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Abstract : Coastal safety accidents are characterized by a high proportion of human negligence and repeated
occurrences of accidents caused by the same factors. The Korea Coast Guard prepares and implements various
countermeasures to prevent accidents at coastal safety accident sites. However, there is a shortage of safety facili-
ties and safety management personnel according to the limited budget. In addition, the ability to be proactively
and proactively respond is low due to the limitations of the coastal safety accident risk forecasting system, which
relies on the meteorological warning of the Korea Meteorological Administration. In this study, as part of prepar-
ing the foundation for establishing a preemptive and active coastal safety management system that can manage
accident-causing factors, predict and evaluate risk, and implement response and mitigation measures after an acci-
dent occurs before coastal safety accidents occur. The establishment of a risk assessment system was proposed.
The main evaluation factors and indicators for risk assessment were established through the analysis of the status
of coastal safety accidents. The risk assessment methodology was applied to 40 major hazardous areas designated
and managed by the Korea Coast Guard.

Keywords : coastal activity areas, coastal safety accident, hazard area, risk assessment
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Fig. 1. Trends of safety accident (2017.01~2020.12).

Table 1. Status of safety accident (2017~2020)

Safety accident

Mortality accident

Classification death rate (%)
number of accidents  rate (%) death toll  rate (%)
Total 3,268 - 549 - 16.8
Subtotal 2,136 65.4 407 74.1 19.1
safety violation 19 0.9 3 0.7 15.8
lack of swimming skills 185 8.7 33 8.1 17.8
drinking 484 22.7 67 16.5 13.8
};?;2? disease 42 2.0 18 44 429
suicide, suicide attempt, self-injury 276 12.9 85 20.9 30.8
careless driving 201 9.4 50 12.3 249
disorientation 44 2.1 4 1.0 9.1
carelessness 885 414 147 36.1 16.6
Subtotal 952 29.1 62 11.3 6.5
bad weather 102 10.7 4 6.5 39
I}ZZ:ZT tide unawareness 667 70.1 16 25.8 24
tidal current unawareness 52 5.5 5 8.1 9.6
wave 131 13.8 37 59.7 282
Subtotal 180 5.5 80 14.6 444
offshore-coastal structures and obstacles 25 13.9 1 1.3 4.0
ete ship-leisure equipment failure 18 10.0 1 1.3 5.6
etc. (unexplained accident) 137 76.1 78 97.5 56.9
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Table 2. Status of safety accident by region (2017~2020)
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human factor

natural factor

etc.

Classification

e O e 0 T e SO
Total 2,136 407 19.1 952 62 6.5 180 80 44.4
Central 431 (20.2) 61 (15.0) 14.2 545(572) 16 (25.8) 29 45 (25.0) 19 (23.8) 422
West 451 (21.1) 100 (24.6) 222 147 (154) 11 (17.7) 7.5 34 (18.9) 14 (17.5) 412
East 370 (17.3) 84 (20.6) 22.7 75 (7.9) 23 (37.1) 30.7 17 9.4) 5(6.3) 29.4
South 628 (29.4) 111 (27.3) 17.7 77 (8.1) 7 (11.3) 9.1 48 (26.7) 18 (22.5) 375
Jeju 256 (12.0) 51 (12.5) 19.9 108 (11.3) 5(8.1) 4.6 36 (20.0) 24 (30.0) 66.7
(: Ratio of number of accidents and death toll against the total by factor (%)
Table 3. Types of safety accident
number of safety accidents and accident rate (%)
Classification
2017 2018 2019 2020
Total 693 753 936 886
377 (54.4) 434 (57.6) 534 (57.1) 519 (58.6)
surface type 91 (13.1) 113 (15.0) 79 (8.4) 69 (7.8)
leisure submersion 85 (12.3) 90 (12.0) 68 (7.3) 52 (5.9)
industrial submersion 6 (0.9) 23 (3.1) 11 (1.2) 17 (1.9)
underwater type 40 (5.8) 40 (5.3) 36 (3.8) 43 (4.9)
submersion leisure submersion 17 2.5) 19 (2.5) 19 (2.0) 23 (2.6)
industrial submersion 23 (3.3) 21 (2.8) 17 (1.8) 20 (2.3)
general type 246 (35.5) 281 (37.3) 419 (44.8) 407 (45.9)
falling submersion 184 (26.6) 203 (27.0) 237 (25.3) 179 (20.2)
isolated submersion 11 (1.6) 8 (1.1) 8 (0.9) 12 (1.4)
other submersion 51 (74) 70 (9.3) 174 (18.6) 216 (24.4)
316 (45.6) 319 (42.4) 402 (42.9) 367 (41.4)
surface 37 (5.3) 52 (6.9) 48 (5.1) 35 (4.0
drift 37 (5.3) 52 (6.9) 48 (5.1) 35 (4.0
subnmoc;-sion general type 279 (40.3) 267 (35.5) 354 (37.8) 332 (37.5)
falling 83 (12.0) 69 (9.2) 87 (9.3) 78 (8.8)
isolation 183 (26.4) 181 (24.0) 232 (24.8) 225 (25.4)
etc. 13 (1.9) 17 2.3) 35 (3.7 29 (3.3)

(: Ratio of number of accidents against the total (%)
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Table 4. Cause classification of safety accident by region (2017~2020)

Hl—_/:u

ME - us

Classification Central West East South Jeju
Total 1,021 632 462 753 400
Subtotal 431 (42.2) 451 (71.4) 370 (80.1) 628 (83.4) 256 (64.0)
safety violation 0 1 10 0 8
lack of swimming skills 51 20 46 29 39
drinking 93 84 99 162 46
}}222? disease 7 2 7 11 15
suicide, suicide attempt, self-injury 62 55 23 116 20
careless driving 32 83 13 55 18
disorientation 33 10 0 0 1
carelessness 153 196 172 255 109
Subtotal 545 (53.4) 147 (23.3) 75 (16.2) 77 (10.2) 108 (27.0)
bad weather 29 7 15 17 34
I}ﬁ:;l tide unawareness 478 118 26 45
tidal current unawareness 20 10 9 3 10
wave 18 12 51 31 19
Subtotal 45 (4.4) 34 (5.4) 17 (3.7) 48 (6.4) 36 (9.0)
ote. offshore-coastal structures and obstacles 8 4 5 6 2
ship-leisure equipment failure 7 3 5 3
etc. (unexplained accident) 30 27 12 37 31
(): Ratio of number of accidents against the total by Coast Guard (%)
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Fig. 2. Types of safety accident.
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Fig. 3. State of safety accident by place.
Table 5. State of safety accident by place
number of safety accidents and accident rate (%) by place
Classification uninhabi Total
rocks on the tideland . bitable breakwater port beach coast offshore  bridge etc.
seashore islands

Total 593 (18.1) 267 (82) 146 (4.5) 326 (10.0) 738 (22.6) 453 (13.9) 446 (13.6) 187 (5.7) 75 (2.3) 37 (1.1) 3268
2017 146 21.1) 38 (5.5) 36 (5.2) 90 (13.0) 148 (214) 94 (13.6) 83(12.0) 52(75) 2(03) 40.6) 693
2018 138 (18.3)  55(7.3) 28 3.7) 57(7.6) 187 (24.8) 125(16.6) 105(139) 46(.1) 304 9(012) 753
2019 166 (17.7) 77 (8.2) 46 (49) 104 (11.1) 198 (212) 118 (12.6) 134 (143) 48(5.1) 31 (3.3) 14 (1.5 936
2020 143 (16.1) 97 (10.9) 36 (4.1) 75 (8.5) 205(23.1) 116 (13.1) 124 (14.0) 41 (46) 39 (44) 10 (1.1) 886

(): Ratio of accidents against total (%)
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R ok Bl
v 29 SR, - EAol R, aukE So] =8 9l
2z s ofof 3 Zlolct, ANk, 1, WakA| 5 A
FEEE Fo] W AALE, 39E, 2 ASEE T AFH
E4E N9 A5 AEE Wk Hads SAE 7
Ok, ZF AR SAS FrkRe Ak 9 37t el
a2 7lFsAdo) =1 1,0000] A4l gele = AA<
AT tdo® Frkshs 2l A4 o% oyt i
ot weba 2 AelMs Fatdd MEsAS sk
% FFARA AF NS AYste] FAl Egstarat st

Classify place risk item
general tideland experience o wave, sea fog, tidal range (tide unawareness), rising velocity of tide level,
type fishing place wind, rainfall, number of swell
coastal swimming site
. surface > wave, sea fog, tidal range (tide unawareness), rising velocity of tide level,
experience boot camp . .
.. type wind, rainfall, number of swell
activity water playground
underwater diving training site .
— - - ° wave, tide
type diving experience site
. o tidal range (tide unawareness), rising velocity of tide level, number of sea
tideland .
fog for a year, escape time
rocks on the seashore height 'and gradient, tidal range (tide unawareness), rising velocity of tide
level, high wave, number of swell, sphagnum
| breakwater o height and gradient, porosity, wave, number of swell, sphagnum
genera - -
port o high wave, number of swell, gradient, sphagnum

uninhabitable islands

o tidal range (tide unawareness), rising velocity of tide level, high wave, num-
ber of swell

coast

o tidal range (tide unawareness), rising velocity of tide level, high wave, num-
ber of swell

Table 7. Comparison of risk assessment systems

Classification present

this study

assessment base coast guard instruction No.197

supplement of coast guard instruction No.197

assessment system simple index assessment

simple index assessment

assessment func-

. static
tion

static

o

accident prevention facility (3score)
information delivery facility(2score)
rescue facility (2score)

time of accident response (2score)
increase or decrease of visitor (1score)

o

°

assessment factor

°

o

o

o

o

natural and topographical factors: topography, tide, wave,
weather

human and accident factors: accident history, death toll
facilities and management factors: accident prevention
information delivery-rescue facility, response time

assessment result .
as s single hazard area.

if the score is 5 or more, it’s managed

Risks are classified into grades
1-5 for each zone.

weight unapplied

application of AHP analysis

assessment cycle 1 year

1 year

o

qualitative assessment with strong subjectivity

o

some of the qualitative assessment items with strong

weakness , . .. s -
o can’t consider place characteristics subjectivity are included.
o consideration of statistics based qualitative assessment
advantage o simple assessment and easy procedure o simple assessment and easy procedure

o

considering place characteristics(accident rate by place)
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Table 8. Risk assessment system of coastal activity areas
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assessment  assessment o statistical data for product of assessment index
. explain index — — -
factor index application data character application period source
topography . status of safety o total accumulation
(0.047) accident rate by place accident variability data (2017~ ) coastal guard
korea
tide rising velocity of tide level TideBed and fixed reflection of hydr(a)iilaphlc
(0.057) & ty tidal bench mark recent results .
- oceanographic
natural an
agenc
topographical o
factors wave data result
(0.205) wave prevalence of significant . of long.-term' last 20 years Ministry of
. hindcast simulation fixed Oceans and
(0.089) wave by wave height in 2019 Deepwater (2000~2019) Fisheries
Design Wave
weather occurrence day of sea number of fog day, o 30-year average data Korea .
(0.011) fog and wind speed average wind speed variability (last 30 years) meteorological
’ e P g p Y administration
human and a;icslt((l)ent number of coastal accident status of safety variabili total accumulation
accident (0.21% (annual average) accident v data (2017~)
factors
0.636 death toll status of safety L
(0.636) (0.419) death toll accident variability last 3 years
accident
prevention management of accident report of Risk variabili reflection of
facili revention facili investigation vy recent results
ty p ty g
(0.061)
information coastal guard
. delivery ~ management of information report of Risk variabili reflection of
facilities an(: facility delivery facility investigation vy recent results
managemen (00 1 6)
factors
0.159 rescue . .
(0.159) facili management of report of Risk variabili reflection of
© 013/) rescue facility investigation vy recent results
time of
accident time of accident response report of Risk variabili reflection of
response to hazard area investigation vy recent results
(0.073)

(): Weight using AHP (Analytic Hierarchy Process)
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Table 9. Classification of risk assessment results

grade assessment base risk grade
risk grade <1
- 1 <risk grade <2 low
3 2 <risk grade <4 )
4 <risk grade <6 high
- 6 <risk grade

skl 559 A APETE vl =55 S v]stk(Table 9).
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grade criteria

grade topography tide wave weather risk
(accident rate, (rising velocity, (average of significant ] grade
%) cm/hr) wave, m) sea fog (day) wind speed (m/s)
1 x<3 x<10 x<0.25 x<10 x<2.175
2 3<x<6 10<x<20 0.25<x<0.50 10<x<20 2.175<x<3.850
3 6<x<9 20<x<30 0.50<x<0.75 20<x<30 3.850 <x<5.525
4 9<x<12 30<x<40 0.75<x<1.00 30<x<40 5.525 <x<7.200 low
5 12<x<15 40<x<50 1.00<x<1.25 40<x<50 7.200 <x <8.875 )
6 15<x<18 50 <x<60 1.25<x<1.50 50 <x<60 8.875 <x<10.550 high
7 18 <x<21 60<x<80 1.50<x<1.75 60<x<70 10.550 <x<12.225
8 21 <x<24 80<x<95 1.75<x<2.00 70 <x <80 12.225 <x<13.900
9 x>24 x>95 x>2.00 x>80 x>13.900
Table 11. Risk grade of human and accident factors
grade criteria risk
grade —
accident history death toll grade
1 number of coastal safety accident < 1 1 person
3 x<2 low
5 x<3 2 people )
7 x<4 high
9 x5 x 23 people
Table 12. Risk grade of safety facilities and management factors
grade criteria risk
grade - , , , - - — — - ,
accident prevention facility information delivery facility rescue facility time of accident response grade
0 appropriate appropriate appropriate
1 x <10 minutes low
3 need to replace need to replace need to replace 10 minutes < x < 20 minutes )
6 lack lack lack 20 minutes < x < 30 minutes high
9 not installed not installed not installed x 230 minutes
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Table 13. Risk grade of evaluation index at hazard area
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natural and topographical factors

human and

accident factors

facilities and management factors

Classification hazard area

topography tide wave weather

number of death
toll

accident

accident
prevention
facility

information
delivery

facility 2ty

time of
accident
response

Eurwangni Beach
Eurwangni Wharf
Wangsan Beach
Seonyeo Rock
Wolmido

Jebudo Beach
Maebawi Rock
Bangpo Beach
Bangpo Port
Halmibawi and Harabibawi
Seondori Tidal Flat

Central
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Bieung Port Breakwater
Chaeseokgang Cliff
Dongmyeong Port
Wando Port Breakwater
Gukdong Port

West
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Sokcho Port (North)
Jumunjin Port (North)
Jumunjin Port

Gallam Beach Rock
Chuksan Port (North)
Odolri Rock

Guryongpo Port
Guryongpo Port Breakwater

East
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Ilsan Beach

Bangeojin Port
World-Cup Breakwater
Millak Port Breakwater
Igidae Rock
Samcheonpo New-Port
Hakdong Beach

South
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Hamdeok Beach

Sehwa-pogu

Wimi Port Breakwater
Hwasungeum Beach

Hwasun Port Breakwater
Hwasun Port

Hallim Shipowner-Accoc. Dock
Hallim Outer-Port Breakwater
Hallim-shipyard Breakwater

Jeju
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Table 14. Results of risk assessment

. Hl—lgi}_ . }\1:&/]%04 RREI=aNs]

facilities and
natural and topographical factors human and accident factors management
factors risk
Classification hazard area Total
number accident  information time of grad
. death . . rescue .
topography ~ tide  wave weather of prevention  delivery ... accident
. toll o e facility
accident facility facility response
Eurwangni Beach 0.188 0513 0286 0.055 1953 2.095 0.549 0.000 0.030 0219 5888 4
Eurwangni Wharf 0.235 0513 0286  0.055 0217  2.095 0.366 0.096 0.060 0219 4.142 4
Wangsan Beach 0.188 0513 0286 0.055 0651 0419 0549 0.000 0.000 0219 2830 3
Seonyeo Rock 0.423 0.513 0286 0.055 1.085 0419 0.549 0.096 0.09 0219 3.735 3
Wolmido 0.188 0513 0286 0.055 1.519  2.095 0.549 0.096 0.060 0438 5799 4
Central Jebudo Beach 0.188 0.513 0286  0.055 0217 0419 0.549 0.096 0.000 0219 2542 3
Maebawi Rock 0.423 0513 0286 0.055 0.651 3.771 0.366 0.048 0.060 0219 6392 5
Bangpo Beach 0.188 0513 0313 0.055 0217 0419 0549 0.048 0.060 0438 2.800 3
Bangpo Port 0.235 0513 0313  0.055 0217 0419 0.549 0.096 0.060  0.657 3.114 3
Halmibawi and Harabibawi 0423 0513 0313 0.055 0217 0419 0549 0.096 0.090 0438 3113 3
Seondori Tidal Flat 0.376 0513 0323 0.055 0.651 0419 0.183 0.048 0.060 0219 2.847 3
Bieung Port Breakwater 0.141 0456 0323  0.055 0217 0419  0.000 0.000 0.000 0073 1684 2
Chaeseokgang Cliff 0.282 0456 0326  0.055 1.085 0419 0.549 0.048 0.090 0.073 3383 3
West Dongmyeong Port 0423 0342 0343 0.044 0651 0419 0.000 0.048 0.030 0073 2373 3
Wando Port Breakwater 0.141 0285 0332 0.033 0217  2.095 0.366 0.096 0.030 0.073  3.668 3
Gukdong Port 0423 0285 0280 0.022 0.651 0419 0.000 0.048 0.000 0073 2201 3
Sokcho Port (North) 0423 0.057 0.347 0.033 0217 0419 0.183 0.096 0.030  0.073 1.878 2
Jumunjin Port (North) 0423 0.057 0350 0.022 0217 0419 0366 0.096 0.060 0073 2083 3
Jumunjin Port 0.235 0.057 0350 0.022 0217 0419 0.366 0.096 0.060  0.073 1.895 2
East Gallam Beach Rock 0.141 0.057 0367 0.022 0217 0419 0366 0.096 0.060 0073 1818 2
Chuksan Port (North) 0423 0.057 039% 0.044 0217 0419 0366 0.096 0.090 0073 2179 3
Odolri Rock 0.141 0.057 0393 0.011 0217 0419 0.366 0.096 0.060 0219 1979 2
Guryongpo Port 0.235 0.057 0381 0.011 0217 0419 0.000 0.144 0.090 0073 1627 2
Guryongpo Port Breakwater 0.423 0.057 0381 0.011 0217 0419 0.549 0.096 0.060 0.073 2.286 3
Ilsan Beach 0.282 0.057 0378 0.011 0217 0419 0.366 0.048 0.030 0073 1.881 2
Bangeojin Port 0.188 0.057 0334 0.011 1.085 0419 0.366 0.096 0.09  0.073 2.719 3
World-Cup Breakwater 0.188 0.114 0363 0011 0217 0419 0366 0.096 0.060 0073 1907 2
South Millak Port Breakwater 0.188 0.114 0306 0.022 0217 0419 0.000 0.000 0.060  0.073 1.399 2
Igidae Rock 0.188 0.114 0306 0.022 0217 0419 0.183 0.048 0.060 0438 1995 2
Samcheonpo New-Port 0423 0285 0297 0.022 0217 0419 0366 0.144 0.090 0073 2336 3
Hakdong Beach 0.188 0.171 0375 0.011 0217 0419 0.000 0.000 0.000 0.657 2.038 3
Hamdeok Beach 0.282 0.171 0349 0.011 0217 0419 0.366 0.048 0.030  0.657 2.550 3
Sehwa-pogu 0.329 0.171 0386 0.022 0217 0419 0.183 0.000 0.060 0657 2444 3
Wimi Port Breakwater 0.141 0228 0316 0.022 0217 0419  0.183 0.096 0.030 0438 209 3
Hwasungeum Beach 0.329 0228 0.380 0.033 0217 0419 0.549 0.096 0.060 0.073 2384 3
Jeju Hwasun Port Breakwater 0.141 0228 0380 0.033 0217 0419 0549 0.096 0.090 0073 2226 3
Hwasun Port 0.329 0228 0380 0.033 0217 0419 0.183 0.144 0.060 0.073  2.066 3
Hallim Shipowner-Accoc. Dock 0.329 0228 0368 0.033 0217 0419 0549 0.096 0.060 0073 2372 3
Hallim Outer-Port Breakwater 0.141 0228 0.368 0.044 0217 0419 0.366 0.096 0.030  0.073 1.982 2
Hallim-shipyard Breakwater 0.141 0228 0.368 0.044 0217 0419 0.549 0.096 0.090 0.073 2225 3
e AL AP AUEE 2357 HAE 7 A P 22l 1A Ak 9l Al -] 21l & 37 B7HA
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