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Development of a Methodology for Evaluating Radiation Dose to Workers in
Auxiliary Building under Severe Accidents

Jun Hyeok Kim', Byung Jo Kim', and Jin Hyoung Bai"*
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ABSTRACT This study aims to evaluate the radiation dose received by workers within the auxiliary building of
the Saeul Units 1 and 2 during a severe accident. To achieve this, representative accident scenarios were selected,
and operator actions required by the severe accident management guidelines were derived to present a methodology
for dose assessment. The study utilized MAAPS.06 to analyze severe accidents and employed MAAP DOSE to
evaluate worker radiation exposure. Among the three operator actions considered, the direct spray action on the
reactor building outer wall-side penetration resulted in the highest estimated radiation dose. This is likely because
the workers are deployed near the reactor building penetration, exposing them to higher radiation levels. Future plans
include the optimization of dose performance by comparing these findings with evaluations conducted using MCNP,
and the development of a data-driven ALARA decision support system for predicting and diagnosing radiation
exposure on nuclear sites to ensure worker safety during severe accidents.
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Table 1. Severe Accident Scenarios

No. Severe Accident Scenarios

LLOCA: SIT failure — SIS failure — 3-way valve success
— Reactor Cavity Flooding success — Containment Spray

1 System failure — ECSBS, IVI success 24 hours after
LLOCA — Recirculation Operation success 72 hours after
LLOCA

SBO: AACDG failure — TDAFW failure — RCP sealing
success — Power Restoration failure — Containment
Isolation success — 3-way valve success — Rapid
Depressurization failure — External Injection to Secondary
System failure — Power Restoration before Reactor

Vessel Failure failure — Reactor Cavity Flooding System
success — Containment Spray System failure — ECSBS,
IVI success 24 hours after SBO — Power Restoration and
Recirculation Operation success 72 hours after SBO —
Hydrogen Ignitor failure

LOFW: TDAFW failure - MDAFW failure — SIS failure
— SIT operation success — Safety Depressurization &
3-way Valve Operation success — Reactor Cavity Flooding
System success — Containment Spray System failure —
ECSBS, IVI success 24 hours after LOFW — Recirculation
Operation success 72 hours after LOFW

*LLOCA: Large break Loss of Coolant Accident
SBO: Station Blackout

LOFW: Loss of Feedwater

SIT: Safety Injection Tank

SIS: Safety Injection System

AACDG: Alternate AC Diesel Generator
TDAFW: Turbine Driven Auxiliary Feedwater
RCP: Reactor Coolant Pump

ECSBS: Emergency Containment Spray Backup System
IVI: In-vessel Injection

MDAFW: Motor Driven Auxiliary Feedwater
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Fig. 1. Worker Movement Path for Action 1
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Fig. 2. Worker Movement Path for Action 2
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Table 2. Expected Worker Movement Path

Action Work Scenario

Worker Movement Path

Check if the hydrogen ignitor is operating properly by
checking the light of the ignitor panel in the electrical
penetration room (137-A11D).

Enter Auxiliary Building at EL. 100 — Enter El. 137’ 6* using
an elevator — Check the hydrogen ignitor panel in the electrical
penetration room (137-A11D) — Return to EL 100’ using the
elevator — Return to the Compound Building

Spray water to the penetration in the mechanical penetration
room (120-A16B) to control the release of fission products
from a penetration of the reactor building where the sealing

Enter Auxiliary Building at EL 100" — Enter EL 120’ using an
elevator — Check penetration in the mechanical penetration
room (120-A16B) — Move to the general access area (120-
A31B) to operate the fire hose — Spray water to the penetration
in the mechanical penetration room (120-A16B) — Return to EL
100’ using the elevator — Return to the Compound Building

2 .
performance is lost.
Check the external injection line and valves to determine the
cause of the failure of the external injection after trying to

3 inject water into the RCS using a mobile pump.

Enter Auxiliary Building at EL 100’ — Check the external
injection line and valves in the general access area (100-A37B)
— Check the external injection line and valves in the mechanical
penetration room (100-A13B) — Return to the Compound
Building

Table 3. Key Event Summary for Severe Accidents

Key Event Description Large-Break LOCA SBO LOFW
Core Uncovered (s) 166 7,361 2,537
Core Relocation (hr) 0.9 4.28 1.61
Vessel Failure (hr) 1.30 443 5.76

Debris plug melt-through of
instrument tube vessel weld in
lower head node 8

Vessel Failure Mechanism

Clad Oxidation (%) 15.01
Peak Containment Pressure 746
before ECSBS actuation (bar) '
Reactor Cavity Floor Concrete 0.0012

Ablation @ 48 hours (m)

Debris plug melt-through of
instrument tube vessel weld in
lower head node 8

Debris plug melt-through of
instrument tube vessel weld in
lower head node 8

61.4 66.4
6.4 7.78
0.13 0.015

Table 4. Estimated Dose for Each Accident and Work Scenario

Dose Accident 1 Accident 2 Accident 3
(LLOCA) (SBO) (LOFW)
Action 1 26 mSv 33 mSv 30 mSv
Action 2 156 mSv 184 mSv 169 mSv
Action 3 125 mSv 149 mSv 133 mSv
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