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"
Introductions

m Current COLA Team for I&C
0 STP 3&4
0 TOSHIBA
0 WESTINGHOUSE

m Key Personnel in Attendance
O STP

= Scott Head - Manager of Licensing

= Tim Hurst - I&C Engineering

= Kyle Dittman — 1&C Principal Engineer
= Jerry Mauck — I&C Engineering

0 Toshiba

Shigeru Suzuki - Asst. VP Nuclear Division

Masaaki Matsumoto — 1&C Project Manager

Jun lkeda — I&C Manager (HFE)

Naotaka Oda — I&C Manager Monitoring Systems (TOSDIA-FPGA)
Mamoru Kato — 1&C Senior Specialist (RTIS & ELCS)

0 Westinghouse
= Denise Anderson — I&C Projects Manager
= Cal Vitalbo — ELCS Engineer
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Meeting Agenda

m ABWR Overview
m Summary of DCD I&C Sections

m |[&C Departures from the Design
Certification

m STP 3&4 - |1&C COLA

m |&C DAC ITAAC Schedule

m Key Regulations and Guidance
m Questions and Comments



ABWR Overview




Cutaway Rendering of ABWR 5



Kashiwazaki Kariwa Units 6 & 7
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"
Japanese ABWR Main Control Room
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Summary of DCD |&C

Sections




"
ABWR Design Certification

m Advanced Boiling Water Reactor (ABWR)
Design Control Document (Rev. 0)

m NUREG 1503 “Final Safety Evaluation
Report to the Certification of the Advanced

Boiling Water Reactor Design” including
Supplement 1 (April 1997)
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" S
DCD Tier 1 I&C Related Sections

m Summary of Tier 1 Sections

0 Sections 2.1, 2.4, 2.5, 2.6, 2.8 etc.

m Provide functional I&C requirements for ESF systems (associated
with the ESF Logic & Control systems) including the Nuclear Boiler,
Reactor Recirculation, High Pressure Core Flooder, etc.

0 2.2 “Control and Instrumentation Systems”

m Covers: Rod Control, Reactor Protection, Neutron Monitoring,
Feedwater Control, Remote Shutdown, etc.

0 2.3 “Radiation Monitoring System”

m Covers: Process and Area Radiation Monitoring and Containment
Atmospheric Monitoring

0 2.7 “Control Panels” (Multiplexer)

m Covers: Main Control Room as well as other panels and the
Multiplexing System

11



DCD Control System Architecture
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Control System Architecture

Division |
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"
DCD Primary Design Bases

m Safety System Logic and Control (SSLC)
equipment is microprocessor-based
software controlled signal processors

m Essential Multiplexing Units
[1Remote Multiplexing Units (RMU)
1Control Room Multiplexing Units

m Most sensor signals are transmitted
through RMUs

14
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DCD Tier 1 I&C DAC Sections

m Summary of Tier 1 DAC |I&C Sections

23.1 “Human Factors Engineering”

23.4 “Instrumentation and Control”
0 3.4.A “Safety System Logic and Control”

03.4.B “I&C Development and Qualification
Process”

03.4.C “Diversity and Defense-in-Depth
Considerations”

15



DCD Control System Architecture

PROCESS SENSOR
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DCD Control System Architecture
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Figure 3.4b Safety System Logic & Control Block Diagram
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"
DCD Tier 2 I&C Sections

m Summary of Tier 2 1&C Systems
1 7.1 Introduction
1 7.2 Reactor Protection (Trip) System (RPS)
0 7.3 Engineered Safety Feature Systems
7.4 Systems Required for Safe Shutdown
7.5 Information Systems Important to Safety

1 7.6 All Other Instrumentation Systems Required for
Safety

1 7.7 Control Systems Not Required for Safety

m 11.5 Process and Effluent Radiological Monitoring
and Sampling Systems

18



|&C Departures from the

Design Certification
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|&C Departures from the Design Certification

m Corrections
0 Changes to eliminate inconsistencies
0 ABWR 1&C technical design not impacted

m Clarification of Content
1 Addition of information to ensure understanding

m Advancements in Technology
O Incorporation of generic BWR |&C Improvements
1 Obsolete technology or designs

20
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|&C Departures from the Design Certification

m Clarification of Content

[ Expansion of the discussion of Automatic
Depressurization System (ADS) initiation logic
to improve understanding of bypass timer
operation

0 Expansion of the discussion of the RHR
Suppression Pool Cooling logic to enhance
understanding of automatic and manual
operations

21
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|&C Departures from the Design Certification

m Advancements in

echnology

1Adoption of BWR generically approved
Oscillation Power Range Monitor (OPRM)

1Adoption of BWR generically approved
removal of main steam high radiation Trip
(SCRAM) & Isolation function.

22
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|&C Departures from the Design Certification

m Advancements in Technology (Cont.)

0 Updated 1&C Architecture

= Replaced obsolete Fiber Distributed Data Interface (FDDI)
multiplexer communication technology with current data
communication technology

m Simplification of intra-divisional design

» |&C platform definitions resulted in extensive nomenclature
changes. Examples:

- Multiplexer to Data Communication
- Trip Logic Unit (TLU) to Trip Logic Function (TLF)

- Plant Computer System to Plant Computer
Function (PCF)

- Creation of ESF Logic & Control System (ELCS)

23
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|&C Departures from the Design Certification

m Eight (8) Departures Require Prior NRC Approval

O Five (5) Tier 2 changes that impact Technical Specifications
0 Three (3) Tier 1 changes

m Forty-one (41) Departures Do Not Require Prior NRC
Approval — Tier 2

m All I&C deviations from the Design Certification are
identified by Departures

24
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|&C Departures from the Design Certification

m |[&C Systems Modified by Tier 1 Departures

0 STD DEP T1 2.2-1, Control Systems Changes to
Inputs, Tests, and Hardware
00 Rod Control and Information System (Test Clarification)

0 STD DEP T1 2.3-1, Deletion of MSIV Closure and
Scram on High Radiation
0 Reactor Protection
0 Process Radiation Monitoring

0 STD DEP T1 3.4-1, Safety-Related I1&C Architecture

0 ESF Logic and Control
0 Multiplexer/Communications
0 Plant Computer (nomenclature)

25
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|&C Departures from the Design Certification

m |[&C Systems Modified by Departures

O Tier 2 Departures
» |&C Systems Relevant Changes

0 Automatic Depressurization System

0 Post Accident Monitoring

00 Rod Control and Information

0 Neutron Monitoring

0 Residual Heat Removal Control Logic

0 Leak Detection and Isolation

0 Suppression Pool Temperature Monitoring
0 Recirculation Flow Control

0 Automatic Power Regulator

26
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COLA Part 2 - I&C Tier 1

Primary DCD Tier 1 Sections Impacted

m Section 2.2 — Control and Instrument Systems
m Section 2.3 — Radiation Monitoring Systems

m Section 2.7 — Control Panels (Multiplexer)

m Section 3.4 — Instrumentation and Control

28
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COLA Part 2 - I&C Tier 1

2.2.1 Rod Control & Information System (RCIS)
2.2.2 Control Rod Drive System

2.2.3 Feedwater Control System

2.2.4 Standby Liquid Control System

2.2.5 Neutron Monitoring System (NMS)

2.2.6 Remote Shutdown System

2.2.7 Reactor Protection System (NMS & RTIS)
2.2.8 Recirculation Flow Control System

2.2.9 Automatic Power Regulation System (APRS)
2.2.10 Steam Bypass & Pressure Control System
2.2.11 Process Computer

29



Control System Architecture
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COLA Part 2 - I&C Tier 1

Division |
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L T T T T
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=L
| I ¥
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= | == — = ,

[ ] [ ] 1
RES
"l_',r 'l—‘f CRLC (Manual trip or test logic interfaces not shown}

Figure 2.2.7b Reactor Protection System
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COLA Part 2 - |&C Tier 1

m Section 3 — Design Acceptance Criteria

13.4 |&C Systems and Programs

= 3.4.1 (3.4.A) Safety System Logic and Control
0 Technology/Architecture updated

x 3.4.2 (3.4.B) 1&C Development and Qualification
Processes
0 Software Management Program was approved by SER
0 STP 3&4 Software Management Plan is in development

= 3.4.3 (3.4.C) Diversity and Defense-in-Depth
Considerations
0 Design approved by SER
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DCD Control System Architecture

‘ SSLC MANUAL CONTROLS

PROCESS SENSOR IN MAIN CONTROL ROOM
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TRIP LOGIC SIGNALS
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ISOLATION SYSTEM o e o e e -
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SYSTEM
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FLOODER SYSTEM 1 = Solenoid Load Drivers
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Notes:
1. No PCV isolation trips or ECCS initiation outputs in Division IV.

Fiaure 3.4a Safetv Svstem Loaic and Control (SSLC) Control Interface Diaaram



COLA Part 2 - I&C Tier 1

SSLC MANUAL CONTROLS
IN MAIN CONTROL ROOM

PROCESS SENSOR
OR
TRIP LOGIC SIGNALS

NEUTRON MONITORING
SYSTEM

PROCESS RADIAFION
MONITCRIN
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SAFETY SYSTEM
QGIC AND CONTROL

(represents one of four divisions)
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REACTOR TRIP
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NUCLEAR BOILER PROCESSES SAFETY LOGIC TRIP DECISIONS
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LEAK DETECTION AND
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REACTOR CORE
ISOLATION COOLING
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HIGH PRESSURE CORE
FLOODER SYSTEM

REACTOR BUILDING
COOLING WATER

CONTAINMEN
ISOLATION

REACTOR SERVICE
WATER
HVAC EMERGENCY
COOLING WATER
DIESEL GENERATOR

ELECTRICAL POWER
DISTRIBUTION SYSTEM

STANDBY GAS
TREATMENT SYSTEM

ATMOSPHERIC
CONTROL SYSTEM

Interdivisional
Signal Transfer
For 2-out-of-4
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HVAC (Safety-Related)

L B B B B B BNl & W & /S 4

SUPPRESSION POOL
TEMPERATURE
MONITORING SYSTEM

CRD
HCUs

Scram Pilot Valve
Solenoid Load Drivers

BACKUP REACTOR TRIP

Actuators for Scram Air
Header Dump Valves

f-lnitiate Scram-Following

I

(Control Rod Run-im via RCIS_

MSIV Pilot Valve
Solenoid Load Drivers

See Note 1

PCV Isolation Valves

fol Elements of
Engineered Safety Features

Figure 3.4a Safety System Logic and Control (SSLC) Interface Diagram
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DCD Control System Architecture
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COLA Part 2 - I&C Tier 1
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"
COLA Part 2 - I&C Tier 2

m Chapter 7 Instrumentation & Control,

Sections presented with standard content
(Outline follows NUREG-0800, R4)

m Includes new supplemental Sections 7.6S,
7.8S & 7.95

m Chapter 11.5 addresses Radiation
Monitoring Systems (s High Radiation Trip)
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COLA Part 2 - I&C Tier 2

® Primary DCD Impacts

[1Systems details associated with final system
design implementations

1Changes in data communication technology &
capabilities

1 Technology related system and terminology
changes (T1 Section 3.4 related changes)

O Elimination of MSL High Radiation Trip
OIncorporation of new SAR Sections
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"
COLA Part 2 - I&C Tier 2

m Chapter 7.9S Data Communication

O Safety Related Communication
s RTIS, NMS & ELCS (4 Divisions each)

01 Dedicated Communication per Division
0 Redundant

0 Deterministic

0 Fiber optic based

0 Point to Point

m ELCS including safety related Main Control Room
Video Display Units

m Dedicated Communication Links
0 Intra-divisional
0 Between Divisions
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"
COLA Part 2 - I&C Tier 2

m Chapter 7.9S Data Communication

1Non-Safety Related Communication
= Plant Data Network (PDN)

0 Plant wide data network system
0 Fully redundant

0 Fiber Optic Based

0 Layered and segmented

m Field Bus Communication
0 Field sensors
1 Other electrical devices

m Dedicated Communication Links
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DCD/C

Legend:
A0 MOMNICORE - Caore Maonitar
APR - Auto Power Regulator

ATIP- Automatic Tranversing Incore Probe
Auto Thermal Limiter —

ATLM -
Cl - Communications Interface

DLC - Digital Logic Controller

DTU - Digital Trip Unit

ELCS - ESF Logle & Control System
ESF- Engineered Safety Functions
GW - Gateway

HPCF - High Press. Core Flood

110 - Signal Inputs & Outputs

MREM - Multichannel Rod Block
MS- Main Steam (system)

MNMS - Meutron Manitaring System

v 1 Architecture

Fig. 7.9-1 Data Communication Interfaces

Notes:

1. Redundancy of Network & Control Components not shown

2. Communication Interfaces shown are typical and not all inclusive
3. Colored lines indicate safety related communication

4. Black lines indicate non-safety related communication

Fiber or wired communication

Fiber communication

= Non-digital communication

NES- Nuclear Boiler System 1 Firewalis} Eo:m,fsw
OLU- Output Logic Unit caT° " +.. (Typical)
PON- Plant Data Metwork = - — —+—-— pr g
PCF- Plant Computer Functions e e - T e L i+ .
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PLC- Programmable Logic Controller | I - — @— c- Calor Laser E 1 - -_
PRNM - Power Range Neutron Monitor | | Main Contrel Panal I Main Control Panel | Main Contrel Panal Printar : hfommn i TEC Workstatiens
RAPI_SIU- Rod Action and Position . Warkestations = Workstations B Werkstations | (Typical) | PCF Applisaion  © Serverfe) i i and Printers.
Info_ Signal Interface Unit I PDN | | ATyplesty | FaakEssc ! PDN | ! A
RCIS - Rod Control & Info. Sys. I—l——————I.————-'-—||——-|-——-.—'——.
RPS - Reactor Protection System | ! : A ' ! i
RTIS - Reactor Trip & Isolation Sys. I ! ' ' | [ !
RWWM - Rod Worth Minimizer - « = Mon-Safety Communication MWetwerk(s) for all Divisions ! i i i
SPTM Suppression Pool Temp. I I —_— e e e e e ey H ; PICS 5 i
Monitoring Sys = W, i | i | ! !
SRNM - Seurce Range Neutron Mon. | | i NMS RTIS i i ) Englnearing
TG- Turbine Generator | ! Typical 4 Div. i 1 Worlmtation
TLU - Trip Logic Unit  ELCS l I m (Typ ) = [IRlT-tsI;JI : : ; [ X] P2 CPH
[ESF] ! To ELCS =+ — - (Typical 4 Div) i b
(Typical 4 Div.) | | . I : i To ELCS T i
—_——— = | : 1 1
s = A Outpuls 4 _ DA Fiedinputs i il T
RTIS Data N | To other -4 - A ', |, From TG & MS—P = ; | S T, mym
! ]l— b Divisions ¥ ot — ™ o1y EYi - !
! (.1 '| Outputs i) i I I
ELCS Inputs _ _ _ g ! I -3 Ig Te ather __I o ! ' Non-Safety
From other ——— - Z 1£1 | = | Divisions | i i
Bl g ot e g z § i i Process Inputs &
Divisions - E Inputs __ | iE I Inputs g1 l R R i T Control Outputs
| & From ather— — 2 | E npu E. .= i e i | (Hardwired & Figldbus)
Qutputs S o | Divisions — — SO - Z. Fromother TLU -1 | & I ! - 11 <
Toother - V2 ey IE i I @1 Divisions 214 SR RCIS ! i !
Ko = \  NMS&RTs Subut - 4o 15 A 1g1_ | ATM P! i !
i B To RTIS v—r 1 E1 NMS Inputs— —— | L, L2 RAPI_SIU ii
ELCS i 51 b oA \ Al S RVWM i
Inputs & ‘o "_ ll - ToMcp ——— i
Control Qutputs 8 g Ta (W] A - H
= o v ofres | Fomten | |
®mPS| [mENv] Rx Recirc. " | Feedwater  Turbine
oLy oLy Control @ | Control Control
/2 Units | Finldbus
R Bt
R SC & MSIV i Process Sensors . L
RAM & Val MCCs
i HFCF SRNM PRNM Load Drivers Contral Rads oo Bmske
Inputs & Outplits & Nuclear Inputs Confl di MES & SPTM bl . .
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OLA Rev 2 - |&C Architecture

STP 3 & 4 PLANT I&C ARCHITECTURE

Legend:

APR - Auto Power Regulator

APRM - Avg. Power Range Monitor

ATLM — Auto Thermal Limiter

Cl - Communications Interface

DPU - Digital Processing Unit

DTF — Digital Trip Function

ELCS - ESF Logic & Control Sys.

GW - Galeway

110 — Signal Inputs & Outputs

MRBM ~ Multichannel Rod Block

MTP - Maintenance Test Panel

NMS — Neutron Monitoring Sys.

OLU — Output Logic Unit

PDN - Plant Data Network (System)

PICS — Plant Information & Control Sys.

PLC — Programmable Logic Controller

PRNM - Power Range Neutron Manit.

RAPI-SIU - Rod Action & Posit. Ind. -
Signal Interface Unit

RCIS — Rod Control & Info. Sys. '

ROLC - Remote Digital Logic Controller 11

RTIS — Reactor Trip & Isolation System v

RWM — Rod Worth Minimizer 11

SLF — Safety Logic Function :

SPTM — Suppression Pool Temp. Monit. | |

SRNM - Source Range Neutron Monit.

TLF — Trip Logic Function

ELCS Il
[ESF] i
(Common-Q) - -
(Typical 4 Div.) | |
ESF Inputs ——p] R
NMS Data — . ] | MTP
RPS Inputs gl =
RTIS Data DTF [
Outputs - - — P
To other :: ] (|
Divisions + .
I
ELC Inputs — i
From other — * B[ SLE = -T--
Divisions L

Safety
Systems
Logic
& Control

i
=W T

ESF Inputs & ESF
Control Outputs Inputs

Main Control Panels (MCF)

(Typical 4 Div.)

|
ToRCIS, :
APR, RFC

(|
To - -— |
ELCS ¥ — i
: (|
| Outputs -
- ToRTIS 1
| R
: (.
| i
][
| =
[ 11
SRNM LPRM
SRNM PRNM

Incore Detector Inputs

(TOSDIA-FPGA)
(Typical 4 Div.)

Outputs
To other
Divisions DTF

To
ELCS

Inputs
From other TLF
Divisions 214

NMS Inputs ——#=|

RPS MSIV
oLy oLy

RX SCRAM & MSIV
Load Drivers
Configured in a
Concurrent 2/4

Main Control Panel . Main Control Panel
Warkstations | Warkstations |
Plant Data Network (PDN) : :
'_'l"_"_"_"_-_"_"J_ ....... — —
NMS RTIS
(TOSDIA-FPGA) [RPS]

SPTM

SPTM, NBS & TG
Inputs

Main Control Parel |
Workstations
{Typical) |

i i
Plant Information & Control Sys. |

(Redundancy of Network & Rev. T0
Control Components Not Shown)
¥4 Firewall
To e -
Support |
MNetwork, : -
EOF & ! |
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| Server(s) | !
: : 1
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| |
! I .
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S=ooo
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-|-—|——| ..... e — -
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DFU-1 I:l:l DPL-2
— -.s
- i

| =
| Metwork
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RCIS IIQ
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Control Rods
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"
DAC ITAAC SCHEDULE

m NRC COLA Rev 0, acceptance review
guestion, dated November 16, 2007

m STP commitment letter, dated July 30,
2008

m [&C DAC ITAAC
O Tier 1 Section 3.4
OSixteen (16) specific ITAAC defined
CODAC will not be closed as part of the COLA
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DAC ITAAC Schedule

m SECTION 3.4-ITAAC #1-6 and #16
O0#1-4 Inspection and Tests of SSLC
C0#5 Test of ATWS
0#6 Inspection of MCR (Alarms, Displays & Controls)
0#16 Tests to Verify Diversity

m Site Acceptance Testing During Pre-
Operational Phase (Fourth Quarter 2014)
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" A
DAC ITAAC Schedule

m Section 3.4-ITAAC #7-15
[1#7-10 Digital Systems Software Plans- Third Qtr 2009

0 #11 Digital Systems Software Development Review —
Fourth Qtr 2012

0 #12 Digital Platform EMC Qualification Plan — Third
Qtr 2009

[1#13 Setpoint Methodology — Second Qtr 2013

0 #14 Environmental Qualification Program Complete —
Second Qtr 2013

00 #15 Program Plan for Verifying 1&C Installation
Correctness Verification — Third Qtr 2009
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" S
Regulations, Regulatory Guides &
Standards

IEEE 603-1991 — Resolution of I&C issues identified
during acceptance review (NRC COLA Acceptance
Review letter, dated November 16, 2007)

Cyber Security - ISG-1, RG 1.152 and BTP 7-14

ISG-4 Communication Networks

ATWS meets 50.62

Diverse Actuation System same as DCD-SECY 93-087

Digital Platform Qualification & Implementation;
SQA-BTP 7-14, IEEE 7-4.3.2 & Appendix B
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" S
Conclusions

m Improved Design for I&C Both Safety and Non-Safety

m Maintaining the Key Elements of the Design Certification:
DID&D, Communications, HFE

m Incorporation of Attributes from Existing ABWR Design &
Operating Experience

m Utilization of the DAC Process to Address Obsolescence

m Addressing the Current Digital I&C Areas of Concern:
Cyber Security, D3, Communication, SQA
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