RCP rotor seizure / shaft
break), isolation of the pathway and the failed fuel fraction are important. Control room dose is
also evaluated, for those events where radiological releases occur outside containment. Control
room isolation is credited in these DBEs. Conservative bounding assumptions are made in the
DBE evaluations to maximize the radiological consequences (e.g., the activity level of the
reactor coolant is assumed to be at technical specification limits, bounding failed fuel fractions
are applied, a coincident iodine spike is assumed).

“In the case of an SWCCEF in the PS, the DAS function available (from Table A.2-2Fable-A-2-2)

to limit radiological consequences is containment isolation on high activity.

This DAS function provides comparable protection for those events that result in pipe breaks

inside containment, and, therefore, the containment is isolated in a timely manner.

For events where the radiological release is outside containment, the required function that
limits dose consequences is event-dependent. As long as the failed fuel fractions are not
significantly different and the releases are roughly the same duration as the design basis
evaluation, the radiological consequences are bounded. Under best estimate assumptions, the
radidlogical consequences are expected to be less than in the U.S. EPR FSAR analysis. A
review of the specific events in Section A.3.2 through A.3.7 demonstrates DAS is adequate in
maintaining overall plant response within the bounds of the U.S. EPR FSAR analysis, for these

events.

Isolation of the main-contrelreem-{MCR) is required following events with radiological
consequences. The events of interest include loss-ef-coolantaccident{L OCA), steam
generatortube ruptureSGTR, main-steamline-breakMSLB, reastorcoolant-pumpRCP locked
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rotor, rod ejection, and fuel handling accident. Under normal ¢onditions, the protection-system
{PS} would automatically actuate the MCR emergency filtration system upon receipt of a high

radiation signal in the MCR air intakes or a primary containment isolation signal._In the event of
an software-commeon-cause-failure ({SWCCF), automatic isolation of the MCR is assumed to not
be available, but the radiation signal and alarms are still present._In each of these scenarios
with a SWCCF in the PS, the MCR high radiation air intake alarms would alert the operator that
MCR .isolation is required. Since the air intakes to the MCR are close to the release point in

each scenario, the alarm is expected to occur relatively early in the event (within approximately

Sfive minutes). A specific radiological analysis was performed that relies on this alarm function

to alert the operator so that the MCR is manually isolated within 30 minutés. Radiological limits

are maintained in each of these-abeve events.

The evaluation determined that manual isolation of the control room within 30 minutes is

sufficient, because the following PS functions are also provided by DAS:
¢ Containment isolation on high activity.
¢ Annulus Ventilation system actuation on containment isolation,

o Safeguards bBuilding HVAC reconfiguration on containment isolation.

Therefore, the radiological consequence criteria of BTP 7-19 are met and the U.S. EPR design

is determined-adeguatedetermined to bé adequate in addressing an SWCCF in the PS during
desigh-basis-eventDBEs.

Emergency response procedures for the U.S. EPR are not developed-as-a-part-efDesign
Certification. It is, however, anticipated that either abnormal operating procedures or
emergency operating procedures will include instructions in response to high radiation at the

MCR intakes. These instructions will either direct the operator to confirm MCR filtration system

actuation or provide for manual isolation. A special D3 coping procedure is not anticipated.
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A4 CONCLUSION

This appendix summarizes the safety analysis assessment performed to demonstrate the
U.S. EPR design’s conformance with BTP 7-19 for an SWCCF in the PS. The scope of the
assessment covers the U.S. EPR FSAR safety analysis (U.S. EPR FSAR Tier 2, Chapter 15),
radiological consequence analysis (U.S. EPR FSAR Tier 2, Chapter 15) and containment
analysis (U.S. EPR FSAR Tier 2, Chapter 6). DAS functions are available where needed to
replace functionality lost due to the SWCCF in the PS.

The U.S. EPR design, including DAS functions, available plant control systems and manual
operator actions are -sufficient to satisfy the acceptance criteria of BTP 7-19 for an SWCCF in
the PS for desigh-basis-eventDBES, which includes AOOs and PAs.
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