COVER STORY

“In 10 years, nobody would risk installing a subsea

well without fiber optic sensing.”

Garth Naldrett — Silixa
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ITH MORE
ing reservoirs being

challeng-

targeted nowadays,
including  low-per-
meability mudstones, and a drive
towards improving recovery factors
from existing fields, so comes the
need to monitor reservoir perfor-
mance better. On top of that, geo-
thermal and CCS also require more
and better monitoring techniques. It
is probably thanks to these increas-
ing subsurface requirements and the
continuous technological innovation
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It is corrosion resistant, has a long lifetime, it is
immune to electric interference, no electronics
are required downhole, and the “cable” is

HENK KOMBRINK

in the realm of fibre optic sensing
that the time has come for the more
widespread application of fibre optic
sensing.

To find out about the state of play
in the field of fibre optic sensing, I
spoke to three experts in the Andres
Chavarria, Technical Director at
Luna Innovations, Garth Naldrett,
Chief Product Officer at Silixa and
Andrew Garioch, Field Operations
Manager at Well-SENSE.

The conversation with Andres and
Garth focused on permanent instal-

only a quarter of a millimeter thick. Fibre optic
sensing technology has a lot to go for. Yet,

until a few years ago, its uptake in subsurface
projects remained limited. How widespread is
the use of fibre optic sensing technology now,
and what is it primarily used for?2 And also, how
easy is it to process the data and what is being
done to make it easier? We spoke to several
experts in the field to find out

“In 10 years, nobody
will risk installing a
subsea well without fibre
optic sensing”

lation of fibre optic sensing technol-
ogy and data processing, whilst An-
drew sheds more light on performing
well interventions using fibre optic
technology. Some wells do not lend
themselves for permanent installa-
tion, which is especially the case for



old wells where the workover required
to fit a cable on a production tubing
would be too costly an exercise.

NOT A NEW TECHNOLOGY
“When you drill and complete a
new subsea well these days, electrical
temperature and pressure gauges are
being installed”, says Garth. “Twen-
ty-five years ago, it was a rarity for
that to happen, but nowadays it is
standard and accepted practice. Why
am [ saying this? Because I think that
in 10 years, nobody will risk install-
ing a subsea well without fibre optic
sensing.”

Fibre optic sensing is not new.
“My first encounter with fibre op-
tic cable technology was in the late
nineties at the ETAP field in the UK
North Sea”, says Garth. “Given the
high temperatures in the wells, peo-
ple advocated for having fibre optic

“It is the ability to take
permanent measurements
along the entire well path,
rather than temperature
and pressure gauges at

a few locations along

the well that form the

real advantage of this
technology.”

temperature and pressure gauges in-
stalled instead of electric ones. How-
ever, it turned out that the connec-
tors were not as reliable as was hoped
and electrical gauge reliability just
developed faster during that time.”
It then took about twenty years until
the first Distributed Acoustic Sens-
ing (DAS) was installed in a subsea
setting.

DAS AND DTS

The main fibre optic sensors that are
being used in oil and gas wells are
DAS and DTS. “While Distributed
Temperature Sensors (DTS) are quite
straightforward in the sense that

they record temperatures, Distrib-
uted Acoustic Sensors (DAS) meas-
urements include seismic, acoustics,
ultrasonic and even temperature”,
explains Andres. “There is a wealth
of signals that saturate these instru-
ments. And it is that wealth of data
that needs to be filtered properly to
get to the right people.”

Permanent installation of fibre
optic cables is increasingly being
done in HPHT environments where
conventional sensors are bulky and
less reliable. In land wells, the fibre
optic cables are often attached to the
casing. In offshore wells, they are at-
tached to the production tubing.

“It is the ability to take perma-
nent measurements along the entire
well path, rather than temperature
and pressure gauges at a few loca-
tions along the well that form the real
advantage of this technology”, says
Andres. “For leak detection, fibre is
critical, because usually within a few
seconds we are able to say at which
depth the leak occurs.”

What is the expected lifetime of
these fibre cables? “The oldest ones
operating in the field are around 30
years old”, says Andres. But that was
with the technology of that day. “T also
know of cables fitted in steam-flood as-
sisted oil production in SAGD and the
Middle East, and these have been op-
erating for at least eight years already. I
don’t know if they are very happy, but
certainly, they have not degraded and
continue doing their work.”

“Compared with the
limited activity pre-
Atlantis, it really shows
the growth the technology
has seen over the past few
years.”

THE ATLANTIS PROJECT

The Atlantis project in the Gulf of
Mexico has been a game-changer for
the technology. Installed in 2020, it
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Garth Naldrett.

was one of the first times that fibre
optic technology was installed in sub-
sea wells. “Since then, we have done
around 20 installations of DAS sys-
tems in subsea wells across the globe”,
Garth emphasises. “Compared with
the limited activity pre-Atlantis, it re-
ally shows the growth the technology
has seen over the past few years.”

At Adlantis, a deep-water devel-
opment in folded Miocene strata,
the reservoir was hard to image us-
ing conventional seismic data, be-
cause of the presence of salt above
the productive interval. To map the
reservoirs with more confidence dur-
ing the third phase of development,
permanent fibre was installed in a
number of newly drilled wells. “The
advantage of this is that any repeat
surveys do not add a huge cost to the
OPEX of the field, because the “geo-
phones” are already installed in the
wells”, says Garth. “And the repeat
surveys are done anyway using ocean
bottom nodes, so the additional data
obtained through the fibre is essen-
tially for free.”

Another advantage of fibre optic
seismic acquisition is that the resolu-
tion of the data is better than using
conventional geophone acquisition
on the sea floor, because the acous-
tic signal is only travelling one way
through the subsurface towards the
receivers below. Using ocean bot
tom nodes or streamers, the signal
needs to travel back. In that process,
the higher frequencies get lost »
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Andres Chavarria.

“If you think the oil and
gas industry is slow in
taking up new technology,
the subsea world can be
even more of a challenge.”

through attenuation, which leads to
a loss of resolution compared to using
DAS?, says Garth.

“It’s the ability to map reservoirs
in a higher resolution and the low
cost of repeat surveys that have been
the driver behind the use of DAS
in the Gulf of Mexico”, continues
Garth. “We think that there is equal-
ly a lot of potential in the pre-salt play
in Brazil for instance, as these reser-
voirs are experiencing the same imag-

ing problems as we see in the GOM.”

-""llﬂl.l‘l' ‘ R -. i

T LR T

e Measured depth

g8 bl e el

A ) # Ol M g

Time —

Spot the leak in this well.

18 | GEO EXPRO 1-2024

;? i ﬁ[;@ @!’I

m-»mmmem.,wm;—s Li‘hi‘{-ﬁiu' mf-w *: .a J'*f‘

Seismic acquisition through DAS
will unlikely replace OBN surveys
though. Because receivers are by de-
fault fitted in the existing wells, the
further away from them the weaker
the signal will be. This is probably the
reason why BP is also still acquiring
OBN surveys in addition to the data
gathered through DAS.

ACCEPTING NEW
TECHNOLOGIES

“The introduction of a new technol-
ogy like fibre has not always been
easy”, says Andres, “because of exist-
ing solutions already on the market.
That’s why we have done a lot of flow
loop work to make sure that the flow
regimes that we can capture with fi-
bre are representative of what the
flow regimes in the well are. It is the
same with seismic, where we had to
use conventional geophones in com-
bination with fibre to validate that
you could get the same images of the
reservoir.”

But as the technology has now
matured, certain operators don’t re-
quire the validation phase anymore.
Most of the service providers have
also adopted the technology and
made it part of their offering, which
means that the technology is not be-
ing looked at as a disruptor anymore.

There is still a lot of R&D going
into fibre optic sensing. For instance,

A n f

THE NORTH SEA VERSUS
THE GULF MEXICO

Two flagship projects, one in
the North Sea and one in the
Gulf of Mexico, use fibre optic
sensing in a very different way.
Johan Sverdrup, operated by
Equinor, uses fibre optic sensing
in their production wells to
monitor well integrity and fluid
interactions in the reservoir,
optimising downhole safety
valves for production efficiency.
“It's all done to ultimately

reach a much higher recovery
factor than conventional oil
fields, plus the ability to identify
integrity issues in the wells much
quicker”, says Garth.

BP however, uses the same
technology in the Atlantis field
in deep-water Gulf of Mexico
for seismic monitoring, i.e. 4D
seismic.

In the North Sea, seismic
acquisition through DAS is not
a big thing. “That's because
the environment is more
benign to repeat conventional
surveys”, explains Garth.
Positioning is less of an issue
without the loop currents that
characterize the GOM, the

water depth is much shallower,

and the salt imaging problem
is not so much of an issue with
oil fields in the North Sea.”
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Andrew Garioch.

research is carried out to identify dif-
ferent fluids. “On the hardware side,
we are always improving things, such
as reducing the costs of components
and reducing the spatial footprint of
the kit. One of the main things that
we have seen a lot of progress in is
the number of interrogators needed
to receive and record the data. Now,
multiple wells with fibre optics can be
plugged into the same interrogator,
greatly reducing the operation's foot-
print”, says Andres.

“We can usually report the
results of the measurements
back to the client in as

little as an hour after
deployment”

Garth agrees that it is not always
easy to introduce new tech. “If you
think the oil and gas industry is slow
in taking up new technology, the sub-
sea world can be even more of a chal-
lenge. To install fibre optic cables, we
need a connection between the tubing
hanger and the subsea tree. This is also
one of the most important parts of
subsea wells, forming the critical ele-
ment of the pressure control system in
the wellbore. So, doing anything that
could affect the well’s reliability or
integrity is being looked at very criti-
cally. As a solution, what we’ve been
doing is retrofitting electrical connec-

tors with fibre optic connectors, which
works. However, in some fields that is
not an option and the type of connec-
tor also varies significantly, so there is
surely no plug-and-play here!”

FIBRE OPTIC SENSING USING
INTERVENTIONS

There may not always be a need for
permanent installation of fibre optic
cables, as existing tools sufficiently
monitor production and pressure. In
those cases, an intervention may be
all that is required to obtain a data-
set across that entire well path that
would allow for immediate detection
of leaks or identification of low-pro-
ductivity reservoir zones.

Aberdeen-based company Well-
SENSE have developed a methodol-
ogy to effectively run well interven-
tions using fibre optic technology. I
visited operations manager Andrew
Garioch at their facility to take a look
in their workshop. It is surely a work-
shop, but it is nothing compared to
the nuts and bolts nature of a conven-
tional wireline tool workshop.

First of all, all the work is done
in three mobile units that could be
easily lifted and taken to any site in
the world requiring their expertise.
Secondly, nuts and bolts are quite rare
because the tool is essentially an alu-
minum probe in which up to 30,000
feet of telecoms fibre optic cable is
waiting to be unwound.

Deployment of the probe is also
quite straightforward. It descends in the
well through gravity. As an example, in
a gas well it takes one minute and 30
seconds to reach TD at three kilometers
depth. To push the tool in horizontal
sections, pumping is the conventional
methodology at the moment. “But we
are working on a self-propelling mecha-
nism that also takes away the need to do
that”, says Andrew.

And what happens after data ac-
quisition? “The aluminium probe will
degrade in a matter of days, out of the
way in the rat hole at the toe of the
well”, says Andrew, “so there is no
need to retrieve anything.”
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But, what looks like a great ad-
vantage has also resulted in questions,
particularly from people in HSE.
“What if we see the probe or fibre lift
in the wellstream and compromising
equipment?” is a question he some-
times gets. “My answer to that is two-
fold, says Andrew. “First of all, sand
production is probably more “erosive”
than the fibre left behind and second,
if there is a concern about debris we
can make the probe even more dissolv-
able, further reducing the risk.”

One example where interventions
using fibre optics were really instru-
mental is when leaks occur as inter-
mittent bursts after a phase of pres-
sure build-up. “Conventional logging
tools can easily miss such an event,
but fibre optic sensing will always
detect these, because of the full well-
bore coverage provided by DFOS”,

said Andrew. “And, we can usual- »

RESERVOIR SECTION

If fibre optic cables are

being used for seismic data
acquisition or leak detection

in the overburden, the cables
don't need to be run through the
reservoir section. That is different
from when the technology is to
be used for inflow monitoring
and detection of non-productive
zones or water breakthrough.

In that case, the cables must be
run across the reservoir section.
However, that is not a trivial
thing.

“It is the connection between the
lower and upper completion,
with the production packer

as the barrier in between,

that poses the challenge to

get fibre into the reservoir
section”, says Garth. There is

no straightforward solution for
that yet, especially on subsea
wells, which is why there are
several research groups at the
moment working on that. “Once
a technical solution has been
found for this, | expect that the
market opens up even more.”
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Low-frequency DAS data is dominated by strain signals from depressurizing reservoirs and thermal components from fluids entering the wellbore (below).
Various methods can subsequently be used to derive production profiles along the completed reservoir (above).

APPLICATIONS IN CCS

It is the long operating life and the simple design that have
caused fibre optic sensing to appear on the radar for CO,
monitoring. With requirements to keep on monitoring CO,
plumes until long after injection has finished, there is an
obvious niche for the technology.

In an oil or gas field, the most important changes in the

field’s behaviour will be observed within the first three to
four years from the onset of production. In contrast, in CCS
the most critical phase in the lifetime of an injection project
will be the tail end of the production cycle, as it is at these
moments that integrity issues could start to play up, or

plume behaviour may start to deviate from expectations. In
addition, with any CCS project, there will be the requirement

to keep on monitoring until after injection has ceased. “That's

why the lifetime of sensors is more critical in a CCS project
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than in an oil and gas project and that's where fibre optic
sensing comes in, because the material’s lifespan is much
longer than electrical sensors”, says Garth.

And it is not only the seismic mapping of plume migration

that fibre optic sensing can help with, it is also the recording
of strain — so induced seismic events — and temperature.
Strain measurements in particular are a vital aspect of CCS
monitoring, given that induced seismic events have occurred
in a number of CCS injection projects. The Castor site in Spain
is a well-known example, where seismicity was observed
within days after the start of injection, and continued until after
injection had stopped due to movement of the pressure front.
“It reiterates the need to keep on monitoring after injection
has ceased”, Garth says. “This year, we will be working with
Perenco to monitor their injection frial in the Leman depleted
gas field”, he says. “As such, it will also be the first case of
CO, injection into the UK North Sea.”

SOURCE: LUNA



ly report the results of the measure-
ments back to the client in as little as
an hour after deployment”, concludes
Andrew.

“Our market is expanding sig-
nificantly at the moment”, Andrew
says. “We have recently had a lot of
wins in Australia, and there are new
opportunities in the mining sector.
“The North Sea is a bit slower with
reduced intervention activity and fi-
nancial restraints associated with the
windfall tax.”

IDEAL FOR MACHINE LEARNING
With a single well being able to gen-
erate up to two Terabytes of data per
day, how do you process the data? It is
clearly one of the challenges the fibre
optic monitoring industry is facing.
“Believe me”, Andres says, “I know
companies that have shared years of
fibre optic sensing data with me that
no one has looked at, because it has
not been processed.”

“In a way, it comes

down to the ability to spot
the discrepancies in the
data stream straight away
and put a little alarm bell
on them.”

“If there is one subsurface tech-
nology that lends itself for data
crunching using machine learning
algorithms, it is the data that come
out of DAS cables”, adds Garth. “The
breadth of possibilities in DAS data
is endless, as well as the size of the
data stream. There is a lot of talk
about digitalization”, he continues,
“but you do need data to feed the al-
gorithms.” Fibre optic sensing clearly
provides this challenge, both in the
data bandwidth as well as the rate of
data generation realms.

“First of all,
amount of time”, says Andres, “data

after a certain

may be deleted if the analysis has
shown that nothing is wrong in the

well.” But before that decision can be
made, the data need to be analysed.
“For that reason, we have focused on
real-time processing in recent years,
in order to get information on tem-
perature, strain or acoustics to the
relevant people at an operator. “In
a way, it comes down to the ability
to spot the discrepancies in the data
stream straight away and put a little
alarm bell on them”, says Andres.

But how long do you keep the
data? “It depends on the project we
work for, sometimes it is a couple of
weeks, and sometimes it is a month's
worth of data”, Andres explains. “Fil-
tering the data is a great way of reduc-
ing the volume”, he continues. “For
instance, once you know at which
frequency you see the response from
a gas lift valve, you can isolate these
through frequency decomposition and
save these as snippets of the entire re-
cording. These snippets are much easi-
er to handle and can therefore be kept
as long as the field is in production.”

Another way of limiting the data
that needs to be processed or kept is de-
creasing the sampling rate. “An example
is DAS, where thousands of light pulses
are being generated every second, let’s
say at 10 kHz”, says Andres. “Especially
for leak detection, we don’t need to look
at the data with such a frequency, and
therefore down-sampling takes place
to up to a frequency of 0,01 Hz. It is
what we call low-frequency DAS, and
the result is a fraction of the size of the
original datasets.”

“We have found that by far the
best approach is to do this straight
away at the data interrogator where
the data come in, and process it in
real time. First storing the data on a
drive and then process it introduces
another level of complexity that you’d
really like to avoid”, Andres says.

Silixa offers a similar solution.
“Rather than sending all the data to
the cloud, we analyse it on the spot,
right on the platform at the well head,
and only transmit the data that have
flagged something of interest”, says
Garth.
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GEOTHERMAL

“The geothermal space is

also an important market for
us”, says Garth. “We have
clients in Tirkiye and in the
USA, where we operate in
temperature ranges that would
be difficult for electrical sensors
to cope with.” In geothermal,
temperature measurements are
obviously an important aspect
of the data suite for monitoring
temperature breakthrough, but
especially in the US, where

reservoir stimulation takes place
in a project such as Utah Forge,
we also detect fractures and
inter-well flow connection.” “It

is exactly the same technique
that is also being used for the
unconventional space in the
US shale gas sector. Using
fibre optic sensing, we can
illuminate the fractures, and see
fluid communication from one
well to the other. This provides
a wealth of information on the
performance of these systems”,

Andres adds.

“Some companies have their own
software and analytical tools to ana-
lyse the fibre optic data”, continues
Andres. “We just supply the hardware
and they do the rest. Others are lack-
ing that expertise, and that’s where we
can help with our analytical solutions.
But even with the most experienced
users, there will always be aspects to
the data that need looking at in a more
scientific way because it is not entirely
clear what it means. At the end of the
day, the technology is still fairly new
and evolves rapidly, leading to more
and more events that detected — and
more and more events to be then needs
an explanation”, Andres adds.

So, the capabilities are surely there.
“I wouldn’t say it is complete, especial-
ly when it comes to standardization
and integration with other types of
data such as well logs, but there is cer-
tainly a solution in place that allows
data to be rationalized.” m
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