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2.2 Robust Control
Robust Control

(Advanced Boiling Water Reactor, ABWR)
BWR6 48 25

Browns
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Ferry

UNIX Foxboro
(Intelligent Automation, 1/A)

(ADFCS)

(time-varying system)
(LTI

Bendotti Bodenheimer
(Pressurized Water Reactor)

(Parameter-dependent) 50% 100%
(gain-
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(adaptive control approach)
(robust control approach)

H, (robust controller design)
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3. 2000

2000
(NPIC&HMIT)
ANS
23  1&C
200
3.1 NRC
(Nuclear Regulatory Commission)
(Effectiveness and
Efficiency)

Regulation Research Division

Short term Long
term
® (Methods)
(Tools)
® (Predictability)
[
®
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®
3.2 DOE
DOE
NERI(Nuclear Energy Research Initiative, NERI)
3.3
EPRI
EPRI 1996

EPRI TR-106439

EPRI

34
ORNL

120
70%
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3.5

NRC
1996 NUREG-0700, Rev.1 “Human-System
Interface Design Review Guideline” NUREG-0711,

“ Human Factors Engineering Review Model” NUREG-0800

“The Standard Review Plan Chap 18, Rev.1 Human Factor
Engineering”

NRC
Framatome N4
SPDS Nuclear Power Engineering
Corporation  Simulation- Based Evaluation System
Ecological Interface design (Korea

Atomic Energy Research Institute) Alarm & Diagnosis
Integrated Operator Support System  Korea Next Generation

Reactor Tecnhatom Beznau
Alarm System
NERI “SMART-NPP”
K6/K7
25% 25%

(Defense Waste Processing Facility)
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TOM (Total Quality
Management)
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® PRA Probabilistic Risk Analysis (PRA)

3.6

1983 NRC
Lawrence Livermore National Laboratory USNRC

NUREG/CR-3270 “Investigation of EMI Levelsin Commercid
Nuclear Power Plants’ 2000.1 Oak Ridge National

L aboratory USNRC Regulatory Guide 1.180
“Guidelines for Evaluating EM & RFI in Safety-Related
Instrumentation and Control Systems’ ( )
( )
Regulatory Guide 1.180 USNRC
|IEEE Std 1050-1996
“IEEE Guide for 1&C Equipment Grounding in Generating
Stations’
MIL-STD 461C/D Test criteria MIL-STD
462/462D Test Methods
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(NUREG/ CR-6436  EPRI TR-102323) MIL-STD

|IEEE Std C62.41 -1991 “IEEE

Recommended Practice on Surge Voltage in Low Voltage AC
Power Circuits’ C62.45-1992 *“IEEE Guide on Surge Testing
for Equipment Connected to Low Voltage AC Power
Circuits’

1996 EPRI
TR-102323-R1  “Guidelines for EMI Testing in Power
Plants’ (Dec. 1996) ( )

USNRC NUREG-0800 SRP(Standard Review Plan)

( )
(Korean Institute of Nuclear Safety)
MIL-STD-462D IEC 61000-4 EMC
(Korean New Generation Reactor KNGR)
“Draft Safety Regulatory Guideline 9.17(KINS,

2000) (KAERI)
EMC Guidédlines

EMC
(KAERI)

KNGR
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3.7

(NCSU) Jonathan Earnhart

“Spectroscopic Imaging at Room Temperature Using the
Compton Camera Technique’ “Medical and

Industrial Applications of Cf-252—1&11”

® Compton (Gamma) Camera— SPECT
PET Gamma Camera

(ZnCdTe)

® Cf-252 —
Cf-252
(In Vivo Neutron Activation
Analysis)
Cf-252
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RC( )
(Thermal Neutron
Activation Analysis)
1997
35MeV
500

3.8

“Neutron Detection, Spectrometry, and Dosimetry—
1&I11” (LANDAUER)
i OSL (Optically Stimulated
L uminescence)
TLD (Thermal Luminescence Dosimeter)”

(ANS Professional
Development Workshop — Digital Instrumentation Upgrades)

(NRC)
(EPRI) Triconex MPR
WestingHouse
(U.S. Nuclear
Regulatory Commission-NRC) (EPRI)

MPR Associate
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(Dedication)
NRC
NRC
(COTS)

4.1

10CFR50.59

Thelicenseeis alowed to (a) make changesin the facility as
described in the Safety Analysis Report, (b) make changes in
the procedures as described in the Safety Analysis Report, and
(c) conduct tests or experiments not described in the Safety
Analysis Report without NRC review and approval prior to
Implementation, provided the proposed change, test, or
experiment does not involve a change in the Technica
Specifications or an unreviewed safety question.

A proposed change, test, or experiment is considered to
involve an Unreviewed Safety Question (USQ) (1) if the
probability of occurrence or the consequence of an accident or
malfunction of equipment important to safety previously
evaluated in the Safety Analysis Report may be increased, or (2)
iIf the possibility for an accident or malfunction of a different
type than any previousy evaluated in the Safety Analysis
Report may be created, or (3) if the margin of safety as defined
in the basis for any Technical Specification is reduced.

NRC
SAR procedures changes

21



test and experiments
Technical Specification
USQs Unreviewed Safety Questions

USQs

1

Equipment Important to Safety

safety margin

10CFR50.59

10CFR50.59

Independent Review NSAC-125
10CFR50.59
Criteria
1
normal or off-normal
intervention
EMI

2

high duty

22



cycle
Single Failure

CPU
common mode failure

HMI Human-
Machine Interface
3
Seismic
EMI
HVAC
4

Fall Low Fail High Fail Asls

23



Bounded

Bounded

Default Parameters

Bounded

scenario

SAR
reset
SAR
HMI
Bounded
system-level
SAR
limiting
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EMI

channel trip/ actuation accuracy
/

Rack
(channel response time)
channel
indicated accuracy
Readout Device
Rack
NSAC-125
EPRI TR-102348
lower-level
NSAC-125
4.2

Standard Review Plan Chapter 7, Rev. 4

25



7.0 Instrumentation and Controls — Overview of review
Process

7.0-A Review Process for Digital 1&C

EPRI TR-106439

7.1 Introduction
(SAR)

Appendix 7.1-A Acceptance Criteria and Guidelines
Appendix 7.1-B Conformance to |EEE Std 279
Appendix 7.1-C Conformance to |EEE Std 603

7.2 Reactor Trip System

7.3 Engineered Safety features Systems

7.4 Safe Shutdown Systems

7.5 Information Systems | mportant to Safety
7.6 Interlock Systems Important to Safety
7.7 Control Systems

7.8 Diverse 1&C Systems

7.9 Data Communication Systems
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Appendix 7-A Branch Technical Positions (BTPs)
BTP HICB-14

Appendix 7-B General Agenda, Station Site Visits
Appendix 7-C Acronyms, Abbreviations, and Glossary

Standard Review Plan
Chapter7

Regulatory Guide 1.180, 1998, “Guidelines for
Evaluating Electromagnetic and Radio-Frequency
interface in safety-Related 1& C Systems”

1999 5 10CFR50.55a(h) |EEE Std
603, 1991

SRP Chapter 7, Rev. 4  Siemens teleperm
XS digital system  Westinghouse/CE Common Q
Platform  Westinghouse AP600 Czech Republic

Temelin digital 1&C system ABWR
4.3
10CFR50.59
FSAR
® (Tech Spec)

27



Regulatory Guide 1.187 “Guidance for
implementation of 10CFR50.59, Changes, Tests, and

Experiments’ NEI 96-07, “Guidelines for 10CFR50.59
implementation,” Rev. 1, September 2000 (NEI 96-07)
o (common mode/cause failure)
o —
[

4.4 Westinghouse Common Q
Westinghouse

Common Q Class 1E
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® Obsolescence
2000 8 Safety
Evaluation Report (SER) ABB Advant
Controller — AC160
® 1997 ABB AC130
® 1999 7
Tuv
® 27 / 1500 /
[ 6
®
®
ABB Advant Fieldbus AF100
[ ( 79 )
® token 1.5Mbits/sec
[
®
[
4.5
(DNRC

NUREG-0800 SRP(Standard Review Plan) Chapter

7 Instrument & Control” 7.1

“Supplemental Guidance on

Digital Computer-Based Safety Systems” (Endorse) EPRI-
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TR 102323 (EMC) (2 EPRI
“Pre-Qualification of Commercially Available
Equipment(CAE)” EMC CAE Qualification
EPRI TR-102323-R1(Dec. 1996)
TR-102400(June 1994)
;(3)Westinghouse Nuclear Automation “Licensing the
Common Q Platform”  Equipment Qualification
EPRI TR-102323 EMC ; (4) TRICONEX
“Generic Qualification of the TRICON PLC for
Nuclear Safety Related Applications’ “Measurements of
Worthiness’ EPRI TR-102323-R1  EMC
“EMI/RFI & Surge Withstand”
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ANS NPIC&HMIT

NRC DOE
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