ISSN 2720-3581

&

YYYYYYP

i

UR
NA

OF GEOTECHNOLOGY

AND ENERGY

FORMERLY AGH DRILLING, OIL, GAS

2022, vol. 39, no. 3



ISSN 2720-3581

4

(\YXXXIXYYY7)

NAL

OF GEOTECHNOLOGY

AND ENERGY

FORMERLY AGH DRILLING, OIL, GAS

2022, vol. 39, no. 3

\
/

b

% WYDAWNIAWA AGH ~ HKRAKOW 2022

V
%



The “Journal of Geotechnology and Energy” (formerly “AGH Drilling, Oil, Gas”) is a quarterly published by the Faculty
of Drilling, Oil and Gas at the AGH University of Science and Technology, Krakow, Poland. Journal is an interdiscipli-
nary, international, peer-reviewed, and open access. The articles published in JGE have been given a favorable opinion
by the reviewers designated by the editorial board.

Editorial Team

Editor-in-chief
Dariusz Knez, AGH University of Science and Technology, Poland

Co-editors

Szymon Kuczynski
Malgorzata Maria Formela
Karol Dabrowski
Katarzyna Chruszcz-Lipska
Rafal Matuta

Stawomir Wysocki

Editorial Board

Rafal Wisniowski
Danuta Bielewicz
Stanistaw Dubiel
Andrzej Gonet

Maciej Kaliski
Stanistaw Nagy
Stanistaw Rychlicki
Jakub Siemek

Jerzy Stopa

Kazimierz Twardowski

Publisher
AGH University Press

Linguistic corrector: Aeddan Shaw
Technical editor: Kamila Zimnicka
Desktop publishing: Munda
Cover design: Pawet Sepielak

© Wydawnictwa AGH, Krakow 2022
Creative Commons CC-BY 4.0 License
ISSN: 2720-3581

DOIL: https://doi.org/10.7494/jge

Journal website: https://journals.agh.edu.pl/jge

Wydawnictwa AGH (AGH University Press)
al. A. Mickiewicza 30, 30-059 Krakéw

tel. 12 617 32 28,12 636 40 38

e-mail: redakcja@wydawnictwoagh.pl
www.wydawnictwo.agh.edu.pl



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.7494/jge
https://journals.agh.edu.pl/jge
mailto:redakcja@wydawnictwoagh.pl
http://www.wydawnictwo.agh.edu.pl

CONTENTS

Fatemeh Sadat Ghasemi, Alireza Kazemian Talkhooncheh, Mohammad Reza Miri Lavasani
An evaluation of the effectiveness of anomalous systems in gas subsidiaries
(a case study of the Alborz Gas Company)






) Journal of Geotechnology and Energy | vol. 39 | no.3 | 2022 | pp.5-16

Date of submission:
24.09.2022

Date of acceptance:
3.10.2022

Date of publication:
29.10.2022

© 2022 Authors. This is an
open access publication, which
can be used, distributed, and
reproduced in any medium
according to the Creative
Commons CC-BY 4.0 License

https:/journals.agh.edu.pl/jge

https:/doi.org/10.7494/jge.2022.39.3.5

Fatemeh Sadat Ghasemi Mohammad Reza Miri Lavasani

Science and Research Branch, Islamic Azad
University, Tehran, Iran
ORCID 0000-0001-9298-2723

Department of HSE Management, Science and
Research Branch, Islamic Azad University, Tehran, Iran
ORCID 0000-0003-2780-7958

Alireza Kazemian Talkhooncheh

Department of Industrial Engineering,
Science and Arts University, Yazd, Iran
ORCID 0000-0001-5580-0898

AN EVALUATION OF THE EFFECTIVENESS
OF ANOMALOUS SYSTEMS

IN GAS SUBSIDIARIES

(A CASE STUDY OF

THE ALBORZ GAS COMPANY)

Abstract: An anomaly is an unsafe condition or action that has the potential to cause an accident.
These conditions, or unsafe practices in gas companies, play a very important role in the occurrence
of gas leaks and fires. Any unsafe acts can lead to unpleasant incidents for citizens, their homes, and
property. This study aims to increase the effectiveness of anomalous systems in the gas subsidiaries
of Alborz province. To conduct this study, the Tripod Beta technique was used to draw a diagram of
the analysis of gas accidents in homes in the Alborz province, and the hierarchical analysis method
was used to assess the risk of injuries, casualties, and unintentional house fires. In the first stage,
information on gas leaks, and fires were collected by reviewing the documents related to the winter
events of 2020. Then the sum of the mentioned conditions was studied as a hypothetical model. In
the second step, the mentioned model was analyzed using the Tripod Beta method, and the causes
of the accidents were determined by the capability of the study method. The obstacles studied were
technical safety regulations, and the creation of a safe environment. The primary reason attached to
the technical safety regulations was the lack of proper understanding of valve openings and closing
signs. Another immediate reason for the need to create a safe environment was the lack of safety
equipment. The precondition for not understanding the open and closed sign of the valve, lack of
sufficient knowledge, and the precondition for not using safety equipment, buying unsafe equipment,
and the hidden reason for the lack of sufficient knowledge, lack of training, and the hidden reason
for buying unsafe equipment, was the poor economic situation. The results of this study indicated
that fire-related conditions are of the utmost importance in assessing the risk of unintentional house
fires. Failure to pay attention to safety points while using gas-related equipment, the poor condition
of the building, and more male residents have the most anomalies in causing gas company accidents.

Keywords: anomaly, urban gas accidents, tripod beta, AHP, effectiveness
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1. Introduction

One of the most important sources of energy is natu-
ral gas [1, 2]. This energy source, if misused, can pose
a significant risk to society. Risk management helps
maintain the operational safety of the gas network [3].
Fire is one of the disasters that can be fatal to people,
and infrastructure is destroyed due to its severity, and
delays in rescue [4]. Many people have an attitude that
fire does not happen to them [5, 6], and therefore do
not worry about fire safety in their homes. Preparing
for a fire with an alarm can make people less likely to
think that their family will be harmed by the fire, or
that a house fire is a serious problem [6, 7]. People gen-
erally underestimate the risk of fire, and have a high-
er risk perception in buildings that are not their own
homes, even if the risk of injury, or death is higher in
their own homes. People often underestimate the risk
of fire because they do not know that smoke, not heat,
causes 90-95% of deaths [6]. Accidental house fires
usually start in areas of the house where people spend
most of their time. Most of the cause of the fire is relat-
ed to the activities of the residents. Smoking is the most
common cause of fire [8]. Investigating fire incidents
has always been difficult due to the complexities of the
occurrence, and development of fires, and the non-re-
currence of similar fire incidents [9]. The causes of
anomalies in gas systems have been investigated in var-
ious studies. Wang et al. [10] used Bayesian networks
as a tool to detect anomalies in sensor gas monitoring
networks in underground coal mines. Based on their
study, the Bayesian network model can learn the cycli-
cal baselines for gas concentrations, thus reducing false
alarms. They showed that the system could learn the
relationships between concentration changes in sev-
eral gases and at different locations. They defined and
identified new varieties of events that would occur in
an exceeding sensor network. Supported by the results,
the proposed Bayesian approach will be able to detect
spatio-temporal anomalies for a large range of sensor
networks. In the research of Akouemo and Povinelli
[11], they introduced a possible approach for detect-
ing anomalies, especially in fossil fuel statistical data.
Within the fossil fuel field there are different types of
anomalies, each of which occurs for various reasons
from varyingsources. Supported by statistical data that
had not been seen before, the system detects anomalies
by employing a linear regression model with weather
inputs. This method can even detect anomalies of an
unknown origin. Thus, the likelihood of an information
point being anomalous for anomalies of both known
and unknown origin is featured. This method was
employed to detect possible abnormalities in a report-
ed fossil fuel consumption data set. Bai et al. [12] pro-
posed a brandnew method for detecting abnormalities

using standard datasupported by nonlinear autoregres-
sion with the network of exogenous inputs andcom-
bining it with previous knowledge. In their research,
the concept of extracting a traditional turbine model
was proposed for the first time. They extracted the fea-
ture without changing the conventional pattern from
normal historical data andused its changes to detect
the anomaly. Experiments on real data showed that the
proposed method achieved a 99.96% detection accura-
cy for error data, and a 98.67% detection accuracy for
ordinary data. Baldacci et al. [13] conducted a study on
the predictions of gas consumption to diagnose abnor-
malities. Their results clearly showed that the predic-
tion techniques used supported the room operators in
detecting abnormal consumption. The prediction is
that the beginning of creating a whole expert system
that makes it easier for advanced operators to interpret
gas network behavior, and suggests less skilled people
react correctly in the event of bizarre events. An anom-
aly means an anomaly. Since various anomalies with
the use of gas in homes cause fires and explosions, and
these accidents cause great loss of life and property for
residents, it is necessary during this study to analyze
the effectiveness of anomalous systems in gas subsid-
iaries.

2. Method section

In this section, first, the research variables are intro-
duced before the research method is described. This
research is descriptive, and the present research is
applied. The Tripod Beta method is used to analyze
events, and the Analytic Hierarchy Process (AHP) tech-
nique is used to measure the effectiveness of anomalous
systems for each criterion. All incidents of the Alborz
gas distribution network constitute the statistical pop-
ulation of this research. The variables studied in this
study include risk factors for unintentional house fires,
and risk factors for injuries/casualties of unintentional
house fires.

2.1. Definition of variables
and Tripod Beta technique

Table 1 shows the research variables.

The Tripod Beta analysis method springs from the
Tripod method, which successively relies on the Swiss
cheese model [15, 16]. This model, developed by Reason
in 1990, shows that an accident occurs as a result of a mix
of errors, and negligence at different levels of the organi-
zation. This model is named cheese because it shows the
failure as a hole within the slices of Swiss cheese.
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Table 1. Important parameters of risk of unintentional house fires, injuries, and deaths [14, 15]

Grouping Risk factors. f(.)r gnintent.i(?nal house fire Symbol Risk factors for .un.intentional house fire Symbol
injuries/fatalities incidents

Resident Families with more people under 5 yearsold | AA | Families with more people under 5 years old A

characteristics | Families with more people over 65 years old BB | Families with more people under 15 years old B
More residents CC | Families with more people under 18 years old C
More male residents DD | More residents D
Families with highly vulnerable people* EE | More male residents E
People with disabilities FF Fewer residents over 65 (families with people F

over 65 are associated with reduced risk)

Lonely people GG | Low-income, or low-value assets G
Low-income, or low-value assets HH | Families with unemployed people H
Families with unemployed people I -

Resident Smoking 1 Smoking 1

behaviors Alcohol, or drug abuse KK | Not paying attention to safety points when 111

using gas-related devices

No warning when smoking MM -

Property Small apartments, and houses NN | Apartments, and other buildings compared ]

characteristics to single-family homes
Rental property, owned by the municipality, OO | Rental property, owned by the municipality, K
and other, organizations and other, organizations
Old property (over 19 years) PP | Building in poor condition M
Demolished buildings and buildings that QQ - -
are in a state of disrepair

Fire-related No possible helper** RR - -

circumstances | Flames in the living room SS - -
Flames in the bedroom TT - -
Flames at night 949) - -
Flames on the weekend \a% - -
Flames in the winter months wWw - -
The person was alone when the fire started XX - -
The person was asleep when the fire started YY - -
The person was in the burning room when 77 - -
the fire started
Combustion source: a heating device AAA - -
Drugs BBB - -
Combustibility very close to heat CCC - -
Human behavior DDD - -

* Defined as a person under 5 years of age, older than 64 years, with a cognitive or physical disability, or a disorder due to alcohol

and/or drug use during a fire event.

** Defined as a person between 5 and 64 years old, without a cognitive or physical disability, and the use of alcohol and/or drugs

when a fire breaks out.

A number of these factors include failures in human activ-
ities within the workplace, and other failures associated
with organizational management factors. Organization-
al failures are the most frequent causes of accidents that
remain hidden within the system for a protracted time.
These hidden factors are always related to technical, and
human errors that play a role in the occurrence of an acci-
dent [15, 16]. In this model, several layers of barriers are
designed to reduce or prevent errors. This model is anal-
ogous to system layers, in each of which some holes indi-

cate a security defect. Having a hole in one layer may cause
an accident because the opposite layer acts as a protector.
Conversely, if the holes in each layer are aligned, a mistake
occurs that indicates that there are not any obstacles to
forestall the error occurrence. In keeping with this model,
the causes of the accident are classified into four levels [16]:

1) organizational effects,

2) unsafe monitoring,

3) preconditions for unsafe actions,

4) unsafe actions.
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2.2. Analytic Hierarchy Process

One of the multi-criteria decision-making methods
is the hierarchical analysis process which is done to
weighing the criteria and selecting the optimal option.
The AHP method stands for the Analytical Hierarchy
process. This method was introduced by Thomas Saa-
ti in 1983. The purpose of this method is to prioritize
criteria or options. Once the goal has been identi-
fied, criteria for decision-making must be identified.
These criteria are compared, and their weight is deter-
mined. Finally, the options are paired with each other

based on each criterion, and the final priority of the
options is determined.

3. Results

This research was conducted in the area covered by Alborz
Gas Company. In the first stage, information on gas leaks
and fires were collected by reviewing the documents relat-
ed to the winter events of 2020. Table 2 shows the charac-
teristics of gas emission accidents in Alborz province.

Table 2. Accidents caused by gas emissions in Alborz province

Acci Date of
ceident . a.te N Cause of the accident The amount of damage Description of the incident

ID incident

1 29.02.2020 | Gas leak Financial At 11:20 am, a joint phone call was sent

to the rescue unit. At 11:20 am, the res-

cue unit was sent to the scene. After in-

vestigating the cause of the fire, there was

a gas leak, and the shared gas was cut off

2 7.03.2020 | Fire Financial No information was provided to the gas

department at the time of the accident,
and only the accident report has been
completed based on the fire station report

Unintentional - due to a city
gas leak

3 22.02.2020 | Fire, and internal leakage Financial: A residential house | Upon announcing the fire, they imme-
caught fire diately went to the scene and found that
Injured or poisoned: An in- | the house was on fire. The gas valve was
jured person was rushed to | closed, the regulator was opened, and
the hospital. the fire was extinguished by the fire bri-
gade. The subscriber guided them to the
engineering system
4 13.02.2020 | Gas poisoning One death According to the announcement of the
194 system, a case gas leak was reported
to the relief unit at 9:33 PM. The rescue
workers immediately went to the scene,
cut off the gas, and were referred to the
engineering system
5 24.01.2020 | Fire Financial At the time of the accident, no contact
was made with the gas department
[ 15.02.2020 | Fire Financial According to the available evidence, and

technical studies, the fire was done unin-
tentionally due to the non-observance of
safety standards in city gas, and related
equipment, branches, connections, and
patches. Also, because of the improper
installation of the H-chimney, which
is connected to the water heater in the
kitchen, the pilot of the water heater was
turned off due to the wind, and has led
to the gradual leakage of city gas, which
with the accumulation of gas in the place,
and its saturation in the environment af-
ter reaching the pilot of the heater, which
is on, has caused combustion, and start-
ed the fire, and directed it to the neigh-
borhood, and other parts, and kitchen
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Table 2. cont.

7 24.01.2020 | Gas leak from the water heat- | Civil, mechanical, or electri- | The accident caused damage to civil
er pilot due to not installing a | cal installations, furniture, or | engineering, mechanical, or electrical
suitable chimney property installations, furniture, and property.

The damage is due to the occurrence of
a city gas leak and reaching the naked
flame of a gas heater

8 9.02.2020 | Fire Financial The fire in the two-floor residential

house was extinguished by the fire bri-
gade, the common gas was cut off, and
the subscriber was guided

9 7.02.2020 | Residential unit explosion Unfortunately, a 22-year-old | On 7.02.2020, at 15:35, to the fire de-

woman lost her life due to a gas | partment, and municipal safety services
leak, and an explosion. Demo-

lition of walls, doors, and win-

dows of the building, and burn-

ing of its accessories such as sofa,

sound system, curtains, carpets,

refrigerator, and some beds,

mirrors, and candlesticks, etc.

10 7.02.2020 | Fire, and explosion Financial loss According to the owner, the accident
Loss of life: 1 person, death of | occurred on 07.02.2020, but the gas de-
a 22-year-old woman partment was not informed. The scene

was visited, and the water heater on the
wall, and the building caught fire. The
gas was cut off from the regulator

11 27.01.2020 | Fire, and explosion Financial No information was provided to the gas

department at the time of the accident

12 21.01.2020 | Fire G4 meter opened. The fire broke out a

h few days ago, and the fire was controlled

13 16.01.2020 | Fire Financial
The whole house was on fire N

14 16.01.2020 | The fire was caused by a gas | The building was destroyed. | On Thursday, 16.01.2020, at 12:02 PM,
heater inside the living room. | Carpet, sofa, TV, curtains, | during a telephone call with the fire de-

bedding, vacuum cleaner, | partment, and safety services of the new
ironing board, cabinet, shoe | city municipality regarding a residential
rack, wall clock, and panel fire, a firefighting team was immediately
dispatched to the scene. They extinguished
the fire using two water pipe straps, and
two capsules of gas powder and returned to
the station at 12:50 after securing the place

15 7.12.2019 | Explosion Financial loss After a face-to-face visit and the rescue

Loss of life: Death of one per- | team arrived at the scene due to the blast

son wave (according to the fire department re-
port), which led to cracks in the wall of the
building, and its collapse, and according to
the forensic report, it resulted in the death
of the family child (due to severe burns)

16 11.09.2019 | —Not using gas appliances | Life loss: three people were in- | Explosion incident of phase 4 of the

equipped with thermocouples,
and gas flow circuit breakers

—Non-observance of gas safe-
ty principles by the consum-
er subscriber

—Illegal, and unsafe use of nat-
ural gas sharing, and endan-
gering the lives, and proper-
ty of building occupants

jured by burns (one tenant of
the relevant unit)

Financial loss: The destruc-
tion of the property that was
the site of the explosion, and
caused damage to six adjacent
residential units in the same
block. In the opposite block,
an explosion wave broke the
glass of several units.

new Hashtgerd
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Accident | Date of

f th i
D incident Cause of the accident

The amount of damage

Description of the incident

leave the residential unit

connections on gas outlets

16 cont. | 11.09.2019 | —Uncertainty about the closing | A car parked at the bottom of
of the gas inlet valve of the | the park building was dam-
building before the residents | aged due to the throwing of
building materials due to the
—Lack of gas valve handle on the | intensity of the blast wave.

connections with valve, and | Social consequences: creating

the existence of unauthorized | panic due to the dimensions
of the accident

3.1. Tripod Beta analysis results

Then, the sum of the mentioned conditions was studied
as a hypothetical model. In the second step, the men-
tioned model was analyzed using the Tripod Beta meth-
od, and the causes of the accident were determined by
the capability of the study method. Figure 1 shows the
diagram of Tripod beta analysis in the analysis of gas
accidents in homes of Alborz province in winter 2020.
Obstacles studied are technical safety regulations and
the creation of a safe environment. The primary reason
attached to the technical safety regulations is the lack of
proper understanding of whether the sign of the valve
is open or closed. Also, the primary reason for creating
a safe environment is not using safety devices. The pre-
condition for not understanding the open and closed
sign of the valve was a lack of sufficient knowledge, and
the precondition for not using safety devices was hav-
ing bought unsafe equipment. The hidden reason for
the lack of sufficient knowledge was a lack of education,

No gas valve
handle on valve
connections

Home residents,
Neighbors

and the hidden reason for buying unsafe equipment
was a poor economic situation.

3.2. Hierarchical analysis of
effective factors
in the effectiveness of
anomalous systems

3.2.1. Risk assessment of
unintentional house fires

According to Figure 2, fire conditions are of the utmost
importance in assessing the risk of unintentional house
fires. Failure to pay attention to safety points while using
gas-related equipment, poor condition of the building,
and more male residents have the most anomalies in
causing gas company accidents.

Do not use gas
appliances equipped
' with thermocouples '
and gas flow
circuit breakers

Non-observance
of gas safety l
principles by the
consumer

: = subscriber
\ [ 2 No gas valve '
. . handle on valve
Technical Creating a safe connections

safety regulations environment

Illegal and unsafe
use of natural
gas sharing and

Lack of training

TR Training

Lack of
sufficient
knowledge

Lack od proper

understanding
of the open and
closed valve sign

endangering the
lives and property of
building occupants

Uncertainty of
closing the gas
valve of the

Unfavorable
economic
situation

Buy unsafe
equipments

Failure to use
safe equipment

building entrance
before leaving the
residential unit
by residents

HW Hardware

Fig. 1. Diagram of tripod beta analysis in the analysis of gas accidents in homes of Alborz province in winter 2020
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Sub-criteria related to the criteria of resident char-
acteristics include families with more people under 5
years old, families with more people under 15 years old,
families with more people under 18 years old, more resi-
dents, more male residents, Fewer residents over the age
of 65 (families with people over 65 are associated with
reduced risk), Low-income, or low-value assets, and
families with the unemployed. According to Figure 3, the
sub-criterion of more male residents in homes exposed
to gas accidents is most important in the effectiveness of
anomalous systems. Low-income, or low-value assets,
fewer residents over 65 (families over 65 are associat-
ed with reduced risk), and families with more than 15
under are next in line with the importance of the effects
of anomalous systems. The inconsistency rate in this
hierarchical analysis was calculated to be 0.01.

Criteria for resident behaviors include sub-cri-
teria of smoking, and not paying attention to safe-

ty points while using gas-related devices. Failure to
pay attention to safety points when using gas-related
devices is most important in the hierarchical analysis
of residents’ behaviors regarding the effectivenessof
anomalous systems (Fig. 4). The inconsistency rate of
the hierarchical analysis of the sub-criteria of resident
behaviors is zero.

Criteria for property characteristics have sub-cri-
teria of apartments, and other buildings compared to
single-family homes, rental property, owned by the
municipality and other organizations, and poor build-
ing condition. Inadequate building conditions are more
important than other sub-criteria in the effectiveness of
anomalous systems (Fig. 5). The inconsistency rate in
this analysis is zero.

The total inconsistency rate of the hierarchi-
cal analysis of the risk of unintentional house fires
was 0.01.

Overall Inconsistency = .01

Fire related circumstances  0.460
1 0.148
M 0.080
E 0.058
G 0.057
F 0.042
J 0.040
B 0.029
I 0.025
A 0.023
D 0.016
K 0.013
H 0.005
C 0.004

Fig. 2. The final weight of criteria in assessing the risk of unintentional fire accidents in the house

Synthesis with respect to: Resident characteristics (Goal: Risk Assessment of > Resident characteristics)

Overall Inconsistency = .01

0.246
0.246
0.178
0.125
0.099
0.068
0.021
0.016

N T U >» @ n O m

Fig. 3. Final weight of sub-criteria of residents’ characteristics
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Synthesis with respect to: Resident behaviours (Goal: Risk Assessment of > Resident behaviours (L: .). Overall Inconsistency = .00

i 0.857
| 0.143

Fig. 4. Final weight of sub-criteria of residents’ behaviors

Synthesis with respect to: Property characteristics (Goal: Risk Assessment of > Property characteristics). Overall Inconsistency = .00

M 0.600
J 0.300
K 0.100

Fig. 5. The final weight of property characteristics sub-criteria

3.2.2. Risk assessment of
unintentional house fire
injuries/fatalities

Figure 6 shows a hierarchical analysis of the risk factors
for injuries, or unintentional fire fatalities. Residents’
behaviors are most important in this analysis. The
inconsistency rate in this analysis is 0.01.

Resident characteristics criterion in the hierarchical
analysis of risk factors for injuries, or unintentional fire
fatalities, including families with more people under 5
years old, families with more people over 65 years, more
residents, more male residents, families with highly
vulnerable people, people with disabilities, lonely peo-
ple, Low-income, or low-value assets, and families with
unemployed people. Low-income or low-value assets are

the most important in the effectiveness of anomalous
systems. Families with highly vulnerable people, families
with unemployed people, and more male residents are in
the next ranks in terms of the importance of the effec-
tiveness of anomalous systems (Fig. 7). The inconsistency
rate of this analysis is 0.01.

Based on Figure 8, a hierarchical analysis of res-
idents’ behaviors on the effectiveness of anomalous
systems was performed. Residents behaviors include
smoking, alcohol, or drug abuse, and no warning
when smoking. According to the analysis, alcohol or
drug abuse is the most important in the effectiveness
of anomalous systems. Smoking, and no warning when
smoking is among the next priorities in the importance
of the effectiveness of anomalous systems, respectively.
The inconsistency rate of this analysis is zero.

Synthesis with respect to: Goal: Risk factors for unintentional house fire injuries/fatalities

KK 0.369
J) 0.123
MM 0.123
QQ 0.045
CccC 0.034
7z 0.032
HH 0.026
XX 0.025
YY 0.024
PP 0.020
uu 0.020
NN 0.018
EE 0.016
AAA 0.016
Il 0.012
DD 0.011
(0]} 0.009
SS 0.009
AA 0.008
CCC 0.008
'A% 0.008
DDD 0.008
GG 0.007
TT 0.007
BB 0.006
BBB 0.006
FF 0.005
RR 0.005
WW 0.002

Fig. 6. The final weight of criteria in assessing the risk of unintentional house fire injuries/fatalities
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Synthesis with respect to: Resident characteristics (Goal: Risk factors for un > Resident characteristics)
Overall Inconsistency = .01

HH 0.266
EE 0.165
Il 0.125
DD 0.108
cC 0.082
AA 0.077
GG 0.067
BB 0.063
FF 0.047

Fig. 7. The final weight of resident characteristics sub-criteria

Synthesis with respect to: Resident behaviours (Goal: Risk factors for un > Resident behaviours)
Overall Inconsistency = .00

KK 0.600
J) 0.200
MM 0.200

Fig. 8. The final weight of sub-criteria of residents’ behaviors

Based on Figure 9, a hierarchical analysis of prop-
erty characteristics in the effectiveness of anomalous
systems is shown. Demolished buildings and buildings
that are in a state of disrepair are of the utmost impor-
tance in the effectiveness of anomalous systems. Old
property (over 19 years), small apartments, houses, and
rental property, owned by the municipality, and oth-
er, organizations, are among the next priorities in the
effectiveness of anomalous systems in the analysis of
property characteristics. The inconsistency rate of this
analysis was 0.00872.

Criteria for fire-related circumstances include No
possible helper, Flames in the living room, Flames in

the bedroom, Flames at night, Flames on the weekend,
Flames in the winter months, The person was alone when
the fire started, The person was asleep when the fire start-
ed, The person was in the burning room when the fire
started, Combustion source: a heating device, Drugs,
Combustibility very close to heat, and Human behavior.
Combustion is very close to heat, a feature that is most
important in the effectiveness of anomalous systems in
the study of fire-related circumstances. The inconsisten-
cy rate of this analysis was calculated to be 0.01 (Fig. 10).

The total inconsistency rate of the model for
assessing the risk of injuries, or fatalities of unintention-
ally fired houses is calculated to be 0.013.

Synthesis with respect to: Property characteristics (Goal: Risk factors for un > Property characteristics)

Overall Inconsistency = .01

QQ 0.493

PP 0.219
NN 0.195
0o 0.093

Fig. 9. The final weight of property characteristics sub-criteria
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Synthesis with respect to: Fire related circumstances (Goal: Risk factors for un > Fire related circumstances)

Overall Inconsistency = .01

CccC 0.173
Y74 0.166
XX 0.130
YY 0.124
uu 0.105

AAA 0.080
SS 0.045

DDD 0.041
'A% 0.039
TT 0.035

BBB 0.030
RR 0.023

WW 0.008

Fig. 10. The final weight of the sub-criteria of fire-related circumstances

4. Discussion

This research was conducted in the area covered by
Alborz Gas Company. In the first stage, information on
gas leaks and fires were collected by reviewing the doc-
uments related to the winter events of 2020. Then the
sum of the mentioned conditions was studied as
a hypothetical model. In the second step, the men-
tioned model was analyzed using the Tripod Beta
method, and the causes of the accident were deter-
mined by the capability of the study method. The two
obstacles to technical safety regulations and the crea-
tion of a safe environment, the preconditions, and their
root causes are identified in this diagram. After study-
ing the documentation of fire incidents in the winter of
2020 in Alborz province, the total conditions were
studied as a hypothetical model. The obstacles studied
were technical safety regulations and the creation of
a safe environment. The primary reason attached to the
technical safety regulations was the lack of proper
understanding of the valve opening and closing sign.
Another immediate reason for creating a safe environ-
ment was the lack of safety equipment. The precondi-
tion for not understanding the open and closed sign of
the valve was a lack of sufficient knowledge, and the
precondition for not using safety equipment was hav-
ing bought unsafe equipment. Meanwhile, the hidden
reason for a lack of sufficient knowledge was a lack of
training, and the hidden reason for buying unsafe
equipment was poor economic situation. Fire-related
circumstances are of the utmost importance in assess-
ing the risk of unintentional house fires. Failure to pay
attention to safety points while using gas-related equip-
ment, poor condition of the building, and more male
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residents have the most anomalies in causing gas com-
pany accidents. The sub-criterion of more male resi-
dents in homes exposed to gas accidents is of the great-
est importance in the effectiveness of anomalous
systems. Gender as a risk factor in the studies of Bal-
lard et al. [17], Marshall, Runyan [18], Ducic and
Ghezzo [8], Karter et al. [19], Barnett [20], and Xiong
et al. [21] have also been reported that properties with
a larger number of male residents are at risk of increas-
ing cigarette fires, and minor house fires. The results of
their study are consistent with the present study.
Low-income, or low-value assets, fewer residents over
65 (families with people over 65 are associated with
reduced risk), and families with more people under
the age of 15 are next in line with the importance of the
effects of anomalous systems, respectively. According
to studies by Ballard et al. [17], and Xiong et al. [21],
Low-income, and low asset value were associated with
an increased risk of injury, and death from fire, but
according to a study by Greene [22], no relationship
was found between income and risk of fire. According
to Greene [22], families with more people under
5 years old, according to Ducic and Ghezzo [8], fami-
lies with more people under 15 years old, and accord-
ing to Greene [22], families with more people under
18 years old are at higher risk for home fires. Runyan et
al. [23], and Marshall et al. [18] reported that children
under 5 years are also at risk of fatal fires. According to
the present study, families with more people under
5 years of age have little importance in the effectiveness
of anomalous systems. According to a study by Runyan
etal. [23], families with more people between the ages
of 5, and 17 are associated with a reduced risk of death.
This result is consistent with the present study. Accord-
ing to the present study, families with more people
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under 18 years of age have the least importance in the
effectiveness of anomalous systems. Runyan et al. [23],
Marshall et al. [18], and Xiong et al. [21] stated that
older residents (over 65 years) are at risk of injury, or
death in case of fire. According to studies by Ducic and
Ghezzo [8], and Greene [22], they are less likely to
experience a fire in the first place. Karter et al. [19] stat-
ed that older people are at greater risk of smoking-re-
lated fires. According to the present study, families
with more people over 65 years of age are less impor-
tant than other parameters. Studies [17, 23, 19, 22] also
indicate that the risk associated with elderly residents
has not been identified. Studies [23, 18, 21] stated that
people with disabilities were associated with an
increased risk of fire injury, and death. This result is not
consistent with the present study. According to this
study, people with disabilities have the least impor-
tance in the hierarchical analysis of residents’ charac-
teristics in the effectiveness of anomalous systems.
Marshall et al. [18], and Runyan et al. [23] included
a compound variable called “vulnerable people” in
their analysis, which included people under 5 years
old, over 64 years old, physically, or cognitively disa-
bled, or affected by alcohol or drugs during a fire. Both
studies reported that families with “vulnerable” indi-
viduals were at risk of more deadly fires, especially
those who did not receive a smoke warning or had
a potential rescuer (a potential rescuer was defined as
a non-vulnerable person) [18]. The results of these
studies are consistent with the present study. Accord-
ing to this study, families with highly vulnerable indi-
viduals are secondary in importance to the effective-
ness of anomalous systems. According to studies more
people [17, 22], single-parent families [24], families
with many children [24] were also associated with an
increased risk of fire, injury, and death. These results
do not correspond to the present study. According to
the present study, the number of residents is moderate
in terms of importance. Runyan et al. [23], and Xiong
et al. [21] stated that single-person families are at
increased risk of traumatic, and fatal fires, but there is
no evidence of an increased risk of house fires. Accord-
ingly, the present study shows less importance in the
effectiveness of anomalous systems for the life of single
people. Failure to pay attention to safety points when
using gas-related devices is most important in the hier-
archical analysis of residents’ behaviors regarding the
effectiveness of anomalous systems. Improper condi-
tion of the building is more important than other
sub-criteria in the effectiveness of anomalous systems.
A hierarchical analysis of the risk factors for injuries or
fatalities of unintentional house fires has shown that
the behaviors of residents are the most important in
this analysis. Low-income or low-value assets are the
most important in the effectiveness of anomalous sys-

tems. Families with highly vulnerable people, families
with unemployed people, and more male residents are
in the next ranks in terms of the importance of the
effectiveness of anomalous systems, respectively.
A hierarchical analysis of residents’ behaviors on the
effectiveness of anomalous systems was performed.
Residents’ behaviors include smoking, alcohol, or drug
abuse, and no warning when smoking. According to
the analysis, alcohol, or drug abuse is the most impor-
tant in the effectiveness of anomalous systems. Smok-
ing, and no warning when smoking is among the next
priorities in the importance of the effectiveness of
anomalous systems, respectively. Studies by Ducic and
Ghezzo [8], and Greene [22] have shown that families
with more smokers are at a higher risk of fires. Howev-
er, only one study examined the association between
smoking and harmful, or fatal fires. For example, trau-
matic, or fatal fires were six times more likely in fami-
lies whose residents smoked than in non-smokers.
A hierarchical analysis of property characteristics in
the effectiveness of anomalous systems has shown that
demolished buildings and buildings that are in a state
of disrepair are most important in the effectiveness of
anomalous systems. Old properties (over 19 years old),
small apartments, houses, and rental properties owned
by the municipality and other organizations, are the
next priorities in the effectiveness of anomalous sys-
tems in the analysis of property characteristics.

5. Conclusions

According to the present study, the obstacles in the
research model were technical safety regulations and cre-
ating a safe environment. The primary reason attached
to the technical safety regulations was the lack of prop-
er understanding of the valve opening and closing sign.
Another immediate reason for creating a safe environ-
ment was the lack of safety equipment. A precondition for
not understanding the open and closed sign of the valve
was alack of sufficient knowledge, while the precondition
for not using safety equipment was buying unsafe equip-
ment. The hidden reason for a lack of sufficient knowl-
edge was the lack of training, while the hidden reason for
buying unsafe equipment was poor economic situation.
Therefore, there is a connection between education, and
reducing the number of accidents, and between the use
of equipment, and the reduction of accidents.
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