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Unmanned Aircraft

DykeWeatherington author of the _
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military Unmanned Systems as being

missions thatwere:

- dull,
- dirty
- or dangerous

In oil, gas and mineral exploration and
production activities, there are
additional potential roles for UA:

- when they can get bettequality data

- where the low operating cost allows
them to be used on a routine basis.
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Unmanned Aircraft have already been used in Exploration & Production activities

Oil pipeline monitoring

Aeronautics Defence Systems provide pipelinesms
monitoring services in Angola to ;
ChevronTexaco under&4 millioncontract.

More recently, Aeronautics Defence Systems ;';
have provided a similar service in Nigeria.

Aerostar - Aeronautics Defence Systems, Israel

As well as operating several Aerosky vehicles on behalf
of the IDF, ADS is currently using its short-range Aerostar
UAV to provide protection and patrol services for
Chevron Texaco’s operations in Angola under a two-year
contract awarded last year and reportedly worth US$ 4
million. The Aerostar carries a payload of up 50 kg and
has an endurance of 14 hours. According to the
manufacturer, it logged more than 10,000 flight hours
from UAVSystemsTh&lobal Perspective 2005 fter being selected in 2002 to carry out routine security

by Blyenburgh & Cp™Missions for the Israel Defence Force.
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The problems with satellite imagery

Adit can take up to 14 days for thew Earth Orbisatellite to be over the area of
AYUOGSNBaG e

AdSatellite bandwidth is botlimited andexpensiveat the present timed ¢

AClouds can obscure part, or all, of the underlying terrain of interest.
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Imagery Date: Nov 16, 2003 40°40'04.19" N 46°42'01.25"E elev 160 m Eyealt 606m
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Aerial photography: the most popular civilian application of Unmann@dcraft

Photo taken with a
midsize Canon G10
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Magnetic field surveysa popular geophysical applicatioof Unmanned Aircraft
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Caesium beam magnetometerapunted at the wing tips, ashown below.
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MagSurveyPrionby MagsurveylLimited, fromhttp://www.magsurvey.co.uk/
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Universal Wing surveys completed in 2007 from Princeton, British Columbia

26 MAR 200% 10 APR 2007
1,600 line km (Alberta, Canada)

16 APR 200¢ 30 AUG 2007
>20,000 line km (Nunavut, Canada)

20 OCT 200@ 23 NOV 2007
>6,500 line km (Northwest Territories, Canada)

Quality magnetic field data

Unmanned Aircraft can fly at lower elevations and at slower speeds than manned fixed wing
aircraft and can deliver helicoptdike data quality at a fraction of the cost.

& 2 Bave integrated a lightweight high performanGesiunmagnetometer (model G23A),
combined with an ultresmall size CA201 Larmorcounter to provide high sensitivity
(0.004nTRtHzRMS) and low heading error 0.15nT oveB60Aequatorial and polar spins.
This facilitates high quality data acquisitiof

Superior resolution is provided by ti@esiunLarmora A Ay f A G K GKS 91 NI
rates exceeding thousands T over 0.1 second periods.
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Magnetic field surveys using unmanned aircraft by Univerdahg of Canada.
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Leveled and IGRF Corrected Data |
Kimberlites in NWT -
wa0es /T kane 12v UAV Airborme Magnetometer Survey |

Fromhttp:// www.universalwing.com/technology/unmanned
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Uninhabited Aerial Vehicle Project Group at Carleton University

At Carleton University we have an active project developing an integrated-migkion UAS.
The development started five years ago as one of the-fieal undergraduate projects at
M&AE on the 16 foot wingspan UAV with a take off weight of around 200 pounds.

In collaboration with an Ottawa geophysics company, Sander Geophysics Limited. The
objective is to develop a UAS for higdsolution magnetic survey§eoSuntl. SGL studies
have shown that a relatively small air vehicle would be highly competitive for such surveys
and, consequently, the company has been providing significakinchsupport to the
undergraduate project.

Four areas of critical technology were identified
with SGL in 2005 and research started in 2006:
1. Autonomous Operation

2. Obstacle Detection

3. LowCost Composite Airframes

4. Magnetic Signature Control.

SGL funding of these projects was leveraged by obtaining matching funds from the Ontario
Centres of Excellence Interact program, which provided initial gleom support.

Fromhttp://uav.mae.carleton.ca/
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ConocoPhillips experience...

From Christer Broman at ConocoPhillips

UA in oil, gas and mineral exploration 10



O | IOUEERE D | | (=

oy

Potential UAS Applications

lce Reconnaissance, Ice Measurements

Ice navigation Assistance for Icebreaking Ships
Surveys of Icebergs and Floating Ice

Surveys of Marine Mammals and Wildlife
Security information and Guard Duty

Geophysical Surveys for Oil and Gas

ConocoPhillips

Project Development

From Christer Broman at ConocoPhillips
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Potential UAS Applications

7. Inspection of Land based Oil and LNG tanks
8. Inspection of Flares and Flare Nozzles

9. Arial photography

10.Inspection of LNG carrier cargo tanks
11.Surveys and Inspection of Oil and Gas Lines

12.Metrological forecasting
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o ConocoPhillips
S Froject Development

From Christer Broman at ConocoPhillips
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What are the compelling capabilities of Unmanned Aircraft?

UAVs Today
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manned aircraft

UAVs can make observations beyond the reach of manned aircraft
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Unmanned Aircraft can fly when the electrical and magnetic noise levels are low

Diurnal variation: ldeal
AEM surveys midnight to
noon

Diurnal Variation of Lightning for Land vs. Ocean
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Local Hour

Unmanned Aircraft can fIy all night, night after night, at low levels (such as 50 fegt AGL

From a presentation by Jambkcnaeat SEG 2006
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Unmanned Aircraft can fly where pilots prefer not to go

As exploration activities move to the more hostile regions of the Earth, such as the Arctic
Ocean, and to more politically unstable areas, expect to see a growing use of Unmanned
Aircraft operating in areas where it would be irresponsible to expect pilots to fly:

C low level, night flights over the Arctic Ocean;

C flights over regions in which there is low level strife, where the larger manned survey

aircraft provide target practice and some excitement for the locals.
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Unmanned Aircraft collect higher resolution data

Being smaller and always flying using precision navigation, the Unmanned Aircraft can fly
Of 2aSNJ G2 (GKS 3INRPdzyR 0daiGA3IKG RNILISE0 YR

Improved spatial resolution

200m LINE SPACING!80m HEIGHT 30m LINE SPACING| 20m HEIGHT
Images courtesy Universal Tracking Systems Pty Ltd
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The advantages of using Unmanned Aircraft in E & P activities

C Unmanned Aircraftreate less of a disturbance to the parameters being measusadh

as the magnetic, or, gravitational field, since they are physically smaller than their manned
counterparts, and usually made from a larger fraction ofnogtallic materialsHowever, the
instruments are closer to sources of electrical noise on the aircraft

C Unmanned Aircraft cost less to operate per line ksince:
Aan Unmanned Aircraft operator can manage several UA at the same time;

Athe Unmanned Aircraft uses less than 20% of the fuel used by a manned aircraft

C Small Unmanned Aircraft are more environmentally frienddince they:
Arequire less materials to build and is easier to dispose of at the end of its life;

Ause less fuel and creates less pollution per km travelled:;
Amake less noise in flight;
C Unmanned Aircraft can routinely fly missions covering the same area, day after day,

night after night, to perform measurements for use in change detection and data averaging:
Adetecting a leak in an oil pipeline using differential thermal and$ARmaging.
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However, Unmanned Aircrafhiavenot yet seen widespread deployment...
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C UA do not have a protected aeronautical frequency band.

C UA are not sufficiently reliable. Almost all present day Unmanned Aircraft are single engine
experimental aircraft which do not have air worthiness certificates

C UA have not yet clocked up sufficient flight hours to provide data for a convincing safety
case, without which the National Aviation Authorities, such as the FAA, the CAA, and the like
gAft y20 AaadzsS 2F [/ SNIAFAOIOGS 2F ! dzGK2NAT |

C In the absence of sufficient flight hours, and a legally sound safety case, the insurance costs
are astronomical, and blow any business case out of the water. Insurance costs are inversely
related to flighthours, and one typically needs $ddllion of insurance cover.

C UA do not yet have detect and avoid systentio enable them to detect and avoid other
airborne objects, such as the farmer flying a Cessna in the Canadian autback

C Government security services need to be sure the Unmanned Aircraft cannot fall into the
hands of, or be used by, or be taken over in flight by, criminals or terrorists.
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It will take a few years before we see UA in widespread commercial applications...

C UA systems developers are getting their flight hours and experience in the military sector.
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Militia with AK47
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In pipeline monitoring work, we need to be able to identify objects.
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