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prior to the meeting to be advised of any 
potential changes to the agenda. 

Dated: March 29, 2006. 
Michael R. Snodderly, 
Acting Branch Chief, ACRS/ACNW. 
[FR Doc. E6-4860 Filed 4-3-06; 8:45 am] 
BILLING CODe 759Q-01-P 

NUCLEAR REGULATORY� 
COMMISSION� 

Sunshine Act Meeting� 

AGENCY HOLDING THE MEETINGS: Nuclear� 
Regulatory Commission.� 
DATE: Weeks of April 3, 10, 17, 24, May� 
1,8,2006.� 
PLACE: Commissioners' Conference� 
Room, 11555 Rockville Pike, Rockville,� 
Maryland.� 
STATUS: Public and closed. 
MATTERS TO BE CONSIDERED: 

Week ofApril 3, 2006 

Monday. April 3, 2006­

3:55 p.m.� Affirmation Session (Public 
Meeting) (Tentative). 

a. USEC, Inc. (American Centrifuge 
Plant); Geoffrey Sea appeal of LBP­
05-28 (Tentative). 

b. USEC. Inc. (American Centrifuge 
Plant)-Appeal of LBP-05-28 by 
Portsmouth/Piketon Residents for 
Environmental Safety and Security 
(PRESS) (Tentative). 

c. Hydro Resources, Inc.-Petition for 
Review and Partial Initial Decision 
on Phase II Cultural Resource 
Challenges (Tentative). 

Week of Aprll10, 200B-Tentative 
There are no meetings scheduled for 

the Week of April 10, 2006. 

Week ofApril 17, 200B-Tentative 
There are no meetings scheduled for 

the Week of April 17. 2006. 

Week ofApril 24, 200B-Tentative 

Monday, April 24. 2006­

2 p.m. Meeting with Federal Energy 
Regulatory Commission (FERC), 
FERC Headquarters, 888 First St., 
NE., Washington. DC 20426, Room 
2C (Public Meeting). (Contact: Mike 
Mayfield, (301) 415-3298). 

This meeting will be Webcast live at 
the Web address-http;/Iwww.ferc.gov. 

Wednesday, April 26, 2006­

1 p.m. Discussion of Management 
Issues (Closed-Ex. 2). 

Thursday. April 27, 2006­

1:30 p.m.� Meeting with Department of 
Energy (DOE) on New Reactor 
Issues (Public Meeting). 

"Material Balance Report;" NUREG/BR­
0007, "Instructions for the Preparation 
and Distribution of Material Status 
Reports;" and DOE/NRC Form 742C, 
"Physical Inventory Listing." 

2. Current OMB approval numbers: 
3150-0004 and 3150-0058. 

3. How often the collection is 
required: DOE/NRC Forms 742 and 
742C are submitted annually following 
a physical inventory of nuclear 
materials. 

4. Who is required or asked to report: 
Persons licensed to possess specified 
quantities of special nuclear or source 
material. 

5. The number of annual respondents: 
DOE/NRC Form 742: 180 licensees. 
DOE/NRC Form 742C: 180 licensees. ·.J....NUCLEAR REGULATORY 
6. The number of hours needed 07' COMMISSION 

may be directed to the NRC Clearance 
Officer, Brenda Jo Shelton, U.S. Nuclear 
Regulatory Commission. T-5 F52, 
Washington, DC 20555-0001, by 
telephone at 301-415-7233. or by 
Internet electronic mail at 
INFOCOUECTS@NRC.GOV. 

Dated at Rockville, Maryland, this 28th day 
of March 2006. 

For the Nuclear Regulatory Commission. 
Brenda Jo Shelton, 
NRC Clearance Officer, Office ofInformation 
Services. 
[FR Doc. E6-4861 Filed 4-3-06; 8:45 amI 
BILLING CODe 759Q-01-P 

annually to complete the requirement or 
request: 

DOE/NRC Form 742: 900 hours. 
DOE/NRC Form 742C: 1,080 hours. 
7. Abstract: Each licensee authorized 

to possess special nuclear material 
totaling more than 350 grams of 
contained uranium-235, uranium-233, 
or plutonium, or any combination 
thereof, are required to submit DOE/ 
NRC Forms 742 and 742C. In addition, 
any licensee authorized to possess 1,000 
kilograms of source material is required 
to submit DOE/NRC Form 742. The 
information is used by NRC to fulfill its 
responsibilities as a participant in US/ 
IAEA Safeguards Agreement and 
various bilateral agreements with other 
countries, and to satisfy its domestic 
safeguards responsibilities. 

Submit, by June 5, 2006, comments 
that address the following questions: 

1. Is the proposed collection of 
information necessary for the NRC to 
properly perform its functions? Does the 
information have practical utility? 

2. Is the burden estimate accurate? 
3. Is there a way to enhance the 

quality, utility, and clarity of the 
information to be collected? 

4. How can the burden of the 
information collection be minimized. 
including the use of automated 
collection techniques or other forms of 
information technology? 

A copy of the draft supporting 
statement may be viewed free of charge 
at the NRC Public Document Room. One 
White Flint North, 11555 Rockville 
Pike, Room 0-1 F21, Rockville, MD 
20852. OMB clearance requests are 
available at the NRC worldwide Web 
site: http://www.nrc.gov/public-involve/ 
doc-commentlomb/index.html. The 
document will be available on the NRC 
home page site for 60 days after the 
signature date of this notice. 

Comments and questions about the 
information collection requirements 

Advisory Committee on Reactor 
Safeguards; Meeting of the ACRS 
Subcommittee on Reliability and 
Probabilistic Risk Assessment; Notice 
of Meeting 

The ACRS Subcommittee on 
Reliability and Probabilistic Risk 
Assessment (PRA) will hold a meeting 
on April 2Q-21 , 2006, Room T-2B1, 
11545 Rockville Pike, Rockville, 
Maryland. 

The entire meeting will be open to 
public attendance. 

The agenda for the subject meeting 
shall be as follows: 
Thursday, April 20. 200B-8:30 a.m. 

until the conclusion of business 
Friday, April 21, 2006-8;30 a.m. until 

12 Noon 
The Subcommittee will review the 

PRA for General Electric's next 
generation simplified boiling water 
reactor, the ESBWR. The Subcommittee 
will hear presentations by and hold 
discussions with representatives of the 
NRC staff and industry regarding this 
matter. The Subcommittee will gather 
information, analyze relevant issues and 
facts, and formulate proposed positions 
and actions. as appropriate, for 
deliberation by the full Committee. 

Members of the public desiring to 
provide oral statements and/or written 
comments should notify the Designated 
Federal Official, Mr. Eric A. 
Thornsbury, (Telephone: 301-415­
8716) five days prior to the meeting. if 
possible, so that appropriate 
arrangements can be made. Electronic 
recordings will be permitted. 

Further information regarding this 
meeting can be obtained by contacting 
the Designated Federal Official between 
7:30 a.m. and 4:15 p.m.(ET). Persons 
planning to attend this meeting are 
urged to contact the above named 
individual at least two working days 
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Attachment 1 
Advisory Committee on Reactor Safeguards� 

Reliability & Probabilistic Risk Assessment Subcommittee Meeting� 
Rockville, MD� 

20·21 April 2006� 

- Proposed Agenda ­�
Day 1� 

Cognizant Staff Engineer: Eric Thornsbury (301-415-8716, eat2@nrc.gov)� 

; Pt~senter{s) 

April 20 

Opening Remarks and Objectives G. Apostolakis, ACRS 8:30 - 8:35 am 

Introduction to Presentations NRRlGE 8:35 - 8:45 am 

Overview: ESBWR Risk Management 
- Risk management goals 
- Scope of analysis 8:45 - 9:15 am 
- Defense in depth po'q :~
- PRA as a design tool 

Internal Events Risk Management & 
Severe Accident Prevention 
- Design features to prevent core .15 - 11 :30 am-
damage liD 

[ reak 10:00-10:15]
- Analysis methodology 

~ lD:I"l.-lo'."l- System success criteria 
- Results and conclusions 

Lunch 11 :30 am - 12:30 pm 

Severe Accident Mitigation 
- Design features to mitigate threats 
to containment 
- Analysis methodology 
- Assessment of containment integrity 
- Results and conclusions 

Break 

Containment Systems Performance 
- Design features to prevent long­
term overpressurization 

GE
- Analysis methodology 
- Long-term containment behavior 
- Results and conclusions 

Offsite Consequence Analysis 
- Radiological release assessment 

GE 4Jf-4:45 pm
methodology l-(t-ft;- >,\ l')qp.- Results and conclusions 

Recess for the day 4· pm 

J\Jl S 0 



Advisory Committee on Reactor Safeguards� 
Reliability & Probabilistic Risk Assessment Subcommittee Meeting� 

Rockville, MD� 
20-21 April 2006� 

- Proposed Agenda ­�
Day 2� 

Cognizant Staff Engineer: Eric Thornsbury (301-415-8716, eat2@nrc.gov)� 

April 21 

Reconvene 8:30 am 

External Events Risk Management� 
- Fire analysis� 

VII - Flood analysis GE a:30-%am� 
- High wind analysis� 1()~fC(J 
- Seismic analysis 

Shutdown Events Risk Management 
- Design features to prevent core l DU~~/O/'1iJdamage

VIII GE ~-).e:158m- Analysis methodology� 
- System success criteria� 
- Results and conclusions� 

ESBWR Risk Management Insights 10.' lflJ/ (()~'t.f5" 
- Overall results and conclusions 

IX GE 1~ 1Q;a{}am
- Review of commitments from the� 
meeting� 

1 .Break - 10; 

X Requests for Additional Information I\IRR 10:45 - 11:15 am 

XI ESBWR Severe Accident Analyses RES 11 :15 am - J.2:"1"bpm 1/:30 
Adjourn pm 

Notes: 
• Presentation time should not exceed 50% of the total time allocated for a specific item. 
• Number of copies of presentation materials to be provided to the ACRS - 35. 



·. 
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 

SUBCOMMITTEE MEETING ON RELIABILITY AND 

PROBABILISTIC RISK ASSESSMENT 

April 20. 2006 
Date 

NRC STAFF SIGN IN FOR ACRS MEETING 

PLEASE PRINT 

NAME NRC ORGANIZATION 

1 a""J WbO-j>­ N 't..-C 

2 ¢ 1'1 GA .rC-IWL«.. 

3 

4 

5 

~ ~ tJ(Le­

~~ J)~ ._....JJ..-:--,)J-=---RQ _ 

6 bAV\ fV1hMJ'A tJk; NPi-: 
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9 ~Kr"\ Q""'n D /1 ~5 rvrz.c'frvrLR /PfV((L 

10 ~a%a.< tl funlta? Nr<.t I NfUL/ I)NfU­

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



ADVISORY COMMITTEE ON REACTOR SAFEGUARDS� 

JOINT SUBCOMMITTEE MEETING ON� 

RELIABILITY AND PROBABILISTIC RISK ASSESSMENT� 

April 20. 2006� 
Date 

PLEASE PRINT 

NAME AFFILIATION 

1 £(011153) 4ltc4oLJ/1i ----=C'---'----e::=---:. _ 

2 ::r; 1"1'\ t=='"u (... F 0 fLi) 1 S L 

J .lJle-. f3eoucA ~E tU~/eor3� 

4 S')'~ 1¥A~\£tt'-l--' __ ~ 'f\l d-c~
 

5 ~.C'~~.h l01'<?cDm'----_ AREV~ Nt', INC.� 

6 11( K'f­
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

:J"oNZE-N -L3 REVA 
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ADVISORY COMMITIEE ON REACTOR SAFEGUARDS� 

SUBCOMMITTEE MEETING ON RELIABILITY AND� 

PROBABILISTIC RISK ASSESSMENT� 

April 21, 2006� 
Date� 

NRC STAFF SIGN IN FOR ACRS MEETING 

PLEASE PRINT 

NAME NRC ORGANIZATION 

1� 

2� 

3� 

4� 

5� 

6� 

7� 

8� 

9� 

10� 

11� 

12� 

13� 

14� 

15� 

16� 

17� 

18� 

19� 

20� 



ADVISORY COMMITTEE ON REACTOR SAFEGUARDS� 

JOINT SUBCOMMITTEE MEETING ON� 

RELIABILITY AND PROBABILISTIC RISK ASSESSMENT� 

NAME 

j \ t'\ ~V \.....~ ,;) t\. \:) 1� 

2 E\ c..~~~~R.e.Dlte 

3 /Y1. I K £ .::J0 A.I 'z-.J.Stl� 

4� 

5� 

6� 

7� 

8� 

9� 

10� 

11� 

12� 

13� 

14� 

15� 

16� 

17� 

18� 

19� 

20� 

April 21, 2006� 
Date� 

PLEASE PRINT 

AFFILIATION 

) s. L-

c,£�
Gf� 



'" ESBWR Design Certification 
l'\, 

Amy Cubbage, Senior Project Manager 

New Reactor Licensing Branch, NRR 

ACRS Reliability and PRA Subcommittee Meeting 

April 20 and 21, 2006 

F:;'-ESBWR Design Certification Status 
I'" 
~	 August 2005 - Design Certification Application� 

submitted� 
~	 September and October 2005 - Application� 

supplemented� 
~	 December 1, 2005 - Application docketed 
~	 Revision 1 of the Design Control Document (DCD) 

submitted 
}> Tier 2 Chapters 1 - 15, 18 and 18 - February 5, 2006 
~ Tier 1 - March 13,2006 

}> Tier 2 Chapter 16 (Technical Specifications) - March 20, 2006 

2 

1 



c-­ ESBWR Design Certification Status 
- . 

--­

,. Preliminary Requests for additional information (RAIs) have 
been issued in the PRA and severe accident area 

;;. ESBWR RAI letter # 3. dated December 8.2006 

,. PRA revision underway to address staff RAIs 

~ Revision 1 of the ESBWR PRA Report (NEDO-3320l) 
;;. Chapter 21 - December 19, 2005 
;;. Chapters 2 through 6 - February 8, 2006 
;;. Chapter 7 - February IS, 2006 

;;. Additional Chapters of the PRA report Revision 1 and DCD Tier 2 Chapter 
19 Revision 1 to be submitted 

3 

- Design Certification Schedule 

~ NRC Issues RAIs through October 2006 (ongoing) 

~ GE responds to RAIs through November 2006 
(ongoing) 

~ October 2007 - Planned Issuance of SER with Open 
Items 

~ Supplemental SERes) issued - 15 months assumed 
~ Rulemaking - 12 months assumed 

4 

2 
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ESBWR Risk Management 
Overview 

Presented By: 
Rick Wachowiak 
General Electric 
April 20, 2006 

I , 

imagination at work 'I8



GE Presentations in this Meeting� 

ESBWR Risk Management Overview 

Severe Accident Prevention 

Severe Accident Mitigation 

Containment Systems Performance 

Offsite Consequence Analysis 

External Events Risk Management 

Shutdown Events Risk Management 

ESBWR Risk Management Insights 

e ;mog;not;on ot work GE Energy / ESBWR Risk Management Overview 
April 20, 2006 

2 



Purpose of this Meeting 

Outline Strategy for Risk Management in ESBWR 
Design 

Demonstrate the Robust Manner in which ESBWR 
Design Prevents and Mitigates Severe Accident 
Risk 

Examine the Use of PRA Tools to Guide the 
Design and Licensing of New Nuclear Power 
Plants 

GE Energy / ESBWR Risk Management Overview 
April 20, 2006 

8 imagination at work 
3 



Scope of DeD PRA 

Internal Events - Full Power 
> Levels 1, 2, and 3 

Internal Events - Shutdown 
> Levell and Simplified Level 2 

External Events 
> Internal Fire, Internal Flood, High Winds 
> Seismic Margins 
> Levell 
> Full Power and Shutdown 

This Scope is Appropriate for ESBWR PRA Program Goals� 

e imagicatiac at wa,k GE Energy / ESBWR Risk Management Overview 
April 20, 2006 

5 



Extended Defense - In - Depth 

Classical Design / Analyses Provides DID using IIDesign 
Basis" Assumptions 

ESBWR Adds Severe Accident Consideration 

Main Objective is to Address Common Cause Failures 
> Historically Addressed by Additional Requirements on SSCs 
> ESBWR Adds Diversity to Design to Minimize Effect of CCF 

Assessment of Non-Safety Equipment Performance 
Provided in Licensing Basis 

o ;mag;nat;an at wa,k GE Energy / ESBWR Risk Management Overview 
April 20, 2006 

6 



PRA as a Design Tool 

Overall Objective: 
Eliminate Severe Accident Vulnerabilities 

PRA Provides a Systematic Means for Finding and 
Eliminating These Vulnerabilities 

Effectiveness May Be Limited By Information Availability 
Early in Design Phase 

Easier to Make Corrections Earlier in Design Phase 

Imperfect Tool is Better than None at All 

e imagination at work GE Energy / ESBWR Risk Management Overview 
April 20, 2006 

7 



Evolution of a Design and PRA� 
Conceptual� 

Design� 

Is Design� 
Feasible?� 

Low Design� 
Detail� 

Qualitative Risk� 
Assessment� 

Defense-in-�
Depth� 

Concepts� 

Past� 
Vulnerabilities� 

Addressed� 

Design Base� 
(DCD)� 

Can Design be� 
Licensed?� 

Major� 
Components� 

Specified� 

Qualitative &� 
Quantitative� 

PRA� 

Defense-in­�
Depth� 

Analyzed� 

Sequence� 
Level� 

Vulnerabilities� 
Eliminated� 

Construction Plant in 
Design Operation 

Confirmation Confirmation 
of Assumptions of Assumptions 

_ imagioalian 01 wack GE Energy / ESBWR Risk Management Overview 
April 20, 2006 

8 



Vision of ESBWR PRA� 

DCD COLA Construction Operation 

A 
+-J t-...\Jo\\o'o\e 
...0 .~' DO\'o r 
o Sgec\\\C 
0.. 'l\0~e  ?\O{\\o Capability FrameworkU 

Completed with Site 
Specific Information 

Phase 
e imoginotion ot wock GE Energy / ESBWR Risk Management Overview 

April 20, 2006 

9 



ESBWR Risk Management Program 

Supports Desired Goals 

Scope is Appropriate 

Enhanced Defense-in-Depth 

PRA is a Valuable Design Tool 

PRA Will Continue to Grow Through Plant Operation 

8 ;mag;oot;an at wack GE Energy / ESBWR Risk Management Overview 
April 20, 2006 

10 



ESBWR Internal Events Risk 
Management 

Severe Accident 
Prevention 

Presented By:� 
Rick Wachowiak� 
General Electric� 
April 20, 2006 .. ~.


 

~*~). ­.
Functions for Core Damage 
Prevention 
Reactivity Control 

Pressure Control 

Inventory (High Press) 

Inventory (Low Press) 

Depressurization 
Decay Heat Removal 
Condenser 

, 
GEiEnelgyf ES8WR"*mIIIIE-*RIIk~  

Ap!112'O,2006• 

Key Features of ESBWR Risk 
Management 
Passive Safety Systems 

Active Asset Protection Systems 

Support System Diversity 

Target Configuration� 
for Core Damage� 
Prevention� 
Functions� 

2 
GE Energy I ESBWR lnIemal E-mi RIIk M8nagemenl 

April 20,2006 

Reactivity Control Function 
Reactor Protection System - RPS 
> SCRAM function 
> Fail safe I&C 
> Control rod motion by stored energy 

Alternate Rod Insertion - ARI 
> Provides backup to RPS I&C function 

Fine Motion Control Rod Drive - FMCRD 
> Provides backup to hydraulic control rod motion 

Standby Liquid Control System - SLCS 
> Negative reactivity by injection of boron solution 
> No pumps needed in this passive system 

Extremely Reliable - ATWS is <1 % of CDF . 
I ; ;",~:;:~:.~.",:.~... GEEneIgy/ ESBWRlr*"MIlEventsRlR~  

~-'  ~~~  " 
1 



Pressure Control Function 
Main Steam System 
> Available in most transients 
> Capable of handling 100% rated steam 

Isolation Condenser System - ICS 
> Provides decay heat removal if MSIVs close 
> Prevents pressure from reaching SRV lift setpoint 
> Sustains "Safe Shutdown" condition for at least 72 hours 

Safety Relief Valves - SRV 
> Provides backup steam relief function 
> Discharges to suppression pool 
> Does not lift for several minutes into a transient 

Vessel Overpressure Sequences are Negligible 
S.',,,,,,.,,.,,,,, GEEnergyI ESBWRInIem8lE...uRislc~  

A4lriI 20. 2006 

Inventory (Low Pressure) Function 
Gravity Driven Cooling System - GDCS 

> Passive operation 

> Necessary inventory is stored inside primary containment 

Fuel and Auxiliary Pool Cooling System - FAPCS 

> Has a LPCI mode of operation� 

> Transfers water from suppression pool to vessel� 

> Power is backed by non-safety diesel generators 

Fire Water Injection 

> Diverse, diesel driven fire pump can be aligned to the 
vessel 

> Plant AC power is not required 
Helps Maintain ESBWR's Low CDF

, 
GE ErMIvY/ ESBWRIrMInII Ewnt5R1sk~  

Aprt20,2006• 

Inventory (High Pressure) Function 
Feedwater System 
> Available in most transients - requires Preferred Power 
> Capable of handling any transient and small LOCA 

Isolation Condenser System - rcs 
> Provides closed loop cooling 
> Condenses all reactor steam so additional makeup not 

needed� 
> Sustains ·Safe Shutdown" condition for at least 72 hours� 

Control Rod Drive - CRD 
> Provides backup high pressure injection function 
> Power is backed by non-safety diesel generators 
> Capable of handlinjl al1Y. transient and most LOCAs 
Helps Maintain ESI:3WR's Low CDF 

,,a, 
GEEnelgyI ESBWRIn(emaIE-aAlsk~  

Apnl20,2006~'  
Depressurization Function 
Depressurization Valves - DPV 

> Passive operation 

> Discharges directly to the drywell 

> Provides complete depressurization for GDCS operation 

Safety Relief Valves - SRV 

> Active operation with manual backup 

> Discharges into the suppression pool 

> Depressurization sufficient for LPCI or Fire Water Injection 

Very Reliable - HP Sequences <2% of CDF . 
GEEoervYI ES8WR~E........ RlIll~ 
.'~'"'''''"  ..,''''' AprI20,2OOe 

2 



Decay Heat Removal Function Example of Diverse Controls 
Main Condenser GDCS / DPV Simplified Loqic 
> Available in most transients 
> Capable of handling 100% rated steam 

Isolation Condenser System - ICS 
> Sustains "Safe Shutdown" condition for at least 72 hours 

Passive Containment Cooling System - PCCS 
> No support systems required for at least 24 hours 
> No credible failure modes 

Reactor Water Cleanup - RWCU 
> Provides a shutdown cooling mode 
> Powered by non-safety diesel generators 

Containment Heat Removal Not Needed For 24 Hours . 
GE Enefvyl ESBWR ~E-* RIsk MMagement GEEnergyf eSSWRlntemaIE-*RIsk~.........,,,.,,."....., "� 

AprI20.20D6 Aprll20,2006 

General Transient Feedwater Line Break 
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Initiating Events for PRA 
Transients Loss of Coolant Accidents 

> General > Large Steam 

> Loss of Condenser > Medium I Small Steam 

> Loss of Feedwater > Medium Liquid 

> IORV > Small Liquid 

> Loss of Offsite Power > Break Below Core 

> Break Outside 
ContainmentSpecial Initiators 

GeEnergyI ESBWRInterr'*EventsRlskM8nllgemenl " 
~20.2006~  -

Basic Event Data 

Generic Data Used� 

Generally from URD� 

Equipment in Harsh Environments Increased� 

>Example: GDCS Squib Valves� 

Failure Rates Increased for Components with� 
Long Test Intervals� 

Low CDF Due to Design Rather than Data Valu 

GEen.rvY1 ES8WRlnhmIIlE__RlsX~  

Aprll20.2006 
•.•'•. fe«~,p •• " 

Initiating Event Values 

Relied on NUREG 5750 

Considered Bounding Given Event Frequency 
Reduction Efforts for ESBWR 

Only Eliminated Contributions that are N/A 

PRA Demonstrates CDF is Low Due to 
Mitigating Capability 

Event Frequency Reduction Efforts Add 
~argin  

i~  " GE Energy I ESBWR lnIemaI Ewnts Rislr; Management 
~. April 20. 2Q06 

Human Actions 

Pre-Accident 

>e.g. Misposition of valves following 
maintenance 

Post-Accident 

>e.g. Backup of automatic actuation 

Screening Values Used 

No Repair Actions Credited 

> Except for recovery of offsite power 
.'"",,,,,,,,,'" GEEnelVYf eSBWRl!MmalE__ Rlik~  " 

AprIl 20, 2006 
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Success Criteria 

Based on One of the Following 

> Hand Calculations (bounding) 

> TRACG Results (design basis assumptions) 

> MAAP Results 

All Sequences Reviewed 

The Limiting Sequences Were Used in Calculations 

GE Will be Providing a Topical on This Process Later 
in 2006 

GE Energy I ESBWR IntemaI EWIIlI& RIsk Managemem" 
.~. Aprll20,2006 -�
Breakdown of CDF by Initiating Event 

IORV OTHER 
General 0.4% 0.1% 

Transient 

0.4% Feedwater Line 

Mediwn Liquid 
LOCA 

Break 
0.1% 

0.8"10 

Loss of 
Feedwate Loss of 

41.1% Preferred 
Power 

57.0% 

• GEEnelVYl ES8WRInIem8IE__ RiIII~  

Apr1l 20. 2006 
" 

Level 1 Internal Events Results 

CDF = 3 x 10-8 per year 

Highest Sequence =1.6 x 10-8 per year 

Highest Cutset =5 x 10-10 per year 

Combination of Active and Passive Failures in 
Top Cutsets 

Passive Systems Fail by Common Cause in 
Top Cutsets 

_,�
.J!iii. " GEEnervYfES8WRIntemlIIE\IIll'IISRl$k~ 

Aj:H1120,2006 

Breakdown of CDF by Accident 
Class ATWS 

0.6% 
B)p3SS 

High Pressure <0.1% 
1.4% 

Low Pressure 
98.0% 

,.
.._"."'.~ .. ,"~. Of Energy f ESBWR IntemIII e-u RIsk MlwIgemenl 

Aprll20,2006 
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Conclusions 

ESBWR Design is Robust 

Probability of Severe Accident is Remote 

Use of PRA as a Design Tool Ensured this 
Result 

Combination of Passive Safety, Active Non­
Safety Systems, and Diversity Leads to these 
Results 
~  

GEEnervYI ESBWRII'lIemltIE\/IWIISRi$kManaogernenl "w: ApI1l 20, 2006 
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ESBWR� 
Severe Accident Treatment:� 
Ch. 21 of NEDO-33201 
by Theofanous and Dinh 

April 20, 2006� 

Theo Theofanous� 

SA Threats and Failure Modes 

• Direct Containment Heating (DCH)� 

Energetic Failure of UDW, Liner (thermal) Failure� 

• Ex-Vessel Explosions (EVE)� 

Pedestal/Liner Failure, BiMAC-Pipes Crushing� 

• Basemat Melt Penetration (BMP) 

BiMAC Thermal Failure (Burnout, Dryout. Melt Impingement) 

Severe Accident Treatment� 
Included: Containment integrity threats due to severe accident phenomena� 

Not-Included: Containment decay heat removal system failures in the long term� 

Our Approach� 

Assessment ~  Management� 

We placed great emphasis on bounding, high-confidence evaluations� 

We employed new procedures and hardware to eliminate scenarios of concern� 

Conclusion:� 
Containment failure is physically unreasonable for� 

all severe accident scenarios except postulated large� 
Steam Explosions in very deeply-flooded LOW� 

representing < 1% of the COF� 

Pivotal Issues and their Resolution 

In-Vessel retention feasible but external supports for penetrations 
not agreeable to the designers 

"Natural" ex-vessel (core on a flooded floor) coolability cannot be assured 

~  Boundary-Internal Melt Arrest and Coolability (BiMAC) device 

The pedestal cannot be shown to withstand arbitrarily large SE's 

~ Deluge the LOW after lower head failure, eliminate pathways to LOW 

Direct containment heating energetic containment loading 

~ Bounding analysis-based resolution 

I will follow the reverse order in this presentation� 
Same as in the report (Ch 21).� 
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ESBWR SA Containment HighlightsESBWR SA Complexion 

. . , . .� 

I Low Pressure Sequences 
" Very Late Core Damage UNS Late Melt, Sprays Fail Lower Reactor 
III High Pressure Sequences US Late Melt, Sprays Available Building 
IV ATWS; 71% No RPV Failure E/S Early Melt, Sprays Available 
V Containment Bypass 

The Basemat-internal Melt Arrest 
Direct Containment Heating (DCH) 

and Coolability (BiMAC) device 

• Spontaneous depressurization
GOCS' BiMAC� 
deluge� • Tools for DCH loads and verification approachlines 

• Parameter range covered and results 
• Thermal loads to liner 
• Comparison to fragility (taken from NEDO-33201) 
• Summary of bounding approach and conclusion 

Sacrificial Distributor Cooling Jackel 
Layer (ParaUel Pipes) 

I 
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Preamble to DCH: there is a potential pressure 
relief path for spontaneous depressurization 
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DCH: Key features of the geometry 
Dry 
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Potential for creep rupture 
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Core T transient during heat-up 

Framework for DCH issue resolution in Large Dry� 
Containments. Such detail not necessary here� 

Representative but 
New: an extended CLCH model that couples to a vent clearing model not to scale

BiMAC f' t:?tI"'''''''''rlf#tt oj 
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Validation Basis: Quantification of Loads
lET DCH Tests... GE PSTF Vent Clearing 

12, - -­
0.35f i'&IET:i-i 1 I - Upper drywell� 

I-model 11'� ' I ~	 L:-:~_a, 5703-1, I " I ----- Lower drywell 6,
rf I .� 10 

I1/ \/ 1········.. Wetwell 
I� ;-- Upper drywell 

~ 1.8� ~,~o	 ~~..:; . 3rI - _e----£>-- e---__- 1 .,� 5­e0 25~ -&-__ n_n _� ~ sf:1:> ~: 	 !~~~~~ ~;;:,~~~ 
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~ 3 a..~"I if ./ •••.� Regime I Regime II�
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time,s 8 10� 

01
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_.--' -6'------- ,. I!"- -;-� o 2 3 4 5 1 
time, S Time,s o 5 10 15 20 

Time,s 

, RegimeIIIl":1 CaseF . More Dynamics 
Tablt 1.4.3.5. Summal~'  of Pal'smeftl'S and Yartablts ustd in Rtactor Calculations. .. 

1:>4 
Pal'amefer Paramtttr Reactol' Cast 

Dtfinltiou A B C D E F G H 
Initial mass of 50 50 100 100 300 300 300 300~  3 ' __ ..- _ Upper drywell� m: (tons)~  r' I� corilull in then. .....-... ~ • Lower drywelll 
lower dtywell 

2 '-'-Wetwel Ds.m� RPV hole size for 0.2 0.2 0.2 0.2 0.3 0,3 0.5 0.5 
1~ 	 ­ steam blowdown o 2 4 6 8 10 

Time,s ric, (K)� Initial 800 800 800 1500 800 800 800 800 
temperature in the 
Drimarv system 

t.� (s) Mixing time 7,8 3.6 10 10 7.8 10 3 6 
between melt and 
blowdown steam 

2 
CaseG 

1~ 	
 

~  

o 2� 4 6 8 10 
Time.s 



Tablr 1.4.3.6. SummaQ' of Rrsults of Rraetol' CaleulatioDs, 

PlIl'amrtrl" Pal'amrtrl'� RraetOl' CasrI 
Drfinition A B C D E F 1 G 1 H 

I "t, (5) Blowdown lime 2ft7 28,7 28.7 287 12,8 128 I 4,6 I 46 
scale 

R= T",/t'~  DCH scale on 014 0,35 0.35 0,61 0781 0,65 I U 

PI (bar) First (before vent 3.35 3,3 33 3,1 4,0 4.0 I 47 I 4.7 
deming) pressure 
oeak 

P2 (bar) Second pressurel 3,2 1 31 T 3.5 1 30 I 42 I 4,8 I 6,0 I 6,0 

peak 
P x (bar) Long-leon Ul 2,8 I ITl 3,2 I T5l 5.1 1431 6,5 

ressure 
TSTAB (K) Stabilized I 600 I 500 I 750 I 800 900 I 1000 I 1000 I 1200 

t atllre 

The key bounding Ingredients are: 
•� A conservative energy-release and transport model 

(CLCH) as used for PWR DCH-issue resolution, 

• A creep-rupture RPV breach area that is at the upper 
end of the uncertainty range used for the most severe 
of the 4 scenarios considered for PWRs, 

•� Upper bound of available core materials participating 
in the ejection and dispersal process, 

•� No intersection to the lower bound of the DW fragility. 

Conclusion: Failure is Physically Unreasonable 

Minimum (bounding) Margins to� 
Energetic DCH Failure� 

1"11 /Upper Bound Load l� 'I 

I 

0,8 j V 
Ii: 0.6 

Fragility
lL 
IL 

0.41 , 
0.2 rd'=O,027

= t,ME-5 

o� -----.----,---------, 
o 0.5 1,5 2.5 

Pressure, MPa 

Thermal effects on liner were also considered 

A Upper arywell ""0," 1-_"'0'""'" • • 
Iri Case E -·,(J·...ArC':f)W 4COC I i Case F --'LO\Mlllr d~  
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I-Uppo< d"fWV,[l 40001n ' ' >lOOJi!� I Case H __ ·lUp,o,"o"" 1Case G --'Lower orywe~  
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LOW liner would likely melt through. Liner isolation "lips" into the concrete and 
the basically impermeable pedestal wall should provide isolation to the outside. 
The liner of the UOW was shown to survive creep failure. 



Ex-Vessel Explosions (EVE) Pedestal model in DYNA3D 
Pedestal/Liner Failure, BiMAC-Pipes Crushing 

Energetic impulses that could potentially damage the reactor 
pedestal and BiMAC pipes cannot be conservatively 
excluded if there are deep, subcooled water pools on the 
LDW at the time of vessel breach. 

Our approach relies in prohibiting the formation of such pools 
by design changes in containment layouUsystems, and 
placing a high reliability requirement on the operation of 
the LDW deluge system 

According to bounding estimates of impulses and fragilities 
(both pedestal and BiMAC) there are additional margins 
even for subcooled 1 to 2 meter pools. 

Pedestal damage in DYNA 3D 

i i J 

.eps > 30% .eps> 20% • Concrete damage 

,'W.' 

. "",I
Shear RebarCone..." 

re = 5,000 psi lJ,"60,OOGpt ~ .. ~ " 

HooP Rebar Ve~IRebar  

O",:IJ 60.000 psi tJy:a 60.000 psi 

Pedestal Failure Margins to EVE 
1 to 2 m Subcooled Pools 

Pedestal 
a .No Failure 0.8 
• Failure 

vQ. CCLP 

d 0.6 
o Uppe, Bound Load F '1'a:­
ll. 0.4 
o 

Lower Bound ragl Ity "- / ~ 

0.2 
CFP 7 

o I I 0 0 I ( ~  

o 200 400 600 

Impulse, kPa.s 

Significant upwards revision of previously used failure criteria 



BiMAC Structural Configuration� DYNA3D model of BiMAC� 

LOW Symmerry plane 
-Deluge 

200m 
10 em 

BiMAC Failure Margins Due to 
BiMAC damage in DYNA3D EVE 

1-2 m subcooled pools 
.eps > 73.3% • Concrete damage 

,. .. 
BiMAC 

o No Failure "•, 
• Failure

CCLP-LL , ~i	 a. ~.•• i� 
0.8 

...J 06� •o . 
o� Upper Bound LO~\.  Upper Bpund Load 

VSaturated Low Level .~/SUbCOOI~d 1-2 m If 0.4 
o 

'\ I0.2 ...... CFP/ 

o I'� ~~  

i r'I I -=; ". 
o 40 80 120 160 200 

Impulse, kPa.s 
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Basemat Melt Penetration (BMP) Basemat Melt Penetration (BMP) 
BiMAC Thermal Failure (Burnout, Dryout) BiMAC Thermal Failure (Burnout, Dryout) 

The key bounding Ingredients are: 
1. Average thermal loads from full-core pools at bounding 

The scope of work decay power levels, 
2.� Bounding local peaking of loads from verified CFD 

Thennal Loading under calculations,
Jet Impingement, q 

3.� Lower bounds of CHF from ULPU in pool boiling (to be 
verified by full-scale experiments at the COL stage) 

4.� No flow-stability, or boil-off issues, found using a two­
phase flow model verified with inclined-channel data 
from the SULTAN experiments 

ThennaJ Loading� 
O(x)� 5.� Full floor area coverage-the melt has no other place 

to go but inside the BiMAC. 

Dynamic: loading 

Failure is Physically Unreasonable 

Lower Drywell� BiMAC Detail 
Deluge line Deluge line feeding� 

feedIng the LOW1 1�the BiMAC LOWdirectly ,� -Oeluge
-FeE 

-~" 

2.5 m • -. 
:':)J'-
;,P 

RCCV� - ., I • 
Uner I 

,. 
" 

,;,.- ;. 



I BiMAC Flow Path Sump Protection too 

Do\\'ncomcr 

LOW Deluge Line 

BiMAC capacity as a function 
of melt pool height, and 
resulting average heat fluxes. 

H_melt.m 

V_rnelt'.m3 

Mass. tons 

i_verticalh 

V_sump. m J 

M_sacrificial 

layer. tons 

Top 
Boundary. m! 

Bottom 
Boundary. m! 

Side 
Boundary. m! 

Decay power. 
MW 

Upward heal 
flux. kW/m 2 

Downward 
heat flux. 
kW/m2 

0.2 0.4 0.6 

2.2 9. 20.5 

18 72.5 164 

51 47 41 

0.3 0.85 1.4 

7.6 15 21.7 

25 49 70.5 

25.4 49.7 71.5 

0 -0 0.8 

All melt assumed to be Fuel 

1.5 8.6 21.5 

45 132 226 

15 43 74 

0.8 

35.8 

287 

29 

2 

27.3 

87.7 

88 

2.1 

All ox.ides + 
20 tons of 

metal 

36.4 

305 

100 

1.0 

53.8 

431 

1 

2.6 

30.7 

95.8 

97.3 

5.1 

All oxides + 
160 tons of 

metal 

36.4. 

271 

89 

Natural convection patterns 

~. 

I :: .­

1 ""'-·',.. 

I ::: . ,_. 

1
,;,""­

,~" 

Unstable Stratification 

Stable Stratification (Low Downward Heat Flux) 

Sideward heat 300 320 350 
flux. kW/m2 



The Peaking at the Edge of Near­
Summary of Power Split and Peaking Factor ResultsEdge Channels is the most Limiting from the Direct Numerical Simulations (all fluxes in kW/m2 ) 

- ~"',,~,~"'-"'-~- '.'~- -;~ti' .::-,,:­

A 63 30 NIA 2.1 1.25 
311 •• - 0: W=O.2/0.2 

B 120 54 NIA 2.2 1.25 
--N: IN=D.4/D.2 

C 178 80 NIA 2.2 1.25 
- -M: IN=O.2IO.4 

x t1 _M 30 C-3D 238 68 N/A 3.5 1.2 
:l
u: 
rn 2 

:i! 
M·3D 286 85 280 3.4 3.0 I 1.4 

J 
~ M 255 125 330 2.0 3.0 I 1.4 

N 238 126 340 1.9 3.0 / 1.2 

0 168 83 245 2.0 3.0 I 1.2 

The 3D results were confirmed with further calculations that included 
0 refined meshes, and a 10-fold increase in viscosity due to addition of 

-1 -0.5 0 0.5 the sacrificial concrete. 

xIL 

Bounding estimates of thermal loads The ULPU facility 

Central Channels: q =100 kw / m q =125 kw1m22 
Ed"~r"~~  v", III ~:r~dn max,dn 

2 I - ­
qdn =100kw/m2 

qmax,dn =300kwlm II
I ULPU 2100 

IJJ'! I lollllgal"lltiolll\ 

: I 
2 2 t-Near-Edge Channels: q = 320 kw / m q =450 kwl mv max,v 

EleclrlJomalllflJ" 
flo_ ...,Irr 

Ottst"'J1~""  

,,·'.do.,5 

~ I------- I'T I 
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Coolability Limits for BiMAC 
Applicability based on similarity of geometries and Thermal Loads against Coolability Limits in 

flow/heating regimes BiMAC Channels 
1400 

••• I 
1200 

1000 ....tr-Central ChannelI 

.-.e::-Near-Edge ChannelN 

.§ • • 800 -i -CHF 
~  800 • 
.>< 

u: • • i 
600 '" 6lIO 

I '" 
0 £ 

400 1400 

-ULPUC~  

200r • ULPU C-IV 200~  

0 or }, I
0 20 40 60 80 100 

o 0.5 1 1.5 
Angle, deg. Inclined Section yfH Vertical Section 

Thermal Margins for BiMAC Natural convection boiling in inclined 
Local Burnout channels: the SULTAN facility 

-6-Central Channel� 

00<>- Near-Edge Channel� 

e 
:> 

~ 3 
-Vertical and 10 degrees inclination 

~ ·Characteristic length: 3 and 15 cm 
c 
'B>2 ~l ·Channel length: 4 m i 

·Pressure: 0.5 MPa 
-Power levels 100 to 500 kw/m2 

o , I ·Detailed pressure drop data o 0.5 1 1.5 
Inclined section Vertical Section y/H - ...­

IlIIpM"'Cld-.........e.l-·� 
II : V·I 

""~""ICI$P'JM  



Boiling in inclined channels: Natural convection in BiMAC: 
, Sample comparisonp,Jqr ~o°,L~~li!!aJJ9n stable, self-adjusting flow 

65 .I ~  oo~  r~  - ­
~ ,~=". , -~OJ/ ~
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Thermal Margins for BiMAC 
nO-Dryout due to water depletion or flow starvation 
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BiMAC needs to be at least RTNSS 

• Qualification of function in the as-designed 
state 
This is shown now in terms of principle and available 
experimental knowledge, It will verified by full-scale 
tests. These tests are of the engineering practice type 

so they belong to the COL stage of the review. 

• Verification of continuing ability to function 
as designed through-out the operating life. 
This will reqUire some periodic testing for the I&C 
features of the BiMAC system 



Conclusion (1): The Low Pressure Conclusion (2): The High Pressure 
CPET CPET 

Class I: LP LDLVl EVE DAM BI SP BI FN ProbabilityI 
Class III: HP RCB_I DCH BI_SP BI_FN IIPlobability 

RPV FaillKeat Water level Pedestal Intact GDCSlJeluge 
~~~  I� RPV Faih.-e at ReactOf Coolant Conlamment intact GDCSDeluge DebnslSlow Pressure prior to RPV Supply t. Successfully� 

« 1 MPo) Failure BiMAC Cooled� High Pressure Boundory Intact /n8ignificant DCH Supply 10 Suceessfu/iy 

Successful {>1 MPo,� B1MAe Cooled 
Successful 

Tnmsfer to CSET Yes Transfer to CSET 
LD_l1 'et eel PU 
O-O.lm Reactor PresslB"e WetCCI PU' 

Dry eel PU Boundary Intact 
(Splinter Scenario) n~. In PU

Transfef to CSET 

I�
i 

I� PU 
ul_ ,____� PU' 0: DCH ,lD_12 n...... eel PU 

(f.'fm:f 

ID:X>-·-i Z _ rr:bJl� Pli 

i ... ,... ""H..., Assume CF 

, ... _, Assume CF 
I Tr8nsfer tolP Tree 
Natural Depressurization LD_L1 

•__LJ 

> 1.5m I Pedestal daml (Splinter Scenario) 

PU is for Physically UnreasonabJe; pu. IS. PendIng Expenmental Verification at COL 
The LD_l3 br.lnclJ '_IS less than 1% of1he CDF. See also Ch.9 .fNEDO-33201 

PU is lor PIlysicaBy Unreasonable' PU· is Pendlng ExperimentlJ VeriticaW> at COl 

Conclusion (3): Summary of containment threats and 
mitigative mechanisms or systems in place for responding 

to them 

DCH Energetic DJr Failure� Pressure Suppression Vents 
Reinforced Concrete Support 

VDW Liner Thermal Failure� Liner Anchoring System 

LD II' Liner Thermal Failllre� Rei,!(orced Com.:rete Barrier� 
Gap Separation/rom UDW� 

EVE Pedestal/Liner Failure� J)imem'iUlfs and Reinforcemem 

BiMAe Failure� Pipe Size and Thickness� 
Pipes Embedded i"fo Concrete� 

BMP BiMAC Activatio" failure S"flsing & Actuation Instrumentation 
& Diverse/Passi\'e Vah'e Action 
CCI 

Lucal Burnout� NOlural Circulation 

Water DepletiOJI� Natural Circulation 

Local Mell· Through� ReFuctory Protective La}!er 



ESBWR Containment S~stems 

Performance 

Severe Accident� 
Mitigation� 

Presented By: 
Rick Wachowiak 
General Electric 
April 20, 2006 

I""iln~ et won<. 

Bypass 

Can Only Occur if Large Penetrations are Open to the 
Environment 

All Penetrations in DCD Were Dispositioned as: 

> Normally Closed During Operation 

> Connected to Closed System Inside Containment 

> Connected to Closed System Outside Containment 

> Already Addressed in Levell Break Outside 
Containment Analysis 

Containment Bypass is not Credible in ESBWR 

8"""" 

Overview of Containment Systems Performance 

ESBWR Containment Robust for Severe Accident 
Phenomena - 8M P, EVE, DCH 

Need to Address 

> Containment Bypass 

> Containment Overpressurization 

Containment Systems Provided to Address These 

,e"", 

Overpressure Protection 

Function is Provided By: 

> Passive Containment Cooling System 

> Fuel and Auxiliary Pool Cooling System 

> Manual Venting 

Just as in LevelL Passive Function is Backed Up 
by Redundant Active Functions 

:'1F'N" ~::;ilW;'  ".,~:.,:  ,- ~,··'t c',~ '~·.t"'·'''J.,,·,~r.' 

"';',,,: ;;'. J~,,",
.'"""""""',,",,, 

1 



pees Operation During Severe Accidents 

No Active Components (24 hours) 

Steam in Drljwell is Condensed and Returned to the 
Drljwell - Closed Sljstem 

Aerosols are Carried Along With the Condensate 

The Onllj Issue is Build-Up of Non-Condensable Gas 

> This reduces the effectiveness of the sljstem� 

> Vent line provided to address non-condensables� 

> Requires vacuum breaker to be seated� 

C~i:;\'~  ",<",,' ",'"", "" ''''''''''''''."K""""'" 

Vacuum Breaker Design 

Vacuum Breakers are Passive Components 

Gravity Holds Them In Place 

Positive Indication of Closure 

Internal Valve Can Isolate Failed VB 

Operator Can Also Isolate VB Based on 
Containment Conditions 

. : E<;~r'i"; ~S:"\'" ,:,t,.~r,'_~ ~,'''':)'.  ~;,' :'1,1: "ii~,:,~nl,."K"'"'''''''''''' A,"H ;:'2':"JIi 

PCCS (typical of 6) 

Vacuum Breaker 
(typical of 3) 

[LOOP.SHOWN) 

[TvPlOOPB,C.D.'IF! 

Suppression Pool.//' 

,';' ,-,iC'e' ,,,,,,,',,,,,,,,',,,""'''''''''''''''8!""'"'' 

PCCS Reliability 

Unreasonable to Consider PCCS Failure Within 24 Hours 
of Initiating Event 

Water Makeup Needed for 24 - 72 Hour Period 

Automatic Makeup Considered - Requires DC Power 

Backup Water Addition Also Considered - Requires 
Manual Action 

PCCS Failure Extremely Unlikely in 99% of Core� 
Damage Sequences� 

G-:' "~F';~;' b'!'''.'? -(".F: ;: t,·",~·,1'.  ':'..'" '~'!r"'''j~"wr.· 

':';~',! ;;:>. ;.~,-;'I' 
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Containment System Event Tree 
W, VT 

CSETEntry Containment Vapor Containment Containment V",t� 
Event Isolation Suppression Heat RemJysl Heel Re!mval Operation� 

System Function oto 24 24 to 72� 
hours� 

CIS VB W2 ReIC8t 

ho'" 
TSL 

~	 

0FW2 

FR 

I� OFW1~-ri 

I 
FR 

O"'B 

­
BYP 

r," E~'{,"],,!W 

Containment Systems Results 

Bldpass is Negligible 

Overpressure within 24 Hours is Negligible 

Overpressure later than 24 Hours Can Occur in 
Some High Pressure Sequences 

> Mitigated bid venting - but still a release 

> Release does not occur for more than 24 hours 

Overall Containment Sldstems Reliabilitld is 99% 

• '",")"'",'<,.,/>,'� 1::" tnf.'fi\': "S,::>v,:""...,r '!:;:'''''''-''l',h;·'""""""."",( 
Ar:;;"'J..?'~)6 

Long Term Containment Behavior 
Hypothetical Early Loss of PCCS 

Drywe. Pressure� 

1.4£+06� 

I 
I� I 

Dryw.1l lJ"luure 24 hf1ll!fte' oout d core 
damage(251h...)oo(Ig.t~  t-- ""-..

lDE+06I 

; 

N --
I 

II ....Vf
;�

V '" 
IV- --­

;� I 
If ~" 

RPV failure followed by GDCS; io-..o" deluge actuation 

I I
O,OE.OO 

O,OE+OO t,OE0()4� ZOE<G4 3,oe~  4,0E+04 5.0E+04 6.0E+Q4 7.0£+04 8,OE+OolI 90E+Oot 1.OEo-OS 
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Offsite Consequence 
Analysis 

April 20. 2006� 
Sid Bhatt� 
Phone: 408-925·5251. email: sid.bhatt@ge.com 

1o'r-.i,.....1It-n. 

Offsite Consequence Analysis - Goals 
1.� Individual Risk: Risk to averoge individuol in the "vicinity" of a 

nuclear power plant of prompt fatalities that might result from nuclear 
accidents should not exceed 0.1% of the sum of "prompt fatality risks" 
resulting from other accidents to which the U.S. Population are 
generolly exposed. 1<0.1% * 39 deaths/lOO,OOO people per year[Ref l)l 
Ref.1 Accident Facts, 1988. National Safety Council 

2.� Societal Risk: Risk to the population in the area "neor" a nuclear 
power plant of cancer fatalities that might result from nuclear power 
plant operation should not exceed 0.1% of the sum of the "cancer 
fatality risks" resulting from all other couses. 1<0.1%*169 
deaths/lOO,OOO people per year [Ref 2]) 
Ref. 2 1986 Cancer Facts and Figures, American Cancer Society, 90 Park 
Ave, New York, NY 10016. 

3.� Radiation Dose: Probability of exceeding a whole body dose of 
O.2S Sv at a distance of 0.5 mile from the reactor shall be less than one 
in a million per reactor year ( <10E-61 

SCB-3 
ACRSMHbngG),m,"T"""" 
Ap'~20.2006  

Offsite Consequence Analysis 

•� Goals 
•� Radiological release assessment� 

methodology� 

•� Results and conclusions 

SCB·2

•� "co,,",,,,.'.',,, ACIlSM...,ttn;j 
Ap"IZO,2006 

Overall Assessment Methodology 
I J I 

Release Category PRA Level-l CDF 

Accident Sequences 
Level-l Cutsets sorted 
into Groups or Bins 

Level·2 CET 

M� SC8-4 

ACRSMeetrng1.r-''-''JI'~h·''''  

Ap,,120.2006 
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MAAP Simulation of Representative Sequence 

•� Source terms associated with each release 
category were developed using MAAP 
simulations of a representative sequence. 

•� Each representative MAAP sequence provided 
release fractions for 12 radionuclide groups 
(Xe/Kr. Csi. Te02. SrO. Mo02. CsOH. BaO, La203, 
Ce02. Sb. Te2. and U02) for the period 24 hours 
and 72 hours after onset of core damage. 

•� Source terms and associated release category 
frequencies are used in the offsite consequence 
analysis 

SCB-~  

ACRSHHbng 
Apn120.W06
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Whole Body Dose at 10.5 Milel as Probability of Exceedance 

I.OE-6 'veal is the Safel\' Ooal 
I~,r  the rrobabilit~ of exceedlllg .... hole body dose 01'0 25 Sv al 805 m 

i 100£·()7 

l 
i�
Ii. l00E-08 

100E-091 ~  

l00E-02 l00E-01 

~pulatklnO_ln....rts 

I -+-72 hours aJt~r  f)r.&fll at COle damage ..... 24 ho;.JU'1 ~ller Ol1let <:I Cafe damage I 
(MWi 1'11')';-,'-' ,.,," oTl'.,-n 

Whole Bod,- Dose'.t 11I~  m (U.~ Mile).$ ProbabilllJ 01 [lcrfd.nt:1i'·lb:,....l "fa muimumprubabilil) "fIE-6i.... ,1I a~'bo:C11li"' ..""""l1l!Ie~IO_' IIlile 
SCB-7 

ACRSMOIOng 
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MACCS2 Application to ESBWR 
• 24hr and 72 hrs after onset of core damage 

• Core inventory: ORIGEN - Equilibrium Core 

• Release fraction calculation: MAAP4.0.6 

• Meteorology - ALWR URD 

• Population -� SANDIA Siting Study Used� 
Imore bounding 0-10 mile population density that in ALWR URD)� 

• No Evacuation or relocation scenario used� 
Ipublic continue normal activity during reactor accident)� 

• Other Input Parameters� 
- Building data for Wake Effect model� 

- Release height: ground level� 

- Heat content of plume: 0 W� 
SCB·6 

ACRSMeetlngem,",,,,,,,,".> 
Ap,,120,2006 

Results & Conclusion 

24 Hours Safety 72 Hours Safety Gaol� 
Gaol Numerical� After the Gaol After the Achieved 

Gaol Onset of Achieved Onset of 172 Hoursl� 
Care 124 Haursl Core� 

Damage Damage� 

Individual Risk <3.9x10,7 2.6E-ll Yes 3.7E-ll Yes� 
10 - 1 Milel 10.1%1� 

Societal Risk <1.7x10-6 4.BE-12 Yes 60E-12 Yes� 
10 -10 Mile)� 10,1%1 

Radiation Dose <10-6 <2.2E-9 Yes <3.1E-9 Yes� 
Probability ­
Whale Body� 

Dose of 0.25 Sv� 
10 - 0.5 Milel� 

seB-S 
•� ,'""",,,, .•••w> ACRSMeetlng 

Apr,120,2006 
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ESBWR External Events Risk Probabilistic Fire Analysis 

Management FIVE Methodology Provides the Bases for: 
> Identifying fire compartments 
> Defining fire ignition frequencies Fire, Flood, High Wind. 
> Performing quantitative screening analyses of fireand Seismic Analyses 

risk 

Risk of Core Damage due to Fire in Each of the Area 
Groups Should be Lower than the Risk of Core Damage 
due to Internal Events 

Presented By: 
Rick Wachowiak 
General Electric 
April 21, 2006 

2 
irnqfn8tlan.t wortl8 GE Enerllll f ESeWR E>ru!fnolt:"..,tsAisk 1"I<:1I'C19em9'1~• ""'ern""'''''''' .-priIZlJ.20Oli 

Scope of Analysis Bounding Assumptions 

Fire scenarios in: Fires Grow Within A Building to Non­
> Reactor Building Mechanistically Affect All Equipment In A Division 
> Control Building > Any Fire in a Division I Room In the Reactor� 
> Fuel Building Building is Assumed to Damage All Division I� 
> Turbine Building Equipment in the Reactor Building� 
> Electrical Building� Fire Protection is Not Credited� 
> Service Water Building� Worst Case Spurious Actuation is Postulated 

Full Power and Shutdown Modes of plant operation 

GE fnflllllf ESfIIo'oRE><te<n<J'E~ent5lll5llM<:Jnagemenl  GE Energy' ES8'Ml E><temol Events Rislo. Management 

, .,.",,,,,,,,,,,,"',, ,."""""'''''''''; Apr~  20. 2006 Apl'~ 20. 2006 
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Fire Results 

All Fire Scenarios But One Have CDF < 3 x 10-10 

Turbine Building Considered One Fire Area 

Turbine Building Fire Treated as Loss of 
Feedwater 

This Sequence Has a CDF of 1 x 10-8 

Similar to Loss Of Feedwater in Internal Events 

G££nt>r9yles6Wl'tbternoIEveo3R,sl<Maooge'T,..,t 
Ap"I20,2006.,.".""" .•." 

, 

Probabilistic Flooding Analysis 

Initiation frequency based upon BWR experience 

Flood scenarios in: 

> Reactor Building� 

> Control Building� 

> Fuel Building� 

> Turbine Building� 

> Electrical Building 

> Service Water Building 

Full Power and Shutdown Modes of plant operation 
, 

GEe_1I11I f'Se'Ml&tBnoIEventsRislMoroogernenl 
• """",""" ••k April 2(l. 2006 

Shutdown Fire Results 

Still Under Development 

, 
GE Energy f ESBWR E~ternal e"ftll< R..:k Monogern....l:8 "'!'~""'"''"''' April2<l,2006 

Flooding Frequencies 

At-Power Flooding Frequencies 
Based on the general information contained in NUREG/CR-5750 
and NUREG/CR-2300 

Shutdown Flooding Frequencies 
Shutdown frequencies are calculated based on the data for BWR 
plants for the years 1980-1996. Provided in NUREG/CR-5496, 

The ESBWR flooding frequency values also accounts for a 24 
month refueling outage cycle, 

, 
GEen·gllf~£>rt('fnoIEventsRiskMoncgef'"1fl"l1:8 ,""",~,.,,",W'" 

April20,2006 
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Reactor Building 
Major water sources: 
(1)� Fuel Auxiliary Pool Cooling System (FAPCS) 

(2)� Reactor water Cleanup 1Shutdown Cooling 
(RWCU/SDC) 

(3)� Reactor Component Cooling Water System: (RCCWSI 

(4)� Fire Protection System: (FPS) 

(5)� Feedwater System: FW pipe breaks are LOCA 
initiators. FW lines outside containment are located 
in the steam tunnel. A FW line break in the steam 
tunnel flood progression into the Turbine Building. 

Geene'9yl ES6Wll E>cternal Even;s Ris!< MonogeMen: 
Aprjl2fJ.2Q06

8:"",,,·,,,·� 
, 

Fuel Building� 
Potential flooding sources:� 
(1)� Fuel and Auxiliary Pools Cooling System (FAPCS): 

Check valves and vacuum breaker valves eliminate 
potential siphon effect discharge from the fuel pool. 
Flooding requires a system pipe break and failure of 
at least one vacuum breaker valve. 

(2)� Reactor Component Cooling Water (RCCW): 
(3)� Fire Protection System (FPS): Larger FPS pipes. 

Water released to the FB lower floor can progress 
through an open doorway. Large volume of released 
water could cause the loss of the RWCU/SDC. .'''''".,..� GE Ene<9Y f ESBWR E~ternol Events RISk Mor>ogernB'lI" 

Aprj 20. 2006 

Control Building 
Major water sources: 

(1) Chilled Water System: Limited volume of water is not� 
sufficient to cause an initiating event.� 

(21 Potable Water and Sanitary Waste System (PWSWS):� 
Small water volume released.� 

(3) Fire Protection System (FPS): Pipes are of short length� 
and small diameters (2-1/2 inches!. The frequency and� 
the impact of the water released is small.� 

W 
GE Ene'gy I ESBWR blernal Ev.... :s Ri.k MOfWlge"'erlt ."".." ~..•.� Ap,il20,ZCC6 

Turbine Building 

Flooding sources considered are: 
(1) Circulating Water System (CWS) 

Flooding from a break in the circulating water 
system is the bounding scenario in the TB 

(2) Condensate and Feedwater System (C&FS) 

(3) Reactor Component Cooling Water (RCCWS) 

(4) Plant Service Water System (PSWSI 

(5) Fire Protection System (FPS) 

. ".,," ..� GEEnl'!gyI ESBWflE":.... no.ev......:sRis!<Monog"I"en:" 
April2C.2C06 
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Electrical Building� 
Flooding sources considered are:� 

(1) FPS system: FPS flow rate is low. 

(2) RCCW: Flooding due to diesel generator cooling 
water system leak in a single diesel generator room is 
considered to be a negligible risk. Flooding in one diesel 
generator room would not affect the other diesel 
generator, and flooding in a DG room would not affect 
external power supplies, or cause an initiating event. 

• i ..••.•..•••.. GEEne<gy I ESBlM'lh1l>rnaIEv"",~R"kManag""".m" 
April 20. Xl06 

At Power Flooding Scenarios 

AP-li Reactor Building Outside Containment - CROS pipe breaks 
outside containment. 

AP-2i Reactor Building Outside Containment - FPS pipe breaks. 

AP-3: Reactor Building Outside Containment - RWCU/SOCS line 
break outside of containment. 
AP-4: Reactor Building Outside Containment - FPS line break and 
general transient 

AP-5: Turbine Building - Complete loss of feedwater 

AP-6: Turbine Building - Loss of Plant Service Water 

AP-7: Electrical Building - Loss of Power Conversion System 

AP-8: Oiesel Generator Room - General Transient with Loss of 
One Oiesel Generator 

15 

••••!••"'. GE Energy I ESe'M'l €><ternal Events Risk Managemenl 
April20,2<l06 

Service Water Building 

The Plant Service Water System (PSWS) is the primary� 
flood source in the Service Water Building.� 

The loss of service water scenario is included and� 
analyzed in the ESBWR PRA internal events analysis by� 
use of the Complete Loss of PSWS initiator.� 

The frequency of service water floods in the Service� 
Water Building is inherently included in the Complete� 
Loss of PSWS initiator frequency.� 

• ••••'1"... GEEnelgyI E5eWR E><tefnllIEv""tsl'l,sk Maoogerr...,t" 
Ap"I20.20C6 

Shutdown Flooding Scenarios 
50-1 and 50-3: Reactor Building - CROS pipe breaks outside 
containment 

50-2 and 50-4: Reactor Building Outside Containment Shutdown 
Flooding Scenario 

50-5 and 50-6: Reactor Coolant System Inventory Control 

50-7 an 50-8: Fuel Building Shutdown Flooding Scenarios 

16.......""......"..,,"' GEEne<gy I e5e'M'l Exwrnol EVer>ts Risk Monageme'll� 
April20,Z006 
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CDF for internal flooding 

CDF for internal flooding is a not a dominant contributor� 
to the overall plant CDF.� 

The contribution due to flood to the CDF is one order of� 
magnitude less than the CDF due to internal events:� 

Contribution Description CDF (per calendar yearl 

Internal Events 2.9E-08 

Flood At-Power 3.7E-09 

Flood Shutdown 1.6E-09 

.'� GE Energy! ESBWR E>cll!foo! ev"",ts Rlsk M<loogemWlt" 
AoIlI2C,2CC6 

High Wind Risk - Tornado 

Treated as Loss of Preferred Power with No 
Recovery within 24 Hours 

Condensate Storage Tank is Assumed Failed 

Initiating Event Frequency is Much Lower than 
LOPP without Recovery 

Risk Due to this Scenario is Very Small - 10-12 

GE Energy f £SB~ hlp,,,,,1 €vents Risk MonagemWl'"~""""""'"	 Aprol2C.2()06 

Key Features Important to Flood Results 

•� Layout and safety design features 
•� Safety system redundancy and physical separation 

provide protection from flooding by large water 
sources 

•� Alternate safe shutdown features in buildings 
separated from flooding of safety systems 

•� Watertight doors on the Control and Reactor 
Buildings 

•� Floor drains in the Reactor and Control Buildings 
•� Automatic CWS pump trip and valve closure on high 

water level in the condenser pit 

GE el'lp'gy I ESBWR E><temal Events Risk MOr<lg",",e'1:"~"'.'''''' ....p"rZC,2I:lC6 

Seismic Margins 

Addresses the Capability of Safety Systems for Seismic 
Response 

Determined Fragility for All Safety Systems 

Assigned That Fragility To Each Branch of The Event 
Tree 

> Non-Safety assigned O.O*SSE fragility value 

Fragility for the Sequence is the Maximum of Each 
Branch 

Total Fragility is the Minimum of All the Sequences 

~.,.....,,,,,,,,,..,� GEEne'9yl ESB'M'lE~t....nO}I€v",!Sllis.M<l.....g_Wl: 
.t.p(jl20,2C06 
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ESBWR Shutdown Risk 
Management 

Presented By: 
Rick Wachowiak 
General Electric 
April 21. 2006 

imlIP-tlCln ..wcwtte 

Initiating Events During Shutdown 

Manual Shutdown 

LOCA - Mode 6 Only :=j Not Appl'eoble foeLoss of Power. 
Mode 6 With Reactor 

Loss of Shutdown Cooling 

Fires : 

Cavity Flooded 

IThere is More than 
Floods 72 Hours to Recover 

DHR 

Scope of Shutdown Analysis 

Internal Events & External Events 

Seismic Margins 

Mode 5 (Cold Shutdownl 

Mode 6 (Refuel! 

Same Level of Detail as Power Operation PRAs 

, 
GE E1lI!f9\1 / fSeWR ShU!dOWllll;isl< Mon<l!l...-rl""':0""'''''''' '"','h''' lprol?1.20Q6 

Maintenance Activities During Shutdown 

Multiple Pumps / Trains ofFeedwater And 
Condensate May be Unavailable 

Some Fire and Flood Barriers May Be Open 

ICS Out of Service in Mode 6 

1 GDCS Pool Allowed Unavailable in Mode 6 

PCCS Unavailable in Mode 6 

SRVs and DPVs Unavailable in Mode 6 

GE Energy I ESBWA Shutdo_ ~lsl<  Manog""",enl GEEnergy I ES6IM'l Shutdown FlISl< Mlnogl1mm!0'"'''''''''''''''''''''' 
, 

o"";;"""""~'"  

, 
Apnl2t2006 April 21. 2006 
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Recovery Actions During Shutdown 

Shutdown Events Tend to Move Slower� 
More Time to Recover Initiating Event� 
Recovery Events Added to Shutdown Model� 
> Recovery of Shutdown Cooling� 
> Recovery of Offsite Power� 
> Recovery of Service Water� 

Approximately 5 Hours to Recover� 
Non-Recovery Value Based on Industry Events that� 
Have Occurred During Shutdown� 

, 
~ e""";;,,,";,,,,,,;~, G€ Energy I ESBINR Shutdo_ RISk Manogement 

April Zl. 200fi 

Containment Water� 
Capacity During� 
Shutdown LOCA� 

Approximate Water III 1111'1 
Level With Hatch 
Closed 

Elevation of Hatch I I III!b a!ol 

, 
GE En....QU I es6'JVR Sl>utdown RISl<� Mlnog"",..,t 

Aprdn,Z006
e ""'",'';';k,,'''~;'''  

Shutdown CDF Results 

Manual Shutdown 2 X 10-12 

Loss of DHR < 10-12 

Loss of Service Water 3 X 10-12 

Loss of Preferred Power 4 X 10-10 

LOCA 4 X 10-9 

.� 
GE Energy I ESllIMI Shutdown ~ Mtlnoge",,,,nt 

Ap'~ ll. 2006
.""";"""";,,~,,; 

Shutdown PRA As A Design Tool Example 

LOCA Dominated by Pipes Connected Below the Core 

PRA Assumes Hatches are Open During Mode 5 

PRA Assumes Containment is Open During Mode 5 

GE is Considering Options to Address This Scenario 

8 
• '''';'''''''';,m,~",	 GE £/'lergy I ESBWR Shll1do_ RiSk Mal\Ol}l!fl\ent 

April 21. 2006 
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Shutdown PRA Input to Operational 
Programs Example 

Fire Barriers Should Be Controlled During Shutdown 

Remaining Intact is Best Option 

Compensatory Measures (e.g. Fire Watch) are Adequate 

Detailed Layout / Routing and Fire Modeling Needed to 
Relax This Requirement 

.e,,,,,,,,,,,,,,,,,,,,,,," G€En"'9yl ESBlNRShutdo....... FliskMcm09emenl 
ilpr~ <l. 1'006 

ESBWR Risk Management Insights 

Final Remarks on Shutdown 

Iterative Process with Design Still in Progress for 
Shutdown 

Fire and Flood Models For Shutdown Still Under 
Development 

GE En....gy I eSBIMI Shutdown Rio$k Manog@menl" e"'·i"""'"''''M''' .a~l"IZL.20OEi 

ESBWR Risk Management Program 

Supports Desired Goals 

Scope is Appropriate 

Enhanced Defense-in-Depth 

PRA is a Valuable Design Tool 

PRA Will Continue to Grow Through Plant Operation 

GE En<!l'gy I es6WR ShUlclo_ Risk Ma"CI}emen: GE En",gy I ES8WRSI>utdo-Risl<JobnD9l!ment e,,,,,,,,,·,,,,,,,,,," U " 
~'~11.2006 .'""i""'''''''''''' .o\pr;1 It 2006 

3 



Overall Results and Observations 

ESBWR Robust Design Results in Low CDF and LRF 

We Are Testing The Limits of Current PRA Techniques 

> Unknowns may be as important as the known 

Some Screening Methods Not as Effective 

> Thresholds too low to screen anything 

Relative Risk Ranking Could Be A Significant Issue 

> Also a threshold problem 

When Compared to Other Plants, Using the Same Methods, 
ESBWR Provides the Best Level of Safety Available 

1J."""",,,,,,,,,""',,,,,,' GE E"el'\lY I ESElIMl Shu\dQ_ R9. Monogement 
Apr~ 21. 2006 
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ESBWR DESIGN CERTIFICATION� 
PRA AND SEVERE ACCIDENTS� 

OVERVIEW� 

ACRS - Reliability and Probabilistic Risk Assessment 
Subcommittee 

April 20 & 21, 2006 

PRA and Severe Accident RAls 

RAI 19.0.0-1: Requested peer review results for ROAAM methodology 
used to support the assessment of direct containment heating, steam 
explosions, and core concrete interactions for ESBWR. 

RAI 19.2.3-1: Requested equipment survivability assessment. 

RAI19.2.4-1: Requested information regarding the accident 
management program under which guidance and training would be 
provided on the use of such features as containment venting, drywell 
sprays, and fire pumps for isolation condenser make-up. 

RAI 19.4.0-1: Requested more rigorous evaluation of Severe Accident 
Mitigation Design Alternatives (SAMDAs). 

1 



PRA and Severe Accident RAls (cont.) 

RAI 19.1.0-3: Requested submittal of additional cutsets and a 
discussion on the use of uncertainty, sensitivity and importance 
analyses. 

RAI 19.1.0-4: Requested that GE Identify design requirements based on 
PRA insights and assumptions. 

RAI 19.1.0-5: Requested references for component reliability data base. 

RAI 19.1.0-6: Requested detailed evaluations of important human 
actions and their associated human error probabilities. 

RAI 19.1.0-7: Requested additional details regarding GE's fire risk 
analysis. 

PRA and Severe Accident RAls (cont.) 
RAI19.3.0-1: Requested risk assessment for fires and floods during 
shutdown. 

RAI 19.3.0-2: Requested discussion of large release frequency (LRF) 
risk during shutdown. 

Additional issues identified during meetings: 

• Assessment of potential RCS draindown paths through the 
RWCU/SDC system and risk of using freeze seals 

• LRF contribution from cold shutdown operations when the containment 
can be open 

• Impact on level 2 PRA results if BiMAC is not credited 

• Effect of impingement of molten core debris on the lower drywell 
equipment/personnel hatch 

• Drywell water level at time of vessel breach 

• Modeling of the digital I&C system in the PRA 

3 



(JJresentation to 
rrtie ;4.d'visory Committee on ~actor Safeeuaras 

On Confimuztory ;4.naCysis ofSevere ;4.ccUfentsfor 'ES113'W1{. 
)f.pril21 2006 

CONFIRMATORY ANALYSIS OF� 
SEVERE ACCIDENTS FOR ESBWR� 

Advisory Committee on Reactor Safeguards 

U. S. Nuclear Regulatory Commission 

April 21, 2006 

by: 

M. Khatib-Rahbar, Z. Yuan, M. Zavisca, A. Krall and H. Esmaili� 
Energy Research, Inc.� 
6167 Executive Blvd.� 

Rockville, Maryland 20852� 

~~~~ Research, Inc. ===============.J 

OUTLINE 

• Objectives 

• MELeOR Modeling ofESBWR 

• Preliminary Results 

• Planned Analyses 

~~~~ Research, Inc. ===============.J
2 
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Presentation to 
rrFie ;f.a'Visory Committee on ~actor Safeeuartfs 

On Confinnatory ;f.nafysis ofSe1Jere ;f.ccUfentsfor fS(8~ 

;f.pril21 2006 

OBJECTIVES 

•� To support the design certification review of� 
severe accident risk by NRC in� 
•� Independent assessment of severe accident response 

•� Confirmatory assessment of representative� 
radiological release estimates� 

•� Development of uncertainties in the initial and� 
boundary conditions for analysis of selected severe� 
accident issues� 

•� Confirmatory analysis of selected severe accident� 
issues (e.g., ex-vessel steam explosion, MCCI, etc.)� 

~[~,; Research. Inc. ================~ 
3 

MELCOR Model Development 

•� Developed initial input decks for MELCOR 1.8.6 using� 
GE design data� 

•� MELCOR 1.8.6 deck subjected to an independent QA and� 
review (Purdue & SNL/JTA)� 

•� Review comments factored in the modification to the� 
MELCOR 1.8.6 deck� 

•� Due to code performance issues, the deck was finalized for� 
MELeaR 1.8.5� 

•� The initial baseline calculations were performed with� 
MELCOR 1.8.5 & work is underway to finalize MELCOR� 
1.8.6 deck as performance issues are being resolved by� 
SNL� 

~[~!v Research. Inc. ================~ 
4 

fEnergy ~seareli, I ne.� 



®'esentation to 

rrtie JIavisory Committee on ~actor Safeouaras 
On Confinnatory JInalysis ofSevere JIccid"entsfor ~CB~ 

JIpril21 2006 

OTHER FEATURES 

•� Containment spray system and the venting system� 
included� 

• Refill ofPCCIIC pool included. 

• BiMAC system not explicitly modeled 
• Pre-accident steady state calculation perfonned� 

prior to simulation of accidents� 

~~~~ Research. Inc. ===================.J 
5 

MELCOR Steady-State Results vs. GE DCD� 
Values� 

Steam flow rate (kg/s)� 
Feedwater flow rate (kR/s)� 
Core coolant flow rate (k2ls)� 
Control Rod Drive flow rate (kR/s)� 
Cleanup demineralizer svstem flow rate (k2ls)� 
System pressure nominal in steam dome (kPa)� 
Svstem pressure, nominal core design (kPa)� 
Core inlet temperature (OC)� 
Total core pressure drop (from bottom of the� 
core support plate to too of the core) (kPa)� 
Core plate pressure drop (kPa)� 
Core maximum exit void fraction� 
Downcomer liquid level (m)� 

',. 

2433 2436 
2451 2452 

9034·10584 9452 
5.9 5.9 

24.3 24.3 
7171 7177 
7240 7243 

543-545 543 

70.0 47.0 

41.3 31.5 
0.916 0.90 
17.27 17.6 

~[~~ Research, Inc:. ===================.J 
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Presentation to 
rrTie )f.avisory Committee on ~actor SafeguardS 

On Confirmatory )f.nafysis ofSevere )f.ccUfentsfor ~cB'f1A1{ 

)f.pril21 2006 

MELeOR-Simulated Accident Scenario 
•� Transient event initiated by a loss of feedwater (i.e.,� 

scenario T_DP_nIN of the ESBWR PRA):� 
•� Short or long-term coolant injection to RPV not available� 

(i.e., GOCS injection to RPV & wetwell injection through� 
equalization lines not available).� 

•� ADS is assumed to be actuated if downcomer water level� 
drops below 11 m.� 

•� Heat removal by ICs not credited. 
•� PCC & PCC/IC pool makeup available (thereby allowing� 

long-term containment heat removal).� 
•� GOCS deluge system is also available for injection onto the� 

lower drywell floor.� 

~~~;, Rescarch. Inc. ================:!.J 
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MELCOR-Simulated Accident Scenario� 
(Cont.)� 

•� Two cases considered:� 
.:. Case 1: MCCI suppressed (Perfect BiMAC)� 

.:. Case 2: MCCI allowed to occur (assuming MELCOR� 
standard basaltic concrete composition).� 

$~~,; Rcscarch, Inc. ================~ 
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Comparison With MAAP Results (Case 1:� 
Without MCCn� 

RPV depressurization slarts (DPVs open). hour 0.33� 

Start of core uncovery, hour 0.36 0.86� 

Onset of core damage (i.e., fuel temperature exceeds 2500� 0.97 1.69Kl. hour� 

RPV lower head penetration failure, hour 6.3 3.91� 

Deluge system actuated, hour 6.3 7.9� 

Containment (upper drywall) pressure at 24 hours, bar-abs 5.0 4.8� 

Containment (lower drywall) temperature at 24 hours, K 425 427� 

Containment faiVvent, hour N1A N1A� 

PCCS heat remoVlll at 24 hours, MW 18.5 22.7� 
Water level In drywall at 24 hours (relative to bottom of the� 13.1 12.5RPVl.m 

Axial conaete erosion in 24 hours, m 0.07 0.0 

Mass fraction of noble gasas released to environment 9.0xl0" 8.7xl0" 

Mass fraction of Csi released to environment 7.4xl0·· 1.8xl0" 

~ ERI·MAAP results taken from NEDC·33201P (Rev 0) 

0f:!J Energy Research, Inc. =======================:!J 
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Upper Drywell and Wetwell Pressure� 

(Case 1: Without MCCn� 
8.0E+05 .-------,--------,-------r-----,--------, 

5.0E+05 

I 

I 

4.0E+05 -~------~-------~------
I 

~
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~ 
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I 
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time Ihr) 

cBo ERI MAAP results taken from NEDC·3320JP (Rev 0) 
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Upper Drywell and Wetwell Pressure 
(Case 2: with MCCn 

1.4E+06 .,-------,-------,--------,------,--'-----, 

1.0E+06 

'fti' 
~ 8.0E+05 

:I 

~ 6.0E+05 
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lL I 

4.0E+05 - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Planned Calculations 
•� Rationale for selection of scenarios: 

o� To provide initial & boundary conditions for NRC 
confirmatory analyses (e.g., FC!) 

o� To enable limited comparison to MAAP predictions 

o� To assess sensitivity to design/operational aspects (e.g., 
sprays) 

o� To support other NRC objectives 

•� "Risk-dominant", "frequency-dominant", and 
"consequence-dominant" scenarios will be 
examined, together with influence ofvarious 
assumptions and sensitivity cases 

~[~ Research, Inc. =================..1
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STATUS 

•� MELeOR model completed and initial� 
confirmatory calculations are underway.� 
•� Results of a representative accident scenario with� 

limited comparisons to the GE submittal completed� 

•� Identified representative scenarios to be analyzed 

•� Baseline MELeOR calculations for the most part, have� 
been completed with the available data; however, final� 
calculations await the receipt of requested data from� 
GE.� 

~~~~ Research, Inc. ===============~ 
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STATUS (Cont.) 

• Ex-Vessel FCI analyses have been started: 
• Initial calculations aimed at confirming the GE� 

calculations under identical conditions� 

• Will formulate initial conditions for ex-vessel� 
analyses:� 

o Lower head failure size and location 
o� Debris mass, composition and temperature 
o Etc. 

• Perform analyses to span a wide range of 
conditions and parameters (similar to those of� 

E APIOOO)� 
~ E~~ Research, Inc. ===============~ 
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