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Abstract

In recent years, the Distributed Fiber Optics Temperature Sensing (DTS) technology has gained
wide acceptance in various fields of science and technology. These includes Atmospheric Science,
Hydrological Science, Geological Science, Oceanography, and several fields of Engineering.
However, despite this wide acceptance, not many articles have been written on the theory,
applications, and challenges of the Distributed Fiber Optics Temperature Sensing (DTS)
technology in the aforementioned fields. Therefore, the objective of this paper is to present a
comprehensive review of the theory and applications of the Distributed Fiber Optics Temperature
Sensing (DTS) technology in Engineering, Oceanography, Atmospheric Science, Hydrology, and
Geological Science. In this study, we investigated the potentials of Distributed Temperature
Sensing (DTS) in Oceanography and Atmospheric Science, fields often neglected by authors who
had previously written articles on the subject of Distributed Temperature Sensing (DTS).
Additionally, we also discussed some challenges facing the deployment of the DTS technology in
Hydrology, Oceanography, and Atmospheric Science. Finally, we also outlined some opportunities
for future research on the applications of Distributed Temperature Sensing (DTS) in Oil & Gas,
Hydrology, Geological Science, Oceanography, and Atmospheric Science. This study shows that
Distributed Temperature Sensing (DTS) has great potentials in the aforementioned fields if the
challenges outlined in this paper are properly addressed through cutting-edge research.

Keywords: Distributed Temperature Sensing; Applications; Challenges; Research
Opportunities.

1.0 Introduction

Distributed Temperature Sensing (DTS) is a technique that can be used for continuous
measurement of temperature values along an optical fiber cable at every point in time. It is a
means of quantifying the spatial and temporal variation of temperature across a fiber cable. The
process involves passing a laser of light through the core of an optical fiber cable. As the laser of
light travels through the optical fiber cable, the pulse of light collides with the internal lattice
structure, as well as the atoms of the optical fiber cable. This causes them to emit some bursts of
light at slightly different frequencies which travel back in opposite direction towards the top of the
optical fiber cable. The “backscattered” light is then examined by the instrumentation box to
obtain an estimate of the temperature at the point where the backscatter light originated. As the
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velocity of light in the medium is constant, the two-way travel time of the laser light pulse can be
used to determine the actual location of the recorded temperature along the fiber.
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Fig 1: A typical DTS system setup [1]

A continuous profile of the temperature along the fibre cable is obtained from continuous
measurement of the backscattered light. This temperature profile is known as Distributed
Temperature Survey (DTS).
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Fig 2: Distributed Temperature Survey (DTS) Showing Both Spatial and Temporal
Temperature Distribution Along the Fiber [2]
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The main backscattered light is called the Rayleigh wave and it is at the wavelength of the
launched light. The Rayleigh wave is by far the strongest signal recorded by the instrumentation
box. However, this Rayleigh signal is usually filtered out, except in some cases. The retuned
backscattered waves associated with the lattice vibrations are known as Brillouin waves. The
Brillouin waves are similar to and often difficult to distinguish from the Rayleigh waves. Finally,
Raman waves are the weakest of the backscattered waves. They result from molecular and atomic
vibrations. The Raman signals are sensitive to temperature and are used for temperature evaluation
across the length of the fiber cable. The Raman signals consist of two different bands: Stokes &
anti-Stokes. The Stokes band has a higher wavelength. It is also stable and therefore has little
temperature sensitivity. Conversely, the anti-Stokes band has lower wavelength, less stable, and
has a higher temperature sensitivity.
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Fig 3: Spectrum of the back-scattered light during DTS [25]

The ratio of the energy of the Anti-Stokes band to that of the Stokes band can be easily related to
the temperature of the fiber optic cable at the depth where the back-scattered signal originated.

2.0 Methodology/Workflow
The flow chart below gives a description of the workflow employed in this study. It describes the
activities carried out in a sequential manner.
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2.1 Theory of Distributed Temperature Sensing
As the laser pulse travels through the fiber, its intensity decreases exponentially with depth. The
equation below describes the variation of the intensity of the propagating laser pulse with depth.

I(z) = Ipe % 1)

Where I(z)=Intensity of the laser pulse at depth, z

I, = Initial intensity of the laser pulse

a = Attenuation coefficient and it is a property of the fiber

The Intensities of the back-scattered stokes and anti-stokes Raman waves are also by some
parameters. The equations presented below describe the relationship between the intensities of the
back-scattered waves and the parameters affecting them.

I, (z) = Cie "% e~%%(ny) (2)
I_(z) =C_e “®Ze %-Z ((n)+1) 3)
Where;
__ha_
KT(z)
() = ——
1—e KT(@)
h=
21

h = Planck Constant
K = Boltzmann Constant
2I1Q = Frequency
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C, and C_ are constants

Equations (2) and (3) above give quantitative description of the intensity of the back-scattered
Raman waves in the stokes and anti-stokes region respectively.

Since the DTS measurements depends on the ratio of these two intensities, we can therefore take
the ratio of the above equation.

If we take the ratio of the above equations, we obtain the following result

I,(z) _ C _paz _%
LD _ € gz 4)

Equation (4) above is the ratio of the intensity of the back-scattered Raman waves in the stokes
region to that of the anti-stokes region.
Solving for temperature in the above equation, we obtain the following result.

hQ
_ X
R (S Wy ©)

The above equation gives the magnitude of the temperature at different position along the fiber.
The equation can be simplified further by obtaining its power series approximation. Applying
power series expansion to the equation and truncating the resulting expression after the second
term, the result below is obtained.

hQ

« AaZ
un=ﬁgﬁ@%k+ﬂgﬁé%l :

Further simplification by applying the power series approximation two more times produces the
following result.

hQ AaZ '"(:iﬁii) 7
T =@ @ e "
The above equation can be reduced further to the following form.
_ AaZ ln(%)
T(Z) = Tref ll + ln(g—t) + ln(g—t) (8)

Where T,¢ is the reference or baseline temperature.

It evident from the result above that DTS temperature measurement depends strongly on the
reference temperature, depth, and the ratio of the intensities of the back-scattered Raman waves in
the stokes and anti-stokes regions.

Furthermore, we can describe mathematically, the effects of depth on temperature resolution by
calculating the standard deviation of the temperature as follows;
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Simplifying the above expression, we have;
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Substituting equation (4) into equation (9), we have;

hQ

AT(z) _ (C_\ T(@) _AaZ . %7ig 1.(z)
T(z) (c+) ar € eKT()A(l_(z)) (10)

K

The above equation shows that the standard deviation of the temperature increases exponentially
with depth.

2.2 DTS Applications

2.2.1 Oil & Gas Industry

In recent years, the DTS technology has gained wide acceptance in several fields of science and
technology. In the last decade, the oil and gas industry has deployed the technology the most to
proffer solutions to some long-standing challenges. Fortunately, the technology has proved
effective so far in overcoming some technical challenges facing the industry. [6], demonstrated the
suitability of hybrid DAS-DTS for estimating the pressure profile of a well at different gas
injection volume, backpressure, injection methods, and water circulation rates. They also applied
the technology to monitor the injection profile of a well. Research had also been done to
demonstrate the potential of DTS for flow profiling in reservoirs and borehole [16], [7], [10], [27],
[21], [24].

=] d
AfTubing— —

Fig 4: DTS being installed for Production and Injection Monitoring at Louisiana State University
PERT Laboratory [2]
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Fig 5: Schematic diagram of a well under investigation using DTS at Louisiana State
University PERT Laboratory [25]

[31], in a thesis submitted to Stanford University, discussed, and demonstrated the applicability of
DTS in building a wellbore/reservoir coupled thermal model, estimating flowrate profile, and

evaluating formation properties. This demonstration was carried out on vertical, deviated, and
horizontal wells.
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Fig 6: Flow rate estimation in a multiphase system using DTS [31]

8l|Page



NOVATEUR PUBLICATIONS

INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY
[IJIERT] ISSN: 2394-3696 Website: ijiert.org

VOLUME 10, ISSUE 4, April -2023

60
50
40 -

30 - ETrue

B Estimate
20

10

0 -
layer1 Llayer2 Llayer3 Llayerd Llayerb

Fig 7: Estimation of the permeability of a multi-layered reservoir system using DTS [31]
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Fig 8: Relationship between DTS temperature and reservoir water saturation [2]

DTS has also been deployed in a producing oil well to detect multiple leakages. The technology
proved effective as multiple leakages were discovered in limited time [5]. In a similar vein, [29],
published a comparative review of the DTS, they also highlighted some of its applications in the
oil and gas, leakage detection, fire detection, and mines. In addition, [30],discussed the basic
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principles of DTS with more emphasis on its applications in the oil and gas industry. They also
discussed its interpretation, quality control, and the uses of DTS data.
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Fig 9: llustration of DTS application in leak detection [5]

2.2.2 Atmospheric Science

Research has been done on the potential of DTS application in atmospheric science. [4], employed
DTS to measure atmospheric air temperature. They also proposed an approach to correct for the
effects of solar radiation on atmospheric DTS applications. Satisfactory results were obtained from
their experiment. Similarly, [15], studied the suitability of DTS for evaluating and analysing
atmospheric mixing profiles in a tropical environment.
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Fig 10: Experimental setup for atmospheric air temperature determination using DTS [4]

[32], also employed the DTS to determine the spatial and temporal variations in snow temperature
in California, USA. Their results did demonstrate the suitability of the DTS for this purpose.
However, the absolute snow temperature could not be obtained due to some errors introduced
through temperature stratification in the calibration section.
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Fig 11: Temperature distribution in California obtained using DTS [32]

Furthermore, a novel fiber optics laser had also been developed with the aim of overcoming the
pressure effects at high atmospheric altitudes. The results obtained using this novel fiber showed
reasonable agreement with observed meteorological data [9].

2.2.3 Geological Science

The DTS technology has also been embraced to great effect in geological science. [11], introduced
an autonomous DTS that is deployable for long-term temperature profile measurement in remote
areas. They established that the developed autonomous system has a potential to overcome some
of the barriers to DTS applications in geological science. Also, [28], deployed the DTS to monitor
the stability of the Antarctic ice. The results of the research show that DTS has great prospect for
achieving a higher spatial temperature sampling than other conventional techniques being
employed. Although their work was limited by two challenges: Ice penetration and inability to
achieve long term operation for non-recoverable sensors, they clearly demonstrated the potential of
DTS in this field.
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Fig 12: Study of Ocean Temperature Dynamics using DTS [28]
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Besides, [19] also carried out an experimental and numerical study to monitor variations in
sediment overburden using DTS. They developed a correlation between temperature and sediment
thickness. Although their experiment could only be conducted on a small scale, the potential of
conducting such experiment on a field scale offers opportunity for further study.
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Fig 13: DTS Temperature Contours Illustrating Changes in Overburden [19]

Furthermore, [12] proposed a novel temperature demodulation with difference method in an
attempt to improve the accuracy of the DTS results in geological sciences. Their result shows a
significant improvement in accuracy. Finally, they suggested that the accuracy of the system can
be improved further by employing advanced coding and denoising techniques. In like manner, [8]
evaluated the prospect of DTS in seepage detection and monitoring. They also discussed different
calibration and interpretation techniques for DTS measurements.

2.2.4 Hydrological Science

hydrological science hasn’t been left out. In recent year, DTS has also gained relevance in
hydrologic science. [22], deployed DTS to monitor the temperature distribution along a first-order
stream, determine temperature profile at the air-snow interface, as well as air-water interface. The
validity of the results obtained over a short time was greatly hampered by precision, temporal
resolution, and spatial resolution. Consequently, they were able to obtain appreciable results only
after a long span in time and space. Similarly,[3], in their study on hyporheic flow, they
investigated the potential of DTS in quantifying variabilities (spatial & temporal) in vertical
hyporheic flow. They also deployed a robust DTS in Wyoming stream and data was collected
continuously for a period of thirty days. The DTS data obtained was then combined with some
analytical techniques to gain insight into the spatial & temporal variabilities of the flow.
Furthermore, [18], Investigated the limitation of DTS in monitoring surface water and
groundwater interaction. They developed a correlation between temperature and ground water
discharge. Finally, they observed that the reliability of the DTS for this purpose was somehow
limited by surface water and groundwater velocities. Moreover, [25], Outlined the applications and
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limitation of DTS for subsurface investigation of hydrogeological processes. They concluded that
DTS has significant advantages over other method being employed in the field of hydrogeology to
investigate subsurface hydrogeological processes and aquifers properties. In addition, [23],
introduced Real Time Thermal (RTTR) into DTS system in an attempt to overcome the
uncertainties associated with DTS applications in hydrologic science. DTS had also been
compared with high-sensitivity sensor for estimation of stream temperature. The results of the
research revealed that DTS has an edge as it provides a higher spatial and temporal resolution [14]

2.2.5 Oceanography and Geothermal

The DTS technology had also been employed in other areas of study like oceanography and
geothermal engineering. [26], in their research, they discussed the potential of DTS in
oceanographic applications. They deployed the technology to detect air/sea boundary. However,
the success of the research was significantly hampered by ocean dynamic, inherent noise, and
suboptimal calibration in such adverse environment.[13], In an attempt to further enhance the
potential of DTS, they designed, implemented, and tested a distributed ultra-high temperature
sensing system. The sapphire optical fiber designed by them was able to operate under a
temperature as high as 1400°C. Although their research could be considered a success,
commercialization of such sensor economically remains a concern. In sewage treatment, [20],
applied DTS to monitor temperature variation in a waste-water system. The objective was to
determine the factors that contribute to temperature variation in the system and the degree of
mixing of the waste-water system.

Finally, In the steel industry, DTS has been employed to measure temperature profiles during steel
casting process. The DTS was also used to monitor aluminium solidification. These applications
reinforce the ability of the DTS to survive extremely high temperature [17].

3.0 Challenges and Future Research Opportunities

It is an open secret that despite the resounding success recorded so far, many fields are still
experiencing serious challenges with the application of DTS technology. In atmospheric science,
errors introduced through calibration and temperature stratification remain the major obstacle to
unleashing the full potential of the DTS technology in the field. Therefore, developing a proper
technique to overcome the issues associated with calibration and temperature stratification offers
an opportunity for further research in the field. Furthermore, the reliability of the DTS technology
in hydrological science has been hampered by calibration, relative humidity, and noise introduced
by surface and groundwater velocities. Therefore, developing a reliable calibration technique and a
method of minimizing the effects of surface and groundwater flow will undoubtedly enhance the
potential of DTS technology in hydrological science. Moreover, in oceanography, the potential of
DTS technology is currently being limited by Ice penetration and inability to achieve long term
operation for non-recoverable sensors, ocean dynamic, inherent noise, and suboptimal calibration
in such adverse environment. Therefore, developing methods of overcoming these challenges
through cutting-edge research will significantly enhance the potential of the DTS technology in the
field of Oceanography.
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4.0 Conclusion

A comprehensive review of the theory and applications of the Distributed Fiber Optics
Temperature Sensing (DTS) technology in Engineering, Oceanography, Atmospheric Science,
Hydrology, and Geological Science has been carried out. In this study, we investigated the
potentials of Distributed Temperature Sensing (DTS) in Oceanography and Atmospheric Science,
fields often neglected by authors who had previously written articles on the subject of Distributed
Temperature Sensing (DTS). Furthermore, some challenges associated with the application of the
Distributed Temperature Sensing (DTS) technology in Hydrology, Oceanography, and
Atmospheric Science were identified and discussed. Additionally, we have also outlined some
opportunities for future research on the applications of Distributed Temperature Sensing (DTS) in
Oil & Gas, Hydrology, Geological Science, Oceanography, and Atmospheric Science. This study
shows that the potential of Distributed Temperature Sensing (DTS) is currently being hampered by
calibration issues, noise introduced by instruments and environmental conditions, site accessibility,
as well as equipment deficiencies. Furthermore, the study also shows that Oil & Gas industry has
embraced the technology the most, as it has been applied to detect leakages in pipes, estimate flow
velocity in pipes and reservoirs, and also develop profiles for injection and production processes.
Conversely, Oceanography has embraced the technology the least as its deployment is currently
being hampered by some of the challenges discussed above. In conclusion, the Distributed
Temperature Sensing (DTS) technology has great potential in Hydrology, Atmospheric Science, as
well as Oceanography if the challenges outlined in this study are properly addressed through
cutting-edge research. This therefore offers opportunities for future research on the subject of
Distributed Temperature Sensing (DTS).

References

1. Adeyemi, T. S. (2021). Analytical Solution of Unsteady-state Forchheimer Flow Problem in
an Infinite Reservoir: The Boltzmann Transform Approach. Journal of Human, Earth, and
Future, 2(3), 225-233. https://doi.org/10.28991/hef-2021-02-03-04

2. Adeyemi, T. S., & Rufus, D. O. (2021). Analytical Development of an Improved Inflow
Performance Relationship (IPR) Model for Solution Gas Drive Reservoirs. Journal of Human,
Earth, and Future, 2(2), 125-135. https://doi.org/10.28991/hef-2021-02-02-04

3. Briggs, M. A,, Lautz, L. K., McKenzie, J. M., Gordon, R. P., & Hare, D. K. (2012). Using
high-resolution distributed temperature sensing to quantify spatial and temporal variability in
vertical hyporheic flux. Water Resources Research, 48(2), 1-16.
https://doi.org/10.1029/2011WR011227

4. De Jong, S. A. P,, Slingerland, J. D., & Van De Giesen, N. C. (2015). Fiber optic distributed
temperature sensing for the determination of air temperature. Atmospheric Measurement
Techniques, 8(1), 335-339. https://doi.org/10.5194/amt-8-335-2015

5. Dutta, S., Singh, K., Agrawal, G., & Kumar, A. (2021). Unlocking the Potential of Fiber-
Optic  Distributed Temperature Sensing in  Resolving Well Integrity Issues.
https://doi.org/10.4043/30990-ms

6. Ekechukwu, G. K., & Sharma, J. (2021). Well-scale demonstration of distributed pressure
sensing using fiber-optic DAS and DTS. Scientific Reports, 11(1), 1-18.
https://doi.org/10.1038/s41598-021-91916-7

7. Feo, G., Sharma, J., & Cunningham, S. (2020). Integrating fiber optic data in numerical

87|Page



NOVATEUR PUBLICATIONS

INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY

[IJIERT] ISSN: 2394-3696 Website: ijiert.org
VOLUME 10, ISSUE 4, April -2023

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

reservoir simulation using intelligent optimization workflow. Sensors (Switzerland), 20(11).
https://doi.org/10.3390/s20113075
Ghafoori, Y., Vidmar, A., Riha, J., & Kryzanowski, A. (2020). A review of measurement
calibration and interpretation for seepage monitoring by optical fiber distributed temperature
sensors. Sensors (Switzerland), 20(19), 1-23. https://doi.org/10.3390/s20195696
Goetz, J. D., Kalnajs, L. K., Deshler, T., Davis, S., Bramberger, M., & Alexander, M. J.
(2022). A Fiber Optic Distributed Temperature Sensor for Continuous in situ Profiling 2 km
Beneath Constant-altitude Scientific Balloons. April, 1-28.
Javaheri, M., Tran, M., Buell, R. S., Gorham, T., Munoz, J. D., Sims, J., & Rivas, S. (2021).
Flow Profiling Using Fiber Optics in a Horizontal Steam Injector with Liner-Deployed Flow
Control Devices. SPE Journal, 26(5), 3136—-3150. https://doi.org/10.2118/200786-PA
Kurth, A. M., Dawes, N., Selker, J., & Schirmer, M. (2013). Autonomous distributed
temperature sensing for long-term heated applications in remote areas. Geoscientific
Instrumentation, Methods and Data Systems, 2(1), 71-77. https://doi.org/10.5194/gi-2-71-
2013
Li, J., Zhang, Q., Xu, Y., Zhang, M., Zhang, J., Qiao, L., Promi, M. M., & Wang, T. (2019).
High-accuracy distributed temperature measurement using difference sensitive-temperature
compensation for Raman-based optical fiber sensing. Optics Express, 27(25), 36183.
https://doi.org/10.1364/0e.27.036183
Liu, B., Buric, M. P., Chorpening, B. T., Yu, Z., Homa, D. S., Pickrell, G. R., & Wang, A.
(2018). Design and Implementation of Distributed Ultra-High Temperature Sensing System
with a Single Crystal Fiber. Journal of Lightwave Technology, 36(23), 5511-5520.
https://doi.org/10.1109/JLT.2018.2874395
Mohamed, R. A. M., Gabrielli, C., Selker, J. S., Selker, F., Brooks, S. C., Ahmed, T., &
Carroll, K. C. (2021). Comparison of fiber-optic distributed temperature sensing and high-
sensitivity sensor spatial surveying of stream temperature. Journal of Hydrology, 603(PB),
127015. https://doi.org/10.1016/j.jhydrol.2021.127015
Peltola, O., Lapo, K., Martinkauppi, 1., O’Connor, E., Thomas, C., & Vesala, T. (2020).
Suitability of fiber-optic distributed temperature sensing to reveal mixing processes and
higher-order moments at the forest-air interface. Atmospheric Measurement Techniques
Discussions, September, 1-31. https://doi.org/10.5194/amt-2020-260
Pouladi, B., Bour, O., Longuevergne, L., de La Bernardie, J., & Simon, N. (2021). Modelling
borehole flows from Distributed Temperature Sensing data to monitor groundwater dynamics
in fractured media. Journal of Hydrology, 598(March).
https://doi.org/10.1016/j.jhydrol.2021.126450
Roman, M., Balogun, D., Zhuang, Y., Gerald, R. E., Bartlett, L., O’malley, R. J., & Huang, J.
(2020). A spatially distributed fiber-optic temperature sensor for applications in the steel
industry. Sensors (Switzerland), 20(14), 1-20. https://doi.org/10.3390/s20143900
Roshan, H., Young, M., & Andersen, M. S. (2014). Limitations of fibre optic distributed
temperature sensing for quantifying surface water groundwater interactions. Hydrology and
Earth System Sciences Discussions, 11(7), 8167-8190. https://doi.org/10.5194/hessd-11-
8167-2014
Rui, Y., Hird, R, Yin, M., & Soga, K. (2019). Detecting changes in sediment overburden
using distributed temperature sensing: an experimental and numerical study. Marine
88|Page



NOVATEUR PUBLICATIONS

INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY

[IJIERT] ISSN: 2394-3696 Website: ijiert.org
VOLUME 10, ISSUE 4, April -2023

20.

21.

22.

23.
24,

25.

26.

27.

28.

29.

30.

31.
32.

Geophysical Research, 40(3), 261-277. https://doi.org/10.1007/s11001-018-9365-4
Schilperoort, R. P. S., & Clemens, F. H. L. R. (2009). Fibre-optic distributed temperature
sensing in combined sewer systems. Water Science and Technology, 60(5), 1127-1134.
https://doi.org/10.2166/wst.2009.467

Scholderle, F., Lipus, M., Pfrang, D., Reinsch, T., Haberer, S., Einsiedl, F., & Zosseder, K.
(2021). Monitoring cold water injections for reservoir characterization using a permanent fiber
optic installation in a geothermal production well in the Southern German Molasse Basin. In
Geothermal Energy  (Vol. 9, Issue  1).  Springer  Berlin Heidelberg.
https://doi.org/10.1186/s40517-021-00204-0

Selker, J. S., Thévenaz, L., Huwald, H., Mallet, A., Luxemburg, W., Van De Giesen, N.,
Stejskal, M., Zeman, J., Westhoff, M., & Parlange, M. B. (2006). Distributed fiber-optic
temperature sensing for hydrologic systems. Water Resources Research, 42(12), 1-8.
https://doi.org/10.1029/2006 WR005326

Sensing, D. T., & Systems, R. D. (n.d.). 61850 85.

Sharma, J., Santos, O. L. A., Feo, G., Ogunsanwo, O., & Williams, W. (2020). Well-scale
multiphase flow characterization and validation using distributed fiber-optic sensors for gas
kick monitoring. Optics Express, 28(26), 38773. https://doi.org/10.1364/0e.404981

Sheriff, A. T. (2018). Application of the linear flow diffusivity equation in estimating water
influx in linear water drive reservoirs. IOJPH - International Open Journal of Applied Science,
1(3), 12-25.

Sinnett, G., Davis, K. A., Lucas, A. J., Giddings, S. N., Reid, E., Harvey, M. E., & Stokes, I.
(2020). Distributed temperature sensing for oceanographic applications. Journal of
Atmospheric and Oceanic Technology, 37(11), 1987-1997. https://doi.org/10.1175/JTECH-D-
20-0066.1

Sui, W., Zhang, D., Cheng, S., Zou, Q., Fu, X., & Ma, Z. (2020). Improved DTS profiling
model for horizontal gas wells completed with the open-hole multi-stage fracturing system.
Journal of Natural Gas Science and Engineering, 84(September), 103642.
https://doi.org/10.1016/j.jngse.2020.103642

Tyler, S. W., Holland, D. M., Zagorodnov, V., Stern, A. A., Sladek, C., Kobs, S., White, S.,
Suarez, F., & Bryenton, J. (2013). Instruments and methods using distributed temperature
sensors to monitor an Antarctic ice shelf and sub-ice-shelf cavity. Journal of Glaciology,
59(215), 583-591. https://doi.org/10.3189/2013J0G12J207

Ukil, A., Braendle, H., & Krippner, P. (2012). Distributed temperature sensing: Review of
technology and  applications. IEEE  Sensors  Journal, 12(5),  885-892.
https://doi.org/10.1109/JSEN.2011.2162060

van der Spek, J. J. S. & A. (2003). Distributed Temperature Sensing A DTS Primer for Oil &
Gas Production. Proc.10th ISH, 97.

Wang, Z. (2012). The Uses of Distributed Temperature Survey ( DTS ) Data. August.
Woerndl, M., Prokop, A., Tyler, S. W., Hatch, C. E., & Dozier, J. (2010). 2010 International
Snow Science Workshop Fiber Optic Distributed Temperature Sensing in Avalanche Research
2010 International Snow Science Workshop. Components, 1, 387-393.

89|Page



NOVATEUR PUBLICATIONS

INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY
[IJIERT] ISSN: 2394-3696 Website: ijiert.org

VOLUME 10, ISSUE 4, April -2023

1. Declarations

Author Contributions

The following statements should be used:

Conceptualization, T.S.A., D.A and A.M.; methodology, T.S.A., D.A and A.M ; investigation,
T.S.A and D.A; resources T.S.A and D.A ; writing—original draft preparation, T.S.A.; writing—
review and editing, T.S.A and A.M.; All authors have read and agreed to the published version of
the manuscript.

Funding
The author(s) received no financial support for the research, authorship, and/or publication of this
article.

Declaration of Competing Interest

The author declares that there is no conflict of interests regarding the publication of this
manuscript. In addition, the ethical issues, including plagiarism, informed consent, misconduct,
data fabrication and/or falsification, double publication and/or submission, and redundancies have
been completely observed by the authors

|Page



