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Abstract 

Unaccounted volume of gas is one of the foremost challenges facing natural gas 
transportation and distribution companies in Nigeria. Gas leak leads to gas loss and have 
resulted in environmental footprints, inaccurate inventory accounting for pipeline gas, huge 
revenue losses to gas producers, pipeline operators, shippers, marketers and distributors, 
among others. This paper assesses the performance of PIMPs in natural gas pipeline systems 
in South-western Nigeria with a view to determining the challenges encountered by pipeline 
operators during integrity program implementation. Questionnaire totalling 80 were 
purposively administered to pipeline operators, asset managers and industry regulators in 3 
operational States of the South-West. Comprehensive data from 56 technical staff of five (5) 
natural gas companies and personnel of the Department of Petroleum Resources operating 
across the study area were gathered and analysed. The study analysed pipeline failure modes, 
associated losses due to gas leak and the critical failure factors militating against effective 
implementation of Pipeline IMPs (PIMPs). The results showed that PIMP is predominantly 
prescriptive in the study area but poorly implemented owing to some failure factors and that 
most pipeline failures were due to nature forces and human errors such as corrosion, aging 
and mal operation as well as wilful damage/vandalism. T-test analysis showed significant 
factors affecting implementation of PIMP, and ranked top in the scale included fear of failure 
during pigging operation, shoddy maintenance of gas pipeline & ancillary facilities, lack of 
management commitment to pipeline safety, insecurity in pipeline ROW, high cost of 
pipeline IM procedures, pipeline vandalism/sabotage and poor pipeline data management. 
 

Key words: Natural gas, PIMPs (or IMPs), Escravos-Lagos Pipeline System (ELPs), 
Pipeline vandalism and Gas leak. 
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1.0 INTRODUCTION 

With growing energy demand worldwide, gas pipeline construction and gas utilization are on 

a steady increase. A 2016 survey by Pipeline & Gas Journal’s (P&GJ) indicated that over 

94,799 miles (over 150,000km) of gas pipelines of various diameters are planned and are 

under construction worldwide (Rita, 2016). In Nigeria, several gas pipeline projects are at 

various stages of construction and are driven by the Nigerian Gas Master Plan (Mukwuzi, 

2018a). Some of the listed projects are the OB3 gas pipeline project (130Km by 48inch) 

designed to connect gas sources from the Eastern to Western region, AKK (641Km by 

40inch) designed to extend gas supply from East through West to Northern Nigeria and ELPs 

Expansion project (331Km by 30/36 inches) designed to double the capacity of the major 

trunk line evacuating gas from South to West and beyond the shores of Nigeria.  

Usman & Ngene (2012) suggested that beside its long-term environmental and health 

impacts, natural gas transportation is an expensive business associated with high risks of 

assets. Pipeline integrity management (IM) has grown to become a serious business because 

of the overall consequences of pipeline failure - economic, social, environmental and possibly 

legal (Pittalwala &Wittas, 2006; Mokhatab, Poe & Speight, 2006; The INGAA Foundation 

Inc., 2007; Rafael, 2011; Markus, 2016) suggested further that a systematic method of 

managing pipe, pipelines, or piping systems should be to anticipate failures and attempt to 

conduct preventive maintenance or replace pipes before failure occurs. This notion reinforces 

asset management viewpoint on the goals of pipeline operators which are to achieve optimal 

output, minimize downtime and extend asset life. Consequently, pipeline operators are 

required to implement pipeline integrity management program (PIMP) that ensures 

reliability, availability and protection of systems related to pipelines (Rafael, 2011; Usman & 

Ngene, 2012; Wodi, 2014; Canadian Energy Pipeline Association, 2013; Markus, 2016). This 

technique culminates into standards and codes prescribed by technical professional bodies 

and are enforced by State or Federal agencies within a regulatory framework. 

The Nigeria Oil Pipelines Act of 1956 governs construction, maintenance and operation of oil 

pipelines. By this Act, permit to survey route(s) and maintenance plan of proposed pipeline 

system are key requirements to be met by an intending natural gas pipeline owner or operator 

before the Department of Petroleum Resources (DPR) grants an Oil Pipeline License (OPL). 

The Mineral Oils (Safety) Regulations (MOSR, 1997) also provides guidelines for pipeline 
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design, construction, operation and maintenance. These laws and regulations are a derivative 

of ANSI, ASME, NACE and other applicable national and international standards. In Nigeria, 

pipeline vandalism/sabotage has been blamed for the increased negative incidents recorded in 

oil and gas operations (Mukwuzi, 2018b). Pipeline failure has led to system shut down and 

halted gas supply. When gas supply is disrupted, consumers such as power plants or 

manufacturing plants may shutdown or switch to a costlier energy source causing great 

economic loss. Pipeline failures have significant impact on the environment, assets (the 

business) and the public (Mohitpour, Golshan & Murray, 2007; Rafael, 2011; Markus, 2016). 

Therefore, this paper assesses the performance of PIMPs in natural gas pipeline systems 

within South-western Nigeria with a view to determine the challenges encountered by 

pipeline operators during integrity program implementation. 

2.0 FAILURE IN GAS PIPELINE SYSTEMS AND ITS CONSEQUENCES  

In the year 2017, the Nigeria Gas Company (NGC) limited, the operator of Escravos Lagos 

Pipeline System (ELPs) stated that approximately 2Bscf of processed natural gas injected into 

the ELPs was not accounted for due to losses (Mukwuzi & Abubakar, 2018). This is of 

utmost concern to the gas value chain because it translates into huge revenue losses to gas 

producers, pipeline operators, shippers, marketers and distributors. Failures in natural gas 

pipeline systems have been adduced to natural causes like rupture and fire or explosion, as 

well as deliberate acts of vandalism and sabotage. In Nigeria, pipeline vandalism and 

sabotage are often blamed for the increasing negative incidents recorded in oil and gas 

operations. Pipeline failure has led to system shut down and halted gas supply. When gas 

supply is disrupted, consumers such as power plants or manufacturing plants may shutdown 

or switch to a costlier energy source causing great economic loss (Mukwuzi, 2018b). Pipeline 

failures have significant impact on the environment, assets (the business) and the public 

(Mohitpour, Golshan & Murray, 2007).  

The cost of clean-up after spill and the cost of repair or replacement of damaged pipeline are 

high. Gas fire or explosion as result of pipe rupture and methane leak is usually catastrophic. 

The consequences have both Safety and Business dimensions. It could result into 

injuries/fatalities of employees/third party and property damage thus incurring extra cost to 

the operating company due to litigation, compensation to affected public, penalties from 

government agencies and reputation damage to pipeline operators (Dulles, 2016). 

57 

 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-7, Issue-6, June 2021 
ISSN: 2395-3470 

www.ijseas.com 

Natural gas pipeline operating companies in Nigeria have argued that pipeline vandalism and 

inventory venting as a preparatory procedure for pipeline repairs were major culprits of the 

recorded gas losses (Ughachukwu, 1999; Mukwuzi, 2018b).  On the contrary, the host 

communities and public opinion suggested that gas losses are caused by multiple gas leaks in 

the pipeline system. They observed that systemic corrosion due to non-compliance to 

regulatory guidelines in integrity assessment and general poor maintenance culture by the 

operators are root causes of gas leaks in the system.  This position may be supported by 

multiple fire incidents recorded on ELP System in the early months of 2018 which were 

traced to existing gas leaks in the pipeline system. Noted as a high risk event, gas leak has not 

only resulted in fire incidents but also led to fatality, personnel injury, property damage, 

unplanned shutdown, litigation and damage to company reputation with significant financial 

impact on operating companies, employees, customers, environment and the general public. 

3.0 NATURAL GAS PIPELINE SYSTEMS IN SOUTH-WEST NIGERIA 

Natural gas transportation pipelines in South Western Nigeria is managed by the Nigerian 

Gas Company Limited (NGC), a subsidiary of Nigeria National Petroleum Company (NNPC) 

(Mukwuzi & Abubakar, 2018). The onshore category natural gas pipeline system within the 

study area is described as the Escravos-Lagos Pipeline Systems (ELPs): ELPs-A and ELPs-C. 

Figure 3.1 shows the gas pipelines originating from production centres in both Delta and Edo 

States while figure 3.2 indicates transmission line of gas to consumers’ locations in Ondo, 

Ogun, and Lagos States in South-West, Nigeria. ELPs-A, a 56km by 20/24inch, gathers 

processed natural gas from oilfields in Escravos and transmits same at high pressure through 

Warri Gas Treatment Plant (WGTP) belonging to the NGC to ELPs-C, to a 331km by 36inch, 

main trunk line. ELPs-C traverses through Delta, Edo, Ondo and Ogun States and terminates 

in Lagos State. The pipeline is of API 5L X60, LSAW with varying wall thickness ranging 

from 12.7mm–21mm. Its capacity is 1bscf/day at a design pressure of 100barg. The pipeline 

system is currently operating between 50–80barg. Installed in 1987 by Federal Government 

of Nigeria, the ELPs-C was commissioned in 1988. The Pipeline system is protected against 

corrosion at kilometre intervals by both impressed current and sacrificial anode Cathodic 

Protection System. It is fitted with several line break valves (LBVs) and pigging stations for 

ease of operation and maintenance.  
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Along the ELPs-C, natural gas is supplied and distributed to various consumers via spur lines 

and metering stations mainly for power generation and industrial heating. Currently, the gas 

distribution companies such as Nigerian Gas Marketing Company (NGMC) also a subsidiary 

of NNPC, Gaslink Limited, Falcon Nigeria Limited and Shell Nigeria Gas (SNG) do off-take 

natural gas from ELPs-C trunk line and further distribute and market to end-users. Hence, the 

assessment covered five (5) companies - NGC, NGMC, GASLINK, SNG and FALCON as 

gas pipeline operators and the DPR as regulator. 

 

 

Figure 3.1: Schematic of ELPs-C cutting across Delta, Edo and Ondo States (Source: NGC Ltd) 

 

Figure 3. 2: Schematic of ELPs-C cutting across Ogun and Lagos States (Source: NGC Ltd) 
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4.0 METHODS  

Data from the study were elicited through questionnaires administered to government 

monitoring/regulatory agencies located in Warri and Lagos, as well as technical personnel 

from gas pipeline companies involved in gas processing, transportation, distribution, and 

marketing in Delta, Edo, Ondo, Ogun, and Lagos States of Nigeria. The group comprised 

pipeline field operators, pipeline owners/managers as well as officers of the government 

monitoring/regulatory agency covering the zone (Table 4.1). The field operators and facility 

managers were technical personnel trained to manage, operate and maintain gas pipeline 

facilities, both in public and private sector (Table 4.2). The companies surveyed include 

NGC, NGMC, Gaslink Nigeria Limited, Falcon Nigeria Limited and Shell Nigeria Gas. 

Respondents from the Department of Petroleum Resources were trained personnel assigned 

with responsibilities of providing guidelines as well as monitoring compliance to statutory 

requirements. The survey adopted an investigative approach through structured questionnaire, 

observation and interview of respondents. A total of 80 questionnaires were purposively 

administered to respondents in these firms/regulatory body (Table 4.1). There was flexibility 

in the methodological approach. A set of comprehensive data from 56 respondents were 

collected and analysed through quantitative method (Table 4.2). The results were presented 

and discussed using descriptive and inferential statistics. 

Table 4.1: Schedule of Questionnaire Administered 
 
Stakeholders:  DPR, Gas pipeline operators and the Management staff of NGC, NGMC, GASLINK, SNG &     

FALCON. 
Stakeholders Number Administered Number Retrieved % of Number Retrieved 
Regulatory Agency 16 10 62.5 

Pipeline Operators 49 37 75.5 
Pipeline Managers (owners) 15 9 60.0 

Total 80 56 70% 

Source: 2017 Field Survey Report  

Table 4.2: Departmental representation of Operators, Managers and Regulators 
Analysis of the department of respondents 

Department 
Stakeholders (organizations) 

Total 
 

Percentage 
(%) Regulators Operators Managers 

Engineering 3 5 0 8 14.3 
Maintenance 0 11 2 13 23.2 
HSE 1 9 1 11 19.6 
Operations 6 12 6 24 42.9 
Total  10 37 9 56 100% 
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Source: 2017 Field Survey Report 

5.0 RESULTS AND DISCUSSIONS 

Given the grave consequences of gas leakage and the need to provide industry solution to the 

problem, this work ascertained the relationship between gas leak as a pipeline failure and 

pipeline integrity management program (PIMP). It provided insight into stakeholders’ 

compliance with DPR’s guidelines in the design, construction, operation & maintenance 

(O&M) of gas facilities as well as gas transportation in Nigeria. It also elicited information on 

implications of continued incidence of ineffective implementation of PIMP among natural 

gas companies operating in South-West region of Nigeria. 

Tables 5.1 give directions to questions on “what are the operating conditions of the natural 

gas transportation pipelines in South west, Nigeria?” Further to this the gas pipelines integrity 

management strategies were discussed.  

Table 5.1: Operating conditions of the gas transportation systems 

Diameter and % 
count 

2”-8” % 2”-16” % 2”-24” % 2”-36” % 2”-48” % 2”-52” % 

What range of 
pipeline diameter 
(inches) are in 
existence in your 
natural gas systems? 

5 11% 8 17% 10 21% 21 45% 3 6% 0 0% 

             
Pressure and % 
count 

2-6 % 6-10 % 10-20 % 20-30 % 30-50 % 50-100 % 

What range of 
pressure (barg) do 
you operate your 
natural gas pipeline 
system? 

3 5% 7 13% 8 14% 8 14% 8 14% 22 39% 

             
Gas volume and % 
count 

10-15 % 15-25 % 25-35 % 35-50 % 50-100 % 100 and 
above 

% 

What volume of gas 
(MMscfd) does your 
pipeline system 
transport on a daily 
basis? 

3 9% 0 0% 3 9% 0 0% 5 16% 21 66% 

             
Distance and % 
count 

10-50 % 50-100 % 100-150 % 150-200 % 200-300 % 300 and 
above 

% 

What range of total 
pipeline distance 
(Km) exists in your 
company? 

2 6% 2 6% 3 10% 1 3% 2 6% 21 68% 

 

Source: 2017 Field Survey Report 
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Table 5.1 indicates that gas pipeline system in existence in the area of study has pipeline 

diameters in the range of 2”- 48”. Significantly, pipeline diameter of 36” is currently the 

largest in the system. This is because approximately 45% of the respondents reported same. 

Also, the table shows that the pressure profile is largely within the range of 6 -100 barg. This 

range represents 97% of the line pressure. In addition, the volume flow rate is above 

100MMsfc/day. This represents 82% of total flow. Further to the above, total length of the 

36” gas pipeline in operation is over 300Km representing about 68% of the total length of 

pipeline in operation in the study area.  

The policy instrument for PIMP Management in gas pipeline assets in South-West Nigeria is 

anchored on four key regulations namely: MOSR 1997 and Oil Pipelines Act, both of DPR; 

EIA Act of FMEnv and Oil spill Act of NOSDRA. In general, the codes and standards of 

ASME B31.8, ASME B31.3, API 510 and API 570 also provide engineering guidelines for 

material specifications and procedures for pipeline construction and inspection activities 

(ASME, 2004; Rafael, 2011). The principle thrust of these regulations is to prevent and 

minimize failures and its associated losses while ensuring pipeline availability, reliability and 

safety (Dulles, 2016).  The key factors that drive any policy to its fullness are its objectives 

and the aligned strategies. Therefore, gas pipeline IM strategies which aim at preventing 

pipeline failures should also provide for quick intervention when failure occurs. These 

objectives are achieved through strategic planning, awareness on legal and regulatory 

framework, administration of best practices and guidelines, compliance monitoring, 

preventive and corrective maintenance approaches, emergency preparedness, adequate 

funding, operations excellence and data management. 

The outcome on factors hindering the efficient use of the PIMPs is illustrated in Table 5.2. 

Data were gathered using a set of questionnaire items administered to the respondents. The 

possible factors were captured in eighteen (18) sub-units surrounding policy & regulatory 

compliance, funding, technology, business environment, risk, cost and manpower. These 

questions were designated for stakeholders – field operators, asset managers and the 

regulators. 
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Table 5.2: Factors hindering effective implementation of PIMP   

A Response from Field Officers in gas pipeline companies 
Factors militating against efficient application of 
PIMP   

1 2 3 4 5 
Count Row N % Count Row N % Count Row N % Count Row N % Count Row N % 

High cost of Pipeline IM Procedures 3 10.3% 4 13.8% 5 17.2% 11 37.9% 6 20.7% 
Encroachment on the pipeline ROW 2 6.1% 9 27.3% 8 24.2% 6 18.2% 8 24.2% 
Insecurity on the pipeline ROW 2 6.1% 4 12.1% 8 24.2% 8 24.2% 11 33.3% 
Unavailability of In-line tools & expertise in Nigeria 4 14.3% 9 32.1% 8 28.6% 5 17.9% 2 7.1% 
Economic loss during shutdown for PIMP activities 4 13.3% 4 13.3% 7 23.3% 9 30.0% 6 20.0% 
Customer Demands 2 7.7% 4 15.4% 7 26.9% 3 11.5% 10 38.5% 
Multiple Permits from regulatory agencies 5 19.2% 5 19.2% 7 26.9% 4 15.4% 5 19.2% 
Pipeline Vandalism/Sabotage 1 3.2% 7 22.6% 6 19.4% 5 16.1% 12 38.7% 
Community Disturbances during PIMP activities 2 6.9% 5 17.2% 10 34.5% 7 24.1% 5 17.2% 
Fear of Failure during Pigging Operation (e.g. Stuck 
Pig) 

7 26.9% 11 42.3% 6 23.1% 2 7.7% 0 0.0% 

Difficult Terrain (swampy, rocky, under water etc.) 1 3.3% 13 43.3% 8 26.7% 5 16.7% 3 10.0% 
Lazy monitoring & oversight by Regulators 6 21.4% 6 21.4% 6 21.4% 5 17.9% 5 17.9% 
Poor record keeping on pipeline & facilities history 3 11.5% 11 42.3% 5 19.2% 6 23.1% 1 3.8% 
Placing Profit ahead of Safety 5 19.2% 4 15.4% 5 19.2% 8 30.8% 4 15.4% 
Shoddy Maintenance of gas pipeline & facilities 0 0.0% 5 19.2% 6 23.1% 7 26.9% 8 30.8% 
Lack of Management Commitment to Pipeline Safety 10 38.5% 8 30.8% 5 19.2% 0 0.0% 3 11.5% 
Lack of trained personnel to supervise PIMP activities 5 20.0% 7 28.0% 5 20.0% 2 8.0% 6 24.0% 
Lean budgetary provisions for planned 
inspection/audit 

6 20.7% 5 17.2% 5 17.2% 8 27.6% 5 17.2% 

 
B Response from Managers in gas pipeline companies 
Factors militating against efficient application of 
PIMP   

1 2 3 4 5 
Count Row N % Count Row N % Count Row N % Count Row N % Count Row N % 

Insecurity on the pipeline ROW 1 13% 1 13% 1 13% 2 25% 3 37% 
Economic loss during shutdown for PIMP activities 1 13% 2 25% 3 37% 2 25% 0 0% 
Lack of Management Commitment to Pipeline Safety 3 37% 2 25% 1 13% 1 13% 1 13% 
Customer Demands 3 37% 2 25% 2 25% 1 13% 0 0% 
Multiple Permits from regulatory agencies 1 13% 4 45% 1 13% 1 13% 1 13% 
Pipeline Vandalism/Sabotage 1 11% 1 11% 1 11% 2 22% 4 45% 
Community Disturbances during PIMP activities 2 25% 1 13% 2 25% 3 37% 0 0% 
Fear of Failure during Pigging Operation (e.g. Stuck 
Pig) 

0 9% 0 11% 0 0% 3 37% 5 63% 

Difficult Terrain (swampy, rocky, under water etc.) 2 25% 1 13% 2 25% 2 25% 1 13% 
Lazy monitoring & oversight by Regulators 3 37% 3 37% 1 13% 1 13% 0 0% 
Poor record keeping of pipeline & facilities history 3 37% 3 37% 1 13% 0 0% 1 13% 
Placing Profit ahead of Safety 3 37% 3 37% 1 13% 1 13% 0 0% 
Shoddy Maintenance of gas pipeline & facilities 4 57% 2 29% 1 14% 0 0% 0 0% 
Encroachment on the pipeline ROW 1 11% 0 0% 5 56% 1 11% 2 22% 
Lack of trained personnel to supervise PIMP activities 0 0% 5 63% 2 25% 0 0% 1 12% 
Lean budgetary provisions for planned 
inspection/audit 

2 25% 2 25% 1 12% 1 12% 2 25% 

 
C Response from DPR (Regulator of the industry) 
Factors militating against efficient application of 
PIMP   

1 2 3 4 5 
Count Row N % Count Row N % Count Row N % Count Row N % Count Row N % 

High cost of Pipeline IM Procedures 0 0.0% 0 0.0% 2 28.6% 4 57.1% 1 14.3% 
Encroachment on the pipeline ROW 2 33.3% 0 0.0% 1 16.7% 3 50.0% 0 0.0% 
Insecurity on the pipeline ROW 0 0.0% 0 0.0% 1 16.7% 1 16.7% 4 66.7% 
Unavailability of In-line tools & expertise in Nigeria 0 0.0% 2 28.6% 2 28.6% 2 28.6% 1 14.3% 
Economic loss during shutdown for PIMP activities 0 0.0% 1 20.0% 2 40.0% 1 20.0% 1 20.0% 
Customer Demands 2 40.0% 0 0.0% 0 0.0% 2 40.0% 1 20.0% 
Multiple Permits from regulatory agencies 2 33.3% 0 0.0% 1 16.7% 1 16.7% 2 33.3% 
Pipeline Vandalism/Sabotage 1 14.3% 0 0.0% 0 0.0% 1 14.3% 5 71.4% 
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Community Disturbances during PIMP activities 0 0.0% 0 0.0% 2 28.6% 4 57.1% 1 14.3% 
Fear of Failure during Pigging  
Operation (e.g. Stuck Pig) 

1 16.7% 1 16.7% 0 0.0% 4 66.7% 0 0.0% 

Difficult Terrain (swampy, rocky, under water etc.) 0 0.0% 2 28.6% 2 28.6% 1 14.3% 2 28.6% 
Lazy monitoring & oversight by Regulators 2 28.6% 2 28.6% 2 28.6% 1 14.3% 0 0.0% 
Poor record keeping on pipeline & facilities history 1 14.3% 0 0.0% 4 57.1% 2 28.6% 0 0.0% 
Placing Profit ahead of Safety 0 0.0% 1 16.7% 1 16.7% 1 16.7% 3 50.0% 
Shoddy Maintenance of gas pipeline & facilities 0 0.0% 1 14.3% 3 42.9% 1 14.3% 2 28.6% 
Lack of Management Commitment to Pipeline Safety 0 0.0% 1 14.3% 3 42.9% 2 28.6% 1 14.3% 
Lack of trained personnel to supervise PIMP activities 0 0.0% 2 28.6% 2 28.6% 2 28.6% 1 14.3% 
Lean budgetary provisions for planned 
inspection/audit 

2 28.6% 0 0.0% 1 14.3% 3 42.9% 1 14.3% 

Source: 2017 Field Survey Report 

The responses from the key stakeholders - field operators, managers and regulators in Table 

5.2 (A, B and C sections) show the descriptive analysis for the factors militating against 

efficient application of PIMP in the study area.  

Section A indicates that 92.3% of field officers agreed that fear of failure such as stuck pig 

during gas pipeline pigging was the most significant factor militating against PIMP 

implementation. The result further revealed that 81.7%, 80.8%, 76.9%, 75.8%, 75.8% and 

74.2% respectively agreed that insecurity on pipeline ROW, shoddy maintenance of pipeline 

facilities, customer demands, community disturbances and high cost of pipeline integrity 

procedures and vandalism/sabotage significantly hinder implementation of PIMP. However, 

69.3% argued that lack of management commitment to pipeline safety was not a significant 

factor. 

Section B shows that while 100% of pipeline managers agreed that fear of failure such as 

stuck pig during gas pipeline pigging was the most significant factor militating against PIMP 

implementation, they also argued that shoddy maintenance of pipeline facilities does not 

inhibit implementation of PIMP. The result further revealed that 89%, 78%, 75%, 63% and 

62% respectively agreed that encroachment on the pipeline ROW, vandalism/sabotage, 

insecurity on the pipeline ROW, unavailability of in-line tools in-country and economic 

losses suffered during pipeline shutdown for PIMP activities significantly hinder 

implementation of the integrity best practices. 

Section C reveals that while 100% of the regulator agreed that insecurity on the pipeline 

ROW, community disturbance and the high cost of pipeline integrity procedures may mostly 

hinder PIMP implementation, 66.7% disagreed that fear of failure such as stuck pig during 

gas pipeline pigging should not hinder integrity works if pipeline operators embed risk 

assessment and quality assurance & quality control (QAQC) processes in their pigging 
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activities. Further responses from the regulator indicated that 85.8%, 85.7%, 85.7%, 85.6%, 

83.4% and 80%  respectively agreed that lack of management commitment to pipeline safety, 

shoddy maintenance of pipeline facilities, pipeline vandalism/sabotage, poor record keeping/ 

maintenance history of pipeline facilities, placing profit ahead of safety and the economic 

losses suffered during pipeline shutdown for PIMP activities significantly affect 

implementation of IMP in gas pipeline business. 

Furthermore, Tables 5.2.1, 5.2.2 and 5.2.3 show the inferential statistics results for T-test 

analyses. SPSS version 20 software was applied. 

Table 5.2.1:  Statistical analysis of responses from Field officers 

One-Sample T-Test 

Factors militating against effective implementation of 
PIMP   

Test Value = 3 

t df Sig. 
(2 tailed) 

Mean 
Difference 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

High cost of Pipeline IM Procedures 1.901 28 .068 .448 -.03 .93 
Encroachment on the pipeline ROW 1.223 32 .230 .273 -.18 .73 
Insecurity on the pipeline ROW 3.084 32 .004 .667 .23 1.11 
Unavailability of In-line tools & expertise in Nigeria -1.315 27 .200 -.286 -.73 .16 
Economic loss during shutdown for PIMP activities 1.248 29 .222 .300 -.19 .79 
Customer Demands 2.161 25 .041 .577 .03 1.13 
Multiple Permits from regulatory agencies -.140 25 .890 -.038 -.60 .53 
Pipeline Vandalism/Sabotage 2.752 30 .010 .645 .17 1.12 
Community Disturbances during PIMP activities 1.279 28 .212 .276 -.17 .72 
Fear of Failure during Pigging operation 
(e.g. Stuck Pig) -4.963 25 .000 -.885 -1.25 -.52 

Difficult Terrain (swampy, rocky, under water etc.) -.680 29 .502 -.133 -.53 .27 
Lazy monitoring & oversight by Regulators -.398 27 .693 -.107 -.66 .44 
Poor record keeping on pipeline & facilities -1.614 25 .119 -.346 -.79 .10 
Placing Profit ahead of Safety .284 25 .779 .077 -.48 .64 
Shoddy Maintenance of gas pipeline & facilities -3.143 25 .004 -.692 -1.15 -.24 
Lack of Management Commitment to Pipeline Safety -3.353 25 .003 -.846 -1.37 -.33 
Lack of trained personnel to supervise PIMP activities -.405 24 .689 -.120 -.73 .49 
Lean budgetary provisions for planned inspection/audit .130 28 .897 .034 -.51 .58 

 

The inferences were drawn based on the premises that p-value is said to be significant if the 

value is ≤0.05 with t values higher than 3. Other factors were then considered insignificant 

against the implementation of PIMP when the significant values were clearly ≥0.05 with low 

t-values. Hence from Table 5.2.1, the analyses for the field officer showed significant factors 

militating against implementation of PIMP as : Fear of failure during pigging (with 

significant (p) value of 0.00 and a negative t-value of 4.963); Lack of management 

commitment to pipeline safety (with significant (p) value of 0.003 and high t-value of 3.353); 

Shoddy maintenance of gas pipeline and facilities (with significant (p) value of 0.04 and high 
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t-value of 3.143); Insecurity on the pipeline ROW (with significant (p) value of 0.004 and 

high t-value of 3.084); Pipeline vandalism (with significant (p) value of 0.010 and high t-

value of 2.752); Customer demands (with significant (p) value of 0.041 and t-value of 2.161) 

among others.  

 

 

 

 

 

Table 5.2.2:  Statistical analysis of responses from DPR (the regulator) 

One-Sample T-Test 
Factors militating against effective implementation of 
PIMP   

Test Value = 3 

t df Sig. 
(2-tailed) 

Mean 
Difference 

95% Confidence Interval 
of the Difference 

Lower Upper 
High cost of Pipeline IM Procedures 3.286 6 .017 .857 .22 1.50 
Encroachment on the pipeline ROW -.277 5 .793 -.167 -1.71 1.38 
Insecurity on the pipeline ROW 4.392 5 .007 1.500 .62 2.38 
Unavailability of In-line tools & expertise in Nigeria .679 6 .522 .286 -.74 1.31 
Economic loss during shutdown for PIMP activities .784 4 .477 .400 -1.02 1.82 
Customer Demands .000 4 1.000 .000 -2.32 2.32 
Multiple Permits from regulatory agencies .222 5 .833 .167 -1.76 2.09 
Pipeline Vandalism/Sabotage 2.274 6 .063 1.286 -.10 2.67 
Community Disturbances during PIMP activities 3.286 6 .017 .857 .22 1.50 
Fear of Failure during Pigging operation 
(e.g. Stuck Pig) .307 5 .771 .167 -1.23 1.56 

Difficult Terrain (swampy, rocky, under water etc.) .891 6 .407 .429 -.75 1.61 
Lazy monitoring & oversight by Regulators -1.698 6 .140 -.714 -1.74 .31 
Poor record keeping on pipeline & facilities .000 6 1.000 .000 -.92 .92 
Placing Profit ahead of Safety 1.936 5 .111 1.000 -.33 2.33 
Shoddy Maintenance of gas pipeline & facilities 1.333 6 .231 .571 -.48 1.62 
Lack of Management Commitment to Pipeline Safety 1.162 6 .289 .429 -.47 1.33 
Lack of trained personnel to supervise PIMP activities .679 6 .522 .286 -.74 1.31 
Lean budgetary provisions for planned inspection/audit .240 6 .818 .143 -1.31 1.60 

 

Table 5.2.2 for regulators showed insecurity on the pipeline ROW (with significant (p) value 

of 0.007 and high t-value of 4.392) as the most significant factor militating against 

implementation of PIMP. High cost of Pipeline Integrity Management Procedures (with 

significant (p) value of 0.017 and high t-value of 3.268) and Community disturbances (with 

significant (p) value of 0.017 and high t-value of 3.268). Outside the test factors listed in the 

research instrument, Poor management of pipeline data was identified as a special factor that 
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currently bedevils effective implementation of PIMP in Nigeria. This factor was inferred 

from the analysed responses obtained using structured questions during the oral interviews. 

 

 

 

 

 

Table 5.2.3:  Statistical analysis of responses from Managers 

One-Sample Test 
Factors militating against effective implementation of 
PIMP   

Test Value = 3 

t df Sig. 
(2-tailed) 

Mean 
Difference 

95% Confidence Interval 
of the Difference 

Lower Upper 
Budget Constraints -.512 8 .622 -.222 -1.22 .78 
Unavailability of In-line tools & expertise in Nigeria .552 7 .598 .250 -.82 1.32 
Insecurity on the pipeline ROW 1.174 7 .279 .625 -.63 1.88 
Economic loss during shutdown for PIMP activities -.683 7 .516 -.250 -1.12 .62 
Lack of Management Commitment to Pipeline Safety -1.174 7 .279 -.625 -1.88 .63 
Customer Demands -2.198 7 .064 -.875 -1.82 .07 
Multiple Permits from regulatory agencies -.814 7 .442 -.375 -1.46 .71 
Pipeline Vandalism/Sabotage 1.048 8 .325 .556 -.67 1.78 
Community Disturbances during PIMP activities -.552 7 .598 -.250 -1.32 .82 
Fear of Failure during Pigging Operation 
 (e.g. Stuck Pig) -7.514 7 .000 -1.375 -1.81 -.94 

Difficult Terrain (swampy, rocky, under water etc.) -.243 7 .815 -.125 -1.34 1.09 
Lazy monitoring & oversight by Regulators -2.646 7 .033 -1.000 -1.89 -.11 
Poor record keeping on pipeline & facilities -1.825 7 .111 -.875 -2.01 .26 
Placing Profit ahead of Safety -2.646 7 .033 -1.000 -1.89 -.11 
Shoddy Maintenance of gas pipeline & facilities -4.804 6 .003 -1.429 -2.16 -.70 
Encroachment on the pipeline ROW .816 8 .438 .333 -.61 1.27 
Lack of trained personnel to supervise PIMP activities -1.000 7 .351 -.375 -1.26 .51 
Lean budgetary provisions for planned inspection/audit -.215 7 .836 -.125 -1.50 1.25 

 

From Table 5.2.3 for pipeline Managers, it was inferred that two factors are significantly 

militating against implementation of PIMP: Fear of failure during pigging operation (with 

significant (p) value of 0.000 and high t-value of 7.514) and Shoddy maintenance of gas 

pipeline and facilities (with significant (p) value of 0.003 and high t-value of 4.804). This 
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result is supported by the issues around stuck pig which commonly occur in routine pipeline 

pigging and the shoddy maintenance activities observed during the field visit.  

 

The consolidated feedback from all respondents is tabulated in the order of significance as 

shown in Table 5.3 using colour codes reflecting “range of p-value” to rank factors militating 

against implementation of PIMP. The descriptive statistics in Table 5.2 had shown top four 

significant factors militating against PIMP implementation as: fear of failure during pigging 

operation, shoddy maintenance of gas pipeline & facilities, lack of management commitment 

to pipeline safety, and insecurity on the pipeline ROW. 

 

 

 

 

 

Table 5.3: Ranking of factors affecting Implementation of PIMP in South-West, Nigeria  

Rank Factors affecting effective implementation of PIMP T-test Sig. values  
(p) 

Rating 

1 Fear of Failure during Pigging Operation 0.000 

Si
gn

ifi
ca

nt
 

2 Shoddy Maintenance of gas pipeline & facilities 0.003 

3 Lack of Management Commitment to Pipeline Safety 0.003 

4 Insecurity on the pipeline ROW 0.004 

5 Pipeline Vandalism/Sabotage 0.010 

6 High cost of Pipeline IM Procedures  0.017 

7 Customer Demands 0.041 

8 Poor management of pipeline data 0.068 

In
si

gn
ifi

ca
nt

 

9 Poor record keeping on pipeline & facilities history 0.119 

10 Unavailability of In-line tools & expertise in Nigeria 0.200 

11 Community Disturbances during PIMP activities 0.212 

12 Economic loss during shutdown for PIMP activities 0.222 

13 Encroachment on the pipeline ROW 0.230 
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14 Difficult Terrain (swampy, rocky, under water etc.) 0.502 

15 Budget Constraints 0.622 

16 Lack of trained personnel to supervise PIMP activities 0.689 

17 Lazy monitoring & oversight by Regulators 0.693 

18 Placing Profit ahead of Safety 0.779 

19 Multiple Permits from regulatory agencies 0.890 

20 Lean budgetary provisions for planned inspection/audit 0.897 

 

 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

The survey assessed pipeline integrity management programs (PIMPs) of natural gas 

companies operating in South-West Nigeria. This was done in line with international best 

practices that pipeline operators apply in gas transport for optimal profit, systems availability, 

reliability and safety. The study considered only onshore gas transportation pipeline systems 

built using ferrous matter. Gas composition is assumed to be dry and free from internal 

corrosion agent such as Carbon dioxide and hydrogen sulphide. The pipeline system in this 

study comprises every segment of physical facilities by which gas is conveyed, including 

pipe, valves, accessories fitted to pipe, compressor units, metering stations, regulating units, 

delivery stations, holders, and fabricated assemblies. The study identified predominant 

pipeline failure modes as corrosion, aging, welding defects, equipment damage, mal-

operation (including overpressure), vandalism/wilful damage and other weather-related 

causes. This finding affirms that most gas pipeline failures were due to nature forces and 

human errors other than deliberate damage/vandalism as argued by pipeline operators. There 

are at least seven significant factors militating against effective implementation of PIMPs in 

the South-west region of Nigeria. These include fear of failure during pigging operation; 

shoddy repair of pipelines & ancillary facilities; lack of management commitment to pipeline 

safety; insecurity in pipeline row; high cost of pipeline IM procedures, pipeline 

vandalism/sabotage; issues with customer demands and poor management of pipeline data.  

6.2 Recommendations 

69 

 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-7, Issue-6, June 2021 
ISSN: 2395-3470 

www.ijseas.com 

Major challenges with natural gas companies (public and private) and the regulatory agency 

on the trend of pipeline failures and associated cost implications can be minimised through 

strategic and sustainable approaches. To eliminate fear of failure during pigging, pipeline 

operators should embed risk assessment and QAQC processes in their pigging activities. By 

these, inherent risks in pipeline pigging are exposed and adequate control measures in place 

to mitigate identified risks prior to execution. Secondly, pipeline companies should annually 

develop robust operations and Maintenance (O&M) plan that integrates operating philosophy 

with customer demands. In addition, the maintenance process should ensure that only 

qualified and experienced workforce is allowed to carry out critical maintenance activities. 

Outsourcing at the first instance is also advised. Thirdly, to improve corrosion monitoring 

and data management, gas companies should adopt Risk-Based Inspection (RBI), Inspection 

Data Management System (IDMS) and other applicable software technology to effectively 

develop, track and manage their facility’s integrity program. Finally, to curb vandalism and 

insecurity on pipeline ROW, pipeline operators should create goodwill and improve 

relationship with their host communities by implementing strategic corporate social 

responsibility (CSR) initiatives. This is a self-sustaining approach that addresses social issues 

by creating shared value and Win-Win situation for companies and host communities alike. 
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