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Nuclear Regulatory Commission (NRC) - Taiwan Atomic Energy Council (AEC)
Annual Bilateral Technical Meeting (BTM)
Agenda
June 21, 2007
Room: O-3B6

Taiwan Delegation:

AEC

Mr. M.T. HSU Deputy Director, Department of Nuclear Regulation

Dr. B. KAO Senior Technical Specialist, Department of Nuclear Regulation

Institute of Nuclear Energy Regulation (INER)

Dr. L. Y. LIAO Deputy Executive Secretary of Nuclear Safety Committee

Dr. S. S. SHYU, Head, Nuclear Instrumentation and Measurement Branch/ Senior Associate Researcher
Mr. T. Chow, Head, Seismic Research Laboratory/Senior Associate Researcher

Taiwan Power Company (TPC)
Mr. Y.C. FAN, |&C Subsection Head
Ms. Fu-Hsun Wang, Section Chief, Nuclear Regulatory Affairs, Nuclear Safety Department

Taipei Economic and Cultural Representative Office (TECRQ)
Dr. Der-Jyr Shieh, Deputy Director, Science Division

8:00 - 8:05 Opening Remarks J. Wiggins, NRR M. Hsu, AEC

(M.J Ross-Lee, NRR)
(M. T Hsu, AEC)

8:05 - 8:35 Recent Significant Event in the US
8:35- 9:05 Recent Significant Event in Taiwan

(T. Sullivan, A. Csontos,
J. Honcharik, NRR/RES)
9:50 -10:35 Recent Material Aging Degradation Related Issues (B. Kao, AEC)

9:05- 9:50 Recent Material Aging Degradation Related Issues

10:35-10:45 Break

10:45 -11:15  Status and Lessons Learned from License Renewal Application Review (P.T. Kuo, NRR)
11:15-11:45 The Status of License Renewal Application and Evaluation at Taipower (V. Shyu, INER)
11:45 -12:15  Technical Insight and Lessons Learned from the BWR MUR Uprate Review (L. Liao, INER)

12:15- 1:30 Lunch
1:30 - 2:00 New Trend of earthquake regulations and evaluation methods for new reactor licensing
application (Y. Li, NRO)
2:00 - 2:30 Report on Dec 26, 2006 Earthquake at Maanshan NPP (M. T Hsu, AEC)

2:30 - 3:00 Current Status of NFPA 805 Implementation (P. Lain, NRR, M. Salley, RES)

3:00 - 3:15 Status of SRP update (G. Bagchi, B. Clayton, NRO)
3:15- 3:45 Digital I&C in New Reactors (I. Jung, K. Corp, NRO)
3:45- 4:15 Status of the ABWR digital I&C (Y. C Fan, INER)

4:15 NIST Preparatory Presentation - (J. Tobin, FSME)

4:30 Meeting Conclusion
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Updated Status of Lungmen Digital 1&C

Y. C. Fan, Taiwan Power Company
The Fifth NRC-AEC Bilateral Technical Meeting
Washington D. C., June 21/22, 2007

@ LEETpmd
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Outline

* Key Milestones
* Project Status
« Summary of Major Digital 1&C (DCIS) Activities
-Introduction
-Man-Machine Interface System (M-MIS) Design
-Independent Review
-Human Factors Engineering (HFE)
-Software Safety Analysis (SSA)
-Factory Acceptance Testing (FAT)
-Site Testing Planned
* DCIS Installation Status

* Major Concerns
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Key Milestones

*Project Notice to Proceed (NTP ) 10/16/1996
*PSAR Submittal 10/16/1997
*First Rebar 02/01/1999
eConstruction Permit (C.P.) 03/17/1999
*First Concrete Pouring 03/31/1999
*Date of Suspension 10/27/2000
eDate to Restart 02/14/2001
*Unit 1 RPV Setting 03/20/2005
*Unit 1 Target Date of Fuel Loading 10/15/2008
*Target Unit 1 COD 07/15/2009
3
@LeaTrmwd

Project Status

Weight Progress
Overall (Units 1 & 2) 100% 64.90
Design 19% 89.41
Procurement 15% 98.57
Construction 58% 54.88
Pre-operation 8% 16.15

as of May 31, 2007
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Project Status
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May 31, 2007

Project Status
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Summary of Major DCIS Activities

Introduction

*GENE is responsible for the integration of the
distributed control and information systems (DCIS), and
the interface coordination of the design and
implementation by various vendors.

*GE provides design criteria and interface requirements
as guidance for design implementation performed by all
involved design parties.

*BOP systems designed by Stone & Webster but
implemented and tested by GENE.

*Turbine control system designed, implemented and
tested by Mitsubishi Heavy Industry, but further tested
for interface with DCIS.

@DLEATHw
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Summary of Major DCIS Activities (cont’d)

Introduction (Cont’d)
NSSS System

MHI
T/G Design
& HFE Design

Design Design
Documents Documents

S&W GE

BOP Design

System Design

Implementation
& Factory Tests

Site Installation &
Testing by TPC

Installation & Site Tesgs

@DLEATHw




Summary of Major DCIS Activities (cont’d)

M-MIS Design

*  M-MIS(Man-Machine Interface System) includes all
instrumentation and control systems provided as part
of the ABWR which perform the monitoring, control,
and protection functions .

* GE is responsible for defining the M-MIS philosophy
to be followed by others to assure the overall
consistency of the M-MIS

* The M-MIS implementation activities begin with the
establishment of the M-MIS Design Team including
Control Room Design Team (CRDT).

@DLaE®hmwI

Summary of Major DCIS Activities (contd)

MMIS Design (Cont’d)

Progect
Mgrmal | Engry

TPC &INER
Participation

CRDT Participation
GE Design Group

GE Subcontractors
CONTROL

-HFE Analysis
ROOM 1
DESIGN TEAM < -Simulator
-Black & Veatch

Stone & Webster
TPC

LUNGMEN
M-MIS DESIGN TEAM

l HE! 10
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Summary of Major DCIS Activities (cont’d)

Independent Review

Independent
Review Team
(IRT)
Baseline Independent
Review Team Verification &
(BRT) Validation
Team (IVVT)
Human Factors
Stone & Webster Consultants GE | BrdPparty
BRT Member P Team Member(* Team Member
Associates
Safety Software Quality TPC Software
Review Team Assurance T Memb Subcontractor
Various Member S Sy
Team Member
Technical Visiting
Experts TPC/INER BRT
Various Member -

@LETHPwI
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Summary of Major DCIS Activities (contd)

Independent Review (Cont’d)
Baseline Review Scope

*HFE Design Description and Commitments

*|&C Software Development Processes and Commitments
*|&C Hardware Qualification Processes and Commitments
*|&C System Design Commitments

Independent Verification & Validation Scope
*|&C Software Development Processes and Commitments

- Software development plans
- Software development process outputs (safety related)

12
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Summary of Major DCIS Activities (cont’d)

Independent Review (Cont’d)
Scope of Software Review by IRT

Software Design |

r

Intarnal V& Class R Software

{per EOPs 40-7.00
and/or 42-6.00}

Class S Software

(per Independent
Verification and
Validation Plan}

Independent V&V |
_

‘ Baseline Reviaw }-‘7 13

LI THwI

Summary of Major DCIS Activities (contd)

Independent Review (Cont’d)
13 Important Systems Design Commitment Review Status

Review Status

Table 2F Number System Description ltems Item§ 52

Completed Reweyved

at Site
1 C11 |Rod Control and Information System 11 1
2 C31 |Feedwater Control System 7 2
3 C51 |[Neutron Monitoring System 11 2
4 C61 |Remote Shutdown System 0 5
5 C71 |Reactor Protection System 9 4
6 C74 |Safety System Logic and Control 5 1
7 C81 |Recirculation Flow Control System 6 2
8 C82 |Automatic Power Regulator System 1 1
9 C85 |Steam Bypass and Pressure Control 2 3
10 C91 |Process Computer System 2 1
11 H11 |Main Control Room 0 3
12 H21 |Miscellaneous Local Panels and Racks 0 8 ha

13 H23 |[Multiplexing System 5 3

@DLEATHw




Summary of Major DCIS Activities (Cont’d)

HFE -Overview

HFE Design & Implementation
|

v . Vo V. ¥
Planning Analysis Design V&V
Element 2
Operating Experience
Review
Element 7
Element 3 Interface Design
Functional
Element 1 Requirements Analysis Element 8 Element 10
HFE Program & Functions Allocation Procedure Verification and
Management Development Validation
Element 4 (Three Phases V & V)
Task Analysis Element 9
Training
Element 5 Development
Staffing
Element 6
Human Reliability
Analysis

Status

Year (1996 |1997 |1998 (1999 |2000 (2001 |2002 [2003 (2004 |2005 [2006 |2007 |2008

Summary of Major DCIS Activities (Cont’d)
HFE-V&V Test Bed

Activity HFE Task Support |HFE Design Integrated System |As-Built Design
\Verification Verification Validation Verification
Test Bed
MCR&RSP
Mock-up

————————
GE Test -t
——
—

Simulator
Walkthrough
Baseline
Simulator
Full-scope
Simulator

Real Plant I

@DLaE®pmd




§ummary of Major DCIS Activities (Cont’d)
HFE- V&V Phase Scope and Status
Static | GE Test | Baseline Full Main | Remote [MCR| Technical
Phase Scope : . Scope |Control|Shutdown|Back | Support
Mock-up |Simulator| Simulator| _.
Simulator| Room Panel |Panel| Center
HEE-1 Displays Covering 56 Systems . [
MCR and RSD Panel Design . .
Alarm System (static prioritization)/SPDS L
HFE-2|MCR and RSD Panel Design .
Displays Covering 56 Systems | .
Displays Covering 40 Additional Systems . [ .
Alarm System (dynamic prioritization) (o)
PGCS(Automation)/ OLPS(electronic procedures) o
Hardcopy Procedures o [¢) o 0 o
Cart and Utility Board for Procedures L o ]
MCR Facility LayouI/Arrangement| o
RSD Facility Layout/Arrangement | [o)
HEE.3 MCRBP Fa\_c_ility Layout/Arrangement o
Tagout Facility o
Communication Equipment o [o] o o
Lighting (Normal and Emergency) . [¢] 0 0 o
Habitability/Floor Design/Peripherals o [¢) o
Training Manuals b o
Staffing and Room Occupancy . 0 [} 0 [}
Shift Rotation 3 o o
Interfaces with TSC and EOF o
NOTE: e-Completed o-Not Completed 17
e =
D SITHeS
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Summary of Major DCIS Activities (contd)

Software Safety Analysis

SSA Status
Life Cycle Phase Software Safety Analysis Activities NUMAC DRS
Planning SSP Development oK OK
(Concept Definition) Analysis Preparation
Design Definition Requirements Analysis OK Ok
Software Design Design Analysis OK OK
Software Coding Cocle Evaluation Under
. OK ;

Test Analysis Review
Integration Test Test Analysis OK l;Jer:/ci‘(S\:v
Validation Test Test Analysis OK onder
Change Control Change Analysis OK

18
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Summary of Major DCIS Activities (cont’d)

, Factory Acceptance Test
Introduction

*Three Major Segments FAT for the safety and non-safety,
with overlapped testing for the interface devices.
-Invensys Segment (completed)
-San Jose Segment (completed)
-DRS Segment (test start schedule for July, 2007)

*Dynamic closed loop test performed on important
control systems (APR , RFC, FWC, RCIS).

*Time is consuming for FAT

Approximately 2 years for Invensys Segment FAT
(including 1st FAT and baseline update change FAT) ,
Approximately 1 year for San Jose FAT and estimate 6
months for DRS FAT.

G 3T pwd

e
Summary of Major DCIS Activities (contd)

Factory Acceptance Test (Cont’d)
Introduction (Cont’'d)

*A larger number of discrepancies were reported from the
testing in the Invensys Segment, of which a small number
of hardware/software defects; and approximately one half
were categorized as the implementation errors by the
supplier; and the remaining were design inputs issue
detected through the comprehensive functional testing.

*Test sequence errors and a small number of minor
defects on the hardware and software were found from
the testing in San Jose Segment.

20
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Summary of Major DCIS Activities (cont'd)
Factory Acceptance Test (Cont’d)
Segmented FAT O
-~ | NSSS Package |
i Systems ;
R y T ¥ TIG
BOi A— GIW oW GwW gonttrol
G Invensys " | ntertace
i Jystems ;. G/W Segment | W 1 )
3 1| Device
{ TE-NTE 1E-NIE i
\ Interface Interface Interface i
\ Device Overl ap Test Device
DRS ,nltg;fla'ie San Jose
. \_Segment Device Segment
. GE Test Scope_.~ 21
eI THwA

Summary of Major DCIS Activities (contd)

Factory Acceptance Test (Cont’d)

Overlapping Test Examples
MVD Tests at San Jose

Test
Input Test Output
—_— MVD —>

Production MVD shipped to DRS and Invensys

ESF IIF Fox I/F
lfor Interface Test

ESF Tests at DRS

Test Output

ESF CiML_, MVD =

Gateway Tests at Invensys

s MVD G/W| Foxboro I/A

eI THwA
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Summary of Major DCIS Activities (cont'd)
Factory Acceptance Test (Cont’'d)
Invensys Implementation and Test Process
Display
Primitives Display/Overlay
Control Block(C:BP)
System Software — verification
Display Project database
DCTs Software Design
Software
Logical Loading Testing
Typical Hardware
Assembly
Logical
Diagrams
RMU, CP,AP, AW Module
Hardware Design Test
lfe} 23
Database
O ERE

Summary of Major DCIS Activities (contd)
Factory Acceptance Test (Cont’d)
DRS Implementation and Test Process
Display
Primitives
Displaﬂgverlay verification
Display
DCTs
Software
Logical EPROM | | Assembly
Typical on &Testing
Module
Logical Hardware Module
Diagrams
NIM, CIM, BTM, Module
DC, AC, Al, AO jliest
/o T/C, RTD o4
Database
eETHhwI
L e——————————————=——r—————————————
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Summary of Major DCIS Activities (cont’d)

Factory Acceptance Test (Cont’'d)

NUMAC Implementation and Test Process

DP/DCT
i Software
Software Design verification
per SMP Validation
Logical 7Y
Typical
v
EPR%A\/}V?QVI\\IAoduIe Assembly
HSS - Product FAT
Integration Test
y
Logical
Diagrams Hardware Design A
Module/Chassis
RTIF/NMS/MVD Test
Module/Chassis
110 25
Database

DEEFTHwI

Summary of Major DCIS Activities (contd)

Site Testing Planned

 Three Phases Tests
-Post Construction Test;
-Pre-operation Test; and
-Startup Test

* An integration test will be performed during Pre-
operation and/or Startup test to verify the response
time and communication between DCIS segments

» Tests to be performed by TPC with technical support
from equipment supplier.

LI THwI
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Summary of Major DCIS Activities (cont’d)

Site Testing Planned (Cont’d)

Post Construction Test

» Cabinet outlook examination

» Cabinet insulation test

* Grounding circuit check

* Initial power up check

» Built-in diagnostic function check
* Installed software check
 Cable tests

-OTDR test

-conductivity test, insulation test
End to end input/output test

27
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Summary of Major DCIS Activities (contd)

Site Testing Planned (Cont’d)
Pre-operation Test

» Fault tolerance tests
redundant function test , e.g. power supply ,network,
controller, network switch, gateway, etc.

* MCR function tests

fixed mimic, alarm, large video display, flat display, etc.
e System operation tests
control logic function test, interlock/trip test,
auto/manual function test, bypass function test, etc.
 DCIS integration test
multi-system communication test, response time
sampling test
« EMC test 2

e3Thmd

14



Summary of Major DCIS Activities (cont'd)

Site Testing Planned (Cont’d)

Startup Test

e Plant-wide automation test

Automatic Power Regulation (APR) test, Power
Generation Control System (PGCS) test, etc.

* Control system tuning and dynamic test

feed water control, recirculation flow control, steam
bypass and pressure control, etc.

 DCIS integration test
multi-network communication test, response time
sampling test

DLEEpmD

Summary of Major DCIS Activities (contd)
Site Testing Planned (Cont’d)

Check Point of Response Time Test
TO N-1E 1E Fixed Alarm N-1E 1E

From Display Display Mimic RMU RMU
NMS Field Sensor X X X X

RTIF RMU X X X X

DRS RMU X X X X

Invensys RMU X X X

Touch Screen Soft Switch N-1E X X X X

Touch Screen Soft Switch  1E X X X X

30

@ LEETpmd

15



DCIS Installation Status

Py
X
'-_ &

Cabinets Shipping Status (as of 5/31/07)

l
Others 109
RCIS&MHI [

Numac |25 /4
Invensys 171
DRS |66

Inabensa (70

[ Shipped
[J Not Shipped

0 50 100

23T Hhwd

DCIS Installation Status (cont'd)

140

120

100

AN

s

MCR Back Panel Computer

Cabinets Installation Status (as of 5/31/07)

@ Installed
O Not Installed
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DCIS Installation Status (cont'd)

eI THwA

DCIS Installation Status (cont'd)

e3Thmd
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DCIS Installation Status (cont'd)

@LaTpmd

DCIS Installation Status (cont'd)
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Major Concerns

*Some systems were not able to be fully integrated with
the other systems until installed at site

*Some FAT test discrepancies have to be fixed during site
testing

*Some design changes were not able to be incorporated
into the implementation in time prior to installation

*Timing for DCIS available is a key factor of project
schedule

LI THwI
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