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This table does not include the names dirborne platforms or sensors that are made up
of acronyms.Directions are indicated as follows: eas(E), west (W), north (N) and south
(S) and combinations thereof (e.g. soutlwest, SW).

Table 1. List and explanation of acronyms

Acronym | Description Acronym | Description
AIS Automatic Identification System MS Multispectral
Aol Area of Interest eEm Micrometer
API American Petroleum Institute m/s Metre per second
ATC Air Traffic Control MWIR Mid-wave Infrared
CoP Common Operating Picture n/a Not Applicable
DEM Digital elevation model NASA National Aeronautics and
Space Administration
DIAL Differential absorption lidar NDVI normall§ed_d|ﬁerence
vegetation index
EM Electromagnetic NIR Near infrared
Norwegian Clean Seas
ESA European Space Agency NOFO Association for Operating
Companies
ESI environmental sensitivity index 0&G Oil and Gas
L . . International Association for Oil
FAA Federal Aviation Administration OGP and Gas Producers
FLIR Forward looking infrared OPT Optical
FPSO Floating production storage and offloading OSR Oil spill response
GHz Gigahertz PAN Panchromatic
GIS Geographic Information System PMR Passive microwave radiometry
GNSS g}l{glg:rln(Geographlc) Navigation Satellite R&D Research and development
GPR Ground penetrating radar RFI Request for information
GPS Global Positioning System RGB Red green blue
HALE High altitude long endurance (UAV) SAR Synthetic Aperture Radar
Hr Hour SLAR Side looking airborne radar
HSE Health, safety and environment STC Supplemental type certificate
Hz Hertz SWIR Shortwave Infrared
IPIECA The glo_bal oil and gas indl_Jst_ry association TIR Thermal infrared
for environmental and social issues
IR Infrared TUAV Tactical UAV
IMU/INS Inertial monitoring unit / Inertial navigation UAS Unmanned aerial system
system
1SO Internatio_nal _Organisation for UAV Unmanned aerial vehicle
Standardisation
ITU International Telecommunication Union UHF Ultra high frequency
JIP Joint Industry Project USA United States of America
JPL Jet Propulsion Laboratory uv Ultraviolet
LFS Laser fluoro-sensor VHF Very high frequency
LWIR Long-wave Infrared VIS Visible
m Metre VNIR Very near infrared
. . Vertical takeoff and landing
MALE Medium altitude long endurance (UAV) VTOL (UAV)
mb/s Megabit per second WP Work-package
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Executive Summary

Oil spills have the potentialto threaten human health and safety, the integrity of the
environment and the viability of local economies, and the oil and gas industry has
responsibility to seek out and deployall available technologies to both minimise the risk
of spills, and to dealeffectively with them if and when they occur. In response to this,
OGPRIPIECA has funded an Oil Spill Respons€dOSR) Joint Industry Project (JIP) to

I DOEIi EOA OEA ET AOOOOUGO AAPAAEI EOEAO A& O
package 2 within thisJIP, and focuses on identifying capabilities and gaps associated
with surveillance monitoring from aircraft. It is complementary to a simihr report
assessing surveillance capabilities of satellite sensors and platforms for oil spill
response[l1]. Together, these reports cover remoteensing technologies and platforms
for oil spill response, and these are linked to recommendations from the American
Petroleum Institute (API) in their assessment of remote sensing for oil spill responga].

Key findings are as follows:

1 The number of platform and sensor providers is very large, and thaumber
identified through this report, particularly platform providers, is limited. A
directory of this information would be very useful to the industry.

9 Exerciseswould help considerably in supporting the development of effective
airborne surveillance capabilities for oil spill response for technology testing,
migration to operational capabilities, training, integration with the CoP, etc.

9 Effective oil spill responsebased onopportunistic availability of platfor ms (with
sensors) is not viable.

9 Given that oil spill surveillance using opportunistically available platforms and
sensors is not viable, lhere is a need to build surveillance cagbilities around
local jurisdictions and physical environmentsfor OSR

1 UAS are clearly going to be important platforms for OSR in the future, with the
market likely to expand rapidly in the next 5 yearsThe industry should ensure
that it is ready to exploit this technology effectively, which requires keeping a
close eye on developments over the next few years, both technical and
regulatory.

9 Standard sensor packages on standby for deployment are potentially very ugéf
but only if their deployment can be provided with necessary approvals in
advance (for example, export and imporcompliant, and approvals for sensor
mounts).

1 A technology road map would be useful to identify critical technologies that the
industry needs for effective oil spill responselmportant research topics include:
spectroscopy;full polarisation imaging radar; effective and practicaldeployment
of, andfusion of information from, multiple sensors and real time, or near real
time, data transmission.

9 Training is a critical part of effective airborne surveillance for OSR, particularly
as the complexity of sensors, and their greater use in combination (perhaps also
with multiple platf orms), becomes more frequent.

1 Experience from Deepwater Horizon and elsewhere has demonstrated that
processing of data can delay ingestion of the information into the CoPhe drive
to develop new sensors and data analysis techniques should not obscure the
strong requirement to enable information to be available rapidly for responders.

El



An Assessment of Surface Surveillance Capabilities for Oil Spill Response using Airborne Remote Sensing

PIL-4000-38-TR-1.1 4 11" May 2015

1

In order to achieve rapid processing and delivery timeson-platform processing
of data should be considered to reduce data volumes for remote delivery from
airborne platforms to decisionmakers, and airborne platform external
communications capabilitiesshould be considered centrato the effective use or
remote sensing.

It will be very important for airborne surveillance to be compatible with the CoP
in terms of products. There may be implications for products from some sensors
in terms of metadata, time stanping, positioning accuracy, codessymbology,
units, naming, delivery mechanisms and formats

Remote sensg creates large data sets, which require proper managemenbt
only for OSR itself, but for posevent analysis

Synergies between airborne and satellite derived information have to be
established and relevant case studies prepared.
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1. Introduction

Oil spills have the potential to threatenhuman health and safetythe integrity of the
environment and the viability of local economies, andhe oil and gas industry has a
responsibility to seek out and defoy, all available technologies to both minimise the
risk of spills, and to deal effectively with them if and wherhey occur.

The April 2010 Gulf of Mexico (Macondo) oil spill incident, and the Montara incident in
Australia which preceded it, have had fareaching consequences in prompting the re
examination by industry not only of operational aspects of offshore opations, but also

i £/ AT 1T PAOAOT 060 AAEI EOU O1 OAODPITA Eh OEA
response to his, the International Association of Oil and Gas Producers (OGP) formed
the Gldal Industry Response Grouptasked with identifying learning opportunities both

on causation and in respect of the response to the incideritineteen recommendations
were identified and these are being addressed via a thregear Joint Industry Project
(JIP) funded by sixteen oil industry members. The O#pill Response JIP (OSRP) has
initiated discreet projects or provides support to projects initiated by other trade
associations in the nineteen subject areas resulting from the OGP Oil Spill Response JIP
project. The OSRJIP is managed by IPIECA on bahof OGP in recognition of its long
standing experience withoil spill response matters.

Airborne surveillance is one such key technology which has been evolving idly in
recent years, with many more platforms, a greater varietyf sensors, and improving
operational capabilities.This documentprovides an assessment of the capabilities of the
technology for OSR identifies gaps, and providesfindings for enhanced use of the
technology by the industry. This work forms part of work-package 2 QAirborne
3 OO OAE lofl thel GGR foint industry project (JIP) ¢ S@face Surveillance and
4 OA A E E 1OSR estdblisbed to enhance industry practices in connection with oil
spills. The report covers both surveillance platforms and sensors.

2. Objectives

The objedives of the surface surveillance work are:

1 A review of intrinsic technical capabilities ofairborne sensors, incorporating
information from literature, workshop reports and direct from commercial
vendors;

1 An assessment of current and planned futureapabilities of sensors and relevant
platforms in terms of actual response to oil spills in different global locations, to
include timeliness of response

Identification of technology and surveillance gaps;

Suggestiors for follow-on activities, including research, technology developma
and improved infrastructures, to close gaps.

9 Coordination with work from the API and other JIP tasks.

AOA



An Assessment of Surface Surveillance Capabilities for Oil Spill Response using Airborne Remote Sensing

PIL-4000-38-TR-1.1 6 11" May 2015

3. Scope

This report focuses on surveillance capabilities adirborne platforms and sensors for oil
spill response, considering both intrinsic capabilities and practical, operational
capabilities. It is complementary to a similar report assessing surveillance capabilities of
satellite sensors for oil spill responsg1]. Together, these reports cover remote sensing
technologies and platforms for oil spill response.

These two reports are also complementary to the APl report on Remote Sensing in
Support of Oil Spill Respons§?]. The API reportprovides recommendationsin terms of
how remote sensing is integrated into the overall OSR activity; how to involve remote
sensing using a 5 step proas in terms of teaming, key individual roles and links to
specific applications within OSR, and how to select the most appropriate remote sensing
technologies and platforms via an assessment of their strengths and weakness€his
OGP report does not addrss issues related to teaming and application to the broader
OSR activity; instead, it focuses on some of the practical issues associated withorne
data availability. There is some overlap between the two reports in terms of providing
information on intrinsic sensor capabilities, but the results of the two assessments are
consistent.

The scope othis report can be described as follows:

1 Surveillance of oil spills from airborne remote sensingonly, with an emphasis on
commercial suppliers

1 Focus on effective selection of, and access to, remote sensing data rather than on
value-added analysis or downstream application of the data. For the latter,
OGP/IPIECA JIP 8 WP 5 @iS/Mapping and Common Operating PicturéCoP)is
relevant [3] as well as the work of the APJ2];

91 Detection and characterisation of oil spillsand not other parameters, excepfor
identifying these additional parameters when they are a potential byroduct of
data acquisition forOSR

1 Suveillance of dfshore and coastal domains land and polar domains are
addressedbriefly .

1 Sampling of the top 25 metres of theocean surface only (i.e. not covering
atmospheric or deep ocearsampling).

9 Consideration of technical and operational factors in relation tairborne data,
and not commercial factors.



An Assessment of Surface Surveillance Capabilities for Oil Spill Response using Airborne Remote Sensing

PIL-4000-38-TR-1.1 7 11" May 2015

4. Airborne Remote Sensing

4.1.0verview

Airborne remote sensinghas its genesis inthe late 19t century (using carrier pigeons
and balloons), but becane fully established with the development of manned flighearly
the following century. Basic photograply was supersededlater in the 20t century, with
the advent of digital techniques and exploitation of broader areas die electromagnetic
spectrum. Now, unmanned aerialsystems (UAS) are becoming available and could well
revolutionise airborne remote sensing for OSRbuilding on manned aircraft which have
provided the platform of choice for oil spill surveillance for many years

A key role of airborne remote sensing is in providing wider coverage observation of an
area than is available from in situ observationsyhile also offering greater flexibility in
terms of timing and coverage than is available from satellite observatiohsAirborne
remote sensingtherefore provides strong tactical support for oil spill surveillanceand
response operations but extends to both strategic surveillance in combination with
satellites, and close tactical support for smaller platformsKigure 1).

Figure 1. Schematic of the role of airborne remote sensing in OSR Satellites can
provide an effective synoptic overview of the spill and field of operations and
airborne assets can be used for targeted surveillance and tactical support.

Airborne remote sensing involves the use of instruments thaheasureproperties of the
Earth from within the atmosphere. The remote sensors on board these platforms cover a
wide range of electremagnetic wavelengths from short optical wavelengths (covering
visible and infrared) to long microwave wavelengthsThe human eyecan detect only the
visible portion of this spectrum, which representsa very small component Figure 2)
While data collected in the visible part of tle spectrum is intuitively interpretable to the
human eye, other parts of the spectrum offer great advantages, notably in terms of being
able to see through clouds (microwave) and beingensitive to absorption or refraction
by oil (IR, UV).

! Satellite observations tend to be clustered at particular times of the day.
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Figure 2. The electromagnetic spectrum, courtesy of NASA ([4]).
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There is an opportunity with remote sensing to use different parts of the
electromagnetic spectrum in a complementary fashionnpotably to counter sampling
limitations and to resolve false target (oil spill) alarms from more restricted sensing
Key spectral bands are identified below for both passive and active sensing.

As well as measuring
properties of the Earth at a
wide variety of wavelengths, :
sensors are also designed to b bassive passive
either active (transmitting and widallll B
receiving radiation) or passive
(receiving naturally
transmitted radiation). The
ability to sample both
naturally occurring radiation
and specially configured man
made radiation from across
the electromagnetic spectrum
is a key strength of remote
sensing technology Figure 3).

Source

Figure 3. Schematic illustration of passive and
active remote sensing.

A Polar Imaging
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4.2.Passive Sensing

Passive sensorscan collect electromagnetic radiation from across the spectrum, but
because they depend on natural processes, theare limitations in terms of diurnal
sampling (some need daylight),sensitivity to weather (primarily cloud cover, fog or
mist, which can absorb or distort the radiation) and effective spatial resolution (because
the radiation cannot be configured to enal# high resolution to be achieved through
signal processing and other techniques).

Visible (VIS)imaging involves the use of colour in detecting and characterising oil spills
and in the case of airborneobservations has historically involved trained observers, but
now also involves a range of sensors that can support more data intensive and analytical
assessment

Infrared (IR) extends from near IR (NIR) to short wave IR SWIR. In this part of the

spectrum, outside the range of detection of the human eyethere are absorption

wavelengths associated with hydrocarbons which can be useful for detection, and
potentially other characterisation, including ~1.20, ~1.72,~1.75, 2.37 and 3.3im. The

SWIR is able to be usedtough thin cloud, haze and fog

Thethermal infrared (TIR) part of the spectrumresponds toboth the temperature and
emissivity of the target. The emissivity is the efficiency with which incoming radiation is
emitted by an object, the reference being the idealised case of a black body, in which all
incoming radiation is emitted and none absorbedy the surface or objectThe thermal
properties of a surface can be observed during day or night, which is extremalhgeful

for atime critical application such as OSR.

Passive microwave radiometers (PMR) detectnaturally occurring microwave radiation
and are also sensitive to the emissivity properties of the surfacePassive microwave
radiometers can also be used during day or night, as in the case for TIR sensors, but in
the case of microwave sensors, there is less sensitivity to weather conditions.
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4.3.Active Sensing

Active sensors including radar andlaser, are able to observe the Earth during day or

night, having their ownsourceof energy forillumination . The energy source is able to be

configured to optimise sampling of the surface, focussing ¢henergy to achieve high

spatial resolution, for example, or to minimise atmospheric absorptionBecause of the

complexity of the technologythese sensorscome with their own challenges in terms of

data processing and interpretation. Coherent imaging seoss, for example, have
OOPAAEI A6 xEEAE EO A £ Oi 1T £ OAAEI T AOOEA 1T1TE
analysed at their full spatial resolution.

Laser is coherently transmitted optical radiation. The coherence refers to the control

over the radiation wavelength and phaseAlthough laser can be used during day or

night, it is impacted by atmospheric attenuation of the signal, for example in conditions

of fogorcloud, AOAO AAT AA OOAA ET A OAOEAOU T &£ xAUO
target surface for example by

1 measuring distance to the target (via time of flight of the signal) whicimay be
used to estimate surfaced 1 AOAOET T AT A ET OEEO Ai 1 £ZECOOAC
Over land, lidar may be used to assess vegetation canopy height and otbe
ocean, maybe used to penetratebelow the surface depending on specific
wavelength.

1 stimulating a fluorescent response in the targefrom UV radiation (excitation of
the target producing a unique spectral response distinct from the transmitted
signal, laser fluorescencg which is then detected and analysed to identify the
target;

I stimulating an acoustic responsein the target that can then be used to infer
properties of the target(laser acoustic3;

1 detecting absorption from compounds emitted from thesurfacethat can then be
used to identify the target(laser spectroscopy.

Radar also involves the transmission of coherent radiation but at microwave
frequencies, and issensitive to the roughness and dielectric properties of the surface
being imaged, the latter being strongly influenced, for example, by moisture content.
Radar can be used to measure distance to the surface, in vertically configured form, or
can be used ¢ generate images of the surface. Radars measure radiation at a range of
wavelengths which are sensitive to different scales of surface roughness (typically from
mm to decimetre scale), and somef the longer wavelengths areable to penetrate
vegetation or even dry ground Although radar sensors areuseful becausethey can
observe the surface during almost albtmospheric conditions, radars are particularly
complex to interpret because they are sensitive to very different surface conditions to
those ofoptical sensorsand the human eyeand so are far from intuitive to understand
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5. Application of Airborne Remote Sensing to OSR

Airborne remote sensing is an established technology for OSR, but there is much more
experience in the use of the technologfor OSRoffshore, than over land or ice. In this
section, the application of remote sensing to OSR is described in terms of how the
various sensors are used, in relation to offshore, onshore and icelated OSRThe API
has provided an overview of the advantages and disadvantages of many of these remote
sensing instruments[2].

5.1.Offshore Sensing of Oil Spills

The traditional method of surveillance for offshore OSR has been theuman observer,

on board an aircraft. The observer is skilled and able to make use of the impact of an oll
spill on the reflectivity of the water to detect an oil spill, but can also useolour to assist
with estimating oil thickness, where the thickness is less than about 5®n. Above this
thickness, he true colour of the oil is dominated by the absorption characteristics of the
oil and is insensitive to thickness, but below this, the colour is a fation of other optical
effects including sky reflectance. Thenodified Bonn Agreement[5] provides a guide to
the use of colour in estimatingoil thickness on sea water, as shown iRigure 4.

Figure 4. Bonn Agreement Oil Thickness guide (from [5]).

Code | Description / Appearance Layer thickness Litres per km?
interval (uUm)
1 Sheen (silvery/grey) 0.04 to0 0.30 40z 300
2 Rainbow 0.30to 5.0 300z 5000
3 Metallic 5.0 to 50 5000 z 50,000
4 Discontinuous true oil colour | 50 to 200 50,0007 200,000
5 Continuous true oil colour 200 to >200 200,000 to >200,000

The difference in reflectance between oil andvater is enhanced in the case of
shorter wavelengths and so detection may be improvedy filtering out any response
AAT OA madd by usind camerariented at the Brewster angle of water {.e. at an
incidence angle of 53°), in conjunction with a horizontal polarising filtef45].

With thicker oil, the visible spectrum is more sensitive to air bubble entrainment and
the oil to water emulsion ratio and interpretation of oil spill conditions increasingly
depends on the shape and texture of spill as evident in the imageAerial photo graphy
and video is able to record observations from the observers, and to extend similar
observations to unmanned aircraft.

At the ultraviolet (UV) end of the spectrum, the refractive index of oil is particularly

strong compared to water, and this has d&en exploited by UV cameras in order to

provide sensitivity to thin oil, down to less than 0.1t I  ET  O.BHBweti, hé&©

OAT 01 00 AOA ET OAT OEOGEOA 6T T EI OEEAEAO OEAI
At the other end of the optical spectrumthermal sensors and Forward Looking IR

sensors (FLIR) are able to exploit the fact that the oil absorbs more radiation than sea

water, and so has a lower emissivity and appears coolénan sea water at night (when

the temperature of the oil and sea water are the same). When there is incoming solar
radiation (during the day and shortly afterwards), the oil will have a higher
temperature than sea water in part because of its lower emisgty and heat capacity

AA
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Remote sensing achieves most value, in principle, when it involves the combination of
sensors operating at different parts of the electromagnetic pectrum. IR and UV
imagers can be used to estimate thicknesfrom as little as 0.01f | (UV)to >10¢ I (IR).
Multispectral sensors extend imagingacross the opticalpart of the spectrum In some
cases, these include the IR regiowhere there are anumber of absorption features for
oil that can be compared to open watefFigure 5). By sampling a range of frequency
bands, multispectralsensorscan be used to resolve false alarms and to extend sampling
(for example to dusk/dawn using SWIR). Hyperspectral sensors extend this concept
further, with enhanced spectral resolution recorded ina few hundreds ofchannels
across large parts of the optichspectrum, giving the sensors the ability taresolve the
unique spectral signatures associated witlspecific surface and atmospheric compounds
While this is associated with greater complexity and challenges involved in processing
of the data, particulary in an operational environment, it can be simplified by the
selection of the most sensitive spectral bands and associated derived products.

Figure 6. The AVIRIS hyperspectralinstrument was flown over the Gulf of Mexico
during the Deepwater Horizon oil spill in 20 10. The hyperspectral imagery is shown ¢
a stack behind the visible image of the Gulf coast, with two atmosphagorption bands
visible. Imagecourtesy JPL/NASA.

Microwave Radiometry (MWR) is capable of detecting and mapping oil layers
exceeding a thickness of a few tens of micronghey achieve this by detecting thempact

of the oil layer on upwelling emission from the ocean surface, which is absorbed more
by athicker layer of oil (oil has a higher emissivity than water in the microwave band).
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These devices are capable of mapping oil layer thickness in the range from 50 to 3,000

mm and are thus complementary to thin film thickness measurement technique3he

principle of MWR is similar to that of thermal imagingHowever, a thermal imagerdoes

TT60 O0AAS OEA OAA OO0 O AnéelR radibtiondstaBsoriedydd 1 AA 1T £ 7
water droplets of clouds.Furthermore, the thermal emission of seawater masured with

a MWR Scanner is dependentrotemperature and salinity, while the thermal imager

signal depends on temperature but is not sensitive to seawater salinity.

Laser is a particularly powerful technique for OSR, as it forms the basis for a numbédr o
sensors that exploit a range of properties of the interaction of coherent light with oil and
water. Laser fluorometers send short laser pulses (820 nanoseconds) towards the
water surface, typically at UV wavelengths 08.300-0.355 { m. The laser excites certain
compounds in the oil which are then detected in the return signal between abot400
and 0.650 { m, with peak response around).480 t m. The precise wavelengths at which
this excitation occurs can be indicative of the type of oflight oils tend to fluoresce at
blue wavelengths and heavy oils at green wavelengths), and many naturally occurring
materials (such as chlorophyll) excite at different wavelengths thus creating fewer false
alarms than many other types of sensors (e.g. aigst biogenic and mineral oils Figure
7). If timing information is recorded through range gating, it is possible both to exclude
direct laser backscatter from the ggnal, and to potentially distinguish surface and
subsurface oil.In systems with multiple excitation and response wavelengths, oil type,
condition and thickness (thin layers) can in principle be characterised.Laser
fluorometers are particularly important for offshore remote sensing of oil.

Figure 7. Fluorescence spectra
of different oil types upon

irradiation with UV light at b

0.308 mm wavelength, courtesy 7 Very Light Refined

EU SEOS projecthe curves show 2 *°F Diesel

the intensity of the fluorescenc § | Fianoil
versus the wavelength betwee = eof Very Light Crude
0.320 /7m (UV) ard 0.685/m (far  § | Medium Crude

red). The curves are normalised t § 40 Y

the same total (i.e., integrated over Z |

all  wavelengths) fluorescenct  , f

intensity in order to highlight the 3

shapeof the spectra. The absolut N/ -

fluorescence intensity of heavy oi %00 350 400 450 500 650 600 650 700
is much weaker than that of light —— e —
oils[8]. '

Laser fluorometry can also be used to estimate oil thickness via treubtle process of
Raman scattering, in which the UV radiation interacts with water molecules to create a
light emission that is a function of the vibrational frequency of the water molecules and
frequency of the incident radiation(Figure 8). The suppression of ths signal is related to
the thickness of the oil layel9] .

2 Assuming that the sensisrlocated above clouds; some platforms could be operated below the
clouds.
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Excitation wavelength: 270 nm

- Figure 8. Raman scattering
from sea water, courtesy EU
Raman SEOS project  Emission
scattering spectrum of a water sample
from the North Sea illuminated
with ultraviolet light at 0.270
mm wavelength. The narrow
ﬂu:rr:st:;r:me peak r_:lt 0.300 /m is Raman
yellow substance scattering of water molecules
fluorescence
Chlorophyll a Fluorescence of substances
fluorescence | water is spectrally much
broader|[8].

Emission spectrum of North Sea water

|

300 400 500 600 700
Emission wavelength / nm

Laser acoustic sensors can be used to estimate oil thickness by exciting an acoustic
response froma pulsedIR signal.The acoustic response is modulated by the thickness of
the oil, which in turn is transmitted into the reflected laser signal in the form of a

Doppler shift.

Radar are deployed asforward -looking and side-looking radar systems FLIRand SLAR
respectively), with real apertures and therefore relatively coarse spatial resolution, or
synthetic aperture radar (SAR systems that are able to use the motion of the platform
to generate high spatial resolution in the direction of the platform motion The
microwave radiation interacts with the small scale roughness on thecean surface
(wind generated capillary waves and short gravity waves) to generate backscatter. A
rougher surface generates more backscatter fdmaging radar sensors. Because the ail
tends to dampen short surface waves, less backscatter is returned to the radar sensor
than from open water and so oil tends to appear as dark areas in imagery also
containing open water.

Figure 9. Principle of radar

scattering from an oil spill vs.

open water, courtesy EU SEC
project. More backscatter is
returned to the aircraft from the
open water than from the oil spill,
because the latter dampens th
small scale surface roughness and
acts somewhat like a mirror to the
incoming radar[8].

SLAR
antenna

clean sea surface oil slick
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Table 2. Overview of the application of airborne sensors to offshore OSR.

Sensor types Application el
P bp Sampling Other constraints
Ready deployment for HSE constraints,
: . tiredness,
Human general reconnaissanc€oil . .
bservation mapping and other Interpretation
0 - differences, false
characteristics) .
Requires clear alarms
Recording human atmospheric
Photography observatlon.s; mapplng conQ|t|ons and
d vid coastal environments; pre daylight False alarms
and video and post-spill impact
assessments
UV sensors t?]?r:e;flon and mapping of False alarms
Integrated sensors that Enhanced

combine different sensing

sampling of ol

(F;?)‘:’iilgle configurations to enhance the | from combined
range of surface sampling sensors.Daylight Operational challenges
Multispectral conditions (e.g. night using only for VIS but in terms of availability,
. TIR), and compensate for extended to ; :
optical and limitati ; ; skilled operation and
imitations of single night and day by | ; i tation and
thermal configurations (e.g. thinand | use of TIR Idn ?rpre afion ,
thick oil sensing from UV and | Clear elivery times.
IR sensing repectively); atmospheric
reduced false alarms by use | conditions
of multiple sensors. required
Requires clear Not yet proven
Potential comprehensive atmospheric operationally (large
Hyperspectral | observation of oil (typeand conditions and data volumes and
thickness, perhaps condition) | generally complexity of
daylight. interpretation)
; Comprehensive observation .
g([;[tli\é:(eal Laser of oil (type an_d thickness) _ :t%qgéfﬁeﬂgar Limite(_j availability a_nd
lid fluorosensor sub-surface oil under certain conditions operational complexity.
(lidar) conditions '

Passive Microwave

Detecting andmapping of oil
in almost all atmospheric
conditions with non-extreme
metocean conditions,
including oil thickness.

Day and night,
through cloud,
fog and mist

Does not detect thin oil
<50mm; constraints on
surface oil detection in
high winds and sea
states.

Active

Microwave

(radar)

SAR and
SLAR

Detectingof oil (location and
extent).

Day and night,
through cloud,
fog and mist

Constraints on surface
oil detection in high
winds and seastates,
no proven method to
obtain information on
thickness or other
properties.
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5.2.0nshore OSR

The detection of oil onshore, and in rivers and estuaries, is a complex challenge for
airborne remote sensing.There are three areas in which remote sensingan help with
onshore oil spill response as follows:

9 Direct detection of oil spills.Detection of surface oil in the onshore environment
has historically relied on airborne sensors. In an emergency, only direct
detection methods are appropriate, includingsuch techniques asnultispectral
and laser fluorescence. Thermal imagery may also be useful for heat detection
associated with(for example) pipeline breaches or from the impact of spilled oil
on emissivity. Laser spectroscopy can be used to detect thepresence of
particular compounds in the atmosphere such asthane and methaneemitted
from oil, through differential absorption on two or more transmitted
frequencies. Hyperspectral sensors also have potential over land.Reflected
energy from oil, even wha mixed with soils, will respond to absorption features
that are an inherent property of oil. The background soils/materials help with
the detection of oilthrough absorption of the oil by the soils leaving a residue
that may bedetected forweeks or evenmonths by hyperspectral sensors.

9 Indirect detection of oil spills. At its simplest, it is possible to usenultispectral
imagery in an empirical fashion to be indicative of the presence of oil, or the
effects of oil, on the environmentln this case, timeseries of observations are
particularly valuable. If a release has been persistent for a period of weeks it
may also be detected from stressed vegetatiomn these cases, thenormalised
difference vegetation index NDVI may be useful, this being a simple
guantitative indicator of photosynthetic active biomass, whichexploits the fact
that chlorophyll causes considerable absorption of incoming red light, whereas a
plant's leaf structure creates considerable reflectance ithe NIR, leading to a
reduced NDVI value over time for degraded vegetatiarNDVI canalso exploit
radiation in the more specific wavelengthrange of0.69 nm to 0.74 mm, the so
called red edge part of the spectrum, for enhanced sensitivity to vegetation
degradation, and some sensorsasnple this region specifically forthis purpose.
Remote sensing can also be used to detect potential oil spill threats in the form
of third party encroachments (e.g. through the detection of vehiclesjrom
multispectral imaging.

1 Up-to-date information on local conditions to support OSR. Effective OSR
depends on the ability to access to an area (roads, landing sites, etc), the
availability and locations of facilities and buildings, environmental conditions
(land cover, the condition vegetation, coastal coiguration, etc.) and the
presence of any hazards that might interfere with OSR. Remote sensing can
provide information on all of these, typically frommultispectral imaging , and
in particular from very high resolution optical imagery.
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(0.50-0.08) (04-0.30) _
(0.50+0.08) 04+030)

Figure 10. Left: example of oil on land. Right: graphic giving an example of how
NDVI is impacted by vegetation degradation (courtesy ESA) NDVI = (NIR> VIS)/
(NIR + VIS)

Baseline imagery is particularly important for onshore oil spills in the form of an
archive of good quality baseline optical imagery in key areas, to support rapid
assessment of oil spills and local conditions from new imagery. This imagery would need
to be high spatial resolution, ideally with spectral frequencies that are sensitévto the
presence of oilor related conditions such as vegetation conditionthat can be directly
compared to postevent data.Digital elevation models (DEMSs) are also important for
effective use of remote sensing imagery onshore. A good quality DEBgether with
accurate surveyed ground control relative to a known coordinate reference systeiis
required for accurate geocoding of imagery to remove topographic distortions in the
data, which can lead to significant positioning errorsRemote sensing data can provide a
moderate quality DEM in many areas, where one does not already exigtgain, this can
form part of the requirement for good baseline imagery.

Onshore and coastal environments are often served well bylexible airborne
platforms including helicopters, because of the need for flexible and low level flight
planning (dealing with topography, coastal configurations angbipelines, for exampl@.

Onshore oil spill remote sensing remains an area that requires research to defineeth
best sensor configurations for detecon and monitoring of oil spills, although
multispectral and hyperspectral sensors appear to be the most viable to date.

A Polar Imaging
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5.3.0SR in low visibility and ice

The use of remote sensing foOSRin conditions of low visibility and ice is covered in a
separate JIP and so wilnot be covered in detail herelnstead, we summarise the main
results from that activity, in particular referring to [10].

In conditions of low visibility and ice, it is clear that passive optical sensors are more
restricted in their use. TIR sensors are less restricted as a result of their ability to be
used during night, butatmospheric conditions common in many areas such as fog and
low cloud (notably around the marginal ice zone of the Arctic) will impact on all optical
Sensors.

Active sensors have more robust applicability to these environmentsActive optical
sensors, sub as laser fluorometers, may be used where atmospheric conditions are
clear, but darkness prevails (for example, during the long polar night). Laser in
particular has potential in conditions of ice, where detection of oil has been proven, even
in pack ice Microwave sensors including PMR, SAR and SLAR have value for detecting
oil under the entire range of low visibility conditions and have some potential for
detecting oil in ice too,but [10] indicates that there will be significant ambiguity in their
interpretation. Ground penetrating radar (GPR}at a lower frequency (typically <1GHz)
has potential to detect oil under snow and ice because it penetrates effectivéhto snow )
AT A EAAnh O1F OEAO EOithai®inGiBldto thd el andtiad beenOT OOAA
demonstrated from a helicopter platformat least for penetration beneath snow11].

A key factor for detection of oil in ice lies in the ice concentration (percentage ice
coverage in open water) and in whether the oil is located on the sdee (or snow
covered sea ice) surface, or within or beneath the sea icin cases where the oil spill is
interspersedin ice that has & area concentration in open water of <30%, it is likely that
the spill will be detectable, albeit less easily, using similar methods to those described
for open water (although polar latitudes are very limited in terms of daylight for optical
sensing during winter months). When the ice concentration increases to between 30%
and 60%, the detection of the oil byairborne remote sensing becomes considerably
more challengingbecause of the ice floemasking or confusing the signature of the oil. If
the ice concentration is above 60%, then it becomes probable that the oil will be
entrained with the ice and will move in response to currents and winds, yielding fresh
oil the following spring. Because itmay be difficult to detect this oil, it may also be
difficult to track the oil, although it is possible to track ice in remote sensing imagery, if
it is known a priori to be contaminated with oil.

Figure 11. Left: example of oil in sea ice (source: USGS/Creative Commonk Right:
schematic showing the pathways of oil in sea ice (from [12]).

Sy

A Polar Imaging
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Remote sensing tends to sample the surface of sea ice, particularly saline sea ice, and so
any oil that is not present on the surface of the sea ice may not be detected by the
instrument. Even if the oil is between the ice floes, rather than underneath thent may

be difficult to detect, because the ice signature may overwhelm and complicate the oil
signature, particularly as sea ice takes a wide range of physical forms from very young,
thin and smooth nilas ice (<10cm thick) to multiyear ice which can beseveral metres
thick.

Although the challenges for use of remote sensing in low visibility and (especially) ice
conditions are daunting, it is clear that some sensors have significant promise, in
particular hyperspectral, laserbased sensors and microwave radiometers. Laser
fluorometers may detect oil even in pack ice conditionsHowever, significant research is
required to determine the practical and operational capabilities of these sensors.

Another key limitation to airborne detection of oil in ice is the frequent remoteness of
the oil spill site from major airfields and associated aircraft and facilities. vailability of
aircraft maintenance and refueling facilities must normally be within close enough
range to allow an aircraft to fly for at least1 to 2 hours over the affected site. if the oil
spill site is very remote, this can be a problem for airborne surveillance due to the
limited autonomy of aircraft, but alsofor reasons ofsafety (e.g. availability ofalternative
landing sites in case of emergacy). It is for reasons such as these thdte-prone areas
are strong candidates for the application ofJASplatforms and it is likely that the Arctic
in particular will be an early teding ground for this technology, althoughthis still
presents challengs asmany UAS platforms require an operational team on the ground
in fairly close proximity to the surveyed site
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6. Methodology

6.1.Overview

The source material for this assessmentf airborne remote sensing capabilities for OSR
includes the following:

1 Open literature which (a) reviews experiences from oil spills and (b) reviews or
assesses specific remote sensing technologies for O&Ry. se€q13], [14], [15],

[16], [6]).

1 A workshop held in Frascati, Italy, 1819 February 2013 ([17]), with
guestionnaires sent prior to the workshop. The workshop was sponsored by
IPIECA and hosted bythe European Space AgencyESA, and included both
invited presentations, vendor pitches and discussion sessions. The workshop
invited the participants to specify requirements for OSR and taentify current
capabilities and gaps, leading to a set éifidings.

1 Postworkshop questionnaires sent to commercialairborne platform (total of
139) and sensorsuppliers (43). The guestionnaire solicited vendorsuggestiors
on which sensors are appropriate for OSR, the capabilities of the sensamsd
platforms in terms of sampling and responsiveness, anduggestiors in terms of
configurations and processing.

6.2.Airborne Surveillance Analysis

The analysis ofairborne surveillance capabilitieshas been assessed with respect &ight
diverse sampleareas (igure 12). Thesesampleareas are entirely theoretical, involve no

oil release, and have been selected to cover proximity to oil and gas activity, a range of
scenarios from exploration to production and transportation, and wide geographic
coverage.

Figure 12. Eight test areas used for assessingOSRcapabilities (not linked to actual
oil spills) .
































































































































































































