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STATEMENT OF PROCEDURE
This procedure covers the requirements for performing on-stream repairs to leaking piping components such as flanges, pipe and pipe fittings, and valves.  In addition, the on-stream repairs for pipe flanges in this procedure can be used for vessel nozzle and girth flanges.  The on-stream repair of expansion joints is excluded and must be evaluated and engineered on an individual basis.

This procedure also covers the process of “killing” a valve that has internal leak by.

The contents of this procedure meet all requirements of the Ineos 20 Principles for Behavioral Safety and Process Safety Management as detailed in SOSO I-A-01.06, along with all requirements of IGGN OPS-SHE-03 and IGGN OPS-SHE-04.

REFERENCES
SOSO I-D-00.50 Stop Work Intervention

SOSO I-D-04.55 Work on Live High Pressure Systems

IGGN OPS-SHE-03 Clamp Recommendations

IGGN OPS-SHE-04 Work on Live High Pressure Systems

GENERAL REQUIREMENTS 

When a leak occurs in the plant, the On-Shift Manager initially considers shutting down and repairing conventionally or determines whether the leak can be stopped by bypassing or blocking in the line for a permanent repair.  If that fails, a temporary leak repair will need to be made using this procedure.

To control leaks in pressurized piping and piping components that are in service, on-stream repairs may be made.  All onstream repairs are considered temporary in nature.

No attempt will be made to install a clamp that may place personnel in harm’s way.

With the exception of packing leak repairs, all leak sealing devices will be removed and the appropriate actions taken to restore the original integrity of the component at the next opportunity (ie, plant turnaround, equipment shutdown).  Unplanned shutdowns are considered an opportunity.  Written Site Director approval will be needed to deviate from this philosophy.  Written approval will be documented in the Registry of Leak Repair Clamps.

The permanent removal of injection buttons installed on valve bonnets to repair packing leaks will be evaluated on a one-on-one basis.

Non-engineered leak repair devices (i.e. red rubber and silicone installed using hose clamps) may be used in all Category D fluid services, and may also be used in other services with prior written approval from the Site Engineering Authority.  Written approval will be documented in the Registry of Leak Repair Clamps.  At Green Lake, Category D fluids include utility water, potable water, cooling water supply and return plant air, and instrument air.

All other clamps will be engineered to meet the design criteria of the appropriate sections of the ASME Code in conjunction with the Ineos Nitriles Engineering Practice EP 5-11-3 “On Stream Leak Repair of Piping Components”.  When a specialty leak repair company is used, their design data sheets may be used provided that they meet the requirements of EP 5-11-3 and are approved by the Asset Integrity Engineer.

Any configuration not covered by the Code will be designed using sound engineering practices developed for the specific application and will be reviewed by the Site Engineering Authority.

The supplier must provide documentation to prove the sealing device is adequate for all non-standard applications.

Non-engineered devices and/or diverters may be installed until the engineered device is ready for installation.

WORK FLOW PROCESS

All steps of the following work flow process will be followed for the installation of both engineered and non-engineered leak repair clamps.  After hour emergencies will follow the provisions of the Maintenance Callout Procedures.

1. The Shift Manager assesses the nature of the leak and chooses an appropriate course of action.  If a diversion or a non-engineered clamp cannot be installed safely, and allowing the leak to continue is not an option, then a shutdown must be initiated.

2. The Shift Manager proceeds with the installation of a non-engineered clamp, or initiates a diversion or bypass, assuming that a shutdown is not required. 

3. The Shift Manager enters a maintenance notification and generates a marked-up P&ID showing the location of the leak, and indicates the steps taken in the Shift Log. 

4. The Shift Manager notifies the appropriate Asset (Process) Engineer and sends them the P&ID and the notification number. 

5. The Asset (Process) Engineer performs a risk assessment using the risk matrix in Appendix 1 to determine if a leak repair clamp should be utilized, or if a plant shutdown should be initiated.  The Asset (Process) Engineer will also advise if the non-engineered clamp can remain, or if an engineered clamp will be utilized.

6. The Asset (Process) Engineer will send the Asset Integrity Engineer the P&ID and completed risk assessment, along with their decision on the type of clamp to be utilized.

7. The Asset Integrity Engineer updates the Leak Repair Clamp Registry in accordance with the steps in Inspection Procedure 20-601 and assigns the leak repair clamp a unique identification number for tracking purposes, in the format of LRC-YY-XXX.   This identification number shall appear on all design and review documents and be included in the short text of all subsequent maintenance notifications and orders.  

8. The Asset Integrity Engineer compiles the design information for an engineered clamp (if necessary) and sends the information to the Maintenance Specialist.

9. The Maintenance Specialist contacts the Approved Certified Repair Contractor for clamp design and coordinates all activities with the Contractor.

10. The Approved Certified Repair Contractor takes the appropriate field measurements and designs the engineered leak repair clamp and submits the design package to the Maintenance Specialist.

11. The Maintenance Specialist reviews the design package for accuracy and submits it to the Asset Integrity Engineer for approval.

12. The Asset Integrity Engineer approves the design for installation and works with the Contractor for follow-up information if necessary.  Once approved, the Asset Integrity Engineer completes the “Temporary Repair Checklist” from Appendix 2, and notifies the Maintenance Specialist and Asset (Process) Engineer upon approval.

13. The Asset (Process) Engineer completes a Group Risk Assessment (SOSO I-A-05.10)  or the checklist from the “Work on Live High Pressure Systems” (SOSO I-D-04.55), if applicable.  Any design changes needed as a result of these reviews will be reported back to the Asset Integrity Engineer for approval. 

14. The Maintenance Specialist completes the procurement process to order the leak repair clamp materials and schedules the installation.  

15. The Asset (Process) Engineer and the Maintenance Specialist sends all reviews and documentation to the Asset Integrity Engineer for inclusion in the Leak Repair Clamp Registry.

16. The Asset Integrity Engineer files all information into the Leak Repair Clamp Registry and creates a metal tag for the new clamp.  The minimum information required on the tag is the leak repair clamp number and the date installed.  

17. The Asset Integrity Engineer delivers the tag for an engineered clamp to the Chief Inspector, or non-engineered clamp tags to the Shift Manager for installation.

18. Visual inspection of ALL installed clamps will be performed during the life of the clamp.

a. The Chief Inspector initiates visual inspections of each engineered clamp on a quarterly basis to ensure integrity.  These inspections will be documented in the Registry of Leak Repair Clamps and will be performed until the clamp is permanently removed.  The inspection schedule will be maintained in PCMS to ensure compliance.

b. The Shift Manager initiates daily visual inspections of the non-engineered leak repair clamps as part of an Operating Technician’s rounds on a daily basis to ensure integrity until an engineered clamp is installed or the leak has been repaired.  An ongoing list of non-engineered leak repair clamps will be maintained on the Shift Manager’s daily log. 
DRAWING AND DATA REQUIREMENTS

The Approved Certified Repair Contractor supplying and installing the leak repair clamp will provide drawings, design basis, calculations and material specifications for review and approval of the Asset Integrity Engineer.  This includes cross-sectional dimensional fabrication drawings showing materials, weld details, design pressure, design temperature, sealant requirements, total weight and any required supports.

In design areas not covered by Code, detailed calculations are to be provided showing component stresses and weld strengths for all possible modes of failure.

In the case of an emergency, submission of the above documentation may be delayed a maximum of three days after the installation of the device.  This does not relieve the Contractor from the requirement that the device be engineered and calculations made prior to installation of the device.

The Asset Integrity Engineer will retain and file the documentation.  Documentation shall include at least a minimum of the following information:

a. A marked up P&ID showing location of the leak

b. A risk assessment utilizing the SHE Matrix in Appendix 1

c. A photograph of the completed leak repair

d. All design documents from the Approved Certified Repair Contractor

e. The completed “Temporary Repair Checklist”

f. A copy of the Group Risk Assessment and Work on High Pressure Systems checklist (if applicable)

g. A copy of the maintenance order for the permanent repair

DESIGN CONSIDERATIONS
HYDRAULIC CONSIDERATIONS

Unbalanced hydraulic loads shall be calculated for all devices that traverse unequal diameters or enclose components that do not lie in a straight line.

The effects of unbalanced hydraulic loads on the leaking component will be included in the design and fabrication of the leak sealing device.

Maximum sealant injection pressure and volume will be determined to reduce the risk of damage to the leaking component and the sealing device.  Introduction of sealant into the process is not allowed in conjunction with a leak repair device.

MECHANICAL CONSIDERATIONS

Systems to prevent movement of the sealing device must be shown to be adequate for the load and be designed to minimize stresses imposed on pressure containing components.

When a leak is located in a piping circuit, the wall thickness upstream and downstream of the leak will be obtained to verify the integrity of the pipe and that sufficient wall thickness is present to accept the repair device.

If the integrity of a leaking component cannot be verified, the contractor shall include adequate design provisions of the leak sealing device to prevent catastrophic failure and hold the component together under maximum service pressure loads.  These repairs must be reviewed and pre-approved by the Asset Integrity Engineer.

The design of the sealing device reinforcement will be performed by the Approved Certified Repair Contractor and shall be located as not to produce more mechanical stress on the leaking component.

Wire wraps may be used on flange leaks in non-hazardous service.  Type 316 stainless steel wire shall be used.  The hoop stresses developed shall be calculated and shown to be strong enough to hold the maximum service pressure.

Identification tabs on orifice plates will not be removed without prior review and approval of the I&E Supervisor.

The total weight of a leak sealing device, full of sealant, will be calculated.  The contractor must determine that the leaking component can support the device or if additional support is required.

FABRICATION AND MATERIALS

Fabrication and materials shall be in accordance with ASME Section VIII Division 1, Section IX, and the applicable Green Lake Procedures.

Strength welds shall preferably be full penetration welds.  If fillet welds are used, their strength shall be calculated for all modes of failure.  Joint efficiencies no greater than specified in table UW-12 shall be used.

Stress relieving shall conform to the requirements of ASME Section VIII Division 1 when required.

Copper, its alloys, and aluminum are not permitted in the pressure containing or load bearing parts of any device with the exception of devices in Class D service where copper may be used as the seal material.

Stud bolting will conform to the appropriate Green Lake Line Class Specification of the component being clamped.

Enclosure materials shall be the same as the materials of the parent metal unless reviewed and approved by the Site Engineering Authority.  Internal corrosion allowance will be the same as given in the Line Class Specification.  No external corrosion allowance is required.

SEALANTS AND SEALANT INJECTION

Sealant injection pumps shall have a calibrated pressure gauge to indicate the discharge pressure of the pump.  The Contractor shall determine the maximum sealant injection pressure and volume and monitor the pressure to protect the device and the encapsulated component from damage due to over pressure during the injection process.  This information will be included in the overall design package, which is reviewed and approved by the Asset Integrity Engineer.

Sealants and packing material shall be selected by the contractor and must be reviewed for compatible with the process stream components by the Asset Integrity Engineer.

VALVE PACKING LEAKS

Valve packing shall not cure or otherwise solidify and shall remain compressible for the intended service life unless approved otherwise by the Site Engineering Authority.

The holes for packing injection shall be drilled and tapped into the packing box exercising care not to drill into the pressurized packing until the injection valve has been threaded into the blind tapped hole.  Drill stops shall be used to prevent inadvertent drilling into the pressurized areas.

All tapping of drilled injection holes shall be for NPT tapered pipe thread.  The minimum thread engagement must be specified.

NON-METALLIC COMPOSITE WRAPS

The wrapping of cylindrical components such as piping and vessel shell with composite systems such as carbon fiber/epoxy and glass/polyurethane is permissible and may be considered as a permanent repair by Code under certain conditions namely that the wall loss is external, that the wrap is stronger than the weakest system component and that the wrap is not in contact with the process.

Wrapping over an existing leak is forbidden.

Wrapping over internally corroded piping for structural integrity must have the approval of the Asset Integrity Engineer and with the understanding that the application is for short term use.  Additionally, the Manufacturer of the wrap and Contractor applying the wrap discourage this and will not warrant or guarantee the work.

The Contractor installing the wrap will provide hoop stress calculations proving the ultimate strength of the wrap for review and approval of the Asset Integrity Engineer.

APPENDIX 1

RISK ASSESSMENT MATRIX
	Leak Repair Clamp Risk Matrix

	Frequency
	

	≥1X10-1
	Ok
	Ok
	Consider additional mitigations
	Shut the process down
	Shut the process down
	Shut the process down

	Severity
	S6
	S5
	S4
	S3
	S2
	S1


	Severity Score
	Safety and Health
	Environment
	Asset

	S6 (Incidental)
	Workforce: Minor injury such as first aid.

AND

Public: One or more minor injuries such as a first aid.
	Impacts such as localized or short-term effects on habitat species or environmental media.
	Minimal damage. Negligible down time or asset loss. Costs < $100,00.

	S5 (Minor)
	Workforce: One or more injuries not severe.

OR

Public: One or more minor injuries such as a first aid.
	Impacts such as localized long-term degradation of sensitive habitat or widespread, short term impacts to habitat, species, or environmental media. 
	Some asset loss, damage, and/or downtime. Costs $100,000 to $1 Million.

	S4 (Moderate
	Workforce: One or more severe injuries including permanently disabling injuries.

OR

Public: One or more injuries not severe.
	Impacts such as localized but irreversible habitat loss or widespread, long term effects on habitat, species, or environmental media.
	Serious asset loss, damage to facility and/or downtime. Costs of $1 Million to $10 Million

	S3 (Major)
	Workforce: Single fatality.

OR

Public: One or more severe injuries including permanently disabling injuries.
	Impacts such as significant, widespread, and persistent changes in habitat, species, or environmental media (e.g., widespread habitat degradation).
	Major asset loss, damage to facility and/or downtime. Cost >$10 Million but < $100 million

	S2 (Severe)
	Workforce: Multiple fatalities (2-10).

OR

Public: Single fatality
	Impacts such as persistent reduction in ecosystem function on a landscape scale or significant disruption of a sensitive species.
	Severe asset loss or damage to facility significant downtime, with appreciable economic impact. Cost >$100 Million but <$500 million.

	S1 (Catastrophic)
	Workforce: Multiple fatalities (11 or more)

OR

Public: Multiple fatalities (2 or more)
	Loss of a significant portion of a valued species or loss of effective ecosystem function on a landscape scale.
	Total destruction or damage. Potential for permanent loss of production. Costs >$500 million.


APPENDIX 2

COMPLETION OF THE TEMPORARY REPAIR CHECKLIST

The completion of the Temporary Repair Checklist will be performed by the Asset Integrity Engineer according to the following guidelines from IGGN SHE-OPS-05.  A sample checklist is included in this appendix, but the fillable Excel form can be found in G:\Inspection\Repair Clamp Information\Temporary Repair Checklist.xls.  Each numbered item below corresponds with the numbered item on the checklist.

1. Any ongoing degradation mechanism is understood and accommodated for within the design of the repair.

2. Full understanding of all operating conditions the repair is to be exposed to.

3. Axial load and Hoop Stress is assessed and designed for, allowing for pipe failure pressure in addition to resin injection pressure.

4. Ongoing deterioration of the original equipment and its impact on the design, e.g. for repairs associated with cracks, additional caution should be taken to ensure crack propagation cannot continue and undermine the repair. If elimination of crack propagation within the component cannot be ensured, the clamp design shall ensure sealing areas are well outside the likely propagation points. The design shall consider the worst case assumptions in all cases. The design should allow for crack propagation rates in line with the duration of the expected installation. If propagation rate or extent of the crack cannot be determined a defined life repair is not appropriate. If applicable, the clamp’s design shall incorporate strong-backs to prevent possible separation movement of the system which could result in a loss of containment.

5. Condition of existing bolting if covered by the repair e.g. external corrosion, corrosion from product medium.

6. Different operational conditions of the enclosed equipment e.g. high tensile bolting exposed to caustic salts from boiler feed water

7. Understand the exact material properties of the original equipment with confirmation by material certification and or testing, including all components impacted by the repair.
8. Compatibility of the repair materials of construction or injection compounds with the process fluid needs to be confirmed as acceptable by the competent design company or engineer.

9. Resin or fibre degradation to chemical composition of the fluid or sunlight.

10. Fire protection of all component elements in comparison to original materials of equipment.

11. Additional weight for existing equipment and requirement for additional supports and any loss of flexibility that may cause.

12. Stress raisers on the original equipment.

13. Load carrying capability of the repair, for the expected equipment loading under all operational, shutdown and start up conditions.

14. The repair is required to bond to the original equipment at some point, it is essential that the condition of this sealing part is of an appropriate surface finish to enable the repair to bond effectively. 

15. Understand the operating conditions that the repair will be made under and look to reduce flows, pressure, temperature and or change composition of the fluid. E.g. introduce nitrogen into a hydrocarbon system to reduce the flammability for the duration of the repair.

16. Understand the environmental conditions that the repair will be made under and look to provide a protected habitat as required for rain, wind, temperature, humidity as required for the repair. This should be with due consideration of the potential of a confined space work.

17. Ability for reinjection and controls thereof. Any reinjection shall require the original repair to be reconsidered and recorded as a subsequent repair and record the number of reinjections. Each new reinjection assessment shall record the understanding of the root cause of the requirement for reinjection to be established. This shall be used to confirm if the assumptions made in the original design are still valid. Unless specifically designed for in the original repair and specified within that assessment the maximum number of reinjections shall be limited to no more than 3.

18. Consideration given to injection compounds or other materials such as swarf or original jointing material entering the process flow and the potential for downstream impact, or for the deformation of the original equipment wall with impact on process flow or degradation mechanism. 

a. Perimeter seal designs maybe preferred if the process streams which could be impacted the sealant enters the process stream as it is injected. For example which could plug downstream control valves, critical temperature pressure or temp instrumentation, etc. 

b. Void filled clamps maybe preferred for systems where there is no potential for sealant to enter the process when injected initially at installation or when re-injection of sealant is required, which can be a frequent occurrence with these types of clamp designs.

19. Consideration of injection pressures in relation to design of item being repaired.

20. Consideration of the ability to inspect the item that has been repaired and the re-engineered repair item.
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IGGN  OPS SHE 03

Equipment Reference

Operating Duty Design Pressure Max Min

Design Temperature Max Min

Operating Pressure Max Min

Operating  Temperature Max Min

Process Fluids

Likely Contaminants

Materials of Construction Shell/Wall

Fixtures and 

Fittings

Components

Linings

Design Life Required

Design Codes

Repair Considerations

1 Y/N Arrested/Ongoing

2 Y/N

3 Axial

4 Y/N

5 Y/N If so specify

6 Y/N If so specify

7 Y/N/NA

Are they relevant  to 

the degradtion 

mechanism

8 Y/N/NA

9 Y/N

10 Y/N

11 Y/N

12 Y/N

Have they been 

accounted for within 

the design

13 Y/N/NA If so specify

14 Y/N Surface funish required

15 Y/N Specify

16 Y/N Specify

17 Y/N/NA Max Number

18 Y/N/NA

19 Y/N/NA

Has consideration to repair materials entering the process 

stream and consequences considered

Is injection pressure compatible with strength of equipment to 

external presure

Are there any stress raisers in the original design or the repair 

Are there any other loads to be considered during start up,shut 

down, surge consideration, thermal expansion etc….

Are the sealing surface appropriate for the sppecified repair

Have the operating conditions to undertake the reapir been 

specified

Does the repair site require protection from the environment to 

facilitate the repair

Are there any limits to the number injection



Will any ongoing degradation be accommodated within the 

design intent of the repair

Confirm Loads for assessment Axial/Hoop

Are there additional issues associated with the external or 

internal condition of the equipment that could be affected by 

the repair  

External materials exposed to process fluids/contaminants

Are the original materials confirmed by analysis

Is repair material and injection fluid comaptible with process 

fluids and contaminants

Are there any particular degradation mechanisms of the repair 

that require an inspection plan

Is the repair required to be fire safe

Has support of additional load from the repair been accounted 

for in the system design. 



Why is composite wrap, Clamp or other repair required

Is the defect limited to this area or are there other similar locations 

requiring assessment at this time

List Damage Mechanism(s)



Hoop



Degradation Mechanism Understood

Operating Conditions Specified above

Why can equipment not be shutdown or bypassed to allow 

traditional repair


APPENDIX 3
PROCESS FLOW FOR LEAK REPAIR CLAMP INSTALLATION

A flowchart showing the steps of the Work Flow Process can be found at G:\INSPECTION\REPAIR CLAMP INFORMATION\Leak Repair Clamp Process Flow Mapping.xls.  

END OF PROCEDURE
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