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Inherently Reliable Facilities Overview 

Monitoring, Inspection & 
Assessment 

Development and application of novel 
monitoring, inspection and 
assessment tools, e.g. using digital 
radiography to enable BPXA to meet 
DOT requirements 

Development of models including a 
mechanistic CO2 model & 
enhanced erosion assessment 
tools, as used on high volume wells 
such as bpTT Mahogany 

Corrosion Management Material Selection & 
Performance 

Defining and extending materials 
performance, including high strength 
casing, used on Rhum, and X-100 
pipeline grade to enable economic 
gas transportation 

Key Technology Themes: 

Three Objectives: 
•  Protect BP’s privilege to operate 
•  Deliver the recovery of >1 bn bbls of additional NP reserves through the 

extension of facility life & ability to handle fluids effectively 
•  Create ~$1.5 billion NPV in Capex and Opex reduction 

Maintenance & 
Reliability 

Developing and delivering 
enhanced maintenance and 
reliability technology, including 
Windrock compressor monitoring 
tools 

Information Management & 
Visualisation 

Technology options for the remote 
gathering, assessment and 
visualisation of IM and reliability 
data, enabling Field of the Future 
and a potential step change in 
proactive IM and Reliability. 

Defining and 
extending the 
performance of 
corrosion 
control and 
mitigation 
options 
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Work area 

Surveillance 

Aerial surveillance ROW management ROW monitoring Direct leak  
detection  

Process monitoring  
leak detection 

Monitoring 
o   Encroachment 
o   Third party intrusion 
o   Ground movement 
o   Leak detection 

Platform 
o   Fixed wing 
o   Helicopter 
o   Satellite 
o   UAV 

External relationship 
o   One-call-systems 
o   Public awareness 
o   Public relationships 

Pipeline marking 
o   Marker posts 
o   Buried marker tapes 

Pipeline protection 

Corridor maintenance 
o   Ground remediation 
o   Vegetation control 

Monitoring 
o   Encroachment 
o   Third party intrusion 
o   Ground movement 

Methods 
o   Fibre optic cable 
     (e.g. Integriti) 
o   Acoustic systems 
    (e.g. Threatscan) 
o   CCTV 

Patrols 
o   Walk 
o   Vehicle 
o   Horseback 

Methods 
o   Fibre optics    
    (Thermal & acoustics) 
o   Acoustic  
    (e.g. Smart ball) 
o   Sampling 
    (e.g. LEOS) 
o   Chemical sensing 
o   Spectroscopic    
    sensing   
o   Thermal imaging 
o   Vegetation stress 
o   Olfaction 
o   Additives to aid   
    detection 

Simple model based 
systems 
o   PPA 
o   Line section mass  
    or volume balance  
    systems 
    (e.g. Atmospipe) 

Real time transient  
    models 

Rarefaction wave  
    detection 

Pressure decline 

Prevent Detect 
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BP 
Pipelines 

NA 

BP 
North 
Sea 

2009 scope 

Surveillance 

Aerial surveillance ROW management ROW monitoring Direct leak  
detection  

Process monitoring  
leak detection 

PRCI RAM 

Assessment of industry capability & development of comprehensive data base 

BTC Fibre Optic  
Pilot Project  

Use of pipeline  
simulations  

to assess LDS 

Public and light industrial areas 
(CCTV & local proximity detection) 

GERG TPI  
Monitoring 

BP leak detection  
user group 

Hand held  
hydrocarbon  

detection 

EU IntegRisk 
(FPS field trial) 

Rarefaction  
wave detection  

field trial  

BTC 
Turkey Discrete Intruder  

Detection System 

BP 
Oman 

BP FPS 



Aerial Surveillance 
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Advanced aerial automated monitoring 
technology 

•  Principal means of pipeline surveillance 

•  To monitor ROW for the following: 
−  Threats due to machinery and other activities 

−  Changes due to encroachment, ground movement, etc 

−  Leaks 

•  Development of automated sensor and recognition systems for use 
on unmanned aircraft, fixed wing and satellite 

•  History of BP involvement in aerial and satellite surveillance 
technology activities 

•  Two major joint industry technology projects underway  
−  PRCI RAM ~ Sensing equipment development (BP involvement) 

−  EU IntegRisk ~ Sensing equipment and UAV trials   
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Leak Detection Trials 

Field trials for gas leak detection 

Number of proprietary systems 

Platform 
−  Aerial: Helicopter vs. Fixed Wing Aircraft 

−  Vehicle 

−  Ground 

Environment 
−  Wind Speed, Wind Direction 

−  Vegetation, Crops 

−  Precipitation, Snow Cover 

−  Temperature 

Pipeline operations 
−  Pressures 

−  Temperatures 

−  Soil Conditions 

Criteria: 
−  Probability of detection 

−  Accuracy – false calls 
−  Real time reporting 

−  Cost per mile 
−  Operational safety 
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Aerial & Remote Leak Detection 



L1 

Airborne leak detection 
− Airborne Lidar Pipeline 
Inspection System (ALPIS)  

Leak Surveys Inc. - IR Camera 

− “The HAWK” 
System 
− Gas Leak Imaging  
on Video 
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Aerial Leak Detection - Field Trials 

Found leak: hole in pipe section 

Infrared camera image of leak area 

Infrared camera image of leak area (photo
 negative) 

Gas plume
 visible in
 infrared light 

Gas plume
 visible in
 infrared light 
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Ground Leak Detection 

•  Remote Methane Leak Detection (RMLD) 
−  On the ground hand held portable laser system 

−  Detect up to 100 feet away 

−  Distances the field personnel away from gas leak 
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Technology project history 

EU PRESENSE 

EU INTEG-RISK 
PRCI RAM Project 

(PRCI Right of Way  
Automated Monitoring  

Project) 

PRCI & C-CORE - Evaluation of  
digital image acquisition  

and processing technologies for  
ground movement monitoring 

 in pipeline operation 

GTI & C-CORE –Encroachment  
monitoring via Earth  

Observation Data 

GTI & C-CORE – Automated  
detection of encroachment  

events using satellite remote  
sensing 

2000 
TransCanada 
Simonette River  
Crossing, Alberta 

2000 
TransCanada 
Whitecourt, Alberta 

2002 
San Diego Gas  
& Electric 
California 

2002 
BP & 17 other European  
organisations  
Advantica main contractor 
Funded by BP PCR & OPT Projects 

Transfer of  
reports & data 

Current projects 

Satellite  
Surveillance JIP 

2000 
BP, UK H&SE & 5 operators 
APA main contractor 
Funded by BP PCR Project 

EU PIPEMON 

2006 
European Space 
Agency 

Ground movement Intrusion Leak detection 



13 

Automate Detection, Identification, Processing and  
Communication                  
•   Machinery intrusions along ROW and under canopy 
•   Leaks along ROW and under canopy  
•   Changes along ROW and under canopy 

Project Objective 
•   Identify, validate and advance automated  
   monitoring technology.  

•   Implement near term solutions on  
   manned aircraft with a long term view to   
   satellite and unmanned surveillance.     

Enhance aerial surveillance of the ROW through a suite of cost
-effective sensors and technologies to prevent infrastructure
 damage.   

PRCI RAM Project Vision 
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Project 
Maturity 

Schedule / Time line 

2009 
Tasks:  
•  Requirements Development 
•  Trade Studies 
•  Gap Assessments 
•  Preliminary Algorithm development 
•  Candidate Instrument survey and

 evaluations 
•  System Architecture framing 
•  Refine  algorithms to optimize speed 
•  Enhance detection capabilities 
Milestones: 
•  Requirements Definition 
•  Instrument down selection 
•  Assessment of prototype data system

 performance 
•  Assessment of algorithm performance 
Products: 
•  Program Plan 
•  Baseline requirements 
•  Phase II Development Plan for

 Technologies 
•  Trade Study and Gap Assessment

 Recommendations 
•  Draft System Architecture 

2010 
Tasks:  
•  Implement Draft Sys Architecture 
•  Test down selected technologies &

 sensors 
•  Validate prototype data processing 
•  Validate Threat Detection Algorithms

 against specified threats 
•  Algorithm improvements 
Milestones: 
•  Simulated System Architecture testing 
•  Tests & Simulations 
•  Validation test of data processing

 system 
•  Proof of Concept Test 
Products: 
•  System Architecture Operations

 Evaluation & Gap Assessment 
•  Report on technologies & Sensor

 Performance accounts requirements 
•  Test plan for system level testing 
•  Validated threat detection algorithms                             

2012+ 
Tasks: 
•  Sub Scale testing of threat/leak &

 change detect technologies 
•  Integrated representative sensor,

 platforms and data system 
•  Assessments of system architecture

 deployment in realistic mission
 environment  

Milestones: 
•  System level test 
•  Test evaluations 
•  End user interface testing 
Products: 
•  System level Test Report  
•  Data Set evaluations 
•  End user evaluation of interface

 suitability for operational deployment 

Phase I: 
Design & Development           

Phase III: 
Commercialization           

Phase II: 
Test Validation           

PRCI RAM Phase Approach 
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Sensor technologies 

Optical sensors 
−  Thermography     Intrusion 

−  High resolution imaging sensors    Intrusion &  
     Ground  

−  Hyperspectral sensors      Leak 

Radar 
−  Imaging radar (Synthetic Aperture Radar)   Intrusion 

−  Interferometric SAR     Ground 

Light detection and ranging (LIDAR)   Ground 

Differential absorption LIDAR (DIAL)   Leak   
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RAM Progress 

GAP analysis of sensor technologies 

Leak detection 
−  Underground leak detection automation project  

−  Studying algorithms that automatically  analyses hyperspectral imagery for 
vegetation affected by a gas leak 

−  Successfully discriminated leak induced plant stress caused by a leak from other 
plant stresses due to trampling, equipment, etc. 

Pipeline threat 
−  Flight testing of a digital camera mounted on a BP Cessna aircraft 

−  Addressing motion/vibration blur and over-exposure with improved images 

−  Threat detection algorithms applied to new imagery 

−  Low rate of false negatives but too many false positives 

−  Development continues 
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EU IntegRisk  

 EU funded project called EU 7th Framework Programme project IntegRisk - 
Early Recognition, Monitoring and Integrated Management of Emerging, New 
Technology Related Risks.   

 In EU speak,  
 INTEG-RISK is a large scale integrating project aimed at improving the management of emerging risks, 
relating to new technologies in European industry.  This will be achieved by building new management 
paradigm for emerging risks as a set of principles supported by a common language, agreed tools & methods, 
and Key Performance Indicators, all integrated into a single framework.  The project aim is to reduce time-to-
market for the lead market EU technologies and promote safety, security, environmental friendliness and 
social responsibility as a trademark of the EU technologies.  The project will improve early recognition and 
monitoring of emerging risks, seek to avoid accidents caused by them  and decrease reaction times if major 
accidents involving emerging risks happen. 

 European Gas Research Group (GERG) has a minor role as disseminator of final 
data 

 Suez GDF and Enagas have direct participation in project.  Preferred to PRCI 
RAM Project by Suez GdF. 



18 

IntegRisk – Pipeline Scope 

 Automated surveillance of a pipeline ROW for TPI.  The objective is to 
provide an industrial system for deployment by drones (UAV) with automated 
image processing to identify threats.  Intention is to trial systems using UAV 
in 2009 and 2011. 
The expectations are: 
−  Reliable flight, no missed images 

−  Good resolution and accurate geo-referencing 

−  Automated image processing (limited human checking) 

−  Extensive operational validation (Suez GdF, France & Enagas - Spain) 

Reach a satisfactory level of acceptance for industrial operation: 
−  Accepted by European Civil Aviation Authorities 

−  Check on regulatory and standardisation framework 

−  Check on acceptability to general public 

 Uses visible and IR cameras with automated image processing 
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Challenges 

•  Good potential for enhancement of surveillance from PRCI RAM and EU 
IntegRisk projects 

•  Reduced risk from manned flights by reducing personnel or using drones 

•  Seek opportunities to use sensing technologies across BP as they become 
available 

•  Investigate the challenges to use of drones in the UK 

•  BP is directly involved in the PRCI RAM project and is seeking a more direct 
involvement in the EU IntegRisk project 

What are the permitting and approval processes for use of 
unmanned drones in the UK? 

What operational advantages would there be from using 
unmanned drones? 


