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 Background
 Scope
 DNVGL-RP-F113 Subsea Pipeline Repair provides guidelines and acceptance criteria related to design, qualification, fabrication and testing of pipeline repair tools and equipment. The RP is intended to be used as a supplement to the DNVGL-ST-F101 Submarine Pipeline Systems
 History
 First issued as DNV-RP-F104 “Mechanical Pipeline Couplings”, 1999
 DNV-RP-F113 “Pipeline Subsea Repair”, 2007
 DNVGL-RP-F113 “Pipeline Subsea Repair”, 2016 (in publication) –based on JIP
 Definition from DNV-OS-F101
 Pipeline repair are mainly rectifying actions to maintain compliance with requirements related to structural integrity and / or pressure containment of the pipeline.
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 Overview of scope of DNVGL-RP-F113
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 Main changes from DNV-RP-F113 2007 revision SECTION 1 General
 Repair in context of total integrity management system added
 Update of damage/failure statistics
 Scope and application extended to address repair process, repair and preparedness strategy, and lifecycle management
 SECTION 2 Basic philosophy
 Updated and extended
 SECTION 3 Pipeline repair activities - added
 Pipeline repair process, damage assessment and selection of repair method added
 Ancillary equipment, Surface preparation
 Preparedness strategy
 SECTION 4 Pipeline design basis
 Lined and clad pipeline added
 Dimensional tolerances and residual ovality guidelines, installation and reeling, added
 Sour service added
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 Main changes from DNV-RP-F113 2007 revision (Continued) SECTION 5 Pipeline exposures
 Design bending moment – added
 Safety factor moved to section 6 (Design)
 SECTION 6 - Design
 Material selection documentation added
 Expanded table for load conditions
 Included safety factors for axial capacity and plug loads
 Safety factors; safety factor on fatigue harmonize with latest version of DNVGL-ST-F101 (2013)
 SECTION 8 Isolation plug guidelines - added
 SECTION 9 Hot tapping guidelines – added
 SECTION 10 Above water tie-in guidelines - added
 SECTION 11 – Welding
 WPS (Location for mechanical sampling added)
 SECTION 12 – Testing (moved from [C.1]), test requirements added
 SECTION 13 – Life cycle management - added
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 Main changes from DNV-RP-F113 2007 revision (Continued) New Appendices:
 Appendix A – Illustration and clarification - code breaks and design factors
 Appendix D – Stress analyses for fillet welds
 Appendix E – Burst resistance, welding on pipeline in operation
 Appendix F – Calculation example, SLS and ULS for couplings
 Appendix G – Pipeline risk assessment and failure statistics
 Appendix H – Guidelines - longevity of polymer seals
 Appendix I - Recommended Practice on fatigue strength of pipes with ring marks in the base material
 6
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 Pipelines in Operation – Integrity Management
 7
 Without compromising integrity and safety
 Continuous cost-efficient operation
 - DNV-RP-F116
 DNV-RP-F113
 `
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 Main Cost Saving Contributors - Pipeline Repair
 8
 Reduce probability of failures – IM system
 However; failures do occur…
 Preparedness strategy
 Root cause and damage assessment
 Need to repair? Selection of optimal repair method
 – Repair without shut-down possible?
 – Clamp
 – Hot tap - By-pass
 Commissioning of repair
 Documented acceptable safety level
 DNV-RP-F116
 DNVGL-RP-F113
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 Preparedness and Repair strategy Why:
 Repair time and potential downtime depend on preparedness!
 – Repair procedures for potential scenarios
 – Availability of vessels, spares, repair tools and equipment (long lead items)
 Optimal and possible repair method depends on type of failure and damage location (water depth, pipeline curvature, seabed profile, soil, environmental conditions etc.)
 A preparedness repair strategy typically includes:
 Risk assessment, identifying potential hazards and failure modes per relevant section of pipe
 Optimal repair method for each failure mode, per section of pipe
 Determine and establish the tool- and spare part philosophy;
 – Purchase on demand, or
 – Store and preserve - locally, or
 – At external location (repair pool, at vendors etc.)
 Vessel – contracted availability within given time, or “arrange when needed”
 9
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 Example - Repair Strategy
 10
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 Pipelines - “Cost Versus Time”
 11
 time
 new building operation
 “cost”
 repair / intervention
 downtime inspection
 Extend life
 Reduce downtime
 Optimise inspections
 Avoid repairs / interventions
 Robust design
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 Pipeline Failure Statistics
 12
 North Sea Gulf of Mexico
 DNVGL-RP-F116 Appendix A reports that most of the reported pipeline damages are caused by corrosion.
 85% and 45% of the corrosion problems in the Gulf of Mexico and the North Sea respectively, are related to internal corrosion.
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 Main Subsea Pipeline Repair Methods Cut out and Replace damaged pipe section – shut-down required (i.e. by
 welding or by repair couplings)
 Local repair; Install Repair clamp (as structural reinforcement, and/ or to seal pinhole leak) - in general do not require shut-down
 Hot Tapping – connection a branch pipeline connection to an existing pipeline without shut down.
 13
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 Main Subsea Pipeline Repair Methods Cut out and Replace damaged pipe section – shut-down required (i.e. by welding
 or by repair couplings)
 Local repair; Install Repair clamp (as structural reinforcement, and/ or to seal pinhole leak) - in general do not require shut-down
 Hot Tapping – connection a branch pipeline connection to an existing pipeline without shut down.
 14
 Flaw - Leak Temporary leak clamp
 Permanent stand-off repair clamp
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 Main Subsea Pipeline Repair Methods Cut out and Replace damaged pipe section – shut-down required (i.e. by welding
 or by repair couplings)
 Local repair; Install Repair clamp (as structural reinforcement, and/ or to seal pinhole leak) - in general do not require shut-down
 Hot Tapping – connection a branch pipeline connection to an existing pipeline without shut down.
 15

Page 16
						

DNV GL © 2016
 For internal use only
 02 November 2016
 Repair Equipment
 This Recommended Practice (RP) applies to fittings used for repair and tie-in of submarine, including:
 Pipeline repair clamps
 Pipeline repair couplings
 Isolation plugs
 Hot tapping
 Welding
 16
 Welded split sleeve repair clamp
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 Fittings General Failure Modes
 Fail to install on the pipe
 Activation causes damage to the pipe
 Fail to seal (leak)
 Fail to lock
 Material failure
 17
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 Fittings Main Load Conditions Load Type Conditions, Parameters
 Internal and external pressure Pipeline and repair fitting design and test conditions. Seal test pressure. Maximum seal diameters.
 Bending moment Pipeline capacity specified or limiting loads
 Tension, Compression Pipeline capacity specified or limiting loads
 Torque Pipeline capacity specified or limiting loads
 Bending fatigue Pipeline capacity at the butt weld specified or specified number of bending cycles related to bending moment
 Thermal Loads Maximum and minimum related to the above capacities and limits. Cyclic temperature load effects. The seal pressure contribution from thermal expansion of the seal at maximum temperature should not yield the pipe nor the seal grove material (i.e. potentially causing reduced seal pressure and leak at shut-in).
 18
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 Fittings Main Load Conditions
 Load Type Conditions, Parameters
 Installation Maximum forces limitations for interaction with the pipe and on coupling internals
 Seal contact pressure Upper bound values shall be used to evaluate stresses in pipeline and fitting. Lower bound values shall be used to evaluate margin to leakage.
 Bolt preload Upper bound values shall be used to evaluate stresses in pipeline and fitting. Lower bound values shall be used to evaluate separation and leakage.
 Gripping force/pressure Upper bound values shall be used to evaluate stresses in pipeline and fitting. Lower bound values shall be used to evaluate margin to slippage/separation.
 19
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 Structural Capacity
 20
 Structural design based on the standards listed DNVGL-ST-F101 or other recognized pressure vessel standards. Generally limit state design covering:
 – Protection against plastic collapse
 – Protection against local failure
 – Protection against collapse from buckling
 – Protection against failure from cycling loading.
 For pipeline repair fittings, often only the protection against plastic collapse and local failure limit states are relevant, but this shall be assessed case-by-case.
 If the standard used in the design of a fitting does not take into account forces other than the internal pressure, additional evaluations, e.g. FE analyses according to recognized pressure vessel standard are required in order to address the specified design loads that can be transferred to the fitting from the connecting pipeline sections under installation, test and operation.
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 Fitting Gripping Capacity
 21
 The gripping capacity shall be qualified by a combination of calculations and tests.
 The locking principles can be divided into two main groups:
 1) mechanical attachment between the pipe wall and fitting,
 2) fillet welds between a sleeve and the pipe.
 Furthermore, the main mechanical fitting attachment methods are based on the following two principles:
 1) external compression of pipe
 2) internal expansion of pipe
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 Fitting Sealing Capacity
 22
 The main sealing principles for mechanical couplings:
 – Pre-compressed soft seals
 – Metal ribs or corners of grooves in the sleeve (Metal seal)
 – Seal Welds
 Typical failure modes:
 – Extrusion.
 – Stability of seal material/ composite.
 – Anomalies in pipeline surface (e.g. grooves, welds)
 Main design and test criteria of the sealing performance:
 – No visible leakage allowed for the required temperature and pressure range through the full service life of the repair fitting.
 – Allowable eccentricity and out-of-roundness tolerances shall be considered.
 – Limitations related to out-of-roundness should be specified (e.g. due to local corrosion and / or longitudinal seam weld)
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 Installation Misalignments/Loads
 23
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 DNV GL Main Services for Pipeline Repair Systems
 24
 Service Deliverable Design verification Case-by-case design verification:
 Design verification report /DNV-OS-F101 & RP-F113 Statement of compliance Statement of conformity (non-DNV GL standards)
 Type Approval certificate
 Design verification covering a range of sizes: Type Approval Certificate
 Product Certificate Following up the manufacturing process, to certify that the product is compliant with the design premises: Product Certificate
 Technology Certificate
 Manage and/ or verify Technology Qualification process according to DNV-RP-A203 Technology Certification: Technology Certificate
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 Typical work flow – and DNV GL related products
 25 25
 Integrity and functional requirements and criteria
 Design
 Component / System
 Corrosion protection system Interfaces Material selection Maintenance /
 Repair Calculations
 (load and resistance)
 Involvement given to ITP
 Approved fabrication procedures
 Witness reports
 Product Certificate
 VerCom
 DVR – Design Verific. Report
 Type Approval Certificate
 DNV GL Services / deliverables:
 Technology qualification:
 - Statement of feasibility
 - Endorsement of TQ plan
 - Technology certificate
 DNV GL standards: New technology:
 Manufacturing Procedures
 (Weld, NDT, forging)
 Material specification
 Test procedures & reports/
 Quality control
 Material Certificates
 Design reports
 Drawings
 Phases: Design, Manufacturing, Testing - covering: • Transport, Installation, SIT, Commissioning, In-service
 Qualification programme
 Manufacturers documentation:
 Design Manufacturing
 Tests
 FMECA report
 Design basis
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