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OUR LEGACY

Ourlegacycanbe tracedback t01930, agart of the
ChristianMichelsenlnstitute.

Theinstitute wasestablishedo providefree and

Independentresearch as a personahitiative from former
prime ministerChristianMichelsen.
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OUR MISSION AND VALUES

Christian MichelsenResearch
createsvalue for societyand
customersthrough innovative
andsustainablesolutions

Trustworthy| Innovative | Committed] Competent

cmr

stian Michelsen Research



CHRISTIAN MICHELSEN RESEARCH AS

A Owner structure

o University of Bergen (50%)

0 UNI Research AS (35%)

o StatoilTechnology Invest AS (5%)

0 Sparebankeivest (5%)

0 CGG Services (NORWAY) ABY)
A Nonprofit

o CMR is a non profit organization and all
profit is invested into new research

cmr
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ORGANISATION

CMR group
e .
CMR
Science and Prototech
Technology

~——
~60employees ~ 40employees ~100employees
Measurement Mechanical Safetyand risk
science design and management
Computer production Advanceddispersion,
science Fuelcells explosion and fire

modelling

cmr
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XSENS AS
OffshoreSensingAS
UPTIME CA&S
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CMR Science & Technology main market areas
|

Advisryseevides Irdming @ ooessaslasstiiggsttast, ¢estreentre

Marine & Environment Oil & Gas

Costeffective sensors and Flow and flow assurance
observation platforms

Autonomous and power efficient
systems

Distributed sensing

Data management and processin Subsea pipeline inspection
tools Visualization tools

Renewable Energy
Offshore Wind

Geothermal Energy Fluid characterization

CQ Storage
Energy Systems

Courses and test facilities

Subsea leak detection

cmr
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CMR Science & Technology competence areas

From sseRBip godetesimion

Properties Sensing Processing j Communication Analysis Decision

Pressure Optics Optimization Networking Modelling Automation

Wind Acoustics HProcessors Cloud Big Data Decision support
Fluid flow Gamma Electronics desig Wireless Machine learning

Etc. Embedded
software

cmr
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OffshoreSensindgAS

Greenstat AS Acoustioneasuremeninethods
MichelsenMedical AS Radiosonde
MF Vager{on hydrogen) Coastahavigation
SinoAkvaVigChina) 1930
2010¢

Highvoltageequipmentfor

treatmentof cancer
Spacdlowerpots Nera AS
FME and SkEkntres 1940

ZegPower AS and
CellPoweAS

2000

Harestua SolaDbservatory
CERN atoroollider
Nuclearreactors Norway

1950

cmr
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Fuelcellsto Mjglliner
Spaceaesearch

Thetorch, OL Lillehammer
GexCorAS
1990
1960
Andgya Rocket Range
> Aanderaa Instruments AS
1980 Modellingassignments
Processafety
Computertechnology 1970
Multiphaseflow Meteorologicainstrumentationand positioningsystems
measurement

Computingcentrefor Hydro
FluentaAS and Prototech AS Temperaturesystem for Hansa

Improvedpacemaker
cmr P P
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CMROpticsGroup

Jon O. HellevandASG photonicy

Peter ThomasRhDQ photonicyg

Erling KolltveitRhD fibre opticy

Benny SvardgdBSg optics)

Dag Roar Hjelme, Scientific Advi$6f6 (ProfessddTNU)

Bard HenriksenMSg electronics

Stian Stavland\{S¢ instrumentation
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Focusarea

Technologies:
A FibreOptics
A Spectroscopy

A Imaging and robust optics

Applications:
A Conditionmonitoring / distributed sensing
A Water monitoring
A Fluidand flowcharacterisatiorand measurement

A 3Dimaging, structural surveillance

Marked:
A Mainfocuson the energysector

cmr A Marine,industry, transport andmedical
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PROJEC EXAMPLE
- MARINMONITORING
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AALDOC( Active Acoustic

Range [m]
[}

o
=]

AALDOQ Active Acoustid_eakDetectionof 2

subsea Oil and Gas '

A Goal:Developsubseaechnologyfor long
rangedetectionof oil and gaseakage

A Partners:Metas, CMR, IMR, UiB, Statoil,
Kongsberg Maritime

A Fundedby: DEM(000 / RFWest

CMRcontribution: Acoustic propagation and kg
scatteringg simulations and measurement; g ki
measurement data analysis.

100%
100¢
00l

00Z

['oN Buig
QG2
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- Node 1 inplace

A Hydrophone

A Echosounders

~ A Currentprofilers

A Opticalcameras

A Temperature
pressure

A Chemicabkensors

A +Auxillarydata
http://love.statoil.com/ ¢

.)/

A Studythe marine
ecosystem.
| A Real time approach

" A Enablesafe and = AL
sound coexistence of PN
several ocean
industries.

Node 3@ 234m
Node 5 @ 2490m

| IMR, CMR, FFI, NERSC, UiB, UIT, UNI Research, SiP - =
- ICT, Statoil, GCE Subsgdy 4 K S K36 igtion a7 =
Fundedby Research Councoif Norway ;; 5 km
e _ I o 5 @) I\/Inrnnnn/ INE / NI e



http://love.statoil.com/

BRIDGES

A Bringingtogether Research and Industry for
the Development of Glider Environmental
Services

A ARMINES, ACACEN ++

A Gliders for:
I Ecosystem
I Olandgas lllustratior: ACSA
I Deepseamining

A Sensorschemica) optical, acoustic

A 20152019

L2020

cmr
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GLIDER

DEMO 200(@roject «GLIDER» (2032019)
Akvaplan NivaNIVA, CMR, NTNU, UiT, NU, MBdustry LJ- NJi y S NR =

A Mappingenvironmentaldata usingthree unmannedautonomous
vehicles
I Seaglide(KM), Sailbuoy(OS) andVaveglider(LR

A Thevehicleswill operateandcollectdatawith awide rangeof sensors

A In/nearLoVeaugust 2017 (initiatleploymen), and for arextended
periodand areawinter/spring 2018
I Excactareaandmissionplans TBD

Hlustrations Konasbera Maritime OffshoreSenan LiguidRobotics



Sallbuoy Technical Data

Unmanned Surface Vehicle
Length: 2m Width: 0.5 m
Displacement: 56 kg
Payload: 10 kg / 60 din
Average speed:-2 knots

Tested navigable wind speed range; 30 m/s

Onboard autopilot and optional data logger

Mission design length: 12 months

o o To Io To o Do Io

Typicaloperationalperiod: 1- 3 months

A Global 2 way satellite communication

cmr  Offshore Sensing AS ‘
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http://www.sailbuoy.no/

Sallbouy SensorandPayload

[ Payload ][ Batteries J[ Solar panels ][

Autopilot
Tl
.o_ J:“":: L

Meteorological

sSensors
Wave sensors =
7’5:; k )
( N
Antennas

_®

Oceanographic Water quality Water quality Echo sounder Acoustic modem
sensors % sensors sensors \ #‘ %
[ <3 \ {

Emi':.ph Offshore Sensing AS ‘




Sallbuoyc ApplicationExample

NERSdceedgenorth/westof Svalbard *" 77
lcewavesvs.oceanwaves

29°N

METNorway i NSRS

Wavemeasurementdor improvingof
forecastmodels

c 31°N

83

29°N
75

NORCOWE Findlampaign

27°N 6.7

26°N .5 0 0 0 o 0
SOPW  BECW  BEUW  BTOW  BEYW  BSPW  B4OW 90°w 89°w 88°W B7°W BE°W B5"W B4"W

DeepC and MET Norway, Guf Mexico
Surfaceemperature salinityand oxygen

CMr  Offshore Sensing AS ‘

Christian Michelsen Researc!




Sallbuoy Videodemonstration

A https:// www.youtube.com/watch?v=wMbAxejIDAM

A Videogallery:http:// www.sailbuoy.no/gallery

cmr Offshore Sensing AS ‘
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https://www.youtube.com/watch?v=wMbAxejIDAM
http://www.sailbuoy.no/gallery

PROJEC EXAMPLE
- OPTICS
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Optical sensors for measuring dissolved CO,

Need for detecting CQeakages from geological storage,
monitoring ocean acidification and aquaculture
applications

A Standard procedures is laboratory analysis of water
samples; time consuming and no online monitoring

A Commercially available sensors bulky expensive and
consume a lot of power

22



MARINE &
ENVIRONMENT

Optical CO23ensors; Projecttimeline

A 20009: First fluorescence lifetime prototype,
development of calibratiosetup

A 20102013: numerous field trials and gradual
Improvement of performance

A 2014: Available to buy frodanderaadata
Instruments (AADI)

iy JAAD B & 11 Vichelsen Cenire

Christian Michelsen Research AANDERAA DATA INSTRUMENTS

23



MARINE &
ENVIRONMENT

Optical CO2 senselPerformance

A Sensitivitybetween100-5000 jatm
A ~ 1minresponsdime
A Stable oveseveralmonths

Nlichelssen

for Industrial Measurement Science end Technology

cmr

Christian Michelsen Research
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Otherchemicalsensingechnologies

A 2017-2019 New RCN funded project
with Aanderaa

A o Muantum dot on nanostructured
sapphire pH sensor for reliable
long-term monitoringa ppl i catdwonso

100

NH; conc. / ppb

A Promising results with solid state,
compact technologies for monitoring
NH,; and H,O, in water :

0,44 0,46 0,48 0,5 0,52 0,54

A NHj, sensitivity in the low ppb range R (640 nm) / R (430 mn)

10

A H,0O, sensitivity in the low ppm range

A Also considering if some of the same
technologies can be used for H,S

cmr '
Christian Michelsen Research far m...‘.lylulg[.,:.bﬁ!:gs:en

ience and Technology




ClearVIEW T Anti fouling optical windows

Foulingof opticalwindowshashindered
the wide spreaduseof opticalsensors in
oil and gasapplications

A Proanalysi©iWprobe usescavitation
to periodicallycleana sapphirewindow

A Windowhaslimited lifetime

Developsapphirewindowsthat resistoll
deposition

Emr (X) The Research Council DFD O ana I I:I S | =

ristian Michelsen Research Of Norway 26




OIL & GAS

ClearViewg Projecttimeline

A 2012: Projecstartup
A 2013: Development of experimental setups for windoiraracterisation

A 20142015: Demonstrate influence of sapphire finisbating and
nanostructuringon resistance to odleposition

3 Microsyringe Window mounts ‘

| needle o
| Mixing element Las
Copper heat exchange Collection |
element
Detect

Sample holder Emulsifying element

Window mount

White light source

8 Counterpart to aluminium
Oil window holder
droplet

Translation platform

Lens

27
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OIL & GAS

ClearViewc Results

Uncoated saphhire substrate —--Test coating 1

—~-Test coating 2 —~-Test coating 3

Coverage / %
=
00 N

N

1 2 3 4 5
Measurement number

A EUprojectapplication Antiiceingopticalwindows

cnr & hsmeena  profjanalysis

28




PROJECTS EXAMPLE
- DECISION SUPPORT

Christian Michelsen Research



Decision supportPutting knowledge to use

A DataAnalysis and BiData

A DecisionSupportSystems
I SARA Search and rescue
I AlIS Online
i SHIVR
I Enlighten
i LSSS

Christian Michelsen Research



In-house Developed Big Data Technologies

A Interactive Visual Analysis
I Enlighten
A AIS Track Server
I Big Data storage, visualization and statistics

"~ olisan|
antrng)

cmr
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http://www.kystverket.no/Nyheter/2016/september/apner-ais-for-publikum/

Video- DEMO

A Video- VisualAnalysis of Multivariate Movement
Data using Interactive Difference Views

Christian Michelsen Research


https://www.youtube.com/watch?v=EmFl7hW5GSQ&feature=youtu.be

DISTRIBUTED FIBRETICAL
SENSIN@®DXS

Christian Michelsen Research



Fibre optic dowhole communication

More advancedDHIlogging equipment
=> Higher bandwidtlrequirements

A Electrical communication systems have limited
bandwidth

A Local storage eliminate online monitoring

A Downholedatareduction challenging and limit data
guality

A Fibre optical communication enable high data rate

A => Fast and reliable operations with advanced
logging tools

34



OIL & GAS

Fibre optic downhole communicatiorResults

A Successful latesting of high

temperature, high speed fibre optical Temperature 177°C
communication system Data rate 100Mbps

Length 10km

Typicaleye-diagram recordedat 177Cfor 100Mbps

cnr_ NArcher & The Michelsen Cenre .




Christian Michelsen Research

Distributed TemperatureSensindDTS)

Temperature profile

CMR have a DTS-unit

A 5km measurement range

A 1.5 meter spatial resolution ﬁ M/ X / EEEE
General purpose, wide range of applications E /\ \ / T
CMR has used it for geothermal energy and 0 M i
process monitoring applications I
Linking DTS to other fibre optical distributed i

6 8 12 14

sensing data 1

Temperature / celcius



ODIMSC ONLINE DISTRIBUTED
INTEGRITY MONITORING SYSTEM

Christian Michelsen Research



ODIME; Project info

Funded by the Research Council of Norway (RCN )201%
Petromak<2, speciakGroundbreaking call

Main objectived 5 S @ &fiex@bleland scalable technology capable of
continuously measuring humidity, water, salinity and temperature with a
KAIK aLl oAl f NBazfdziAzy of wmMnOYU

Projectsteeringcomittee:
A Kari Marvik, Vice President, CMR S&T
A Dr. ArneUlrik BindingsbgLeader, production technology, Statoil

A Geir Harris, Technical director, Senior Vice President Technology and
DevelopmentBeerenbergCorperation

A MagneHusebg CEOXsensAS

cmr W, The Research Council
Christian Michelsen Research A of Norway



The CUthallenge

Aging infrastructure and lifetime extension

Corrosionunder insulation (CUI) especially
challenging

To o

Exampé of CUI
Troll C stll shut down

A Currentfixedinterval strategies for
corrosion under insulation (CUlg¢adsto:
T Unnecessar}nspectlon andnaintenance
I Unplanned shutdowns with high costs

I HSHisk with potentially serious HSE
consequences

Emi':.ah Chevron refinery fire 2012



ODIMS Idea

A Developa systenctapableof earlydetectionof CUI

A Keyrequirements:
I Truly distributed monitoring covering large structures

I Online continuous monitoring
I Earlydetectionof corrosion indicators

v
o
(©
o
w
%" 2 wall thickness
©

Temperature
W Humidity
Water
Salinity

— Material
density

cmr
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ODIMS Architecture

A Distributed fibre optic measurement Point sensor measuring
A Multi parameter Optical cable material degradation
: sensitive to
A Flexible, scalable, modular humidity, water |
A Easyintegraion of point sensors salinity and T‘
temperature \ ]

A ODIMS will enable¢argeted and cost pipeline
efficient CUlinspectionand insulation
maintanance Modular |

installation
()
Z 0O S
O 09 =
x o 5 ©,
Q X 3 = /
% > =
r & -
Christian Michelsen Research O

POSITION

POSITION



ODIMS Primarysensingmechanism

Sensindibre with hygroscopicoating

Water uptakeby coatingleads tostrain

in fibre I I

A Strainprofile alongthe fibre is

measuredvia baCkSCﬁtterEdaser"ght Strain sensitive fibre Hygroscopic coating

o o

«—— \Water exposed region

N

157 157,2 157,4 157,6 157,8 158
cmr .
Christian Michelsen Research D|Sta nce / m

0,5

Normalized strain response

0




ODIMS Measurementreadout

Laser

Detector

PCsizedreadoutinstrument
e measurementesolution(equalto afew % RH)
~ cm spatiatesolution

Lowenergylasersource(Class 1)
cmr

Christian Michelsen Research
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ODIMS Humidityresponse

70 L L L L L L

B0 o oot 96 & o & @& ¢ 60
o 0 | | . q 50
= 40 Flbrg with o 30%RH1 & 40 Flbre_ yv!th low 4 200 RH|
~ 30 medium ¢ 70%RH . N 59 Sensitivity % 70%RH -

sensitivity
20" : 20
10+ i 10:4““———0“& > o ¢ e o
- W fww—n—v:
100,120 140 160 180 200 220 100 120 140 160 180 200 220

Time/hours Time/hours



ODIM&; Salinity response

A Water salinity

A Increased salinity reduce
water ingress in fibre coating

=> Reduced strain in fibre

A Figure shows strain in Fibre
Bragg Grating (FBG) when
alternating between saline
water and fresh water

A Quite repetitive response is
observed

cmr
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Wavelength shift [pm]

50 -

30 -

10 -

=10 A

=30 4

-50 -

Salinity response

Measurement number



ODIM& Enhanced sensitivity coatings

A CMRbuilt coating setup for
Investigating effect of coating
thickness on sensitivity

A Example of one coating type:
Sensitivity levels off when coating
thickness > 0.5mm

A Identified theoretical model for
describing sensitivity vs thickness ;q09

A Increasing thickness reduces ~ *°%
response time 2 1000
500

0
cmr

Christian Michelsen Research

400 800 1200
Coating thickness [um]




ODIM&; Sensing range

A Have demonstrated excellent measurement resolutimer 2 kmfiber with
highspatial resolution(<10cm)

Mechanicaktretch ., Complexhumidity profile
95
575 _ 80
iy =
Short £ 55 = 60
— (1]
range 235 g 40
iL 15 Qo
20
5
0.55 0.65 0.75 0.85 0.95 0
Position [m] 8 28 48 68
100
95
_ 80
Long £°” g
£ 55 < 60
= o
range 7 35 5 .
|- v
o & 20
_5 e
cmr 2092.1 20922 2092.3 2092.4 2092.5 0
S Position [m] 2090 2110 2130 2150

Position [m]



ODIM& Multiplexing / Sensing range

A Multiplexing of optical fibres
=> Ability to cover larger infrastructure

N

2

Readout I\J 3 N\
t t X E §\\\ \\

/
/

Christian Michelsen Research



ODIMS Vibrationresistance

System tested in CMR flow loop rig

Found vibration might limit sensing range
when targeting 2km range combined with
cm spatial resolution

A Have successfully tested vibration
compensation methodology

A Investigating using ODIMS for making
vibration measurements

To To

ODIMS 60 m
interr tor Fiber
Interrogato stretcher
Data quality vs. applied vibration amplitude Data quality vs. applied vibration amplitude
(100Hz sine) (Random noise)
——Uncorrected data --e--Corrected data ——Uncorrected data --+--Corrected data
0.90 0.90
0.80 0.80
= 0.70
20.70 5
& © 0.60
& &L
L2;0.60 > 0.50
O =
8, 0.50 éj'; 0.40
0.40 0.30
0.20
cmr 030 0.10
Christian Miche 0 1 2 3 4 '

Vibration Level / Volts applied 0.1 Vibration Level / Volts applied 1



ODIMS Point sensors option

A Demonstrate the possibility to add point sensors along fibre without the
need to break/splice the fibre

A Can be used to add points sensors e.g. wall loss or other types of materia
degradation

A Canintegrate 3 party sensors

120

110

— L —

Optical fibre Pressure
= Point sensors Vessel

Microstrain

100

90
25 125 225 325
Distance / m

cmr
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CORROSION
ag.IKELIHOOD

Q
-
=
Z
:r
xJ

ODIMS Decision support

A Decision support system enabling targeted inspection and condition base
maintenance

A Statoil and Beerenber@enarxwill contribute with expertise

A Flexibleandscalabledecisionsupportsystem:
I Automaticcalibration
I Easyexpansiorandintegrationof new sectionor fibres and/orpoint sensors
I Visualisationntegratedwith infrastructure3D models

—

earch

i
nﬂ\@

ﬁ

CORROSION LIKELIHOOD

POSITION

POSITION



ODIME; Pilot testing

A 1500hourtest at. Sy I QUEEtEsH |
facilities

A Humiditysensitive andeference
cablesnstalled on carbonsteel

pipes

A Four differentinsulationtypes

A Onthe fly dataanalysis

cmr

Christian Michelsen Research



ODIMS PIilot testing- Results

Fiber in 6.5 mm tube - Cell glass and air gap

150

50

-50

Microstrain

-150

S

-250

-350

N
.

—
N\

Time / hours

VW\ \[_%
500 1000 1500

Time / hours

—Humidity sensitive lemidity insensitive fiber

-40

AN

Temperature

switch off

Mrreon \"‘\_/
0 500 1000

Time / hours

1500



ODIMS Pilot testing- Results

Fan on

\c}e /
~

2

<4 40

20 f\f\’

550 600 650 700
Time / hours

Fibre in 6.5 mm tube Cell glass and air gajpryingout

cmr
Christian Michelsen Rese



ODIMS Summary

Demonstrated distributed measurement of;
A Humidity

A Water

A Salinity

A Temperature

ODIMS targeting cost efficient CUl inspection and maintenance
Potential to develop ODIMS solutions for other applications

We are investigating possibility to develop solutions further to monitor
more parameters

cmr W, The Research Council
Christian Michelsen Research A Of Norway



DISTRIBUTESCOUSTISENSING
(DAS)
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DAS; CCHMonitoring

A Distributed seismic monitoring for 7
geological carbosequestration = AAAA o ons

154

-2000
2000

A Send a fast pulsain into the
fibre

A Interpret returning Rayleigh

DAS
201

-2000
5000

DAS
. A - 236

backscattering N S -

T T T T T T 2000
\ DAS
i - ‘II ] 283

Interrogator ‘ ) Returning M

Unit b ® v .\( Recorded Signal L - - \ - R [,

T T T T T T T 2000
eo N | II‘ DAS
Optical Fibre " " I 328

Acoustic i . . . ‘ . ‘ }
Cable \ ./’ " Signa| 1 x . - | . ‘ . | 2000
| |
I & oo W__q._..q,l _,,lnfgv!\,tﬂﬁﬂ I\\ac-—hc . DAS
488
Propagating i i '
Rayleigh o Laser Pulse B 0.1 0 01 02 03 04 %
. "'"". Time (s)
Backscattering +—9 - }‘ Geophones Vs DAS

(Enmi!h-elsen Research (v) The Research Council L. LINER Y ".Rs‘n
A" of Norway bLIMI I



DA CCMonitoring - Example

0 T T T T T T T c000

5 E e e e Tl R Y S N e YN
-._:Efffffffffff.f_,:_ffffffffffff‘fffffffffffff:iffffff 4000
= = e e e sl s el e el
:E:"D:H. _____________________________________ R 7
e 1 2000
X - O A OO S
E1s5 R =
= 2
E 0 =
EZD— _| EZ
b L
s 1 2000
%25_— _
2z

4000

3III-_— ]

I 1 S TSy DA NP R SRR PRY N

352. e e P I T b e A B s B i sl il F R A e 6000
0 1 2 3 4 5 6 7

Time (s)
DAS signal recorded after 3 hammer blows
cmr
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N (m)

DA CCMonitoring - Shot location test

40 7 T -
|
|

asr |
|

30t I
|

us | Out :

of '

20+ I

Bounds :
|
|
|
|
|

Actual = 29.7E 8.2N
Located = 30.5E 8.0N
Offset = 0.82 m
Velocity = 250 m/s

NI

A

Relative Traveltime (s)

1700

1100

1000

Actual =35.7E 6.7N
Located = 37.5E 4.0N
Offset=3.24 m
Velocity = 250 m/s

5 10 15

20

E (m)

25

30

35

40

45

Relative Traveltime (s)

Circles = Source

Star = Location
identified by
DAS

Quite good
agreement.
Offset only a
few meter



