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Abstract : This report documents the results of an at-power internal events Level 1
Probabilistic Safety Assessment (PSA) for a Korea research reactor (KRR). The aim of
the study is to determine the accident sequences, construct an internal level 1 PSA
model, and estimate the core damage frequency (CDF). The accident quantification is

performed using the AIMS-PSA software version 1.2c along with a fault tree reliability
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evaluation expert (FTREX) guantification engine. The KRR PSA model is quantified
using a cut-off value of 1.0E-15/yr to eliminate the non-effective minimal cut sets
(MCSs). The final result indicates a point estimate of 4.55E-06/yr for the overall CDF

attributable to internal initiating events in the core damage state for the KRR. Loss of
Electric Power (LOEP) is the predominant contributor to the total CDF via a single
initiating event (3.68E-6/yr), providing 80.9% of the CDF. The second largest contributor
is the beam tube loss of coolant accident (LOCA), which accounts for 9.9% (4.49E-07/yr)

of the CDF.
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Fig. 1. Schematic diagram of cooling and connected system of
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Table 1. Initiating event list

Initiating event

—_—

Loss of electric power: LOEP

Reactivity insertion accident: RIA

Loss of primary cooling system: LOPCS

Loss of secondary cooling system: LOSCS
Loss of coolant accident: LOCA

Beam tube LOCA

Single channel flow blockage: SCFB

General transient by manual trip: GTRN-MT
General transient by automatic trip: GTRN-AT
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Table 2. Initiating event frequencies for KRR PSA

Initiating event Frequency(/yr) Error factor Remarks

LOEP 1.92E+00 1.5 KRR experience

RIA 1.67E+00 1.5 KRR experience
LOPCS 6.20E-02 8.4 KRR experience
LOSCS 6.20E-02 8.4 KRR experience

LOCA 9.89E-04 100 OPAL reactor” + PWR"
SCFB 1.30E-05 10.0 OPAL reactor
BT-LOCA 6.85E-06 10.0 Tehran reactor
GTRN-MT 1.43E+00 1.3 KRR experience
GTRN-AT 5.65E+00 1.6 KRR experience

9 OPAL reactor: Open-pool australian lightwater reactor
® PWR: Pressurized water reactor
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Table 3. Success criteria by headings of each event tree

Heading Descriptions Success criteria Related IE
NC thural circulation 1 of 2 flap valves All Initiating

using flap valves Events
RT Reactor trip RPS or RRS All Initiating

Events
. . GTRN, LOSCS,
PCS Primary cooling 1 of 2 PCS pumps RIA, SCFB
Recirculation of sump

Ewss  Lmergency water o iGng 1 of 2 BT-LOCA

supply sump pumps
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Table 4. Human error probabilities in KRR PSA
HFE 1IE Value Descriptions

RIA, Act of inserting shutdown rods by

RPOPV- manually generating trip signal by

RT ]('}OTiiS’ 1OE-01 operator after automatic signal failure
($-A4-01 523)
RIA, Act of inserting regulating rods by
RROPV- manually generating trip signal by
LOSCS, 1.0E-01 2 ’
RT GTRN operator after automatic signal failure
©A101 %)
Act of inserting shutdown rods by
RPOPV- manually generating trip signal by
LOPCS LOPCS  5.0E-01 operator after automatic signal failure
(3401 )
Act of inserting regulating rods by
RROPV- manually generating trip signal by
LOPCS LOPCS  5.0E-01 operator after automatic signal failure
(3401 53)
RPOPV- Manual trip by operator after SCFB
SCFB SCFB 20E-02 (7<= A4 TA-05 & H|HA
OP-33 4=3})

EWOPV- Beam Manual opening of MOVs by operator
LV-REC Tube 1.0E-01 after automatic signal failure of MOVs
LOCA in EWSS (H]4-02 4=3Y)

EWOPV- Beam Manual start of sump pump by operator
SP-REC Tube 1.0E-01 after automatic signal failure of sump

LOCA pump in EWSS (H]A-02 4~3Y)
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Table 5. Core damage frequency by initiating event

Initiating events | IE Frequency (/yr) CDF (/yr) %
LOEP 1.92E+00 3.68E-06 80.88
RIA 1.67E+00 8.13E-09 0.18
LOPCS 6.20E-02 1.20E-07 2.64
LOSCS 6.20E-02 3.02E-10 0.01
LOCA 9.89E-04 1.90E-09 0.04
SCFB 1.30E-05 2.62E-07 5.76
Beam tube LOCA 6.85E-06 4.49E-07 9.88
GTRN-AT 5.65E+00 2.75E-08 0.60
GTRN-MT 1.43E+00 4.82E-10 0.01

SUM 4.55E-06 100.0

SCFB

GTRN-AT
2.75E-08

Fig. 11. Contribution to CDF by each initiating event,
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