Enclosure 5
Design Approach for Diversity & Defense-in-Depth Slides
{(Redacted)



December 10, 2013
(Redacted Version)

This material is based upon work supported by the Department of Energy under Award Number DE-NE0000583.

ncy of the United States Government. Neither the United States Government nor any agency thereof, nor any of their employees, makes any Y, express or implied, or assumes any legal liability or responsibility for the accuracy,
1, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any spwﬁc comnemal product. pmcess or service by trade name, trademark, manufacturer, or otherwise does not

ion, or favoring by the United States Government or any agency thereof. The views and opinions of authors exp do not rily state or reflect those of the United States Government or any agency thereof,

This report was prepared as an account of work smd b
completeness, or usefulness of any information, !
necessarily ¢ orimply its

4 © 2013 GENERATION MPOWER LLC ALL RIGHTS RESERVED.
This document is the property of Generation mPower LLC ("GmP")

This is a pre-application document and includes preliminary B&W mPower™ Reactor design or design supporting information and is subject to further internal review, revision, or verification.




generation

e ————————Y

niPower 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 issues.raised at Aug 28, 2013
Meeting

Discuss path forward toward completion of DCD Ch. 7

© 2013 Generation mPower LLC All rights reserved.
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1mPower

Review of Information Presented Previously
to NRC Staff at August 28, 2013 Meeting




generation mPower Approach to Meet DSRS

mPower Chapter 7 Guidance

» DSRS Section 7.1.5 — Diversity and Defense-in-Depth (D3)

» Continuing evaluation [

» Scope of D3 analysis to be limited to [

]

Review from
Aug. 28
presentation

[Proprietary per Affidavit 4(a)-(f)]
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11Power Echelons of Defense in Depth

© 2013 Generation mPower LLC Al ights reserved _ [Proprietary per Affidavit 4(a)-(f)]
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11Power |&C System Architecture

» |&C Architecture supports inherent diversity strategy for all
AOQOs/PAs

o

1 (This is changed)
|

1 (no change)

» Aspects of simplicity incorporated in architecture design:
» No unnecessary ornon-essential features (no change)
» RT and ESFalgorithms kept as simple as practicable (no change)

Review from
Aug. 28
presentation
© 2013 Generation mPower LLC Al r ights reserved ] [Proprietary per Affidavit 4(a)-(f)]




b= Review of I1&C Safety System
miPower Design Te hnolo

« Safety I&C System Technology Selected T
v Aug. 28
] Y {,:‘ presentation
» Basis for Selection |
e e
bk,
- Key factors - Simplicity, Llcensab‘l‘hty, Predictable/Repeatable Behauvior,

Testability

» Continued evaluati ofechnology options to minimize/eliminate
need for diverse actuation system

No runtime software coupled with extremely high level of testability....
Virtually eliminates potential for failures related to software errors

© 2013 Generation mPower LLC All rights reserved. [Proprietary per Affidavit 4(3)'”)] 8




gengration Review: mPower Approach to
miPower

safety-related system CCFs to acceptable Ievels
» Anticipate acceptable consequences = [

Diversity Attribute
(NUREG -CR/6303) Selectable Options for Design Requirements

Software Diversity

Review from
Aug. 28
presentation

[Proprietary per Affidavit 4(a)-(f)]
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generation  Review: APS Block Diagram
rmPower from August, 2013

Review.from Aug. 28 presentation

]

[Proprietary per Affidavit 4(a)-(f)]
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generation Conclusions from
mPower August 28, 2013 Meeting

* D3 Design Conforms to Current DSRS Guidance

* D3 Technical Report planned for 2Q2014




generation Follow-up to Issues at

oo

rmPower August 28, 2013 Meeting

* Use of Inherent Diversity...Primary functions evaluated as
part of Chapter 15 Safety Analysis, Backup functions
evaluated using “best estimate”™methods.

 Algorithms diversified [
]
» How will diversity be addressed in the V&V process?

» Same Independent (from design team) V&YV team across entire
platform

* How does inherent diversity manifest itself in the
architecture [ ]

[Proprietary per Affidavit 4(a)-(f)]
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11Power |&C System Architecture

© 2013 Generation mPower LLC All rights reserved. [proprietary per Affidavit 4(3)'“)] 13
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Current Diversity Concepts
and |&C System Architecture

© 2013 Generation mPower LLC All rights reserved.
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mpow Architectural D|verS|ty Options

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

[Proprietary per Affidavit 4(a)-(f)] 15
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rPower Concept A

© 2013 Generation mPower LLC All rights reserved. [Proprietary per Affidavit 4(3)'(f)] 16
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mPower Concept B

© 2013 Generation mPower LLC All rights reserved. [PrOPfiemW per Affidavit 4(8)'“)] 17
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mPower oncept C

© 2013 Generation mPower LLC All rights reserved. [PTOPfiEtafV per Affidavit 4(3)'")] 18
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r1Power Concept Selection Summary

© 2013 Generation mPower LLC All rights reserve d. [Proprietary per Affidavit 4(8)-(f)] 19
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niPower MPower APS Diversity Specmcs

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 mPower LLC All rights reserved.
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mPower MPower APS Diversity Specmcs (Cont.)

« Life Cycle (Human) Diversity
» Different design organizations ( possibly within same company)
» Different designers, engineers, and/or programmers
v Different testers, installers, or certification personnel
« Signal Diversity
» Different reactor or process parameters sensed by different physical effects
» Different reactor or process parameters sensed by the same physical effect

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

* Logic (Software) Diversity
» Different algorithms, logic, and logic architecture
» Different timing-or order of execution
» Different runtime environments (i.e., no runtime software)
» Different functional representations? (Possible, but not credited)

© 2013 Generation mPower LLC All rights reserved.
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generation Functional Diversity — from
rmPower NUREG/CR-6303

 Different underlying mechanism

» RTS: Reduce reactor power — rod insertion by gravity, rod insertion by
motor driving, strong negative moderator coefficient , boron injection tank

» ESFAS: Commence emergency cooling — 2 trains of ECC automatic
depressurization

» ESFAS: Commence isolation — 2 isolation valves for FW and STM based
on BOP parameters; containment isolation based on CNT and RCS
parameters

+ Different function, purpose, control logic, or actuation means
» RCS Thot/Tavg control to maintain LCOs with rod control
» Pressure control to maintain LCOs with spray and heaters

» Water level control to maintain LCOs with RCI inventory management and
inherent level changes-due to water specific volume changes

« Different response times
» Loop transport times and water inventories establish how plant responds
» Time to boil off OTSG gives time before RCS heats up significantly

© 2013 Generation mPower LLC All rights reserved.



generation  Diversity of Instrument Signals
rmPower  for RTS and ESFAS Functions
[ ,

[Proprietary per Affidavit 4(a)-(f)] 24



generation  Gjgnal Trip Function Allocation
miPower or Overall AOO/PA Diversit

Trip Function Increase in Decrease | Decrease Res i increase in | Decrease
Heat in Heat inRCS | and Power RCS in RCS
Removal Removal Flow Distribution Inventory
Anomalies

(P, fast)

e s - , - s

Low PZR Pressure (s1) 15.4.3 (P, drop) 15.6 (P, fast)

Arsinpha g i % x : g 5 z R

15.5.2 (P, fast)

G

Low RCS Flow (S2)

15.3 (P)

15.4.2 (B, slow)

15.5.2 (P,slow)

15.1.5 (P, HELB) 15.2.8 (B)

(NUREG/CR-6303 Section 3.2.5 Signal Diversity Definitions

IEOTSG (S1) — Reactor parameters by sensed different physical effects
Slow, fast — dﬁaange in AOO systems response (S2)- Different parameters sensed by same physical effect
drop — control rod drop (S3)- Same parameters sensed by redundant set of sensor

I0-RV — Inadvertent Opening of Relief Valve

© 2013 Generation mPower LLC All rights reserved. 25



gener“zt on

niPower Operating Conditions at Power

[Proprietary per Affidavit 4(a)-(f)]
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Action

Low Steam Pressure.
Low FW Flow
Low OTSG Wa

i

© 2013 Generation mPower LLC All rights reserved.

ESFAS Functions

[Proprietary per Affidavit 4(a)-(f)]
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nPower  Signal Diversity...In Summary

» Goal for Inherent Diversity...Focus on hlgh di‘versity within
RTS and ESFAS to cover the spectrum of all the AOOs
and PAs

» Sufficient Diversity for a Broad R‘ange of AOOs/PAs
» Sufficient “Coverage” within anﬁEVent Type with:
- the primary credited trip funCtioﬁ 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 mPower LLC All rights reserve d. [Proprietary per Affidavit 4(3)-(f)]




generation Proposed Future
mPower NRC Interaction Schedule

* 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.
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