SUBSEA)STRAIN SENSORS

Subsea Integrity Monitoring
Using Fibre Optic Strain Sensors

Integrity management of subsea infrastructure has become increasingly important as the quest for oil
and gas extends to deep water and/or harsh operating conditions requiring ever more expensive equip-
ment. Key to integrity management is the ability to monitor the loads in such equipment reliably. The
monitoring systems themselves are also being subject to increasingly harsh environments which has led
to significant increase in the use of high reliability optical fibre sensors for direct strain measurement.

BY DAMON ROBERTS

Although the optical sensing tech-
nology has been available for a
number of years the recent rapid
adoption is due to a breakthrough
in the way that optical fibre sen-
sors are deployed. Optical fibres are
now being embedded within a
glass fibre/epoxy composite carrier
to form a robust component suit-
able for handling offshore. The
carrier provides resistance to dam-
age during deployment and from
extreme hydrostatic pressure. The
installation processes becomes a
simple matter of strapping the car-
rier to the structure to be moni-
tored. To date such instrumenta-
tion devices have been deployed on
deck, by rope access teams and by
divers. ROV deployments are cur-
rently planned.

Fibre Optic Strain Sensors
Optical fibres transmit light over a
long distance with minimal loss,
making them ideal for telecom-
munications. Soon after their
invention, it was discovered that
the properties of the light inside
the fibre could however be affected
by physical conditions outside the
fibre. This meant that the fibre
itself could be used as both the
sensing element and the commu-
nication path. Fibre optic cables
are typically 250 microns diameter
with the light transmission con-
fined to the central core of the
cable. Most optical fibre sensors
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operate by launching light into
one end of the fibre and analysing
the light reflected from the fibre.
Optical fibre Distributed
Temperature Sensors (DTS) have
been deployed down-hole to meas-
ure temperature profiles in the well
bore for some time now.
Measurements of such systems typ-

ically have a spatial resolution of
metres and several minutes are
required to take measurements
with acceptable noise levels.

Awhole new area of optical fibre
sensors has evolved around the use
of Fibre Bragg Grating sensors
(FBG) since these components

Pressure testing before deployment
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overcome many of the limitations
of using standard untreated fibre
as a sensor. An FBG is a series of
stripes of alternating refractive
index about 6mm long inside the
core of the optical fibre. The FBG
was originally applied as a filter
for telecommunication systems,
but has been rapidly adopted by
sensing applications.

The FBG reflects a wavelength of
light that is dependent mainly on
the pitch of the stripe in the grat-
ing and on the refractive index of
the glass. As the fibre is pulled, the
pitch of the stripes in the grating
increases and the reflected wave-
length increases. Monitoring the
wavelength reflected from an FBG
provides an absolute and repeat-
able measure of local linear strains
at the location of the gratin.
Unlike strain gauges the strain
measured is highly directional and
unaffected by transverse strains.
Since the measurement is of wave-
length, any instrumentation sys-
tem is immune from variations in
optical power in the system.
Another advantage of optical FBG
sensors is the ability to place sever-
al sensors at different locations in
a single optical fibre, commonly
referred to as multiplexing. By
multiplexing sensors in this way,
over a hundred sensors can be
monitored from a single instru-
ment using a single connection
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between the sensing fibre and the
instrument. The Insensys fibre
optic measurement system is a
compact card consuming only 3 W
of power. It can use time of flight
to distinguish different sensors in
the fibre and can take over 2,000
measurements per second.

Reliable Fibre Optic Strain
Sensors Deployment

The accuracy and reliability of
electrical resistive strain gauge sys-
tems depends on the integrity of
the bond onto the structure. Even
with a successful installation these
surface mounted, fragile sensors
are susceptible to physical damage
particularly in the severe subsea
and deployment operating circum-
stances.

Insensys has developed the concept
of a composite carrier to house the
optical fibres and then to fasten
the composite carrier to the struc-
ture to be monitored. Handling
and installing the sensors is now
analogous to installing strakes
onto a riser. The composite carrier
can be moulded to any shape to fit
the structure to be monitored. The
fibre-optic sensors are positioned
precisely at predetermined loca-
tions on the carrier during manu-
facture of the sensor. The optical
fibres are embedded inside the car-
rier and become an integral part of
the carrier. The surrounding com-
posite material ensures good strain
transfer from the structure to the
sensor and provides protection
from the subsea environment and
accidental damage during instal-

Deployment of a riser monitoring system in the drill riser
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lation. This carrier is designed to
flex with the structure to be moni-
tored and it is adequate to clamp
or strap it to the structure to be
monitored. Since installation is a
simple strapping operation, the
entire sensor can be manufactured
in a controlled environment to
exact quality specifications and
fully performance tested before it
leaves the factory, ensuring its reli-
ability once deployed. Reliability of
fibre optic sensors has further been
improved by locating the opto-
electronic measurement instru-
mentation local to the composite
sensor carrier where appropriate.
With the opto-electronics located
on the carrier sensor, the entire
package can be tested prior to leav-
ing the factory. The unit can be
configured to operate stand-alone
using a local power and data stor-
age module, or can be connected
to the surface via an electrical con-
nector, either way removing the
need for mating optical connectors
offshore. Such tests contribute to
ensuring the instrument will func-
tion reliably once installed and
operating offshore.

Riser Monitoring

The first application of the robust
optical fibre strain sensing tech-
nology was for riser monitoring on
the deep water applications in the
Gulf of Mexico. The composite car-
rier was an open “C” shape and
three FBGs were located within the
carrier oriented in the axial direc-
tion in such a geometry to define
bending in two orthogonal planes
and axial strain.

Flowline Buckle Monitoring
Following on from the highly suc-
cessful deployment of such systems
on Risers and Flex Joints the tech-
nology was further developed to
record the shape of flowline buckle
regions to determine the accumu-
lated fatigue and remaining life-
time. High temperature, high pres-
sure (HPHT) flowlines experience
significant expansion and contrac-
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tion during operation. For flow-
lines above a critical length, the
expansion can lead to buckling,
and possible failure. To accommo-
date sizeable expansions and con-
tractions of high temperature high
pressure flowlines during start up
and shut down, buckling is initiat-
ed at controlled locations. High
stresses occur during buckling and
repeated cycling can lead to failure
by fatigue. Historic inspection
methods use sidescan sonar or
ROV survey to capture a snapshot
of the buckle at a single moment
in time. These sonar images pro-
vided limited resolution and fur-
thermore reveal nothing about the
actual behaviour of the buckle
between snapshots. Continuous
monitoring gives a complete histo-
ry of the buckle response to opera-

Flowline strip

tional cycles and shut-downs. This
enables a far more accurate deter-
mination of accumulated fatigue,
and allows any accumulated buck-
le growth, or movement, to be
monitored over the life of the field.
The application is similar to that
of the riser monitoring except that
the bend/buckle takes place over a
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atmosphere pressure vessel con-
taining the instrumentation elec-
tronics. Measurements can be sent
to the surface via an electrical
umbilical, or due to its low power
consumption the system can oper-
ate remotely for several years with
data periodically uploaded by
acoustic modem or via an ROV
nx removable data module.
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Flowline Pressure and
Temperature Monitoring
Non-invasive pressure measure-
ments of flowlines can be made by
orientating an optical strain gauge
in a circumferential orientation
within the composite carrier, the
hoop strain in a pipe can be meas-
ured and directly related to inter-
nal pressure. A series of pressure
T N — sensors distributed along a region
of flowline can provide useful
information about possible block-
ages in the pipe. In combination
with distributed temperature meas-
urements, the pressure measure-
ments provide flow assurance
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Data from flowline stripp monitoring

considerable length. The sensor is
thus required to measure curva-

fibres, one running along each
edge. FBG strain sensors are locat-

process such as pultrusion, with
the optical fibres deployed during

ture of the buckle in the lateral
direction at 2 number of positions
along its length. The monitoring
solution uses a long, flat carrier
geometry referred to as a strip.

The strip contains two optical

ROV Deployment

ed at selected positions in pairs,
one on each edge. Lateral curva-
ture is calculated from the differ-
ence between the two strain read-
ings at a given location. Long
lengths of the strip can be fabricat-
ed by a continuous production

Deployment of monitoring systems
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the process. Clamps or straps hold
the sensor onto the pipe, these can
if necessary be configured to per-
mit ROV placement for retrofit
operations.

The strip terminates into a singe

oyment
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Diver Deployment

information. The FBG is also sen-
sitive to temperature as a result of
Refractive index changes, thus by
inserting an additional FBG
(which needs to be strain relieved)
temperature at that point can also
be measured.
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Accuracy and sensitivity of these
non intrusive sensors depends on
pipe properties and geometry but
for instance on one project dis-
cernment of dynamic pressure
fluctions of better than 0.4 bar and
temperature of better than 0.5
degree was achieved.

Deployment

With the sensor fabricated and
fully tested before leaving the fac-
tory, all that is required offshore is
to strap or clamp the sensor onto
the structure and mate an electri-
cal connector.

The sensor can be fitted to suit the
application and deployment sys-
tem — for example, prefitted on
shore prior to transport offshore;
fitted on the deck or in the riser
tower or by rope access teams or
retrofitted by Divers or ROV.

AL ROV deployed instruments are

configured to operate remotely
with local power supply, measure-
ment session scheduler and data
storage. The low power consump-
tion of the fibre optic instrumenta-
tion permits remote operation for
considerable periods.

Condlusions

Adoption of fibre optic strain sen-
sors in the oil and gas industry has
accelerated rapidly over recent
years due to a revolutionary
method of instrument deployment
that provides high reliability, sim-
ple handling and simple installa-
tion.

By encapsulating the optical fibre
sensors in a composite sensor head
protection is provided, deployment
facilitated and most importantly
build and test in controlled envi-
ronment conditions is possible.

This technology, initially applied

AN HOUR EARLIER THIS RIS
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to riser monitoring is now being
applied to other subsea infrastruc-
ture including flowlines and man-
ifolds. The technology has also
been deployed downhole. The
geometry of the composite carrier
can be customised for each appli-
cation to create a single point sen-
sor or an array of many sensors
measuring the profile of a parame-
ter over a region of a structure.
The position and orientation of the
optical fibre sensors within the
composite carrier can be config-
ured to measure strain in different
orientations, enabling measure-
ment of axial strain, pressure and
bending. It also provides real-time
high speed data Structural Health
Monitoring and Fatigue analysis.

With simple deployment and
proven reliable operation, optical
fibre sensors will continue to find
new applications within the oil
and gas industry. |
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