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Outline

• Legislative and Regulatory Processes around Drilling
• Assessment of DeepU Processes
• Considerations of Environmental Impacts at drill sites
• How the conventional drilling regulatory system compares with 

innovative drilling technologies 
• Recommendations for Technology development
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Legislation, Regulation & Standards

Aspects Considered:
• What is unique or novel about DeepU from the perspective of a regulator? 
• What are the fundamental EHS risk management principles that will frame how a 

regulator will view the technology? 
• What are representative examples of existing regulatory processes and at what point in 

the process could there be a misfit of DeepU technologies and the requirements?
• What would be the requirements if the technology was deployed? 
• What are the consequences for project delivery in a real-world scenario that may need to 

be mitigated?
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Legislation, Regulation & Standards
DeepU Critical 

Elements
• Technology deployment and standards 

compliance challenges

Legislation & 
Regulation 
Principles

• Determine High Level Compliance 
Challenges

Existing Market 
Example

• EU regulatory and legislative 
overview on deep Drilling

Deep U 
Recommendations
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Legislation, Regulation & Standards

DeepU Challenges:

• Use of an industrial laser in an uncontrolled and/or changing operational environment.

• Cryogenic fluid as part of the drilling process gas to flush cuttings out of the wellbore

• Deep drilling (>4km) and maintain hole integrity over the life-time of the project with 
limited casing or external material applied to the wellbore wall

• Integration of new technologies with established exploration and formation evaluation 
practises, existing drilling equipment, practises and skill sets to ensure widespread 
deployment in a commercial manner.
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Legislation, Regulation & Standards
• Fundamentals of Drilling Legislation and Regulation
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Legislation, Regulation & Standards

• Health & Safety elements with respect to Deep Drilling Legislation, 
Regulation & Standards
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Legislation, Regulation & Standards

• Hierarchy of Controls in Process Safety Management
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Legislation, Regulation & Standards
• Analysis of Several Jurisdictions in Europe as examples of the licensing 

system:

• Ireland
• Italy
• France
• Germany
• The Netherlands
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Legislation, Regulation & Standards

• Generalised Summary of 
the main licensing process

• Yellow dots highlight topics 
for DeepU technology 
requirement
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EHS Evaluation
• 3 Main tools Used to Complete EHS Evaluation

FMEA Roadmap EHS 
Assessment
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EHS Evaluation – FMEA Structure
• Failure Mode & Effects Analysis (FMEA) Workflow:

• Assesses the project technologies and processes
• Identifies potential failures and causes
• Proposes Process Changes and Recommendations to avoid failures

Process

• Potential 
Failure

• Mode

Failure

• Cause
• Effect

Actions

• Mitigation
• Responsibility
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Completed Roadmap
• 44 processes assessed in the FMEA:

• Drilling Process Components
• Cryogenic Gas System
• Laser Operation
• Formation Interaction
• Completions

• Development of a Technology Roadmap
• Mapping out technology challenges to 

be addressed during the project and in 
future technology developments 

Recommendations
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EHS Indicators for Conventional 
Drilling

Source: HSE, 2006
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Deep Drilling Regulations

Operational 
Health & 
Safety

Environmental 
Protection

Recommendations for DeepU Drilling
DeepU Drilling
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Laser System 
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Process 
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Cryogenic 
System Ops 
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Particle 
Collection 

System Process

Emissions to Air

Process Safety 
Management

Incident 
Management

Safety 
Management 

System
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System OHS
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Development Recommendations
• Laser System

• Fail safe operations procedures for industrial laser usage on a drill site – safety management system

• Nitrogen System
• Operational procedure for use & storage – safety management system
• Separation from cuttings & Emissions

• Drill String
• Drilling Depth Governed by Material and Connection specification 
• Certification/Standardisation- DNV, Lloyds, API, IADC, ISO

• Electrical Infrastructure & Total Power Supply
• Lithologies & Borehole Completion

• Well Control Measures & Borehole Breakout
• Multi-method approach to ensure Environmental compliance & Final geothermal well structure
• Decommissioning requirements
• Measurement, Monitoring and Verification (MMV)
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Thank you for you attention

• Ric Pasquali & Kevin Mallin

rpasquali@geoservsolutions.com 
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