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Meeting Agenda

TIME TOPIC LEAD

10:00 a.m. -

10:10 a.m.-
10:40 a.m. -
10:50 a.m. -
11:30 a.m. -
11:40 a.m. --
11:45 a.m.

10:10 a.m.
10:40 a.m.
10:50 a.m.
11:30 a.m.
11:40 a.m.
11:45 a.m.

Introduction and opening remarks
Overview of mPower design
mPower project schedule
Human Factors Issues
NRC feedback & next steps
Opportunity for public comment
Adjourn open meeting

NRC/B&W
J. Halfinger
T.J. Kim
J. DeBor
All
Public

11:45 a.m. - 12:30 p.m. Lunch

[The following discussions will NOT be open to the public.]

1:00 p.m. - 1:45 p.m.
1:45 p.m. -2:15 p.m.

2:15 p.m. - 2:30 p.m.
2:30 p.m.

Design Verification Test Plan
Compliance with GDCs
NRC Feedback & Next Steps
Adjourn

D. Lee
S. Hobbs

All
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B&W mPowerTM Design Update

- Overall Design Approach

" Integral Nuclear Steam Supply System (NSSS)
Design Characteristics

Core & Fuel Assemblies

* Safety Philosophy

- Containment

- Balance of Plant Overview

• Summary
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B&W mPower Overall Design Approach
* 425 MWth Integral NSSS based on B&W

Consolidated Nuclear Steam Generator
Program PWR experience

* Standard PWR fuel assemblies

* Passive decay heat removal system

* Reactor Containment Building housing the
NSSS, the high pressure reactor coolant
purification system, and spent fuel storage

* No soluble poison used in normal operation
* Control rods used for reactivity control
* No Class 1 E emergency diesel generators

* Traditional turbine-generator and Balance of
Plant (- 125 MWe)
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Integral Nuclear Steam Supply System

Pressurizer -

Steam Generator

Control Rod
Drive
Mechanisms

Reactor
Coolant
Pumps

DHRS Heat

Exchangers

Core

" Integrates core, steam generator, and
pressurizer into a single vessel

" Control rod drive mechanisms (CRDMs) and
primary coolant pumps inside vessel

" Decay heat removal system (DHRS) heat
exchangers inside pressure vessel

* Reactor coolant pressure boundary
penetration size and location minimize coolant
loss during loss of coolant accident (LOCA)

" Core remains covered throughout design basis
LOCA

J

Inte ral design reduces
complexity and enhances safety
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Design Characteristics
Design Characteristic Value

Reactor Type PWR

Thermal Power 425 MW

Reactor Coolant Light Water
< 14 MPa (2000 psia)
-5950K (6090F) Core outlet

Steam Conditions < 7 MPa (1000 psia)
Superheated

Reactor Vessel Diameter - 3.6 m (12 feet)
Height -23 m (76 feet)

Fuel Assemblies 69 - 17xl 7 fuel assemblies
Height -1/2 of Standard FA

I
M

PI
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Fuel Assembly Characteristics
Top nozzle

._- Top spacer grid [
17 x 17 fuel rod array

Control rod guide thimble

Bottom spacer grid

Bottom nozzle --

Intermediate spacer grid

Fuel rod

o Low power density
o Corrosion resistant

Zircaloy

o Large plenum volume

Top end plug

Upper plenum

- Clip

Top spacer

Fuel pellet column

Bottom spacer

Standoff

Bottom end plug

Shottened and Simplified Conventional Fuel Assembly Design

B-I! !L C"Dr,","ry All NRC 1C-2'T-09 Oessur) Update
PL
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Reactor Core Characteristics

Covntoa Cor .D*esg wit Lo oeest
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B&W mPower Design Safety Philosophy
Contai ment

* Conventional defense in depth for fission
product release

" Inherent design features preclude need
for active engineered safeguards

Passive core and containment cooling
No large-break LOCA
No RCS penetrations below top of core
Large coolant inventory (Core remains
covered in design basis LOCA)

" Maximize containment of radioactive
materials

RCS purification system piping inside
containment
Spent fuel stored inside containment
Below-grade containment

/__ Refuelina
Water
Storage
Tank

-.... IntegralNSSS

Dent Fuel
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Containment

1 NSSS and all high-energy pipe containing
reactor coolant is located within containment

" Spent fuel stored inside containment

* Containment provides sufficient thermal
storage to reduce peak pressure after LOCA
by >50% within 24 hours

minmiz relas of raiatv maeil

Tiý0ý:C Crpri AI r~sleee! RG1( 2 -0 De, -lU dt



thebabcock&wi Icoxcom pa riy

Balance of Plant Design

" Plant designed to produce a nominal
125 MWe gross

Air-cooled condenser (Baseline)

Water-cooled condenser

* Conventional steam cycle equipment

" BOP operation not credited for
design basis accidents

, Reactor can be cooled without feedwater flow to
the steam generator

, All fuel can be cooled for a minimum of 72 hours
without any BOP system

* Option of feeding steam from
multiple reactors to a single turbine

Air Cooled

Condenser

Generator

LP turbine 2
HP turbir

fie CondensaPun

FW
MSR FW Pump Heaters

te
np

/
eifv nird

Air-Cooed odne

B&W mPower
125 MWe Module
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Instrumentation and Controls

* State of the art digital system

* Provides monitoring,
control, and
protection functions

*Separate safety and
non-safety systems

* Implement lessons
learned from current
licensing activities



theba bcock&wi Icoxcom pa ny

Summary
* B&W mPower reactor based on demonstrated B&W technology.
* B&W mPower design provides significant benefits

Integral reactor allows improved safety position

* Core remains covered and cooled in postulated design. basis accidents
* Core cooling provided by passive safety systems and features

Conventional core design with low power density

No reliance on emergency diesel generators

>Containment integrity ensured by passive cooling

No soluble boron used for reactivity control

.Extended fuel cycle

ý-60-year fuel storage in containment

)Below grade containment

* Incorporates conventional Balance of Plant design

* Uses digital I&C architecture
@ 09Te acc . WloCopn.Alrgtre rvd- R 10270 De sinUdae1
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B&W mPower Lead Plant Schedule

1 Concept Definition
tal Requirements

..... nlPreliminary Design
Critical Heat Flux Testing

Integral System Test
-,Prepare DCD

NRC Review

Final Design for Construction

" _Prepare COL Application

N

Long-Lead Procurement

" NRC review window
2012-2014
, Initial ALWR reviews finishing
, B&W/partner investments

ongoing
• Initial ALWRs online

2017-2020
, Considered ALWR by industry
, Customers seek scalable options

" DCA submittal 1Q 2012
, Nuclear Island design

review-ready
, Safety analyses

substantially complete
" Lead COLA submittal 2013

Maintain NRC engagement
Lead plant operational
2018-2020

RC Review

Manufacturing

onstruction

____ ____ ___ ITMAC

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Crtia exera cosrit .. NR reie wido an inta Ne uliblt
--------------
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B&W mPower Pre-Application Work

Proposed Topical Report Submittals

Human Factors Program Plan

QA Program description

Core/fuel design criteria and analysis methodology

Reactivity control

Dec 2009

Mar 2010

Mar 2010

June 2010

June 2010

Sep 2010

Sep 2010

Multi-module control room and operations staffing

Safety analysis

Design verification testing program plan

@2009The Bab-cock &Wilco,(Company. All righlsýreseNecl,- NRC-10-27-09 DesignUpdate



NW a progressive energy solution

9

power generationnuclear

Human Factors Engineering

October 27, 2009 NRC Meeting

Ocoe 27, 200 NC Metn a Bacc & Wicxcopn
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babcock & wilcox nuclear power generation

Approach to B&W mPowerTM Human
Factors Engineering - Design Process

*Overview of the HFE approach for the mPowerTM

Reactor Design Process.

Review contents of DCD Chapter 18 and the HFE

Topical Report.

*Initiate dialogue with NRC Staff regarding HFE Plans.

Ocoe 27, 200 SR etn
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Approach to B&W mPowerTM Human
Factors Engineering - Design Process

*HFE Program

, Regulatory Guide 1.206 Compliant

, Comprehensive Program Plan

, Standard Process

Octbe 27, 209N Mein3
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Phases & Elements of HFE Program

1.IFE Program
Management"

2. Operating.i 2;Operati : ~ 7., H' fa ysteith=...• ":"-:::iL •-,,•,

Ej rience Re views; 7.Human-System
• ..... - . Interface Design 11. D

3. Functional ----- - - . 10. Human Factors Implementation
Requirements 8,Procedure Verification?& -&
Analysis &,Function lVa tonySs. . ......t2"Hu a io

SAllocation,.
I "- Performance

4. Task Analysis-. M o nito-ing
9_9. Training Monitoring

5. Staffin g, &1 Development
q ualification ---L --- _-_ -. -_"

-6-'mneia NUREG-0711 Twelve
6. HumanRela bility

Analysis,2;%

Oct.be 27, 200 N Mein
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Element I U

U Program Management

e General Program Goals and Scope

* Team Organization

* Process and Procedures

* Issues Tracking

o Technical Program NUREG-0711 Formal
Process

*-Ocoe 27, 20 -NR Metig
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Element 2: Operating Experience Reviews
NRCHumanRFachors Informatiol SsemflFS

Table Cl

HFIS LER Information
Root Cause Category for Types of Work Performed

From: 01/01/92 to Present
Number of LERs: 378

Number of Human Performance Items: 87M8

Root Cause Category

,Work Type

Administrative

Calibration

Control Room Ops

Design

Maintenance

Modifications

Refueling

Testing

Troubleshooting

TOTAL

Comm.

68

45

443

132

250

142

37

360

46

HSI

10

26

138

16

74

20

6

154

13

Mgmt.

125

45

513

314

202

158

16

502

29

Procedures Training
Maint.

Work TOTAL
Factor

242

95

489

161

276

138

26

672

34

59 123 627

31

282

76

169

49

20

258

32

59

449

120

286

81

18

538

51

301

2314

819

1257

588

123

2484

205 Predecessor Design
Experience1523 457 1904 2133 976 1725 8718

I

Octo0ei '-009 NRCMeetinq
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Element 2: Operating Experience Reviews

Examples of Modern Design in Areas of:

1. Control Systems

2. Display Systems

3. Alarm Systems

4. Computer-Based Procedures

5. Workspace

Ocoe 27, 2009 NR Metig
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Element 3: Functional Requirements
Analysis & Function Allocation

I dentification of Functions
to be performed

I Specification of Functional
Requirements

Function Allocation Analysis

" Performance Demands

" Human & Machine Capabilities / Limitations

" Existing Practices

* Operating Experience

e Regulatory Requirements

*Technical Feasibility

Human Control Machine Control
I

Shared ControlI

I Plant Specific Technical Guidance
I Ref. 0711, Figure4.14E

Element 4-Task Analysis

I October 27 2009 NRC Meetirig 8, 1
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Element 3: Functional Requirements
Analysis & Function Allocation

Plant Specific Technical Guidance
1. Physical connections

2. Cause & effect relationships

3. Power supplies

4. Effect of system malfunctions

5. Design features & interlocks

6. Effect of component malfunctions

Octobe 27, 200 NR -- i
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Element 4: Task Analysis
Element 3 - Functional Allocations

Plant Specific Technical Guidance (PSTG)

K!owwNidg and Abitles Catalog
for Nuclear Power Plant Operstors:

Pre•wUr" Water Reactors

NUREG-1122

I1 4/e
NUREG-1 122, System
Tasks/Abilities

I

NUREG-1122 EPEs/
APEs Tasks /Abilities

I
Element 4 - Systems & EPE /APE Task Analysis
NUREG-1 122 Tasks + New Tasks

Operator Infornation OperatorControl
Requirements Requirements

I - - - - - - - - - - - - - - - - -I _- - - - - - - - - - - - - - - - - -

Element 5 - Element 7 - HSI Element 8 - Element 9 - Element 10 -
Staffing & Design Procedures Training V&V
Qualification

Octobef 27 2009 NRC Meeting
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Element 4: Task Analysis

NUREG - 1122 Ability Statements
1.

2.

3.

4.

5.

6.

Knowledge

Knowledge

Knowledge

Knowledge

Knowledge

Knowledge

physical connections / cause and effect relationships

power supplies

effects of system malfunctions_

of design features and interlock operator information

operational implications land control needs

of effects of compone malfunction

predict and monitor

predict the impact of malfunction

monitor automatic functions

D manually oDerate Linked to 10 CFR 55

1. Abilitytc

2. Ability tc

3. Ability tc

4. Ability t
-.. . .... )• . . .

I Oco er 2720 - Meig!
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Element 5: Staffing & Qualifications

Element3: Plant Specific
Technical Guidance

Element4: Task analysis
Information and Control
Requirements

Element 5: Staffing
ROs
SROs
Non-licensed

10 CFR 50.54 Licensed Staff
Requirements OK?

• -YES • END

NUREGICR-6838 Exemption
Request if needed

Octohoi _'ý' A)09 WC, kleotmj -7
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Element 6: Human Reliability Analysis

Risk informed methodology

• NUREG-1 792, Good Practices for Implementing
Human Reliability Analysis (HRA)

Ocoe 27.-NR Meeting
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Element 7: Interface Design

,Examples:
1 Workspace design

2. Workstation design

3. Control Systems

4. Display systems

5. Alarm systems

Ocoe 27, 200 NR etig1
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Element 8: Procedures Development

• NUREG-0800, Section 13.5.2.1

• DOE Standard 1029,
Technical Procedures

Writer's Guide for

Octbe 27, 209NC etn
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Element 9: Training Development

SNU REG- 1122 for Licensed Operators

° NUREG-0800 for Non-Licensed Staff

Octoe(2 ,, 200 N etig1
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I••J"Zbabcock & wilcox nuclear power generation
1 a progressive energy solutiot

Element 10: Verification & Validation

NUREG-0711, Figure 11.1

Design Verification (desk top)

•*Inventory & Characterization

*HSI Task Support Verification

Operational ,HFE Design Verification Human
Conditions Engineering

Discrepancy
Sampling Integrated System Validation Resolution
(OPs, EOPs, AOPs) ( Full Scope Simulator) 10 CFR

55.46

L---------------------------------------------------------------

Overview of verification and validation activities

(Vtobe, "0109 NRC kletý,tmo
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Final Implementation Elements

Element 11S Design Implementation

Element 12: Human Performance
Monitoring

Standard NUREG-
0711 Process

Ocoe 27,00 *e* Metn 18
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Summary

*Approach to B&W mPowerTMHuman Factors
Engineering Design Process:

, Reg. Guide 1.206 Compliant

, Comprehensive Program Plan

, Standard Process

October 27, 2009 NRC Meeting 19
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NRC Topical Report Submittal Procedure

* Topical Report Identifier

* Abstract
* Handling of Proprietary Information

* Topical Report Content
Planning & Management of HFE Activities

Plant Design Process

Octoer 27, 209NR etig2


