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Recent advances in
fiber optic sensing systems

Greater insight
for O&G well
completions and
production
operations

By Jim McMahon

he latest generation of fiber optic

sensing systems employed to

monitor well conditions can augment

operational performance in the oil &

gas industry. Critical data about the

downhaole well environment from dis-
tributed fiber optic sensing (DFOS) systems
improve engineer's and scientist's ability to
arrive at decisions that support operational
optimization.

Distributed acoustic sensing (DAS) is mainly
used to listen to hydraulic fracturing related
signals, fluid and gas flow signals, or to sense
seismic source response, such as in a vertical
seismic profile (VSP). DAS senses changes in
small physical acoustic vibrations along a glass
fiber optic strand encased in a cable to mea-
sure vibrations. There are thousands of detec-
tion points along the fiber in the subsurface
fiber optic cable.

DFQOS is a technology that enables continu-
ous, real-time measurements along the entire
length of a fiber optic cable at minimal spatial

Neubrescope set up on site near well operations. Courtesy Neubrex Energy Services
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intervals. Unlike conventional sensor systems
that rely on discrete sensors measuring at
pre-determined points, distributed sensing
does not rely upon manufactured, discrete
sensors, but uses the optical fiber itself as
both sensing device and two-way transmitter
of the signal (light). Optical fiber is the sens-
ing element. without any additional transduc-
ers in the optical path. Surface instruments
called interrogator units (IU) send a series of
laser light pulses into the fiber and record the
return of the naturally occurring back-scattered
light signal as a function of time. In doing this,
the distributed sensing system measures at
all points along the fiber which are at a pre-
determined clock-time interval over periods of
well operational time.

Because fiber optic cable can be installed
in harsh environments for long periods of
time, the technology holds promise for envi-
ronmental monitoring of sensitive geologic
operations. Many geofluid systems require
dynamic acoustic, temperature, strain and
pressure monitoring at great pressure, depth
and temperature. Sensors that employ fiber
optic cables serve well for such deployments
because they can withstand adverse environ-
ments. Downhole application includes oil
and gas wells (hydraulic fracture completion
operations, flow-back operations, long-term
well monitoring, and well-integrity monitor
ing), geothermal wells, deep industrial waste
disposal wells and other harsh environment
applications.

Distributed fiber optic sensing provides the
critical capability of measuring multiple physi-
cal phenomena along the entire length of an
internal borehole, as well as monitoring the
conditions of the near-well bore region of sub-
surface rock formations. Fiber optic sensing
can also be used to characterize contaminated
bedrock aquifers, provide data to help manage
petroleum and geothermal reservoirs, and in
the monitoring, verification and accounting of
geologic carbon sequestration projects.



As good as DAS technology is, the increas-
ing demand for monitoring geofluid systems,
like hydraulic fracture operations, has encour-
aged further development of specialized tech-
nologies capable of high sensitivity and reliabil-
ity along with mechanical robustness suitable
for harsh operational environments. One of
these more recently developed technologies,
distributed temperature and strain sensing
(DTSS), represents a significant breakthrough
and complementary technology to DAS. DTSS
is a field tested and proven technology.

Distributed temperature, strain sensing

While distributed acoustic sensing has
achieved great success in many applications,
DTSS is the next front-runner technology.
DTSS provides not only temperature, but also
the absolute, differential and dynamic strain
deformation profiles along the full length of
optical fiber, over distances reaching up to tens
of kilometers. And the spatial resolution of the
DTSS measurements are typically an order of
magnitude better than DAS.

DTSS provides additional sensing capabili-
ties to DAS, while detecting and recording
simultaneous and independent measurements
of both temperature and strain distribution,
and performs this at centimeterorder spatial
resolution, which is considerably more spatially
resolved than DAS is capable of delivering.
Spatial resolution is a measurement to deter
mine how small an object should be in order
for an imaging system to detect it. It is mea-
sured in line pairs per centimeter {Ip/cm).

Distributed temperature and strain sensing
systems were developed by Neubrex Ltd.,
Kobe, Japan and is employed in application
by Neubrex Energy Services, the U.S. divi-
sion of Japan-based Neubrex Company. The
company's DTSS product line is known as
Neubrescope.

“Neubrescope DTSS is well designed for
monitoring hydraulic fracturing operations,”
said Dana Jurick, general manager, Neubrex
Energy Services. "Nevertheless, oil and gas
industry companies are still in the learning,
testing, qualification and acceptance phase of
using fiber optics and how it can be reliably,
safely and economically installed and used in
a well. Once installed in a well, they are also
learning what measurements can be made,

Neubrescope positioned on a negative-stiffness vibration isolator.
Courtesy Neubrex Energy Services

and how it differs from competing technolo-
gies. The value proposition of the technology
application is actively being explored by many
oil and gas companies, both domestically in
the U.S. and internationally in numerous oil
and gas wells”

Temperature, strain, acoustics and pressure
— DTSS, DPS and DAS measurements — can
be made in realtime while hydraulic fracturing
is occurring, Jurick said. “This helps field engi-
neers better understand what is happening in
these deep wells much better than with previ-
ous technologies. Subseqguently, data-driven
changes or adjustments to operational plans

£ Distributed fiber optic sensing can measure
multiple physical phenomena along the entire
length of an internal boreholed

can be made when warranted, to optimize the
operation to hopefully make wells with better
long-term production potential”

"DAS technology permits tens-of-thousands
of points down the well to be measured
simultaneously every two meters,” said
Jurick. “The continuous glass fiber strand
inside the cable can sense small acoustic
vibrations at a large range of frequencies.
These vibrations are most often related to
injected fracturing fluid dynamics and fracture
propagation, and growth associated with
hydraulic fracturing physics. These measure-
ments are valuable to engineers who use the
data to sense what is occurring deep in wells
where they cannot see’
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Minimizing background
vibrations

DAS Interrogator Unit (IU) systems
employ modern laser and optical
receiver components. These compo-
nents are both housed inside the [U.
And the U is used on site near well
operations, where many forms of
acoustic and vibratory noise are often
found.

These busy sites, noisy from trucks,
pumps and other equipment, gener
ate considerable low-frequency and
variable-frequency vibrations, creat-
ing background noise between the
emitted laser pulse and the received
light. This noise is not beneficial to
the intended measurement objec-
tive. Background noise diminishes the
dynamic range and intended purpose
of the system to measure the vibra-
tions produced on the downhole fiber
optic strand that is in the cable, which

is attached to the well casing and the
subsurface earth.

To maximize the dynamic range
of the system, Neubrex' latest DAS
technology has been paired with an
advanced, portable vibration isolation
system.

Negative-stiffness
vibration isolation

Negative-stiffness vibration isolation
was developed by Minus K Technology,
an OEM supplier to makers of scan-
ning probe microscopes, micro-
hardness testers and other vibration-
sensitive instruments and equipment,
such as for testing zero-g simulation
of spacecraft. The company’s isolators
are used by more than 300 universi-
ties and government laboratories in 52
countries.

These vibration isolators are com-
pact, and do not require electricity

or compressed air, which enables
Neubrex DAS instruments to be
located wherever they are needed at
a wellhead or Q&G production facility.
There are no motors, pumps or cham-
bers, and no maintenance because
there is nothing to wear out. They
operate purely in a passive mechani-
cal mode.

The advantage of negative-stifiness
isolators is they achieve a high level
of isolation in multiple directions.

Negative-stiffness isolators deliver
high performance, as measured by
a transmissibility curve. Vibration
transmissibility is a measure of
the vibrations that are transmitted
through the isolator relative to the
input vibrations. Negative-stiffness
isolators, when adjusted to 0.5 Hz,
achieve approximately 93% isolation
efficiency at 2 Hz; 99% at 5 Hz; and
99.75% at 10 Hz. OG
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