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AREVA:
Worldwide I&C Experience




AREVA Worldwide Experience

Digital Safety 1&C
Worldwide Orders/Installations

PR
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AREVA Supports the Entire I&C
System Design Life Cycle

Research and Development
Application Software

Detailed Design

Manufacturing

Factory and Site Acceptance Testing
Training and Simulator Development
Implementation

Configuration Management
Operational Support

PR
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Analog to Digital —
Evolution in 1&C Design for Nuclear Plants




“Old School” I1&C

S/G Level Primary Pressure

Control System Control System Typically a sensor Is wi red
to a set of analog circuitry
Pressurizer Pressure . .
/G Level Sensor Sensor Analog circuits have

limited functionality —i.e.
simple control loops,
bistable comparators, etc

Function=system
Analog Control Analog Control
Circuitry Circuitry
Feedwater Control Pressurizer
Valve Heaters

PR
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Digital 1&C

Digital 1&C generally consists

Reactor Control, Surveillance, and

Limitation System of I/O cards, processors, and
| network communications
S/G Level Sensor Pressugzirssrressure eq u | p m ent

System is not defined by a
single function, but generally
a group of functions

Digital 1&C offers:

+ Higher level of complexity for

S/G Level Control Function

Primary Pressure Control Function

functions
¢+ Large amount of data to be
processed, displayed,
‘ ‘ ‘ \ archived, etc for operators.
¢+ High degree of reliability and
Feedwater Contro Pressurizer maintainability

=PR
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EPR 1&C Design:
Goals and Objectives

I',- ]

PR
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AREVA NP Inc

Design Goals to Support Improved
|& C Safety, Performance and Reliability

Improved safety/reliability Support advanced plant PRA
+ Actuate trips when needed goals
» Avoid spurious actuation Support advanced plant
Improved maintainability staffing goals
+ On-line testing and diagnostics World-wide standardization
+ On-line maintenance without to maximum extent possible
Impact to plant operation or Acceptance by international
system operability regulatory authorities

Improved automation

¢ Automatic limitation functions
to avoid protection system
actuation

Improved information
management for operators

PR
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US EPR |&C Systems Design




AMS:
ALU:
APU:
CRC:

GW:
HBS:
HMI:
ISC:
MCR:
MSI:
OLM:

PAS:
PI:
PICS:
PLD:
PS:
PZR:
QDs:
RAM:
RAU:

RCSL:
RSS:
RTE:
SAR:
SAS:
SER:
SICS:

TSC:
TXP:
TXS:

CRDM:

PACS:

RCCA:

SPND:

Aeroball Monitoring System
Actuation Logic Unit

Acquisition & Processing Unit
Cyclic Redundancy Check

Control Rod Drive Mechanism
Gateway

Hardwired Backup System

Human Machine Interface

I&C Service Center

Main Control Room

Monitoring & Service Interface
Optical Link Module

Priority Actuation & Control System
Process Automation System

Panel Interface

Process Information & Control System
Programmable Logic Device
Protection System

Pressurizer

Qualified Display System

Random Access Memory

Remote Acquisition Unit

Rod Control Cluster Assembly
Reactor Control, Surveillance, & Limitation System
Remote Shutdown Station

Runtime Environment

Safety Analysis Report

Safety Automation System

Safety Evaluation Report

Safety Information & Control System
Self Powered Neutron Detectors
Technical Support Center
Teleperm XP

Teleperm XS

Acronyms

PR
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Robust Safety System Design

+ 4 Divisions of Protection System

Redundant voting allows channel
out of service for full cycle of
operation. Auto logic re-configure
from 2/4 to 2/3

¢ Functional Diversity
¢+ On-Line DNBR and Linear Power
Density
Partial “trips” and auto load
rejection to prevent reactor trips

High Level of Automation

+ Non-Power Operations

RCS inventory management
during shutdown cooling and
transition modes

¢+ Automatic emergency feedwater
actuation block during shutdown

Availability Measures
¢ 3-Loop Operation

Partial “trip” with runback to
prevent reactor trip

+ Feed flow-Rx Power Imbalance

Prevents low S/G water level
reactor trips during start up

+ Limitation Functions

Key US EPR

|1&C Design Features

Operational Enhancements

* No operator action required for 30
min following an _
accident/anticipated transient

¢+ On-line procedures at operator
work station

+ Integrated Data Management

EOF and TSC have same overview
displays as control room

On-line equipment OOS displays
Automated tagging displays
Direct support of on-line and
outage risk assessment
¢+ Advanced Alarm Management
Part of display hierarchy
Integrated with operating
procedures
Reduction of Maintenance
Burden
¢+ System self testing and
diagnostics
Elimination of channel checks
Elimination of manual logs

AREVA NP Inc Introduction to U.S. EPR Presented to US DOE  October 20, 2006
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US EPR I&C Conceptual Architecture

/f_\\ REMOTE SHUTD OWHN STATION MAIN CONTROL ROOM TECHNICAL 18.C SERVICE CENTER
RSS) (MCR) SUPPORT CENTER {150
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- l:l Operational 1&C
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1&C Equipment Layout

MCR TSC/IsC
SICS PICS PICS E]
——
Elevation
53 RSS
Division 2 EDG
PICS IC
SAS PAS SICS
Elevation
s 39 Division 2 Division 3
PS RCSL RCSL PS
Division 1 EDG Safeguards
Bldg 2
SAS PAS g SAS PAS PAS SAS
PACS PACS PACS
EDG
Building
SBO Diesel Division 1
PAS PS RCSL
Reactor Building
SBO Diesel SAS PAS
Building
SA
PACS 18C
Safeguards
Building 1

TG
1&C

PAS

Turbine Buidling

Division 3 EDG
PAS SAS
PACS
Safeguards Division 4 EDG
Bldg 3
PAS SAS
PACS
EDG
Building
Division 4 SBO Diesel
RCSL | | PS PAS
PAS SAS SBO Diesel
Building
SA
1&C PACS
Safeguards
Building 4

=PR
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Robust PS Design Employs
Functional Diversity

[l Sub-System A
M Sub-System B

DIVISION 1 | DIVISION 2 DIVISION 3 DIVISION 4
PZR Pressure Hot Leg Pressure PZR Pressure Hot Leg Pressure PZR Pressure Hot Leg Pressure PZR Pressure Hot Leg Pressure
Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold
Detection Detection Detection Detection Detection Detection Detection Detection

2/4 2/4 2/4 2/4 2/4 2/4 214 2/4 2/4 2/4 2/4 214 2/4 2/4 2/4 2/4
AND AND AND AND AND AND AND AND
DIV. 1 Trip Signal DIV. 2 Trip Signal DIV. 3 Trip Signal DIV. 4 Trip Signal
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Limitation Functions Improve Availability By
Reducing Challenges to PS

R N Protection — Threshold for RT and ESF

I Limitation — Threshold for actions required to
avoid protection system actuation

I Level 2 — Threshold for slow transients outside
normal control boundary

i = Level 1 — Safety Analysis Initial Condition

PR
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threshold

Permissive:
RCS pressure below

RCS Loop 1
Lewvel

1 ]
- 1 Non-Power Operation 1
Power Operation 1 vt i
- (Transition) s
1 1
PZR Pressure 1 Hot Leg 1 Hot Leg 1 1
DIV 1 . Pressure Tem;::. "
Calculation
of P'sat
r
L =
Drclta Psat
r r
Min Min.
I Threshold I Threshold
|—> DIV 2 I‘h DIV 2
L DIV3 DIV 3
——— i L = DIV4
——————————————— DIV2 ——— ——— DIV2
DIV 3 DIV 3
F--——- DTV 4 | r— DIV 4
2/4 | 244 |
Permissive:

Hot leg pressure and
temperature below
threshold. No RCP's

running

Example — Automatic
mode switching for
SIS initiation in
different plant states

Manual SIS
train | reset

Actuate
SIS Train 1
Sigmal

Shutdown Cooling

DIV 2
DIV 3
DIv 4

DIV 2
DIV 3

DIV 4

EPR Has High Level of Automation

PR
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US EPR Control Complex Design and
Operations
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OL3 EPR Control Room
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US EPR Control Complex Overview
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Staffing and Division of
Responsibilities

1 Supervisor
¢ Senior Reactor Operator License

2 RO licensees
¢+ Reactor Operator -- RO
¢ Turbine Operator --TO

Auxiliary Operator

+ not normally manned,
Planned evolutions only (startup, shutdown)
E-Plan or Emergency Ops Support

PR
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Concept of Operations

Essentially all operations are performed using
PICS, including emergency operations, as long as
PICS is available

SICS is intended for use in the unlikely event of
total unavailability of PICS

Administrative controls drive the recovery of
PICS or require shutdown via SICS

PR
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Workstation - Typical

Assignment of Screens

Large screen 1

Plant overview picture

Operating
. | Procedure

Plant
Information display

display

Alarm
Sheet

Large screen 2

Overview picture
(common focus
of both operators)

Alarm
sequence
display

NOT PICS

Introduction to U.S. EPR

Presented to US DOE October 20, 2006
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PICS Screen Navigation

[ Plant Overview ]

[ Process Info Overview ]

|
Auxiliary Systems ]

1 | |
RO Overview ] [ BOP Overview ] [ .
Overview

—[ S| & RHR Systems Feedwater ] —[Water Supply and Drains] SETERY Fur;ﬁti.til;/llomtorlng,
[ PS, RCSL | [ Emergency Feedwater ] —[ Chilled Water Systems ] [ Safety Funct, Monitoring, |
L ’ ) L L Event-based )
( . ) [ . A [ Safety Funct. Monitoring, |
| Primary Systems ] —[ S/G Blowdown ] | Sampling System ) | Symptom-based

VBTG & B (Sl —[ Main Steam ] Air Systems Event Diagnosis
L Systems ) L J L )
NI Cooling Systems —[ Turbine Generator ] Rad Waste Collection Safety System Monitoring
R BT OBy —[ Condensate Systems ] —[ Fire Protection System ] Protection System
L Systems ) L J
NI Vent / Drain Systems —[ TI Cooling Water ] —[Electrical Systems, Diesel] el g\r/\:;el;rl]mltatlon
RCS and Ctmt ) I - ] [ S ] ( . )
T T S e Auxiliary Steam Ventilation | POP Displays ]
Operational Parameters

\ J

=PR
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PICS Screen Example

09/01/05 01:21:35 Plant ‘ ﬂ Process ‘ ASD| 1| WT(FoL Systel‘
NI Power Horizontal 3 ODMADD EJS501
*JEF* CONT P
UIA T345°C PL5Obar [ € > 0.102 bar 610.2 b=
P 155.1 bar LI. 2l m L act kg/s
UFA L7.13 m T 40°C S—
W T345°C - o]
VCT | M 9/5
P1.200 bar AD —0.41 % 610.2 pm
L2.10 m [ PR 100.1 % . kg/s
ba_r' PRth 4300 Mw b hap
;g kKBA L15.7 m dT/dt0.0ﬂﬂC/h L15.7 m 610.2 p=|
r_ 5L ACT 311.7 'C ka/s
:KBE:
KBG* | xpp+ T327'C T327°
*KBC* =
5?3 ._ L15.7 m “LACt
L WIR L BOR F7869kg/y T 296" 7869 kg/s
00.0 11 00.0
00.0 2 2 00.0 T327'C T 327"
veavs] L1902 |
i T 30°C F 7869 14 T295°C '.' F 7869 kg /s
== B CONC 523 ppm
*IND* L 93 |11er|¢“r L3.52 m | | LKC CONT |¢'JNK“! L3.52 m |
134 T | INS/0UTS
134 | | e | UQe
? 723 ze _Oi'i_l I
.I"‘\ i * * *
D 271 o] 14 PEB ' TR |
=] P S
o |t~ =3 1| 3| = = Il
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SICS/QDS Screens

Steam generator levels

sl 677 m

Fressurizer prassure

Reactor building temperature

RCP flowrate 499 n3/h

Delta t IC:' I':D Time-origin IC:I IC:>

rz 615 bar sl RE 19.4
pz 6l.5 bar THEZ FE 19.4
ez 4.40 m
rz 61.5 bar QoE_® RE 19.4 °C
ek RCP flowrate EL
10.0 10.0
5.0 /\ 5.0
0.0 0.0
5. .00 250 0.00 mn

Loop 1 Temperatures

Cold Leg Hot Leg
118 L1s! 53 aq
200 — 200 —
100 100 —
0 4]

Loop 2 Temperatures

Cold Leg Hat Leg
107 LY 93 =2
200 — 200 —
100 100 —
0 o]

IList |TXS input I RCV

[

| TS ITest I 3&

Introduction to U.S. EPR

Presented to US DOE  October 20, 2006
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Summary




The U.S. EPR 1&C Design Offers Improved
Safety, Performance, and Reliability

AREVA supports the entire system design life cycle

U.S. EPR 1&C systems meet design and regulatory
requirements

+ Design and control room/HFE design will leverage insights
gained from the design of OL3

+ U.S. EPR I&C systems design will address applicable NRC
standards and requirements and will incorporate insights
gained from operating experience

+ Key design features improve overall safety, operations,
maintenance.

=PR
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