SRRy,

o

NyeLes®

KNS 2025 Spring

Review of the Conventional Regulations Guideline
for Digital Instrumentation and Control of Nuclear Power Plants
focusing on Small Modular Reactors

Sujeong Lim!, Jiyoung Song?, Sejin Jung3, Yoona Heo#, Junbeom Yoo#, and Eunkyoung Jee!

1 KAIST, 2 Hannam Univ, 3 Chinju National Univ. of Education, 4 Konkuk Univ.




OX\\.NE;’;

KNS 2025 Spring g"g
PYAIA:

Contents

1. Introduction
2. FGPA 7H&t &k}
3. NUREG/CR-7006 Al e Alst

4. FPGA S7 7|8t 7|Z MAt K|Z] (GE-NOOT) 24

5. Conclusion

Review of the Conventional Regulations Guideline for Digital Instrumentation and Control of Nuclear Power Plants focusing on Small Modular Reactors



KNS 2025 Spring

Introduction

Background

. 22X EFS F4517| 23, SMR tha 2| 37| XI2 (DSRS S)0f| 4S5t ZLH A K2 LS 9lat maiAL
PSR Te)

Goal

« L SMR @& HFG A}

o3

Ol FPGA Z2J0i| ZIZBH0Y, 7| Uy AlAt XIZOIA HZ 2 HLHE|0{0F 8 ARt Hiot

+  NUREG/CR-7006!1 (FPGA AAIK|E)S 1510 2L AA K| El0| 17 wisk

=
LLO OO ™=

[1] Bobrek, M. (2010). Review guidelines for field-programmable gate arrays in nuclear power plant safety systems (NUREG/CR-7006). US Nuclear Regulatory Commission (US NRC).
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Figure 5. FPGA design flow.

[1] Bobrek, M. (2010). Review guidelines for field-programmable gate arrays in nuclear power plant safety systems (NUREG/CR-7006). US Nuclear Regulatory Commission (US NRC).
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This guidance applies to microprocessor-based technology, as well as other forms of complex
maintenance, and retirement. This standard applies to the system, software, and hardware being acquired, |09i01 such as programmable logic devices (e.g., field programmable gate arrays (FPGASs)). _
developed, maintained, or reused. The term software also includes firmware and microcode (e.g., Field ~ This DSRS uses the term software to refer to such technology and complex logic. In developing

Programmable Gate Arrays and Programmable Logic Devices). Each of the terms system, sofiware, and ~ these systems, an applicant should follow a well-defined and documented system development
hardware includes its associated documentation. approach that is consistent with the guidance in this section.

IEEE 1012-2016 DSRS
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[2] Do, R. T. C. A. (2000). Design Assurance Guidance for Airborne Electronic Hardware (DO-254). Design Assurance Guidance for Airborne Electronic Hardware, RTCA Inc., Washington, DC.
[3] "IEEE Standard for System, Software, and Hardware Verification and Validation," in IEEE Std 1012-2016 (Revision of IEEE Std 1012-2012/ Incorporates IEEE Std 1012-2016/Cor1-2017) , vol., no., pp.1-260.
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Appendix

62566 © IEC:2012 -15-

System requirements specification

e ) Selection of pre-existing - l -
16 62566 © IEC:2012 equipmentequipment |—>{  Suitability analysis |

N 2 family l
HPD requirements HPD aspects of - -
specification system validation | System specification

(6) (11) l

Verification (9) / System detailed design and implementation
\
HPD design HPD aspects of Application software Equipment (system software | Development of new system

(8) system integration development/generation and hardware) procurement software and hardware
(10) features

Verification (9) Verification (9) l
\

HPD implementation
(8.4)

| System validation I
Verification (9) IEC 83/12 l

| System installation I
Figure 2 - Development life-cycle of HPD l

{ | System integration |

Functional validation l

| System modification |

IEC 82/12

Figure 1 - System life-cycle (informative, as defined by IEC 61513)
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