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RIMS: a fully integrated technology for long-term riser monitoring

Yvan Albani
Sonsub Subsea Monitoring Solutions Manager — Saipem S.p.A

—) SAIPEM
e



ser Monitoring System

Riser Top Monitoring
»  Tension and bending moment

»  Riser surface temperature
Saipem has more than 20 years
experience in designing riser
monitoring system

* Inclination angles at riser top

Riser Top Monitoring
. . “* @. FPSO
Saipem has recently launched in - g *
the market a 1. Riser Top SEANARPSYS
fully-proprietary o Monitored Points
riser monitoring system Ry Possible extension

Legenc

Key Design Drivers:
«  EPCI Integrated Design

Flexible Design
(open to new Technologies)

Integration of modern
solutions as Al and optical
fibers
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@ [IMS system Engineering

Inclination Measurement Station (IMS)

Strain Measurement Station (SMS):

a set of strain and temperature sensors (electrical
or optical) for monitoring the tension and
bending moment acting at the top section of the
riser

Strain Signal Conditioning Unit (SSCU)

Strain Signal Conditioning Unit (SSCU):
a pressure enclosure including the electronic
hardware to acquire the SMS sensors and
transmit related data to surface

Strain Measurement Station (SMS)

Inclination Measurement Station (IMS):

a pressure resistant enclosure including the
electronic hardware providing inclination angles
at the top of the riser
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@ [IMS system Engineering

Surface Node: >
Cabinet including the instrumentation to collect,
process and display the RIMS data

FOUNDATI

Processing Software:

Software design based on modularity, scalability,
interconnectivity with third party systems and ease of
use by human operators.

$Modbus

Diver-less approach:

System designed to minimize the diver’s intervention
during the commissioning phase, moving the complexity
of the installation to the onshore facilities
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k'fmf_if'l"l'_:) Technology Qualification

Qualification basis
identification of requirements to be verified during qualification
process
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Threat Assessment

FMECA to identify failure modes, associated risk, mitigating
actions and the system reliability and RAM analysis to assess
system reliability requirements
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Technology Qualification Plan

includes all the qualification activities required to
reduce/mitigate the risk associated to the Threat Assessment
outcomes
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Qualification Tests Execution

Full-scale stress testing on prototypes, built for the purpose, to -
demonstrate the robustness and reliability of the RIMS design .
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k.JQf_ifT'IS System Construction and Installation

Fabrication Tests

Execution of ESS tests on RIMS subsea equipment, dedicated
FAT for the remaining equipment (e.g. EFL, topside cabinet,
etc.)

Calibration Tests
Each instrumented riser string has been calibrated according
to ASTM E74 guidelines

Integration Tests
Extensive test session to demonstrate the capability of the
system to operate as a whole

Installation
RIMS assembly transferred offshore and deployed subsea.
Surface equipment installed on board of destination FPSO
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Ca[IMS Needs and Opportunities

NEEDS DATA QUANTITY: LIMITED MEASUREMENTS POINTS
. only a limited number of points can be monitored, some critical points cannot be easily instrumented
[f' f‘ljfl "j -> need to extract all the possible information from the very limited available data

LIMITED OBSERVATION PERIOD

high-quality monitoring data may not be available throughout the life of the asset
-> Need to guarantee monitoring information the longest time possible (fault tolerance)
-> Capitalize on data collected during the first years to create a solid base for future assessment

OPPORTUNITY 1. TO DEVELOP AN ADVANCED DIGITAL TWIN,

leveraging on:

Q * EXPERIENCE / CAPABILITY
s = a . experience in Riser Engineering, Construction, Installation
e A «  NEW TECHNOLOGIES

data science technologies enable a deep transformation of monitoring systems

2. ENABLE NEW DATA INTERPRETATION SERVICES

possibility to offer advanced data-centric services
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INPUT

2) Design parameters

1) Real time measurly

S Riser Digital Twin

MATHEMATICAL MODEL:

1) receive real time inputs (need to be simplified)
2) estimate output with an acceptable error

OUTPUT:
ouT

1) VIRTUAL SENSOR
2) HYSTORICAL ANALYSIS
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1st Weld (OW)

Seg Bend (SB)

>
RISER MEASURES

(TENSION, BENDING MOMENTS,
ACCELERATIONS, ETC.)

Hog Bend (HB)
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OTHER SIDE EFFECTS (TBD)
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LONG-TERM ESTIMATION
(LE. FATIGUE DAMAGE)
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[ IMS Riser Digital Twin Benefits

Virtual sensing
EXTRACT MORE INFORMATION
LESS COMPLEXITY & MORE FAULT TOLERANCE

NEAR Real time Advanced Diagnostics and Alerting

REAL-TIME IMPROVE DIAGNOSTICS
ANALYSIS
ADVANCED ALERTING

Historical analysis and prediction

CUMULATED STRESS
PREDICTION & REMAINING USEFUL LIFE

HISTORICAL

ANALYSIS Riser design feedback

“FIT-FOR-THE-PURPOSE DESIGN”
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FiMmS

S E H n Hpsgs Seanapsys is a flexible platform

of highly configurable
SUBSEA 10T PLATFORM acquisition / communications nodes

to support
distributed underwater wireless monitoring

SUBSEA
WI-FI

WIRELESS
SMART ASSET

&3

. . o DISTRIBUTED
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5 SAIPEM ((o\}) MONITORING
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SUBSEA WI-FI
Provide the field with
subsea Wi-Fi
communication that can be
interfaced also with
Hydrone operations

ﬁ
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WIRELESS
SMART ASSET

Perform local data
processing (edge
computing) enabling
smart asset creation

®

DISTRIBUTED
MONITORING

Network of nodes for
large scale monitoring
(e.g. reservair, seismic,
geophysics, and the like)
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k.’%rirn_'-:’ from Wired to Wireless
SEANAPSLS

Combination of RIMS
maturity and
robustness and
SEANAPSYS highly
configurability and
flexibility.

Inclination
Measurement
Station (IMS)

Strain Signal

Conditioning
SEANAMPSLIS Unit (SSCU) /
1. Battery powered (low power _ Seanapsys
consumption) Strain Measurement Node
2. Local data acquisition, processing Station (SMS)
and storage
3. Though water communication
(SWIG compliant) r-
4. Multi operational modes supported o SAIPEM
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SEAMAMSLJS Possible evolutions

SUBSEA 10T PLATFORM

)
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10uT Node
connected to a Riser

Multiple IOuT Nodes
connected to a Pipeline

=

to onshore

e
=
I0uT Nodes S
connected to a Spool (B)
=
()

uiD
Nodes

Sensors

Batteries

HUB Nodes

Topside
Station
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