2006

95
95

12

16



(Regulatory Information Conference

RIC)

Westinghouse  Caldon

95






(Regulatory Information

Conference RIC)

Westinghouse  Caldon

95



Caldon
9%5 3 4 95 3 16

3/4~3/5 — —

3/6

3/7~3/9

3/9 —

Cadon
3/10-14

3/14~3/16 — —




2006

(Nuclear Safety Research Conference, NSRC)

NRC (Web-Based
Search) SNAP TRACE MELCOR SPAR PWR



Dr. NilsJ. Diaz

Dr. NilsJ. Diaz "A ROAD
LESS TRAVELLED, A ROAD NOT FAR-SOON”
(WEell- Marked)

(Safety) (Security)
(Openness) (Effectiveness) (Management)
Diaz
50%
20 14 1/4
10 CFR 50.69 Specia Treatments 10
CFR50.46 LOCA
NFPA-805

2005

(Energy Policy Act)



NRC

NRC

Diaz

2008 NRC
Edward McGaffigan

Mr. Jim Dyer

(NRR)

Diaz

400
350

NRC

NRC

Mr. Jim Dyer



NRC

Dyer

(D).
(2).

(3). Mark-I Torus

(4).

Dr. Carl Paperiello

Dr. Paperiello NRC (Office of Nuclear
Research, RES) NRC

(10 CFR50.46a 10 CFR 50.61 10CFR50.69 )
NRC
MELCOR
20

(Knowledge Management)



RES

ESBWR NRR
AP-1000
NRC RES
(Technical Advisory Group, TAG) RES
RES

Entergy Nuclear Northeast

John McCann
2006 3
4599 MWe 4.5 1000
MWe 1970
21
NRC
2006 3 108
BWR-6 River Bend
2000 5%
(Stretch Power Uprate, SPU) 2003 1.7%
(MUR)

(Extended Power Uprate, EPU) NRC



Vermont Y ankee 2006 3
20%

MUR(11%) Stretch(56%) Extended (33%)  NRC
3500 MWe
(EPU)

McCann

RIS 2002-03 (MUR) RS-001 (Extended Uprate) Experience
Template (Stretch Uprate) SECY-05-098
NRC

(1) MUR 6 -960
(2) StretchUprate 9 -1800

(3 Extended Uprate 12 -3900

1970
NRC
NRC



2000
(Reactor Oversight Process ROP)

Russel Gibbs
(ROP)
ROP NRC

ROP Gibbs
(Significance Determination Process SDP)
SDP
ROP (2002 ) NRC
90 NRC

D)

2) SDP



(3)
SDP Phase-3

SDP Gibbs
ROP IP-71111.16
IP-71152
IP-71111.21 (System
Design) (Component Design Bases

Inspection, CDBI)

Performance Indicator, MSPI)

Ronald Jones
(D NRC
(2 NRC

3

(4) NRC ROP

_10_

(Mitigating System
M SPI
NEI-99-02

Duke Energy
ROP

(IP 95002)



90

(Performance

Indicator Pl)

94
(Significance Determination Process SDP)
PRISE

94
95
SDP (ROP)
(Ph (SDP)
NRC
ROP-SDP

Dr. Nils J. Diaz
2005 NRC
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(Office of Nuclear Energy) Rebecca

Smith-Kevern Nuclear Power 2010 ( )
2002 2 ( 2025 )
( ABWR AP-1000
ESBWR EPR) 2010
2002 7

(Early Site Permit, ESP)

(Combined Construction and Operating License, COL)

2006 Nuclear Power 2010

Dominion Energy DOE 2005 3

North Anna
(ESBWR)

ESP NRC
GE 2005 9
NRC ESBWR Dominion Energy
2007 9 NRC COL 2010 4

GE & Westinghouse

NuStart Energy Consortium, LLC. 2005 4

2005 11 Bellefonte  Grand Gulf AP-1000
ESBWR AP-1000 2005 NRC
(FDA) 2007 2008 COL

2010 NRC COL NuStart
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Energy Consortium, LLC. 2015

Dominion Energy Hoseph Hegner
2003 ESP 2005 9 NRC
(SER) ESP
2004
2005 COL
NRC
NRC
COL

NRC
11 COL 17

(Design- Centered Approach) NRC
NRC 2006 3
10 CFR 52 (71 FR 12718)
(Design Certification Rule)
NRC
NRC (Nuclear Energy Institute, NEI)
COL ESP
NRC Draft DG-1145 2006
6
NUREG-0800 (SRP) 290 2007
COL (Design-Centered

_13_



Approach)

COL ( )
NRC Diaz ” ”
COL
NRC ESBWR EPR (Evolutionary Power Reactor)
COL
(Generic Issues)
7. GSI-191
1979 Usl A-43
ECCS Sump 1990 Barserback
(Sweden) Perry  Limerick
NRC BWR

|E Bulletin 93-02 Suppl 95-02 96-03

NRC
PWR ECCS Sump
US| A-43 PWR
Debris

1996
GSI-191 PWR ECCS Sump

_14_



2006

(NRR) (RES)
(NEI)
GSlI-191 RES Robert Tregoning
(LANL, ANL, PNNL )
PWR (chemical effect)
(head loss) (downstream effect) (coating transport)
Debris Bed

NPSH
Downstream Effect
ECCS Sump
HPCI
CS

NRR Pau Klein
|E Bulletin 2003-01 GL 2004-02 IN 2005-26 IN 2005-26
Supplement 1

_15_



ECCS Sump
cooling)
PWR
NRR
69 PWR

10CFR50.46(0)(5)

NRC

Brain Sheron

66

NEI John Butler

2002 NEI 02-01

03-01 PWR ECCS

2004 PWR
04- 07 2004 12 6

NEI 04-07
Evauation

(WOG)
NRC

Refinements

_16_

(long-term
RES

GSI-191
2005 9

2007

NRC GSI-191
2003 NEI

NEI
(SE)
Baseline



(refinements)

WCAP-16530-P

2005 WCAP-16406-P

NRC GSI-191 Bulter

69 PWR
3 4 62
) (WOG
)
2000
NRR Louise Lund 3
39 12 2006
5 NRC

2012

2009

2029

_17_



Entergy Nuclear Garry
Y oung

NRC  NEI NEI
(task force) Young
18 24

(Generic Aging Lessons Learned, GALL)
(Time-Limited Aging Analysis, TLAAs) NUREG-1800 SRP

(Audit)
6 20
95 3
NRC
NRC 1995 8
NRC 10 CFR 50.48-

(Risk-Informed Fire Protection) 10 CFR50.65-
(Maintenance Rule) 10 CFR50.67 (Alternative Source

_18_



Term) 10 CFR50.69-
Treatment of SSC)

(Categorization and

RG 1.174- RG 1.175- (1))
RG 1.177- (TS) NRC 10
NRC
2005 2 10 CFR 50.46-
(ECCS) 50.60- (PRA)
(
)
10 CFR 50.46 ECCS NRR
Michael Tschiltz 2005 11 7
2006 3 8

(small and larger break size region)
(Transition Break Size, TBS)
(TBS TBS)
50.46
10 CFR 50.46a

geometry)

_19_

10 CFR

(less stringent)
(coolable
2200°F  17%

(single failure)



RG-1.174 NRC TBS

LOCA PRA
CDF  1.0E-05/ PWR BWR TBS
7 18
NRC TBS PWR-14 BWR-20 TBS
10 CFR 50.46
NRC
( )
PRA
PRA
(Application-
Specific)
PRA
PRA
(IPE) NRC PRA
NRC PRA

ASME RA-S-2002 NEI-00-02 NRC 2004
RG-1.200 PRA (scope) (level of
detail) (technical acceptability)
Palo Verde Gerald Sowers

PRA

_20_



(Application Type)

1.200
PRA
(All-Application) NRC
PRA
(OIP) Kirk Foggie

Thomas Hiltz

10 CFR 50.69

NRC

(Commercia Grade Items, CGI)

_21_

NRC

NRR

2008

RG



Carpenter
ATRIUM-10
(half-length rod)

(raw material)
AREVA FANP

10CFR 21 CGl

NRC

NRC

2006 2 Kansas City

CaGl

CaGl

(traceability)

(heat traceability) CGlI
AREVA FANP

(CGI)

_22_

AREVA

SS304L

AREVA
AREVA FANP

CGl

Richard Mcintyre
NUPIC

, basic component)



Anomaly, AOA)
(FCEP)
62,000 MWD/MT
60,000 MWD/MT NRC

MWD/MT
NRC
AOA EPRI
NRC
” (dog house)”
Susguehanna

(shadow corrosion) NRC

(neutron-fluence difference)

(MCPR) NRC

Susguehanna

(Axia Offset

62,000

PWR AOA

(WCAP-12488-P-A)

_23_



NRC Francis Akstulewicz 1994
NRC 62,000 MWD/MT
NRC
(verbal agreement)
Surry 60,000
MWD/MT 62,000 MWD/MT NRC 2006

WCAP-12488-P-A

Akstulewicz (fuel pin)
62,000 MWD/MT NRC
70,000 MWD/MT
GE
(ESF)
DRS NRC (SER)
NRC SER DRS
GE
10CFR50 App. B NRC
DRS Eaton NRC
NRC SER

NRC

_24_



(QA)

NRC
10CFR50 App. B

NRC

NRC

(SCC)

400°F

_25_

(NSSS)
(design certificate)
QA NSSS

QA

(SCC)

(laser peening) IHSI

Matthew Mitchell

(issue)

(SRP) 6.1.1 MTEB 6-1

NRC

NRC

SCC



(Measurement Uncertainty Recapture, MUR)

Caldon (UFM)-LEFM Check Plus
AMAG Advanced Measurement and Analysis Group

Crossflow LEFM Check Plus (in-pipe spooal
piece)
Crossflow (strap-on)
MUR
NRC
NRC 9 Seabrook NRC
MUR (UFM) Cadon LEFM
Check Plus NRC (Request for Additional
Information, RAI) 2006 1 Alden lab.
PWR John Nakoski
Warren Lyon 1 Alden lab.
NRC UFM

UFM

_26_



MUR

(license amendment) NRC

Warren Lyon Alden lab. Check Plus

(swirl) (configuration) 4
(insensitive) Check
Plus NRC WH/AMAG Crossflow
(theoretically)

Fort Calhoun UFM MUR
NRC NRC
NRC
Cadon UFM (more comfortable)

RG 1.52 Rev. 2 1978
(air and aerosol mixing uniformity test) +10% NRC
2001 3 (RG 152 Rev.3) 1989
ANSI N509  N510
+20% NRC

_27_



+20%

10CFR50.59
(unforeseen consequences)
7. 10CFR50.69
NRC 10 CFR 50.69
4
(Risk-Informed Safety Class, RISC)
(RISC-1, 2) 3 (RISC-3)
NRC
RG 1.201 NEIO0-04 10CFR 50.69
NUPIC Cal
NRC 10CFR 50.69 RISC-3
NRC 10 CFR
50.69 WOG 2 Wolf Creek
Surry
2006 1 3 NRC
10 CFR 50.69 NRC RISC-3

_28_



Westinghouse( ) Caldon

Westinghouse

Caldon

(MUR) 95
1.
(D).

(MUR
SPU EPU) 4
MUR 1999 2003 14
21 1.3%-1.5% (SPU)
(EPU) 26 4
10 (MUR-3 SPU-3 EPU-4)
(MUR)
(NSSS) (BOP)
NRC RIS 2002-03

FSAR (EOP)
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(2). IAMAG UFM

Advanced Measurement Analysis Group,

AMAG Crossflow
(strap on)
Augustine Cheung
UFM
Crossflow UFM
(Co Curve) (Reynolds Number)
Crossflow UFM (
) Crossflow
UFM
Cheung
AMAG
3).
16 94 12
(ACA) AOA
B-10

CIPS(Crud Induced Power Shift)

_30_



AOA

(AFD)

Control) Fxy

30%
8000 MWD/MT 17

16
MWD/MT)

AOA

AOA

3%-4%

(MIDS)

RAOC(Relaxed Axial Offset

Terry Signorella  Yixing Sung

(Loading Pattern Risk Indicator)

AOA
m-dot-e (
17 m-dot-e 16
m-dot-e
m-dot-e 16
1 17 AOA
8000 MWD/MT (15000
% 4 6
m-dot-e

PAD
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4.0 PAD
(Performance Analysis and Design Model)
90
PAD 4.0
ZIRLO (creep rate)
(PAD 3.4)
ZIRLO
PADA4.0 ZIRLO
2005 8 NRC 2002
2008 Al
A2-A5 Al
NRC PAD 4.0 (SER)
NRC
PAD 4.0
Leo Fanning
(coating)

WCAP-12488-P-A

_32_

(Westinghouse Fuel



Criteria Evaluation Process, FCEP) NRC 62,000
MWD/MT
Caldon
Caldon
(external) Trillo-1
(in-pipe spool piece) LEFM Check UFM
MUR Comanche Peak 4
8 LEFM Check Plus UFM Beaver Valey 2
Cadon UFRM
2005 LEFM 280C UFM Alaska

2006 Cadon  Cooper Cameron

nuflo Ernie Hauser
UFM
LEFM Check Plus
UFM
(velocity profile)
Alden lab.
(site specific) Hauser
MUR
2006 1 NRC

_33_



Warren Lyon Alden lab. Seabrook Hause

(in-pipe

spool piece)UFM (over power) UFM
NRC 1.7%
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(commissioner)

(RES) (NRR)

RES

2000 (ROP)

(MSPI)
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GSI-191
ECCS Sump

( 10CFR50.48 50.46 50.69 )

96

NRC

_36_



2010

GSI-191 Strainer

Risk-Informed Implementation Plan

Crossflow UFM

AOA
LEFM Check Plus UFM
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2006
March 7, 2006
Morning session
® CONFERENCE OPENING AND WELCOME
® REGULATORY TREND
Afternoon session
® FUEL: Cladding Behavior for Regulatory Applications
FIRE PROTECTION: Risk-Informed and Performance-Based
LICENSING ISSUES: Power uprate, Information Marking, etc.
LICENSE RENEWAL
RULEMAKING
SEVERE ACCIDENT RESEARCH
NEW REACTOR LICENSING
USE OF OPERATING EXPERIENCE
ALLEGATIONS
® EMERGENCY PREPAREDNESS
March 8, 2006
Morning session
® RISK-INFORMATION REGULATORY STRUCTURE FOR FUTURE
REACTORS
GSI-191: PWR CONTAINMENT SUMP PERFORMANCE
SAFETY CULTURE INITIATIVESAND IMPLICATION
INTERNATIONAL PERSPECTIVES
® YACCA MOUNTAIN
Afternoon session
ADVANCED REACTORS - GEN IV
RISK-INFORMED ACTIVITIES
REACTOR OVERSIEGHT PROCESS (ROP)
CURRENT SEIMIC ISSUE & ASSOCIATED RESEARCH
SPENT FUEL MANAGEMENT
MATERIALS DEGRADATION
® DIGITAL INSTRUMENTATION & CONTROL
March 9, 2006
Morning session
® ROPINSPECTION PROGRAM UPDATE
® CONSTRUCTION INSPECTION PROGRAM & INSPECTION, TEST,
ANALYSES AND ACCEPTANE CRITERIA (ITAAC)
® SECURITY
® PLENARY SESSTION: PRESENTATION AND WRAP UP
Afternoon session
® REGINAL GREAKOUT SESSION

_38_



o vem g o By

Safely Iy Feila e

Fimcal P

Auramatic Sorees Whils Crilics

; I -- I

Fiacel i

ShyralLin Exils

Aeimad | Padi

j
[ 5
1
B
A
W
b
i
5
|
H
-
]
H
|
E
¥
i
i
i
E
1
1

_39_

Srlsty Dymitam Aomanbons

Forced Chubsgs Rais %)

Fimial Tow

Collscimw Aadistion §x-omare

[ | .
= v
£ & i = =
LicH Tem



The History of Uprates in the USA

1990s

Farmi 2
Wall Creek
Peach Bottom 2, 3

mmmmm

Dual Units shown only once

NRC-Approved Uprates -
MWe by Type
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Nuclear Power 2010 ... Program Scope and Goal

+ Exploring sites for new nuclear plants

+ Demonstrating key untested regulatory
processes

* Early Site Permit (ESP)
* Combined Construction and Operating License
(COL}

+ Developing new light water reactor designs
+ Design Certification for new reactors

* First-of-a-kind engineering for new standardized
nuclear plant designs

+ Developing concepts to mitigate financial risks

Program , Fave the way for ingustry decisions to buld new advanced

Goal fight water r ] plants in the United States that
will begin operation early in the next decade.

MNuclear Power 2010 ... Current Program Activities

New Plant Licensing Demonstration Projects

+ Dominion Energy - COL for ESBWR at North
Anna Site

* COL Application preparation and NRC raview

« ESBWR design certification and first-of-a-kind
engineering

» Site deployment planning; financial, legal. and risk
assessment

+ NuStart Energy LLC - COL for single
siteltechnology yet to be selected

* Dasign certification and COL application developrmeant
for two reactor technaologies AP 1000 (Bellefonte site)
or ESBWR (Grand Gulf site)

* Funding for one COL and completion of engineering
for selected reactor technology

2010

_41_



New Plant Licensing Applications
An Estimated Schedule

Fallify

AP1000 Program Review
Duke - TBED Site

NuSlart-Beliefonls (AL )
| Progress Enerngy-Harris (HC)
Progress Enengy- THD Sile (FL)
5 Caroling E&G-Summer (SC)

ESP | [ Sculhem-voghe (GA)

ESBEWR Program Review

[ ESEWR E Certification Heview |

| ESP | Cipminion - Horth Anna ".".l‘.'l m
I Enbengy-Hwwer Hend (LA IIM

ESP MuSiari-Grand Guil (MS)

EPR Program Review [~ pm besign Cenmcaion Review |

Conshellation-Cabeen Chils (MDY

Consiellation-rMing Mile PL{NY)

Rulemaking
/
oL =1 iaad iy
Ralerencs
COoL -3 IR ey
Y\
COL -4 aarng

Similar approach wsed on site reviews [environmental and satety)
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License Renewal Impact on Nuclear Power
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O 15000
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*Show s the difference betw een no renew als and all plants renew ing Y
Source: 2004 World Nuclear Industry Handbook ear
Current and Projected License Renewal
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Risk-Informed Implementation Plan 2

CHAPTER 2 EFFECTIVENESS
Goal: Ensure That NRC Actions Ar e Effective, Efficient, Realistic, and

Timely
P25 T I 014 oo (3 ox {0 ISR Chap. 2-1
2.2 Effectiveness Strategies........ccovvvveeeieeseesee e e esee e see e Chap. 2-2
2.3. Current Effectiveness I nitiatives and Activities.................... Chap. 2-3
EF-1 Creating a risk-informed environNMEeNt ...........ccceverereneneneseeeesese s Chap. 2-6

EF-2 Develop standards and related guidance for appropriate PRA quality and the application
of risk-informed, performance-based regulation in conjunction with national standards

committees and iNduStry Organi ZationsS...........ccveveveereeieeseeseesesee s esee s Chap. 2- 8
EF-3 Develop and maintain analytical tools for staff risk applications ...... Chap. 2-12
EF-4 Develop the technical basisto revisethe PTSrule........cccooeiiieiiiiincee, Chap. 2-14

EF-5 Develop methods for assessing steam generator performance during severe accidents

....................................................................................................................... Chap. 2-16
EF-6 Develop structure for new plant licensing (advanced reactor framework)...... Chap. 2-18
EF-7 Develop and apply methods for assessing fire safety in nuclear facilities....... Chap. 2-20
EF-8 CONErenCe Program ........cueiueeiieee ettt st ennas Chap. 2-24
EF-9 Establish guidance for risk-informed regulation: development of human reliability

ANAIYSIS o ee s Chap. 2-26
EF-10 PRA review of advanced reactor appliCations...........ccocevereeneenienieeseeniennens Chap. 2-28
EF-11 Developing a framework for incorporating risk information in the NMSS regulatory

01005\ Chap. 2-30
EF-12 Develop risk guidelines for the materials and waste arenas............ccccceveenee Chap. 2-32
EF-13 Systematic decision-making process development...........ccevveeeveenenienseenees Chap. 2-34
EF-14 Probabilistic risk assessment of dry cask storage systems..........cccccceveeenenen. Chap. 2-38

EF-15 Interagency jurisdictional working group evaluation of the regulation of low-level
source material or materials containing less than 0.05 percent by weight concentration

uranium and/or thOTUML...........ooiiieiee e Chap. 2-40
EF-16 Multiphase review of the byproduct materials program (implementation of Phase | and
Phase |1 recommendations) ........cccccceveeceerieresieeseese e esee e see e Chap. 2-42
EF-17 Revise Part 36: Requirements for Panoramic Irradiators...........cccceeeveeniennene Chap. 2-46

EF-18 Develop an dternative risk-informed approach to special treatment requirements in
Part 50 that would vary the treatment applied to structures, systems and components
(SSC) on the basis of their safety significance using a risk-informed categorization

MELNOU ... et b e sr e renre s Chap. 2-48
EF-19 Develop a plan for making a risk-informed performance-based revision to 10 CFR 50
(= 01 ) PSSP Chap. 2-50
EF-20 Reactor Oversight Process (ROP) SUPPOIT........ccevvererieereeieseesieeeeseeseeeneas Chap. 2-52
EF-21 SPAR Model Development Prograim ...........ccocoeereneneeieeneesesiesie e Chap. 2-54
EF-22 Change technical requirements of 10 CFR 50.46 ..........ccccccoceieninneenieeieenes Chap. 2-58
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* Where CROSSFLOW
cperates in applications

naa §
H \ * Some laboratory data
recislon laboratory and corroborating plant

0526 calibration at low data confirms
temparatura performance herse
0.az 4 T T T T T
0 10000000  F0000000 2 30000000 2 40000000 2 SOO00000 2 GODDOC0D
Aeyncéds Humibar
Crossflow UFM
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LP Risk Indicators — th, 30% Highest Rods

H-DITT+~E AN A FH OF HU 0% HIQOHEST VPOWEEELD HOUOH

FEL | T |
. 4 _I___.. S N N N
Zzo |

M-OOT-E, LR F HR - FT2

1:.-:: H H H | ] | H i
S S S

[ 4 00D [ Bileli] 1000 1L&00D 20000

CYCLE BURNUFP (MWD/HTU)

LP Risk Indicators — Mass Evaporation

Unit/Cycle m, (lbm-hr-1-ft-2)
Unit 1 Cycle 17 495
Unit 2 Cycle 16 440
Unit 1 Cycle 16 497
Unit 2 Cycle 15 489
Unit 1 Cycle 15 429
Unit 2 Cycle 14 457
Unit 1 Cycle 14 474
AOA
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e LEFM CheckPlus Advantage

Iszsues identified:

- Hydraulic Model Calibration - Each LEFM CheckPius is calibrated
over & wide range of hydraulic velocity profiles so its sensitivity is
proven and quantified.

The LEFM CheckPlus Advantage
= Complete system redundancy

LEFM Check Plus UFM



