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Korea’s Nuclear Emergency

Response System Nuclear Facilities Status |('|:|'s.

Nuclear Power

e Operating Reactors oo O
- 26 units (6 reactor types) < Construction Prep.
 Other Facilities
- 3 sites (research reactor / radioactive waste &: v 000000
disposal facility / nuclear fuel company) 1y kaw &z i 000 @
e Major Sites & woro i
- Kori, Hanbit, Hanul, Wolsong (4 sites) ez e =
e Nuclear Power Plant Density 122 Koémﬂa Wolsong 1 © © ©
- One of the highest in the world vt 0000008 . Bz stinwolsng ©©
e Characteristics & 5. 0006
- Continuous management of nuclear power & «i BOOO
dependency and generation share & sini 00
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Korea’s Nuclear Emergency

Response System Legal Framework & Organization Klz :|'g.|

Nuclear Safety Act - -
QCt on Radu;loglcal Framework Act on Disaster
e Safety regulation mergency Preparedness and Safety Management
e Safe operation of nuclear facilities e  Public protection
e Accident prevention e Roles by agency e National disaster response
e Legal framework e Response manual system
e Emergency preparedness P e Central Disaster and Safety
planning Countermeasure Headquarters
Q Nuclear Safety and Security Commission Q Ministry of the Interior and Safety
SNERIEER] HREES

e Inter-agency coordination

e Central Disaster Safety Countermeasure
Headquarters operation

e Resource mobilization
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e Overall emergency coordination
e Emergency classification (White / Blue / Red)
e Protective action recommendations



Korea’s Nuclear Emergency r.ﬂ.
Response System Emergency Response Procedures ns
ATTCIM
5 CARE
/ Korea Institute of Nuclear Safety (KINS)
Sta ge Decleration lmp act Assessment Performs radiological |mp§ct assessment,
; _ technical support, and environmental
Cgmpar)y determines and KINS'qu 'e?"t'me radiation monitoring, and operates the
disseminates emergency radlolqglcal impact AtomCARE system.
class analysis performed
Accident Detection CDSCH Activation Measure Implementation
Facility Operator (KHNP) MOIS-led pan-government Local government-led
detects and reports disaster control tower resident evacuation and
anomalies activated

information disclosure
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System Overview

AtomCARE NEIS ADAMO PGIS
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AtomCARE
o System Features Kins

} legally mandated system

Act on Physical Protection and Radiological Emergency

Article 32 (Technical Support, etc. for Prevention of Radiological Disasters)

(3) The President of the Korea Institute of Nuclear Safety under paragraph (1) shall build and operate an
information system necessary for radiological impact assessment in order to prepare against any
possible radiological disasters. <Newly Inserted by Act No. 15280, Dec. 19, 2017>

Enforcement Regulation of the Act on Physical Protection and Radiological Emergency

Article 17-2 (Construction and Operation of the Radiological Impact Assessment Information System)

(1) The head of the Korea Institute of Nuclear Safety shall collect and analyze the following information for
efficient construction and operation of the information system (hereinafter referred to as the
“Radiological Impact Assessment Information System”) required for the assessment of radioactivity
under Article 32 (3) of the Act <Enforcement Date: Jun. 28, 2018>
1. Meteorological information (i.e., meteorological obs./prediction and dispersion prediction)

2. Social geographical information (i.e., population, geographical maps, etc)
3. Information on the status of the nuclear facility (i.e., Rx temp., containment pressure, etc)
4. Information on environmental radiation monitoring and radioactivity analysis result

l Real-time NPP Data Acquisition
e 30 Nuclear Related ficilities(NPP/R&D NPP/ NPP Simulators/ Radioactive Waste Disposal Facility)
e ~600 plant parameters per unit/ Signal monitoring and Alarming System with SMS

e 5-second intervals via a cybersecurity-hardened, redundant dedicated network between organizations
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AtomCARE Module Workflow Kr."‘ng,

f 5 f & 4 R
1. Real-Time Power 2. Source Term 3. Atmospheric Dispersion 4. Protective Action
Plant Info Assessment and Dose Assessment Decision Support

(NEIS) (RASCAL/VETA) (ADAMO) (PGIS)

— ———— e
-
—

RASCAL 4.3.4

- AT e
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&
it

Real-time Data Collection Calculation of Radioactive Atmospheric Dispersion Visualization of Affected
of Plant Status and Release and Simulation Based on Arrea and Protecti\(e
L Radiation Levels 1 q Nuclide Composition y L Weather Data F \Actlon Recommendations 3

RASCAL/VETA : Source Term Evaluation & Accident Analysis Tool (NRC/CNSC)
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Radiological Emergency Training Overview R
Preparedness Training Status KINns

| Objectives and Rationale for Radiological Emergency Preparedness Training

Establishing an effective radiological emergency management system to ensure regulatory compliance and
protect public safety in both domestic and international scenarios.

l Training Types, Frequency, and Involved Agencies

Region n"-\ -
/ oined

/ DUSINESS
I - iz

D N

ercel

KINS Maeng Hyo-Young(NERIS 2026) [



Radiological Emergency Communication & Simulator R
Preparedness Training Status KINns

2025106 12 2025 06 12 2025 05 12 2025 0612 2025 06 122025 0612 2025 06 122025 06,12 2005 05 122025 06 12 2005 05 122025 06 12 202
030 | 30 | o35 1000 1000 | 1020 1028 1035 leks  neo  Mmgs | s 1
4am URE2 B H00000 | HNQT0 | KGOS | HAORAD HIODS0 | RAOLEO | HAOL3S | HAOTAD | MAOLS0 | HAOTSS | HAZI0 | WoO220 | HAO300
Wz ) N W X sh =i " 4
m

2025 0612 2025 0612 2025 0612 2025 0612
89 205 1210

I Information Sharing and Communication System

00640 | HAOT0 | HIZII0 HI2210  He20000 Hi

e - « Plant data provided in documents based on training
vt scenarios

« Manually updated parameters distributed according to

timeline (H+00:00)

I NPP Simulator

e Full-scope simulator capable of normal and accident
scenario simulation

e Acquisition of real plant-equivalent parameter data
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Radiological Emergency

- Limitations & Requirements g
Preparedness Training Status Kin
I Differences between Training and Acutal Situations
Training Actual Results
Information Delivery Written Documents AtomCARE NEIS Real-time Data | Lack of Interface Usage Experience
methods
Time Flow Training snapshot data at Continuous real-time Data Reduced Agility to Grasp Accident
fixed points Progression
Decision-Making Processes @ Relaxed review & Rapid judgement under Time Limitations in Verifying Real-World
Discussion Pressure and Uncertain Response Capabilities
Information
Using Module Training Module AtomCARE

(NEIS Training Module X)

I Necessity of Establishing a Realistic Training Environment

e Implemnet Training Environments Identical to Actual Emergency Response Conditions
e NPP Simulators

S : : T
e Impove Decision-Making Proficiency Train as you flga%sﬂggiligy%%%gggggze)



Radiological Emergency . L. “
Preparedness Training Status Simulator Data Acqusition Kins

] OPR1000 partial Excercise Simulator Data Acqusition

e Target Parameters: NEIS module received variables of the target nuclear power plant’'s SPDS (111 items)
e Acquisition Time: Total training scenario duration (307 hours 14 minutes 23 seconds, approximately 12.8 days)

e Training Mode MVP Development Baseline Data
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Traini Modul . . Fo
pevelonment plan  Devlopment Objectives and Phased Development Plan Kl,nl

J Objectives
e Integration of simulator data with training mode based on the AtomCARE NEIS module

e Establishment of an environment providing the same user experience as the operational system

(all reactor types in operation)

e Provision of repeated training and evaluation functions

J Phased Development Plan

Phase 1: Acquisition and analysis of simulator data for all reactor types
Phase 3: User Interface Development

Acquisition of simulator data for in-plant accident analysis during the i . i
.. . . . 1st: Internal experts (1 LOCA scenario) — 2nd: Usability evaluation by
training scenario period (AtomCARE NEIS display parameters) T o )
emergency response personnel — 3rd: Application in actual joint exercises

OPR1000 / APR1400 / WH / FRAMATOME
N N

Phase 2: Development of a Data Integration Interface Phase 4: Development of Scenario Management and Evaluation Functions

Provision of a layout 100% identical to the actual NEIS interface, enabling 1st: Internal experts (1 LOCA scenario) — 2nd: Usability evaluation by
immediate real-world response without additional training emergency response personnel — 3rd: Application in actual joint exercises™*
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Training Module

pevelopment Plan  OYyStem Architecture NS

] | ] : : ;
t : R : oo 1) Data Control Panel i
E Simulator bl PDF / Table Parser AtomCARE, [~ ' : :
' (Time Series, Excel) - NEIS | = 3 | « Display DB Control |
; P Time Series Parsing / Time Stamp Conversion ] E _ i o :
: | [ I : i Tag — Description DB (NPP) : : « Execution Control (Stop / Pause / Start) i
| ; a; : E — o Playback Speed Adjustment, Jump to Point | !
: & ﬁ b [ Tag Comparison (AtomCARE with Standard Dat.a)] : : NPP ||| Tag | Description Unit|---| } ! i
' P : ' SW/HW | ID/CH | Min, Cur, Target, SW/HW, Notes : | - = g
F e SR H i H H H
' N

i P Tag Groupin System J i i s . : : oo = H
o - [ g ping by ‘f : 5 : : : : . 1| 2) Vvariable Control Panel ;
i Scenario = H i : H H
| | | Tag Status DB (£ ] : : P Signal Selection '
: (Documents) | (7o stats : " J | | s :
E - E E _ 2 E i = - 5 ! « Full Signal List Display (by System) E
i E— @ P : i Integration DB : : = Search / Group based Tag Selection :
' { g ~ ' 1 H ' i
! {1 | Rule-based PDF/Table Parser,  Al/NLP-based Event Extraction, ! ' =l = = T (@ Main System Diagram i
| & - S8 ; ; ' : ~time | H-Hour |  Even CAN [RFI/Data [---| | |
: | : Sentence Segmentation Natural Language Processing E | ' ; . By Auto Selecting & Para ~ Mapping :
? g i [ Document Structure Analysis & Parsing ] i i g:30 | 00:00 | EVENTOO1 20 458 : : « Status based Display (Normal / Warning) E
i Lo T : 9 i 00:15 i H 9: g « User Function — Detailed Info by Hover i
; P [ Time/Event Information Extraction ] : i : H - Highlighting, Blinking, Zoom / Panning :
5 | i 3 : ' & J i :
' | i T : : { 1 E N |
E - [ Time/Event Classiﬁcatlon ] E i 3 : 3) Trend Display E
] 1 1 1 ] . ] '
s o [ Event ID Ordering ] : i i : = Multi-variable Auto Scaling (Y-axis) i
f Lo T : i 1| +Multi Analysis Tab ;
E | [ Event Sequence Ordering ] : i : : « Graph Interaction — Time Indicator i
| B P 1| -zoommn/owm |
i ] = =" A - ' : - Range Selection, Go back-forward !
\ % \ / \ / NS s ?

e 3

i | Al-related Function :

- 1

; « Parameter Anomaly Detection (by rule) * Dynamic Information Prioritization E

E — Data missing, Display error, Anomaly pattern — Event type, Process state 5

] 1

L} S 1

{ [ Legend —) Data Flow 9 External Data / Reference I 2




Training Module

Development Plan SyStem ArChiteCtu re |('|;|.s

I Layer 1 | Ingestion : Capturing Every Variable

Data Ingestion Data Processing Display DB Ul / UX
Layer Layer Generation Layer Development Layer

Simulator
(Time Series, Excel)

Continuous Telemetry
Time Series and Excel data (CSV, XLSX) ingested

@ @ @ — [ directly from the core simulator.

Structured Scenarios

Document-based ingestion of PDFs containing

Scenario critical scenario protocols and event rules.
(Documents)

B] hﬁ Al-related Function
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Training Module

Development Plan SyStem ArChiteCtu re |('|;|'5

I Layer 2 | Processing : Structuring the Unstructured

Top Path: Quantitative Time Series Engine: Parses
raw timestamps and strictly
: : : Tag standardizes tags against
Time Series | | Timestamp | | : Wl Tag .| Tag Status s
Parsing Conversion C&rBRaDréssc;n Grouping DB AtomCARE data to build a
unified Tag Status Database.
_ Ve AlI/NLP Event Extraction:
Baitormnkath: Qualiative Uses sentence segmentation
Document . Event and natural language
| Time/Event | _ Event | EventID N ;
%;g?t:{se | Extraction | | Classification| | Ordering | Sggjﬁ%ce processing to transform
y 9 | static PDFs into an ordered,

chronological event
Senlience.
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Training Module . r.;,.
Development Plan SyStem ArChlteCtu re KINS

I Layer 3 | DB Generation : The Single Source to plot

' From AtomCARE / NEIS
‘ @ Tag- Descrlptlon
A )Y (NPP)

@ Integration DB

Tag-Description DB (NPP): Integration DB:

Consolidates hardware/software tags, exact The synchronized engine. Perfectly aligns
IDs, descriptions, targets, and units into one Real-Time (R-time), H-Hour, and Event triggers
lookup table. down to the millisecond to ensure Ul fidelity.
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Training Module

Development Plan SYStem ArChiteCtu re |(.|:|'s

I Layer 4 | Interface : Data brought to life

Data Control Panel:
Execution and playback
routing.

Variable Control Panel: ——
Signal selection and Main . - % o) |l = |
SYStem mapplng Sl | P A ) - "' S 07:15:00

Trend Display:
Multi-variable analysis and
temporal alignment.
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System Dashboard cenerated using A1)

- ’ — 37 ok : -
o 22.997 | COWTAIMENT PRESS WIDE RNG CH 8 = - Ws}o.a?z | STEANMI COKTR PALL
Simulator Control ‘Contain ' ~Z; ALDO EEVIE. ScenarioTime [b1:22:35

20.558 | OFI. EONTRUE TERWP

Load Scenario 6.000 | B COMCENT. LEVEL(CH.A) . o= < ATToShHee c ; _ 7.
> - 2 b Actual Time 14.1 52
— - MM Staim
100.000 | REATOR VESSEL LVL - PLENLM CH A - : 4 Valve Saamon
¢ | i Sodoty
13 51.693 | MIN CET TENP SATN MANGIN

Adjust Parameters ‘ 3 . i g 3 - 3 - 1 : e I wroroor Playback Speed

= . ra f ) k Deardinsaoe

Sefatty ] & 1 E N \ Control Valve T 2X 4x

Dogreas. incation : - = -
Syretern

» 4 3 Pressire £ L | [ Steam ;
Variable Selection : : | 1 o Generator 2

Control Ro -‘"5 & L = : Go to Time

Reactor Pressure ; | —— ‘ ; - T 5 . Downomuaer

gi?\'z';'fi“\?/;.ve | 01 . 1 5 . 00 Jump To

Core Temperature

Containment Radiation Jump To

RCS Flow Rate
Select Signals >

Trend Analysis 1 Trend Analysis 1 Trend Analysis 2

SCRAM Tmegered

-

01:00:00 01:05:00 01:15:00 01:15:00 14:12:00 14:12:00 14:22:00 14:27:00 14:22:00

Scenario Time SECRAM Reictor Pezssire = SEAAM~ — | @ Pangnt Renoe ConeYempertatore — — M Resetior Tlip - -—

Zoom In Q, Zoom Out O Pan > n L e ———— ==y illoop ) Save Snapshot
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Training Module

Development Plan System Dashboard E;n‘

I Function 1 | Command Center : Execution Control

Time Control

Simulator Control Scenario Time 01:22:35

. Actual Time 14:17:52
/] Load Scenario

Playback Speed
Inject Event ' 1X 2X

Go to Time

01:15:00

—o0-
-o—
—0—

Adjust Parameters

Scenario Management: Instantly load Temporal Precision: Total control over
new conditions, manually inject critical execution states. Sync scenario time to
events, and adjust underlying actual time, accelerate playback up to
parameters on the fly. 8x, or utilize precise “Jump To"

temporal markers for instant reviews.
KINS Maeng Hyo-Young(NERIS 2026) 18



Training Module rg=1g
Development Plan SyStem DaSh boa rd KINnSs

I Function 2 | Customizing : Key Variable Selection

Variable Selection Targeted Monitoring
Isolate exact plant systems with a single
Reactor Pressure click—Reactor Pressure, Core Temperature,

Containment Radiation, and RCS Flow Rate.
Core Temperature

Group-Based Logic

Switch between full signal lists by system,
RCS Flow Rate or utilize search/group-based tag selection
to instantly declutter the operator’s view
during high-stress anomaly events.

Containment Radiation

Select Signals >

KINS Maeng Hyo-Young(NERIS 2026) 19



Training Module

Development Plan SyStem DaSh boa rd I('I;I.s

I Function 3 | Situational Awareness : System Diagram

©.860 | 1.CONCENT. LEVEL(CH.A) ontz ent Spray Header Atmospheric
— — - Dump  stain

109.808 | REACTOR VESSEL LVI PLENER A - Valve s"‘?sen

$1.696 MIN CET TEMP

Parameter Mapping: Real-time Status-Based Display: Instant visual Granular Inspection:

integration database values are cues differentiate Normal operations Unprecedented zoom, panning, and
superimposed directly onto the from active Warnings detailed hover-state functions for
physical plant schematics. (Highlighting, Blinking). micro-level system diagnostics.
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System Dashboard

I Function 4 | Diagnostic Depth : Multi-Variable Trend Display

t essure B SCAAM

01:15:00

W Pangrit Aeroe

Auto-Scaling Fidelity

The Y-axis automatically adjusts to
accommodate multiple overlapping
variables (Pressure, Temperature,
Level) without visual distortion.

Event Contextualization

Critical timeline events (e.g., SCRAM
triggers) are graphically overlaid on
the data stream for instant causality

mapping.

Rich Interaction

Complete timeline authority—zoom,
pan, loop specific ranges, and save
analytical snapshots for post-action
review.



Training Module
Development Plan M

inimum Viable Product

v G web system architecture diag: X | @ HHEH L HS x | & = -Google Drive x | [ 0§ - k765mhy@kins.rekr x @ Pplant Scenario Viewer X o+ = a X
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as [P KINS mail  IR: RemoteView P OpenProject 4 Gemini 3 Claude @ OpenAl () Data Science and A.. () KRMS

- » Deploy 3
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©.000 | H2 CONCENT. LEVEL(CH A)

23.163 | MIN CET TEMP SATN MARGIN

L M EfTLOO|E o &
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Training Module
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Validation and Implementation Roadmap

© o .

2027.12 2028.05 2028.06 2029
@ — : : V ®
System Development AtomCARE Web System User OPR1000 Joint
Completion Integration Training Exercise Application
Core training module and Seamless deployment to Comprehensive training Full-scale implementation
simulation engine finalized. the AtomCARE web sessions for operators in combined OPR1000
platform. and instructors. exercises.
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Training Module
Development Plan

Expected Benefits

I Minimizing the Gap Between Training and Actual Operations

Information Delivery
methods

Time Flow

Decision-Making
Processes

Using Module

J Expected Benefits

Training

NEIS Training Module

Continuous time-series
data over the training
period

Urgent & Complex
(Enhance realism)

All 5 Training Module
(Including NEIS)

Actual

AtomCARE NEIS Real-time Data

Continuous real-time Data

Rapid judgement under Time
Pressure and Uncertain
Information

AtomCARE

N3¢

oS «

Results

Lack of Interface Usage Experience

Reduced Agility to Grasp Accident
Progression

Limitations in Verifying Real-World
Response Capabilities

e Strengthen KINS emergency response capabilities through enhanced realism and data-driven analysis

e, .Enhance overall preparedness and enable more accurate, timely decision-making in radiological emergencies
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Enhancement of Al-Enabled Functions

Parameter Anomaly Detection 1o Dynamic Information
Algorithm (Rule-Based) \/@p Prioritization
= = - Data Missi Event T
= * Data Missing vent Type
L KN Display Error -~ e - Process State
a;
— M\~ « Anomaly Pattern
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