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Analysis of Fire Scenarios and Evaluation of Risks that might
Occur in Operation Stage of CAES Storage Cavem

Yong-Kyun Yoon*, Eun-Hye Ju, Saem-Mul Seo, Byung-Hee Choi

Abstract This study focuses on assessing risks which might occur in operation stage of CAES storage cavern and
analyzing fire scenarios for the risk that have been assessed with highest risk level. Risks in operation stage were
categorized into upper risk group and lower risk group. Components of upper risk group are technical risk, facility
risk and natural disaster risk. Lower risk group is composed of 11 sub-risks. 20 experts were chosen to survey
questionnaires. ANP model was applied to analyze the relative importance of 11 sub-risks. Results of risk analysis
were compared with risk criterion to set risk priorities, and the highest risk was determined to be ‘occurrence of
the fire within the management opening’. Three fire scenarios were developed for the highest risk level and FDS
(Fire dynamics Simulator) was used to analyze these scenarios. No. 3 scenario which air blows from tunnel into
outside atmosphere represented that a rate of smoke spread was the fastest among three fire scenarios and a smoke
descended most quickly below the limit line of breathing. Thus, No. 3 scenario turned out to be the most unfavorable
condition when operating staffs were evacuated from access tunnel.
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Fig. 1. Risk assessment process
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Table 1. Classification of risks which might be encountered in operation stage

Upper risk

Lower risk

P

@ Malfunction of monitoring system to measure an air leakage of inner containment

Excessive rise of air pressure induced by malfunction of compressor

Technical risk

Malfunction of system caused by operating staffs

ole|e

Malfunction of instruments to measure loads applied to inner containment

)

‘
S

Wedge falling from the roof of the management opening

—
S

Occurrence of the fire within the management opening

Facility risk

Flowing out of high compressed air by a breakage of inner containment

Explosion of inner containment induced by a lubricant being mixed with compressed air

%)

@
©

Leakage of compressed air by breakage of pipes

©

Failure of storage cavern by an earthquake

Natural disaster risk

@ Flooding of access tunnel by a heavy rain
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Table 2. Priority and ranking for upper risks

FeAlelA LAY Thsdt Bl FrF 9 S Al 24

Type of risks Weighted value Ranking
Facility risk 0.5021 1
Technical risk 0.4057 2
Natural disaster risk 0.0922 3
Table 3. Priority and ranking for lower risks
Type of risks Priority Ranking
@ Flowing out of high compressed air by a breakage of inner containment 0.1574 1
(D Malfunction of monitoring system to measure an air leakage of inner containment 0.1181 2
(2 Excessive rise of air pressure induced by malfunction of compressor 0.1117 3
® Explosion of inner containment induced by a lubricant being mixed with 0.1005 4
compressed air
@ Malfunction of instruments to measure loads applied to inner containment 0.0944 5
© Leakage of compressed air by breakage of pipes 0.0925 6
® Occurrence of the fire within the management opening 0.0774 7
(3 Malfunction of system caused by operating staffs 0.0770 8
(® Wedge falling from the roof of the management opening 0.0737 9
@ Failure of storage cavern by an earthquake 0.0508 10
@ Flooding of access tunnel by a heavy rain 0.0465 11
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Fig. 2. Mesh layout
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Fig. 3. A behaviour of smoke spread for No. 1 scenario
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Fig. 4. A behaviour of smoke spread for No. 2 scenario
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Fig. 5. A behaviour of smoke spread for No. 3 scenario
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Fig. 6. Change of elapsed time with spread distance of smoke
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