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Abstract

This study was aimed at assessing the locational compliance status of petro-
leum handling facilities in the Niger Delta to the specifications of the Nige-
rian Upstream Petroleum Regulatory Commission (NUPRC) locational stan-
dards. A cross-sectional research design was employed using a Standard check-
list of seventeen compliance specifications of NUPRC. A walk-through survey
was carried out in 118 identified facilities in three locations: Eket in Ak-
wa-Ibom State, Port Harcourt in Rivers State and Warri in Delta State, re-
spectively. The data obtained were analyzed using inferential and descriptive
statistics, Kendall Tau-B and Principal Component analyses. The results in-
dicate that the Petroleum Product facilities complied with 6 (35.29%) out of
17 specifications while 11 (64.70%) specifications were violated. Locations
compliance of stations in the Niger Delta region is generally poor, but Sta-
tions in Port Harcourt recorded a higher compliance rate compared to Eket
and Warri. Results of Kendall’s tau-b and Principal Component analysis in-
dicated positive association between all the land space locational compliances.
This study attributes the poor compliance rate to rapid urbanization, over-
population, proliferation of filling stations and poor monitoring by regulatory
agencies. It is recommended that, NUPRC should improve its monitoring
and enforce regulatory operational specifications.

Keywords

Locational Compliance, Petroleum Handling Stations, Monitoring. Filling
Stations, Niger Delta

1. Introduction

The use of Petroleum Products in meeting the enormous demand for energy
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generation has continued to increase despite recent technological advancement
in the developments in Biofuel. This indicates that the use of fossil fuel will con-
tinue for many more years despite the new technologies and the need for more
filling stations will be inevitable [1]. However, these facilities are highly hazard-
ous due to the high flammability and explosive nature of the stored and dis-
pensed petroleum products, [2]. In the past decades, several explosions and fires
have occurred in different parts of the world with catastrophic consequences re-
sulting in large numbers of fatalities, huge losses to assets with adverse impact to
the environment. Examples include: the Indian Oil Corporation Ltd explosions
and the Pemex Gas Facility explosion and fire in Mexico, in 2012, which report-
edly killed 26 people among several other damages [3]. Several explosions have
also taken place in Nigeria in recent times. An explosion at a gas filling station at
Lafia, Nasarawa State caused 9 fatalities in 2018 [4].

Scientific studies have attributed the large number of casualties caused by
these explosions to factors such as the poor compliance to Land Use Acts due to
lack/inadequate enforcement of Land Use by the appropriate agencies and the
inadequate fire and explosion risk assessment which failed to address the safety
of the neighboring communities [5] [6] [7]. Poor siting of petroleum product fa-
cilities has been often blamed on limited land area due to rapid urbanization and
overpopulation [8] [9] [10]. [11] Showed that 86% of the filling stations did not
comply with the 100 m Minimum Setback from Health care Facilities while 84%
did not meet the Minimum Safe Distance to other filling stations in Kaduna Me-
tropolis as required by the NUPRC Standards. However, [6] reported that more
than 50% of the sampled filling stations complied with the 400 m distance re-
quirement to another filling station. [2] rated buildings within 100 m of petrol
stations as moderately at risk of fire and explosion while those within 50 m were
rated as high risk.

The Niger Delta region is characterized by intensive oil and gas activities which
elicited rapid urbanization and overpopulation [12]. Consequently increased
demand for petroleum products has resulted in an alarming rate of proliferation
of Filling stations and remodeling of single Liquid product-based handling sta-
tions into dual product-based facilities (combined Petrol and Liquefied Petro-
leum Gas filling stations), thereby increasing the vulnerability of workers and
communities adjacent to these stations to fire and explosion hazards, [13] [14].
The region has equally had its share of poor compliance and inadequate en-
forcement of Land Use Act, [8].

There is therefore a need for effective assessment of the Locational compliance
status of these petroleum handling facilities to the regulatory specifications of

the Nigerian Upstream Petroleum Regulatory Commission (NUPRC).

2. Materials and Methods
2.1. Study Area

The study area was the Niger Delta Region which is situated in the southern part
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of Nigeria where the River divided into many tributaries before emptying into
the Atlantic Ocean. Niger Delta Region, sits on the Gulf of Guinea on the Atlantic
Ocean between Latitude 3°N and 6°N and Longitude 5°E and 8°E. It is made up of
nine States. Three cities namely Warri in Delta State, Port Harcourt in Rivers State
and Eket in Akwa-Ibom State were selected for this study (See Figure 1).

Eket is an industrial city with an estimated population size of over 200,000.
The Latitude of Eket is 4.646736 and longitude 7.942942. It is the second largest
urban population in Akwa Ibom State [15]. Port Harcourt is the capital city of
Rivers State located between latitudes 4°51'30"N and 4°57'30"N and longitudes
6°50'00"E and 7°00'00"E. with an estimated population size of about 3 million
persons [16]. Warri is the Headquarter of the Warri South Local Government
Area in Delta State. The Latitude of Warri is 5.544230 and longitude is 5.760269.

It has a land area of approximately 1520 square kilometers.

2.2. Study Design

This study adopted a descriptive cross-sectional design according to [17]. The

Flowchart for the Study design is shown in Figure 2.
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Figure 1. Map of the study location. (Source: Geographic Information System (GIS) Unit, Department of
Geography, University of Port Harcourt, Rivers State, Nigeria.)
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Figure 2. The flowchart for the study design.

2.3. Sample and Sampling Technique

A multistage cluster sampling technique was adopted for selecting the cities
from the Niger Delta region, [18]. In selecting the filling stations, inclusive crite-
ria were applied, namely: filling stations with functioning petroleum product re-
tail filling stations, with up to 10 persons at risk within 100 m radius of its envi-
ronment and stations with dispensary capacity of 30,000 litres or more. Coch-
ran’s Formular [18], was used in estimating the sample size of 180 Filling Sta-
tions. 180 copies of NUPRC Standard Checklist containing 17 specifications (See
Table Al in Appendix 1) were used in collecting the data. 118 out of 180 pro-
posed sample size participated in the survey.
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2.4. Method of Data Collection

A walk-through survey was carried out in 118 petroleum handling facilities in
the three states in the Niger state (Eket in Akwa-Ibom, Port Harcourt in Rivers
State and Warri in Delta state). The instrument for this research was an observa-
tional checklist containing seventeen (17) NUPRC Location Compliance Speci-
fications (See Table A1l in Appendix 1). According to the NUPRC, all facilities
involved in the storage, handling and direct sales of petroleum products must
adhere strictly to compliance specifications to ensure safety of its workers, their
investment, customers, residents, and the environment. Thus, the data from the
check list survey could play a critical role in assessing the risk of fire and explo-
sion risks associated with the location and operation of the petroleum products

handling facilities.

2.5. Method of Data Analysis

The data obtained from the checklist survey were statistically analyzed using de-
scriptive statistics, Kendall Tau-B analysis and Principal Component Analysis
(PCA) using XLSTAT version 17. The data collected from the observational
Checklist were presented on a modified 5-point Likert scale and rated as: 1, 2, 3,
4, and 5, to represent Extremely Satisfied, Satisfied, Neutral, Dissatisfied and Ex-
tremely Dissatisfied, respectively. Inferential and Descriptive statistics were per-
formed on the data and percentage compliance calculated to evaluate the status
of compliance for all the locations sampled. Kendall Tua-B was used to deter-
mine the association between the locational compliances and principal compo-
nent analysis (PCA) was used for dimension reduction of the 17 NUPRC loca-
tional compliances. PCA was also used to assess the relationship between the lo-

cational compliances and the petroleum product handling facility type.

3. Results and Discussion
3.1. Results

3.1.1. Location Compliance Status
The result of the Location compliance analysis shows that the petrol and gas
filling stations in the Niger Delta region compiled with only 6 (35.29%) out of
the 17 NUPRC requirements and shown above the dotted lines and colored area
in the graph in Figure 3. These include the maximum plot size of 35 m x 35 m
(65%); maximum plot coverage (83%); minimum vehicle maneuvering area is
1100 m? with 9 m frontage (67%); Station building at minimum of 12 m from road
boundary (75%); a minimum of 3 dispensing pumps(87%) and minimum height
of wall fence (72%). This result is consistent in the three study locations, although
with varying degrees as shown in Figures 4-6 representing Location compliance of
petroleum handling facilities in Eket, Port Harcourt and Warri respectively.

The highest complied specification (100%) in Eket was “maximum plot cov-
erage is 60%”as shown in Figure 4. Other specifications below the dotted line
and within the colored area in the graph are below 50%.
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In Port Harcourt, the 72 sampled petroleum products handling facilities were
compliant in 7 (41.18%) out of 17 specifications, with “Minimum of 3 dispens-
ing pumps (one each for petrol, Diesel and Kerosene)” having the highest per-
centage compliance rate (88.89%) as shown in Figure 5.

In Warri, only 5 (29.24%) out of the 17 Locational compliance specifications
were met, with the “minimum of 3 dispensing pumps (one for each product: pe-

trol, diesel or kerosene) having the highest compliance rate of 86.21%.

3.1.2. Kendall Tau-B Analysis on the Associations between the
Specifications

The result of Kendall Tau-B analysis showed that there are significant associa-
tions between Specifications of the Locational Compliance. The association tends to

group the locational compliance into four distinct groups namely: compliance
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Figure 3. Location compliance of petroleum product handling stations in Niger delta region.
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Figure 4. Location compliance of petroleum product handling station in Eket.
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Figure 5. Locational compliance in petroleum handling stations in Port Harcourt.
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Figure 6. Location compliance of petroleum product handling stations in Warri.

to land space (LC1 - LC4), compliance to Right of Way to Electrical Power line
(LC8 - LC10), compliance to minimum distance to other stations (LC11 - LC13)
and compliance to other structure nearby (LC15 - LC17). See Table 1 (signifi-

cant associations in bold print).

3.1.3. Principal Component Analysis, PCA

Principal Component Analysis was used in reducing the dimension of the
NUPRC locational compliance specifications and seven principal components
were retained based on the Eigne value criteria which accounted for 71.26% of
the total variability (See Appendix 2 for Table A2). These include compliances
associated with: Electrical Power line, land space, distance to other structures; dis-
tance to other stations among others. Then, Varimax rotation was applied to the

seven principal components to explain the factor loading as shown in Table 2.
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Table 1. Kendall’s Tau degree of association between DPR locational compliance.

Variables LC1 LC2

LC1
LC2
LC3
LC4
LC5
LCé6
LC7
LC8
LC9
LC10
LC11
LC12
LC13
LC14
LC15
LC16

LC17

1.00

0.64 1.00
0.61 0.65
029 0.33
0.07 -0.05
0.15 0.08
-0.07 0.07
-0.01 -0.01
0.04 0.03
0.02 0.02
-0.08 -0.15
0.23 0.29
-0.06 -0.11
0.01 -0.11
0.10 0.03
0.08 0.14

0.06 0.18

LC3 LC4 LC5 LC6é LC7 LC8 LC9 LC10 LC11 LC12 LC13 LC14 LC15 LC16 LC17

1.00

0.35 1.00
0.00 0.10
0.08 -0.03
-0.03 0.13
0.03 -0.11
0.00 -0.04
-0.01 -0.10
-0.04 -0.12
0.25 0.08
-0.08 -0.16
-0.11 -0.22
0.00 0.07
0.06 0.08

0.13 0.17

1.00

0.06 1.00

0.09 -0.01 1.00
0.02 0.05 -0.07
0.03 0.11 -0.08
-0.06 0.08 -0.07
-0.01 -0.06 0.06
-0.16 0.15 0.10
0.06 -0.12 -0.03
-0.03 0.03 -0.23
0.20 0.00 -0.01

1.00
0.66
0.63
0.19
0.04
0.16
-0.02

0.03

047 0.12 0.03 0.10

-0.06 0.00

0.11

-0.05 -0.08 -0.06 —0.12 0.06

1.00
0.89
0.24
0.10
0.12
0.17
0.11

0.14

1.00

0.29 1.00
0.13 0.09
0.16 0.57
0.13 0.25

0.08 0.01

1.00

0.01

0.06

0.02

1.00
0.39 1.00

0.07 0.13 1.00

0.04 -0.03 -0.01 0.04 0.05 0.21 1.00

-0.10 -0.06 -0.03 0.00 1.00

Values in bold are different from 0 with a significance level, alpha = 0.05; (Abbreviations LC1 - LC17 are explained in Appendix 1).

Table 2. Factor loading scores.

D1 D2 D3 D4 D5 D6 D7
LC1 -0.004 0.838 0.081 —0.008 -0.147 0.112 —0.024
LC2 0.022 0.843 0.001 —0.088 0.060 0.072 0.130
LC3 0.011 0.862 -0.021 -0.029 0.023 -0.003 -0.018
LC4 -0.063 0.511 0.165 -0.169 0.265 —-0.286 0.188
LC5 -0.029 -0.002 0.827 0.007 0.119 -0.041 -0.155
LCé6 0.078 0.058 0.125 —-0.164 —-0.011 0.826 —-0.089
LC7 —0.088 -0.051 0.096 0.099 0.838 0.082 0.173
LC8 0.838 -0.007 0.034 0.024 0.029 —-0.039 —0.091
LC9 0.932 0.021 0.073 0.085 -0.067 0.063 0.017
LC10 0.924 0.001 —0.047 0.125 -0.039 0.058 0.027
LC11 0.226 -0.050 —0.058 0.796 0.162 -0.049 -0.143
LC12 0.083 0.351 —-0.231 0.214 0.180 0.524 0.222
LC13 0.085 —-0.059 0.068 0.847 —-0.060 -0.110 —-0.051
LC14 0.014 -0.094 0.043 0.558 -0.569 0.200 0.189
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Continued

LC15 0.072 0.033 0.501 0.112 -0.256 -0.036 0.383
LC16 0.096 0.084 0.778 0.004 0.016 0.151 0.041
LC17 -0.032 0.089 —-0.088 -0.138 0.139 —0.045 0.818

(Abbreviations LC1-LC17 are explained in Appendix 1).

Variables (axes D1 and D2: 30.01%)
after Varimax rotation

0.75

0.5

0.25

State-Eket ,J/Q\l/(;/
t { } - ——— — —— V

D2 (15.17%)
(]

Q8
Harcourt
-0.25 Q7 State-Warri
Type-Petrol
and Gas

-0.5
-0.75
-1

-1 075 -05 -025 0 025 05 075 1
D1 (14.85%)

« Active variables = Supplementary variables

Figure 7. The relationship between locational compliances and petroleum product han-
dling type for principal components 1 and 2A.

Further insight into the relationship between the locational compliance and
the petroleum product handling facilities type was demonstrated by using Cor-

relation Circle as shown in Figure 7 and Figure 8, respectively.

3.2. Discussion

3.2.1. Locational Compliance Status

The overall Locational Compliance result (35.29%) shows gross noncompliance
to the specifications which affirms earlier studies elsewhere in Nigeria such as
44.1% overall land space and set back compliance result in Anambra State [10].
A closer look at the six most complied specifications indicates that, these re-
quirements may be those necessary for the efficient daily business operational
activities of the facilities and confirms that most stations operating in the Niger

Delta region were constructed on at least one plot of land (15.3 m x 35 m). The
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Variables (axes D3 and D4: 20.69 %)
after Varimax rotation

0.75

Q12
State-Port
Harcourt

0.25

D4 (10.82%)
(=]

| State-Warri

-1 -075 -05 -025 0 025 05 075 1
D3 (9.87%)

* Active variables * Supplementary variables

Figure 8. The relationship between locational compliances and petroleum product han-
dling type for principal components 3 and 4.

majority of facilities had at least 3 dispenser pumps amounting to 87% com-
pliance rate, unlike the 38.9% lowest compliance rate in Anambra State [10].
This is commendable and showed that the facility owners understand the risk
implications of interchanging the dispensing pumps with different products.

The worst complied Specification (14%) was the provision of proper drainage
system (oil/petrol interceptor) to prevent runoffs from stations to empty into the
stream. This environmental requirement is obviously neglected by the Facility
owners in the entire Niger Delta region as similar results were observed in the
three study locations. Most Filling stations violated the minimum setback dis-
tance from the Electrical lines Right of Ways (ROW) as only 24.58% of these fa-
cilities in the study locations had their facilities 32 m away from the 330 kv pow-
er line, Thus, affirming the low compliance rate (39.47%) for the same specifica-
tion [13] contrarily to 71.5% [10]. This disparity could be attributed to the resul-
tant effect of rapid urbanization, overpopulation and proliferation of filling sta-
tions culminating into scrambling for available space such that empty lands like
the Electrical Power line ROW are not spared. Unfortunately, poor/inadequate
enforcement of Land Use Act by the appropriate government agencies has made
matters worse as opined by earlier authors [1] [11].

Compliances to minimum set back distance to residential/commercial build-
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ings (23.73%) or public infrastructures (26.27%), all mirrored poor compliances
as obtained by earlier authors, (18.42% by [13] 16.7% [19] 32.35% from places of
worship, [20] and 3% to schools, 4% to hospital [21], Although in contrast, [6],
revealed 100% compliance to distance to schools, hotels/Guest houses in Dutse
town in Jigawa state. This poor compliance confirmed the earlier observations
by some authors that arbitrary changing of Land Use by Residents/Facility own-
ers has brought the filling stations too close to the residential areas and this
could play a significant role in increasing the severity of the impact in event of a
fire and explosion incident due to the types of building materials used in con-
struction and the distance between the buildings [9] [2].

The result also showed poor compliance (30.51%) to the 15 m setback dis-
tance requirement from nearest dispensing pump to the edge of the road and
this is consistent in all the three study locations namely: Eket (29.41%), Port
Harcourt (29.17%) and Warri (34.48%) as shown in Figures 4-6. Thus, affirm-
ing the results of earlier studies in Rivers State, 33% [8] and 30.15% [22]. In con-
trast, [6] and [23] reported 100% and 71.6% respectively. The requirement is
important because it plays significant role for flow of traffic especially during
fuel scarcity and long queues develop in front of the PFS.

Gross noncompliance (22.88%) was observed for specification on 400 m set-
back distance to other Filling Stations and this was consistent in all the three
study locations (as shown in Figures 4-6): Eket (1.76%), Port Harcourt (19.44%)
and Warri (37.93%)). The result agrees with findings by [6] [8] [11] and [23].
Furthermore, the same pattern of noncompliance (28.81%) was observed for the
specification on not more than 4 filling stations on a 2 km Stretch, thus, con-
firming the fact that there is proliferation of filling stations. All the three study
locations showed low compliance level of 5.88%, 29.17% and 41.38% for Eket,
Port Harcourt and Warri respectively. Other authors [23] and [6] reported high
noncompliance levels as well. The results suggest a strong association between
the two Compliance Specifications and this is confirmed by the Kendall Tau-B

and Principal Component analyses.

3.2.2. Kendall Tau-B Analysis of NUPRC Location Compliance
Specifications

The degree of associations between location compliances (see Table 2) shows a
strong degree of association between minimum plot-size of fuel station which is
35 m x 35 m (LC1) and maximum plot coverage is 60% (LC2), which is statisti-
cally significant (76 = 0.64, p-value < 0.000). The result indicates that stations in
the Niger Delta region which had large land area had built-up space that was not
more than 60% of the total land space while those with small land area had more
than 60% built-up space. The result also showed that there was a positive associ-
ation between minimum plot-size of fuel station which is 35 m x 35 m (LC1)
and minimum vehicle maneuvering area is 1100 m* with a minimum frontage of
9 m facing the primary street (LC3), which was statistically significant (76 =
0.61, p-value < 0.000). The association showed that stations that had small land
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space also had very small maneuvering for vehicle. Table 1 showed that there
was also strong positive association between minimum vehicle maneuvering area
(1100 m?) with a minimum of 9 m frontage are facing the primary street (LC3)
and maximum plot coverage is 60% (LC2), which was statistically significant (tb
= 0.65, p-value < 0.000). Generally, the result shows a positive association be-
tween all the land space locational compliances which is statistically. Stations
which complied to LC1 also complied with LC2, LC3 and LC4 and those that
failed to comply with one land space criteria failed on the other land space criteria.

The result also showed that stations that failed on one Right of Way to Elec-
trical Power line also failed on the other Electrical Power line right of way, and
vice versa. The result also showed that there was positive association between the
number of stations within 2 km stretch on both sides of the road will not be
more than 4 (LC11) and the distance between stations will not be less than 400
m (LC13), which was statistically significant (75 = 0.57, p-value < 0.000).

3.3. Dimension Reduction using Principal Component Analysis
(PCA)

The result of the PCA shows specifications 8, 9, and 10 loaded strongly on prin-
cipal component 1 as the factor loading scores were greater than 0.4. These
measure the compliances associated with an Electrical Power line Right of Way.
Specifications 1, 2, 3, and 4 loaded strongly on principal component 2, and they
are associated with Land Space Specifications. Locational compliance 5, 15, and
16 loaded strongly on principal components 3, and these are specifications for
minimum setback distance from other close by structure. Locational compliance
11, 13 and 14 strongly loaded on principal component 4, and these three com-
pliances had to do with clustering of petroleum product handling facilities in a
particular zone. Data from the PCA provides an indication that compliance re-
quirement could be evaluated base on these four key criteria.

The correlation circle as presented in Figure 7, showed the relationship be-
tween locational compliance and petroleum handling facilities type. This data
indicates that principal component 1 retained locational compliances 8, 9, and
10 which had strong positive relationship between themselves as obtained in the
Kendall tau-B. The correlation circle represent higher compliance by LPG sta-
tions to the Electrical Power line ROW specifications compared to the poor
compliance by Petrol only and combined Petrol and LPG stations. The data also
revealed a better compliance by Port Harcourt based petroleum product han-
dling facilities to the Right of Way to Electrical Power line compared to Eket and
Warri petroleum product handling facilities. Figure 8 show the correlation circle
for principal component 3 and 4. The result from the correlation circle showed
that locational compliance 5, 15, and 16 loaded strongly on that principal com-
ponent 3. The correlation circle also showed that principal component 4 loaded
locational compliances 11, 13, and 14 to its axis. The result from the correlation
circle showed that petroleum handling facilities complied more with not having

a cluster of stations in Warri than stations in Port Harcourt and Eket. Generally,
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Filling stations in the Niger Delta region tend not to be clustered in a particular

zone.

4. Conclusions

The result showed an overall high rate of poor compliances as only 6 (35.29%)
out of the 17 compliance specifications were met by the stations in the three
study locations. The specification on drainage had the lowest compliance rate
(13.56%) while the specification for at least 3 dispensing pump (for Petrol, kero-
sene and diesel) had the highest compliance rate (87.29%). Comparing the com-
pliance rates among the study locations indicates that stations in Port Harcourt
had the highest compliance rate while Warri had the least. Results of Kendall
tau-b analysis revealed the degree of association between the Locational com-
pliance specifications. Principal component analysis reduced the dimension of
the specifications into seven components and showed that compliance could be
analyzed based on four key components (Electrical Power Line ROW, minimum
plot size, minimum setback distance and number of stations within an area).
The correlation circle confirmed the relationship between the specification com-
pliances and the type of petroleum product handling facilities.

Due to the gross non-compliances, it is recommended that facility owners
must maintain strict safety measures and emergency response strategies to safe-
guard against fire and explosion incidence. The NUPRC Regulators should en-
force the Land Use Act and defaulters should be prosecuted. New Permits for
development of Petroleum Product facility or modification of existing ones should
not be granted except that the requirements of Location compliance standards
are fully met. Government and non-governmental organizations should carry
out public engagement and sensitization programs to dissuade encroachers from

areas mapped out for the development of petroleum products facilities.
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Appendix 1

Table Al. Locational compliance specifications.

Number Locational Compliance Specifications

LC1 Minimum plot-size of fuel station shall be 35 m x 35 m

LC2 Maximum plot coverage is 60%

LC3 Mini vehicle maneuvering area is 1100 m? with a minimum frontage of 9 m facing the primary street
LC4 Buildings inside the station must be at a minimum of 12 m from the road property boundary.

LC5 Petrol pumps must be located at a minimum of 30 m from residential buildings.

LCé6 There should be a minimum distance of 10 m UST and dispensing pumps

LC7 There shall be a minimum of 3 dispensing pumps (one for each of the petrol, diesel and kerosene)
LC8 Minimum set back of stations to a 330 kv line is 32 m

LC9 Minimum set back of stations to a 66 kv power line is 8 m

LC10 Minimum set back of stations to a 132 kv line is 16 m

LC11 The number of stations within 2 km stretch on both sides of the road will not be more than 4.

LC12 Distance from the edge of the road to the nearest pump (not less than 15 m).

LC13 The distance between stations will not be less than 400 m

LC14 The drainage from the station will not go into a stream or river/good drainage network

LC15 Stations must be located at a minimum of 150 m from any public building such as school, place of worship,

market place, hospital etc.

LC16 The distance of station to residential structure (dwelling house) must be a minimum of 50 m.
LC17 Wall fence demarcating the station (minimum height of 1.5 m high).
Appendix 2

Table A2. Eigen Value and Percentage variability of principal components.

Before Varimax Rotation After Varimax Rotation
Principal Component Eigenvalue
Variability (%) Cumulative % Variability (%) Cumulative %
F1 2.9234 17.1966 17.1966 14.8472 14.8472
F2 2.7138 15.9633 33.1599 15.167 30.0141
F3 1.6516 9.7155 42.8754 9.8725 39.8866
F4 1.5419 9.0702 51.9456 10.8155 50.7021
F5 1.2498 7.3519 59.2975 7.5945 58.2967
Fé6 1.0712 6.301 65.5985 6.7848 65.0815
F7 0.963 5.665 71.2635 6.182 71.2635

DOI: 10.4236/jep.2022.1310048 765 Journal of Environmental Protection


https://doi.org/10.4236/jep.2022.1310048

	Assessment of Locational Compliance Status of Petroleum Products Handling Facilities in Niger Delta Region, Nigeria
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Area
	2.2. Study Design
	2.3. Sample and Sampling Technique
	2.4. Method of Data Collection
	2.5. Method of Data Analysis

	3. Results and Discussion
	3.1. Results
	3.1.1. Location Compliance Status
	3.1.2. Kendall Tau-B Analysis on the Associations between the Specifications
	3.1.3. Principal Component Analysis, PCA

	3.2. Discussion
	3.2.1. Locational Compliance Status
	3.2.2. Kendall Tau-B Analysis of NUPRC Location Compliance Specifications

	3.3. Dimension Reduction using Principal Component Analysis (PCA)

	4. Conclusions
	Conflicts of Interest
	References
	Appendix 1
	Appendix 2

