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Abstract

Oil spillage and gas flaring are one of the «
of Nigeria. Disasters caused by the dim-ibuti

economic and social consequences are common

Niger Delta region where a lot of petroleum expl

This research work focuses on the distribution of L
ed on Port-Harcourt area. T‘h' g
distribution, ety Lor
located in Port-Harcourt area ol ﬁ

disaster with the risk i impos

of five oil and gas companies involved in LPG
Fire Service and the Consumers (Users) of LPG

region. The choices of the techniques employed
Event

verall risk probability of 0.44 which is ¢

collected were Fault Tree Analysis (FTA),
(RP). The outcome of the FTA indicates an o

safe in the operations of LPG Distribution in Port-
addition, confirm a direct relationship between

causative factors. The risk perception for LPG

reveals a relatively low risk perception but
slightly costlier, more convenient and env

recommends management commitment (in time,

the uti
ironmentally friendlier source of energy The s

FMW

for the analysis of the field st
TmAmlym{F'l'A)ﬂldm

n !.,

Harcourt area. These quantitative ar
LPG incidents and the combined ¢
distribution by users n Fort !»hnm

lization perception 1s thet af & relatively

rrr

maintaining to safety policy and W |

equipment and efforts on safety routines) as means (o
responsibilities. It also recommends that traffic management and road mamntsnance on Por
Harcourt roads should be improved on.

Disaster, Distribution, LPG, Fault-tree Analysis, Risk-factors

Keywords:

| & Introduction
Disaster refers to an emergency caused
by natural hazards or human induced

actions resulting in a significant change
in_circumstances over a relatively short
time period (Olorunfernt and Raheem,
2002) resulting into death, displacement,

Adaramola, Popools, Audu, & Adeleye
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disease, loss, damage ' physical and
service infrastructurc.  Jepletion of

natural and social capi (. nstitutional

weakening and a gene. - disruption of |
economic and sociai activity. The
unscheduled, sudden <! aracter of loss T
from accident make: it a disaster.
Olorunfem: and Raheem (2002) stated
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3. Research Methodology

For this study, both longitudinal and

cross-sectional procedures were ado

to study the risk involved in distributing
LPG in Pon-Harcourt. Primary and
secondary sources of data were used for
the purpose of gathering information for
this research. The secondary data sources
included books, journals etc. The data on
LPG road accident was collected from
federal road safety commission, River
State, also data on LPG were collected
from Nigeria Liquefied Natural Gas
Companies, and other relevant agencies
in River State, the base map and other
GIS data were collected from department
of geography, University of Ibadan.
Primary data were collected by means of
four set of questionnaires while in-depth
interviews and personal observation
were also being adopted. The first set of
questionnaire were administered to the
operation department of LPG companies

Adaramola. Popoola, Audu, & Adeleye

The GIS data generated was analyzed

Port-Harcourt. That 15 4 guestionn
were administered each to "*“
ADROSEGAS  and  TOTALc
Another set of 20 questionn i..’l-—';:": |
administered to LPG "” |
drivers of the above p
companies and finally, 6 .,*
were administered each to the Fede
Road Safety Commission and the F
Service department also in p
Harcourt. |

.

Systematic random sampling technig

was adopted for the consume
questionnaire. The data and interviey
ge-nmted was PfOCESSCd. tabu ,E-_.-_‘:,.____EI‘.?E_':
analyzed to generate descriptive ant
inferential deductions. charts and grapl

k
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| ﬁhe&e dgmmbe a dmasmr
mmggemgm cycle that consists of i
connected activities and phases, which
ocecur sequentially (Alexander, 2000).
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16k, up to 50kg in A

aure inside il
ﬁfg} (cumnwruinl butane oF propane)

(Nonekuone, 2009).

Out of the global 249 million tonnhos ?f'
LPG consumption in 2010, Asia ITIII.’.IIIG
ranked highest in consumption, while the
North African countries 18 ranked the
largest contumer in Africa with around
5% of Africa’s total consumption,

Although Nigeria 15 the largest LPG -

producer {n Sub-Saharan Africa with a
total of 47% of global demund for LPG
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g':gund for aum«w and iﬁf 1

putrmhcmlﬂul wndustey (PMECH, |
Cias distribution by gas majors I
Oando, Mobil, Forte Ol and paeet

and independent markotory b

fﬁlﬂ"ﬂm can refill their gas ¢ - .-

These facilities are limited o only |
metropolitan arcas At the end of ype
there wans 203 ﬂ”l’ﬂg p],.m ':i

country  (Nigenm  LPG oo
improvement study. 2004), 26 of whes
are in Port-Hurcourt Millo, ef ol (tow
alated  #ome  mMojor  causes of . s
accident. They postt that, Lisws
petrolenmn gas 15 o Hammable T’f- ¥
hﬂ! the pulﬁntml for Lioate H“l : | r
Therefore, it v portant m |
propertics and st sandling of LPG &

understood and spphied in the domesl
and commercial toostnial it -'=.,-_-
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- ﬂﬁw,-mmwmr Vol 2 No |
P {/rhan Planning and
3. aster management
s | planners m the management
gettlement  and  its
s all inclusive.  Urban
- ‘ubjeclt:d with the role of
qbout harmony, safelty and
in human scttlement. In
qbout settlement  safety,
eduction 1 disaster is an integral factor.
lI ining, conceptualized as the art and
i of allocating spatially, activities,
~uses and featurcs as
(he  accentuation  and
aximization of iﬂ{ld as a resource
(owards realization of maximum realistic
evels of cconomy, convenience, bcauty,
health and safety (I.(ce-hlt:. 19:?6) 1S dtz:lnc
through  the application of scientific
methods to dccusnon-m?kmg (Faludi,
1973). The processes of harmony and
qafety in the environment has brought
(o lime light two tool used by planners
has a means to bringing apuul safety and
reducing hazards and disasters. These
are, Jevelopmental control and land use

pfﬂnm'ng.

Control is the process of
implemcnting planning standurds: that 1s,

ensuring  that
carried out 1n
planning

the  process of

accordance with approved .
standards therEby St?r\-illg_: as tool for
promc}ting orderliness and safety through
managing of changes so as 10 prevent
hazard. In the case of the fire outbreak n
Jakara Market in Lagos State, Adﬂlﬂjfl
(2013) stated that the ”Jukuru.murkut‘
fre outbreak was as d result of improper
strict development control of a building
meant for residential purposc converted
{nto commercial purposc and thus Hqch
building wds stockpiled with explosive
and fireworks™ which now resulted into
incidence of market fire. Also, the lack
of strict compliance to  planmng

Adaramola. Popoold, Audu, & Adeleye
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standuards such oy setbacks and dirspaces
prevented the fire resene officers from
getting to the site of the disaster easily.

Burby ¢ 9
) uppfnuuh iulg “:_l realize thut A
Mg e tusb:c:e :d.1£ natural
(1999) quoted the Seco l:? "% M”E“
Assessment N T
on Natural and Related
?:cchnulogicul Hazards concluded that,
no single approach to bringing
sustainable  hazard  mitigation into
existence shows more promise at this
time than increased use of sound and
equitable land-use management”. Land-
use planning is the means for gathering
and analyzing information about the
suitability for development of land
exposed to natural hazards, so that the
limitations of hazard-prone areas arc
understood by  citizens,  potential
investors, and government officials
(Burby et al., 2000). Proper land-use
planning provides an in-depth look at the
process of preparing land-use plans
(Kaiser et al., 1995), and can be a
powerful tool for reducing risks from
natural disasters (Burby, 1999).

Planning programs reduce losses by
affecting both the location and the design
of urban development (Godschalk ef al.,
1998). Ulutiirk (2006) stated that studies
recognize urban disasters, pointing oul
that existing risk 1S magnified by the
failure of adequate planning, and tend to
focus on the interplay between urban
disasters and planning.

According to Wamsler (2004), the
aspects influencing the interplay between
urban disasters and planning are; social
aspects, environmental aspects,
demographic aspeclts, econofiic aspecls
institutional aspeclts.
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4.  The Study Area
Port Harcourt is the capital of Rivers
State, Nigeria, Port Harcourt is Jocated
within the humid tropics of the southem
part of Nigeria and sited on a relatively
firm land about 66km from the Atlantic
Ocean (Ukpere, 2005). The geographical
coordinates of the city limit le
agprnximtcly within latitude 4°40° and
5" 01" North and longitude 6° 50" and 7"
01° East (Figure 1). It lies along the

Adarumaols, Popools, Audu, & Adeleye
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mu-ibuﬁon in Port Harcourt

51  Definition of

Sgﬂ“" Probabilities
The Main event is PETROLEUM FIRE
gEXPLOSION (Disaster) - D ‘

Terms,
and

Fire Service DeparUMt-FS

The Intermediate events (LOA-Lines of

A_wumcefﬂfegua:ds) ig

4 Management O ammitment-MC
(safety senmitizalion, safety
meetings, reports and
investigations,
shcentives/reprimands. etc.)

1. Traffic management- ™

T = ¥ rained Technical
Personnel —T 0w Un-Trained

Adaramola, Popoola, Auds. & Adeieyc
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1.

1V.

TOxse')-

Truck drivers- TD = (Skills/
Training -TDs; No Skills/
Training  -TDs';  Truck
Maintenance Regularly-TDmur
and Truck Maintenance Rarely
~TDwr')-

Roads-RD = (Road Well
Maintained- RDgwm 3 Road
Not Well Maintained —
RDewn ; Adequate Traffic
Signs ~RDars and Inadequate
Traffic Signs — RDars')
Consumers- CS = (Cylinder
Placement  Inside- CScer,
Cylinder Placement not Inside-
CScp' 3 Cylinder Maintenance
Regularly-CScmr and Cylinder
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Bvent A und Eﬂﬂl

1P (A und 1),
Likewise, Pr (18 or A) = Pr (B) 4 Py
(B und A)
3o Independent / Dependent events
I Pr (A /7 B) = Pr (B/A), the
Bvent A and Fvemt B are
independent
e, the Probability of one event
s not affected by the occurrence
af the other event,
But it Pr(A/ BB) is not equal to Pr

( B/A) | the Event A and Event B
are dependent

Aduraimaoly, Pupooly, Audu. & Adeleye

el
probability s , Pr (A&I‘E}'WM}

o8 Therefore
mmmmm Pmbablliﬁm (Lik t
the eritical sub-basic Fvents of Technigyy
personnel ( @rf TOp') and i
(TOyss, TOwusy. ) identified are:
Pr (Tﬁm? Zﬂ =090
Pr (TOp ) = 2/20 =0.10
Pr (TOuyx) = 17/20 =0.53
Pr(TOys;') =3/20 =0.15
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evealed that 95% of the truck

regularly while 5%  Drivers’ Skills/Trai

Drivers
Pr (TDs) =19/ 20 =0.95
& Ged petro Pr (TDs') =1/20=0.05
T acter if any accident occurs. (See Pr (TDnug) =18/20 =0.90
,ww;)r Total data= Total number of  Pr(TDna) =2/20=0.1
Truck drivers surveyed. Therefore,

[ndividual Probabilities (Likelithood) of

W 95%

B Drvs Trained

@ Drvs Not Trained

M Trucks Mtnd

M Trucks Not Mtned

(] . |
o i
i =, -
i O L J
{ i4
-
-

Figure 3: Truck Drivers Response towards Truck Maintenance and Training
Source: Authors analyviis 2015 A
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6.2  Road Safety and

maintenance . Table !
The study analysis fhi“"“ “':l'l are NO!
revealed that 81% ol the roa ‘mgul arly
maintamed  and 19% are -ﬁrﬁl poor
maintained  This result  show!

maittenance culture of the g{}ven:?!:rlll‘;
which put the life and property :.rmllﬂ |
people at risk. The table also 1€ ot
minimal safety measurcs on f t
However, 50% of the reSpoONSes ?“:L::l?c
that traffic signs arc adequate WI?I‘IL o
remaining S0% object that there 1s N '
availability of the road traffic  SIEN
which put the life of the people at a vt:llz
high risk, This result implws that |
roads are poorly maintained and n:;
good for transporting dangerous £0O f
like LPG.

Total Data for is 26= Number of the
Truck drivers plus FRSC statfs :-aurvc}"cd
Therefore, Individual Probabilities ol the
critical  sub-basic  Events ofl road
maintenance (RMpwm: RM rwm ') ﬂﬁld
rond traffic signs (RTSars RTSass )
wdentified are:

Pr (RMpwn) = 5/26= 0.19

Pr (RMpwwn' ) = 21726 = 0.8

Pr (RTSArs) = 13/26= 0.50

Pr (RTSAs ) =13/26 =0.50

Table 1: Roads Safety and Maintenance

ﬁ | f - ...I.
sutside  thedr ' pondent
:ruinlﬁnunﬂm culture of the respondent

shows that

1 check | | .
:;:!ln‘:i:,; while 102 (42.3%) daesn'y

. eir LPG cooking  cyhnder
’r;‘ll;‘il: trt:::rlczntll; that. the level of nsk s sul
vcr;( high and poar consumet kmw'lﬁdﬂﬁ
on the risk assuma‘lafi ‘Wlth o
maintenance of the LPG( yll_ndgt
Total number- Number ol consumers
j’l"l;:vclt:li;(rjc Indivitluul. | Probabilities
(Likelihood) of the critical ““h“PaS.ic
Events of cyllndcr' plﬂccmun.t (S
CSsut) unG cylinder  maintenange
(CSemis €50 e ) identified are
Pr (CSerr) = 172/240= < (.84
P (CScei' ) = 68/240 =0.16
Pr (CSeamr) = 138/240=0.58
Pr (CScmr ) = 102/240= 0.42

L — —————— el e T B S S

Tralfic Signs

il — — il

No of Respondents ~ Maintenance et
7% Well Mamtained  Not well Maintained  Adequate Inadequate
26 5 21 | 3 i3
100 % 19% 81% 50% S0%

Source: Authors analysis 20135

Fable 2: Consumers exposure to risk and disaster =
Cyvhnder Mamntenance

Respondents  Cylinder Placement

Instde CScp
240) 172 68
100 (71 6%) 28.3%

Source: Authors unﬁlysix 2015

Adarmmols, Poposta

Not InstdeCSep Regular CSwe

(57 5%)

—— s T i T e —

LE o - - - -

N

|

b

Not Regular {‘S, \1.!;.-.
|38 102
(42.;\“ o)
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1ourtd!
Fault Tree Analysis (A
o4 {itative Analysis) .
Q‘“.'n?, shows the Jont Probability of
Most Critical Events of Untrained
cal personnel and HSE not
Twlmled is 0.02. While the Marginal
Untrained Technical
‘'« 0.10, the Marginal
Pmo;l:ﬁiy ﬂIfSHSE not followed is 0.16.
probﬂfom the Union Probability of these
e ost ‘critical events that will lead to
o uz;cumnce of Disaster is given by
th:; U By) =Pr ( A and B))+ Pr ( A,
:ndBIz)+Pl'(AzaDdB|). '
s o g
{ onnei; Al
Tﬁh:rl::] Pei;- Trained  Technical
g::r:onné] and B,- HSE Followed

Augusr, 2017

6.5 Truck Drivers response
analysis on truck and training.
Analysis shown in Figure 4 shows the
Joint Probability of the most critical
cvents of Untrained Truck drivers and
Trucks not regularly maintained is 0.01.
While the Marginal Probability for
Untrained Truck drivers is 0.06, the
Marginal Probability of trucks not
regularly maintained is 0.10. Therefore,
the Union Probability of these two most
critical events that will lead to the
occurrence of Disaster is given by Pr(A,
UBI) =PI'(A| and B])"‘ Pl'(A|ﬂl'Ide)
+ Pr( Ayand B, ).

Note that in this case, A; —Untrained
Truck Drivers; B; - Trucks not regularly
maintained; A,- Trained Truck Drivers

the computed table above; and B,- Trucks regularly maintained.
mefarc Pr (A, UB) =002 +008+ From the computed table above;
me;e_ 0.24 therefore, Pr (A; U B;) = 0.01 + 0.05 +
e : 0.09 = 0.15.
fions
3: LPG Technical Opera
= TOpy TOpr TOTAL
TOuse 076 0.08 0.84
TOwe 014 002 Q.16
090 0.10 i 5 '
F;ftif Authors Computed Values from Individual Probability and the Formulae for Joint
X ; s 1 Denhahilit
Probability and Marginal Probability
e
l .
| £
| B 0
l-I B,k
; .
| : \
| 'mTOMR | 085 | 005 | 089
WTOMEL, 069 | 001 | 04
I L '.;-;.’ FAL | 054 0.06 | | 1
¥ Fioure 4: Truck Drivers Response towards Truck Maintenance

Source: Authors Computed Values from Counts Table and the Formula for Joint
& e A Y1 “e\Ti} ; =
Praobability and Marginal Probability

& Adsleve
Adaramola, Popoola, Audu, & A loleye
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Pr(A, U Bl) "“( A‘l
mde)-l'l'r(Anlﬂdﬂi)
Note that in this case,

A, ~Not well maintained roads;
A;- Well maintained roads
B, - Inadequate Traffic
AMquaw Traffic si 0 ¢
From the mmp;':t_‘:d table  above; v
Therefore, Pr (A, U B;) = 0.41 + 041+

Table 4: Roads Analysis
R o 0':: 0.50
RTSArs 0.09 g - :
o o for Joint Probab
Source: Authors Computed Values from Counts Table and the Formula ility
and Marginal Probability.
0.7 R 100% ;_i
| B0% Sl
Z o3 i
8 04 i
o A
BN ¥
& 0.1 L
| 0 far
:" m— CSCMR E
- m——CSCMR1 ..Q
| e TOTAL N

.j-'f=+1iﬂ"n

mim

| =
-

Figure 5: Consumers
Source: Authors Computed Values from Counts Table and the Formula for fo 7 robability
and Marginal Probability” -

=
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il al £
Towrnad of Piyasie Kish AManauemer

vel
 suli vith the le
the condition of uyllndur-s with

of risk.

6.7 Supervisory Meusurtiralions
Personnel ungugcd in LP Gas ‘?pm etent
receive formal trainings by -L?ticl: an

persons for their normal "lcl.l?:‘cqh have
for emergencies. LP Gas facilitics

. PONse
emergency  planning ﬂﬂdthc"ﬁ;ﬂr s
programmes appropriate (o . These

and risks which they reprcscndurcq i
include correct handling procctuiiz=

avold injury.

6.8  Risk Perception for LPGf
compared with other sources O

fuel £
A comparative counts study of Ub?r‘d
perception of LPG  distribution .an‘
utilization compared with other sources
of fuel such as kerosene, firewood, coal
ete. was conducted among 240
respondents who are users of LPG.
Interviews  were  conducted  and
Comparative  questions askcd‘ on
important attributes of convenience,
length  of timing for cooking,
environmental sustainability, safety and
cost that lead to the respondents’
perception forming.

Table 5 more of the respondents (96%)
of the comparative counts study believe
that LPG utilization is more convenient
than the other sources of fuel, while the
remaining 4% of the respondents believe
LPG is less convenient. The study
further revealed that 97% of the
respondents in the comparative counts
study have the perception from personal
utiization of LPG that it is faster in
cooking than other sources of fuel. Only
3% of the respondents have an opposite
perception. Although, (99%) of the users

of LPG who were respondents in the

comparative counts study say that LPG

Adaramola, Popoola, Audu, & \dcloye

e =S . L

e s e &

oo s environmentally e o -
ut“?u;::ll:uon) with lesg.&‘%:
(flfpt..printg than other sourceg of ﬁ1¢|
0 vy 1% of the reﬂpon(_lcms bt’llig-,m'
On }:on!f‘m' A comparative coypy, y éh
:::il? other sources of fuel shows (y

| L Tore ¢
e users’ (88%) of LPG puo A8
pcrceptlon 0

{ safety for LPG ugijpy A
(7% of the USCYS' fek) i
Olll)’ _ 'S lmsaﬁ:_l_nWhlﬂh 23% PG

respondents in the uclq C““‘Pamﬁ%
counts of this study ‘th:nk }hat LP{;
utilization is not expensive \lfhl|E 779, &
the respondents think otherwise, )

From comparative study and i“tcﬁficws
the tabulation of field COMparatjy,
counts and dcn_vcc! p cIcCntageg of
perception for LPG with other Sourceg of
fuel like firewood, coal, kerosene ele. for
domestic use revealed t})at:
[ Risk  Perception  for Lpg
Distribution in Port Harcourt is I'B|iltivc]y
low. _ :
The Risk perception of LPG Dislribu“nn
and Utilization in Port Harcourt js Low.
This is confirmed by the quantitatjye
analysis of this study where the Risk
Probability (overall) of all the Operations
involved in LPG distribution in Port
Harcourt 1s found to be 044 This
suggests that a Risk Pr (Overall) of 0.44
could be considered as the thresholy
probability for LPG Distribution i Port-
Harcourt. For a higher Risk Py (Overal))
| 044, nsk management Measures
should be put in place for the Operations
in such a system to function safely
without  the  associated Disaster
happening. A limiting Risk Probability
of 0.44 is therefore suggested for LPG
Distribution because of the nature of the
assoclated Disaster of

t petroleum  fire
explosion,

76
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m 'ﬁ acquired cy
Fma&ly challenges of huma m
the actions/inactions of the gover |
Management,  supervisors, technical
operators, truck dnvers. ﬁlﬂlﬁ ﬂﬂﬂ '-'ﬁ'i*'? |
consumiers in  the chain of L@GL
distnbution  and  utilizauon  are
foreseeable among other challenges and
therefore amenable to control measures.

7.2 Recommendations o o S
Based on the study findings, the 8. Public awarencss af e advaniyy
following were recommended by the (affordabthity) of LPG tor dam
study
L. Improvement  in  management
- tomnutment  (in - time,  maoney. L

wearmg  of  personal  protective ;govummaﬁt ﬂﬂﬂ Ehﬂ'-

cquipment and  efforts on  salety dlﬂmb“hﬁ“ of LPG

Adaramoli, Papoals, Awdu & \utleve
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disaster  in  South  Affrica,
(Unpublished paper).
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by-gas-cylinder-not-suicide-
bomber-fire-service.html, Retrieved
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