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Port safety assessment are primarily conducted only on large ports despite the essential
roles of small multipurpose ports for archipelagic areas such as east Indonesia. It is
important to note that the increase in the activities of the small port is causing an increased
risk of accidents. The study aims to assess the risk of accidents at small multipurpose
ports. The safety assessment model applies the Formal Safety Assessment (FSA) method
of the International Maritime Organization (IMO) and the use of As Low As Reasonably
Practicable (ALARP) with adjusting conditions in a small multipurpose port. The expert
judgment method supported by study literature, Focus Group Discussion, interviews,
observation, and onboard is carried out to obtain data. Validation of risk identification
with Eigen index and risk assessment supported by AHP and FTA weighting methods.
This study found that incidents of burning ships and human accidents, i.e. people falling
off ships or docks, being hit by vehicles, and being hit by mooring line throws, were the
highest risks in small multipurpose ports. Cost-benefit analysis using Cost of Averting
Fatality (CAF) that several recommendations are obtained to overcome various accidents
at small multipurpose ports, which in essence, is accountable and easy-to-implement

system work.

1. INTRODUCTION

The potential resources of Indonesia as an archipelagic
country make sea transportation facilities and infrastructure to
be very important for the large-scale movement and
distribution of goods [1]. The port is one of the main
infrastructures in sea transportation [2]. The Indonesian
Government has prioritized port construction for the last ten
years with a policy of making Indonesia a maritime axis,
connecting between islands so that all islands are easier to
reach and can increase economic potential through
management and distribution [3]. The construction of ports in
Indonesia until 2019 has as many as 636 ports consisting of 28
prominent port locations, 164 collection ports, and 444 small
ports as regional and local feeders. A large number of small
multipurpose ports because reach areas that are difficult to
reach by land and air transportation. Serve goods and
passengers as well as in the area of domestic sea transportation
activities, although in limited quantities, feeders for national
ports such as main ports and collection ports, and as a place of
origin for destinations for passengers and goods with a range
of services within the province especially in Eastern Indonesia
[4, 5].

Small multipurpose ports influence the development of an
area [6, 7]. However, on the other hand, due to the increased
transportation activities at sea, this port must serve various
types and sizes of ships. The use of docks does carry out
alternately, sometimes without a schedule, depending on the
ship that will enter the port. Loading and unloading activities
are serving various types of goods in the port with limited
equipment causing the risk of accidents to quickly occur and
increasing the number of accident events [8, 9]. Accidents
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issued by Komite Nasional Keselamatan Transportasi
(KNKT) in 2019 see Figure 1, the number of accidents at sea
has increased yearly. From 2011 to 2018, there were 125
accidents; during that time, 673 victims died or went missing,
and 418 victims were injured (Figure 1). The research results
on shipwrecks' characteristics in the period 2014-2018 that
47.44% of ship accidents were 'collisions' that occurred in the
port [10].
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Figure 1. Chart of ship accidents by KNKT investigation
2011-2018 [11]

A small multipurpose port is defined as a port with limited
terminals, serving various types of ships and loads flexibly and
providing optimum usability, able to accommodate
heterogeneous loads from a limited number of general cargo
to containers [12]. Various loads are combined, not necessarily
in large quantities as in special container terminals.
Multipurpose terminals provide adequate load-handling
facilities for a considerable period [13]. The technical criteria
for this port are a minimum distance of 5-20 miles from other
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local feeder ports on the same coastline, a maximum dock
capacity of 1000 deadweight tonnage, a land area of only one
hectare, and loading and unloading equipment according to the
type of goods transported. In addition, this port is located in a
trading area and city center with limited land for development
and is a port that is planning to become a large port [14]. The
increased activity, small ports require safe and reliable
operational performance. This is essential for protecting
human life and health, the environment, and the economy.
Therefore, any improper operation can profoundly impact the
quality of service, productivity costs, and life [15]. In addition,
the effects of accidents or disasters that endanger terminal
operations can be controlled, reduced, and eliminated if a
suitable risk assessment mechanism is carried out [16, 17].
Modeling safety assessments at ports, almost all carried out at
large, primary, unique, congested, and crowded ports with the
functions of goods/ cargo, fuel, or passengers, little research
effort is devoted to modeling safety assessments on small
multipurpose ports [18].

This research aims to fill an important gap in the safety
assessment at a small multipurpose port. Measure potential
hazards in the port area and factors contributing to risk using
the Formal Safety Assessment (FSA) of the International
Maritime Organization (IMO) and As Low as Reasonable and
Practicable (ALARP) Development to determine the
magnitude of the risk reduction and analyze the cost
requirements due to the impact of risk. Specifically, the risk
analysis model to be developed has primary Indonesian
conditions, especially in small multipurpose ports, with case
studies at Biak port in West Papua. Some other factors that
have yet to be taken into account so far in modeling, such as
the multipurpose conditions of small ports, will be another
essential part. This study answers how the safety assessment
model with the application of FSA and ALARP in small
multipurpose ports can do implemented at a cost comparable
to the benefits obtained. In addition, this study discusses the
importance of systems thinking when using ALARP principles
to support decision-making in risk management at small
multipurpose ports. In connection with these problems, the
research hypothesis is expected to improve the safety of small
multipurpose ports by applying the principles of FSA and
ALARP in risk management.

2. METHODOLOGY

The Formal Safety Assessment (FSA) method is considered
appropriate for port risk assessment [19, 20]. It is a method
developed by IMO that aims to improve maritime safety,
including protecting life, health, marine environment, and
infrastructure, with a structured and systematic methodology
that links it between risk analysis and cost assessment [21, 22].
In its development, this method has been used for safety
assessment on cruise ships [23], ferries [24], small boats [25],
and dry bulk vessels [26] that have a greater risk of accidents
than other ships [27, 28]. This method has been used to
improve new measures and provisions in the analysis of ship
design, operation and control, safety management standards,
and regulations. It can be combined according to actual needs
[29]. The results of the FSA evaluation identified several
improvements, mainly due to the application of incorrect
methods according to IMO guidelines, which are not yet
transparent [30]. However, the FSA is still better off because
it provides a way to be proactive, allowing potential hazards
to be considered before severe accidents occur [31]. The FSA
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can be implemented in five steps (MSC-
MEPC.2/Circ.12/Rev.2, 2018) [32]. In Figure 2, In step 1,
Hazard identification, all possible risks are established so that
significant risks can be selected this step by screening all
identified risks. A hazard is a state of a physical situation with
the potential for human injury, property, environment, or some
combination. Step 1 results in a list of hazards and an
assessment of accident scenarios, prioritized by risk level, and
step 2 is the identification of the high-risk areas which need to
be addressed. Both historical risks and newly identified risks
(from steps 1 and 2) should be considered in step 3, for
producing a wide range of risk control measures, so that in step
4 identify and compare benefits and costs associated with the
implementation of each Risk Control Options (RCOs) in step
3. The result in RCO identified in step 5 for defining
recommendations that should be presented to the relevant
decision-makers. The recommendations would be based upon
the comparison and ranking of risk control options as a
function of associated costs and benefits, keeping risks as low
as reasonably practicable, and feedback information to review
the results generated in the previous steps.

Step 1 Step 2 Step 5
Hazard |9 Risk | 3] Decision Making

Identification Assessment

L :
Step 3

Recommendation
Risk Control Options

Step 4

Cost Benefit Assessment

Figure 2. FSA methodology [33]

The level of risk, it is differentiated into unacceptable risks,
except in exceptional circumstances (intolerable). Minimal
risks do not need further precautions (negligible) for risks
between intolerable and negligible levels [34]. A method is
introduced As Low As Reasonably Practicable (ALARP),
where the concept in Figure 3 is used to describe to what extent
A job risk must be lowered by applying various necessary
mitigations [35]. "Reasonably” can be interpreted as
“ accountable.” The opposite is "unreasonable” i.e., "absurd"
or "far-fetched" whereas "practicable™ is often interpreted as
"practical” or rather "easily enforceable" [36, 37]. Usually, the
reference is the availability of current technology and
available resources [38]. This is to ensure that safety resources
can be maximized for the analysis of the estimated number of
lives saved, as the ALARP criteria result in more substantial
minimum requirements for life safety investments [39, 40].

Tolerable, If
Made ALARP

Low Risk ‘ Acceptable

Figure 3. ALARP concept [41, 42]



Hazard identification starts from the main clues [43],
namely accident data [44, 45], then continues with the field
visits and finally with experts' opinions on accidents that can
occur at small multipurpose ports. Qualitative research
instruments at the hazard identification stage use the opinions
of experts directly involved in operations in small
multipurpose ports to use content validity tests from Aiken
with the Aiken V index. The content validity test shows the
extent to which the questions in the questionnaire can fully and
proportionally represent the behavior of the sample given the
test [46]. The validation results are said to be valid in terms of
content if the analysis of the V index (expert agreement index)
is obtained> 0.3 [47]. The item can be used if the V index >
0.3 is declared valid. Experts were asked about the possibility
of some accident occurring in a small multipurpose port with
a choice of yes or no answers and given a column if there are
additional types of accidents—the validity of Aiken content
with Aiken V index. The validation results are said to be valid
in terms of content. If the analysis of the V index (expert
agreement index) is obtained > 0.3, then it is declared valid so
that the type of accident can use.

S

V==r—u—r
ni(c—1)

(M

where, S is the score difference (S = R-L0); ni is the number
of experts; Lo is the lowest rating number; ¢ is the highest
appraisal rate; R is the number given by experts [48].
Furthermore, in risk assessment, using the formula for Risk
index [49]:
Risk index=F x C (2)

In this study, objective weighting is carried out using the
Analytical Hierarchy Process (AHP) method. This method can
help decision-making obtain the best alternative by displaying
the order of ranking priorities [50]. In this study, the AHP
method was used to select the highest risk on small
multipurpose ports with the following stages:

(1) Calculation of Weighting Average:

G =X1,X2,...Xn

where, n is the number of respondents and Xn is the
respondents’ Answers.

A3)

(2) Calculate the average of the four entries (A max):
n .
vector consistenc
A max= Z Y “4)
i=0 n
(3) Calculate index consistency (Cl):
Amax — n
Cl=——— %)
n—1
(4) Calculating Consistency Ratio (CR):
Cl
CR=— (6)
RI

where, RI is Random Index (RI) table with n = 4, Rl = 0.90,
the value is acceptable, or the respondent is consistent if the
CR is smaller than 10% [51].
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The risk value weighting above for the human,
environmental, infrastructure, and corporate components, then
multiplying by the previous initial risk value, with the
weighting value for that component [52, 53].

Furthermore, to determine whether the existing risk
management options are the best with a cost-benefit analysis,
it can be seen from the Cost of Averting Fatality (CAF) with
Net of CAR (NCAF) and Gross of CAF (GCAF). This is based
on the fact that the smaller the NCAF or GCAF value, the
better the effectiveness of risk management to reduce the risk
of unavoidable accidents [54]:

AC
GCAF =——— (7
Risk Reduction
AC—-AB
NCAF =———— ®)
Risk Reduction

where, AC = Risk control costs; AB = economic benefits of
implementing risk control; Risk Reduction is obtained by the
magnitude of the Reduction of high-risk and very high
conditions of ALARP (moderate risk).

Risk Assessment was identified by utilizing FTA Fault Tree
Analysis (FTA) methods. System failures caused by various
combinations of faults can be analyzed graphically with FTA.
This technique helps describe and assess events within the
system [55]. This Fault Tree Analysis method effectively finds
the problem's core because it ensures that an unwanted event
or loss caused does not originate at one point of failure. Fault
Tree Analysis identifies the relationship between causal
factors and is displayed as an error tree involving a simple
logic gate [56].

The qualitative analysis combines the accident data results,
observation time, and judgment experts. Data collection is
carried out through direct observation at selected ports, Focus
Group Discussion (FGD), and interviews in port and on board.
There were 22 respondents, spread across various agencies and
involved in safety-related activities at the port, i.e., The
Harbourmaster, Port Authority Office (HMPA), Port of
management (PM), Port Health Office (PHO), Port Area
Police, and Labor Organization. Respondents from passengers
and cargo ship’s Captain, Chief Officer, Third Officer, and
Quarter Master. Respondents were chosen to adjust to face-to-
face restrictions due to health protocols due to the COVID-19
pandemic. The interview outcome will likely remain the same
if more people are involved because of the same respondent
agency or organization and the same port characteristics [57].
The same was in the study of the ship captain's perspective on
ship safety due to port activities with 25 respondents.
Therefore, the number of people interviewed did not
significantly affect the study's results [58].

3. RESULT
3.1 Research site

Port of Biak is in Eastern Indonesia (Figure 4) and feeder
port, with port authorities and harbormaster levels I11. The one
pier to serve passengers and goods (Table 1) is located in the
city center, with free community access to the port area [59].
The function of the port as other multipurpose small ports, in
addition, to ship berthing activities, and unloading of the ship
is also used for non-port activities, such as sports, recreation,
religion, and trade. The Indonesian port company (PT. Pelindo)



carries out port operations, employing approximately 200-300
workers. Biak Papua Port was chosen because it will be
developed into a logistics distribution center in West Papua.
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Sulawesi 1 main land !
Ocean
North
Maluku Port of Biak
West i
Papua
ast = =

psi
Maluku

500 km

Figure 4. Location Port of Biak
(Coordinates: 1.1844°S, 136.0764 °E)

Table 1. Data hydro oceanography and facilities Biak Papua

Port
Hydro Oceanography size
Shipping Lanes Length 3.7 mile
Shipping Lanes width 380 m
Minimum Depth 16 MLWS
Minimum Harbor Depth 12 MLWS
Wind Speed 11 Knot
Current Speed 1.7 Knot
Wave Height 1.5 Meter
Seawater Tidal (HWS) 10 MLWS
Facilities
Wharf Area 3.542 m?
Warehouse 3.800 m?
Container Yard 6000 m?
Pilot boat 1 Unit
Container Crane (CC) 2 Unit
Reach Stacker (RS) 4 Unit
Forklift 32 & 7 Ton 1 Unit
Head Tractor (HT) 4 Unit
Tronton 20 Feet 7 Unit
Clean Water 100 Tn/h.

Source: Generated by authors based on
https://pelindo.co.id/operasional?regional=4#ports

3.2 Hazard identification

At this stage, the required data is accident data in the form
of frequency criteria. However, there needs to be a solution to
collecting data, namely the unavailability of accident data
documented by related parties at the port. The results of the
FGD show that this is due to the unavailability of the platform
as a guiding tool for port operators and individuals dealing
with safety issues to support the FSA risk assessment as
recommended by the IMO. Therefore, activities to identify
potential hazards that can cause accidents are carried out by
judgment experts, and interviews at port locations and on
board. From obtaining 32 items (Table 2), Validation with V
Index Eigen, 27 items reliable.

3.3 Risk assessment
The consequences scale (Table 3), frequency scale (Table

4), and matrix risk assessment (Table 5) of the identified
hazards adaptation to standard adjustments AS/NZS 4360-
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2004 [60, 61] with Descriptions:

1-5 :Very Low Risk

6-11 :Low Risk

12 — 15 : Medium Risk (Alarp)

15 -19: High Risk

20 — 25 : Very High Risk

The results of risk assessment on some potential hazards at
each location in the port are in Table 6.

Then the next step, Through the Analytis Hierarchy Process
(AHP) of Eqgns. (3), (4), (5), and (6), is the weighting of
component human, environment, infrastructure, and corporate,
see Table 7.

Furthermore, the results of the risk assessment by adjusting
the component weights in Table 7, and the ranking of the types
of accident events are obtained in Table 8.

Table 2. The estimated Hazard ldentification results of the
validation with V index Eigen from Eq. (1)

Area Hazard Type \Y
Waters in A Man falls from a ship into the sea 0,955
front of the A Man being Trap between a ship 0,455
port The Collision between ships 0,591
The Collision between a ship with a 0,818
wharf
The Capsized Ship 0,364
A ship aground 0,409
Fire on Ship 0,818
Spills of Hazardoys Material from 0,318
Ship
Cargo Leakage 0,500
Wharf/ A Man falls into the sea 0,955
Terminal/ Slip or Fall on the floor 0,818
container yard Fallen from a height 0,545
Stumbles on his feet 0,500
A Man gets hit by a vehicle 0,727
A Man hit the hatch cover None*
A Man falling into the hatch 0,364
Fallen containers had struck a Man. None*
A man trapped between containers None*
The Collisions between vehicles 0,636
The vehicle falls into the sea 0,500
A vehicle crashes into the facility 0,545
Crane does not move 0,318
Load from Container falls 0,636
Reverse Truck Crane None*
Load Leakage 0,364
Oil Spill 0,545
Dangerous goods spills None*
A mooring line throw hit a man 0,818
Man crushed by cargo 0,588
Man falling from a height 0,471
Fire Facilities 0,353
Qil Spill 0,529

Notes: None* (Not related to the study area)
3.4 Fault tree analysis for risk assessment development

It can be seen that of the two types of events, one fire on the
ship in Figure 5, four types of events have a direct impact on
humans, namely: people are hit by the end of the mooring lines,
people fall into the sea from the ship, people fall into the sea
from the dock, and people are hit by vehicles, so these four
types of events are simplified into human accidents in Figure
6. The results of the risk assessment after weighting with fault
treesi.e.



Table 3. Consequences scale

Category

Human Infrastructure Environment Corporation
(Scale)
C1(1) the wound is very small or the surface of peeled non-structural . work activities take place
i meaningless damage
Insignificant scratched elements as usual
C2(2) one minor injury needs small cracks of part structural and non- slight spills do not spread ~ work is interrupted, still
Small local, first aid structural elements. can working.
C3(3) multiple minor injuries or  large cracks in most structural and non-  spill spreads in the port area part of the work stops and
: one significant injury, road structural components and, if repaired, can can function again after
Medium - - ’
treatment still function properly the repair.
severe injuries & occurs in some structural and non-structural pollution out of the port area the whole work stops, it
C4 (4) A - . . f 8
Large hospitalization) components, and if a repair does not work  that _has the potential for can functlo_n again after
correctly, can collapse if the hazard repeats environmental damage the repair is made
C5 (5) permanent disability or  collapse most structural and non-structural  large-scale oil spills which the ship is completely
Fatal, death components of the building cannot be used)  are very damaging to the damaged and cannot be
Disaster environment) reused.

Source: Generated by authors based on AS/NZS 4360:2004

Table 4. Frequency scale Table 6. Initial risk assessment results from Eqg. (2)

Frequency (Scale) Definitions Average Average Risk
F1 (1) Rare An event once in 10 years of operation or rarely Variable Frequency Consequences Rating
occurs. ()] (© (F) * (C)
F2 (2) unlikely An event occurs once in 5 years of operation. Fire on ship 4,89 4,15
Sometimes occurs under certain conditions. A Man gets hit by
F3 An event occurs once a year. Occurs under a vehicle on the 3,69 4,69 High
(3) Moderate . i, .
certain conditions (can occur occasionally) wharf
F4 (4) Likely An event occurs once in 10 operations. A man falls into
F5 (5) Almost It always happens in every condition (every the sea from the 4,46 3,85 High
certain time). An event can happen at least once a week. wharf
Source: Generated by authors based on AS/NZS 4360-2004 A man falling into
the sea from the 431 4,00 High
Table 5. Matrix risk assessment Sh_ip )
A mooring line 4,15 3,85 High

throw hit a man

c5 15 ~ 10 [NCCENNGENNNEN

ca 8 14 18 q
Consequences C3 | 5 11 13 17

c2 | 3 7 10 12 16

Table 7. Impact component weighting value

Cil 1 2 4 6 9 Component Weight
Frequency F1 F2 F3 F4 F5 Human 0,5
Source: Generated by authors based on AS/NZS 4360-2004 Infrastructure 0,1
Environment 0,2
Corporate / Management 0,2

Table 8. Ranking results after weighting

Rank Accident events Estimated Consequences Most Likely to Occur Estimated worst Consequences Most Likely to Occur

Human environment Infrastructure Corporation Human environment Infrastructure Corporation Result

1 Fire on Ship 5,9 1,8 1,2 3,2 10,8 2,0 14 34 29,7
2 A Man was hit by 7.4 1,8 0,9 1,8 9,3 1,2 0,6 2,4 25,4
vehicles
3 A Man falling intothe 7,4 1,8 0,9 1,8 9,3 1,2 0,6 1,2 24,2
sea from the ship
4 A Man falls into the 4,4 1,8 0,9 1,8 11,8 1,2 0,6 1,2 23,7
sea from the wharf
5 A mooring line throw 7,4 1,8 0,9 1,8 7,9 1,2 0,6 1,2
hit a man
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members, rising temperatures in rooms adjacent to bunkers

Fire on and overheated bulkheads, actions of passengers disposing of
Ship materials that cause fires and goods on ships carrying fuel such
as cars or motorcycles.
ri The FTA found that the causes of human accidents at ports
I;FI such as people being hit by vehicles were due to the
irregularity of the vehicles entering the port, both private,
Flammahle Engine or Officer or public, and cargo vehicles. In addition, due to the mistakes of
Boaxis G1 electrical G2 passenger's officers or passengers, there are no restrictions on people who
malfunction fault are not related to the port and the unfavorable work schedule

ﬂ of workers causes the port to become congested, as a result,
people can fall from the pier or ships and can be hit by tross

3.5 Risk Control Options (RCOs)

Knowledge
FTA analysis found the main problem is that accidents can

occur, so efforts were made to carry out a systemized,

Increases
room
temperatur

Figure 5. Fault tree analysis fire on a ship adequate, and practical RCO see Table 9. Focusing on water
areas and port docks, where there are one very risky and four
high risks.

Human
G| Accident 3.6 Alarp analysis in the cost-benefit calculation

ij Assuming the ship burned at the port is a pioneer ship with
or a capacity of 1200 GT cargo passenger type, this ship is widely
"|”I used in eastern Indonesia 56 percent of the number of ships for
Free Officeror the implementation of sea tolls, the price is around IDR.
G1| port G2|passenger's 54,000,000,000 [62]. There was one fatality at the port in a
entry fault year. The average person who experiences an accident is 40
’ years old, and income and age data are based on BPS [63].
ﬁ Compensation funds are based on the provisions of the 2020
employment BPJS [64]. Shiploads are daily necessities such
w as rice, estimated at 100 tons at a price of IDR.10,000/
ineffectiveness kilogram. So the results of the analysis can be seen in Table
of the Officer @ 10. Furthermore, the price for the risk control plan in the Table
11. is set based on the unit price of goods and services in the

regions.
The subsequent analysis is to determine the comparison of
Figure 6. Fault tree analysis human accident cost benefits between if done and if not mitigated / preemptive
risks in Table 12. In this analysis, it is planned that the lifetime
The cause of ship fires at the wharf can occur due to period is one year because based on the results of risk control,
flammable cargo carried by ships, electrical disturbances, the average frequency of controlling accident events is one

problems with auxiliary engines, wrong actions of crew year.

Table 9. Identify actions RCO to control risk

RCO Risk Control Options Parties involved
RCO1& Training and certification, and mandatory use of personal protective equipment. - Master Harbour & Port
2 Authority,
RCO 3,4 Tighten restrictions on port entry, controls the number of labor, and improve periodic - Shipping Company,
&5 inspections - Loading and Unloading
RCO 6, 7, Maintenance of ship engines, preservation of vehicles, provisions for ladders moving Company
8&9 from port ships and between ships, and installation of safety information - Transportation
RCO 10 Optimizing the use of information technology to support port safety (Inaportnet) Management Services

Table 10. Estimated cost fire ship and fatality at port

Casualties Total cost
Total cost due to fire 1 ship IDR 55.100.000.000
Total loss of death per person/year IDR 1.102.000.000
Total Losses of ships burned with death tolls IDR 56.202.000.000
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Table 11. Risk mitigation financing plan

Countermeasures

Total Cost

Training and Certification

Procurement of personal protective equipment and work protective equipment
Tighten entry restrictions, control labor schedules, and periodic inspections
Installation of safety information and arrangements for ladders between ships

Vehicle maintenance/year

Ship engine maintenance/year
Optimizing the use of information technology to support port safety, for example, Inaportnet (1T)

IDR 137.871.000
IDR 111.552.000
IDR 71.300.000
IDR 20.167.000
IDR 74.220.000
IDR 2.124.000.000
IDR 37.450.000

Table 12. Estimated costs - benefits of mitigating risk

Cost Component

Ship on Fire (SF) Humar(]HAA(\:;:ldents

Losses from accidents (a)
Ship revenue (b)
Port operating revenue (c)

Training and certification financing (d)

Personal protective equipment Financing (e)

Financing Tightens Access Restrictions, Labor Schedule controls, and periodic inspections (f) -

Installation of Safety information (g)
Ship engine maintenance (h)
Vehicle maintenance (i)

Optimizing the use of information technology to support port safety (j)
Advantages of mitigation are carried out (kSF)=(a)+(b) or (kHA)= (a)+(c)

The advantages of mitigation are not carried out (ISF) = (b) or (IHA)=(c)

AB= (@)

Financing if mitigation is carried out (mSF)=(d)+(e)+(h)+(j) or (IHA)=(d)+(e)+(f)+(g)+(i)+(j)
Financing if mitigation is NOT carried out (nSF)=(a)+(h) or (nHA)=(a)

AC

IDR 56.202.000.000  IDR 1.102.000.000
IDR 1.197.000.000 -

IDR
64.382.298.230
IDR 71.200.000 IDR 137.871.000
IDR 43.560.000 IDR 111.552.000
IDR 71.300.000
- IDR 20.167.000
IDR 2.124.000.000 -
- IDR 74.220.000
IDR 22.067.000 IDR 393.950.000
IDR 57.399.000.000 IDR
65.484.298.230
IDR 1.197.000.000 IDR
64.382.298.230
IDR 56.202.000.000  IDR 1.102.000.000
IDR 2.260.827.000 IDR 809.060.000
IDR 58.326.000.000  IDR 1.102.000.000

IDR -56.065.173.000  IDR-292.940.000

Notes AB = Total Economic Benefits of Risk Management

AC = total risk reduction costs
3.7 Recommendations for decision making

Following the research objectives related to the Safety
assessment model, FSA, and ALARP, this model determines
how much risk reduction will decrease due to the impact of
various alternatives to controlling the risk of accidents at
multipurpose ports [65]. ALARP is obtained from the risk
matrix to reduce the risk from very high to medium risk. So
that the recommendations for the benefits of risk control will
be more extraordinary because these activities are carried out
jointly between the government, port operators, port business
entities, and ship owner companies.

In a fire ship accident at the port, if mitigation and
preventive activities are carried out, there are many benefits
obtained by ship owners. In this case, the government or
shipping companies make a profit of IDR 57,399,000,000
compared if they do not carry out risk mitigation which only
gets a smaller profit of IDR 1,197,000,000. In addition, if they
carry out activities to overcome the risk of additional financing
issued, it is smaller, namely IDR 2,260,827,000, compared to
if they do not overcome the risk, it can cost IDR
56,202,000,000 is estimated. Furthermore, for human
accidents in ports, for PT. Pelindo, if risk mitigation is carried
out, benefits in the form of profits are obtained of IDR
68,790,298,230, with additional costs incurred of IDR
809,060,000. Furthermore, do not carry out risk mitigation.
The benefits are in the form of smaller profits of IDR
64,382,298,230 with costs of IDR 4,408,000,000.

Based on the results above, the recommendations are given
ie.
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(1) The Government needs to increase joint training by
involving firefighters, port operators, port business entities,
ship captains, ship crews, port health services, port police, and
workers in safety-related activities and awarding and
improving organizational policies on recruitment, selection,
training, education, and appearance levels, as well as
competency assessment. Development of appropriate training
for regional, language, and cultural safety conditions.

(2) For ports in the Eastern region, the issue of
indigenous workers vs. migrants and the desire for
independence is often the main reason for the difficulty of
implementing policies related to port safety. Therefore there is
always a need for cooperation from all parties, especially
involving local communities through religious and customary
institutions, to get the best solution. Improving the quality of
human resources in the local community through educational
training and socialization on the importance of safety must
always be sought so that the community slowly understands
and understands port safety. It needs to be socialized that
access restrictions are preventive and responsive efforts
related to safety to avoid danger to ships, crew, passengers,
officers, and communities around the port.

(3) Installation and maintenance of signs and safety
information need to be improved. The company or relevant
agency is obliged to sign a safety consensus. In addition, the
mandatory use of Personal Protective Equipment (PPE) is
ported with strict supervision and, if necessary, sanctions for
violations of its use.

(4) Optimize the use of Information Technology (IT) to
support port security. The use of various Android applications



in controlling fires. The Android-based Raspberry Pi' provides
preliminary information about fires, such as detecting fires,
fire smoke, and room temperatures that are high enough, can
directly cut off electricity and spray water on fire sources to
prevent early fires. In addition to accident documentation, it is
necessary to develop an Inaportnet that can be used to
document accidents in detail because it has a section for
reporting when there is a delay in the service of ship arrival or
ship departure due to an accident. This data from Inaportnet
can be used to assess, reduce, or control risks.

4. DISCUSSIONS

In small multipurpose port, Human Resources (HR) related
to safety experts are still lacking. Many small ports cannot be
monitored, many accidents are not reported or recorded,
Incompleteness of equipment such as safety signs on ships and
in ports, so there are often problems in the service of
passengers and goods simultaneously (potential hazards).
Public access cannot be restricted to the port area, Handling
accidents at the port are more often handled directly by the
police, not the port operator. The results of these various
problem, generally provide a common understanding of the
need to make policies related to safety assessments that will
use for risk assessment. The above problems are almost the
same as those experienced in some countries in Europe and
Asia. Economic and cultural considerations in an area must be
considered in formulating safety policies at the port.

Figure 7. Examples of risk events in small multipurpose
ports in Indonesia (a). Attractions from the ship [66]; (b).
irregular vehicles in the port (observation, 2021); (c). fire on
a ship in port [67]; (d). Labor scrambled to board the ship
(Observation,2021); (e). rare items (observation, 2022); (f).
The density of the environment in the port area [68]

The results of Hazard Identification on small multipurpose
found some potential that we had not found in previous studies,
namely people falling into the sea either intentionally or
accidentally, people falling from docks, and people being hit
by the end of the mooring line. Some types of accidents
generally occur in ports i.e. falling from a ship into the sea,
Collision, Capsized Ship, Grounding, Fire in the ship, Ships
sinking, and Cargo Leake. Subsequently, in the wharf area,
people slip or fall on the floor, fall from a height, is hit by a
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vehicle, is struck by fallen containers, and stumble on their feet.
Load from Container falls, Load from Container falls, and
Load Leakage. There is a potential danger that does not relate
to the study area, ships sinking, People hitting the hatch lid,
being hit by fallen containers, being trapped between
containers, and dangerous goods (hazardous and toxic
substances). So, the potential danger is eliminated. People
being hit by hatch lids never happens because freighters that
carry out hatch opening activities doing automatically, or the
storage of hatch covers are placed in a particular place separate
from the ship's hatch, while people are trapped between
containers and exposed to containers that fall is rare because
there are still a small number of containers and easy to place
in this port area. Truck cranes have yet to be used in small
multipurpose ports. There is an assessment related to the four
activities above because it is the experience of respondents
who have previously worked at larger ports in small
multipurpose port areas, activities related to B3 management
do not exist. Figure 7 has some examples of risk activities in
small multipurpose ports.

In addition, several potentials were found that were not
found in previous studies: people falling into the sea
intentionally or accidentally from ships, falling from docks,
and being exposed to mooring line discharges.

The results of the Fault Tree Analysis for the Human
Accident Risk Assessment found that many People coming
into the port area, although not all of them are interested in the
port, can cause a man to be hit, fall into the sea from the dock
or ship, and be hit by the end of the troop mooring lines. People
go up and down ships, laborers, sellers, and public and private
vehicles are free to enter, which ultimately interferes with
loading and unloading activities, which indeed do not have
separate vehicle lanes from pedestrians. When the ship enters
the port, the Officer on the ship can fall when preparing the
ship's ladder on one side of the ship because it is done
manually. Passengers can fall due to gathering and crowding
on the ship or standing outside the guardrail when transferring
people between ships. There is no facility for passengers to
move between ships when the ship does not dock directly at
the port but berths on other ships. When the ship leaves the
port, many are forced or deliberately jump off the ship because
many are not passengers as laborers, children, merchants, and
delivery people on the ship. Laborers because they are waiting
for wages that passengers have not paid, sellers because they
do not hear information about the ship's departure, and
children. After all, they deliberately want to jump off the ship
as entertainment because they get paid by passengers. Falling
from the dock can also occur when going up and down the ship
due to shifting stairs, not using a good ladder, or deliberately
jumping off the pier as an entertainment/attraction. The worst
consequences can occur if people fall on their belonging, the
side of the dock, or parts of the ship. It can cause death, and
such events can occur once a year, so it is a high risk.

Furthermore, the potential for danger with high risk is most
abundant in the wharf area. Results observations in the field,
other than many parties involved in this area, their use
equipment. In this area, there are many activities from the
ship's stage entering the port area, carrying out movement,
throwing mooring lines, berthing at the port, passengers
disembarking, laborers, and ports boarding ships. Unloading
activities from the ship and in the next stage, passengers
boarding the ship, cargo is raised to the ship until the ship
leaves the dock, there is still a potential danger.



5. CONCLUSIONS

It is improving safety at small multipurpose ports is very
important in archipelago regions. This port connects the
farthest areas with the center of Government and distributes
goods to and from the region. IMO and the Government have
issued various policies to improve the security of this port,
especially regarding safety assessments. Implementing these
various policies has encountered obstacles, especially when
dealing with local conditions.

Safety assessment model with FSA application on small
multipurpose ports using expert opinion with Aiken validation
index, Hazard identification found 27 types of accidents.
Primarily due to the result of free access for people to enter.

The use of ALARP begins with a Risk Assessment which
finds ship fires are the highest risk events at the port, followed
by a Cost-benefit Assessment using adjustments to central and
regional financing policies. Furthermore, the Risk Control
Assessment is carried out by emphasizing system cooperation
between various parties, no longer alone, prioritizing
improving human resources, especially for communities
around the port through training, education, and socialization.
Ultimately, it is easy to budget with a risk control financing
plan that can be accounted for and implemented with the cost
benefits obtained and wused as recommendations for
policymakers.

The main obstacle to the use of FSA is related to inadequate
data documentation. In the future, policymakers must perform
obligations, especially those required to collect data properly.
For island nations, Risk Assessments for safety improvements
at small multipurpose small ports should always be conducted
periodically to avoid and prevent more significant losses.

ACKNOWLEDGMENT

We are very grateful to the experts from PT Pelni, PT.
Pelindo, KSOP Biak, TKBM Biak, KKP Biak, and Polri for
appropriate and constructive suggestions for improving this
paper.

Studying port safety has proven to be very expensive and I
am very grateful to the Doctoral Fellowship BPPDN
Kemenristekdikti RI and Polar UI for providing financial
support. Finally, I would like to thank you for the research
contributions and excellent support from various parties.

REFERENCES

[1] Connelly, A.L. (2015). Sovereignty and the sea:
President Joko Widodo’s foreign policy challenges.
Contemporary Southeast Asia, 37(1): 1-28.

Bottasso, A., Conti, M., Ferrari, C., Tei, A. (2014). Ports
and regional development: A spatial analysis on a panel
of European regions. Transportation Research Part A:
Policy and Practice, 65: 44-55.
https://doi.org/10.1016/J.TRA.2014.04.006

Adam, L., Dwiastuti, 1. (2015). Membangun poros

2]

[3]

maritim melalui pelabuhan. Masyarakat Indonesia, 41(2):

163-176. https://doi.org/10.14203/jmi.v41i2.343
Monios, J., Wilmsmeier, G. (2013). The role of
intermodal transport in port regionalisation. Transport
Policy, 30: 161-171.
https://doi.org/10.1016/j.tranpol.2013.09.010

[4]

297

[5] Zaman, M.B., Vanany, l., Awaluddin, K.D. (2015).
Connectivity analysis of port in Eastern Indonesia.
Procedia Earth and Planetary Science, 14: 118-127.
https://doi.org/10.1016/j.proeps.2015.07.092

Karimah, 1.D., Yudhistira, M.H. (2020). Does small-
scale port investment affect local economic activity?
Evidence from small-port development in Indonesia.
Economics of  Transportation, 23:  100180.
https://doi.org/10.1016/j.ecotra.2020.100180

Zhang, Y. (2019). Case analysis of the boost effect of
port trade on regional transoceanic economy based on
industrial cluster effect. Journal of Coastal Research, 94
(spl): 768-772. https://doi.org/10.2112/S194-152.1
Pallis, P.L. (2017). Port risk management in container
terminals. Transportation Research Procedia, 25: 4411-
4421. https://doi.org/10.1016/j.trpro.2017.05.337
Pinheiro, L.V., Fortes, C.J.E.M., Santos, J.A. (2018).
Risk analysis and management of moored ships in ports.
Proceedings of the International Conference on Offshore
Mechanics and Arctic Engineering - OMAE.
https://doi.org/10.1115/OMAE2018-78396

Hasugian, S., Wahyuni, A.A., Rahmawati, M., Arleiny,
A. (2018). Pemetaan Karakteristik Kecelakaan Kapal di
Perairan Indonesia Berdasarkan Investigasi KNKT.
Warta Penelitian  Perhubungan, 29(2): 229-240.
https://doi.org/10.25104/warlit.v29i2.521

KNKT. (2019). Investigasi KNKT 2011-2019.
https://knkt.go.id/investigasi

Marcus, H.J., Seneci, C.A., Hughes-Hallett, A., Cundy,
T.P.,, Nandi, D. Yang, G.Z, Darzi, A. (2016).
Comparative performance in single-port versus multiport
minimally invasive surgery, and small versus large
operative working spaces: A preclinical randomized
crossover trial. Surgical Innovation, 23(2): 148-155.
https://doi.org/10.1177/1553350615610650
Sujarwanto. (2015). Desain pelabuhan multiguna dalam
mendukung perekonomian wilayah gugus pulau di
provinsi kepulauan Kawasan Timur Indonesia (KTI).
Jurnal Penelitian Transportasi Laut, 17(3): 129-143.
https://doi.org/10.25104/transla.v17i3.1410
Santospriadi, Tjahjono, T., Sunaryo. (2021). The risk
assessment safety of a multipurpose small port.
Proceedings of the International Conference on Industrial
Engineering and Operations Management, pp. 620-628.
Galierikova, A. (2019). The human factor and maritime
safety. Transportation Research Procedia, 40: 1319-1326.
https://doi.org/10.1016/j.trpro.2019.07.183

[16] Alyami, H., Yang, Z., Riahi, R., Bonsall, S., Wang, J.
(2019). Advanced uncertainty modelling for container
port risk analysis. Accident Analysis & Prevention, 123:
411-421. https://doi.org/10.1016/j.aap.2016.08.007
Wang, Z., Subramanian, N., Abdulrahman, M.D., Cui, H.,
Wu, L., Liu, C. (2017). Port sustainable services
innovation: Ningbo port users’ expectation. Sustainable
Production and Consumption, 11: 58-67.
https://doi.org/10.1016/j.spc.2016.08.002

Yang, Z.L., Wang, J., Li, K.X. (2013). Maritime safety
analysis in retrospect. Maritime Policy and Management.,
40(3): 261-277
https://doi.org/10.1080/03088839.2013.782952

Eswara, A.K. (2014). Formal safety assessment in
maritime industry-explanation to IMO guidelines.
Formal Safety Assessment in Maritime Industry *-
Explanation to IMO Guidelines.

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

(18]

[19]


https://knkt.go.id/investigasi

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Ronza, A., Fébrega, J.C.I., Séchez, JA.V. (2011).
Contributions to the risk assessment of major accidents
in port areas. Tesis Doctoral. Departament d'Enginyeria
Qu mica.

Dias, G.C., Leal, I.C., Oliveira, U.R.D. (2019). Supply
chain risk management at seaport container terminals.
Gest& & Produc, 26.

Yang, Z.,, Ng, AK,, Lee, P.T.W., Wang, T., Qu, Z.,

Rodrigues, V.S., Pettit, S., Harris, I., Zhang, D., Lau, Y.Y.

(2018). Risk and cost evaluation of port adaptation
measures to climate change impacts. Transportation
Research Part D: Transport and Environment, 61: 444-
458. https://doi.org/10.1016/j.trd.2017.03.004

Vidmar, P., Perkovic, M. (2015). Methodological
approach for safety assessment of cruise ship in port.
Safety Science, 80: 189-200.
https://doi.org/10.1016/j.ssci.2015.07.013

Zhang, D., Yan, X.P.,, Yang, Z.L., Wall, A., Wang, J.
(2013). Incorporation of formal safety assessment and
Bayesian network in navigational risk estimation of the
Yangtze River. Reliability Engineering & System Safety,
118: 93-105. https://doi.org/10.1016/j.ress.2013.04.006
Gagn, OF., Burak, S.Z. (2015). Formal safety
assessment for ship traffic in the Istanbul straits. Procedia
- Social and Behavioral Sciences, 207: 252-261.
https://doi.org/10.1016/j.sbspro.2015.10.094
Konovessis, D., Vassalos, D. (2008). Risk evaluation for
RoPax vessels. Proceedings of the Institution of
Mechanical Engineers Part M: Journal of Engineering for
the  Maritime  Environment,  222(1):  13-26.
https://doi.org/10.1243/14750902JEME90

Zaman, M. B., Santoso, A., Kobayashi, E., Wakabayashi,
N., Maimun., A. (2015). Formal Safety Assessment
(FSA) for analysis of ship collision using AIS data.
TransNav, the International Journal on Marine

Navigation and Safety of Sea Transportation, 9(1): 67-72.

https://doi.org/10.12716/1001.09.01.08

Hu, S., Fang, Q. Xia, H., Xi, Y. (2007). Formal safety
assessment based on relative risks model in ship
navigation. Reliability Engineering & System Safety,
92(3): 369-377.
https://doi.org/10.1016/j.ress.2006.04.011

Larrucea, J.R. (2017). A new model of Port Safety
Management: The analysis and risk management based
on the Formal Safety Assessment (FSA). Journal of
Maritime Research, 14(2): 55-60.

Kontovas, C.A., Psaraftis, H.N. (2009). Formal safety
assessment: A critical review. Marine Technology and
SNAME News, 46(1): 45-59.
https://doi.org/10.5957/mtsn.2009.46.1.45

Montewka, J., Goerlandt, F., Kujala., P. (2014). On a
systematic perspective on risk for formal safety
assessment (FSA). Reliability Engineering & System
Safety, 127: 77-85
https://doi.org/10.1016/j.ress.2014.03.009

IMO. (2018). MSC-MEPC.2/Circ.12/Rev.2.
https://wwwcdn.imo.org/localresources/en/OurWork/Hu
manElement/Documents/MSC-MEPC.2-Circ.12-
Rev.2%20-%20Revised%20Guidelines%20For%20For
mal%20Safety%20Assessment%20(Fsa)For%20Use%2
0In%20The%20Imo%20Rule-
Making%20Proces...%20(Secretariat).pdf

Penca, J. (2009). International maritime organization.
The International Journal of Marine and Coastal Law,

298

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

24(4): 713-725.
https://doi.org/10.1163/092735209X12499043518304
Menon, C., Bloomfield, R.E., Clement, T. (2013).
Interpreting ALARP. IET Conference Publications.
https://doi.org/10.1049/cp.2013.1712

Abrahamsen, E.B., Abrahamsen, H.B., Milazzo, M.F.,
Selvik, J.T. (2018). Using the ALARP principle for
safety management in the energy production sector of
chemical industry. Reliability Engineering & System
Safety, 169: 160-169.
https://doi.org/10.1016/j.ress.2017.08.014

Baybutt, P. (2014). The ALARP principle in process
safety. Process Safety Progress, 33(1): 36-40.
https://doi.org/10.1002/prs.11599

Yasseri, S. (2013). The ALARP argument. FABIG
Newsletter, (61).

Yasseri, S.F., Menhennett, P. (2005). Costing for
ALARP, in Proceedings of the International Conference
on Offshore Mechanics and Arctic Engineering — OMAE,
2: 9-16. https://doi.org/10.1115/0MAE2005-67017

Van Coile, R., Jomaas, G., Bisby, L. (2019). Defining
ALARP for fire safety engineering design via the Life
Quality Index. Fire Safety Journal, 107: 1-14
https://doi.org/10.1016/j.firesaf.2019.04.015

Liu, X.J., Tan, J.L. (2019). Network risk management
based on the ALARRP criteria for nuclear power plant. In:
Xu, Y., Xia, H., Gao, F., Chen, W, Liu, Z., Gu, P. (eds)
Nuclear Power Plants: Innovative Technologies for
Instrumentation and Control Systems. SICPNPP 2018.
Lecture Notes in Electrical Engineering, vol 507.
Springer, Singapore. https://doi.org/10.1007/978-981-
13-3113-8_29

Bunn, A (2018). Guidance on ALARP for major hazard
facilities. Institution of Chemical Engineers Symposium
Series.  https://www.icheme.org/media/16975/hazards-
28-poster-01.pdf.

Bowles. D.S. (2011). Tolerable risk guidelines for dams:
principles and applications HEC-LIFESIM model
development view project. 3rd International Week on
Risk Analysis, Dam Safety and Dam Security
VALENCIA, Spain, 17 - 18 October 2011 3rd
International Forum on Risk Analysis.

Alises, A., Molina, R., Ganez, R, Pery, P., Castillo, C.
(2014). Overtopping hazards to port activities:
Application of a new methodology to risk management
(Port Risk Management Tool). Reliability Engineering &
System Safety, 123: 8-20.
https://doi.org/10.1016/j.ress.2013.09.005

Youssef, S.A.M., Paik, J.K. (2018). Hazard identification
and scenario selection of ship grounding accidents.
Ocean Engineering, 153: 242-255.
https://doi.org/10.1016/j.oceaneng.2018.01.110

Lai, K.H., Vejvar, M., Lun, V.Y.H. (2020). Risk in port
logistics: Risk classification and mitigation framework.
International Journal of Shipping and Transport Logistics,
12(6): 576-596.
https://doi.org/10.1504/ijstl.2020.111117

Aiken, L.R. (1985). Three coefficients for analyzing the
reliability and validity of ratings. Educational and
Psychological ~ Measurement,  45(1):  131-142.
https://doi.org/10.1177/0013164485451012

Anggraini, D., Khumaedi, M., Widowati, T. (2020).
Validity and reliability contents of independence
assessment instruments of basic beauty students for class



[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

X SMK. Journal of Research and Educational Research
Evaluation, 9(1): 40-46.
https://doi.org/10.15294/jere.v9i1.42558

Aiken, L.R. (1980). Content validity and reliability of
single items or questionnaires. Educational and
Psychological ~ Measurement,  40(4):  955-959.
https://doi.org/10.1177/001316448004000419

SheikAllavudeen, S., Sankar, S.P. (2015). Hazard

identification, risk assessment and risk control in foundry.

SSRG International Journal of Industrial Engineering,
2(2): 1-4. https://doi.org/10.14445/23499362/1J1E-
V2I3P101

Saaty, R.W. (1987). The analytic hierarchy process—
what it is and how it is used. Mathematical Modelling,
9(3-5): 161-176. https://doi.org/10.1016/0270-
0255(87)90473-8

Saaty, T.L. (2002). Decision making with the analytic
hierarchy process. International Journal of Services
Sciences, 1(2): 83-98.
https://doi.org/10.1504/ijssci.2008.017590

Cooper, D.F. (2007). Tutorial Notes on the Australian
and New Zealand Standard on Risk Management,
AS/NZS 4360:2004. Broadleaf Capital International.
SaiGlobal. www.saiglobal.com/shop.

Revised Guidelines for Formal Safety Assessment (FSA)
For Use in The Imo Rule-Making Process. (2018).
https://www.liscr.com/revised-guidelines-formal-safety-
assessment-fsa-use-imo-rule-making-process.
Budiyanto M.A., Fernanda, H. (2020). Risk assessment
of work accident in container terminals using the fault
tree analysis method. Journal of Marine Science and
Engineering, 8(6): 466.
https://doi.org/10.3390/JMSE8060466

Ugurlu, 0., Kose, E., Yildinm, U., Yiksekyildiz, E.
(2015). Marine accident analysis for collision and
grounding in oil tanker using FTA method. Maritime
Policy  and Management, 42(2): 163-185.
https://doi.org/10.1080/03088839.2013.856524
Lappalainen, J. (2016). Finnish maritime personnel’s
conceptions on safety management and safety culture.
University of Turku.

Pak, J.Y., Yeo, G.T., Oh, SW,, Yang, Z. (2015). Port
safety evaluation from a captain’s perspective: The
Korean experience. Safety Science, 72: 172-181.
https://doi.org/10.1016/j.ssci.2014.09.007

PT Pelindo. Pelabuhan Biak.

299

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

https://pelindo.co.id/operasional?regional=4#ports,
accessed on 1 Feb. 2023.

Maanu, K., Ora, K. (2004). Final guidelines for port &
Harbour risk assessment and safety management systems
in New Zealand. Maritime Safety Authority of New
Zealand, Maritime Safety Authority of New Zealand.
Whitfield, J. (2004). Web links leave abstracts going
nowhere. Nature, 428: 592.
https://doi.org/10.1038/428592a

Direktorat Jenderal Perhubungan Laut Kementerian
Perhubungan, “Kemenhub Kembali Luncurkan Kapal
Perintis Tipe 1200 Gt Dukung Trayek Perintis Di Tahun
2018,”
https://hubla.dephub.go.id/home/post/read/4988/kemen
hub-kembali-luncurkan-kapal-perintis-tipe-1200-gt-
dukung-trayek-perintis-di-tahun-2018, accessed on Jan.
05, 2018.

BPS. (2020). Statistik Indonesia 2020.
https://www.bps.go.id/publication/2020/04/29/e9011b3
155d45d70823c141f/statistik-indonesia-2020.html.
Wibawa, F. (2022). The public policy dynamics of
increasing health insurance rates in a developing country.
The 3rd International Conference on Governance, Public
Administration, and Social Science (ICOoGPASS), pp. 49-
69. https://doi.org/10.18502/kss.v7i9.10927

French, S., Bedford, T., Atherton, E. (2005). Supporting
ALARP decision making by cost benefit analysis and
multiattribute utility theory. Journal of Risk Research,
8(3): 207-233.
https://doi.org/10.1080/1366987042000192408

Pace riko. Anak Biak lompat dari kapal sinabung,”
https://www.youtube.com/watch?v=8epLnM5GVvDO0&i
st=PLJLXsmA_wzsG3DwwyasqZoosxu_4P0el1&index
=7, accessed on Jan. 28, 2020.

Supriyanto, J. (2019). Begini kronologi kebakaran kapal
nelayan dipelabuhan muara baru. Kebakaran Kapal di
Jakarta.
https://wartakota.tribunnews.com/2019/02/23/begini-
kronologi-kebakaran-kapal-nelayan-di-pelabuhan-
muara-baru.

Sam Kealey. Indonesia North Maluku Port of Ahmad
Yani Ternate,
https://dlca.logcluster.org/display/public/DLCA/2.1.18+
+++Indonesia+North+Maluku+Port+of+Ahmad+Yani+
Ternate, accessed on Feb. 15. 2020.





