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Introduction  

Optical Fiber Sensors 
ptical fibre are extended thin length of 

threads of clean glass like a single hair 

or thin lock of human hair. They are 

neatly put in bundles (as much as 20 fibres in ¼-

in. tube) know as optical cables, which are used 

to propagate signals that covered a long 

ground. (Ranjan and McColpin, 2013) Fibre 

optics is the technology of light propagation via 

glass prisms or through fiber plastic, which has 

continues applicability due to its characteristic 

attribute. Fibre optics had been used in myriad, 

avionics, and telecommunications. Applications 

are also extensively used in video and filming 

system, in-flight entertainment systems, control 

and telemetry in industrial applications.  Fibre  
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ABSTRACT 
Optical fiber 

corrosion sensor 

is the most 

recent research 

field in oil and 

gas corrosion 

monitoring 

sensor. Due to 

their versatility 

and multiplexing 

abilities, they are 

simple with 

superiority in 

lightness, 

widespread 

measurement 

and anti-

electromagnetic 

interference. The 

use of fiber optic 

sensors in 

monitoring 

corrosion in oil 

and gas industry 

were review and 

the sensors 
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optics sensing tools are now moving 

from the afore mentioned industry to 

open new frontiers in oil and gas 

industry. (Curran and Shirk, 2017) 
With the wide spreads interest on 

unconventional wells, and looking at 

the robust advances of fibre optics 

being used for reservoirs monitoring 

today, operators will see that fibre optic 

applications covered the entire life of a 

reservoir, it include cement monitoring, 

to completion monitoring, to well 

stimulation monitoring and extend to 

production, evaluation monitoring and 

runs finally up to monitoring and 

identifying re-stimulated reservoirs. 

These technologies has impacted all 

phases in oil and gas well’s life and able 

to answer multitude subsurface 

inquiries without having to re-enter 

wellbore. It emerges to make fast asset 

optimization. (Ranjan and McColpin, 

2013) Fibers are used for high speed, 

long haul communication, and also for 

intercity connects and city networks, 

wireless services etc. 

 

Advances in Fibre Optical Sensors 

Fiber optic sensors technology has been 

advancing over couple of decades and 

as such many successful products are in 

use today, Distributed Temperature 

Sensing (DTS), Distributed Strain 

Sensing (DSS) and Multiple Point 

Sensing (MPS), Distributed Acoustic 

appears to be particularly 

suited in broad application 

prospect. In this study the 

broad range of oil and gas 

corrosion are presented. 

Fiber Bragg gratings 

transducers and methods of 

detecting fiber-optic 

corrosion sensors are 

addressed, optical fiber 

sensors distributed at 

different location within the 

reservoirs or wellbores and 

their advances in corrosion 

monitoring as the latest 

techniques are described.  

This study further presented 

the general detail 

monitoring techniques for 

fiber-optical corrosion 

sensors, enumerating its 

advantages and superiority 

over the other corrosion 

countermeasures. It 

exposes the developmental 

advances and directional 

application for fiber-optical 

corrosion sensors.          
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Sensing (DAS), accelerometers and chemical sensing (e.g., Distributed 

Spectroscopy (DS)) are typical examples. Fiber optics technology also 

include Civil Engineering applications (e.g., smart structural monitoring), 

Industrial usages (e.g., process or instrumentation control sensor 

networks), Security and Military applications (e.g., intrusion detection, 

underwater acoustic arrays), Interferometry point sensor, Micro-

machined resonant pressure sensor, and Bragg grating sensors for wide 

range of parameters (Kersey, 2000; Luo et. Al., 2018). Fiber optics 

technology has given birth to new capabilities for sensing a broad range 

of parameters, for instances vibration, temperature, pressure, flow, 

acoustic areas, in oil and gas downhole well monitoring applications. 

Significant research is been focus towards this field, many types of fiber 

optics sensors has been demonstrated for such applications (Kersey, 

2000). 

 

Oil and Gas Corrosion 

Corrosion is the gradual wearing and deterioration of metallic and alloy 

materials, interacting with its natural environment. This phenomena is 

the common process of destruction of materials in nature. Statistics 

indicate both long and short time economic losses in oil and gas industry 

onshore or offshore are caused by corrosion of engineering materials 

(Luo et. Al., 2018). Corrosion is generally an electrochemical process 

involving gradual electrons exchange with its surroundings in the 

presence of oxygen and moisture (Liang, 2015). Metallic materials are 

been oxidized to ferrous ions via a chemical reaction as follows: 

Fe  →  Fe2+  +  2e-       (1) 

2Fe2+ →  4OH  →  2Fe(OH)2    (2) 

 

Further oxidation of Fe2+ to Fe3+ occurs with significant amounts of 

oxygen and water 

 4Fe(OH)2  +  2H2O  +  O2  →  4Fe(OH)3  (3) 

 

There are numerous range of corrosion in oil and gas industry such as 

sweet, sour, microbial, hydrogen cracking, hydrogen embrittlement, 

sulphide stress cracking, hydrogen induced stress cracking, intergranular 
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stress corrosion, Localization, Pitting, crevices, filiform, galvanic, 

uniform, erosion, fatigue, fretting, internal & external stress corrosion 

cracking. 

 

Fibre Optic Link Components and Communication Systems  

To understand the working principle of fibre optics, it is essential to 

comprehend the major components links (transmitter, cable, connectors 

and receiver) and their principle working functions. Figure 1. Illustrated 

the working principal of fibre optics.  

 

 
Fig 1: Fibre optic link components and communication systems. 

(Agrawal, 2017) 

 

 
Fig 2: Schematic diagram of the main components of fibre optical 

communication system. (Agrawal, 2017) 
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The Transmitter   

Contains light emitting diode (“Light Emitting Diode LED, or Vertical 

Cavity Surface Emitting Laser VCSEL, or Light Amplification by Stimulated 

Emission of Radiation Laser”) and convert electrical signal to optical 

transducers. 

 

The Cable  

Has three concentric layers that guide and protect the light. The silica or 

doped central core that transmits light. The silica Cladding waveguide, 

which confines the core by total internal reflection at the boundasry 

interface. The coating which is the outermost polymer made layer that 

protects the silica structure against environmental factors. The layer is 

stripped off the fibre for connectorization or fusion.  

 

 
Fig 3: (a) Side view of a single fibre. (b) End view of a sheath with three 

fibres. (Curran and Shirk, 2017) 

 

 
Fig 4: Fibre cables. (Curran and Shirk, 2017) 

 

The Connectors 

The connection links runs through the transmitter –to –cable –to-

receiver. They are two major types of linkages. The first fusion splice 

directly joined two or more fibres using electric arc welding or splicer. 
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(Curran and Shirk, 2017) The second connectors used to terminate fibre, 

in a ceramic ferrule and holding joints with epoxy. 

 

 
Fig 5:   (a) Splicer,    (b) Ceramic Ferrule 

(Curran and Shirk, 2017) 

 

The splicer equipment is fast and simple with no light loss generated 

within the fibres. However the links is fragile and the cost of the splicer 

is high. The ceramic ferrule connection is flexible and easier but there are 

higher light loss compared to splicer. (Curran and Shirk, 2017). The other 

types of connectors are available in varying design with different 

connecting ends as shown below: 

 

 
Fig 6: Fibre connectors. (Curran and Shirk, 2017) 

   

Types of Optical Fibres 

Multi-Mode fibres: Here the core (typical core size d ≈ 50–200 μm) and 

gladding silica materials are uniform with a different refractive index. The 

core silica has variable index as a function to radial coverage from the 

centre. 

Single Mode fibres:  The core silica (typical core size d≈ 5–10 μm) 

diameter is nearly equal to the distance between one peaks to the next 

peak (wavelength) of the propagated light so that it transmits within a 

single route. 
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Problem Statement 

The oil and gas industry has deployed onto an unthinkable and capital 

intensive as well as hazardous exploration operations from shallow 

water drilling, then deep-water and recently ultra-deep waters all around 

the globe (Macondo 2011). These activities pose high risks more than 

ever thought of in the sector. The complexities of the exploration 

systems and the new technologies employed, the hazards of subsea 

water environment, the hazards of high pressures and temperatures. 

The subsequent Oil and gas drilling incidences such as Deepwater 

Horizon, Macondo well blowout and many other blowout related 

accident has gain notable consideration in the last few years (Theophilus 

2017; Macondo 2011).  

The oil and gas industries in their desire to overhaul the current status of 

accidents and incidences in exploration and production with a narrow 

window, are in dire need for a robust advances of fiber optics 

applications which covered the entire life of a reservoir, it include cement 

monitoring, to completion monitoring, to well stimulation monitoring 

and extend to production, evaluation monitoring and finally runs up to 

monitoring and identifying re-stimulated reservoirs (Leni 2014). Fiber 

optics sensors will form a guide that would reduce high risks and hazards 

associated with the industry in general and particularly with manage 

pressure drilling, well control and evaluation as well as the numerous 

zero tolerance zones in the refineries. 

  

Aim and Objectives 

The study aimed at finding an obvious technical possibilities that would 

give the norm opportunity to explored oil and gas with a narrow window 

deploying robust advances of fiber optics sensing techniques compared 

with traditional practice used for monitoring and control of oil and gas 

corrosion. Consequently the objectives of the study include: 

1 To create awareness for oil and gas industry that do not use 

the existing norms in corrosion monitoring and control. 
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2 To manage the risks involved with exploration challenges, and 

to ease inspection and surveillance of remote facilities and 

components. 

3 To minimize or prevent uncontrolled escape of reservoir fluids 

and leakages of transport facilities. 

4 To enable operators see and hear more precise detailed 

temperature and pressure real-time information through the 

three distinct sectors. 

5 To enumerate the advantages of fibre optics corrosion 

monitoring sensors over the conventional corrosion 

countermeasures.  

Significance of the Study 

The study is paramount as it exposes the recent norms approaches in the 

oil and gas industrial corrosion monitoring and diagnostic solutions. The 

study is most needed in all sectors of the refinery such as upstream, 

midstream and downstream. The sensors are particularly suited in broad 

application prospect of the oil and gas exploration and production 

activities. 

Fibre optics are not only applicable in petroleum industries but also 

extensively used in inflight entertainment systems, video and filming 

systems; control and telemetry industry. Fibre optics application covered 

the entire life of a reservoir from cementing to completion monitoring as 

well as well stimulation to production monitoring. 

The fibre optics technology will impact all phases in oil and gas well life 

and will answer multitude subsurface inquiries without having to re-

enter the wellbore or remote areas. It will therefore give birth to new 

capabilities for sensing a broad range of parameters, such as vibration, 

temperature, pressure, flow, acoustic areas, and downhole monitoring. 

  

Scope of the Study 

The study cover the applications of fibre optics sensors used in corrosion 

monitoring and control in the oil and gas industries. The study further 

present the general details corrosion monitoring techniques other than 

fibre optics corrosion sensing.  
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The study exposes recent approaches for sensing a broad range of 

parameters, for temperature, pressure, vibration, flow and acoustic 

areas. The study is been focus towards many types of optical fibre 

sensors as demonstrated for smart well applications.     

 

LITERATURE REVIEW  

Well Monitoring with Fibre-Optic Sensors 

More precise downhole monitoring and data analyses are fundamental 

to maximizing production while reducing the impact on the environment 

for the life cycle of oil and gas well. Optical fibres are made to withstand 

the hazardous reservoir conditions as well as harsh environmental 

weather, they are suited to operate under high pressures and 

temperatures, and they are saved in hermetically jointed metal tubes 

that contain specifically made buffer gels. It is completely isolated from 

the environment and need no electric power for operations making it 

safe in highly flammable explosive downhole environmental conditions. 

Today, this technology is used commercially for primary real-time 

measurement of pressures and temperatures within the wellbore. It 

observed the slightest changes in these measurements with time and at 

every depth also can detect changes in fluid levels and flow rates in the 

reservoir. (Jensen, 2017) The ardent desire to closely control offshore oil 

and gas fields have excited the adaptation of fibre optic monitoring. The 

figure 7 illustrates fibre optic cables deployed within a wellbore during 

well completion. 

The downhole temperatures measurement is achieved by sending pulse 

of light via an optical fibre through the wellbore, and the downhole 

temperature feedback. This is the technology of distributed temperature 

sensing (DTS) in the oil and gas industry nowadays. The application of 

this innovation is moving fibre optic technology into new frontiers of 

well monitoring and diagnostics (Al-Asimi et. Al., 2003). Temperature 

been both low and high plays a significant role in reservoir processes, and 

hence thermal monitoring and control had been the yard stick in the 

performance of production wells. The downhole temperature data has 

been used for ages in downhole fluid flow calculations and analyses, 

evaluating water or chemical injection, determining the effectiveness of 
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fracture works, diagnosing cement and casing tops. (George, 2009; 

Leonardon, 1936). Gradually, this fundamental data measurement 

schemes was taking over by some high technical logging tools. The 

advances of fibre optics technology today have helped renew attention 

in reservoir temperature measurements. 

 
Fig 7: Illustration of Fibre Optics Cable Deployed in Openhole 

Completion. (Images Courtesy of Halliburton)  

 

Distributed Temperature Sensing (DTS) 

A more precise downhole and fracture monitoring and measurements 

around the wellbore are now enable by DTS as well as DAS especially 

with the permanent deployment of fibre behind pipes. DTS can provide 

enough data from injection zones, isolation locations, and volumetric 

flow estimation via warm feedback response profiles for plug and 

perforation processes. DTS are also used in well completions in both 

conventional and unconventional reservoirs. (Warpinski, 2014). A near 

wellbore insight of DTS or DAS from fibre optics can be integrated with 

far field insight from micro seismic. 
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Fig 8: wellbore integration of DTS and DAS. (Gyger et. Al., 2014) 

 

DTS Process: the DTS laser shoots bursts of light through the length of 

optical fibre, some light bounce back in the form of backscatter. Which 

are then split from the incident pulses and filtered into discrete 

wavelengths. The speed of light is constant hence backscatter light can 

be generated for each meter of the fibre. (Gyger et. Al., 2014) 

 
Fig 9: DTS Process. (Gyger et al 2014) 

 

DTS is recently the most widespread deployed cost effective method of 

gaining accurate downhole measurements with time and depth. It uses 

multimode fibre types which are based on “Optical Time Domain 

Reflectometry” (OTDR) and “Optical Frequency-Domain Reflectometry” 

(OFDR) that are  looped back so as to receive data from both ends of 

fibre for improve accuracy. (Warpinski, 2014) 
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Fig 10:  DTS Data for 11 Stage Limited Entry Treatment in Vertical Well.  

(Warpinski 2014). 

 

Figure above shows a DTS data for 11 plug and perforation completion 

results. The blue strands are cool temperatures, and red shows warm 

temperatures. The thin horizontal white lines are perforation intervals 

while blue verticals stand for injection periods. The warm feedback 

provides detailed valuable information fluid volume concentration. 

(Warpinski, 2014). 

 

Distributed Strain Sensing (DSS) 

DSS Contains specially made very tight buffered fibre use to monitor 

dynamic and static strain that deliver high resolution, straight repeatable 

feedback. The system is used to detect and mark points of bend, buckling 

and compression or extension and also cover temperature events. 

(Dutoit et. Al., 2012). All this are detected will signal an alert. 

 

 
Fig 11: Subsea Fibre Cable Showing Sensor Deployed around the Pipe. 

(Dutoit et al 2012). 
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Subsea power cables may be exposed to strain perhaps during 

installations or when dragged to the surface for repairs. This strain may 

be detected in the integrated optical fibres enclose in the power cable.  

(Dutoit et. Al., 2012). The fig above shows how the fibre optic strain and 

temperature sensing cables were employed in active fault zones to 

detect pipeline deformation. 

 

 
Fig 12: fibre optic sensing cable integrated into power cable (Omnisens 

2013 www.omnisens.com) 

 

Distributed Acoustic Sensing (DAS) 

DAS are noise log which monitors fluid injection positions and intervals 

of production. It also monitors the ball seats and perforation gun firing 

points, plugs and packer settings, it estimates the amount of fluid 

injected out of every perforation cluster. (Warpinski, 2014) DAS are able 

to track and verify the positions and depth of wiper plug and are used to 

monitor cement integrity issues. The recorded noise by the DAS during 

plug and perforation operations can be analysed to see the depth at 

which the perforations are shot in in the wellbore. (Ranjan and McColpin, 

2013) 

DAS Process: An interrogator using DAS system is capable of sending 

pulses of light down the wellbore via the fibre cable at rates of tens of 

thousands per second. The light travels fast that it returns to the unit 

with downhole data before the next pulse is even fired off. 
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Fig 13: DAS Integrator (Image Courtesy of Fotech Solutions) 

 

 
Fig 14: DAS data for simulation of two perforated intervals in vertical well.  

(Warpinski, 2014). 

 

Figure above shows a DAS for 2-plug and perforation fracture results. 

The red strands colours indicate high noise pitch from fluid movement 

via the perforations to the fractures. The both perforations generate 

identical noise profiles indicating appropriate entry intervals. Noise 

reduces in the top intervals towards the end corresponding to a small 

increase in the second intervals at same levels, suggesting more prop 

pant for the lower intervals. (Warpinski, 2014). 
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Fig 15: Illustrations Offshore Fibre Optics Deployed in a Wellbore (Image 

Courtesy Of Baker Hughes)  

 

The distributed fibre optic systems are not only invaluable in monitoring 

and fracture treatments; it extends through the life of oil and gas well. 

Plugs are tracked and positions verified on cementing jobs, also waiting 

on cementing time can be monitored via the fluid levels cement cure 

temperature adjustment. The distributed sensing fibre are also used for 

production logging after the fracture, as well as extended wellbore 

integrity monitoring. Downhole equipment is equally monitored for 

optimize production and effective operation. (McColpin, 2013) 

 

Fiber Optic Sensors designed for Oil and Gas Industry 

Fiber optics Sensors made for downhole monitoring in oil and gas 

industry, or at either upstream, midstream or downstream sectors are 

subjected to extremely hostile conditions. An accurate, timely and 

reliable information about reservoir condition is of paramount important 

in optimization of production rates and yield. The industry relied on 

retrieval fiber optics sensors lowered into downhole or mounted on 

wireline for the measurements of corrosion related parameters (Kersey, 

2000). These sensors provides “a snapshot” of downhole/well 

conditions at designated time intervals. Permanently fixed sensing 

systems provide a real time data continuously without interference with 

production or well intervention (Liang, 2015).  
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Conventional electronic gauge technology has been successfully used in 

oil and gas industry for monitoring applications, unfortunately their 

inherent limitations makes its usage particularly challenging. One 

peculiar issue with the conventional systems is it’s reduce reliability at 

increase temperatures. Moreover, electronic technologies such as 

quartz resonator, thermocouples, strain gauges, gamma detection, 

resistivity etc, complicates the telemetry parts of the overall sensor 

system (Kersey, 2000).                                                    

In the past two decades, fiber optical sensing technology developed and 

was used in broad range of industry for commercial purposes. In an 

attempt to exploit the full benefits of fiber optical sensing systems, 

efforts has tended towards the utilization of fiber optics highly accurate 

measurement of key parameters in an extremely harsh conditions in 

broadly distributed basis, while the fiber serving the role of both 

measurement means and telemetry channel. Transducers have been 

developed based on grating technology for broad range of utilization in 

oil and gas industry, not limited to downhole monitoring, but equally 

applied in seismic sensing, process monitoring, platform structural 

monitoring, pipeline and flow monitoring, and all other sensing 

requirements that may be necessary under particular fields of 

exploration, production and transportation (Liang, 2015).         

 

Fiber Bragg Gratings Sensor Design  

A fiber Bragg gratings sensor is comprised of two capillary copper tubes, 

three gripper blocks and a steel tube. The fiber in fiber Bragg grating is 

packaged with epoxy resin in the capillary copper tubes, the steel tube is 

meant to protect the fragile bare fiber from damage, which is then 

mounted on the outer surface of pipeline, providing a track for the 

capillary copper tubes to slide in it. The two gripper blocks fixed on the 

steel tube are made to anchor member when bonding to the steel tube 

outer surface of the pipeline. The two gripper blocks at the movable end 

and fixed end are jammed in an anchor. The movable shifts position 

when circumferential deformation occurs, which in turn drags the 

gripper block, causing deformation in the grating and the gripper tubes 

(Jiang et. Al., 2017).    
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Fig 16: A schematic diagram of fiber Bragg grating strain hoop sensor. 

(Jiang et. Al., 2017). 

   

Optical Fiber Bragg Grating Sensors Technology 

Fiber Bragg gratings sensors are intrinsic elements encoded into optical 

fiber using UV photo-inscription process. This photo-inscription process 

yield a periodic modulation in glass index in the fiber, which is a stable 

structure at elevated down hole temperature (Liang, 2015; Kersey, 2000). 

Fiber optic fiber Bragg gratings is capable of measuring multiple 

parameters in a distributed manner within a single common deployed 

fiber optic cable (¼ inch control line commonly used in oil and gas 

industry) fiber Bragg gratings sensing systems thus enable a significant 

increase in spatial resolution of temperature, pressure and multiphase 

flow data provided in oil and gas industrial monitoring system (Kersey, 

2000; Jiang et. Al., 2017). The advantages of distributed measurements 

within reservoirs are numerous, especially in wells with advanced 

completion technologies.  
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Fig. 17: Downhole well monitoring using fiber optic Bragg grating 

sensors. (Kersey, 2000)  

 

Bragg gratings sensors have the following advantages in fiber sensing 

technology as enumerated by (Kersey, 2000): 

❖ Using a simple UV photo-inscription fabrication process 

❖ Using intrinsic ‘intra-core’ sensor element 

❖ It is wavelength-encoded operation 

❖ It is electrically passive 

❖ Use no downhole electronics 

❖ It is intrinsically safe 

❖ It is immune to EMI 

❖ It can operate under high temperature 

❖ It has a distributed sensing capabilities 

❖ It is a low profile sensor 

❖ It is minimally invasive in within the wellbore 

❖ It is compatible with components of fiber telecommunications. 

 

Detection Mechanism of Optical Fiber Sensors 

Fiber optical sensor transmit signal in one set, tiny size, better accuracy, 

high reliability, anti-lightning and anti-electromagnetic interference, long 

service life and its self-corrosion resistance. It is most widely used in oil 

and gas industry for corrosion monitoring and mitigation (Luo et. Al., 

2018).  Optical fiber corrosion sensor is primarily based on advance 

corrosion detection device used for collecting and transmitting remote 

information which could be used to detect corrosion related variables 
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such as stress, strain, vibration, permeability, displacement, humidity, 

temperature, fatigue, cracks, structural deformation, as well as 

environmental parameters such as the concentration of oxygen, carbon 

dioxide, chloride, pH value and surface humidity etc., in addition to any 

possible changes in chemical parameters. Hence, these data represent 

and predict the possible occurrences of corrosion and or its degree. Fiber 

optical sensors advance over the other corrosion sensors in the following 

advantage: portability, simplicity, ease of integration, distributed 

monitoring, anti-electromagnetic interference, low environmental 

requirement and most especially its perfect suit for remote sensing of 

inaccessible parts (Luo et. Al. 2018). The advancement in fiber optic 

sensor necessitate the establishment of expert optical fiber sensor 

system that reasonable determine the corrosion in oil and gas systems.      

 

Optical Fiber Sensors Corrosion Fuse 

Based on the flexibility effect and micro bending properties of fiber 

optics, it traverse through all curvature without breaking the corrosion 

fuse. The sensing scheme is designed such that the sensor in corrosion 

medium while bending fiber loss restraint and bounce to restore the 

natural state of the corrosion sensor, making curvature thinner or even 

zero, so that it increases the light energy traversing through optical fiber, 

different fuse design can reflect corrosion in different degrees (Luo et. 

Al., 2018).       

 
Fig 18:  corrosion fuse (Luo et al 2018) 

 

Subsea Flow lines and Pipelines Integrity Monitoring Using Fibre Optic 

Sensing 

Extended tieback systems, older reservoirs, ultra-deep water and 

tectonic production fields generate flow integrity assurance challenges. 
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To contained these challenges we employed the used of fibre optic 

distributed sensing techniques to performed distributed temperature 

sensing (DTS) to monitor and optimize the flow integrity and to ensure 

that potential problems are detected and rectified. Discrete and models 

sensors are used in common installations. However, DTS is employed 

where active heating of flow lines are involved. (Gyger et. Al., 2014) DTS 

depend on laser beam and a pulse of optical fibre to collect dispersed 

distributed temperature data instead of taking a single temperature 

snap. They can obtain very sensitive downhole temperature at regular 

intervals for each meter [3.3 ft.] of well. DTS were able to sample and 

detect temperature locations and time intervals within the operations 

processes in the wellbore (George, 2009). 

 

 
Fig 19: Flow Line and Pipeline Integrity Monitoring. (George 2009) 
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Fig 20: Pipeline Integrity Monitoring (image courtesy of Omnisens LYNX) 

 

The Flow line Bundles 

The bundles consists of set of incorporated installation (flow lines, e.g. 

Gas, Oil, Water and control sensors ) of fibre optic cable that are used for 

detecting leakages, corrosive deteriorating damage detection, 

monitoring downhole conditions and system heating control. The 

system provide sensing and detections all around the length of the flow 

line. (Gyger et. Al., 2014) 

 

 
Fig 21: Flow Line Bundle. Source: (Gyger et. Al., 2014) 
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All-Optical Switch Field Deployed for oil and gas well monitoring  

A typical switching matrix field for reservoir monitoring is used to 

intertwine pressure and temperature downhole fibre optic sensors from 

twin wells to the surface equipment for test. Here two all-optical 

switches are deployed to link both multimode and single mode fibres. 

OTDR is shared within the all the downhole fibre optic sensors to bridge 

the gap for fibre degradations and damage with time (Jensen, 2017).      

 

 
Fig 22: All-Optical Switch Field (image courtesy of Polatis) 

 

This deployment minimize the costs of equipment through the sharing 

of highly expensive test equipment, auto connects downhole fibre optics 

sensors to surface equipment. Enable real-time monitoring of multiple 

wells and allowing troubleshooting of both sensors as well as surface 

equipment. Simplifier’s interconnection of test equipment and fast 

failure recovery (Jensen, 2017). 

  

DISCUSSION OF FINDINGS 

In recent years, the oil and gas companies have been stimulated by a fast 

increase in the advances of fibre optical sensing of reservoir monitoring. 

Robust improvements in the science of light transmission, glass 

chemistry and analyses technologies have led to interest in downhole 

monitoring and diagnostic solutions. As much as 20 or more fibres are 

bundle into a ¼-in. tube (optical cables) that extends via the wellbore 

down the hole as life of oil and gas well monitoring system. Fibre optics 
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is turned to Distributed Temperature Sensing (DTS), Distributed Acoustic 

Sensing (DAS), Distributed Strain Sensing (DSS) and Multiple Point 

Sensing (MPS) for pressure gauges and geoponics measurements, as 

well as downhole power transmission or data telemetry. This study 

aimed to explain these excitement over the fibre optic sensing, even 

though conventional measurement tools has been used for decades to 

gather same kind of data. The study shows the benefit of fibre optic over 

the conventional as been able to monitor the entire well simultaneously. 

Information can be seen and heard within the wellbore that were 

impossible with conventional tools. The paper also exposes the immune 

attributes of the glass fibre to electrical and electromagnetic radiation, 

high speed transmission of data, operate in extremely harsh 

environments and travels over a long range of ground. The table 1, below 

enumerated the typical fibre optic properties which give it the desired 

advantages over the conventional corrosion countermeasures.   

 

Table 1:     Properties of Optical Fibers (Agrawal. 2017; Ranjan and 

McColpin, 2013; Jensen, 2017) 

          Advantage           Disadvantage  

Low attenuation (≈0.2 dB/km) 

allowing longer cable runs and 

fewer repeaters. 

High and Large signal bandwidth 

(1.55 μm–1.3 μm = 250 nm > 30 

THz) that provides significantly 

greater information carrying 

capacity. 

Security: Since fiber optic 

systems do not emit RF signals, 

they are difficult to tap into 

without being detected. 

Small size and Low weight, 

compact, flexible fiber, require 

less duct space,  

• Not wireless, installation is 

costly and slow 

• Hardware is expensive 

compared to mass-

produced electronics 

• Attenuation and dispersion 

has limitations to 

transmission. 

• The delayed rays can cause 

pulse spreading in 

multimode dispersion. 

• The individual wavelengths 

may propagate at different 

speeds in chromatic 

dispersion. 
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Less cost than copper, weigh 10 

to 15 times less and hence cost 

less than copper. 

Isolated from the environment 

Low sensitivity to environmental 

conditions. It can operate on the 

ocean floor 

No sparks or shorts, damage 

cannot cause sparking which is 

important in explosive gas or 

flammable environments.  

Immune to electromagnetic 

interference and emit no 

radiation. 

No crosstalk from other fibers or 

microwave sources 

Electrical isolation between two 

points or terminals 

• Dispersion creates an 

inherent operational limit 

refer to as bandwidth-

distance product (BDP)  

• Less known, more skill 

required 

• Can be damaged by bending 

too much 

• Exposed optical fibers are 

sensitive to hydrogen and 

darken in the presence of 

water and other chemicals 

containing hydrogen in the 

well environment 

• fiber assemblies are still 

susceptible to physical 

damage in the harsh 

downhole environment and 

some damage and 

degradation over time is 

inevitable 

 

CONCLUSIONS AND RECOMMENDATIONS 

Continuous-time monitoring of oil and gas reservoir conditions has being 

the focal point in the industry. The operators uses technology that has 

enable them see and hear more precise picture of the downhole 

conditions, they employed the use of fibre optics sensors to gain precise 

detailed temperature and pressure real-time data within the  wellbore. 

The study concluded that the data obtained from fibre optical well 

sensors can be used to draw important information as follows:  

• Detailed reservoir conditions and prospective operation are 

examines from the sensor measurement data that are turned to 

optimize production.  

• Enable reliable decisions making and subsequently boost reservoir 

production with less environmental effect.        
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• Able to pinpoint most economically viable well with highest 

potential for success for such costly operations like hydraulic 

fracturing   

• Used to choose the best options for optimizing well fracturing 

processes to increase production while decreasing water usage 

and environmental impact.  

• Significant cost reduction by using optical switching to automates 

connection between two downhole fibre optic sensors to surface 

expensive test equipment in same or two wells. 

• Deployed globally in the industry to overshadow the above 

challenges of conventional well and maximize productions from 

both new and ageing wells. 
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