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Abstract — Securing safety in the maritime danger zone around the launch site before a launch is a fundamental
requirement. If maritime safety is not ensured, the launch is halted or postponed. However, challenges have arisen in the
process of securing public safety at sea due to factors such as the increasing population engaged in water leisure activities.
These challenges include unauthorized entry of vessels into controlled areas, unauthorized access by water leisure activity
participants, and non-compliance with regulations. In this paper, we employed the Delphi/Analytic Hierarchy Process to
survey 22 experts, including professionals in launch vehicle development and launch site operation, to identify 10 factors posing
threats to maritime public safety. Additionally, we identified five issues that need improvement for ensuring maritime
safety. This study verified the consistency of expert opinions and conducted an analysis of importance and prioritization,
objectively confirming the necessity for amendments to relevant laws or the enactment of new laws concerning the
establishment and control of danger zones around launch sites.
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| Example of Maritime public safety |
| Reviewing Delphi/AHP methods |
1

Delphi Survey
(Maritime public safety threats around the launch site)

| Delphi Open Survey |

| Delphi Closed Survey |

{

AHP analysis
(Targets for improving maritime public safety)

| Analyze Consistency Verification |

| Analyze Importance and Priority |

Fig. 1. Flowchart for the Research.

Korean Chem. Eng. Res., Vol. 62, No. 2, May, 2024

O =
ol WAVE 0l o) B ARNE Ak,
AR AP BLEARE 9 A7 e PSR s 5 e ]t
o) AE Bz}
=W S|

A =5 Fig. 13 2o}
2. O|2X HH&
2-1. ZAL Al oY 33

ARG AV Sl W Al Se Y ok tiuaT e
WL Apel] WEHNOTMAR) % Z874 R 5] F1E 4
3| ]

(o}

upol] Skl QRAEM. A3k 9137 W) N AS s e
of 2L AL L A SR KSR Ak} 93T 1 A 5
o) 19] o5 WAL FAISHE BAE L 5= 9lek, WA, AH
QPR S Aun sl W Hrkrke] Aukehae slstel M.
42 A1) AT ol AL, A Sl s

5
HE A oH/\M (IMO)J % ¥°ﬂ Eﬂra} W“% , 47
HE(NAVTEX)O] It} 9522414 uum o=
WAL 59 Al EAF AR S BAITY, e T #o}ﬂ@
9 HARE 3|Q=o] 3k 7] 24| SHEF shar Qi =
2] 7-9- NAVAREA X12] Z734=Q] & o] oH“iOVé of Tx3t
ook shri[13].

(24 km)

Fig. 2. Case Study on the Arrangement of Coast Guard Ships for
Marine Safety Control at Domestic Launch Site.
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Table 1. Ship control procedures for launch hazard area at domestic launch sites

Phase Measures

- Installation and Operation of the Maritime Control Center
Phase 1 - Enhancement of Maritime Borders, Visual Inspection around the Launch Pad, Increased Deployment of Naval Vessels
(D-2-D-1) - Vessel Traffic Service Navigational Chart and NAVETEX Information (including alternate routes)
- Precautionary Control Measures Awareness Campaign for Passenger Vessels, Commercial Ships, Fishing Vessels, and Outgoing Boats

- Increased Deployment of the Command Ship at the Scene

(Df)lh ?Sgih) - Deployment of the Command Vessel (Flagship) at the Scene
- Increased Deployment of Warships and Blockade of Uninhabited Islands
- Deployment of Full Mobilization Forces within the Controlled Area
Phase 3 .
(D-8h - D-6h) - Deployment of Dedicated Naval Vessels by Zone
- Deployment of Safety Officers at Major Ports (12 in total)
- Evacuation and Diversion (Alternate Route) Guide for Vessels within the Controlled Area
Phase 4 . e
(D-6h - D-3h) - Evacuation of Vessels within the Controlled Area by Zone

- Entry Vessel Blockade (Detour) Guide

- Total Vessel Control within the Controlled Area
Phase 5 - Blockade of Entry Vessels and Evacuation of Mobilization Forces in Safety Zones*
(D-3h-D-2h) * Safety Zone: 1 mile offshore of the Controlled Area
- Verification of Vessel Evacuation and Blockade of Entry Vessels in the Expanded Controlled Area

Phase 6 - Continuation of Evacuation Status and Blockade (Control) of Vessels in the Expanded Controlled Area
(D-2h - D+10 m) - Continuation of Entry Vessel Blockade in the Safety Zone
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Fig. 3. Ship monitoring system of the launch hazard area (KSLV-II).
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Question 1. Maritime Safety Threat Factors Around Launch
Stations and Flight Paths During a Launch
(Results of the first survey)

UNAUTHORIZED ENTRY OF VESSELS IN MARITIME CONTROL ZONES

AND NON-COMPLIANCE TO RESTRICTIONS

JET SKIS UNEQUIPPED WITH WIRELESS COMMUNICATION

EQUIPMENT AND OPERATION OF RUBBER BOATS

LAUNCH VEHICLE ACCIDENTS

(Unit : Number of Answers)

SEASHORE NEAR LAUNCH STATIONS

RESTRICTED THE SUPPORT OF CONTROL FORCES DUE TO SEVERE

WEATHER SUCH AS STRONG WIND WARNING

MARINE POLLUTION DUE TO OIL SPILLS FROM LAUNCH VEHICLE

ACCIDENTS

NON-COMPLIANCE FROM RESIDENTS OF INHABITED ISLANDS IN

THE MARITIME CONTROL AREA

MARINE ACCIDENTS IN CONTROLLED WATERS (E.G., SHIPWRECK,

CAPSIZING, AND FIRE)

ENTRY OF UNAUTHORIZED FLIGHT VEHICLES SUCH AS DRONES

INTO THE SEA

DAMAGE TO VESSELS DUE TO EXPLOSIONS AND DEBRIS FROM

OPERATION OF VESSELS WITHOUT CHECKING LAUNCH
INFORMATION, INCLUDING THE NOTICE TO MARINERS

FISHERMEN AND TOURISTS APPEARING ON THE ROCKS ON THE

Fig. 4. Results of delphi open survey (phase 1): maritime public safety threat factors around launch sites

Question 2. Improvement Points Related to the Performance of
Launch Safety Control for Ensuring Maritime Safety During a
Launch (Results of the first survey)

PREPARE LEGAL BASES (E.G., PENALTY DETAILS) REGARDING
MARITIME CONTROL

PROMOTE PUBLICITY OF INFORMATION ON MARITIME CONTROL
(E.G., TV AND RADIO BROADCASTS)

RESTRICT VESSEL ENTRY AROUND LAUNCH STATIONS IN
ADVANCE (FROMD — 1)

PROVIDE SUPPORT FUNDS AND LEGAL BASIS TO RELATED
ORGANIZATIONS PARTICIPATING IN SAFETY CONTROL

(Unit : Number of Answers)

PREPARE MEASURES REGARDING VESSEL COLLISIONS IN THE
LANDING ZONE AS WELL AS THE NOTICE TO MARINERS

Fig. 5. The results of delphi open survey (phase 1): considerations for improving maritime safety around launch sites.
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Table 2. Results of delphi closed survey (2nd Phase) by item - average and standard deviation: quation 1

5]
et

B EE P PS L PAECES|

S
S

Evaluation Results

No. Measurement Indicators —
Mean Standard Deviation
1-1 Unauthorized entry of vessels in maritime control zones and non-compliance to restrictions 8.57 1.40
1-2 Jet skis unequipped with wireless communication equipment and operation of rubber boats 7.71 1.39
1-3 Damage to vessels due to explosions and debris from launch vehicle accidents 6.43 2.19
1-4 Operation of vessels without checking launch information, including the notice to mariners 6.62 1.89
1-5 Fishermen and tourists appearing on the rocks on the seashore near launch stations 6.10 1.46
1-6 Restricted the support of control forces due to severe weather such as strong wind warning 5.67 1.86
1-7 Marine pollution due to oil spills from launch vehicle accidents 5.29 231
1-8 Non-compliance from residents of inhabited islands in the maritime control area 5.71 1.93
1-9 Marine accidents in controlled waters (e.g., shipwreck, capsizing, and fire) 5.29 253
1-10 Entry of unauthorized flight vehicles such as drones into the sea 6.19 2.63

10

Number of Answer
w

1-5 1-6

Survey Question

17/

® 1point 2point ® 3point m4point ™ 5point M 6point 7point 8point m 9point m 10point
Fig. 6. The results of delphi closed survey (2nd phase): quation 1.
Table 3. Results of delphi closed survey (2nd phase) by item - average and standard deviation: quation 2
. Evaluation Results
No. Measurement Indicators —
Mean Standard Deviation
2-1  Prepare legal bases (e.g., penalty details) regarding maritime control 9.24 0.86
2-2 Promote publicity of information on maritime control (e.g., TV and radio broadcasts) 7.48 1.40
2-3  Restrict vessel entry around launch stations in advance (from D—1) 7.00 1.48
2-4  Provide support funds and legal basis to related organizations participating in safety control 7.48 1.65
2-5  Prepare measures regarding vessel collisions in the landing zone as well as the notice to mariners 6.14 221
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Fig. 7. The results of delphi closed survey (2nd phase): quation 2.
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Table 4. Consistency ratio of expert answers in AHP survey law data

Consistency Ratio

Expert Panel Maritime Public Safety Considerations for
Threat Factors around  Improving Maritime Safety
Launch Sites around Launch Sites

No.

1 Panel 1 0.0025 0.0138
2 Panel 2 0.0396 0.0588
3 Panel 3 0.0796 0.0974
4 Panel 4 0.0489 0.0489
5 Panel 5 - 0.0562
6 Panel 6 0.0489 0.0489
7 Panel 7 - -
8 Panel 8 0.0146 0.0194
9 Panel 9 0.0489 0.0841
10 Panel 10 0.0147 0.0477
11 Panel 11 0.0292 0.0596
12 Panel 12 0.0033 0.0653
13 Panel 13 0.0341 0.0715
14 Panel 14 - 0.0734
15  Panel 15 0.0489 0.0489
16  Panel 16 0.0671 0.0344
17  Panel 17 0.0148 -
18  Panel 18 0.0050 0.0278
19 Panel 19 0.0720 0.0382
20  Panel 20 0.0489 0.0489
21 Panel 21 0.0795 0.0678
3.9% 5.3%

CR<0.1(10%) ey
o 0

AT A A% FoE} AE9lE FAE U A
BRe] Sk 8, SAl =7 dsdol 7P e EE sl dekd Sl e
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Table. 5. Results of analyzing importance and priority using AHP (3rd Phase): question 1

Items Measurement Indicators Importance Priority
A Unauthorized entry of vessels in maritime control zones and non-compliance to restrictions 0.30 1
B Jet skis unequipped with wireless communication equipment and operation of rubber boats 0.20 2
C Operation of vessels without checking launch information, including the notice to mariners 0.20 3
D Damage to vessels due to explosions and debris from launch vehicle accidents 0.16 5
E Entry of unauthorized flight vehicles such as drones into the sea 0.16 4

Preference Ratio

H

B>E c>D ok D>E

Priority

m3 =2 ml1 m1/2 m1/3

Fig. 8. Distribution of expert responses in AHP survey (3rd Phase): quation 1.
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713 A9 5H0.16), T e 7 oA vk 0.13) 2

Table 6. Results of analyzing importance and priority using AHP (3rd phase): question 2

Items Measurement Indicators Importance Priority
A Prepare legal bases (e.g., penalty details) regarding maritime control 0.32 1
B Promote publicity of information on maritime control (e.g., TV and radio broadcasts) 0.21 2
C Restrict vessel entry around launch stations in advance (from D—1) 0.17 3
D Provide support funds and legal basis to related organizations participating in safety control 0.16 4
E Prepare measures regarding vessel collisions in the landing zone as well as the notice to mariners 0.13 5
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