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Abstract 

Much of the success of oil field operation in Nigeria and elsewhere in 
the world has been due to the application of technology. Oil field 
operations include seismic, exploration, drilling, production, 
development and transportation.  
Successful application of technologies to these areas of operation have 
inevitably led to increased oil recovery, reduced cost of operation and 
added value to Nigeria’s oil and gas resources. It has rapidly increased 
Nigeria’s earned revenue and sustained the economy. Nigeria derives 
about 95% of its revenue from crude oil export. This paper aims to 
elucidate technological aspects of oil field operation in Nigeria, its 
impact on the economy and the vital role of technology, especially their 
techniques of application in oil and gas operations. It recommends that 
from the Nigerian perspective emphasis should be on the Engineering 
facilities and skills needed to identify, develop and optimally recover 
oil and gas resources especially from deep offshore waters.  

 
 
Introduction  

In Nigeria, crude oil was first systematically investigated in 1937 by 
shell D’Arcy, the forerunner of Shell Petroleum Development Company. Shell’s 
first base was established at Owerri in South Eastern Nigeria. Despite previous 
negative indications as to the existence of oil anywhere in West Africa, the 
Company persisted with its seismic and exploration programmes. Shell’s 
concessionary rights covered the whole of Nigeria but eventually the search 
focused on the Niger Delta of Nigeria.  

Enormous funds were expended with no visible reward and the project 
nearly came to a halt, before the discovery in 1956. Oil has made a tremendous 
impact on Nigeria’s recent history and economic development.  

Nigeria’s oil proved at first very difficult to locate due to lack of modern 
technology. It was seen to be present in relatively small accumulations which 
were scattered in different terrains, mostly in difficult remote and inaccessible 
areas of the Country. However, when viewed in total, the reserves were to prove 
of enormous extent. Nigeria’s proven oil reserve being estimated to be 37 billion 
barrels.  

The series of breakthroughs in Nigeria’s oil production began 
significantly in 1953, when Shell’s AKATA-1 well produced small quantities of 
oil, but not of significant size as to justify commercial production. In 1956, 
history was made with the discovery of oil in Oloibiri [1] in Bayelsa State in 
South-South Nigeria, which proved to be commercially viable. Later in the same 
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year, oil was found in Afam in Abia State, also in South-East Nigeria. Then came 
the construction of pipe lines from Oloibiri to Port Harcourt to facilitate export. 
The first cargo of Crude Oil was exported on 17th February, 1958. An average of 
4,400 barrels per day [1] was being produced by the end of that year. As the 
search for oil intensified between 1958 and 1959, other companies decided to 
join in the exploration, bringing more expertise, techniques and technological 
facilities to the oil operations. More discoveries were made by Shell at Ebubu 
and Bomu in Rivers State and Ughelli in Delta State. Already, these discoveries 
and their potentials had transformed Nigeria into one of the key oil producing 
countries of the world, Nigeria ranking as 6th in the world.  

After its small initial success, increases in Scientific and technological 
expertise allowed Shell and other companies that joined the exploration race 
(Agip, Culf, Elf, Mobil and Texaco) to locate and develop further fields in the 
sixties and seventies with computer-aided technique becoming an essential 
feature of the present day operations.  
There were fourteen companies in total in 1970, including Chevron, Texaco, 
Exxon, Total and Agip, at which time the offshore areas of the Niger Delta were 
opened up for exploration. The deep sea oil exploration revealed that Nigeria had 
inexhaustible quantities of oil reserve. This therefore resulted in deep sea drilling, 
and increased oil production, through innovative technological tools, facilities 
and techniques.  
 
Technological Background for Oil Field Operations      

Technology is scientific knowledge used in practical ways. For example 
in designing new machines. To make use of most modern technologies (e.g. high 
technology, information technology, technological activities, technological 
change), implies that technology is all embracing including engineering.  

Engineering [2] is the application of Science to solve practical problems, 
to create or improve on high technical devices, innovative products and sleek 
processes that let people take control of the places where they live and work, 
whether that is a fast moving city, or remote hot desert or swampy Delta region 
or harsh and far oil fields in any part of the world.  

Engineering never stops pushing the boundaries of technology forward. 
The Engineering Profession is wide and sub-divided into different areas: 
electrical, electronic, mechanical, civil and structural, chemical software and 
many more. The essence of engineering, therefore, is very simple. The ingenious 
bit is the way engineers apply it. Nearly every aspect of Engineering is utilized in 
oil field and gas operations. Top on the list are Mechanical, Civil, Electrical, and 
also important are Electronic, Telecommunications, Computer and software 
engineering that have revolutionized the way we live today, and perform our 
tasks no matter what profession, and especially in the oil and gas sector, the 
operation of which is exceedingly complex, and extremely volatile, therefore 
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requires proper Engineering facilities, techniques and skills for maintenance and 
operation of these facilities with intrinsic safety.  
 
Engineering Facilities and Skills in Oil Operation   

Engineering facilities and skills deployed in the oil fields are principally 
based on mechanical, civil or structural, electrical, electronics, 
telecommunications, computer, software, instrumentation, welding, chemical 
engineering and other auxiliaries.  
The relevance and application of each of these disciplines will now be briefly 
discussed.  
 
Mechanical Engineering  

The Mechanical Engineering aspects [3] in the oil field and gas 
operation, amongst others, are the design, and construction of oil and gas 
production, dehydration and exportation facilities (e.g. offshore platforms, heavy 
mechanical structures installed onshore and in the deep sea), also repairs, 
maintenance, and modification works of engineering facilities such gas 
compressor stations, water injection plants, flow stations, pipelines and flow 
lines, level head platforms, crude oil storage tanks, pumps, single point mooring, 
offshore loading platforms, rotating equipment and internal combustion engines.  
The skills required include provision of expert advice and opinion on technical 
matters, work procedures, field engineering supervision, safety, quality assurance 
requirements relating to design and construction of the facilities stated above.  
The technological persons to render these services must possess recognized 
qualification in engineering, training and experience in mechanical engineering 
aspects of process, design and construction.  The capabilities or skills required 
may include:  
1. Strong technical background and familiarity with project management of 

oil and gas facilities, water treatment plants and oil treatment plants.  
2. Versatility in all branches of engineering, especially mechanical, electrical 

and instrumentation engineering.  
3. Strong operational safety awareness and techniques.  
4. Familiarization with most engineering codes and standards (especially API, 

ASME ANSI etc).  
5. Ability to train and develop other engineers, technicians, craftsmen and 

technologists on the job with high degree of competence and safety.  
 
Civil and Structural  Engineering  

The Civil engineering aspects [4] include but not limited to detailed 
design, material specification, and construction of all civil and structural 
engineering works associated with oil and gas facilities, new projects and extra 
ordinary maintenance of existing civil and structural facilities. Some of these oil 
and gas facilities may be constructed on land, in the swamps or offshore.  
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Engineering skills involved include expert engineering advice and 
opinion on structural integrity of oil and gas facilities on civil/structural, 
materials selection for new projects, and for modification of existing facilities 
and on quality management aspects of civil/structural construction works.  

The civil/structural Engineer must be duly qualified professionally and 
experienced in the area of Civil engineering design/construction/structural. He 
should be conversant with the use of civil engineering codes [5], standards and 
practices applicable to the design of structures (e.g. ALSC, AWS D1.1, BS 449, 
CP 110, CP 114 etc)  
 
Electrical / Electronics / Telecommunications / Computer and Software 
Engineering   

These branches of engineering have converged [6] to revolutionize and 
simplify the way we do things in the oil and gas operations. Engineers in these 
fields are required in the oil and gas sector to design, construct new power 
generation system, transmission grids, distribution facilities and repairs, 
maintenance and modification of such existing facilities. Their services include, 
planning and coordinating the integration of oil companies’ grid with government 
systems. Electrical engineers in the oil sector render professional advice, opinion 
on selection of equipment and materials for the electrical aspects of new oil and 
gas projects and maintenance/modification of existing installations. Similarly, 
most of the equipment deployed in oil field and gas operation are electronic in 
nature, such as Telecommunication, computer and instrumentation facilities. 
Electronic engineers must have the skills and ability to simplify the mechanical 
operations in the oil and gas fields. Advances in electronic engineering and 
artificial intelligence [7] which explore how to make computers behave like 
human-beings, mean that we could expect to have assistance from robotic helpers 
and that computers are beginning to think for themselves. These facilities are 
now found in remote and unattended offshore platforms [8] where robotics 
artificial intelligence are used for control of operation and security. Moreover 
various innovative telecommunications facilities [9] are now deployed in all 
branches of the oil and gas sector for quick transfer of information and enhancing 
oil and gas operations in a cost effective manner.  

Satellites, Fibre optics, electro magnetic waves, they are all ways that 
multi media information is sent around the world, wireless and local area 
Networks (LANS) in offices and especially in the remote oil and gas fields, oil 
drilling rigs and production centres make computing a moveable fast and mobile 
phone technology making it possible to send and receive messages, pictures and 
videos from remote oil and gas areas. Micro-Electronics [10] is the key to 
miniaturization of components and circuits. Just look at what is happening to 
mobile phones and computers; you will see that this area of electronics is 
flourishing. Things are getting faster and even smaller with increased reliability 
for use in the oil and gas operations. Nano technology is another area of 
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engineering innovation. Can you imagine machines smaller than a speck of dust? 
Nanotechnology [11] deals with molecular sized electronic design and 
manufacture design of molecular sized circuits and mechanical devices. Although 
the most application is in medical science, it has a promising future use in the oil 
and gas sectors, where equipment must be made portable, reliable and above safe 
to use. These branches of engineering technology require good education, 
practical experience and professionalism.  

The Electrical/Electronic engineers should have the ability to apply 
codes, standards and practices applicable to the British and Nigerian electrical 
engineering industry such as the IP, API and NE codes.  
 
Chemical Engineering in Oil Operations  

Skills in Petrochemical complexes [12] involve areas of hazardous 
vapours, for onshore/offshore oil and gas production. Chemical Engineers in gas 
and oil fields operation should have experience on the design of water treatment 
plants and oil treatment facilities as a prime requirement with experience on 
treatment of corrosive fluids (e.g. Water containing CO2, H2S or sulphides) is 
also another requirement, including corrosion and dehydration of chemical 
injection facilities for oil production.  

One of the greatest challenges facing the chemical Engineers is the 
harvesting of the billions of cubic meters of methane gas [13] at the butom of 
Lake Kivu in Rwanda. Rotting vegetation which has been deposited for million 
of years at the bottom of the Lake in the depth of about 600 meters, is giving off 
a constant regeneration of methane gas. Some quantities of this gas bubble to the 
surface where they are carried away and dispersed in the wind but much of them 
under massive pressure, is dissolved in the water at the bottom of the Lake which 
is in places more than 600 meter deep. Since this gas caters for most of the 
energy needs of Ruwanda, Chemical engineers are trying to harvest this gas, 
which is cheap, accessible and plentiful. All that needs to be done is to agitate the 
water a bit and the pressure will force the gas up. Because of the huge pressure at 
a depth of several hundreds of meter, no pumping is required to get the water up. 
At 70 meters the reduction of pressure will allow the dissolved methane to 
bubble out of water. Other gasses like carbon dioxide and hydrogen sulphide will 
remain dissolved in water, which is then pumped back down to the depths again, 
leaving a chamber gradually filling up with methane. The methane gas can then 
be piped away for storage and use.  
 
Instrumentation, Welding and other Auxiliaries  
(i) Instrumentation: Engineering Services in instrumentation [14] include 

design, construction and coordination of all instrumentation aspects of 
new oil and gas projects and onshore/offshore oil and gas process 
facilities. These also include the use of codes standards and practices 
applicable to design, installation of instruments (e.g. ISA, ANSI, AGA, 
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NEMA, NE codes etc). Instrumentation Engineers in the oil and gas 
operation provide professional advice in the selection of equipment and 
materials for new projects, maintenance and replacement of existing 
installations. Specialized skills in measurement and control of flow 
pressure and temperature of compressible fluids are also required.  

(ii) Welding: All materials which are to be incorporated into engineering 
system in the oil and gas fields must work in good condition and 
deployed, installed, fitted, welded or erected correctly and accurately. 
Because of the gaseous nature of the oil field environment, specialized 
welding techniques [15] are adopted in this hazardous environment to 
avoid inflammation/explosion. Such welding techniques include “cold 
welding,” electric/Arch Welding system and the like. These techniques 
ensure intrinsic safety [16] of operations in the oil and gas environment.  

 
Results and Benefits of Application of Engineering Facilities and Skills   

The Application of various engineering facilities and skills have resulted in 
the following benefits.  
1. Increased oil production reaching up to 2.5 million barrels per day for 

Nigeria, thus responsible for 95% of the nation’s foreign exchange 
earnings.  

2. The increased oil production has resulted in the construction of modern 
technological structures of various innovative topologies at the oil 
gathering points called the “Flow-stations”. These infrastructures are 
highly mechanical, embracing other engineering structures such as 
electrical, Telecoms, Instrumentation, Computer engineering, Chemical 
and Polymer engineering and the like.  

3. The increased oil extraction also have resulted in gas production, thus 
giving rise to the construction of various sizes of pipelines for 
transportation of oil and its associated gas products to storage tanks, 
offshore platforms and refineries. The trans-Niger pipeline is a typical 
example of an engineering infrastructure.  

4. In Nigeria, New refineries were opened at Warri in 1978, Kaduna in 1980, 
apart from the refinery in Port-Harcourt built since 1961. Bonny terminal 
was constructed in 1961 with initially 4 tanks when production was still at 
30,000 barrels per day and Forcados terminal was commissioned in 1971 
when oil production in Delta State rose to 1 million barrels per day.  

5. Innovative engineering technology has lead to the discovery of large 
volume of gas. Gas has also been an important by-product of oil 
exploration and production.  

Major plants involving excellent engineering design have been 
constructed at Alakari in Bayelsa State and Utorogu in Delta State of the country, 
to supply quality gas for manufacture of fertilizer at Onne in Rivers-State and 
power generation near Lagos. The Liquified Natural Gas project in Bonny 
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encompasses complex Engineering design and facilities, embodying all 
disciplines of the engineering function, neatly and cyclometrically interfaced.  
 
Conclusion  

From the foregoing, it is evident that huge engineering infrastructure and 
facilities are essential in all activities of oil and gas production, namely 
exploration, drilling, production, storage, transportation/delivery and 
communications. These technological aspects for the oil field operations are 
involving, complex, challenging and very useful for increased oil and gas 
production in the country.  

The engineering aspects require good expertise and professionalism, 
therefore effective training of staff who install, maintain and operate these 
engineering facilities. Modern and innovative engineering facilities and 
techniques have culminated in increased oil and gas production in Nigeria in an 
easy, profitable and safe manner. Presently Nigeria, with good engineering 
infrastructure and facilities, is producing oil and gas, which itself contributes 95 
percent of the nation’s foreign exchange earnings.  
 
Recommendation  

The inescapable conclusion from this paper is the huge benefits of 
engineer infrastructure and facilities in oil field operations. And for a country 
such as Nigeria where oil and gas contributes 95% of its export earnings, it is 
recommended that emphasis should be on engineering facilities and skills needed 
to identify, develop and optimally recover its oil and gas resources especially 
from deep off shore waters. Technology and project management skills are the 
basis for energy profit in deep off shore operations.    
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