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ARTICLE INFORMATION ABSTRACT

Atrticle history: The world has agreed on reducing disaster risks through Sendai Framework
for Disaster Risk Reduction (SFDRR) 2015-2030. Efforts to reduce disaster
risks are one way to attain Sustainable Development Goals related to
"sustainable cities and communities." The first points of disaster risk
reduction priorities inscribed in the SFDRR 2015-2030 incorporate disaster

risk studies. While studies on natural disaster risks have been widely
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Keywords: conducted, non-natural (manmade) disaster risk studies are relatively scant,
Capacity particularly for technological failure disasters. In this paper, the author
Hazard investigates the levels of technological failure disaster risks in Gresik
Risk ) ) Regency, Indonesia, one of the National Strategic Areas in East Java
\T/elﬁﬂgf!ﬁﬁ:fﬁ' failure Province. This study employs a disaster risk analysis encompassing aspects

of hazard and vulnerability through map overlays with the help of a Geo-
graphical Information System (GIS) to identify areas with risks of techno-
logical failure. Results illustrate that a high risk is predominantly spread in
areas with high hazards, which is 60 m radius of the industrial area. The
findings in this study may help shed light on the hazards that may arise due
to technological failures that span not only around the source of hazard, i.e.,
the industrial areas, but also beyond them, and also conclude that the higher
the disaster risk is, the higher the vulnerability of an area will be.
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1. INTRODUCTION SFDRR) 2015-2030, in which the priority action

Disaster risk is the possibility of an event or a
series of hazards and exposure levels resulting in a
disaster due to urbanization, environmental degra-
dation, socio-economic inequality, and poor urban
management that results in substantial loss, such as
deaths, damage, economic decline, and physical
degradation [1], [2]. The impacts of disasters are
often multidimensional, which, in turn, call for
integrated and multisector efforts for disaster risk
mitigation. As such, disaster risk studies are impe-
rative, as suggested by the Sendai Framework for
Disaster Risk Reduction (after this, referred to as

includes understanding disaster risks through
conducting studies and disseminating the results.
Understanding disaster risks incorporates
policies and practices based on comprehending
vulnerability, environmental characteristics, and
hazards [3]-[5]. Disaster risk analyses encompass
hazard and vulnerability variables that make up the
portion of steps in attaining Sustainable Develop-
ment Goals [6], which is Goal 11, titled "sustain-
able cities and communities™. Through disaster risk
studies, we can identify economic, social, physical,
cultural, and environmental characteristics, even
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sustainable living aspects, for creating disaster
resilience [6]. It highlights the significance of disas-
ter risk studies as the basis for addressing global
issues with far-reaching implications. In this paper,
the author discusses the disaster risk of techno-
logical failures by taking the example of Gresik
Regency, Indonesia.

Disasters are generally categorized as a com-
bination of three main sources, which are natural
(e.g., earthquakes, volcanic eruptions, tsunamis),
non-natural (e.g., technological failure, toxic
waste), and social (e.g., family violence, poverty)
[7]. Technological failures are disasters due to
human errors following technological malfunctions
and unpredictable but preventable incidents related
to the loss of control over technological cases, thus
leading to damage to the natural environment,
exposure to toxic materials, and other social im-
pacts [8], [9]. United Nations Office for Disaster
Risk Reduction (UNISDR) defines technological
failures as dangers emerging from technologies and
industries, including accidents, unsafe procedures,
infrastructural failures, or certain human activities
that may cause loss of lives, injuries, diseases, or
other health-related repercussions, property dama-
ge, loss of employment and social service, econo-
mic disruptions, and environmental deterioration
[10].

Gresik Regency is included as one of the
National Strategic Areas (KSN) with the potential
for industrial development supported by the
Presidential Regulation Number 80 of 2019 on
Economic Development Acceleration at the
Gresik-Bangkalan-Mojokerto-Surabaya-Sidoarjo-
Lamongan, the Bromo-Tengger-Semeru Area, and
Selingkar Wilis and Lintas Selatan Area; and
Government Regulation Number 13 of 2017 on the
National Spatial Plan, which includes Gresik
Regency as a Centre for Nation-Scale Activities.
The central and regional governments have
conceived various strategies to promote industrial
activities in  Gresik Regency, unsurprisingly
resulting in the industrial sector flourishing.

Risk preparedness for total accident and
incident costs has been undertaken by people
working in industries through their HSE (Health,
Safety, and Environmental) unit, which ensures
workplace safety and minimizes the environmental
impacts of industrial activities [11]. Despite
industrial activities, especially those of large
industries, having been regulated to curb disaster
risks, the parties involved, including the people,
must still be cautious because 1) the majority of

companies in the industry sector tend to focus on
internal problems and the relatively-conservative
impacts on the area in which the industries operate,
2) the people living near the industrial areas are not
actively involved in the efforts of reducing disaster
risks due to technology, and 3) people working in
industries seldom weigh the possible impacts of
technological failures on their surrounding environ-
ment, although facts show that the impacts have
been extensive and long-lasting.

Analysis on risks of technological failures
have been conducted by several researchers, among
whom are Supriadi & Oswari [12], Ager et al. [13],
and Fancello et al. [14], where mostly focusing on
one type of industry or one company. This study
attempts to investigate, within a broader scope, the
Gresik Regency, as the extent to which regional
autonomy concerns disaster risk mitigation in
Indonesia is limited to its administrative boun-
daries. As evident, disaster risks extend beyond just
the industrial area itself, threatening the environ-
ment, social lives, economic conditions, and even
the psychological well-being of the people outside
the industrial area [15]. A spatial analysis of the
risks of technological failures has been conducted
using hazard and vulnerability [14].

2. RESEARCH METHODS

This study aims to identify the risk level of
technological failure in  Gresik Regency,
Indonesia, especially in its industrial area, by
applying a quantitative method and spatial data.

2.1. Study area

Industrial development in Gresik Regency
began with the establishment of limited liability
company Semen Gresik in 1953 and PT Petro-
kimia Gresik in 1972. Today, Gresik Regency has
several strategic industrial areas, including metal
processing, electricity generator, and chemical
producing industries. Chemical industries are
highly susceptible to technological failures due to
the hazardous nature of their operational activities
[16]. The raw materials in chemical industries are
generally flammable and explosive. The industry
sector thrives both in the industrial and non-
industrial estates, with an area spanning 16% of
the entire Gresik Regency. Prevailing large
industrial estates include Gresik Industrial Area,
Java Integrated Industrial and Port Estate (JIIPE),
and Maspion Industrial Estate. The largest indus-
trial land used is in Manyar District (2,162 ha) and
Kebomas District (957 ha). Industrial areas are
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Fig. 1. Stages in mapping technological failure risks

also present in the southern and central parts of
Gresik Regency, such as Driyorejo District (745
ha), Menganti District (388 ha), and Wringinanom
District (318 ha).

2.2. Disaster risk analysis of technology failure

This study conducted a technology failure
disaster risk (R) analysis in which R (risk) = H
(hazard) x V (vulnerability) [14]. Primary and
secondary data were collected in this study, with
the village as the unit of analysis. The stages in
analyzing the risk of technological failures in
Gresik Regency are hazard assessment, vulne-
rability assessment and disaster risk assessment of
technological failures (Fig. 1).

The Hazard assessment of technological
failures employed the land use data based on the
municipal spatial plan (RTRW) of Gresik
Regency from 2019 to 2039, with results indi-
cating that hazards from technological failure
originate from the industrial area. The data were
then processed using the GIS software by mapping
the impact radius of potentially hazardous inci-
dents from industrial activities, producing a
hazard map of technological failures that catego-
rizes regions in the Gresik Regency into high,
moderate, and low levels. The radius of the high-
hazard area is 0-60 m from the point of origin (the
industrial area), while the radius of the moderate-
hazard area is 6-120 m from the point of origin,
and the radius of the low-hazard area is 120-270
m from the point of origin [17]. Predictions of
technological failure hazards ought to be assessed
based on the elementary materials used in indus-
tries. The elementary materials determine the
impacted area/radius of industrial failures [18].
Limited access to information on the types of

industrial activities during this research has made
it difficult to map the types of industrial activities.

Vulnerability assessment aims to identify the
reason(s) for people's decreased resilience due to
external factors that may threaten their safety,
livelihood, natural resources, infrastructures, eco-
nomic productivity, and welfare [19]. The aspects
of wvulnerability are (1) physical vulnerability
describes the estimated physical (infrastructure)
damage should a certain hazard occur; (2) econo-
mic vulnerability measures the loss or damage of
economic activities following a hazardous event;
and (3) social vulnerability is the susceptibility of
a given population to being impacted by a hazard-
ous event [20]. The vulnerability aspect is mea-
sured by combining the scoring and weighting of
indicators for each type of vulnerability. After the
three vulnerability types were identified, they
were overlaid using the sum-weighted overlay
analysis in the GIS software.

The disaster risk assessment of technological
failures combines the hazard and vulnerability
maps, which results in the technological disaster
risk map with low, moderate, and high-risk levels.

3. RESULTS AND DISCUSSION
3.1. The hazard assessment

Industrial development has positive and
negative impacts: 1) air, water, and soil pollution;
2) high rate of urbanization; 3) increased hazards
due to technological failures; 4) rampant traffic
congestion. Oversight/negligence in ensuring
safety design within the technology factories or
errors in operating the factory/technology are
common threats often left unaddressed [21].
Technological failure disasters can be divided into
three categories: industrial (chemical spill,
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Fig. 2. A land use map in Gresik regency

HAZARD MAP OF TECHNOLOGICAL FAILURE DISASTER IN GRESIK REGENCY

Fig. 3. A technological failure hazards map in Gresik regency
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collapse, explosion, fire, gas leak, poisoning,
radiation, and others), transport (air, rail, road, and
water), and miscellaneous accidents (fire, collap-
se, (fire, collapse, explosion, and others) [22].
However, this paper focuses on industries.

Some technical failures in Gresik Regency
occurred at the oil processing factory PT Primergy
Solution in 2011 at the Gresik Industrial Area
(KIG). In 2017 (in January—March), there were 41
accidents in the welding [23]; another case was an
inferno at the PT Petro Widada Gresik in 2004,
resulting in three casualties and 56 wounded;
another event was an explosion at one of the
factories along the Kapten Darmo Sugondo Road,
Gresik Regency, causing five deaths and two
factory workers injured [24]. Many technological
failures are due to activities related to hot work in
tanks, which may include welding, grinding,
burning, boiling, and others [25] that may inflict
fire and explosion. The industries proliferating in
Gresik Regency are mostly carrying out these hot
works.

The results of GlS-assisted hazard assess-
ment based on industrial land use data show that
all districts in Gresik Regency have at least one
region with a high-hazard level related to techno-
logical failures (Fig. 2). The industrial areas are
home to potential technological failure hazards
due to the majority of their production process
involving a hot work environment with flammable
industry products, such as toxic chemicals, metals,
lubricants and oil, paper, foods, and materials that
can ignite, causing fire or even setting off an
explosion. Four districts with the most hazard-
prone area are Manyar District (15 villages/-
2,587.9 ha), Driyorejo District (15 villages/-
1,259.4 ha), Kebomas District (21 villages/-
1,330.62 ha), and Menganti District (20 villa-
ges/762.46 ha). Ha [17] pointed out that areas
within a radius of 60 m from industrial areas that
may pose hazard risks may be significantly affect-
ed in the event a technological failure incident
inflicts casualties, injuries, and other direct, imme-
diate consequences; areas within 120 m radius
from the point of incident experience the impacts,
albeit indirectly, which may comprise post-
explosion gas odor, smoke, crowd surges follow-
ing explosion/fire.; areas within a radius of 270 m
perceive other indirect impacts, for instance,
environmental, air, water, and soil pollution.

Identifying the hazards of technological
failures indicate that the locations of all explosion

incidents in Gresik Regency in 2004 (PT Petro
Widada in Manyar District), in 2011 (PT Primergy
Solution in Gresik District), and in 2021 (a factory
along the Kapten Darmo Sugondo Road, Gresik
District) are classified into high-hazard zones
(Fig. 3). Deaths and injuries occur in the high-
hazard zone, i.e., within the 60-m radius. Fig. 3
also shows that technological failure hazards are
scattered along the main road networks of the
Gresik Regency. The reason is that networks of
arterial and primary collector roads of both
national-and provincial-scale road status have
underpinned the development of industrial areas.
It suggests that technological failures in Gresik
Regency can potentially incapacitate access to the
main roads due to static outbursts from the
production processes and the transportation of
vehicles carrying goods and production outputs.
There certainly are hazards due to technological
failure along the roads neighbouring the industrial
areas in Gresik Regency. Still, there have been no
incidents involving the mobilization of industrial
goods. The mobilization of flammable and hazard-
ous materials from and to the industrial areas will
pass through the distribution channels, potentially
inducing explosions along its path if incidents
arise. As a result, company HSE units should take
heed not only of the industrial area itself and a
small fraction of its surroundings but also give
more thought to what is beyond, including along
the mobilization process of the company's goods
and production outputs.

3.2. Vulnerability assessment
3.2.1. Physical vulnerability

Studies on physical vulnerability include
three main parameters: the number of houses,
public facilities, and critical facilities. The number
of house parameter identify houses that can
potentially experience damage and losses in a
disaster-prone area. Public facilities are service-
providing public buildings that are likely to be
damaged. At the very least, the public facility
parameter requires data on education and health
facilities [4]. This study defines critical facilities
as buildings having essential (critical) roles that
may suffer from damage in times of crisis or
disaster. According to the Indonesian National
Board for Disaster Management (BNPB), critical
facilities consist of airports, harbours, and electri-
cal networks. Gresik Regency does not have an
airport, and the critical facility parameter is only
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harbours and electrical networks, which, in this
case, are electrical substations.

The physical vulnerability level assessed in
Gresik Regency mostly comprises low physical
vulnerability due to the number of houses, public
facilities, and critical facilities spread in each
village being categorized as having low vulne-
rability (a score of 0.33-0.44) (Table 1). High vul-
nerability (a score of 0.8) can be seen in Sembayat
Village and Tebalo Village in Manyar District.
The reason is that Manyar District is located in the
urban areas of Gresik Regency (Presidential
Regulation 80/2019 and Government Regulation
13/2017), focusing on developing industrial acti-
vities, residential areas, government, and service
and trade. Consequently, it is no surprise that
Sembayat and Tebalo Village are characterized by
dense residential areas with relatively more abun-
dant public facilities than other villages.

3.2.2. Social vulnerability

Studies on social vulnerability in this study
employed four parameters: population density,
sex ratio (female), age ratio (toddler and elderly
population), and poverty headcount ratio. Popula-
tion density indicates the number of people living
in a given district; the higher the density is, the
more likely the people will be exposed [25]. The
sex ratio (female) contributes to vulnerability
because women in Indonesia generally stay at
home; therefore, the chance of exposure is higher
if a technological failure occurs. The age factor in
this study reflects that the older people and toddler
population have less capacity to keep themselves
safe from danger, resulting in lower odds of
survival than the remaining cohorts when disasters
strike [19], [20]. Meanwhile, people living in
poverty are considered vulnerable due to requiring
more efforts to adapt and a longer time to recover
from disasters because of their lack of access to
financial aid.

Based on the four social vulnerability para-
meters analysis, a social vulnerability level
mapping can then be produced (Table 1). The
majority of Gresik Regency shows moderate
social vulnerability, though several villages in
several districts show high social vulnerability
(with a score > 0.66). The districts in question are
Balongpanggang District, Benjeng District,
Bungah District, Cerme District, Driyorejo
District, Dukun District, Gresik District, Kebomas
District, Kedamean District, Menganti District,
Sidayu District, Wringinanom District. The

villages in Gresik District have also displayed
high social vulnerability (with a score of 0.82) due
to a higher population density than those in other
districts. Another reason is that Gresik District is
the urban administrative center of Gresik Regency
in which the center of residential, government,
trade, service, and industrial activities take place.

3.2.3. Economic vulnerability

Economic vulnerability calculation looks at a
region's GDP through the availability of
productive land area, including agriculture,
fisheries, industry, mining and trade/services. The
land area is assumed that the higher the availa-
bility, the higher the contribution to GDP. This
assumption refers to the technical guidelines for
calculating economic vulnerability issued by
Indonesian National Board for Disaster Mana-
gement (BNPB). GDP cannot refer to secondary
data from the Central Statistics Agency (BPS)
because the unit of analysis in this study uses
villages, while GDP in the secondary data has the
smallest scope only at the sub-district level. This
vulnerability was measured on productive lands
because the damage inflicted by technological
disasters through toxic or hazardous refuse may
result in the loss of livelihood, affecting income,
both individual and, consequently, regional.

The average economic vulnerability of
Gresik Regency belongs to the moderate level
(0.34-0.66) based on the score of the villages in
each district (Table 1). Villages with moderate
economic vulnerability can be found in Balong-
panggang District, Benjeng District, Bungah
District, Driyorejo District, Duduk Sampean
District, Dukun District, Gresik District, Kebomas
District, Manyar District, Menganti District,
Panceng District, Sangkapura District, Sidayu
District, Tambak District, Ujungpangkah District,
and Wringinanom District. High economic
vulnerability is mostly in the Kedamean District,
comprising Banyuurip Village, Lampah Village,
Mojowuku Village, Sermenlerek Village, and
Sidoraharjo Village because more than 70% of
their area is productive land (farmlands, orchards,
fisheries, and livestock operations), which are
highly prone to pollutions from the impacts of
technological failures, while also having a GDP
score of > 0.6. It indicates that having advanta-
geous economic potentials and facilities, in this
case, poses some conundrums, as this may
potentially lead to a much greater disadvantage
than other less-developed areas [26]. Therefore,
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Table 1. The average village vulnerability score for each district

Districts Physicr_:ll_ Econorr]ip Socia[ . Area. . Level of area
vulnerability vulnerability vulnerability wvulnerability wvulnerability
Balongpanggang 0.34 0.60 0.70 0.57 Moderate
Benjeng 0.34 0.59 0.73 0.58 Moderate
Bunga 0.35 0.61 0.64 0.55 Moderate
Cerme 0.35 0.68 0.72 0.60 High
Driyorejo 0.42 0.44 0.77 0.58 Moderate
Duduk Sampean 0.33 0.62 0.62 0.54 Moderate
Dukun 0.34 0.63 0.74 0.60 High
Gresik 0.38 0.39 0.82 0.57 Moderate
Kebomas 0.40 0.45 0.76 0.57 Moderate
Kedamean 0.35 0.67 0.68 0.59 Moderate
Manyar 0.42 0.58 0.66 0.57 Moderate
Menganti 0.40 0.48 0.78 0.59 Moderate
Panceng 0.37 0.65 0.62 0.56 Moderate
Sangkapura 0.36 0.46 0.51 0.46 Low
Sidayu 0.34 0.55 0.68 0.55 Moderate
Tambak 0.36 0.49 0.50 0.46 Low
Ujung Pangkah 0.38 0.61 0.55 0.52 Moderate
Wringinanom 0.36 0.47 0.72 0.55 Moderate
Average 0.36 0.56 0.69 0.56 Moderate
enhancing the capacities of stakeholders using of disaster, including technological failures,

spatial planning is important to reduce disaster
risk, avoid technological failure and protect
productive land around industrial areas.

3.2.4. Gresik regency’s vulnerability

The process of overlaying each village's
physical, social, and economic vulnerability levels
produces the overall vulnerability level (Fig. 4).
This study took Indonesian National Disaster
Management Board (BNPB) as a reference for
calculating vulnerability level and weighting each
aspect of vulnerability: 40% for social vulnera-
bility, 30% for physical vulnerability, and 30% for
economic vulnerability. Based on the calculations
made on area vulnerability (Table 1), the vulnera-
bility of the villages in each district in Gresik
Regency, on average, is moderate level (a score of
0.5-0.6). Meanwhile, areas affected by technolo-
gical failures have a low vulnerability level. The
most vulnerable (a score of 0.60) area is the Dukun
District due to its high social vulnerability (a score
of 0.77). Some underlying factors causing this are
the high sex ratio and poverty headcount ratio.

The analysis results indicate that areas with
high vulnerability are commonly found in villages
with a high number of people living in poverty.
Analogous to the previous study results, in times

people experience a decline in their income. At the
same time, the poverty level increases [27], [28].
Financial aid is undoubtedly vital during these
challenging times to allow impacted people to
recover. In other words, affected by the reper-
cussions of some technological disasters, poverty-
stricken residents will only grow destitute and will
require even more time to recover due to the lack
of access to investments or assets, i.e., a higher
poverty headcount ratio will exacerbate the
impacts of a disaster. Therefore, the government
needs to bridge the gap so that the people around
the industrial area can increase their economic
level, for example, by providing business skills,
directing the company's Corporate Social Respon-
sibility (CSR) program to increase the economic
standard of the community, and providing socio-
economic guarantees for the impact of the dangers
of technological failure (insurance).

High vulnerability can be seen in villages
with a higher proportion of women than men.
High vulnerability takes place in areas with higher
female populations [29]. Women in Indonesia,
especially in Gresik, tend to spend more time at
home than other house residents because they take
care of their children and perform household
duties [30]. Therefore, efforts to mitigate disaster
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VULNERABILITY MAP OF TECHNOLOGICAL FAILURE DISASTER IN GRESIK REGENCY

LAMONGAN
REGENCY

PPPPP

|~ KEDAMEAN,
&R

at
WS = P
J

MOJOKERTO e i ey
e s,
REGENCY Y hraivaow

7 BRIYOR

o,

25 REGENCY |

LEGEND:

County Boundary

-+ —  District Boundary
Village Boundary

1 Toll Road

e==m Arteri Road
Collector Road
Local Road

=—w  Railroad

River

Vulnerability

Il Low
Moderate

. High

BANGKALAN
REGENCY

......

’ Yt}

Ll
_.Fq
)
e

-

Z+*" SIDOARJO

Fig. 4. A vulnerability map of Gresik regency

risks need to be implemented by empowering
women and ensuring their education so that they
will have the capacity to deal with and minimize
the adverse impacts arising from the industries
near them. In addition, educating women is an
efficient way to educate society because women
will pass on their knowledge to other family
members, especially their children. That can be
done by socializing the dangers of disasters that
threaten the location of their settlements (inclu-
ding the danger of technological failure from
industrial activities), disaster evacuation rehearsal
training, including socialization of emergency
assembly points and evacuation points, and it is
necessary to make efforts to improve the standard
of living of families through creative home
business training to reduce economic vulnera-
bility, That steps can be carried out with synergy
between the government and industrial actors
through Corporate Social Responsibility (CSR)
programs.

3.3. Disaster risks

According to the technological failures risk
map (Fig. 5), most villages in Gresik Regency
have a low technological-failure risk despite some
demonstrating moderate and high risk. This study
measured the area of each risk category in Gresik
Regency, which comprises low risk (8,238.39 ha),
moderate risk (7,968.63), and high risk (617.70
ha). A high-risk level of technological failure di-
saster can be observed in villages (Table 2). This
high risk is primarily caused by the many indus-
trial areas in these districts' villages, along with
their accompanying physical, social, and econo-
mic vulnerability.

Almost all villages with a high-hazard level
show a moderate-risk level. The reason is that
most villages neighbouring the industrial areas
have a low vulnerability level. In line with
previous research [14], the lower the vulnerability,
the lower the disaster risk of an area, and vice
versa, and it is remarked that areas with low
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vulnerability face no risk at all from technological
failures. In this study, even for the areas with low
vulnerability, the classification of disaster risk still
depends on the hazard level. Areas with low
vulnerability may experience low and even high
risk, depending on the hazards that may arise [5],
[19], i.e., an area with low vulnerability with a
high-hazard level will still have a high-risk level.
Some of the examples are Ngimboh Village,
Banyuurip Village, Sembayat Village, Manyarejo

Village, Banyuwangi Village, Sukomulyo Villa-
ge, Pongahan Village, and Peganden Village in
Manyar District, all of which have a low vulnera-
bility but indicate a moderate- to high-risk level.
High-risk villages are observed in Dukun
District, Balongpanggang District, Duduk Sampe-
yan District, Kedamean District, and Banjeng
District (Table 2 and Fig. 5). High-risk villages
have moderate-to-high hazard and moderate-to-
high vulnerability levels—the number of high-risk

Table 2. Areas at risk for technological failure disaster for each district in Gresik regency

Districts Area of low risk (ha) Area of moderate risk (ha) Area of high risk (ha)
Balongpanggang 261.07 125.20 63.74
Benjeng 527.00 161.78 132.64
Bungah 104.06 45.39 7.13
Cerme 612.70 195.50 108.60
Driyorejo 1,040.19 1,259.41 0
Duduk Sampean 357.04 90.10 97.65
Dukun 167.81 81.83 22.05
Gresik 224.49 346.56 1.88
Kebomas 838.96 1,271.62 61.46
Kedamean 262.11 128.47 42.51
Manyar 1,149.51 2,588.28 0.11
Menganti 1,308.99 762.46 0
Panceng 288.27 137.46 48.42
Sidayu 364.59 169.44 31.52
Ujung Pangkah 154.72 63.58 0
Wringinanom 576.89 541.57 0
Total 8,238.39 7,968.63 617.70

Table 3. The average area of villages facing technological failure disaster risks in each district of
Gresik regency

Average of Villages' Area to Their District

Average area (ha)

Low Moderate High
Balongpanggang District 17.40 10.43 9.11
Benjeng District 25.10 12.44 16.58
Bungah District 8.67 5.04 1.78
Cerme District 18.57 9.77 12.07
Driyorejo District 34.67 83.96 0
Duduk Sampeyan District 18.79 8.19 19.53
Dukun District 13.98 11.69 4.41
Gresik District 6.24 20.39 1.88
Kebomas District 22.08 63.58 30.73
Kedamean District 37.44 32.12 14.17
Manyar District 39.64 172.55 0.11
Menganti District 32.72 38.12 0
Panceng District 20.59 2291 48.42
Sidayu District 17.36 18.83 10.51
Ujung Pangkah District 17.19 12.72 0
Wringinanom District 32.05 60.17 0
The average for the entire regency 23.27 41.50 12.61
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RISK MAP OF TECHNOLOGICAL FAILURE DISASTER IN GRESIK REGENCY
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Fig. 5. A technological failure disaster risk map in Gresik regency

villages in 43 villages. Table 3 illustrates that only
the villages in Dukun District and Ngasin Village
in Balongpanggang District have a high vulnera-
bility, thus, high risk, which requires efforts to
alleviate their vulnerability, particularly social and
economic vulnerability. Companies and the
government must ensure synergy in education and
assistance to improve the people's economy in
those villages and reduce disaster risk.

PT Petro Widada (Roomo Village, Manyar
District), PT Primergy Solution (Tlogopojok
Village, Gresik District), and the industrial area
along the Kapten Darmo Sugondo Road
(Sidorukun District, Gresik District) once exper-
ienced technological failures in the past in 2004,
2011, and 2021, respectively, and have moderate
risk level. It means that the industrial activities
taking place at an industrial estate, i.e., factories
along the Kapten Darmo Sugondo Road, PT
Primergy Solution, and PT Petro Widada that is
located at the Gresik Industrial Area (KIG),
despite posing a high hazard, have a moderate-risk
level. In contrast, areas beyond the 60-m radius of
these factories have a low-risk level. The explo-
sion incidents in 2004, 2011, and 2021 only had a
direct impact within a radius of 60 m from the

explosion source, which left the people living near
the area mostly unharmed. It serves as a reminder
that industrial activities should only occur in areas
designated for those activities, i.e., industrial
areas. Industrial activities should not be close to
residential areas, such as those around the villages
in Cerme District, Benjeng District, Panceng
District, and Balongpanggang District, at high
risk. To assign these activities only in areas
appropriate for such cases will minimize risks of
technological failure impacts because industrial
areas impose certain standards to reduce work-
place risks, such as delegating a specific function
to each block to separate high-hazard levels from
the moderate- and low-hazard levels; providing
hydrants that are following the calculations made
based on the standard of hydrants needed in an
industrial area; accommodating integrated waste-
water processing installations within an area to
mitigate spillover effect of technological failures;
ensuring the availability of a medical facility in the
area for any possible workplace accidents that
may need further care than the one provided in
factories; and integrating the firefighter system in
the planned industrial area with the already
available regional- or municipal-scale system.

d | http://dx.doi.org/10.30656/jsmi.v7i1.4673

39


http://dx.doi.org/10.30656/jsmi.v7i1.4673

Jurnal Sistem dan Manajemen Industri Vol 7 No 1 June 2023, 30-42

4., CONCLUSION

The research aims to develop a mapping of
technological failure risk in Gresik Regency,
which consists of industrial areas operating in an
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