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Abstract — In this study, using the Delphi method, 20 responses to 4 questions (need for launch safety control, top-
priority considerations for ensuring public safety during launch, necessary improvements for securing maritime safety,
and maritime safety threat factors) regarding launch vehicles and public safety were obtained from experts, and their
importance was evaluated to analyze the factors that threaten the reinforcement of maritime safety around launch sites
and flight paths when launching. According to the results of an analytic hierarchy process (AHP) analysis, the
consistency ratio of the four questions was 4.8%, which is lower than CR < 0.1(10%), and the consistency percentage of
the lower measurement indicators was 3.9~5.7%. The derived importance and priority of maritime safety threat factors
during launching were in the following order: Substantial human and physical damage in case of launch accidents(0.36),
Prepare legal bases (e.g., penalty details) regarding maritime control(0.32), Secure the safety of personnel, equipment,
and facilities in danger zone(0.31), Unauthorized entry of vessels in maritime control zones and non-compliance to
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restrictions(0.30). This article can serve as a reference for strengthening maritime safety in areas around launch sites and

flight paths.

Key words: Delphi, AHP(Analytic Hierarchy Process), Launch hazard area, Public safety, Maritime safety

LM B

g A CrelE) AN 5 B B0 A

o #14 7 B0 2 AP T 95 el Bk

93402 Ak vl ek,

o $5 745 2o} B el $5 Aln) Ajuolela 4
KeN

Flgichn st vk gl
=]

3
X
k3
M=o
™
H
1o
e
X
%
=
e
2
o,
o flo
it
rE
e
_,é
=
o
>
o
N

A1 Mg, AAASHA ] 9, =7} T

T 5 O= o]ojA] gith. &3l el vl Alo|ZAYM L -5

T 71A(CCSFS)lIA SpaceX WAA] -84 (A5 2)01 AL 5

A Y SAlT o= K]iste] WAL 2 whegt
Fstal WAL FkE AR 7E QU olelgt A

lo] HkApA] ol EAbE 2 o) SAF OH L5

rol
%
rr
>
[o
N

=
7 E sk, 33t g 27 AFSH dAlelA g 9
A gl QA ek 79 5ol e shAIRE, =€)
735 AL 3 gl vk At vigstkaL, slele] B,
TN AR AL Fed A 71EAEE vl Skl Q)
of, mielF o7 ¥ wdo] AIFHA Rl deto|t),

Aol = BARE SR Ul HIBAE R Sl AskE A%
TP alE B8] flete] WARIAEAl H oA, 33 B
A Ak, aldekd guE flsto] e AR sl
AP acls mEshl Fo% W PAEeE kst gt

o]F fl5to] WAL A sl et £19 V1% Bl el aclel tidk =

Ao} AR ZARS Sl A AT AR = Bk ok

ofd [N
of
2

3

9} 2 Eokell A AHP 719 &8 A7A5E HESISIL,

SRk 919 715l it 28 2412 stoieh Azt

T 2] WA SRS A A E AESSI TR C. 2 Delphi

71E Balo] BA BB A} S5 Fafo] A}
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Literature Research

- (Subjects) 22 experts - Analyze consistency

- Investigate maritime on launch vehicles and verification
safety threat factors public safety - Analyze importance
during a launch - (Primary Survey) and priority

Derived a hierarchy
diagram of threat
factor analysis through
open-ended questions:
categorized 4 questions
and 25 responses

- (Secondary Survey)
Importance
Evaluation: Designated
and evaluated a score
of 0 to 10 on the
importance of each
factor (impact,
urgency)

- Investigate maritime
safety risk criteria
during a launch

- Investigate cases of
maritime safety control
at launch sites

Fig. 1. Research Methodology to Derive Maritime Safety Threat Fac-
tors near Launch Stations during Launch.
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Table 1. Current Status of Risk Criteria Tolerated by Public Safety
During a Launch
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Table 3. Body Part Sensitivity to Overpressure
Organ Threshold (1%) Overpressure (kPa)
Middle/inner ear 1.38
Eardrum 13.79
Larynx 41.37
Gastro-Intestinal Tract 55.19
Lungs 75.84

Table 4. Threshold Values for Roof Penetration

Penetration Criteria

Roof Construction Minimum Weight Minimum Kinetic
Fragment (kg) Energy (Nm)
24 gage corrugated aluminum 0.02 23.05
1.59 cm plywood 0.03 40.67
Comp(_)site roof (5 cm rigid gypsum 0.03 40.67
insulation on steel purlins) '
4.39 cm light-weight concrete on 22 023 56131

gage corrugated steel decking
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-~ 1 ¢mand 1.U2 cm Fig. 2. Example of Launch Hazard Area (KSLV-2).
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Fig. 3. Videos of a vessel monitoring system of the Launch Hazard
area (30 min before launch).
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Threat Factor Analysis for Strengthening
Maritime Safety Around Launch Stations
and Flight Paths During a Launch

I

[ |

Reasons for the Need for
Launch Safety Control
During a Launch

Top-Priority Considerations
for Ensuring Public Safety
During a Launch

- Substantial human and ph
ysical damage in case of
launch accidents
- High probability of launch
failure
- Frequent unexpected situa
tions such as civilians and
vessel entry
- Expansive range of danger
zone
- Required for systematic
launch operations

- Secure the safety of personn
el, equipment, and facilities in
danger zones

- Provide advanced notice and
guidance on information regar
ding danger zones (range and
time)

- Set danger zones through im
pact analysis of accidental da
mage

- Establish cooperation and co
mmunication systems with rel
ated organizations

- Establish and implement saf
ety measures and procedures

Improvement Points Rela
ted to the Performance of
Launch Safety Control
for Ensuring Maritime
Safety During a Launch

Maritime Safety Threat Factors
Around Launch Stations and Fli
ght Paths During a Launch

- Unauthorized entry of vessels in

maritime control zones and non-co
mpliance to restrictions

- Jet skis unequipped with wireless
communication equipment and ope
ration of rubber boats

- Operation of vessels without chec
king launch information, including
the notice to mariners

- Damage to vessels due to explosi

ons and debris from launch vehicle
accidents

- Entry of unauthorized flight vehic
les such as drones into the sea

- Fishermen and tourists appearing

on the rocks on the seashore near la
unch stations

- Restricted the support of control f
orces due to severe weather such as
strong wind warning

- Prepare legal bases (e.g.,
penalty details) regarding
maritime control

- Promote publicity of info
rmation on maritime cont
rol (e.g., TV and radio br
oadcasts)

- Restrict vessel entry arou
nd launch stations in adva
nce (fromD — 1)

- Provide support funds an
d legal basis to related or
ganizations participating
in safety control

- Prepare measures regardi
ng vessel collisions in the
landing zone as well as
the notice to mariners

- Marine pollution due to oil spills
from launch vehicle accidents

- Non-compliance from residents of
inhabited islands in the maritime ¢
ontrol area

- Marine accidents in controlled wa
ters (e.g., shipwreck, capsizing, and
fire)

Fig. 6. Hierarchy Diagram of Threat Factor Investigation (Delphi Primary Open-Ended Survey Results).

Table 8. Current Status of Experts Participating in the Survey

Classification Sub-classicification N'.Of

participants
Government 11

Occupation Research institute 8 22
Industry 3
More than 15 years 15

efil:;;dce 10~15 years )
P 5~10 years 5
Enforcement of public safety 10

Professional Development of launch vehicle 5 »
work Operation of launch site 2
Management of process safety 3
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Table 9. Evaluation Results of Threat Factor Importance (Delphi Secondary Open-Ended Survey Results)

Domains of measurement

Measurement Indicators

Evaluation results

Mean Standard deviation

Substantial human and physical damage in case of launch accidents 9.24 1.34
Reasons for the Need for High probability of launch failure 533 2.49
Launch Safety Control Frequent unexpected situations such as civilians and vessel entry 6.52 2.52
During a Launch Expansive range of launch hazard area 6.05 2.03

Required for systematic launch operations 6.71 2.57

Secure the safety of personnel, equipment, and facilities in danger zone 8.62 1.96
Top-Priority Considerations ~ Provide advanced notice and guidance on information regarding danger zones (range and time) ~ 7.57 1.89
for Ensuring Public Safety Set danger zones through consequence analysis 7.29 2.07
During a Launch Establish cooperation and communication systems with related organizations 7.05 2.10

Establish and implement safety measures and procedures 6.95 2.15
Improvement Points Related to Prepare legal bases (e.g., penalty details) regarding maritime control 9.24 0.86
the Performance of Launch Promote publicity of information on maritime control (e.g., TV and radio broadcasts) 7.48 1.40
Safety Control for Ensuring Restrict vessel entry around launch stations in advance (from D—1) 7.00 1.48
Maritime Safety During a Provide support funds and legal basis to related organizations participating in safety control 7.48 1.65
Launch Prepare measures regarding vessel collisions in the landing zone as well as the notice to mariners 6.14 221

Unauthorized entry of vessels in maritime control zones and non-compliance to restrictions 8.57 1.40
Maritime Safety Threat Factors Jet skis unequipped with wireless communication equipment and operation of rubber boats 7.71 1.39
Around Launch Stations and ~ Damage to vessels due to explosions and debris from launch vehicle accidents 6.43 2.19
Flight Paths During a Launch  Qperation of vessels without checking launch information, including the notice to mariners 6.62 1.89

Entry of unauthorized flight vehicles such as drones into the sea 6.19 2.63
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Table 10. Consistency Analysis Result

Domains of measurement CR <0.1 (10%)
Reasons for the Need for Launch Safety Control During 4.4%
g8 o

a Launch

Top-Priority Considerations for Ensuring Public Safety

0,
During a Launch 5.7%

4.8%

Improvement Points Related to the Performance of Launch
Safety Control for Ensuring Maritime Safety During a Launch
Maritime Safety Threat Factors Around Launch Stations
and Flight Paths During a Launch

5.3%

3.9%
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Table 11. Importance and Priority for Each Reason for the Need for Launch Safety Control

Items Measurement indicators Importance Priority Graph
Substantial human and physical damage in case of A
. 0.36 1 e
launch accidents fs
B High probability of launch failure 0.17 3 2 c
c Frequent unexpected situations such as civilians and 018 5 E o
vessel entry i,
D Expansive range of launch hazard area 0.14 5 =
0.0 0.1 0.2 0.3 04 05
E Required for systematic launch operations 0.15 4 Importance
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Table 12. Importance and Priority for Each Top-priority Consideration for Ensuring Public Safety during a Launch

Items Measurement indicators Importance Priority Graph
A Secure the safety of personnel, equipment, and facilities in 031 | A
danger zone ’ g
p - p p p p S B
B Provide advanced notice and guidance on information regarding 025 ) 5
danger zones (range and time) ’ g€
: £
C Set danger zones through consequence analysis 0.16 3 go
D Establish cooperation and communication systems with related 0.15 4 é E
organizations 00 01 02 03 04 05
E Establish and implement safety measures and procedures 0.13 5 Importance

Table 13. Importance and Priority for Each Item Subject to Improvement for Strengthening Maritime Safety during a Launch

Items Measurement indicators Importance Priority Graph

A Prepare legal bases (e.g., penalty details) regarding maritime control 0.32 1 A
Promote publicity of information on maritime control (e.g., TV and g

B radio broadcasts) 021 2 % 8

C Restrict vessel entry around launch stations in advance (from D—1) 0.17 3 ﬁé ¢

D Provide support funds and legal basis to related organizations 016 4 % o
participating in safety control ’ Se

E Prepare measures regard.ing vessel collisions in the landing zone as 013 5 00 01 02 03 04 05
well as the notice to mariners Importance

Table 14. Importance and Priority for Each Threat Factor on Maritime Safety during a Launch

Items Measurement indicators Importance Priority Graph
A Unauthorized entry of vessels in maritime control zones and non- 030 |
compliance to restrictions ’ o A
Jet skis unequipped with wireless communication equipment and ER:]
B . 0.20 2 5
operation of rubber boats e
Operation of vessels without checking launch information, including é
C . . 0.20 3 )
the notice to mariners B
D Damage to vessels due to explosions and debris from launch vehicle 0.16 5 § E
accidents ’ 00 01 02 03 04 05
Entry of unauthorized flight vehicles such as drones into the sea 0.16 4 Importance
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