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Wellhead Fatigue Group

» Part of the Reaseach and Technology department
 Established in 2008

* Wellhead fatigue analysis is performed to assess the capacity of subsea wellheads
prior to drilling operations

* Wellhead fatigue analysis based on DNV method statement
* https://rules.dnvgl.com/docs/pdf/DNVGL/RP/2015-04/DNVGL-RP-0142.pdf



https://rules.dnvgl.com/docs/pdf/DNVGL/RP/2015-04/DNVGL-RP-0142.pdf

Why Is wellhead fatigue an issue?
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Drilling operation
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What do we do?




Measurement systems

* Online systems
— Continuously measure data at different locations on the BOP
— Data is automatically processed, stored and transported to shore

— Used when fatigue accumulation needs to be monitored throughout the
campaign

* Autonomous systems

— Consist of battery powered sensor packages

— Data is retrieved at regular intervals and post processed at the end of
campaign




Online measurement systems
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Sensors: MRU — motion reference unit

MRU on LMRP MRU on BOP
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Sensors: LVDT

LVDT on BOP connector
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Our process




Measurements
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Handling raw data

» There are several suppliers of measurement systems, each offering a different sensor set-up
and providing the data in a predefined format

» Measurement data provided in several formats including:
— TDMS files
- ACQ files

— Pl data base
- CSV files
— ACC files
— DAT files




Handling raw data — H5

» Using MATLAB’s HDF5 support we developed a set of converters allowing us to get the data
we receive from vendors to the predefined structure in a H5 file

HF HDFView 2.11
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Pl database

* In case of one project, the data is provided not as files but in a database

* White papers: https://pisquare.osisoft.com/docs/DOC-1305

* The white paper published by OSISoft lists 8 ways of using Pl Data with MATLAB
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https://pisquare.osisoft.com/docs/DOC-1305

Challenge — data quality

» The quality of provided data differs between sensors and vendors

» We encouter missing values, spikes, asynchronous timeseries
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Challenge — data quality
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Challenge — missing data

 Due to the harsh environment offshore we encounter hardware malfunctions that
lead to loss of data

The cable got tangled during the storm,
the coating was damaged




Challenge — missing data

The connector was submerged unblinded
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Missing data
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Calculating the fatigue damage

In the process of calculating fatigue damage we use following data:
» Data recorded using subsea sensors (H5 files)
» Well specific data — results from the local FE analysis (XML file)

« Weather data for the particular rig location (csv file)

* Rig specific data, size of the BOP, LMRP, XT etc




| oad-to-stress

<DirectionzalLoadtoStressResult xmins:p="http:/ /wellspot.statoil.no/persons™ xmins
<a:Analysis anzalysisReferenceld="0760"/>
<p:CreztedBy name="Aker Solutions™/>
<LoadCase resultDirectionDefinition="Degrees from soft/weak axis to result direction, counter-clockwise" resultDirection
templateSt ssBound="Lower" soilStiffnessBound="Lower™ phase="2.2" hotSpotld="16" cementlLevelUnit="meter” ce
casingDownWeight="20789890"/>
<DirectionalData

soft/weak axis, clockwise” softAxisFromNorth="209.4"/>

- <LoadToStressCurve stressUnit="Pa” mo
<MomentStress 2
<MomentStress
<MomentStress
<MomentStress
<MomentStress
<MomentStress
<MomentStress
<MomentStress
<MomentStress
<MomentStress
<MomentStress
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</LoadToStressCurve> %10
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<?xml version="1.0"?>

“http:/ /wellspot.statoil.no/analysis” xmin

“http:/ /wellspot.statoil.no/loadToStressR

="45" vesselName="Stena Don" vessslImo="876441:
mentlevel="8.48" casingDownWeightUnit="Newton"
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Results — accumulated damage

1073 Accumulated damage
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Main reasons for using MATLAB

Popular across the company

Built-in support for source control systems

Easy to share code/tools with other

Support for the technologies and concepts we use

Worldwide user community

Support for cloud solutions
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