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Meeting Objectives

Review and Summarize Information from August 28, 2013
meeting with NRC Staff

* Provide NRC staff with an update to mPower I&C design
approach as it applies to Diversity and Defense-in-Depth

* Provide follow-up to iss raised at Aug 28, 2013
Meeting

* Discuss path forward toward completion of DCD Ch. 7
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nIPOwerl Agenda
\./

I d I •* introauctions
Review of Material from PreviousM.eeting with NRC Staff
nn Ai ii~t 28 2013 '1 .-------- U--- "

,/ "x.

Review mPower Approach tDo Diversity and Defense-in-
Depth (D3) . >

Review Diversity Concepts`..:>

Proposed NRC ,Interaction Schedule & Topics
•/, -\ ,.

6. ,. . ,.../ ) .... ,.....
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Review of Information Presented Previously
to NRC Staff at August 28, 2013 Meeting
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geeation mPower Approach to Meet DSRS
Chapter 7 buidance

* DSRS Section 7.1.5 - Diversity and ,efen e-in-Depth (D3)

ý Continuing evaluation [

, Scope of D3 analysis to belimi•ted to [

I
Review from

Aug. 28
presentation

[Proprietary per Affidavit 4(a)-(f)]
0 2013 Generation rmPower LLC All rights reserved.
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Echelons of Defense in Depth

I
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I&C System Architecture

* I&C Architecture supports inherent diversity strategy for all
AQOs/PAs

I, [
I (This is changed)

I1(no change)
• Aspects of simplicity incorporated in architecture design:

o No unnecessary o non-essential features (no change)
o RT and ESF, gor1ihms kept as simple as practicable (no change)

Review from
Aug. 28

presentation
[Proprietary per Affidavit 4(a)-(f)]Q 2013 Generation mnPower LLC All rights reserved. 7



generation Review of I&C Safety System
Design TeihnologyI

Safety I&C System Technology Selected
Review from

Aug. 28
presentation

" Basis for Selection

- Key factors -- Simplicity, hiensabihty, Predictable/Repeatable Behavior,
Testability

* Continued evaluation of tcnology options to minimize/eliminate
need for diverse attion system

No rutm sotwr cope wit exreel hig lee of tetbliy.

0 2013 Generation mPower LLC All rights reserved. [Proprietary per Affidavit 4(a)-(f)]
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------w- Review: mPower Approach to

Inherent Diversity

* Two groups of safety RTS/ESF functions per division (this has changed)
* Perform diversity analysis to confirm:

ý Primary/Backup protection for AOOs/PAs... Minimize probability and consequence of credible
safety-related system CCFs to acceptable levels.

Anticipate acceptable consequences -- [ , I

fundamental logic & algorithm structure

Review from
Aug. 28

presentation

[Proprietary per Affidavit 4(a)-(f)] 9© 2013 Generation mPower LLC All rights reserved.



generation Review: APS Block Diagram
from Au st, 2013

IReview~ from Aug. 28 presentationI
[

I
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mIPeNw
Conclusions from

August 28, 2013 Meeting

" D3 Design Conforms to Current DSRS Guidance

* D3 Technical Report planned for 2Q2014

@ 2013 Generation mPower LLC All rights reserved. 11



generation Follow-up to Issues at
mP/ ww August 28, 201 ,, Meeting

" Use of Inherent Diversity...Primary functs evaluated as
part of Chapter 15 Safety Analysis, Backup functions
evaluated using "best estimate" methods.

" Algorithms diversified [
I

• How will diversity be addressed in the V&V process?
Same Independent (from design team) V&V team across entire
platform

h"How does inherent diversity manifest itself in the
architectre

Q 2013 Generation mnPower LLC All rights reserved. [Proprietary per Affidavit 4(a)-(f)] 12
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-n....w. I&C System Architecture

I

][Proprietary per Affidavit 4(a)-(f)] 13
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Current Diversity Concepts
and I&C System Architecture

© 2013 Generation mPower LLC All rights reserved. 14
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mIO we Architectural Diversity Options

* 3 Main Concepts Considered for Inherent Diversity within
RTS/ESF to Mitigate CCF [

@ 2013 Generation mPower LLC All rights reserved, [Proprietary per Affidavit 4(a)-(f)] is
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Concept A

]
16© 2013 Generation mPower LLC All rights reserved. [Proprietary per Affidavit 4(a)-(f)]
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172fe Concept B

[

I
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Concept C
[

]I[Proprietary per Affidavit 4(a)-(f)] is
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......w Concept Selection Summary

[

I
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nmPower APS Diversity Specifics

" Design Diversity

Different approaches within a technology

" Equipment Manufacturer Diversity

, Different manufacturers of fundamentally different equipment designs

" Logic Processing Equipment Diversity
, Different logic processing equipment architectures

* Functional Diversity

, Different purpose, function, control logic, or actuation means of same
mechanism

© 2013 Generation nnPower LLC All rights reserved. 20
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r mPower APS Diversity Specifics (Cont.)

Life Cycle (Human) Diversity
o Different design organizations ( possibly within same company)

, Different designers, engineers, and/or programmers

ý Different testers, installers, or certification personrnI

Signal Diversity
ý Different reactor or process parametes sensed by different physical effects
o Different reactor or process parameters sensed by the same physical effect

n Same process parameter sensed by different redundant set of similar
sensors

Logic (Software) Diversity
, Different algorithms, li, and logic architecture

, Different timing or order of execution

, Different runtime environments (i.e., no runtime software)
, Different funco.nal representations? (Possible, but not credited)

© 2013 Generation rmPower LLC All rights reserved. 21
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m/hllw"

Functional and Signal Diversity Specific Concepts

© 2013 Generation mPower LLC All rights reserved. 22



generation Functional Diversity - from
mPOW NURE OCR-6303

Different underlying mechanism
, RTS: Reduce reactor power - rod insertion by gravity, rd insertion by

motor driving, strong negative moderator coefficienf boron injection tank
ESFAS: Commence emergency cooling - 2 trains of ECC automatic
depressurization
ESFAS: Commence isolation - 2 isolation vales for FW and STM based
on BOP parameters; containment isolation based on CNT and RCS
parameters

* Different function, purpose, control gic, or actuation means
o RCS Thot/Tavg control to ntaitai LCOs with rod control
, Pressure control to maintain LCOs with spray and heaters

, Water level contrl r in LCOs with RCI inventory management and
inherent level cha due to water specific volume changes

* Different resons&e times
, Loop transprt times and water inventories establish how plant responds
, Time to boil off OTSG gives time before RCS heats up significantly

Q 2013 Generation mPower LLC All rights reserved. 23



generation Diversity of Instrument Signals
for RTS and ESFAS Functions

(

]
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ni2p-W
Signal Trip Function Allocation

for Overall AOO/PA DiversityM 0TrpFnhinIce ll n eres els
High Power Range Neutron Flux (High Power Setting) (Si) 15.1 (P) (P, fast)

Low PZR Pressure (SI) 15.1 (B) 15.4.3 (P, drop) 15.6 (P. fast)

15.6 (P, fast)

High PZR Pressure (SI) 3 (B) 15.4.2 (B, slow) 15.5.2 (P, fast)

Low IEOTSC .ow Power ESFAS) (S2)

High
(SI)

eutron : (Low Power S 15.1 (B) 16.4.1 (P, Slow)

Low RCS Flow (S2) 15.3 (P)

15.6 (115, slow)

High PZR Water Level (S2) 15.2 (B) 15.4.2 (B, slow) 15.5.2 (P,slow)

Low STM Pressure (HELB, 10-R4)

(P) - Primary () Backup
HELB - High rfneW Line Break
IEOTSG - Integra Economizer Once Througi
Slow, fast - rates ofdr0nge in AOO systems
drop - control rod drop
IO-RV - Inadvertent Opening of Relief Valve

15.1.5 (P, HELB) 15.2.8 (B)

h Steam Generator
response

(NUREGICR-6303 Section 3.2.5 Signal Diversity Definitions
(SI) - Reactor parameters by sensed different physical effects
(82)- Different parameters sensed by same physical effect
(S3)- Same parameters sensed by redundant set of sensor

@ 2013 Generation mPower LLC All rights reserved. 25
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Operating Conditions at Power

I
© 2013 Generation mPower LLC All rights reserved. [Proprietary per Affidavit 4(a)-(f)]
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ESFAS Functions

0 2013 Generation mPower LLC All rights reserved. [Proprietary per Affidavit 4(a)-(f)] 27
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wSignal Diversity...In Summary

0 Goal for Inherent Diversity...Focus on high diversity within
RTS and ESFAS to cover the spectrum of all the AOOs
and PAs

Sufficient Diversity for a Broad Range of AQ0s/PAs

ý Sufficient "Coverage" within an Event Type with:

-the primary credited trip function with 2 out of 4 sensors

- potential set of backup sensors & functions that could mitigate the
event in the D3 coping analysis

- depends on how one considers the fault of the RTS for CCF conditions

© 2013 Generation rnPower LLC All rights reserved. [Proprietary per Affidavit 4(a)-(f)] 28



generation Proposed Future
NRC Interaction Schedule M

* Proposed monthly Interaction with the NRC:

, February 2014 - Hazards Analysis Plan Outline, DCD Chapter 7
content; DSRS implementation

, April 2014 - Chapter 7 Readiness Review

,2Q2014 - D3 Technical Report

© 2013 Generation mPower LLC All rights reserved. 29
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Questions?
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