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Evaluating the Application of Portable Safety Equipment in Nuclear
Power Plants using Multi-unit PSA

Jae Young Yoon'" - Ho-Gon Lim? - Jong Woo Park®

'Corresponding Author Abstract : Following the Fukushima accident, portable equipment employed as
Jae Young Yoon accident mitigating systems have been installed and operated to reduce core damage
Tel : +82-42-868-4514 and large early release frequencies. In addition, the establishment of an accident
E-mail : jyyoon@kaeri.re.kr management strategy has gained importance. This study investigated the current

status of portable equipment including the international portable equipment FLEX
Received : January 2, 2023 (diverse and flexible coping strategies), and domestic portable equipment multi-barrier
Revised : March 29, 2023 accident coping strategy (MACST). Research on optimal utilization of MACST remains
Accepted : May 2, 2023 insufficient. As a preliminary study for establishing an optimal strategy, sensitivity

studies were conducted to facilitate the priority of use on portable equipment, number
of portable equipment, and dependency of operator actions based on a multi-unit
probabilistic safety assessment model. The results revealed the conditions that
reduced the multi-unit and site conditional core damage probabilities, indicating the
optimal strategy of MACST. The results of this study can be used as a reference for
establishing an optimal strategy that utilizes domestic safety equipment in the future.
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Table 1. The list of MACST equipment?
List

Step 1 5.5 kW, 350 kW portable generator, Vehicle for
comminucation, Lighting, Portable air compressor

Step 2 1 MW portable generator, Portable low pressure pump,
Portable high pressure pump, Portable fan and duct,
Portable refueling equipment

Step 3 3.2 MW portable generator, Portable water source
LOUHS Portable high flow rate pump, Portable heat exchanger

Disast
(ex.s alii:,) Portable high pressure spray

etc. Vehicle for transport
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Table 2. The list of MACST used for sensitivity study
g3

Supply power after failures of AAC-DG
and EDG

List
Portable 1 MW generator

Portable 3.2 MW generator  gunply power after failure of portable 1

MW generator

Portable low pressure pump  niect water to steam generator after

failure of secondary heat removal

Portable high flow rate pump Spray water to containment after failure

of long-term heat removal through
containment spray
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Table 3. The portable equipment deployed in a multi—unit site for a base model

AAC-DG Portable 1 MW Portable 3.2 MW Portable Low Portable High
Generator Generator Pressure Pump Flow Pump
Not shared 1 for S3 & 1 for S4 1 for each unit 2 for each unit 1 for each unit
Shared 1 for S1 and S2 1 for all units 2 for all units 1 for all units 1 for all units
Total 3 in a site 5 in a site 2 in a site 9 in a site 5 in a site
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Fig. 2. One—top logic for a multi—unit LOOP model.
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MACST X 4.29E-04 1.45E-05 4.43E-04

MACST O 1.20E-04 3.15E-07 1.20E-04
Reduction Ratio 72.1% 97.8% 72.9%

Table 5. The priority of use on portable equipment
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Sen 1. The priority of use on portable equipment

Portable 1 MW Generator

(Shared)

Portable 3.2 MW
Generator A

Portable 3.2 MW Portable Low Pressure Portable High Flow
Generator B Pump (Shared) Pump (Shared)

Sen 1-1
Sen 1-2
Sen 1-3
Sen 14
Sen 1-5
Sen 1-6
Sen 1-7
Sen 1-8
Sen 1-9
Sen 1-10

S1>82>83>854
S2>81>83>54

S2>81>83>8$4
S2>81>83>84
S2>81>83>84
S2 >8I >83>84

S1 > 82 >83>84
S2 >8I >83>84
S2>81>83>%4

S2 >S1>83>84
S2 >8I > 83 >84
S2 >S1 >54>83
S2 >8I >84>83

SI >S2>83>54 SI >S2>83>%4 SI >S2>S3>%4
S2 > Sl >83>%4 - -
- S2>S1>83>%4 -

- S2 >S1 >S3>%4

S2>S1>83>%4 - -

SI >82>84>83 - -

- means the condition “
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SI>82>83>84"”
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Fig. 6. MU CCDP and site CCDP for Sen 1-3, Sen 1—7 ~ Sen
1-10.
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Table 6. The number of portable equipment in a multi—unit site

Sen 2. The number of portable equipment
Portable 1 MW Generator ~ Portable 3.2 MW Generator
2 for all units (shared)

Sen 1-9 1 for each unit
(Base) 1 for all units (shared)

Sen 2-1 1 for each unit
2 for all units (shared)

Sen 2-2 2 for SI & 2 for S2
1 for S3 & 1 for S4 -
1 for all units (shared)

Sen 2-3 2 for each unit
1 for all units (shared)

Sen 2-4 - 3 for all units (shared)

Sen 2-5 ) 1 for each unit
1 for all units (shared)

- means the condition which is same with Sen 1-9
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Table 7. Dependency of operator actions in a multi—unit site

Sen 3. Dependency of operator actions

Sen 1-9
(Base)
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Fig. 8. MU CCDP and site CCDP for Sen 1-9, Sen 3-1, and
Sen 3—2.
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