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Meeting Objective
/~

B&W mPower intends to seek NRC's approval --,of metihods for
demonstrating adequate protection of the DNB-regulatory limit.

The objective of this meeting is topro.vide information and elicit
feedback from the staff on the proiposed, content of the B&W
mPowerTM Reactor DNB Me/thodilogy Topical Report.
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Agenda

Introduction
- Meeting Objective
- Fuel Thermal-Hydraulic Topical Reports and DOCD,,Section ,4.4
- Topical Report Table of Contents
- Introduction to DNB Methodology
- B&W mPowerTM Reactor Characteristics'--- ,
- T-H Comparisons to New Reactors,,,

Background ,
- Key Parameters to Consider, fo6r DNB,.
- Example Power Distributions',-Axial'
- Example Power Distributions -'Radial

- Process Parameter.Ranges

Methodology
- DeterministicApproach,
- Statistical Approaich-_--
- SDL Determination Process
- ADNBR Sample Population
- SDL De'rived From ADNBR
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Agenda (cont.)

~K.

" Factors Affecting DNB
- Fuel Rod Bow
- CRA Misoperation

" CRA Drop
" CRA Withdrawal
" CRA Misalignment

* Core Safety Limit Lines

* Pressure-Temperature Curves

* Summary / Conclusions/
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Fuel Thermal-Hydraulic Topical Reports and DOD 4.4

Submitted 10/3112013

SafeyAnalyss Topical

Report
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Introduction to DNB Methodology

Prevention of DNB ensures integrity of the fue I cladd ing
- Required by 10 CFR Part 50, Appendix,.A, -General Design

Criteria 10 (GDC 10)
- Required during normal operation-(NO),and all anticipated

operational occurrences (AQO)

DNB Methodology describes how.,,DNB is prevented
- How parameter uncertainties. -are accounted for
- How hot channel factors are accounted for
- Deterministic method 'and"its application

-" .S t s'lm "and" its t/oStatistical method..,"'a~nOits application

@ 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. 8
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B&W mPower Reactor Charact

* Integral PWR (iPWR)

0 530 MWt

* 69 fuel assemblies
- standard 17x17
- 95 inch heated length% ,
- <5w/o 235U

• Reactivity control
- No chemioal dsne- Gd302 in Iul.an
- Discret P in latic

-~ Cnrlrdin every FA

© 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. 9
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T-H Comparison to New Reactors

B& ~oe-AP00 US PR SAPWR -& 17

I
1) AP1000 Design Control Document; Tier 2, Ch. 4
2) U.S. EPR Final Saty Anasis Report; Tier 2, Ch. 4

3) US-APWR Design Control Document; Tier 2, Ch. 4
4) Oconee Nuclear Station Final Safety Analysis Report; Ch. 4

© 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. [Proprietary per Affidavit 4(a)-(f)] 10
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B ackground
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Key Parameters to Consider for DNB

RCS/Process Parameters EnQineerin ifAnalytical Parameters

Pressurizer pressure
RCS temperatures
Core flow
Core thermal power

Enthalpy rise uncertainty
Local heat flux uncertainty
Fuel rod bow penalty
Fuel assembly bow penalty
Hot channel pitch reduction
Clad outer diameter variations
Radial peaking
Axial Flux Shape
Flux quadrant tilt
FAH augmentations
Core bypass fraction
CHF correlation uncertainty

© 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. 12
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Power Distributions - Axial

© 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. [Proprietary per Affidavit 4(a)-(f)] 13
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Power Distributions - Axial (conlt_)
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Power Distributions - Radial

1
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Process Parameter Ranges

I PAAMEE I -AU NTS
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Deterministic Approachi /.,....

"sConventional methoc

* Penalties, uncertainties, and
factors (PUFs) compounded at
their worst levels in DNBR
calculation

BEST ESTIMATE

/
/

/
/

CHF correlation uncertainty
added to DNBR = 1.0 tocreate..1., "
deterministic SAFDL '

DNBR limiting AES'an~dFAH-^are
used

/-,4--... • -T ccTnAATr + o, ,

IL..

N

/ -~~ i [1 I IlVfl/" I L.T

)L = CHF Correlation Limit

-DNBR = 1.0

FUF•

TIME
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Statistical Approach
Penalties, uncertainties, and factors

(PUFs) treated probabilistically

Sampling is random

VIPRE-01 used directly in calculations ...
(No Response Surface Model)

PUFs added to DNBR = 1.0 to create
a Statistical Design Limit (SDL) Hot Channe

Fuel AsseT

Fuel Ro
DNBR calculated with Best Estimate Enthalpy

(BE) conditions

DNBR = 1.0

@ 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. 19
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Statistical Approach (cont.)

Reference power distribution
- One power distribution for all

safety analyses
- Bias in the SDL

................. .....
DNBR allowances NBR

- Reserved thermal margin
- Absorb future DNB decrements

DNBR = 1.0

@ 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. 20
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Statistical Approach (cont.)
9 PERTURBATION CASE

*BASE STATEPOINTNafs axial flux shapes DESIGN AFS

Nbaebase statepoints

pert perturbed statepoints

) ADNBR Pool

© 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. 21
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SDL Determination Process,-- ",,>,\
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ADNBR Sample Populatio"n),"..

ADNBR accommodates PUFs and power•distributions

ADNBR used to set SDL

Large ADNBR population

/ "\ ./ .'

ADNBR are .ordered in ascending order

Toleran ce-limits'are found from order statistics to set a 95/95 limit on
ADNBR

0 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. [Proprietary per Affidavit 4(a)-(f)] 23
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Non-Parametric Order Statistfi -

Calculate tolerance limits using methods from WIlks", Murphy;, Somerville, et. al.

y 1.._p(m,n-m+ 1) (1)

where m-= r+ s >....

Incomplete beta function:
r(p+q) xt t--Ix (p, q) = )ot1-1• ~..dt ,

,(p)I (q) (2)

Find m that satisfies (1) with

Y 0.95

- number/Ofsamples

© 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. 24
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SDL Derived From ADNBR

ADNBR accommodates E

-PUFs 1
- Reference power

distribution
- CHF correlation uncertainty NBR

ADNBR is added to DNBR=
1.0 to create the SDL Clad O.ter D..

DNBR = 1.0

© 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. 25
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Fuel Rod Bow

* Impacts mid-span channel
geometry

• Can reduce flow-affecting DNBR

* Characterized as an
augmentation of hot rod FAH

* Impact on neutronics is
accounted for

© 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. 27
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CRA Mis-operation (CRA DroP)
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CRA Mis-operation (CRA Withd rawal)
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CRA Mis-operation (CRA Misalignment),
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Core Safety Limit Lines... -
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Pressure-Temperature Curves
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Summary and Conclusions,

B&W mPower reactor conditions for DNB protection.:,.

Deterministic approach
- Conventional
- Used when DNB is less limiting tIan. other constraints

Statistical approach
- Evolutionary but tailored to the B&W mPower reactor

* Uses subchannel T-Hcode rather than a Response Surface Model
Incorporates.refe~rence power distributions into the SDL

- Used when D'NB margins matter the most

CSLL and •P- curves provide context for reactor operation/." ..- pro

© 2013 Generation mPower, LLC and © 2013 Babcock & Wilcox mPower, Inc. All rights reserved. [Proprietary per Affidavit 4(a)-(f)] 33
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Abbreviations

AFS -Axial Flux Shape
AQO -Anticipated Operational Occurrences
BE - Best Estimate
BPR - Burnable Poison Rod
CHF - Critical Heat Flux
DNB(R) - Departure from Nucleate Boiling, (Ratio)
FA- Fuel Assembly
GDC -General Design Criteria
LHGR - Linear Heat Generation Rate .1.
NO - Normal Operation
PUFs - Penalties, Uncertainties and Factors
PWR - Pressurized Water.Reactror.
RCS - Reactor Coolant System
RSM - Response Sur-face Model"
SAFDL- Specified Allowable, Fuel Design Limit
SDL - Statistical-De-sign Limit
TDL - Thermal Designr\Limit
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