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thermal profiling
A lot of work has been done to characterize in-situ oilsands reservoirs. Scientists are now 
taking some of that research and looking into what happens to those reservoirs over time 
when steam has been applied.

40 kilometres southeast of Fort McMurray, Alberta. Nexen has  
also employed it in one periodically operated steam-injection  
horizontal well since December 2007 to monitor the temperatures 
near the well.

Other companies offering similar technology to the Canadian 
oilpatch include U.K.-based Sensornet Ltd. and Opsens Solutions 
Inc. of Quebec City.

LxDATA’s instruments measure temperature and relay that infor-
mation to a computer for a graphical user interface, or display, so 
operators can make quick decisions. It’s also used to monitor hot 
spots on electrical submersible pumps.

This year the company is releasing a technology that will mea-
sure pressure. “Our product allows [operators] to see the downhole 
chamber growth,” says Claude Champagne, LxDATA’s chief execu-
tive officer. “By visualizing temperature points along the horizontal 
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Horizontal steam-assisted gravity drainage (SAGD) wells are 
reaching lengths of 1 000 metres, says Bill MacFarlane, manager of 
integrated technology at Nexen Inc. “There’s a lot of variability and 
reservoir engineers need to know how that might influence perfor-
mance. There’s a whole host of companies that realize that.”

One of those companies is LxDATA, formerly known as LxSix 
Photonics Inc. The Montreal-based developer of optical sensing 
solutions recently announced it is focusing exclusively on the oil  
and gas industry with its LxIQ platform. LxDATA has introduced 
the LxIQ thermal monitoring system based on proprietary optical 
sensor array technology. The product offers full representation of 
the wellbore.

Nexen used its distributed fibre sensing system in a trial in 
November 2007 to look at the reliability of fibre optics in high- 
temperature environments at its Long Lake SAGD project,  



they can direct steam to certain areas and they can make process 
changes to improve the rates. They get a visual dashboard of their 
processes. If you don’t have instrumentation there, you’re in essence 
driving blind.” He says five Canadian oilsands companies are using 
his company’s product.

What sets it apart from other companies, says Champagne, is that 
LxDATA processes the fibre, which is smaller than a human hair. 
“We use a laser to write into the core of the fibre, creating intrinsic 
sensors which are very sensitive to temperature and pressure varia-
tions. Writing these sensors in the core of 
the fibre is like what they do at Intel when 
they write transistors on silicon. They pro-
cess a silicon wafer to write transistors and 
integrated circuits; we process fibre to write 
sensors.” These embedded sensors have 
reflectors in the fibre so the desired signal 
carrying the temperature and pressure 
information is very strong, making it less 
susceptible to hydrogen darkening effects, 
he says.

So far it’s worked well for Nexen, says 
MacFarlane. “I think we proved that in 
high-temperature environments we get 
good reliability [and] repeatability on the 
data. There’s no question that they’ve got a 
technology that works whereas in the past 
it’s been proven unreliable. That’s been a 
real breakthrough,” he says. Nexen is still 
trying to develop the best practices for how 
distributed temperature is used to assess 
reservoir performance, he adds.

The oil and gas industry has been using fibre optics only in the 
past few years, mainly in well monitoring where they seem to be 
very useful in their temperature resolution and durability, says 
Robert Corriveau, president of the Canadian Institute for Photonic 
Innovations (CIPI) in Quebec City. The institute finances projects 
and brings together Canadian university researchers, government 
and industry to strengthen Canada’s position in photonics, or fibre 
optics, research and innovation.

The use of fibre optics is supplying producers with better data, 
says Corriveau. CIPI and Petroleum Technology Alliance Canada 
are organizing a special session to demonstrate the use of photonics 
in the industry at the GO-Expo in Calgary this June.

Conventional types of temperature control systems are usually 
based on the use of point measurements: data gathered from indi-
vidual sensors and gauges that measure single values at specific loca-

tions. This can limit the speed, accuracy and 
resolution of monitoring in many applications. 
Distributed sensing, a technology that relies on 
analysis of light pulses reflected down optical 
fibres, offers a better and more efficient way to 
monitor changes in temperature and pressure, 
say adherents.

Fibre optics are used in distributed tem-
perature sensing systems (DTS) to record 
temperatures along the optical sensor cable not 
at points, but as a continuous profile, measur-
ing all the way down the line. DTS systems are 

capable of detecting changes in temperature smaller than 0.01 C 
and in real time — for continuous monitoring at all points along the 
cable at all times. It provides quick, clear and measurable data which 
allows an operator to detect and fix any problems quickly and return 
to optimal production.

LxDATA and Nexen partnered up to show there’s an existing tech-
nology that’s been used fairly successfully in telecommunications that 
has applications for subsurface monitoring, says MacFarlane. Distrib-
uted fibre is going to have a lot of potential applications for production 
and reservoir engineers, but they are still early in their understanding 
of SAGD production, he says. LxDATA’s technology is different from 
other providers’ in the way it measures the intensity of the light, says 
MacFarlane, adding it uses frequency modulation instead of amplitude.
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UNDER SURVEILLANCE
Downhole fibre optic cables send signals through a surface junction box
to an interrogation/processing/communications module to track tempera-
ture and pressure along the length of the horizontal wellbore.
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Early Warning System
In thermal recovery production wells, Sensornet’s 
distributed temperature sensing (DTS) system provides 
early indication of steam breakthrough that can cause 
catastrophic failure of the casing. DTS observation wells 
placed strategically in the field act as early warning of 
steam front movement before there is any impact on 
outlying production casing.
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CSS application
Canadian Natural Resources Limited is using Sensornet’s Sure-

Sight fibre optics at an observation well, what it calls a “thermal 
fibre well,” for its cyclic steam stimulation (CSS) wells at Primrose 
near Cold Lake, Alberta. It is one of four major Canadian oil and 
gas companies using Sensornet’s package.

CNRL wants to be aware of casing issues or leaking behind pipe, 
or any potential for steam moving beyond the zone it is trying to 
steam, says David Burdziuk, production engineer. There hasn’t been 
any steam breakthrough yet, but he says if there were he would be 
able to see that with the thermal fibre well.

The data is telling him the temperature of the observation well-
bore is unchanged, which is good because a big drop in temperature 
would mean steam had broken through and was moving through 
an area it shouldn’t be. That could damage the pump. “The data is 
there. We’re monitoring it daily and we know it’s real data, which is 
nice,” he says.

Burdziuk says he is satisfied with SureSight. There have been a 
few glitches, not with the actual thermal fibre itself but with the 
interpretation of the data. “But overall it’s pretty consistent, pretty 
clean,” he says. CNRL is also using passive seismic as backup.

SureSight provides an advantage over what CNRL has used in the 
past and has put the company’s mind at ease, says Burdziuk, that it 
can observe any issues that may occur before they become big prob-
lems. The company is now considering monitoring its SAGD wells 
with SureSight, to understand steam conformance down a wellbore, 
he says.

Sensornet’s Sentinel DTS is able to take temperature measure-
ments at every metre along a fibre optic cable with coverage of up 
to 60 kilometres per unit. The DTS illuminates the glass core of 
the optical fibre with a laser pulse of 10-nanosecond duration, cor-
responding to a one-metre pulse.

As the optical pulse propagates down the fibre it undergoes scat-
tering. Part of this scattered radiation is known as Raman scattering 
and it has two components, known as Stokes and anti-Stokes light. 
Raman scattering arises directly from molecular vibrations within 
the fibre, which is a well-defined function of temperature. Measur-

ing the ratio of the Stokes and anti-Stokes scatter, in conjunction 
with the time of flight of the optical pulse, allows the temperature in 
the fibre to be determined at any location.

Sensornet offers double-ended measurement capabilities. By 
installing a loop of fibre rather than a single strand it is able to 
“shoot” that fibre from both directions, says John Perrin, Sensor-
net’s vice-president of North and South America.

As with all measurement technologies, some inaccuracies creep 
in, he says. By installing a loop and then first shooting an entire 
profile from one end of that fibre, then shooting the entire fibre 
from the opposite end, mathematically Sensornet is able to guaran-
tee accuracy, even during changing conditions over time, ensuring 
fast and accurate measurements, says Perrin. Other companies may 
have this capability, but he believes SureSight’s fibre cable design in 
combination with its double-ended measurement capabilities give it 
an advantage, he says.

Sensornet manufactures its own sensing boxes, and either manu-
factures or works with the manufacturers of all the downhole 
surface and control room components. It also performs the installa-
tions in the field and provides the data interpretation, managing the 
project from beginning to end.

Perrin says Sensornet’s Oryx DTS unit is set to open up a wide 
range of new monitoring possibilities in harsh and remote locations. 
The autonomous, low-powered unit, able to operate using solar 
or wind power, has a continuous monitoring range of up to 5 000 
metres, a sampling resolution of one metre and can operate in sur-
face temperatures from -40 to 65 C.

The company was recognized in 2008 with the Frost & Sullivan 
Technology Innovation of the Year Award in the Oil & Gas Sensors 
marketplace “for developing an accurate and reliable method of moni-
toring assets with the precision to detect the smallest variations.”

New entrant
Opsens develops, manufactures and supplies a range of optic sen-

sors to the medical, science and military fields, and has been in the 
oil and gas game for a little more than a year. The company offers 
optic sensors, cables and multi-channel surface readout units as well 
as full installation and field support services for in-situ and continu-
ous monitoring of the pressure along producing wells. It can also be 
installed on injector wells.

While there may be many companies with technology that will work 
in up to 200-degree temperatures, Opsens is one of the only optic 
based pressure/temperature sensors that will operate in temperatures of 
300 C, says Rick Chalaturnyk, executive vice-president of Opsens Solu-
tions, the company’s Edmonton-based oil and gas branch.

“Opsens has crafted a new style of pressure sensor based on a 
fancy — I always hesitate at saying this word,” he laughs, “but it’s a 
white light interferometry technique which is a little different than 
other high-temperature techniques for making optic measurements. 
[Opsens has also] constructed the gauges a little differently and is 
able to produce a pressure gauge to 300 degrees Celsius.”

It’s much cheaper to use white light than lasers, making Opsens’ 
technology more cost effective than conventional laser-based optic 
measurements, he says. Another distinction is that the sensing part 
of the body is made of sapphire crystal, which is substantially more 
resilient to high temperatures and does not corrode, where some 
companies just use glass, says Chalaturnyk.

Nexen has just started trying out the technology while EnCana 
Corporation has been using the company’s fibre optics for about six 
months. EnCana is using it to measure temperature and pressure 
in two SAGD wells at Foster Creek near Cold Lake. Three other 
companies are preparing to try it, he says.

TRACKING PERFORMANCE
Opsens’ fibre optic pressure and temperature sensor 
(a), sends signals via a heavy-duty fibre optic cable (b), 
with two to eight optical fibres in a protective metal 
structure, to a surface readout unit (c).
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