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A Case Study on the Risk Assessment for O&M of a 1 MW Tidal
Current Energy Converter
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Abstract : Tidal power is a technology that generates electricity by utilizing tidal current energy, and in recent
years, with the advancement of technology, it has reached the stage of real sea performance test. However, in the
case of Korea, there is a lack of construction experience and equipment, and work in fast flows such as the
Uldolmok region involves various risk factors. In order to establish measures to reduce these risk factors, Korea’s
Occupational Safety and Health Act recommends performing a risk assessment to identify and manage risk factors
that may occur during work in advance. Risk assessment is a process aimed at identifying and evaluating potential
risk factors that may arise during work, with the goal of minimizing losses caused by accidents. Therefore, in this
study, a risk assessment was conducted to identify risk factors that may occur during offshore O&M work of the
1 MW tidal current energy converter and to ensure the safety of workers and the environment. A total of 60 risk
factors were identified, including marine and weather conditions, equipment and personnel, and work environments,
and a qualitative risk assessment was conducted three times based on the judgment of several field experts.

Keywords : tidal current power, tidal current energy, O&M, risk assessment, hazard index, quantitative risk
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Table 1. Safety statistics for offshore wind incident data (G+, 2022)

2015 2016 2017 2018 2019 2020 2021
Hours worked (Hr) 21,220,000 21,726,000 26,815,000 25,359,000 22,374,000 25,318,000 32,342,000
Fatalities' 0 0 0 0 0 0 0
Lost work day injuries” 41 43 49 39 62 43 50
Restricted work day injuries” 32 35 30 34 23 30 22
Medical treatment injuries” 53 42 78 45 38 22 34
Total 126 120 157 118 123 95 106
Total recordable injury rate (TRIR)” 5.94 5.52 5.85 4.65 5.5 3.75 3.28
Lost time injury frequency (LTIF)(’) 1.93 1.98 1.83 1.54 2.77 1.7 1.55

YAn incident that involves death as a result of a work-related incident or occupational illness. Deaths that occur after an incident but are a
direct consequence of an incident are to be included.

?Non-fatal incident that involves a person being unfit to perform any work on any day after the occurrence of the occupational injury.

) An incident that does not result in a fatality or a lost work day but does result in a person being unfit for the full performance of the regular
job on any work on any day after the occurrence of the occupational injury.

Y An incident not severe enough to be reported as a fatality, lost work day incident or restricted work day incident, but which is more severe
than requiring simple first aid treatment.

*The number of fatalities, lost work day incidents, restricted work day incidents and medical treatment injuries per million hours worked.
9The number of fatalities and lost work day incidents per million hours worked.
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Fig. 1. The graph of incident data for offshore wind industry (G+, 2022).
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Table 2. Risk assessment related laws and regulations in foreign countries (WLIC, 2021)

Country Laws and Regulations The time of enactment
UK Health and Safety at Work etc. Act 1974 Jul.31.1974
The management of Health and Safety at Work Regulations 1999 Dec.29.1999
USA Occupational Safety and Health Act of 1970 Dec.29.1970
Occupational Safety and Health Act (ArbSchG)
Germany (Action the Implementation of Measures of Occupational Safety and Health to Aug.07.1996
Encourage Improvements in the Safety and Health Protection of Workers at Work)
Japan Industrial Safety and Health Act Jun.08.1972
Taiwan Occupational Safety and Health Act Apr.02.1974
Singapore WORKPLACE SAFETY AND HEALTH ACT Feb.06.2006
. Work Health and Safety Act 2011 Jan.01.2012
Australia - —
Occupational Health and Safety (Maritime Industry) Act 1993 Jan.18.1994
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Table 3. The terms and definitions related to the risk assessment (IEC, 2024)

Terms Definition

Harm Physical injury or damage to persons, property, and livestock
Potential source of harm

Hazard Note 1 to entry: In English, the term “hazard” can be qualified in order to define the origin of the hazard
or the nature of the expected harm (e.g. “electric shock hazard”, “crushing hazard”, “cutting hazard”,
“toxic hazard”, “fire hazard”, “drowning hazard”).
Any space within and/or around a product, process or service in which persons, or livestock can be

Hazard zone

exposed to a hazard

Event that can cause harm
Hazardous event

Note 1 to entry: A hazardous event can occur over a short period of time or over an extended period of time.

Hazardous situation

Circumstance in which persons, property and livestock or the environment are exposed to at least one hazard

Note 1 to entry: The exposure can immediately or over a period of time result in harm.

Past hazardous event

Note 1 to entry: An incident that has occurred and resulted in harm can be referred to as an accident.

Incident e . . .
heiden Whereas an incident that has occurred and that did not result in harm can be referred to as a near miss
occurrence.
Risk Combination of the probability of occurrence of harm and the severity of that harm

Risk analysis

Systematic use of available information to identify hazards and to estimate the risk

Risk evaluation

Procedure based on the risk analysis to determine whether the tolerable risk has been achieved

Risk assessment

Overall process comprising a risk analysis and a risk evaluation

Scope, Context, Criteria

Risk Assessment

Risk Identification
(What, when, where, etc.)

Risk Analysis
(Determine consequences, level of risk)

Risk Evaluation
(Set priorities)

Monitoring and Review

c
S
-
©
£
=
%]
-3
(=}
o
T
[
©
(—
9
-
©
-
[
=
£
£
(=]
)

Risk Treatment

Recordingand Reporting

Fig. 2. Risk management process in the ISO 13000 document.
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Table 4. Technique description and application (IEC, 2019)

Technique Description Application stage

As Low As Reasonably Practicable

(ALARP)So Far As is Reasonably Criteria for deciding significance of risk and means of evaluating

Risk evaluation

Practicable (SFAIRP)

tolerability of risk

Bow tie analysis

A diagrammatic way of describing the pathways from sources of risk
to outcomes, and of reviewing controls

Risk analysis
Risk treatment

Brainstorming

Technique used in workshops to encourage imaginative thinking

Risk identification
Risk evaluation

Checklists, classifications,
taxonomies

Lists based on experience or on concepts and models that can be used
to help identify risks or controls

Risk identification
Risk evaluation

Decision Tree Analysis (DTA)

Uses a tree-like representation or model of decisions and their possible
consequences. Outcomes are usually expressed in monetary terms or
in terms of utility

Risk evaluation

Delphi technique

Collects judgements through a set of sequential questionnaires. People
participate individually but receive feedback on the responses of others
after each set of questions

Risk identification

Event tree analysis (ETA)

Models the possible outcomes from a given initiating event and the
status of controls thus analysing the frequency or probability of the
various possible outcomes

Risk analysis

Fault tree analysis (FTA)

Analyses causes of a focus event using Boolean logic to describe
combinations of faults. Variations include a success tree where the top
event is desired and a cause tree used to investigate past events

Hazard and operability studies
(HAZOP)

A structured and systematic examination of a planned or existing process
or operation in order to identify and evaluate problems that might
represent risk to personnel or equipment, or prevent efficient operation

Risk identification
Risk analysis

Structured what if technique
(SWIFT)

A simpler form of HAZOP with prompts of “what if” to identify
deviations from the expected

Risk identification
Risk analysis

Fig. 3. Deployment of 1 MW tidal current energy converter at Uldolmok.

Table 5. Specification of a 1 MW tidal current energy converter

Rated power

1,000 kW

Rated speed
Rotor diameter

System dimensions

Weight
Power regulation
Generator
Support structure

3.6 m/s

13 m (blade length: 5 m)

17.6 m (L) x 20.3 m (W) x 19 m (H)

590 ton (underwater), 120 ton (land)

Pitch regulated with variable speed/Fixed yaw

Direct drive permanent magnet synchronous generator

Gravity type, steel tripod support sructure
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Fig. 4. (a) Tidal turbine nacelle fixed on a work vessel. (b) Re-installation of tidal turbine nacelle.
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Node #1. Lifting

Marine crane mobilization and anchoring

Wire connection

Removal of bolts between tidal energy converter
and support structure

Lifting of the tidal energy converter

Node #2. Repair

Opening the hatch of the tidal energy converter

Internal and external repair work

Closing the hatch of the tidal energy converter

Node #3. Reinstallation

Coupling the tidal energy converter with the
support structure

Fastening bolts on the tidal energy converter

Wire disassembly

Return of the marine crane

Fig. 5. System nodes for the 1 MW TEC (Tidal Current Energy
Converter) repair process.
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Table 6. A category for checklist of hazards
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ID  Harzards guidewords Causes Sources
H-01 Flammable Cellulosic materials, Pyrophoric materials, Packing materials, wood planks, paper rubbish, metal
materials etc. scale from turbine, scale on filters, etc.
H-02 Explosives Detonators, Conventional explosive material Sels:mlc o construction-triggered - detonators/explosive
device such as gas system, etc.
. Water or Gas }mder Pressure in pip ewor%g HVAC system, seawater pump, gas fire suppression
H-03 Pressure hazards Air under high pressure, Hyperbaric ..
. . . . system, piping, underwater work, etc.
operations (diving), Decompression (diving)
Work involving scaffolding, suspended access, ladders,
Hazards associated ~ People at height above or below 2 m, platforms, excavations, towers, stacks, roofing, working
H-04  with differences in ~ Overhead equipment, People under water over board, working on monkey board, Slippery/uneven
height oe below grade surfaces, climbing/descending stairs, obstructions, loose
grating, etc.
Guy and support cables, anchor chains, tow and
H-05 Objects under Objects under tension, Objects under barge tie-off ropes, slings, Spring-loaded devices such
induced stress compression as relief valves and actuators and hydraulically operated
devices, etc.
On-land transport (driving), ~On-water
transport (boating), Transfer from boat, Driving to and from locations and camps, transporting
R Flotel to offshore platform, Boat collision materials, supplies and products, seismic operations,
Dynamic situation . o . . .
H-06 hazards hazard to other vessels and offshore mov ing drilling rigs and workover rigs, Shipping
structures, Equipment with moving or lane traffic, product transport vessels, supply and
rotating parts, Use of hazardous hand maintenance barges and boats, drifting boats, etc.
tools (grinding, sawing)
H-07 Environmental Sea state, Weather, etc. Waves, t1de§ or other sea states, winds, temperature
hazards extremes, rain, etc.
Turbine systems, Process piping and
H-08 Hot surfaces equipment between 60°C and 150°C, Piping, generator load heat, etc.
process piping and equipment over 150°C
. Temperatures between 100°C and 150°C, . . .
H-09 Hot fluids Temperatures greater than 150°C Piping, heating pump, etc.
Sea temperature less than 10°C, Process
Cold surfaces & .. o .. . .
H-10 . piping less than - 80°C, Process piping Diver underwater working, cooler, etc.
cold fluids o o
between - 25°C and - 80°C
Voltge > 0.V to 40°V in cables, (T PSS SO e e matines,
H-11 Electricity Voltage > 50 V to 440 V in equipment, transfo%me’r SIZ cond g ower ,enerationg tra.nsformer,
Voltage > 440 V etc a, p & ’ ’
. H2S (hydrogen sulphide, sour gas), Welding . s
H-12 Toxic gas fumes, CFCs bacterial activity in stagnant water, confined space, etc.
13 Toxic fluid Mercury, PCBs, Scale inhibitors eTtrcansfonner cooling oils, Electrical switches, gas filter,
. Manual materials handling, Vibration, Handhr}g egulpment' in uncomfortable p0s1t19ns, Hand-
Ergonomic (human . L . tool vibration, maintenance and construction work,
H-14 Workstations, Lighting, Mismatch of work . S .
factors) hazards .. e boating, Work areas requiring intense light, glare, lack
to cognitive abilities, etc. . . .
of contrast, insufficient light, etc.
.. . . Awareness that mistakes can be catastrophic, vulnerable
. Living on the job/away from family, . .
Psychological : .. . to the mistakes of others, responsible for the safety
H-15 Working and living on a live plant, Post- . .
hazards ; . of others. Awareness of difficulty of escape in an
traumatic stress, Fatigue
emergency, etc.
H-16 Noise High level noise Plant areas, e.g. turbines, compressors, generators, pumps,

etc.
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gl

(e.g., no experience in the related companies or industries, etc.)

Severity Index

Risk Consequence
Index SI1 SI 2 SI 3 Sl 4 SI5
FI 5 5 10 0
> | Fl4 4 8 12 6 0
=
s
2| A3 6 9 12
[
fire
FI 2 . 6 8 10
FI 1 4 5
FI Classification Description
5 Frequent leelylto occur during the short-time operation of target system
(e.g., likely to occur once per month, etc.)
a Probable leely.to occur during the long-time operation of target system
(e.g., likely to occur once per year, etc.)
3 Sccasionsl leely_to occur over the lifetime operation of target system
(e.g., likely to occur once per decades, etc)
Unlikely but possible to occur in many systems similar to the target
2 Rare . . N
system (e.g., it has occurred in the related companies.)
i i imil
1 improbable Unlikely to occur in many systems similar to the target system

Definition (Effects on)

SI Classification =
Human Environment Asset
light eff
. Slight injuries ) s |.g tettect . Slight damage
1 Slight . . (immediate restoration . | .
(first-aid needed) . (immediate repair)
available)
Minor injuries Minor local effect .
. . . Minor local damage
2 Minor (outpatient treatment | (short-term restoration . )
(local repair available)
needed) needed)
Severe injuries Severe local damage
(ho itallii:tilon sever local effect (external su or‘?
3 Major ot (mid-term restoration PP
needed/permanent needed/partial
il needed) : )
disability) operation available)
. . Extensive effect .
_ Single fatality or . Extensive damage
4 Critical ) g (long-term restoration ) _
multiple severe injuries (operation unavailable)
needed)
Massive effect
5 Catastrophic Multiple fatalities (almost impossible to Total loss

be restored)

Fig. 6. The descriptions of risk matrix including frequency index (FI) and severity index (SI).
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Fig. 7. Risk evaluation results using hazard index.
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Fig. 8. Severity index for health.
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Fig. 9. Severity index for environment.
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Fig. 10. Severity index for asset.



\@o,ﬁwm J3I0OM AINSUS 0} Saunseat

K197es 1oy10 pue syeoq adeosss Aqreau Jo juswkojdo( -

sounfur euosiod -
Juaprooe Surjrej 193[qo AaesH -
[9SSoA

s1osI0m 10} Judwdmbe aanosyoid [euosiad QOIAISS AU} JO IOIABYDQ s3uis ‘sadox go-on uoIsu?)
pue sampaoold adeosa KouaFiowd Jo asn AIOJRpUBIA - 9] y 7T v ¥ JU} 0} dNp SIQED duLIBWIgNS J3req pue mo} ‘sureyd Joyoue Jopun 10°S0-H
Aniqess oy 21ns3s 0 juowdmba ysijqeisy - pue DHL 01 d8ewre( - ‘s91qed Woddns pue Ann s192[q0
amgonys Ay Jo ANfIqers JoiAeyaq
dY} 2INO3S PUB SISA[EUR [BINJONNS YINOIY} UOISUS} MIIADY - QUEBID QuLIeW pue DL 0}
anp padjuerens jou AN[Iqel§ -
Ssams padnpul Japun s}9[qo SO-H
SI0J0W PIEOGINO SB UONS S[OSSIA
[rews Surkojdop £q wiasAs anosar AoudIowR ue ysiqeIsy - . speoj Buns .
_ (soumapms JususSemen sounful [euosiod - ‘suuopje[dyiom pareadd ‘swo}
;nﬂ 13188 19310 YSIIGEIST) SIHOM 10 Sunmen-oid apiroL SanI[1o€} JO uononnsa( - -sAs ssa001d 10 Juowdinba juawdinba .
iolo ¥ t USHABIS) S19% J outuien &w.%om ’ 6 Lroe ¢ juoprooe Surjey 109[qo AaeoH - ‘g1doad 1oa0 ySioy ® peaYIdAQ 0v0-H
<K 10} $01A9p AJ9Jes pue juawdinba aA1odjoid Jo uorsirol{ - PALINI0 JUAPIOIE I - Mﬁ%“ﬁﬂ”hwhﬂﬁwzmwwmwﬁ
Wm Anus 10y Aem3ued oy Jo Suruolse) 2IN03S A dNSuy - : : : :
N SIOJOW PIBOGINO SB UONS S[ISSAA
ﬁm [rewss Sutkojdop Aq w)sAs ondsar Aouadowe ue ysiqeisy - sounfur [euosiod pue (010 Suned 9s00] ‘suononnsqo wyg >
W s1axIom 103 Sururen-aid apiroi{ - 6 I 1T € ¢ ‘BurumolIp ‘s[[ey) SJUSPIOdR ‘sare)s SuIpuadsap BUIquuId WSoy 10+70-H
: SIOIOM IOJ SS0US pue ISIOM JO OUDLINIDQ) - ‘saoejans uaAdun/Arddirg e ojdoag
mm ‘syewr difs-nue ‘syooy Ajoes se yons sad1Ap AJJes oplaold -
™ SIOJOW PIBOGINO SB [ONS S[ISSAA
[Tews Juikojdap Aq wWISAS anosal AousSIowd Ue Ysi[qesy - *010 ‘pIeoq IoA0
juawdinba aAn09101d TeUOSIOd soun(fur reuosiad pue (*90 Suppom ‘FuIjool ‘syoe)s ‘sId wy <
Jeam Wy} dAeY pue s1dxdom 1oy Sururen-aid opiaold - 6 I 1 € ¢ ‘BuIUMOIp ‘S[[e}) SIUOpIOOE -M0} ‘suorjeAeoxd ‘swopred WSy 1070-H
syew dijs-njue IOIOM JO 9OUALINID() - ‘s10ppe| ‘ssaooe papuadsns e 9rdoag
puR SISSAUIRY AJ9Jes JOIOM SB [ons SOIAJD KJdJes pIAOI] - ‘BuUIp[OJ LIS SUIAJOAUL YIOA
Joppe| AUS PaxIj U OpIAOI{ -
JYSIOY Ul SOOUIPIP UM PIJRIOOSSE SpIezeH ¥0-H
XvyWw V 4 H .
(uopuanid) SISTI S S9ouanbasuos J[qIssoq S90IN0Yg sasne)) oN

sainseaw A3ojes Junsixg

XopuJ prezeH

194

Apnis SIU} Ul PaJONpuod SPOYIAUI UOUSASIA PUE S)NSAT JUIWISSASSE JSTY *L AqBL



195

7k AFE A

1517473

[e)
T

*010 ‘syeoq3m pue sioyoue diys g Is() -

uonendead Kouadowy -

(930 ‘Surumorp ‘s[rej) sjudprode
IO}IOM JO OULINIOQ) -
sounfur [euosiod -

S3Je)S BAS

91 vy T v ¥ SanI[Ioey JO uononnsa( - c 9e)s Bag ¢0°'LO-H
©Jep 1sed210J [epl) Suisn aw) Surom 2Ind9S - uap1ooe 3ulf[ey 199[qo AABSH - JUJO JO SIPI} ‘SOABA\
JoiAeypq
QueIO SuLEW pue D] O}
onp pagjuerens jou AN[Iqel§ -
uonenoead AouaSowy -
(e
219 ‘sje0q3n) pue ‘BurumolIp ‘s[[ej) SIUSPIOdR
sjoyoue paxy} Y310 Suisn Aq serousgIows 0} Surpuodsay - IONIOM JO 0ULINGD() -
SUOIIIPUOD IYJEIM WO sounfur [euosIy - *0)9 ‘Urel ‘SAWAIXd ouIEo .
joedwr fewruiw yum juswdinba pue saueld Jo UOnIJIS - 91 vt ovov SanI[Io€) JO uononnsa(d - amnjerodwa) ‘Spuipy BEM 10°20-H
woISAS asuodsar AouadIowd ue Jo JUSWYSI[qe)Sd juaprooe Surjej 102[qo AaeoH -
puE SWaISAS Sursesalo} Jo SuLIoUOW SWN-[BY - JOIABYQq
QueIO SuLeW pue D] O}
onp pagjuerens jou AN[Iqel§ -
SpIezey [eJUSWUONIAUY L0-H
SurumolIp Jo ased ur anosar oy Agreau paderd aq 0} ) ‘speoq - soum(fur reuossad pue (*930 wioperd aloysgo
: : o Kem3ue3 ‘1ysuen
219 ‘syoxpoel Q1] Jeam pue Iom 210Joq Sururen K)QJes jonpuoy) - 9] I 1 ¥ ¢ BuUIUMOIpP ‘S[[E}) SIUOPIOOE odo] “IoISUBLL 103SE 0} [910[ 9e0q 90'90-H
adox 10 Suipjom Aq AemSue3 Juixiy JO poyIdW A} JO MIIAYY - JOIOM JO QJUALNII() - YSueD sed wolyj JoJsuel],
(Suimes
J1om 210Joq Sururen Kj95es 1onpuo)) - juswdmba Sunejox ‘BuipuLi3)
sIoIom 10} sjwey Aojes 8 I 1 T ¥ sounfur [euosIyd - ‘S9)IS 9OUBU dJuUIBU ‘SIS S]00} puey S0'90-H
pue saA0[3 se yons juowdinba oanosjoad [euosiod Sunredpy - uonoNIsuod ‘doysspopy snoprezey
Joasn
(030 ‘Surumolp ‘s[fej) syuoprooe
SWwA)sAs JIO}IOM JO 0UDLINDO() -
sjeoq saInjonans
SuLoyuow [3ssaA pue spre uonediaeu djeald jo uonerndQ - saunfur reuosiad - .
Suryup ‘sieoq pue saSreq 2I0ySJo pue
Kjoyes I1o3I0M 2INSUD 0} SAINSBIW SONI[I9B] JO UONINLSIP - .
4 ¥y T v ¢ doueuaqurews pue Ajddns S[SSAA IAY}0 €0'90-H
Kyayes 1oy10 pue speoq adesss Aqreau jo juowkoda g - Juaprooe Surjrey 193lqo AaesH - .
: : : S[essaA 1odsuen jonpoid 0} pIezey
sjossaA Surssed Jo 9nol uonesiaeu JOIARYRq .
ogen aue|] Surddiyg uoIsI[[0d Jeoqg
oy opin3 pue woiy uonerAdp judadld o3 syreoq3n Jo as) - QueIO duLeW pue DHJ, 0}
anp padjuerens jou AN[IqelS -
SpIezey| uoyenJIs JIWeUA( 90-H
) xvw V4 H o
(uopuaA31d) 2ASHI IS SeouaNbasu0 9[qIssoqd S90In0g sasne)) ON

sainseaw Ajojes unsixg

Xopu] plezeH

penunuo) °L dqeL



196

KOUQIOIJD SIoM PAdNPY -

SYIYS JAO[[0I ‘SYIys WIu

sy1ys/smoy

Sunpom
sowr} YIys pue sinoy Sursiom Jo UOIEdIO[[e JUSIIYH - 8 I 1 7T + SIOMIAQ - QUITIIAAO “S9[0A0 YIys Suo] E?w&& 11'v1-H
on3nej 03 anp JUAPIOY - Surzimn suonedo| AOYSPO pue mcow
op 03 payirenb
JOU SI 9YsS/dY SuIYIWOS
asia1xdns 03 1oxIoMm sonIIqe
SJUpPIOdE
juowdinbe oAnoejoid [euosiad reopy - ® Junyse ‘peo| yse) Jy3y aAnIUS09
8 r 1 c v I931I0M JO 9OUSLINDOQ - oI'vI-H
ytom Suruedwoooe pue Suluren yiom K19Jes 1onpuo)) - ONEISILL SO e woy) Sulald Aq wopaloq 0} JIom Jo
PIEISILL HOM. - J9y) 9onpar 0} Sulkn UOJeWISIA
noym ssaooxd e Jojruow
0} sfenplAlpul Surnbay
s[enpialput ySi[s 4q
pauIoj-1ad j10M UOT)ONIISUOD
UOIEIUAOUOD JO OB[ . : senIqe
Aneay ‘Aep 3y10M Y-g] O}
wawdmbe aanoa0id [euosiad reapy - 0) 9Np SIUIPIOJ. SSIAIR)) - TeaisAyd )
Jom SulAuedwiosoe pue Sururen yiom K)jQ§es 1onpuo)) - 8 Lt SJUOPIOOE 8 UL JO 98IMOD U} 19AO 0} JIom JO 6vI'H
k . . IOYIOM JO SOUALINGD AuARoE 4O [or2) eatsiyd et
oM 3 0 - Y3y e urejuIeWw 0} HUOTRSI
SIaMIoM 19p[o Sulinbay
(232 “Aunqrsia WS JuaroLgnSul
JO 3or[ 0) Onp AdOUSIDIPS N : :
wowdinba aAnodjoid [euosiod respy - 1OM DOOHDOM ‘SOIOEISA0 ISEIU0D JO NoB[ St .
ytom Suruedwoooe pue Suturen yiom K)9Jes 10npuo)) - 8 LI 2 4 h paonpy “SA[OTISY ‘are[3 31| esuaur HYoTT 8YI'H
: T JoA0 duy) syuoprooe : :
Suumbar seare yIop
ISIOM JO 90UALINODQ) - o
spIezey (s10joBJ UBWINY) JIUOUOTIT ¥1-H
JUSPIOOE SISOUR)S Y -
sway aAanewr)e aedar pue aredaid - (010 quaprooe 90
s1aiom Aq juowdinba 8 € 1 ¥ C JOO0YS JLIO[H) SJUIPIOSL SIouLIO)SURY) ‘UONRIdUST .\wwmvw < €0'11-H
aanodjoid [euosiod Jo Sulream pue uonendeAd AIOJEpUBIA - IONIOM JO 0UDLINDDQ - Jomod ‘sa[qed 1amod HOA
oFeyeal1q 9[qed Jomo( -
A1o1o9q I1-H
(910 ‘erunoyiodAH) IoreMISpUN D01 uey) ss3| o
SINS SUIAIP [BULIDY) JEIAN - 8 T 1 v SUBYIOM o[IYM UGPIOOE JOAI(] - SuppIom JajemIopun I9AIp sineioduw) eos €0'01-H
SpIngj p[o) 2 S%BLINS P[O) 0I-H
XyWw V 34 H u
(uoguaraid) ST IS seouanbasuoo 9[qIssod $90IN0§ sasne)) ON

sainseaw A39yes Junsixg

xopuJ prezeyq

panunuo) °L AqeL



1 MW ZF79E7] 0&M 4343571 Ale - 197

A ek oLt Zthdh(critical) AFLE =5 13} 394 212} 6
A, & 2004 10702 71Uk =& 13 204 A8t
L Zgst Alr 2 A A o) W AR Qs Ay, Auk
ol A FAAE Qo o]F Al WAISH= Aba, 7] | S
A4 a9l Sig Ak FHhE AREE 4 20w )

il :E%%{A]*E“—‘l 715 Aol Wigk A7t |laL, 2
= 7] wWitell ARL7E g3 vlAls G
O % YR Fig. 102 913 AbaLzt ARrte]
A= ‘k% 7k Flo® v -3 BT 4] Foeh
(critical) $1% Q<10] =230t 919 2l T dhh= Addt
TEoH ol= Qla A3 Avte] HES = 9L, AA| © 2
FRIAARe] A 2 ojgd o= Qls 2o 7t
S0k FRAEE 97 B siAAel e} o] B S W
AN ARIL A ARE ez} 2 Zlem FrhE glom
& Bl dEE o ARk wEv) e Ao P79
Table 72 i Aol =35t 91974 B7hE= 194 =37}
AyRS A2et Slolnth. skl It o me} s394
5 Askalal, o] T el s Aol v W
*"ﬂ&% LRSI, Hgk ALl ojsf A = Q= A
rgst] fsl & Aol =gt oA 2= Table

7011 gl

0

[o

%
2N

6. 42 U E9|
SR el 150 il e o 4
weo] gt 53] 3] 2Ru
IS ok 27 WA A AR 9 ] Sol S
o Aol M) BEpaAo] o, Ze 2R s8] 491
7o) wlg- AlgHEo] L 2] 87 R ulS detai. o]
3 918 Al A4 9 43S nEey] A 9
SIS WhEA] Satetolol s, SAABINE Fal A}
Lo ofel WA £, ARIANE) 2] mE
Bl A3 2 A EES ARE S glek ole] & Ao
}\1% IMW %5 H]—X—] O&M x]—(ﬁ == tﬂ-/\gd 9%% %EH /\].
1 S 93 ABYRNE SR, o) Fa

&3 g AR wEa.

(1) ABABA = 9130 2ahagel diat ojslst o)A} 2
AW o e A Atk ¥ AT 994971 9
3 HAZID 7] AHg3lglom, 918 el hug 915
W O% checklists 'S ARESIITE =FE 0&M 24l
de $19 e1om 20 sl 8 P, g B 91,
A9 BT Ak ok 2] 9

& HI5IE 53l 20 oamel A, £F e
7
(e

o>
¥2

ek o] ERaka #ge] o] W
AR A YT} =0t B Ao AR
(2)#’4?‘@*& 4 el W A} Fu) A

7} 919 291 tat 918 A2 A5
otk ﬂwo‘ 7h A3, Q19 3 AEA 2wk 2k A

-

Al

ooy

N .

o Ao SR 59 3 22 Be A9 el 2
Ashs 202 F7hEdeh Q1% 2 AR 419 39, )

AR} 27E7] RNAE lolofE 3l Aldste] 2l

Fohe 2oz ARl 2sat 22 71 2do] EAINE B
L A gl 9o 2FUAY]) RNAS AX|eln &
FE FAa, A 2] 2 ua Z9 T Y Aol o
7] wlgell 19 B2 AEAS AL Sl A o® e}
w3t

(3) T Ataz) ek, 374 1l zRibel] mix|= J&ks 7}
3t Ay}, 3of v|R|E Gk viu|dk A o7 HriE i), o]

E ZRRAA L] 71 5 84 SIS fushs 248
ARSI QA ¢k, Ak Al A% Tlge] ZFslr] whal
=1

Aoz Wik, ek A9ixe) Qbdel mlXi L
A B7kslel o2 Ak $I8F AEE kel T2 o]

ful

)
Q39T FF g AR 0183 9181 ulS A ERP,

[
Emergency Response Plan) 2 H|4 t]-8- @2 A3 (ERCoP,
Emergency Response Cooperation Plan) =5 ¢] Qg 7

o7 ek

of aw A997} A3t AFNIA) A
el 918 el AR ol £ At E R0 7

oFluIX) AAglel AT 984 we) A vhelo
%gz} 207 ghkdr),

C
R

AR =

B = daldaelr) e 713 AAR QL “sl| el
9 guksfdraE 153} 7 NEH(PEA0221)” A1 €]

References

Acadia Centre for Estuarine Research (2012). A Framework for
Environmental Risk Assessment and Decision-Making for Tidal
Energy Development in Canada. No. 106, Acadia University,
Canada.

G+ Global Offshore Wind Health & Safety Organisation (2022).
2021 Incident Data Report. Energy Institute, UK.

Ineternational Electrotechnical Commission (2016). Hazard and



198 =3 - o]x]z‘ﬂ— .

A |

Operability Studies (HAZOP studies)-Application Guide. IEC,
Switzerland.

Ineternational Electrotechnical Commission (2019). IEC 31010
Risk Management — Risk Assessment Techniques. IEC, Swit-
zerland.

Ineternational Electrotechnical Commission (2024). Electropedia:
The World’s Online Electrotechnical Vocabulary, www.electro-
pedia.org, section 903, IEC, Switzerland.

International Organization for Standardization (2016). ISO 17776:
Petroleum and Natural Gas Industries — Offshore Production
Installations — Major Accident Hazard Management during the
Design of New Installations. ISO, Switzerland.

International Organization for Standardization (2018). ISO 31000:
Risk management-Guidelines. ISO, Switzerland.

Ko, D.-H., Chung, J., Lee, K.-S., Park, J.-S. and Yi, J.-H. (2019).
Current Policy and Technology for Tidal Current Energy in
Korea. Energies, 12.

Ko, D.-H,, Ge, Y., Park, J.-S., Liu, L., Ma, C., Chen, F., Peng, J.,
Kang, S.-K., Yi, J.-H. and Liu, W. (2022). A comparative study
of laws and policies on supporting marine energy development
in China and Korea. Marine Policy, 141.

Korea Occupational Safety and Health Agency (2021). Risk
Assessment Guideline. KOSHA (in Korean).

Lazakis, 1., Turan, O. and Rosendahl, T. (2012). Risk assessment
for the installation and maintenance activities of a low-speed
tidal energy converter. In RINA Marine & Offshore Renewable
Energy conference, Royal Institution of Naval Architects.

Liu, R., Liu, H.-C., Shi, H. and Hu, X. (2023). Occupational health

ukx

1

L

i
ofoj

ekl

and safety risk assessment: A systematic literature review of
models, methods, and applications. Safety Science, 160,
106050.

Liu, R., Liu, Z., Liu, H.-C. and Shi, H. (2021). An improved alter-
native queuing method for occupational health and safety risk
assessment and its application to construction excavation. Auto-
mation in Construction, 126, 103672.

Ministry of Employment and Labor (2024). Occupational Safety
and Health Act (Act No. 19591). Ministry of Government Leg-
islation (in Korean).

Mulholland, B. and Christian, J. (1999). Risk assessment in con-
struction schedules. Journal of Construction Engineering and
Management, 125(1), 8-15.

Snowberg, D. and Weber, J. (2015). Marine and Hydrokinetic
Technology Development Risk Management Framework.
NREL/TP-5000-63258, NREL, USA.

Vinnem, J.E. (1999). Offshore Risk Assessment — Principles, Mod-
elling and Applications of QRA Studies. Springer, UK.

World Laws Information Center (2021). National Penalties for
Industrial Accidents. https://world.moleg.go.kr/web/dta/lgsl-
TrendReadPage.do?CTS_SEQ=49476&AST SEQ=3891&ETC=1,
MOLEG (in Korean).

Received 12 August, 2024
Revised 19 September, 2024
Accepted 4 October, 2024



