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Abstract 
The study is a cross-sectional design assessment of the likelihood, frequency 
and severity of hazards associated with underwater operations in the Niger 
Delta. Five oil and gas companies were used for this study selected by a pur-
posive method given that they had the highest number of workers involved in 
underwater operations. A sample size of 418 was computed to which the 
questionnaires were administered with response rate of 95.93%. Data analyses 
were carried out to cover descriptive statistics, analysis of variance and Pear-
sonal correlation coefficients. The 4 by 4 risk assessment matrix for the like-
lihood and consequences showed that 8 out of 20 underwater hazards were 
categorized as having very high risk according to their risk ratings. The eight 
hazards categorized based on their risk IDs were H01, H03, H04, H08, H10, 
H11, H12, and H15. The 4 by 4 risk matrix for frequency and consequences 
revealed that two hazards (Piracy & bandit attack/kidnapping (H01) and 
Other main vessels/heavy object dropping or falling load/collision (H08)) 
were identified to be of very high risk. 
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1. Introduction 

The offshore oil and gas industry is a high-risk sector where workers face not only 
process hazards associated with the exploration, storage and processing of hy-
drocarbons on platforms but other forms of hazards related to the harsh working 
environment and transportation [1], piracy and bandit attack/kidnapping [2], 
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poor visibility, heavy storms, strong wind, hyperbaric operations, rotating caps-
tan, entrapment, capsizing, breakage or fatigue, uncontrolled inclinations, loss of 
buoyancy, pipeline failure, power failure, corrosion, poor installation and mal-
function of the mechanical system. These high-risk operations present potential 
for accidents, injuries, and, in some cases, even death in the offshore environ-
ment. For the purpose of this study, the offshore operations can be used inter-
changeably with underwater oil and gas operations. One of the most critical and 
substantial concerns in the underwater oil and gas related operation is the safety 
of workers and the water environment. In order to improve safety during Uder 
Water Oil and Gas Related Operations (UWOGRO), safety personnel and other 
experts including legal and statutory authorities have adopted several rules and 
regulations since incidents and accidents in UWOGRO can cause fatal damages 
to human life and environment [3]. 

Globally, UWOGRO are very risky, dangerous and the environmental and 
economic impacts associated with the accidents that arise from the operations 
are usually massive and devastating. UWOGRO have been accounting for a higher 
injury incident rate than other domains in the petroleum industry [4] [5] [6] [7]. 
In the years 2007 to 2012, the occupational fatality rate of the oil and gas drilling 
industry was 2.5 times higher than the construction industry and 7 times higher 
than general industry [8]. Furthermore, there are many underlying risk factors 
involved in high rate of underwater oil and gas fatalities, critical accidents and 
life-threatening injuries [9] [10]. Underwater operations are carried out using a 
combination of several job tasks that comprise of logistics for offshore mobiliza-
tion, diving, pulling, lowering, lifting, dragging, cutting, welding etc. and risk as-
sessments must be carried out on these job tasks to either approve or disapprove 
the operation.  

Risk assessment is an essential tool for the safety policy of a company [11]. It 
is the overall process of risk identification, risk analysis, and risk evaluation. 
Risks can be assessed at an organizational level or departmental level for projects, 
individual activities, or specific risks. Different tools and techniques may be ap-
propriate in different contexts [12]. Risk assessment provides an understanding 
of risks, their causes, consequences, and probabilities. Risk assessment is a sys-
tematic use of available data to determine how often specific events may occur 
and the magnitude of their likely consequences. The risk assessment is the cen-
tral part of the risk management process, which purposes to establish a proactive 
safety strategy by investigating potential risks [13] [14]. These risk assessments 
are usually carried out based on risk assessment matrix. 

Risks are analyzed by combining estimates of severity and likelihood based on 
the control measures used. In general, magnitude or rating of any given risk is 
established using two-dimensional grid, with severity or consequence as one axis 
and likelihood as the other. This two-dimensional chart is known as Risk As-
sessment Matrix. The decision matrix risk-assessment (DMRA) technique is a 
systematic approach for estimating risks, which is consisting of measuring and 
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categorizing risks on an informed judgment basis as to both probability and 
consequence and as to relative importance [15]. The combination of a conse-
quence/severity and likelihood range, gives us an estimate of risk. According to 
[16] the National Patient Safety Agency (NPSA) (2008), a risk assessment matrix 
must be easy to use, provide reliable and consistent results when used by differ-
ent workers in different positions, possess capacity to assess several kinds of risk 
in different areas and must be simple and assessable to health and safety agency 
in their country to understand and use. 

Regardless of the importance of a risk assessment matrix being recorded in li-
terature for different job tasks and industries, there is scarcity of information on 
the risk assessment matrix that will differentiate relative risks to facilitate con-
sistent and improved decision-making for underwater operations in the oil and 
gas industry. There is need to develop a decision-making risk assessment matrix 
for these UWOGRO which would help to rank the hazards involved in these op-
erations. The HSE officers and other workers will have a consistent risk assess-
ment procedure for assessing the risk involved in any underwater activity such 
as construction, diving, operations and maintenance based on the ranking of the 
hazards involved. This would help new and inexperienced personnel carry out 
appropriate risk assessments and put in place fit for purpose control measures.  

2. Materials and Methods 
2.1. Study Area  

Niger Delta occupies the Gulf of Guinea continental margin in equatorial West 
Africa, between latitudes 4˚N and 6˚N and longitudes 5˚E and 8˚E [17] as show 
in Figure 1. The region shares boundary with Ogun, Osun, Ekiti, Kogi, Anam-
bra, Enugu and Ebonyi states. The Niger Delta is host to Nigeria’s huge deposits 
of oil and gas. This well-endowed ecosystem, which contains high concentra-
tions of biodiversity on the planet, in addition to supporting the abundant flora 
and fauna, arable terrain that can sustain a wide variety of crops and economic 
trees, has more species of freshwater fish than any ecosystem in West Africa. 
Nigeria oil & gas reserves are situated in the region, contributing to 90% of gov-
ernment revenue.  

2.2. Research Design 

This study utilized a cross-sectional research design. The reason is because find-
ings from cross-sectional studies are representative and can be generalized. Cross- 
sectional study design is a type of observational study design where the investi-
gator measures the cause and effect in a study population at the same time [18]. 
It collects data to make inferences about a population of interest at one point in 
time. This design is relevant as it involved collecting data from respondents and 
presenting them without manipulation. Consequently, quantitative method was 
employed to assess and investigate the likelihood of hazard occurrence, the fre-
quency level, the level of severity and the consequences. 
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Figure 1. Map of study area showing some offshore oilfields. 

2.3. Population of the Study 

The population of the study is comprised of an estimated number of 7500 em-
ployees in the five (5) selected oil and gas companies that are involved in off-
shore or underwater oil and gas operations in the Niger Delta. For the underwa-
ter workers whose daily work activities expose them to hazards and risks of 
which they need to carry out a risk assessment before undertaking their under-
water duties. The five selected companies were major oil and gas companies in-
volved in underwater operations in the Niger Delta. Three of these companies 
were EU owned and two others were America-owned. This indicates that this 
study covers majorly the oil multinational companies and also presumes that 
underwater hazards across these companies are the same. 

2.4. Sample and Sampling Technique 

This study adopted a purposive sampling technique. A purposive sample is a type 
of non-probability sampling method where the sample is taken from a group of 
people easy to contact or to reach. The sample size of 380 was selected using [19] 
sample size determination from the total population of 7500 workers. For this 
study, 418 copies of questionnaire were distributed after calculation of the attri-
tion rate. This was done to ensure that the minimum sample size which will give 
a good representation of the population will be achieved, as some of the ques-
tionnaires will not be fit for usage.  

2.5. Data Collection and Quality Control 

Data were collected via a questionnaire and checklist. The template and struc-
ture of the questionnaire and checklist were adopted from ISO 19900, ISO 19901-2, 
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ISO 19904, ISO 19905-1 and industry Hazards Identification and Risk Assess-
ment (HIRA) level 2. Before undertaking the data collection process, an official 
letter was addressed to respective management in the various studied facility 
seeking their consent. The managements were assured of treating the informa-
tion from respondents/participants confidentially. The questionnaire has three 
(3) sections namely; sections A, B, and C. Section A contained information on 
socio-demographic data/occupational history. Section B contained items on the 
likelihood of underwater hazards, frequency or occurrence of hazards, and se-
verity of hazards. Section C contained information on the consequences of ha-
zards. These sections were in a 4-point Likert scale with ratings as 4, 3, 2 and 1; 
respectively. The criterion mean rating of 2.5 (criterion mean) was adopted for 
decision. Response mean less than the criterion mean of 2.5 indicates not agree/no 
sign of occurrence or likelihood while response means greater than 2.5 indicates 
agree/sign of occurrence or likelihood.  

Questionnaire was computed and administered to 418 underwater workers. 
The workers were informed that the collected data was just for the purpose of 
conducting a scientific study and they could discontinue participation in the 
study whenever they wished. Out of the 418 questionnaires distributed, 401 were 
considered fit to be used for the study, representing a response rate of 95.93%.  

2.6. Data Analysis 

Data from the questionnaire received from respondents were transcribed into 
Excel sheet and then transferred to XLSTAT version 17. Data were analyzed us-
ing descriptive statistics such as mean, mode, standard deviation, and a ranking 
system based on the mean response was used to evaluate hazards that are more 
likely to occur. Qualitative risk assessment was employed in evaluating the risks 
associated with underwater operations. The evaluation of risk was done using 
the risk assessment matrix which is a method under qualitative risk assessment. 
The risk assessment matrix is widely used in the Petroleum industry and it is 
considered the best practice. Evaluation of risk using the risk matrix is based on 
the combined effect of the likelihood of a hazard occurring and the associated 
consequence/severity of that hazard. After obtaining the combined effect, the 
risk is rated as low, moderate, high, or very high according to its position on the 
risk assessment matrix. 

3. Results 
3.1. Demographic Distribution of Underwater Workers 

Table 1 showed that majority of offshore workers were predominantly men. 
About 365 respondents that took part in the survey were men which accounted 
for 91.02% of the total respondents and 36 respondents were female, which ac-
counted for 8.98% of the total respondents. The figure further showed that ma-
jority of the workers are between the ages of 40 to 44 years. A total of 151 res-
pondents that took part in the survey indicated that they were between the ages 
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of 40 to 44 years which accounted for 37.66% of the total respondents. Also, 383 
out of 401 respondents indicated that they attended tertiary institution, that is, 
95.51% of the total respondents and 162 (40.40%) respondents with more than 
15 years of working experience took part in the survey. 

3.2. Likelihood, Frequency, and Severity of Hazards and Risks  

The result in Table 2 showed that though adverse weather and sea condition was 
likely to occur at a very frequent rate, the severity of this hazard does not rank 
first, indicating that adverse weather and sea conditions might not result to fa-
tality of underwater workers. Also, strong current/wind which came 2nd is most 
likely hazard to occur at a frequent rate is ranked 7th on the severity indicating 
that its effects might not lead to the fatality of workers. Piracy & bandit at-
tack/kidnapping which is ranked 3rd likely hazard to occur at a fairly frequent 
rate had serious consequence if it occurs.  

3.3. Consequences of Hazards 

The result for the impact of consequences of hazards on personnel, properties 
and others is presented in Table 3. The result shows that the impact of the ha-
zards was more pronounced on personnel, is ranked the first with 3.38 ± 0.76. 
Most of the respondents suggested that the consequence of the hazards on per-
sonnel was very high. Health effect/injury and damage to equipment/property 
were reported to be the second and third consequences with 3.29 ± 0.73 and 3.22 
± 0.78, respectively. 
 

Table 1. Demography of underwater workers. 

Demographic Criteria Parameters Number of Respondents Percentage 

Gender 
Female 36 8.98% 

Male 365 91.02% 

Age 

24 years and less 3 0.75% 

“25 - 29 years” 1 0.25% 

“30 - 34 years” 41 10.22% 

“35 - 39 years” 86 21.45% 

“40 - 44 years” 151 37.66% 

“45 - 49 years” 59 14.71% 

50 years and above 60 14.96% 

Education 
Secondary 18 4.49% 

Tertiary 383 95.51% 

Years of Work Experience 

“1 - 5 years” 17 4.24% 

“6 - 10 years” 92 22.94% 

“11 - 15 years” 130 32.42% 

>15 years 162 40.40% 
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Table 2. Mean response and ranking of likelihood, frequency and severity of underwater hazards. 

Hazard 
ID 

Hazards 
Likelihood Frequency Consequence 

Mean Rank Mean Rank Mean Rank 

H01 Piracy & bandit attack/kidnapping 3.3 3 2.82 5 3.40 1 

H02 Shallow waterway/poor visibility 3.27 4 3.08 3 2.93 18 

H03 Adverse weather and sea condition/heavy storms 3.48 1 3.15 1 3.21 6 

H04 Strong current/wind 3.43 2 3.13 2 3.13 7 

H05 Hyperbaric operations/falling overboard 3 9 2.48 13 2.95 16 

H06 Rotating capstan/winch 2.73 20 2.41 15 2.71 20 

H07 Entrapment/entanglement of personnel 2.88 14 2.46 14 2.98 15 

H08 
Other main vessels/heavy object dropping or falling 

load/collision 
2.93 11 2.58 11 3.07 8 

H09 Embarking and disembarking from SPM 3.03 8 2.74 6 2.76 19 

H10 Fire/explosion 3.06 6 2.42 16 3.39 2 

H11 Blowout/release of fluid or gas 2.87 16 2.43 18 3.34 3 

H12 Capsizing/overturning/toppling 2.82 15 2.23 20 3.22 4 

H13 Breakage or fatigue 3.13 6 2.83 8 2.96 10 

H14 Uncontrolled inclination/ leakage into hull 2.79 17 2.38 17 2.88 17 

H15 Loss of buoyancy or sinking/adrift 2.78 18 2.25 19 3.15 5 

H16 Valve system/pump/pipeline failure 2.97 12 2.66 9 2.95 11 

H17 Remote operation/power/cooling/gauging system failure 2.9 13 2.66 10 2.93 14 

H18 Corrosion/debris accumulation 3.16 5 2.93 4 3.02 9 

H19 Malfunction of instrumentation or mechanical system 3.08 10 2.83 6 3.01 12 

H20 Poor installation 2.78 19 2.54 12 2.99 13 

 
Table 3. Mean response for consequences of hazard. 

Consequences of Hazard Mean Mode Std. Deviation Rank 

Damage to equipment/asset or property 3.22 3.00 0.78 3rd 

Effect on personnel 3.38 4.00 0.76 1st 

Community (s) affected 2.77 2.00 0.95 8th 

The environment affected 3.13 3.00 0.79 6th 

Project delay/down time 3.12 3.00 0.71 7th 

Health effect/injury 3.29 4.00 0.73 2nd 

Fatalities/drowning 3.21 4.00 0.96 4th 

Economy 3.16 3.00 0.72 5th 

3.4. Risk Assessment Matrix 

The result of the risk assessment is presented in form of a risk assessment ma-
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trix. Table 4 shows the modal value used in calculating the risk score which were 
utilized in developing the risk assessment matrix. The risk assessment matrix for 
the likelihood and consequences of hazards is shown in Figure 2. The risk rating 
showed that 8 out of 20 offshore hazards were categorized as very high risk. The 
eight hazards so categorized based on their hazard IDs were H01, H03, H04, 
H08, H10, H11, H12, and H15. These eight hazards are rated very high due to 
the fact that if they occur on offshore sites would lead to detrimental effects on 
personnel and properties. The result from the risk assessment matrix also shows 
that twelve underwater hazards identified were rated to be high. The twelve ha-
zards based on their hazard IDs are H02, H05, H06, H07, H09, H13, H14, H16, 
H17, H18, H19, and H20. All the offshore hazard risks identified were either 
rated as very high or high, which indicated that offshore hazards are detrimental 
to the personnel and the facility. Therefore, high safety measures must be put in 
place to control these risks. The risk-ranking results for likelihood and severity 
showing the hazards, risk ID, risk score, L-indices, outcome, and risk rating are 
presented in Table 5. 
 

Table 4. Modal responses for risk matrix parameters. 

Hazard ID Hazards Likelihood Frequency Severity 

H01 Piracy & bandit attack/kidnapping 4.00 3.00 4.00 

H02 Shallow waterway/poor visibility 3.00 3.00 3.00 

H03 Adverse weather and sea condition/heavy storms 4.00 3.00 3.00 

H04 Strong current/wind 4.00 3.00 3.00 

H05 Hyperbaric operations/falling overboard 3.00 2.00 3.00 

H06 Rotating capstan/winch 3.00 2.00 3.00 

H07 Entrapment/entanglement of personnel 3.00 3.00 3.00 

H08 Other main vessels/heavy object dropping or falling load/collision 3.00 3.00 4.00 

H09 Embarking and disembarking from SPM 3.00 3.00 3.00 

H10 Fire/explosion 3.00 2.00 4.00 

H11 Blowout/release of fluid or gas 3.00 2.00 4.00 

H12 Capsizing/overturning/toppling 3.00 2.00 4.00 

H13 Breakage or fatigue 3.00 3.00 3.00 

H14 Uncontrolled inclination/ leakage into hull 3.00 2.00 3.00 

H15 Loss of buoyancy or sinking/adrift 3.00 2.00 4.00 

H16 Valve system/pump/pipeline failure 3.00 3.00 3.00 

H17 Remote operation/power/cooling/gauging system failure 3.00 3.00 3.00 

H18 Corrosion/debris accumulation 3.00 3.00 3.00 

H19 Malfunction of instrumentation or mechanical system 3.00 3.00 3.00 

H20 Poor installation 3.00 3.00 3.00 
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Figure 2. Risk Assessment Matrix of the likelihood and severity of underwater hazards. 

 
Table 5. Risk-Ranking results for likelihood and severity. 

Hazards Risk ID Risk score L-indices Severity/Outcome Risk rating 

Piracy & Bandit attack/Kidnapping H01 4 × 4 = 16 Very likely Fatality Very High 

Adverse weather/Heavy storm, Strong current/wind H03, H04 4 × 3 = 12 Very Likely Major injuries Very High 

Other main vessels/heavy object dropping or falling 
load/collision, Fire/explosion, Blowout/release of 
fluid or gas, Capsizing/overturning/toppling, Loss  
of buoyancy or sinking/adrift 

H08, H10, 
H11, H12, 
H15 

3 × 4 = 12 Likely Fatality Very High 

Shallow waterway/poor visibility, Hyperbaric  
operations/falling overboard, 

Rotating capstan/winch, Entrapment/entanglement 
of personnel, Embarking and disembarking from 
SPM, Breakage or fatigue, 

Uncontrolled inclination/ leakage into hull, Valve 
system/pump/pipeline failure, 

Remote operation/power/cooling/gauging system 
failure, 

Corrosion/debris accumulation, 

Malfunction of instrumentation or mechanical  
system, 

Poor installation 

H02, H05, 
H06, H07, 
H09, H13, 
H14, H16, 
H17, H18, 
H19, H20 

3 × 3 = 9 Likely Major injuries High 

Likelihood: 4—Very likely (having a high probability of occurring more than once per year or more often), 3—Likely (expected to 
occur once (approx. once in 10 years), 2—Unlikely (not expected for at least 100 years), 1—Very Unlikely (Not expected to hap-
pen for at least 1000 years Severity: (Health Effects), 4—Fatality (Potential for one or fatalities), 3—Major injuries (Potential for 
one or more serious injuries; irreversible), 2—Minor injuries (Potential for one or more lost time injuries), 1—Negligible injuries 
(Potential for minor injuries or irritation). 

 
Figure 3 shows the risk assessment matrix in terms of the frequency of occur-

rence of the risk. From Figure 3, two hazards were identified to be of very high 
risk. The two hazards identified were Piracy & bandit attack/kidnapping (H01) 
and Other main vessels/heavy object dropping or falling load/collision (H08). 
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Fifteen hazards were identified to be high risks while three hazards were identi-
fied to be low risks. The risk-ranking results for frequency and severity showing 
the hazards, risk ID, risk score, F-indix outcome, and risk rating is presented in 
Table 6. 

 

 

Figure 3. Risk Assessment Matrix of the frequency and severity of underwater hazards. 
 

Table 6. Risk-Ranking results for frequency and severity. 

Hazards Risk ID Risk score F-indices Severity/Outcome Risk rating 

Piracy & Bandit attack/Kidnapping, Other main  
vessels/heavy object dropping or falling load/collision 

H01, H08 3 × 4 = 12 Occasionally Fatality Very High 

Shallow waterway/poor visibility, Adverse  
weather/Heavy storm, Strong current/wind,  
Entrapment/entanglement of personnel, Embarking  
and disembarking from SPM, Breakage or fatigue,  
Valve system/pump/pipeline failure, 

Remote operation/power/cooling/gauging system failure, 

Corrosion/debris accumulation, 

Malfunction of instrumentation or mechanical system, 

Poor installation 

H02, H03,  
H04, H07, 
H09, H13, 
H16, H17, 
H18, H19,  
H20 

3 × 3 = 9 Occasionally Major injuries High 

Fire/explosion, Blowout/release of fluid or gas,  
Capsizing/overturning/toppling, Loss of buoyancy or 
sinking/adrift 

H10, H11, 
H12, H15 

2 × 4 = 8 Rarely Fatality High 

Hyperbaric operations/falling overboard, 

Rotating capstan/winch, 

Uncontrolled inclination/ leakage into hull 

H05, H06,  
H14 

2 × 3 = 6 Rarely Major injuries Moderate 

Frequency: 4—Frequently (Happened a couple of times (once per year or more often), 3—Occasionally (Happened once (approx. 
once in 10 years), 2—Rarely (Almost happened, near miss (Approx. once in 100 years), 1—Never (Never happened, but is thinka-
ble (Approx. once in 1000 years) Severity: (Health Effects) 4—Fatality (Potential for one or fatalities), 3—Major injuries (Potential 
for one or more serious injuries; irreversible), 2—Minor injuries (Potential for one or more lost time injuries),1—Negligible inju-
ries (Potential for minor injuries or irritation). 
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4. Discussion 

From the study, eight hazards were rated very high based on their risk IDs as 
presented in the risk assessment matrix and they include Piracy & bandit at-
tack/kidnapping, Adverse weather and sea condition/heavy storms, Strong cur-
rent/wind, Other main vessels/heavy object dropping or falling load/collision, 
Fire/explosion, Blowout/release of fluid or gas, Capsizing/overturning/toppling, 
and Loss of buoyancy or sinking/adrift. These hazards are rated very high due to 
the fact that if they occur during underwater operations, and could lead to de-
trimental effects on personnel, properties, and the environment. 

A risk matrix is a graphical presentation of the likelihood, or probability, of an 
outcome and the consequence should that outcome occur. The risk matrix as the 
name implies, tends to be focused on outcomes that could result in loss, rather 
than gain. The risk ranking result for likelihood and severity showed that piracy 
and bandit attack/kidnapping will very likely result to fatality. This could be as a 
result of the insecurities faced by Nigeria economic zones and which oftentimes 
leads to the death of the individual kidnapped if a ransom is not paid. Despite 
efforts by coastal countries, including Nigeria, as well as by external actors, the 
Gulf of Guinea (GoG) remains one of the most dangerous maritime areas in the 
world, with acts of piracy now extending from Ivory Coast to Congo-Brazzaville. 
Piracy and bandit attack/kidnapping needs immediate attention. 

Furthermore, the risk matrix showed that adverse weather/heavy storm and 
strong current/wind will very likely result to major injuries when it occurs. This 
result is in line with [20]. Their study reported that such extreme operating con-
ditions can disrupt the offshore infrastructure and cause major accidents, posing 
a great challenge to operators. Other main vessels/heavy object dropping or fall-
ing load/collision, Fire/explosion, Blowout/release of fluid or gas, Capsizing/over- 
turning/toppling, and Loss of buoyancy or sinking/adrift will likely result to fa-
tality as they occur. According to HSE (1996), fire and explosion will not only 
result in significant casualties and economic losses, but also cause serious pollu-
tion and damage to surrounding environment and coastal marine ecosystems.  

Fire is adverse event with tangible costs to property and human life [21] [22]. 
Quantification of these cost provide a metric for understanding the social and 
economic impact of fire, which can be useful for assessing and influencing fire 
prevention and protection. In addition, fire also inflicts adverse consequences on 
the natural environment. These include contamination of the air via the fire 
plume and its subsequent diffusion, with deposition of particulate and other mate-
rials likely to contaminate soil and water. Contamination of soil and water from 
fire suppression runoff, which might contain toxic or hazardous materials, and 
direct exposure to soil and water from hazardous materials whose containers / 
containment systems may fail due to fire [21]. Hydrocarbon fires and explosions 
are extremely hazardous on offshore platforms [23].  

According to [21], blowout is the most frequent cause of accidents in the off-
shore oil and gas. Blowouts can cause loss of life, environmental damage, and 

https://doi.org/10.4236/jep.2022.1311054


J. A. Jia et al. 
 

 

DOI: 10.4236/jep.2022.1311054 867 Journal of Environmental Protection 
 

loss of resource [24]. Capsizing refers to a situation where in the vessel at sea list 
to one side to such an extent that is not able to regain its original position, lead-
ing to tipping over of the vessel in water and making it unsafe for both crew and 
machinery onboard. Capsizing of the vessel can lead to loss of life and vessel 
damage. 

5. Conclusion 

The study concluded that eight hazards categorized based on their risk IDs (H01, 
H03, H04, H08, H10, H11, H12, and H15) were rated very high due to the fact 
that if they occur on offshore sites, it would lead to detrimental effect on per-
sonnel and properties. The result from the risk assessment matrix also shows 
that twelve underwater hazards identified were rated to be high. The twelve ha-
zards based on their risk IDs were H02, H05, H06, H07, H09, H13, H14, H16, 
H17, H18, H19, and H20 through a 4 by 4 risk matrix of likelihood and severity. 
Furthermore, Piracy & bandit attack/kidnapping (H01) and other main ves-
sels/heavy object dropping or falling load/collision (H08) were the hazards iden-
tified to be of very high risk based on a 4 by 4 risk matrix of frequency and se-
verity. All the offshore risks identified were either rated as very high or high, 
which indicated that offshore hazards are detrimental to the personnel and the 
facility. Therefore, high safety measures must be put in place to control these 
risks. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Broni-Bediako, E. and Amorin, R. (2010) Effects of Drilling Fluid Exposure to Oil 

and Gas Workers Presented with Major Areas of Exposure and Exposure Indicators. 
Research Journal of Applied Sciences, Engineering and Technology, 2, 710-719. 

[2] Ali, K.D. (2015) A Case Study of Piracy and Armed Robbery in the Gulf of Guinea. 
In: Maritime Security Cooperation in the Gulf of Guinea, Brill Nijhoff, Leiden, 
112-164. https://doi.org/10.1163/9789004301047_007 

[3] Michalis, C. and Myrto, K. (2012) Safety of Offshore Oil and Gas Operations: Les-
sons from Past Accident Analysis. JRC Europeans Scientific and Policy Report, 
Ispra. 
https://docslib.org/doc/1153985/safety-of-offshore-oil-and-gas-operations-lessons-f
rom-past-accident-analysis  

[4] Norazahar, N., Khan, F., Veitch, B. and MacKinnon, S. (2014) Human and Organi-
zational Factors Assessment of the Evacuation Operation of BP Deepwater Horizon 
Accident. Safety Science, 70, 41-49. https://doi.org/10.1016/j.ssci.2014.05.002 

[5] Amir-Heidari, P., Maknoon, R., Taheri, B. and Bazyari, M. (2016) Identification of 
Strategies to Reduce Accidents and Losses in Drilling Industry by Comprehensive 
HSE Risk Assessment—A Case Study in Iranian Drilling Industry. Journal of Loss 
Prevention in the Process Industries, 44, 405-413.  

https://doi.org/10.4236/jep.2022.1311054
https://doi.org/10.1163/9789004301047_007
https://docslib.org/doc/1153985/safety-of-offshore-oil-and-gas-operations-lessons-from-past-accident-analysis
https://docslib.org/doc/1153985/safety-of-offshore-oil-and-gas-operations-lessons-from-past-accident-analysis
https://doi.org/10.1016/j.ssci.2014.05.002


J. A. Jia et al. 
 

 

DOI: 10.4236/jep.2022.1311054 868 Journal of Environmental Protection 
 

https://doi.org/10.1016/j.jlp.2016.09.015 

[6] Cirimello, P.G., Otegui, J.L., Carfi, G. and Morris, W. (2017) Failure and Integrity 
Analysis of Casings Used for Oil Well Drilling. Engineering Failure Analysis, 75, 1-14.  
https://doi.org/10.1016/j.engfailanal.2016.11.008 

[7] Strand, G.O. and Lundteigen, M.A. (2016) Human Factors Modelling in Offshore 
Drilling Operations. Journal of Loss Prevention in the Process Industries, 43, 654-667.  
https://doi.org/10.1016/j.jlp.2016.06.013 

[8] Asad, M.M., Hassan, R.B., Sherwani, F., Abbas, Z., Shahbaz, M.S. and Soomro, Q.M. 
(2018) Identification of Effective Safety Risk Mitigating Factors for Well Control 
Drilling Operation: An Explanatory Research Approach. Journal of Engineering, 
Design and Technology, 17, 218-229. https://doi.org/10.1108/JEDT-04-2018-0068 

[9] Hassan, R.B., Asad, M.M., Soomro, Q.M. and Sherwani, F. (2017) Severity of the 
Casing and Cementing Operation with Associated Potential Hazards in the Drilling 
Process in the on and Offshore Oil and Gas Industry: A Cross-Sectional Investiga-
tion into Safety Management. Pertanika Journal of Social Science and Humanities, 
25, 129-138. 

[10] Asad, M.M., Hassan, R.B., Sherwani, F., Soomro, Q.M., Sohu, S. and Lakhiar, M.T. 
(2019) Oil and Gas Disasters and Industrial Hazards Associated with Drilling Oper-
ation: An Extensive Literature Review. 2019 2nd International Conference on Com-
puting, Mathematics and Engineering Technologies (iCoMET), Sukkur, 30-31 Jan-
uary 2019, 1-6. https://doi.org/10.1109/ICOMET.2019.8673516 

[11] Marhavilas, P.K. and Koulouriotis, D.E. (2008) A Risk-Estimation Methodological 
Framework Using Quantitative Assessment Techniques and Real Accidents’ Data: 
Application in an Aluminium Extrusion Industry. Journal of Loss Prevention in the 
Process Industries, 21, 596-603. https://doi.org/10.1016/j.jlp.2008.04.009 

[12] Valis, D. and Koucky, M. (2009) Selected Overview of Risk Assessment Techniques. 
Problemy Eksploatacji, 19-32.  

[13] Rausand, M. (2013) Risk Assessment: Theory, Methods, and Applications. Vol. 115, 
John Wiley & Sons, Hoboken.  

[14] Mahdevari, S., Shahriar, K. and Esfahanipour, A. (2014) Human Health and Safety 
Risks Management in Underground Coal Mines Using Fuzzy TOPSIS. Science of 
the Total Environment, 488, 85-99. https://doi.org/10.1016/j.scitotenv.2014.04.076 

[15] Gul, M. and Guneri, A.F. (2016) A Fuzzy Multi Criteria Risk Assessment Based on 
Decision Matrix Technique: A Case Study for Aluminium Industry. Journal of Loss 
Prevention Process in Industry, 40, 89-100. https://doi.org/10.1016/j.jlp.2015.11.023 

[16] National Patience Safety Agency (2008) A Risk Matrix for Risk Managers.  
https://slidelegend.com/a-risk-matrix-for-managers-national-patient-safety-agency
_59f97e231723dd96a404931a.html#: 

[17] Agomuoh, A.E., Ossia, C.V. and Chukwuma, F.O. (2021) Asset Integrity Manage-
ment in Mitigating Oil and Gas Pipeline Vandalism in the Niger Delta Region— 
Deep Burial Solution. World Journal of Engineering and Technology, 9, 565-578.  
https://doi.org/10.4236/wjet.2021.93039 

[18] Setia, M.S. (2016) Methodology Series Module 2: Case-Control Studies. Indian Journal 
of Dermatology, 61, 146-151. https://doi.org/10.4103/0019-5154.177773 

[19] Yamane, T. (1967) Statistics, an Introductory Analysis, 1967. Harper and Row, New 
York.  

[20] Necci, A., Tarantola, S., Vamanu, B., Krausmann, E. and Ponte, L. (2019): Lessons 
Learned from Offshore Oil and Gas Incidents in the Arctic and Other Ice-Prone 
Seas. Ocean Engineering, 185, 12-26.  

https://doi.org/10.4236/jep.2022.1311054
https://doi.org/10.1016/j.jlp.2016.09.015
https://doi.org/10.1016/j.engfailanal.2016.11.008
https://doi.org/10.1016/j.jlp.2016.06.013
https://doi.org/10.1108/JEDT-04-2018-0068
https://doi.org/10.1109/ICOMET.2019.8673516
https://doi.org/10.1016/j.jlp.2008.04.009
https://doi.org/10.1016/j.scitotenv.2014.04.076
https://doi.org/10.1016/j.jlp.2015.11.023
https://slidelegend.com/a-risk-matrix-for-managers-national-patient-safety-agency_59f97e231723dd96a404931a.html#:
https://slidelegend.com/a-risk-matrix-for-managers-national-patient-safety-agency_59f97e231723dd96a404931a.html#:
https://doi.org/10.4236/wjet.2021.93039
https://doi.org/10.4103/0019-5154.177773


J. A. Jia et al. 
 

 

DOI: 10.4236/jep.2022.1311054 869 Journal of Environmental Protection 
 

https://doi.org/10.1016/j.oceaneng.2019.05.021 

[21] Brkić, D. and Praks, P. (2021) Probability Analysis and Prevention of Offshore Oil 
and Gas Accidents: Fire as a Cause and a Consequence. Fire, 4, Article No. 71. 
https://doi.org/10.3390/fire4040071 

[22] Martin, D., Tomida, M. and Meacham, B. (2016) Environmental Impact of Fire. 
Fire Science Reviews, 5, Article No. 5. https://doi.org/10.1186/s40038-016-0014-1 

[23] Wang, S., Karmakar, D. and Guedes Soares, C. (2015) Hydroelastic Impact due to 
Longitudinal Compression on Transient Vibration of a Horizontal Elastic Plate. In: 
Guedes Soares, C. and Santos, T.A., Eds., Maritime Technology and Engineering, 
Taylor & Francis Group, London, 1073-1079. 

[24] Grace, R.D. (2017) Blowout and Well Control Handbook. Gulf Professional Pub-
lishing, Houston. 

 

 

https://doi.org/10.4236/jep.2022.1311054
https://doi.org/10.1016/j.oceaneng.2019.05.021
https://doi.org/10.3390/fire4040071
https://doi.org/10.1186/s40038-016-0014-1

	Risk Matrix as a Tool for Risk Analysis in Underwater Operations in the Oil and Gas Industry
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Area 
	2.2. Research Design
	2.3. Population of the Study
	2.4. Sample and Sampling Technique
	2.5. Data Collection and Quality Control
	2.6. Data Analysis

	3. Results
	3.1. Demographic Distribution of Underwater Workers
	3.2. Likelihood, Frequency, and Severity of Hazards and Risks 
	3.3. Consequences of Hazards
	3.4. Risk Assessment Matrix

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

