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Brief Introduction P

KONGSBERG

KSAT representatives in the workshop 200

¥ Carles Debart

Project and Business Development // Project Manager
« 10 years of combined experience in the Earth Observation field

* Focus on Oil&Gas majors // Onshore & Offshore // Mexico

Nationality: Spanish // Languages: Spanish, English

Andreas Hay Kaljord

* International Sales Manager

15 years of combined experience in Project Management and
Software development

 Focus on vessel detection, oil spill detection and ice monitoring

* Nationality: Norwegian // Languages: English, Norwegian

121



KSAT Introduction
Company ownership 200

*50% ownership *50% ownershp

o Royal Norwegian Ministry
of Trade, Industry and
Fisheries

KONGSBERG
Group ASA

KONGSBERG
Defence Systems

SPACE Norway

KSAT, KONGSBERG
Satellite Services

Business areas

SATELLITE ENERGY,ENVIRONMENT
OPERATIONS & SECURITY

KONGSBERG PROPRIETARY - See of 131




KSAT Introduction
HQ TROMSO - 69deg North 200

KONGSBERG PROPRIETARY - See of 1417
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KSAT Introduction &

KONGSBERG

Svalbard Ground Station 200

 Biggest Ground Station of its kind
 Allows for Near Real Time image delivery worldwide
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KSAT Introduction
Department of Energy, Environment & Security 20

« Oil Spill Detection

« Natural Seepage detection
« 24/7/365 Ordering support
* Image post-processing

* Ice detection

* Pipeline monitoring

« Change detection

KONGSBERG PROPRIETARY - See of 171







KSAT Key Capabilities &

KONGSBERG

2471365 Support 2(Y)

» Control Center Global Ground Network + Earth Observation Center

« Automatic scheduling of satellite passes  +« Image processing and analysis

+ 36.000 passes per month * Near Real Time reporting to end users world-wide
» Proficiency 99,8% * Emergency order support 365/24/7

Operations room at KSAT is working 24/7 to support with Satellite
Imagery our customers around the world



KSAT Key Capabilities

KONGSBERG

Multi-mission —in theory 200
COSMO- PAZ
RADARSAT- SkyMed SENTINEL- TerraSAR-X GAOFEN-3
2 _ 1A+1B /TanDEM-X (SAR+AIS)
4 satellites

IN-house IN-house
Processing Processing

IN-house IN-house
Processing Processing

KSAT has Near Real Time processing equipment for delivery of nearly all
operational SAR satellites & Superview

Also distributor of:

DEFENCE & SPACE ' recwmoteares L " SPACEWILL

KONGSBERG PROPRIETARY - See of Proprietary AMAXAR COMPANY




New SAR Satellites
GAOFEN-3 (GF-3) in Near Real Time S

Applications:

INSAR (under evaluation
Change detection _

DEM generation - :
Coherence estimation  N.i o Compatible modes

Flood detection : iy 2 with Radarsat-2
Oil Spill detection BN

"

Spatial
resolution

[m]
Spot Light 10 x 10 1.0 20°-50° Single

Nominal Size
[km x km]

Incidence angles

hieelE [degrees]

Polarizations

Ultra-Fine Strip 30 x 30 3.0 20°-50° Single

Fine Strip | 50 x 50 5.0 19°-50° Single, Dual

Full Polarized Strip | 30 x 30 8.0 20°-41° Quad

Fine Strip Il 100 x 100 10.0 19°-50° Single, Dual

Wave Imaging 5 x5 10.0 20°-41° Single, Dual

Standard Strip 130 x 130 25.0 17°-50° Single, Dual

Full Polarized Strip Il 40 x 40 25.0 20°-38° Quad

Extended - low 130 x 130 25.0 10°-20° Single, Dual

Extended - high 80 x 80 25.0 50°-60° Single, Dual

Narrow Scan 300 x 300 50.0 17°-50° Single, Dual

Wide Scan 500 x 500 100.0 17°-50° Single, Dual

Global 650 x 650 500 17°-53° Single, Dual

KONGSBERG PROPRIETARY - See of 23-Oct-19 /11 /




New Optical Satellite

KONGSBERG

SUPERVIEW 1/2/3/4 constellation — in Near Real Time 20)

» Distribution rights: _ _ ] ;
4 identical satellites — 4 times more

«  Worldwide except for China acquisition capabilities
« Tasking, Downlink, Processing, Post-processing,
Delivery 50cm Resolution panchromatic

« 24/7/365 Ordering Support
» Available immediately

. . -
* Available in Near Real Time e [zl e el <201

« Technical Specs.:

« SuperView 1/2/3/4 Sensor Resolution:

« At nadir — 50-cm panchromatic & 2.0-m
multispectral

« 20° off-nadir — 59-cm panchromatic & 2.36-m
multispectral

o 30° off-nadir — 71-cm panchromatic & 2.84-m
multispectral

« 45° off-nadir — 1.2-m panchromatic & 4.8-m
multispectral

KONGSBERG PROPRIETARY - See of 1121/
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KSAT Key Capabilities
Multi-mission — In practice 2(Y)

| v‘

) A
| ‘
. la_ A 0
\ \ \ TerraS AR-X
/

Sataak gl RADARSAT-2
; Cosmo SkyMed-1
- ,_,.,/‘ RISAT 1

1
4
k

Image coverage with 1 satellite: poor revisit KSAT Multi-mission: daily revisit time, total coverage,
time, poor coverage, ineffective monitoring  exhaustive monitoring, near real time (<2h)

More satellites mean more possibilities of imaging an area both for
preparedness and response

KONGSBERG PROPRIETARY - See Statement of Proprietary Information 113/



KSAT Key Capabilities

KONGSBERG

In practice 2(1)

Green Area - downlink
to Svalbard
e 30 minutes

AN NORTH AMERIC .

e Brown Area —on
board storage and
downlink to
. AFRICA’ , Svalbard/Troll

S e 1 hour
, AUSTRALIA

e Blue Area — downlink
to Troll

e 30 - 45 minutes

K

Delivery of Near Real Time SAR in less than 2 hours (guaranteed) from
acquisition Worldwide

MMMMMMMMMMMMMMMMM - See Statement of Proprietary Information 114/



KSAT Capabilities

KONGSBERG

Summary (1)

« KSAT doesn’t own satellites, but offers the most extensive portfolio (Multi-mission)
« KSAT offers unrivaled delivery times (NRT) for 11 SAR and 4 Optical satellites

« KSAT operations provides 24 /7 / 365 support

« 25 years of experience delivering Earth Observation services

= https://www.youtube.com/watch?v=NPcVVIiScLYI

KSAT Energy customers
5 shevrog \, TULLOW  Ex¢onMobil

REMEX ‘ woodside []

g, e
%" statoil /' o
uropean Maritime Safety Agency @n “

: ¥ l . .
Ny Ay, 93
wry - N =i
Y Y P o ol e
o Pt

TOTAL Australian Government NOFO

Australian Maritime Safety Authority
nnnnnnnnnnnnnnnnnn See of /157



https://www.youtube.com/watch?v=NPcVViScLYI




Introduction to Earth Observation satellites i

KONGSBERG

Geostationary vs Low Earth Orbit (Polar Orbit) 2(0)

KSAT operates the biggest ground station network for
Polar Orbit satellites




-
Introduction to Earth Observation satellites

KONGSBERG

Polar Orbit Satellites —how do they work? 2(Y)

2017-Mar-03 02:07:50 UTC e T . ———

week10 Mar-2017 week11 Mar-2017 week12 Mar-2017 week13 Mar-2017 week1d Apr-2017 N
Lat : 2017-Mar-03 02:07:50 #
Lon :

MLST :

SZA :

Range : 6630.4 km

Altitude : 6018.8 km

Height : 0 meters
Intersection Mode ON

Auto Steering ON, Max Area

Cosmo-SkyMed-3

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa



Introduction to Earth Observation satellites
Sensors: Active vs Passive (RADAR vs OPTICAL) 200

Visible light

Radio waves Mi]rowaves

Infrared Ultraviolet |

:
S
§

I l | | T | I I I I
300m 30m 3m 30d¢m 3cm 03cm 300uph 30um 3um 03um  BOnm 3 nm 03nm 003nm 0.003nm

/ wavelength

SAR sensors / “active” sensors OPTICAL sensors / “passive” sensors

KONGSBERG PROPRIETARY - See of 119/




Introduction to Earth Observation satellites i

KONGSBERG

RADAR vs OPTICAL: In practice 20

RADAR satellites (SAR) are not affected by clouds, fog or low
light conditions, therefore are more suited to regular monitoring

KONGSBERG PROPRIETARY - See of 120/




Introduction to Earth Observation satellites
RADAR: bands, modes, resolution (adjustable) 20

=

= SENTINEL 1

Flight Direction

y = . I
w -
SENTINEL 1

Sub-Satellite Track

Orbit Height
~700 km

% v ~ Extra Wide Swath
(&) Mode
"‘3 Strip Map
Mode
o Wave Mode Source: ESA

Interferometric Wide Swath
Mode

KSAT uses the best satellites/sensors for the given application

KONGSBERG PROPRIETARY - See of 121/




Introduction to Earth Observation satellites
RADAR: bands, modes, resolution (adjustable)

Tuxgan 50m Mé
5 scansar Narroy _--» wide 30 ")

PozaoRica RADARSAT_ —__————
‘ < -—
.. Papantla

GF-3 S8 280 7="7)

) LN -
Tlapacoyan - : 3 )
5 o ~~S.X~ \ Campeche (261)
129~ Enriquez . ey
{ Perote
4uamant|a Veracruz E F
. 7 ! ¢ |
' Cordoba 4 :
aore G sukedgel®® / CAMPECHE
Orizaba Carmen
Tehuacan - - g
A % Tlerra Blanca VERA C R Y Z | . f-\ BA S C ‘/,/ , o
@ » LLAV E \ N T T Biosfer:
| A\
: | . | T”"‘epec @ vCoatzacoalcos w
| \ | Qcayserce | S OVIIIahermosa ’
' : *Minatitlan. == Heroica’ $ 1
- : : Cardenas ; I
A i0 > ~
_Kartdata 6 iz (79 2o\ ey 4 Palenaue Tenosique 18°2805"N, 92°28'20.9"W.

Example of coverage and resolution between different modes

KONGSBERG PROPRIETARY - See of 1221




Introduction to Earth Observation satellites
RADAR: bands, modes, resolution (adjustable)

KONGSBERG

200

TS-X Stripmap 30km wide TS-X ScanSAR 100km wide

At 3m resolution At 19m resolution

mmmmmmmmmmmm - See of 1231







Earth Observation for the Energy Sector
and applications!

Endless challenges

1
Seismic Planning

Areas of poor
coupling

HC:1101
|dentify areas with
soft sediments to

avoid strong
attenuation

o HC:1102

e Identify rock-strewn
areas to avoid point
loading

HC:1105
Identify permafrost
zone for data
analysis

2]
5]

PLOOE

HC:1104
Identify lake, river
and coastal ice
grounding status for
data guality

©

4

HC:1103
Identify soft and hard
ground as areas of
potentially poor source
and receiver coupling

o

0

o0

@access and apply safe setback

e |dentify rivers, lakes and wet
areas to apply safe sethack

HC:1203

4 |dentify areas with soft sediments

to plan access and assess
hazards

KONGSBERG

200

1.2

Identification of. adverse terrain
for trafficability

1.3
Identification of

environmentally sensitive
areas

4 HC:1301
9 Identify sensitive habitat
to minimise and manage
impacts of activities

(2] HC:1202
Planning heliports,

©

L5

forested areas

HC:1302

HC: 1201 e o
Identify up-to-date general 4 HC:1215 Assess and map forest
land use patterns to plan Identify UXO related fire risk and provide
@ hazards situational awareness of

distances 14

HC:1202 4
12

14

distances A

I

©

fire occurrence

\+

HC: 1214
Identify resiricted areas that
must be aveoided

HC:1213
€ Identify ice thickness and
status for travel safety

000

2]
©
o

HC:1204

hazards

Assess forest characteristics
o plan access and assess

A

o HC:1212

@ Identify sabkhas / salt
9 lake areas

HC:1205
OIdentif-,-' steep slopes {0 assess
potential constraints to access
6 in forested areas

E HC:1211

BPIanning bridging through
9 a tropical forest

HC:1206
9 Identify steep slopes to
assess potential
9 consiraints to access

o
2]
©

KONGSBERG PROPRIETARY - See

HC: 1207
|dentify claypan surfaces
to be avoided

HC:1208
o Identify optimal seasonal land use
to reduce permitting costs - in par-
4 ticular commercial and subsistence
farming practices

6-_-—_“_ HC:1210

Identify soft ground to reduce
environmental impacts

L8]
HC:1209
Identify land parcel
boundaries for impact
compensation

4

Source: EO40G project
125/

camps, and drop Zones in



Earth Observation for the Energy Sector

Endless challenges and applications!

21

Mapping geological features

HC:2101
Limezment
mapping

22

HC:2201

Structural interpretation

HC:2102
Understanding
m hydrogeology

9 Identify geologicsal
structure through
landform

KONGSBERG PROPRIETARY - See

2

Surface Geology Mapping

HC:2501
Characterization of surface/
near-surface siructural
geological properties for
infrasfructure planning

/__,_,__,_____,—J

25

Engineering geological
evaluation

——

HC:2505
|dentify geophysical
properties of the
subsurfacs

g HC:2502

proflem soils

23
Lithological discrimination

2}
o HC:2301

|denfify discrest

ithology a

Identification of

Terrain evaluation and
geo-morphology

n HC:2503
2,

Assessment of
durierusts snd rock

excavability

24

characterisafion

HC:2401
Identify gechazards
4 and landscape changs
rates

HC:2504
Identification of
slope instability

KONGSBERG

200

3
Subsidence Monitoring

31

Land motion relating to fault

lines or other causes

3

-3

Resernvoir management

(2] HC:3101 HC:3301 HC:3303

Baseline and e Maonitoring r.‘h}lnllorlr'g
monitering of areas acarbon capture a eﬁecll'.'e"ne_ss of
with active faulis a storage BtEEI.I‘n sss.lsled
ﬂ and subsidence resenvoir leaks G gravity drainage

SAGD) operstions
pa
HC:3302

Assessing ground
deformation to support
@ enhanced recovery
operstions

32
Infrastructure monitoring

HC:3202
Monitoring
pipeline stability
in diseontinuous.
permafrost

HC:32M
Asseszmeant of

o . 24
9 nfrastructure placement e

and effects to the
surrcunding environment

Source: EO40G project
1261/



Earth Observation for the Energy Sector
Endless challenges and applications!

4
Environmental Monitoring

41

Baseline historic mapping of
environment and ecosystems

~

n HC:a101

4 Assess fragmentstion
of natural habitst and
9 cumulative disturbance

/"_"'_'_'—’A‘_'—"“‘\

HC:4102
4 Land cover and land
use for environmenta

HC:4108
Understand temporal
and spabisl extent of
usable fish habitst to
maintsin accapisble

levals

Q0

HC:4102
Assess habitat quslity
far key species
for environments

4

L€

Confinuous monitoring of
changes throughout the lifecycle

KONGSBERG

2

43

Natural hazard risk analysis

HC:4207
9 Coastal elavation
4 dats for tsunami risk
analysis

T~

HC:4208
Assess =nd manags
forast fire risk to faciities

HC:4301
Map and monitor
induced seismic
hazards

HC:4302
Floodplain mapping
and understanding

flood extent and flood

5]

B baszeline andior impact = frequency and infrastructure
semmmeET baseline and/or impact
assezsment
o - HC:4208
e HC:4103 Dx- 4.1 - 5 4 RHC' 4?%1 Monitor onshore pipeline HC:4303 i HC:4205
(2] Social baselina m Hh::::m Gh dernelcla on right of way (ReW) to \Understang extant of @ Monitoring air quality
4 information to support Iu"nixoe.. = .ar'el an ec.amancm evsluate suscessions of lakes and wet areas for related to z2azonal fires
e compensation and/or =R E;Ei[eQIOHB menitoring vegetation communities hszard s=ses=ment
G reseiilement
@ /‘__—’/ . [7) HC:4202 HCoa20s s
i Map coastal habitat \dentificaton of IC:
B HC:4109 9 and built environment’ Situational awarensss

Mapping of forest
extent and quality
for environmental
baszeline andior impact
assessment

(5]

1]
©

of

KONGSBERG PROPRIETARY - See

Air quality monitoring
on an airshed and site
specific basis

4

L5
6]

settlement sensitivity

to strengthen tactical

oil spill response and
oreparsdness

©

HC:4203
Monitor indueced acoess
corridors to assess
indirect impacts or
efiects as a result of
project developmeant

HC:4105
Identification of
cultural hertage
and archaeology

assessment

6

groundwater table to

during seismic activity

\_\—'_‘_‘_\_‘_""‘—\
o

e

4

HC:420

predicting cha:

2]

ff‘#_rh—_ﬁfkh“’_"_“ﬁam

o

4

HC:4204
Muonitoring local
communities and land
a use in the project srea

HC:4205
e‘ Monitoring lake
e and wetland levels
and recharge rates
9‘ following water use for
exploration/operations

reduce potentisl izsuss

information on water
evels and lake extents
and potential floeding

ra
T

Understanding and

nges in

e hydrological processes

Sacongary Challanges: £ — Environmental Maniftoring
0 - Identy 50 ground to raduce emvircnmantal Impacts — Sub-Meme: 4.1
—lgenty s2nevve habital to minimise 2nd manags Impscts of aihTeE - LD
—Planning hallgerts. camps. and drop zanes In T
= AzzaEs nntan®al prodecd Bite e PEAArE ] RS -

-thame: 4.1
d areas — Sub-thems: 4.1
ama 41

Source: EO40G project
1271




Earth Observation for the Energy Sector
Endless challenges and applications!

Logistics Planning and
Operations

51
Baseline mapping of terrain

and infrastructure

2]

HC:5101

4 Obtaining baseline

eland use for pipeline
route planning

HC:5104
Baseline elevation
data for project
oplanning and design

4 HC:5103
Identify subsurface
infrastructure for
planning of pipeline
@ Crossings

HC:5102
Assess potential
project site for
historical use

5.2

Support to surveying crews for
planning surveys and H&S

4

054

L2

9 corridor hazards

b4
Monitoring of assets

(1] HC:5404
4 Monitor potential
pipeline corridor
@ encroachment by
communities

HGC:5401
IMonitor pipeline

HC:5403
Maonitoring of pipeline
right of way for third party
mechanical damage

HC:5402
Detection of oil
contamination and oil
sesps

HC:5201
Monitoring assets for
risk management

KONGSBERG PROPRIETARY - See of

HC:5301
Planning and assessing
borrow pits as source of

aggregate material

0 HC:5302
Terrain stability for route

9 planning

5.3

Facility siting, pipeline routing
and roads development

HC: 5307
Asgsess coastal
environment for

infrastructure planning

T

HC:5306
Assessing terrain
stability for infrastructure
planning in permafrost
environments

©0

e

HC:5303
4 Mapping land cover

B trends over the project

area

HC:5305
4 Identify existing linear routes
lafor co-location of pipelines in
wilderness areas

HC:5304
o Baseline imagery far
project planning and
design

KONGSBERG

200

Source: Eg?/OG project



Earth Observation for the Energy Sector
Workshop focus — Mexican Energy Sector Challenges

EO applications

NNNNNNNNNNNNN

Onshore —

KONGSBERG

200

SO EENEEUET[S] OPTICAL, NRT

Pipeline

! OPTICAL, RADAR, NRT
vandalism

Onshore &
Offshore

KSAT

O

| |

Flooding RADAR

Emergency
Ordering

Qil Spill

OPTICAL, RADAR, NRT

SN RADAR, NRT
Monitoring
WM Natural Seepage
mapp|ng RADAR
Oil Spill
RADAR, NRT

modelling

Exclusion Areas
OPTICAL, RADAR, NRT

129/

& Security






Case Study Offshore: Oil Spill Monitoring
Theory of Oil Spill Detection with RADAR satellites 2(Y)

What does the RADAR see?

Spaceborne
Imaging Radar

Incident

% Radar Signal

Fresnel
Reflection

Bragg
Scattering

0il Spill / Clean Sas / Source: unknown

(Relatively Smooth) (Relatively Rough)

KONGSBERG PROPRIETARY - See of 131/




Case Study Offshore: Oil Spill Monitoring
Theory of Oil Spill Detection with RADAR satellites 2(Y)

What does the RADAR see?

Frame ¢ ¢ : 5824856 Frame
Coastline Coastline

(08178218 [AOR1/8218

0 410 820 1230 1640 m

KONGSBERG PROPRIETARY - See Statement of Proprietary Information



Case Study Offshore: Oil Spill Monitoring
Theory of Oil Spill Detection with RADAR satellites 2(Y)

Challenges - lookalikes

Wind shadows Natural dampening - algae Natural seepage

KONGSBERG PROPRIETARY - See of /1331




Case Study Offshore: Oil Spill Monitoring 3
Practice: Operational Oil Spill Detection by KSAT 2(Y)

External data: AIS (Automatic Identification System) in vessels

SAR Image of Detected Slick AIS track information then overlaid to find
likely vessel-slick correlation

Polluter Identified

KONGSBERG PROPRIETARY - See of 1341




Case Study Offshore: Oil Spill Monitoring &
Practice: Operational Oil Spill Detection by KSAT

200

External data: Ocean Surface Wind (both from SAR and Models)

A

Latitude {N)

wlade (N

A O

3
3 & o e 19° O 12° o :
Longitude (E) Wind Spesd [rn/=] = 2
—_— — - F
0 1 2 3 4 3 & T & 9 10 11 12 13 14 15 16 17 18 18 20 B *
L}
&
I ”
\!‘, 4 1 1 )
I
KONGSBERG PROPRIETARY - See of

135/



Case Study Offshore: Oil Spill Monitoring
Practice: Operational Oil Spill Detection by KSAT KQONGUSBDERG

External data: Sea Surface Temperature and Chlorophyll

gl {0 Imege Pomaby 30-JobeZXM 2 21520

a3 at ar "w

KONGSBERG PROPRIETARY - See of 136/
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Case Study Offshore: Oil Spill Monitoring &

KONGSBERG

Practice: Operational Oil Spill Detection by KSAT 2(Y)

External data: all sources are available and synchronized for analysis




Case Study Offshore: Oil Spill Monitoring
Practice: Operational Oil Spill Detection by KSAT

Results: fully analysed Oil Spill Reports

~—

o g 0 AT 2217) pracested under koense Bom AD] - Agercia Spacisie talans Data
" va e Surbaed by Kargaterp Sawies Tenicet AL Novway

I - oo ww

X TN R BNl e

KSAT s

KONGSBERG SAT

ELLITE SERVICES

OIL DETECTION REPORT

Possible oil detecled

" 4
Acquisition Information
Satelite: SKYMED-3
Sensor: SAR
Swath: wieo2
Polarization: w
Resohution om

Detections
20 spiis)

Near. 33" Far 43"
01705-20 021458 1 UTC

"5 52'5304NY D'_Q 19742 247
073336'\!/ 48‘.

Gemerat conditions for ofl spill detection

Good
Comment

Good image qualty In addition 10 Te sicks we have dgices,
Pare are som curmant steaks weshie i parts of Pe mage

KONGSBERG

200



KONGSBE

Case Study Offshore: Oil Spill Monitoring

Practice: Operational Oil Spill Detection by KSAT

Results: fully analysed Oil Spill Reports

6 Spill Detection

Detection

Detection Time Central Position Category
2017405-20 02:14:58.1 25° 20° 16.79" N /053° 08 11.71"E A

Area Length Width Orientation
67.63 km® 53.85 km 11.72 km 235.05°
Classification

Shape linear Contrast strong
Cuting fragmented Edage shamp
Wind related no match Texture variable
Possible source likely source

Repeated observation false

Matural slicks in vicinity false

Met-ocean data

Type Value Source

remote 2.0 mis from 253.9° SARTool - SAR ocean wind

model 4.6 m's from 305.4° neep - Assimilated 10m wind

Comment

discrete linear slick. The wind direction at the time of the image, doesn't match any of the sources in the area. However, it looks like the slick oniginates
from the south western parts of the image.

AA00 1400

152000 n

KONGSBERG

200

To overview Page

Franie
Coastline

Possible sources
Position [ Object Name [ mmsi [ Type [ Confidence
25° 11" 19.87" N/ 052° 53 06.17"E__ | Jasirat Das Oilfield (Abu Dhahi) [ rua | PLaTFORM | 10

25 21 A6

4140

a2 59 5

—!— 53 18 26

15200

o n
il B

Frane

Coastline
B gnited < LR
B foderste 1-2 s
Gaod 3-7 /s
Good 7-12 nd's
Haderate 12-17 /s
Limitad * 15 nfs




Case Study Offshore: Olil Spill Monitoring \
Practice: Operational Oil Spill Detection by KSAT "é“b”b“

Real Scenario: August 2019 — well “kick” caused large oil spill in Asia

KONGSBERG PROPRIETARY - See of 140/




Case Study Offshore: Olil Spill Monitoring 3
Practice: Operational Oil Spill Detection by KSAT "2"”“0”[]‘“

Real Scenario: August 2019 — well “kick” caused large oil spill in Asia
KSAT delivered more than 50 reports in one month — average delivery 65 min

KONGSBERG PROPRIETARY - See Statement of Proprietary In 141/



Case Study Offshore: Oil Spill Monitoring
Practice: Operational Oil Spill Detection by KSAT 2(Y)

Real Scenario: August 2019 — well “kick” caused large oil spill in Asia
KSAT delivered more than 50 reports in one month — 90% under 2 hours

100,0
50,0 ’-WM
20,0 ‘\/Z.,‘, /

70,0

oo | o

KONGSBERG PROPRIETARY - See of 1421




Case Study Offshore: Oil Spill Monitoring %

KONGSBERG

Practice: Operational Oil Spill Detection by KSAT 2(Y)

Real Scenario: August 2019 — well “kick” caused large oil spill in Asia
KSAT delivered also Optical medium-resolution 10m imagery (Sentinel-2)

Tl
\ & : .‘
X QN

KONGSBERG PROPRIETARY - See Statement of Proprietary Information




KONGSBER

Case Study Offshore: Oil Spill Monitoring

KONGSBERG

Practice: Operational Oil Spill Detection by KSAT 2(Y)

Real Scenario: August 2019 — well “kick” caused large oil spill in Asia
KSAT delivered also Optical medium-resolution 3m imagery (Planet Labs)

—

Image courtesy of Planet Labs, Inc. Image courtesy of Planet Labs, Inc.

G PROPRIETARY - See Statement of Proprietary Information



Case Study Offshore: Oil Spill Monitoring
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Practice: Operational Oil Spill Detection by KSAT 2(Y)

Real Scenario: August 2019 — well “kick” caused large oil spill
KSAT delivered also High Resolution 50cm imagery
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Case Study Offshore: Oil Spill Monitoring
Practice: Operational Oil Spill Detection by KSAT 2(Y)

Advantages of proactive Oil Spill Detection

In Case of Spill
» Early detection and start clean up before hits shore
 Polluter/Source identification (with AlS)
— Oil and gas related activity
— lllegal discharges from vessels
» Threat assessment
» Support in clean-up operations
— Documenting chain of events; before -during -after
— Situational overview

In Case of No Spill
« Demonstrate zero spill — clean operations from O&G producers £
- ldentify natural seeps, other phenomenon (algae blooms etc)
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