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	COMAH
	Control Of Major Accident Hazards
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	United Kingdom Accreditation Service
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	American Society Of Engineers
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	Management Of Change

	VDU
	Vacuum Distillation Unit
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	SWS
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	PFD
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	P&ID
	Piping And Instrumentation Diagram

	CTEMS
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	Ultrasonic Thickness Measurement

	NDT
	Non-Destructive Testing

	OSS
	Out Of Service

	Turnaround
	Term Used To Describe a Maintenance Shutdown or Outage

	ETQ
	Engineering Technical Query

	RWT
	Remaining Wall thickness

	LPO
	Loss Prevention Observation

	RTS
	Returned to Service

	LTA
	Local Thin Area

	RTS
	Remaining Strength Factor

	SME
	Subject Matter Expert

	CTP
	Critical Thickness Profile

	MAWP
	Max Allowable Working Pressure

	CSA
	Cross Sectional Area

	PPM
	Parts Per Million

	RMC
	Risk Management Committee

	GA
	General Arrangement

	LPS
	Loss Prevention System

	NLI
	Near Loss Investigation

	SMART
	Smart Measureable Achievable Realistic Time Bound

	UWTSD
	University Wales Trinity Saint David’s

	RAMS
	Risk Assessed Method Statement
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8. Introduction

Opened in the mid nineteen sixties, employing over one thousand people, Pembroke oil refinery is still a thriving successful plant and one of very few left still operational in the UK. Run by the San Antonio Texas based Valero Energy Ltd, the refinery turns either light or heavy raw crude feedstocks into more saleable transportation fuels. Producing sixty percent gasoline, the plant is one of the largest and most complex refineries in Western Europe and Its recent success and continued operation is mainly down to its excellent investment in people throughout each of its departments both locally and corporately. Profit margins vary due to economics but are generally small so throughput has to be maintained at a high rate at the plant and unplanned shutdowns are to be avoided. Whereas the previous owners of the refinery, Chevron Oil have both upstream and downstream assets, Valero do not and they are only in the business of refining oil and not extraction or expedition. This forces Valero to pay great attention to its efficiency in processing crude oil into fuels. Unplanned downtime directly effects profit and the company have even gone as far in the past as closing unreliable plants. Within the Pembroke refinery there are several departments, these are as follows;

Human Resources
· HR Team
· Public Relations and Community Team
Operations 
· 01-Refining
· 02- Blending and Shipping
· 03- Cracking and Olefins
Centralised Maintenance
· Rotating Equipment
· Fixed Equipment
· Instrumentation and Electrical
· Civil Support Services
Procurement
· Warehousing
· Contracts
· Purchasing Team 
Safety
· Safety Team
· Environmental and Industrial Hygienist
· Fire Department
· Quality Control Laboratory
Technical Department
· Engineering 
· Inspection
Each department plays a major part in the day to day running of the plant and if one element were missing the plant would struggle to maintain its high level of efficiency
As seen in the above, the operations section is split up into three teams, complex one, two and three. These effectively are three different businesses within the refinery, it can also be seen that maintenance is a central service of which in this department the author takes up the role of refining integrity coordinator. Central maintenance is something that was implemented in 2012 as has proven as nothing but a success due labour resources working on site priorities and not the area priority. This has minimised unnecessary overtime and disruption to other planned work by moving resources to reactive breakdowns. The plant has over twenty processing plants and each are interconnected in some way. Taking a unit offline in isolation usually results in some form of production rate cut on other units and this is avoided if possible.  
Due to the nature of the processes that takes place the plant is highly regulated. The site is a top-tier COMAH site, this is due to the substances consumed and produced and the potential severity of an accident or incident if one were to occur (Hse.gov.uk, 2018) give a general statement of the upper tier, as taking all necessary measures to prevent major accidents involving dangerous substances and limit the consequences to people and the environment of any major accidents which do occur. The refinery also operates under licence from several other regulatory bodies and without these in place the business would close.
Process safety and the environment are the highest priority therefore; correct practices, codes and standards are mandatory at Pembroke across every department whether it be the health and safety at work act or the UOP operating guidelines of a particular process unit. The regulations must be followed or penalties maybe sanctioned on the plant and potentially the worst case the plant may be forced to shut down temporally or even close. This report plans to study the maintenance of the refinery in more detail and the applicable codes it must follow. In order to run each process unit safely the inspection department play a major role in assessing piping and pressure vessels and issuing recommendations where necessary. The department is one of the most highly regulated on site and must inspect all equipment to API 510 and 570 standards whilst complying with UKAS ISO/IEC 17020. Dependant on its findings any work scope generated from inspection is then actioned by the complex manager and fixed equipment engineer. These actions often require a cross functional team to implement the best possible outcome with regards to safe running of the plant and to the business. The work taking place at this stage is of particular interest as this author as an integrity coordinator plans to look in more detail the most effective way of repairing a certain piece of equipment. When an inspection advice note (IAN) is issued to the business unit, the complex manager is to respond with what action is to be taken and assign a due date. Examples of this would include; shutting the equipment down immediately for repair, installing a temporary repair or carrying out further assessment to prove safe operation of the plant. All of which would be done in accordance of ASME-PCC2 which is the standard in place at the refinery regarding asset integrity repair and maintenance. This code does not give a specific repair method but offers different options that can be implemented. This will be assessed in great detail throughout the report and this code is not to be deviated from unless a formal risk assessment is to be completed and management of change (MOC) be logged.
When an IAN is issued time is of the essence as there is potential of shutting the plant down to action a repair. This will then more than likely result in a loss of production or other cost to the business, something that Valero want to avoid. Repairs need to be efficient if the business is to succeed but there is a bigger picture and strategy to later be discussed of inspecting more frequently and putting provisions better in place with regards to inspection of pressure containing equipment. This area needs to be examined further so that some sound recommendations can be made, it will be more than likely that due to repair options given within ASME recommendations that there will be choices to be made. When investigating any repair options solid justification must be in place before pursuing any such like repair. Process safety and reliability will be key to decision making when it comes to a repair and best options are to be always assed. 
[bookmark: _Toc511229742]9. Problem Statement

During a scheduled routine inspection of  a 32m section of vertical pipeline 01-WP-3017-8” within the refining complex’s vacuum distillation unit (01-VDU),  EXTERNAL corrosion has been identified and the line has been found to be below 3mm which is Pembroke’s minimum pipe thickness (PMPT) . The recognised failure mechanism/mode is recorded as, breakdown of surface coating leading to external corrosion. A total of sixteen locations have been found below 3mm (PMPT) and have led to a new IAN (0X6976) being issued to the business unit. The action to be taken calls for repair or replacement of the line in accordance with TEC/SPI/109. The document also advises that there are a further twelve locations that cannot be assessed due to severe pustular corrosion and that the current inspection method is deemed inconclusive with the line in its current state.

The line runs from top to bottom of the unit’s sour water stripper tower and is part of the equipment that facilitates removal of harmful ammonia and hydrogen sulphide (H2S) from process water. Some of the locations documented on the IAN state a thickness of below 2.0mm, this is of particular concern and is to be addressed with immediate action. Process safety is the highest priority at the plant and this IAN must be mitigated as an urgent priority.

The goal of this project is to reach the most effective outcome of continuing safe plant operation. The next planned outage for the equipment would be either 2020 or 2023 dependant on current economics so taking the equipment OOS now would be an unplanned event.  There are a number of ways in which this can be achieved and this author who is in the position of integrity coordinator plans to investigate these possible options.
Finally once safe unit operation has been achieved it is this author’s intention to investigate whether or not any learnings can come from this. This investigation will take place using the sites root cause analysis (RCA) 5-whys tool. 

Problem Statement;

‘Define the best possible method conforming to ASME-PCC2 for continued safe plant and unit operation’. 


[bookmark: _Toc511229743]10. Research and Literature Review

[bookmark: _Toc511229744]10.1 VDU operation
 
The Vacuum Distillation Unit (VDU) shown in appendix A, is also referred to as Unit (01), is located within the refining complex and first came online whilst under Texaco ownership in 1982.
The purpose of the VDU is to separate atmospheric residue into individual fractions of diesel, light vacuum gasoil (LVGO) and heavy vacuum gasoil (HVGO) and vacuum residue.
(Valero, 2018) Describes as distillation under vacuum is used to reduce the heat and hence energy input necessary to retrieve the high value products from boiling atmospheric residue. This results in decreased fuel gas and hence energy costs.  If distilling atmospheric residue at atmospheric pressure the required temperature would be in the order of 500°C at which point most hydrocarbons would thermally crack. Through the reduction of pressure, the fractionation can be achieved with heater outlet temperatures in the region of 425°C.
This gives a general overview of how the whole unit operates this however is not of direct interest owing to the fact the equipment to be discussed is not part of the hydrocarbon processing system. The sour water system and its tower although located within the VDU carries out a separate task of removing unwanted substances from process water. This is achieved by using steam to remove unwanted components turning them into gas to be burnt as off-gas in the VDU unit’s two furnaces. This equipment is known as a sour water stripper (SWS) system
[image: ]
[bookmark: _Toc511229791]Figure 1 Location of 01-VDU within Refinery

[bookmark: _Toc511229745]10.2 Description of Sour Water Stripper System

Sour water is water that has been in direct contact with a hydrocarbon stream. This water contains Hydrogen Sulphide (H2S), Ammonia (NH3) and a small amount of hydrocarbon. The SWS is designed to reduce the concentration of these unwanted substances before the water is sent to the Waste Water Treatment Plant (WWTP). The H2S and NH3 are stripped through use of steam from the top of the SWS column 01-F-302 as acid gas. These then flow to the SWS acid gas knock out pot (01-F-305) to remove any entrained liquid. From 01-F-305 it is sent to 01-H-101/201 furnaces to be burned. 
(Do, Oil and Center, 2018) also state that this can also be sent to a refineries sulphur plant for further treatment to allow for an emissions compliant incineration.
VDU Sour water is primarily formed in vacuum distillation column overhead system. Additional sources are sent to the SWS from, other process units and also from the blending and shipping complex tanks 20-D-52 and 20-D-53. The system is capable of processing 50m3/hr of sour water and this operation happens continuously every twenty four hours and process the sour water from all three business complexes. 
[image: ]
[bookmark: _Toc511229792]Figure 2 Overview of Pembroke Refinery Sour Water Stripper

The process flow diagram (PFD) as seen in (figure 2) shows SWS feed for this instance is 44m3/hr which is close to max rate for the system. The system currently here is also processing sour water from each complex. The SWS is an integrated system for the whole refinery and to take the equipment out of service would require careful planning. Without this equipment available, hazardous liquids would have to be put to store in tanks and be processed raw by the sites WWTP. Hydrogen Sulphide is an extremely harmful substance which in low concentrations up to 100ppm has an odour of rotten eggs, above this human senses become numbed and this level becomes fatal, levels above 500ppm will result in sudden death if exposed to for just short duration. Appendix B highlights the dangers of H2S and gives guidelines of this.
The 32m section of line with new IAN issued 01-WP-3017-8” runs from the oil coalescer to the top of the SWS with reflux water. The principle of this is to further remove any H2S still entrained in the process water. This can be found on P&ID 01-AA-523 on the highlighted part in appendix C (a) and a general overview can be found in appendix C (b) 
[bookmark: _Toc511229746]10.3 Initial Assessment of 01-WP-3017-8”

With the present hazard taken into consideration action is immediately required to mitigate this risk. The IAN has confirmed this line is below PMPT and 3mm min RWT. Work needs to be done to understand all of the facts presented in IAN 0X6976 shown in appendix D. The first action to be taken is using the Pembroke risk matrix (figure 3) to understand what the current level of risk is in order to categorise the priority of this IAN being progressed quicker than others. From this authors experience the consequence of failure of a line in this service is high due to it containing dangerous levels of potently fatal H2S. Before progressing to calculating the hazard of the thinned sections of line some analysis is to take place to establish the minimum required thickness for pressure containment Tmin.

Valero Energy are an American company and adopt their own process of ‘commitment to excellence management system’ (CTEMS) this enforces all of its sites across the world to adopt the American standards such as ASME and API. These codes are also accepted by UK inspection board and the UK Health and Safety Executive (HSE). Directed by CTEMS section 5.0 the Pembroke site uses ASME B31.3 for assessment of pipework and pressure vessels, this is shown in appendix E. (Process piping, 2011) shows that under section 304.1.2 the formula of calculating t-min in straight pipe under internal pressure is as follows; 
[image: ]
· Where;
· Tmin= Minimum thickness
· P= Internal design pressure
· D= Outside diameter of pipe as listed in tables or as measured
· S= Stress value from table shown in appendix F (a)
· E= Quality factor from table shown in appendix F (b)
· W= Weld Joint strength reduction factor as shown in appendix G (a)
· Y= Coefficient from appendix G (b) where t= <D/6 and for materials shown. For t= >D/6 use;
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This formula can be used to establish minimum remaining wall thickness for 01-WP-3017-8” to understand whether or not the line is capable to withstand internal design pressure. To use this formula the unknown values must be found and are tabulated below. 
	Tmin= ?
	This is the unknown in the equation

	P=13.97Kg cm2 g (1.37MPa)
	Max design pressure stated in on IAN. ASME B31.3 specifies use of design pressure not max operating when calculating minimum thickness

	D= 219.1mm (0.2191m)
	Taken from pipe spec PJ164 shown in appendix H (a)/(b)

	S= 20 KSI (137.9 N/mm2
	Taken from table show in appendix F (a) Note that 20 KSI used due to max design temperature of 1490C

	E=1
	Taken from appendix F (b) for seamless pipe

	W=1
	No welded joints therefore a valve of 1

	Y=0.4
	Taken from table in appendix G (b) as t= D/6


All of the above design conditions as stated on the front cover of the IAN are verified and can be used in the above formula to show t-min, this formula relates back to thin cylinder theory where hoop stress is σh =  . All units have be converted into Si units.

TMin=   

TMin= 1.0861 x 10-3 M

Therefore it can be said for 01-WP-3017-8”,  that using the above formula as per design code ASME B31.3, minimum thickness required for pressure containment based on the design conditions stated on the front cover of the IAN is 1.08mm.

With Tmin now established it can be seen that location 12 has a remaining wall thickness (0.5mm) which is below what has been calculated for pressure containment. This poses as a significant risk and can be risk assessed using the Pembroke matrix;

[image: ]
[bookmark: _Toc511229793]Figure 3 Pembroke risk ranking matrix

Using this matrix the following could be said for continuing to operate the line with location 12of 0.5mm RWT in its current condition.
Consequence Safety/Environment (III) x Likelihood (E) = Level 2 (Unacceptable risk must be reduced). There is also an element of business risk owing to the fact if the line were to fail completely and the unit would have to be shut down there would be a loss of profit opportunity due to the downtime. This will be investigated further in the relevant section. 

After using the formula and risk matrix it is clear that immediate action is to be taken. For locations above Tmin further assessment will be required but action is not required as urgent priority. 


[bookmark: _Toc511229747]10.4 Further Investigation and Research

This author acknowledges the fact that this is a bespoke problem and further reading is only available in the form of applicable codes such as;

· Valero CTEMS section 5.0
· ASME PCC-2 Repair of pressure equipment
· ASME B31.3-2010 Code for process piping
· API 570 Piping inspection code
· API 579-2016 Fitness-for-service

These must not be deviated from without a formal risk assessment conducted by the senior staff engineer. Other reading or educational material can only be used to build knowledge around the subject matter in order to find the best solution for the IAN.
The IAN states that there are a further 12 locations that have not been inspected due to excessive pustular corrosion and scale found. The current inspection method to take piping thickness readings are ultrasonic thickness measurement (USTM). This form of non-destructive testing (NDT) involves a hand held device that measures soundwaves by the time it takes for the soundwave signal to bounce back indicating the material thickness, very effective on good material but inconclusive for heavy corrosion. Not knowing these remaining thicknesses due to heavy scabbing on the line presents a potential similar hazard to that of location 12. It would not be best practice to remove the scabbing while the line is pressured up in case a leak were to develop from the process of mechanical descaling. The scabbing shown in (figure 4) can however be inspected with an alternative means of NDT.  

[image: ]
[bookmark: _Toc511229794]Figure 4 showing scabbing to 01-WP-3017-8"
Radiography can be used to assess RWT. This is not the routine approach to scheduled pipe inspection due to the resource required to carry out the work. This work is also classed as a hazardous activity due to radiation present from the X-rays. When carrying out this work a thirty meter perimeter has to be cordoned off to allow for the radiation. This will stop any maintenance work nearby for the duration of the NDT work.
The area inspection engineer completes this work with the in-house NDT contractor. (Figure 5) shows two rad shots taken of blisters found at locations 27 and 28 these show remaining wall thickness above Tmin and in location 28 above PMPT. From the radiography taken it is shown that location 33 has the least RWT of 2.2mm, the thickest was found to be virtually nominal thickness of approximately 8mm. From this information it has become apparent that the unknown areas of the line pose no greater risk than that of location 12. 

[image: ]
[bookmark: _Toc511229795]Figure 5 Radiography carried out at locations 27/28 showing remaining wall under pipe blisters
With all required information now established this report can now progress to making decisions on how to mitigate the IAN. Knowing immediate action is required for location 12 and further work required for the twenty seven other locations there are options to discuss in order to achieve safe continued operation on the VDU. These options must consider safety and environment before cost and will use that methodology to make some key decisions. A cross functional team is set up decide on a logical approach to solving the problem and making recommendations. This team is as per organogram shown in (figure 6). Some informative information provided by the author of this report as pre-read before a formal meeting of the below group takes places would be to quantify the cost associated to an unplanned shutdown of the equipment if the line where to fail. 
To approach this the author in the role of the integrity coordinator will liaise with the blending and shipping (Complex 02) operations superintendent, who is responsible for running of the tank farm and all of the oil movements in the field. This information will prove crucial for decision making both in the immediate future for the section of line at 0.5mm RWT and other areas of concern.
After the author’s discussion with the complex 2 tank farm superintendent it is apparent that sour water in the event of unit upset is routed to crude tanks 52 or 53. These tanks have a crude capacity of 28,000m3 which is a considerable volume. However crude does not mix well with process water high in h2s. It is not desirable to send untreated process water to a crude tank for any long period of time. From the discussion up to 10m3 in a full tank would be acceptable dependant of concentration of h2s but anymore would cause issues when entering the crude processing unit. In this case if the SWS had to be shut down in emergency and the remaining process units remained on then 50m3/hr of sour water would have to be sent to tankage. This would be sent to whichever tank was at its lowest level and could no longer be used for crude storage until the sour water were moved from the tank. With further discussion sour water can only be processed at 2m3 at the sites WWTP, this is due to the ammonia in the water killing the organic media used to biologically break down other compounds. Using the WWTP therefore does not offer an alternative to the SWS in the event of routing sour water around the unit. The only option that remains is to bypass the process of the SWS and route sour water to tankage. To understand the financial implications this would set on the business a previous study highlighted by the operations superintendent has been used. Chevron LPO control number 241101/6 is an observation made when in 2006 the SWS tower 01-F-302 suffered from a weld failure on a vacuum support ring. An unplanned shutdown resulted in this and within thirty minutes the whole refineries sour water produced was routed to tank 11, which is a large crude tank. The down time suffered from planning and reactively repairing the column was long enough to fill the whole crude tank. The observation and investigation as per LPO 241101/6 concluded that the cost of not having the flexibility of crude storage and the damage that sour water imposes on tank floors bare a cost to this business of £5k/day. In that case the sour water took almost 12 months to process back through the system resulting in a lost profit equivalent of £1.5m. This information is useful for this project as the following could be said;

50m3//hr of sour water processed = 1200m3/Day

Therefore 1day downtime = £5000

This is particularly useful for decision making when repair methods are discussed in the team show in (figure 6). The information can also be used as above in the Pembroke risk matrix (figure 3) to risk assess the business risk which was presumed lower from the outset.

Business (II) x Likelihood (E) = Level 1 (Undesirable risk)


 


[bookmark: _Toc511229796]Figure 6 Organisational chart to action IAN
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[bookmark: _Toc511229749]11.1 Project Team and Meeting
As seen in (figure 6) a large team is required to decide the best possible action to take with regards to action an IAN of this magnitude. Although each member will not be fully involved in the process, each member’s expertise will be required to look at the potential options. After an IAN pre-read has taken place a meeting takes place where a cross functional team to discusses options for SME’s to investigate. The role of the integrity coordinator is key as this member of the team will be responsible for coordinating any work or actions to come out of the meeting. Whereas it is the fixed equipment manager and complex manager to formally respond and agree to the actions needed for the IAN, the integrity coordinator is mainly responsible for making sure these actions are completed within the due date set.
Due to the urgency of topic one an immediate meeting is called. There are two topics to discuss;

· Topic one- Action required for location 12
· Topic two- Options to action all other locations

From this meeting it was decided a temporary repair as per ASME-PCC2 would be installed to mitigate the immediate risk posed by the section below Tmin. This was to be measured, designed and installed on urgent basis. From discussions in the team a mechanical clamp was the only option due to the fact design temperature was above the 1250C temperature rating of a composite wrap. Installing a wrap would not conform to ASME PCC-2. Other options were not given more thought due to the time scale and cost. From the experience within the group to ‘swoop down’ and route the sour water to storage and carry out a quick but permanent repair it was estimated that for operations to prepare the line for hot work the pipe section be replaced, inspected and RTS it would take approximately 3 days. This repair would be in the region of £10k plus the LPO of £15k caused by sending sour water to tankage. Topic two the remaining defects listed in the IAN where discussed by all parties. It was decided that using the matrix from (figure 3) the risk of running with these defects came out at tolerable risk (TR).The advised action from the matrix recommends action to be taken to lower this score. Within the meeting using repair methods deduced from ASME PCC-2 the following options where decided to be explored for suitability; 

1) Carry out FFSA 1 or 2- This would involve going further than calculating pressure containment but to assess the mechanical strength of the line taking into account condition of supports, vessel nozzles and condition of the line.
2) Install further temporary repairs- Install mechanical enclosures to locations listed in IAN. Investigate the extra loading this would add to the remaining line.
3) Take the equipment out of service- Investigate the potential difficulties in taking the equipment out of service (OOS) in order to carry out a full line replacement.
4) Live line welding- Weld patches over the defects in accordance with ASS-PCC2 guidelines. 

Each of these options all endorsed by the whole team and are to be investigated with the integrity coordinator. It is possible for one or more of these options to be implemented.
[bookmark: _Toc511229750]11.2 Immediate Action
As discussed in section 11.1. Topic one requires immediate action. The decision of fitting a mechanical enclosure (repair clamp) to mitigate location 12 of the IAN is to be actioned as an urgent priory due to the risk of operating with a line below Tmin. At the time from the authors point of view process installing a temporary repair was not clearly defined. To aid the author with guidance from the engineering team a flow diagram was constructed using MS Visio of which can be seen in (figure 7). This shows the workflow process that has to take place in order to install the clamp. 
[image: ]
[bookmark: _Toc511229797]Figure 7 Pembroke temporary repair clamp procedure
Once the line has been measured up in the field at location 12 by leak sealing specialist Team-Furmanite this information will then be used by their own offsite engineering house in Holland to design a suitable enclosure for the line. This is to then be reviewed via the engineering technical query process (ETQ). As per PCC-2 guidelines a repair clamp is to be manufactured to ASME-VIII. This code is the code for vessel construction and any proposal received from a leak sealing contractor is to be checked for approval of conformity against that code. This effectively classes the repair clamp as a standalone pressure vessel and not pipework, this makes some subtle differences to the designs when it comes to materials for construction and end plate calculations. (Figure 8) shows the pipe defect at location 12.[image: ]
[bookmark: _Toc511229798]Figure 8 Corroded section of 01-WP-3017-8” at location 12 with 0.5mm remaining wall thickness
[bookmark: _Toc511229751]11.3 ETQ Process for Team Furmanite Clamp (T26131)

For the ETQ to take place certain criteria must first be met this includes;

· PM09 SAP work order raised
· Confirmed process conditions
· Landing areas for clamp to be inspected for acceptable thickness (>5mm)
· P&ID of line
· Pembroke piping specification for line
· CAD drawing and control sheet from Team-Furmanite showing clamp design
· Completed and signed temporary repair form
With all of this criteria met the ETQ process can now review the clamp for approval or rejection. Details of information sent from Team-Furmanite shown in appendix I

Taken from ASME VIII the following assessments have been made to check the enclosure is fit for purpose.

Bolting As per AMSE-II part D table 3 (A193 Studs B7M and 2HM Nuts)

Control Calculation- (Taken from TEMA bolting chart (Groysman, 2017)) 

Core Diameter (¾” UNC) = 15.75 mm (db)
fbolt (taken from control sheet) = 137.9 N/mm2

F Bolt maximum = 2 
2 26866.8N

Therefore total bolt strength = 26.9KN or 2.7 Ton

Bolt Force required due to internal pressure chamber

Surface area of internal pressure supplied by contractor shown in (figure 40 appendix I) = 
9768.00mm2

Design Pressure as per IAN = 1.37 MPa

Calculated Pressure =1.37MPa

Bolt Force Fb1 = Calculated Pressure X Surface Area

9768 x 1.37=13382.16 N or 13.KN




Bolt Force required due to internal pressure on peripheral seal

Surface area of peripheral seal supplied by contractor shown in (figure 40 appendix I) = 
667.00mm2

Design Pressure as per IAN = 1.37 MPa
Injection Pressure percentage=%
Calculated Pressure =5.00 MPa (assuming this pressure when injecting sealant)

Bolt Force Fb2 = Calculated Pressure X Surface Area

667 x 5 = 3335 N or 3.3KN


Total Bolt Force

Bolt Force Total = Fb1 + Fb2

3335 +13382.16 = 16717.16N

Bolt Stress

Bolt stress = ()

() =85.804 N/mm2 

This shows that the ¾” UNC bolting is acceptable for application where allowable stress is 137.9 N/mm2 stress calculated in this clamp bolting only sees a maximum of 86 N/mm2.








Control Wall Thickness SHELL

[image: ]
[bookmark: _Toc511229799]Figure 9 ASME VIII UG27

Taken directly from ASME VIII section UG27 the above calculation in (figure 9) gives the correct formula to calculate for Tmin for clamp shell wall, where;

	P=13.97Kg cm2 g (1.37MPa)
	Max design pressure

	Pi= 13.97Kg cm2 g (1.37MPa)
	Calculated pressure

	D= 219.1mm (0.2191m)
	Taken from pipe spec PJ164 shown in appendix H (a)/(b)

	S= (137.9 N/mm2)
	Max Stress

	E=0.6
	Taken from ASME VIII UW12

	Z=-0.60
	ASME VIII (UG-27)

	Ri=132.00
	Inner radius excluding corrosion allowance

	R=133.30
	Inner radius including corrosion allowance




Therefore TMIN = 


TMIN = 2.229mm

Actual wall thickness taken from team CAD drawing = 8mm











Control Wall Thickness ENDPLATE 

[image: ]
[bookmark: _Toc511229800]Figure 10 End plate formula taken from ASME VIII UG-34

	d= min endplate thickness
	Unknown and to be calculated

	Dmin=264.0mm
	Smallest span

	Dmax=264.0mm
	Biggest span

	Z= 3.4-(2.4x Dmin/ Dmax) = 1
	ASME formula

	C=0.33
	As per UG-34

	Pini= 1.37MPa
	Design Pressure

	E= 0.6
	Joint efficiency as per AMSE VIII table UW12

	Feind=137.9 N/mm2
	Max allowable stress on endplate

	CA= 1.3mm
	Corrosion allowance 1.3mm





d = 264 X  


d = 19.51mm 

Minimum endplate thickness required is 19.5mm and actual endplate thickness taken from CAD drawing (figure 38 appendix I) is 40mm. 

From these standard calculations taken from sections of ASME VIII the proposed Team-Furmanite clamp is deemed acceptable and fit for purpose as a temporary repair. To further support these findings a solid works model has been constructed using the CAD drawing and FEA has been completed to back up the calculations. As seen in the FEA study (figure 11) the max von-mises stress observed shows 19.13N/mm2 this appears acceptable although well below 137.9N/mm2. The actual thickness is far above the minimum thickness so the clamp will not appear to be overly stressed. It should also be noted that the operating temperature of 1490C has not been accounted for in this static study neither has any of the forces acting on the clamp from the bolting. The justification for the FEA for this report is to just assess whether or not higher stresses than previously calculated are present which in this case they are not. An SAP work order (5055707) has been entered to progress this clamp which can be seen in appendix K (a)
[image: ]
The FEA shown above is set up by fixing the endplate sealing faces to the pipe and applying internal pressure of 1.37MPa to the internal cylinder.[bookmark: _Toc511229801]Figure 11 Solid works static study used to validate clamp design calculations

[bookmark: _Toc511229752]11.4 Clamp fitting
With this in place now in place as per (figure 13) risk has been mitigated and the likelihood of hazard occurring has been reduced to (Consequence III x Likelihood AA = BA broadly acceptable). As this is a temporary repair this has been logged as so in the plant condition monitoring system (PCMS) as such. A turnaround SAP work order shown in appendix K (b) has also been entered to capture the future line replacement at the next outage opportunity. The total cost charged to the urgent work order was £11,740.39.
[image: ]
[bookmark: _Toc511229802]Figure 12 PCMS data for temp repair clamp fitted to location 12
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[bookmark: _Toc511229803]Figure 13 Clamp installed at location 12 of IAN (Clamp No. T26131)

[bookmark: _Toc511229753]11.5 Topic 2 Discussion

Now that the immediate risk has been lowered from the application of a mechanical clamp to location 12 and no further defects have a RWT less than calculated for pressure containment, attention can be focused towards the rest of the defects highlighted in the IAN. As previously shown, the cross functional team discussed four possible methods of mitigation to lower the present risk. These will now be discussed. 

[bookmark: _Toc511229754]11.5.1 Fitness for service

According to API 579 which is the enforced fitness for service code to be used as per CTEMS there are three levels in which this assessment can be carried out. For this particular assessment the defects have been categorised as localised metal loss referred to in the standard as local thin area (LTA). For the assessment to be carried out section 5.2.4 must also be satisfied, for this the sites materials SME must confirm the line does not operate in the creep range. The final pre-requisite for the assessment is that the equipment has originally be designed to applicable codes which in this case is API 570 and ASME B31.1. All of which are satisfied.

(Fitness-for-service, 2007) for localised metal loss defects only states;

· Level 1 FFSA- The only load considered is the internal pressure applied to one single thickness.  
· Level 2 FFSA- This allows for a better assessment of the thinned area and takes into account bending moment of a cylindrical object and considers the structural integrity. Taken credit for any structural supports or guides.   
· Level 3 FFSA- This would normally be carried out by a third party and precisely consider structural metal loss this would involve a combination of analysis of numerical stress calculations and detailed computational methods in the form of FEA using a program such as CAESAR. 
· 
01-WP-3017-8” Assessment
Firstly to assess each location in its own merit the IAN has been updated to include the two additional locations found during the radiography inspections carried out now bring the total amount of defects to seventeen. Each location has now been further inspected to highlight the exact extent of the metal loss. Although severe paint breakdown was evident the actual surface area of the localised metal loss has to be quantified to allow for the FFSA procedure to take place. This has been completed for each of the defect locations in accordance with (figure14)
[image: ]
[bookmark: _Toc511229804]Figure 14 API 579 Assessment criteria for FFSA
This shows the shell or wall of a cylinder/pipe and correct method of sizing of the exact defect later to be used in the assessment calculations. Further USTM inspection is to be completed to compile this data for each location stated on the IAN. With this data known a level 1 FFSA can be completed for each location. 

Level 1 FFSA for 01-WP-3017
API 579 Part 5 has been selected as per (figure 41/appendix J) this is to assess local metal loss and nothing more. 
The procedure requires steps to be met before continuing through the assessment. If a step is not satisfied the defect fails a level 1 assessment and a level 2 or 3 will be required. As the corrosion is external the level 1 also assumes if the defect is to pass then corrosion is arrested immediately. This is achieved by preparing and repainting the line.

Location 20- This location is at PMPT but has active corrosion present. This as per 5.3.3.1 of the code requires only for corrosion to be arrested and surface protection put in place. Therefore this requires no further action but coating.

Locations 14- This defect has been chosen first to assess due to it maintaining the largest RWT. The assumption made here are that all of the defects are of similar size so that if this location were to fail a level 1 assessment all others would fail also 

Step by step Assessment.

Nomenclature for this assessment is found in appendix L

Step 1- This requires critical thickness profile (CTP) to be determined this refers to (figure 14) and establishing the S and C values. 

S=20mm
C=22mm

Step 2- Determines wall thickness to be used in calculations

tc =trd – FCA (Future corrosion allowance of 0.163mm calculated from inspection data)

Step 3- Show minimum measured wall thickness in the LTA, tmm and dimension S

LTA= 2.8mm
tmm= 6.3mm
S= 20mm

Step 4 determines remaining thickness ratio and longitudinal flaw length using the following equations; 
[image: ]
So; Rt =  and 

Rt= 0.974  0.719

Step 5 states the criteria for the flaw size that must be met for the assessment to continue
 [image: ]
For this case;

Rt= 0.974
tmm= 6.3mm
Lmsd =1.8  therefore Lmsd= 64.32 mm 

All of the above meet the criteria for the assessment to continue.  

Step 6- For LTA type thinning this step is not required

Step 7- determine max allowable working pressure (MAWP) using thickness from step 2.
This has already been established as part of the tmin calculated earlier in the report however this formula can be transposed to confirm MAWP is acceptable




   Therefore using this formula shows with 2.7mm RWT MAWP would be 3.401MPa (Max Design = 1.37MPa)

Step 8- States proving the equipment operates below MAWP calculated and the following table is used and results for values Rt and  give reading above the curve in (figure 15) the equipment passes a level 1 FFSA.
[image: ]
[bookmark: _Toc511229805]Figure 15 API level 1 FFSA assessment criteria 


For corrosion found at this location the following values were calculated Rt= 0.974 0.719 and using this data with the above table it would be clear to state that the defect at location 14 passes a level 1 FFSA. It should be noted that during this calculation it was discovered by the author that step 5 requires a RWT of above 2.5mm which includes FCA. This is particularly interesting due to the amount of locations listed in the IAN that are below 2.5mm RWT. The above level 1 FFSA was carried out for each location that satisfied step 5 criteria and each location passed a level 1 FFSA. A pre-read of a level 2 FFSA later also shows that the same criteria must be met in order to continue with that assessment also. Knowing this information another method of mitigation must be found for the remaining defect locations. 

Further Assessment

To help understand further the condition of the remaining defects some calculations can be made outside of the API579 assessments. These can be used to understand mechanical stress on the line under certain conditions. The worst case scenario will be assumed for this assessment. The 32m line will be assumed to be filled with water and the thinnest section will be calculated at the top of the line. Rather than localised metal loss complete circumferential loss will be assumed. 
Locations 23 and 11 have the largest observable metal loss with a RWT in patches of just 1.5mm although these are not at the top section of the vertical line, this will be assumed as so to give the worst case. This model is set up by using the following


    
The calculated stress can then be compared back to the max allowable stress stated per ASME table –A1 seen in (Figure 31/appendix Fa). For this calculations the following values have been used;

· Force= from pipe data pro (appendix Hb) weight of line is 74.77kg/m line is 32m in length and gravity taken as 9.81. (74.77x32x9.81=23471N)

· Area- Cross sectional area of pipe (CSA) where OD 204.22 (ID+ Remaining wall as per IAN) and ID is 202.72




Remaining CSA= 4.79x10-4 m2

So;
σ = 

σ =48.9 N/mm2


These calculations can be supported by using an FE solver such as solid works CAD simulation package.  The below results validate the previous calculations. (Figure 16)
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[bookmark: _Toc511229806]Figure 16 Validation of calculations using solidworks simulation
In this study the line has been modelled by creating a 32m section with a uniform thickness of 1.5mm the same as IAN locations 23 and 11. For the simulation, the model has been fixed at the top with a load of 23kN applied throughout acting downwards. The FEA delivers some very similar numbers to that of the basic calculations. 46950000N/m2 which converts to 46.95N/mm2. Due to some rounding errors and the fact solid works assumes material properties this FEA study helps to validate the information calculated for the problem. What is of particular interest in this model is that if further conditions are applied to the problem the material shows signs of failure. If design pressure and temperature as stated on the IAN are applied to the same model the material is close to its yield strength and a considerable amount passed the max allowable stress as stated in API 579 (Figure 17). This will later be considered when making recommendations.


[image: ]
[bookmark: _Toc511229807]Figure 17 FEA study with design pressure and temperature applied


Fitness for service results
From the above studies it can be concluded that each location with 2.6mm RWT passes a level 1 FFSA. This has helped limit the work potentially required to satisfy the recommendations of the IAN. For all areas including and below 2.5mm further actions will have to be taken. Appendix M shows updated information regarding a pass or fail of FFSA. A total of six locations meet API 579 and are deemed fit for purpose leaving eleven areas to still action. It should be noted that although six locations have passed FFSA this does not mean no further action is required as CTEMS section 5.0 states that whether or not a line is fit for safe continuous use  if it falls below PMPT if must be replaced at the next maintenance opportunity. For this to happen a turnaround work order is to be raised to have the sections of line replaced at the next interval the equipment is planned to be offline. An immediate action that must also be satisfied is arrest and paint the active corrosions. This can be completed with simple hand tools, treated with a rust inhibitor solution and then coated with a suitable hand paint.  

The results show for sections at and below 2.5mm that they would fail a formal API579 fitness for service of any level. This however is interesting to observe that with the use of FEA and basic hand calculations that even taking into account the worst case for remaining thickness the line can still cope with the stresses potentially subjected to it. For a level 3 FFSA assessment to take place a highly detailed assessment would have to take place and would require very precise modelling of the line. In this authors experience the costs of this would be in the region of £50k for the external services and utilising internal resource to gather the required information would be approximately £10k. This is something that could be considered after looking at the other options discussed previously in the team. 


[bookmark: _Toc511229755]11.5.2 Installing Further Temporary Repairs

Another logical approach for continued safe operation would be to install addition repair clamps to the line. There are some considerations to be made however. Firstly the line already has three clamps installed. The one at location 12 from this report and two prior to this. There are a remaining eleven locations to address that do not meet FFSA and although that from some basic FEA the line did not appeared to be stressed, the extra weight should be taken into consideration. The clamp fitted to location 12 weighed approximately 50kg if it was assumed a further eleven clamps where to be fitted then the line should be modelled accordingly with an additional weight of 550kg added. Without incurring further costs from Team-Furmanite measuring and designing these clamps a sound estimate can be made to aid the decision making process. The clamp fitted at location 12 was invoiced to the work order for approximately £12k this was a basic clamp but was engineered and installed on an urgent basis. Premium manufacturing costs around 50% more than planned so it could be said that each clamp would cost in the region of £6k bringing the total cost of fabrication and installation of the eleven clamps to £66k. It is duly noted that this is not a permanent repair and these clamps will have to be removed at the next maintenance outage planned for 2020 or 2023 as per ASME PCC-2 guidelines. The IAN will remain open but mitigated by the clamps until that date. Costs of removing the clamps will be similar to the cost of the line replacement minus the chemical cleaning and losses suffered from sending sour water to store. 

[bookmark: _Toc511229756]11.5.3 Taking the equipment out of service

From a maintenance perspective taking the equipment OOS for a full repair would be the most logical option. The line would be cut out and replaced like for like and then returned to service with no further action required but to paint the remaining tie-in field welds. This although the best method of repair comes at a cost to the business. Firstly to understand how long the work would take will help to calculate the true cost to the business of a complete line replacement this is shown in (figure 18). 
[image: ]
[bookmark: _Toc511229808]Figure 18 Timing plan for replacement of 01-WP-3017
From studying this plan it can be seen that to take the unit offline to carry out the line replacement would be a duration of five days start to finish. There is a direct cost of labour and materials for this work but there is also cost of chemical cleaning to prepare the system for maintenance as ‘sweetening’ of the unit is required before mechanical work commences due to the potential residual high PPM h2s. to support the plan shown in (figure 18) a cost estimate has been completed this also considers the cost of sending sour water to storage. As previously discussed. 
[image: ]
[bookmark: _Toc511229809]Figure 19 Estimated cost of line replacement
Using the site average for cost of labour estimated from the job plan (figure 19) above estimates the total cost to the business of £105,550. The big advantage of completing this work is that no further action is required and the IAN could be closed. 

[bookmark: _Toc511229757]11.5.4 Live Line Repairs

Live line welding is an acceptable practice at the Pembroke refinery this involves welding on in service equipment. This practice is highly risk assessed and controlled with detailed risk assessed method statements, operating instructions and weld procedures. 
ASME PCC-2 list a number of different methods of repair for this, which are; 

1. External Weld Overlay-Building up of metal loss using welding
2. Welded Box Repair- Welded box similar to a bolter clamp
3. Partial Encirclement Reinforcing Sleeves- Sleeve less than half pipe diameter 
4. Full Encirclement Reinforcing Sleeves- Restoring structural integrity to pipeline
5. Fillet Welded Patches- To address localised metal loss where weld overlay is not acceptable.
To carry out anyone of these repairs, the refineries risk management committee RMC would have to be informed of intended repair method. Once informed the committee would then hold a meeting to review all of the safety procedures and the proposal method. A pre-requisite of carrying out live line repairs is that the RWT is >5mm. With this being the case weld build up by overlay welding would not be possible. This immediately discounts option one. It should also be noted that sleeve repairs equal half pipe dimeters or more are classed as a temporary repair, again if work of this magnitude is to be carried out it is not desirable to be installing a temporary repair for it later to be removed at next outage, This leaves one possible solution of live line patch repairs. I final check to comply with API 570 section 8.1.4.1 is that the max allowable stress of the line is not above 275 MPa. Which in this case it is not and for this line is 139.9 MPa. 

[bookmark: _Toc511229758]11.5.5 Live line patch repairs
ASME boiler and pressure vessel code. (2015) states in article 2.12 that this type of repair is best suited to vessel or pipe walls subject to localised metal loss. It involves fillet welding of a size on size fitted patch equal to or exceeding the original thickness of the parent component and of the same metallurgy. The patch must be designed assuming through wall conditions from the parent pipe surface and be designed for full pressure containment an example of a repair patch installation is show below in (figure 20).
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[bookmark: _Toc511229810]Figure 20 ASME PCC-2 welded repair patch
   Section 3.2 of the code states that credit can be taken for both the patch and the remaining pipe wall. For this report if it were assumed that the thinnest location be taken for worst case, this would be the nominal wall thickness supplied by the patch plus the RWT of the pipe

8.18mm (Nominal) +1.5mm (Lowest RWT) = 9.68mm.
From the previous FFSA this would be acceptable thickness but can be checked with the specified PPC-2 Calculations as shown (figure 21) this is to be checked as the calculation specifies the midpoint and not the full thickness. 

[image: ]
[bookmark: _Toc511229811]Figure 21 PCC-2 section 3.2 internal pressure load calculations
            
Using the above equations the following is calculated;
FCP=

FLP=
FCP= 145.494 N/mm and FLP= 72.747 N/mm

One final check for application of patches is maximum load on the fillet weld. This stipulates that the perimeter weld is to exceed the allowable load of both circumferential and longitudinal loads. This is given by formula in (figure 22).

[image: ]
[bookmark: _Toc511229812]		Figure 22 Patch fillet weld joint deficiency calculation
Calculations can be made to understand whether or not the welds of the patch have sufficient strength to cope with the yield strength as specified in ASME B31.3 table A-1 (appendix Fa) of 137.9 N/mm2

Using the above formula the following is established. Note that for this calculation a 6mm fillet (Wmin) is selected due to the authors experience in welding procedures and techniques.

Fa>WminESa
Fa=6x0.55x137.9
Fa=455.07N/mm

This far exceeds FCP and FLP, therefore the mechanics of this application to install welded patches seems acceptable. Providing a suitable welding procedure is put in place and approval is given by the RMC. It may also be noted the fillet may be much smaller than 6mm if required.

Now that the application is deemed fit for purpose the costs can now be discussed. For this to be completed estimated cost is shown in (figure 24) estimated cost is just £30k which includes in-situ painting of the line to arrest any further corrosion. Unlike the line replacement there is no requirement to shut the system down as this would will be completed on the run as live line welding therefore there is no requirement for operations support or chemical cleaning. Inspection and painting costs are higher due to the fact the line will be painted in the unit and not in the fabrication shop. 
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[bookmark: _Toc511229813]Figure 23 Timing plan for patch repairs

[image: ]
[bookmark: _Toc511229814]Figure 24 Cost of ASME PCC-2 live line patch repairs
   
 
Unfortunately although this is a welded repair it has been discovered that under API 570 section 8.1.4.1. Initially the author assumed that if the patch was less than half the pipe dimeter that the repair would be classed as permanent. This however from working with the engineering team was highlighted to not be the case as the code states in the relevant section (Process piping. (2011) a temporary repair may be made by fillet welding a properly designed split coupling or plate patch over a pitted or locally thinned area. (Figure 25).
[image: ]
[bookmark: _Toc511229815]Figure 25 API 570 Example of a welded repair patch


[bookmark: _Toc511229759]12. Summary of results

As originally discussed by the cross functional teams four possible options were to be explored and given merit. The four options have each now been discussed.  Before any recommendations are to be made the findings are to be tabulated below for better interpretation. The risk matrix used in (figure 3) has also been used to categorise how each option would lower the current risk.

	Method 
	Cost To Implement
	Class Of Repair
	Hazard Score After Completion

	
	
	
	

	Carry Out FFSA
	£0
	Temporary
	III x B = TR

	Install Further Temporary Repairs
	£66,000
	Temporary
	III x A = TR

	Line Replacement
	£105,550
	Permanent
	III x AAA = BA

	Live Line Welding
	£30,000
	Temporary
	III x AA = BA





From this data for the complete line to pass a FFSA it would be the most cost effective way to continue with running the equipment in the short term. However as this is only temporary cost would be incurred at next outage. Unfortunately as proved, not all sections passed this assessment. It’s also shown as zero cost due to the fact the author with guidance of the engineering team have carried out this work with no external services required. The most cost effective repair from the four options would be the live line patch repairs but this is classed as a temporary repair. It does however lower the risk to BA with one score lower in likely hood of failure compared to that of a clamp. This Results are to now be discussed and recommendations made. 

[bookmark: _Toc511229760]13. Discussions of Results and Work Completed

[bookmark: _Toc511229761]13.1 Project Learnings and Outcomes
Firstly the project has guided the author to much better understand ASME and API practices to a much more professional level. This has been achieved by using the Valero risk matrix and applicable codes to solve a real life engineering issue. Including sound understanding of how to establish minimum RWT of a line in service using approve API Tmin Calculations.

After understanding Tmin the approval and application of the urgent repair clamp was completed. In conducting this work it was learnt that repair clamps are designed to ASME VIII and not piping code. Maximum design process conditions were specified from the data given in the IAN and used in conjunction which standard formula from the ASME code. The clamp was approved and fitted to the line and the likelihood of a hazard occurring was immediately lowered.
 
From further study it was later shown that lines fail a FFSA 1 or 2 if only 2.5mm RWT is present and that a further level 3 assessment would be required if no repairs were carried out. As there is a high cost to this assessment and the potential of it failing, temporary repairs and permanent ones were then considered. 

One final interesting point that was observed was the effect of temperature on the A106 grade B carbon steel pipe and how behaves mechanically, dependant on temperature and where further assessment is made this should be considered. 
  
[bookmark: _Toc511229762]13.2 Fitness for service

This process took the information supplied by the IAN in an attempt to understand whether or not the equipment was still fit for service even with the RWT. This was carried out by using standard assessment criteria in the form of API 579. The positives that came from this assessment where that 6 locations passed a level 1 FFSA due to further investigation of the exact defects using more accurate NDT. This reduced the work scope of actual repairs to eleven locations requiring a physical repair. The level 1 assessment assumes the line is not subjected to structural loading and this was deemed the case due to the fact the line was determined not to be overstressed in any way. A level 2 assessments would have been required if this were the case. In this instance a level 3 assessments could have been carried out for the sections that failed to meet the criteria of a level 1 or 2 but due to the cost of the assessment the team decided this was not economical due to other methods available. Some interesting observations were made during the assessment when it came to some theoretical modelling of the line using simulation software in solid works. A worst case assessment was set up to help support numerical reasoning which in this case the results were very similar. The most noticeable observation however the model changes were dramatically when design temperature and pressure is applied. In this case the line was actually simulated to fail, which is something a level 1 or 2 assessment would not be able to identify. For this a level 3 assessments would defiantly be requested if the line was to be left in its current state. The cost of the level 1 assessment on each area was deemed negligible as no external services were required and all work was done within the team. 

[bookmark: _Toc511229763]13.3 Install further temporary repairs

Further temporary repairs where discussed but concerns where made regarding the extra 550kg of weight that would be added to the line. An assumption made during the assessment was that the top and bottom nozzles the pipework ties into are structurally sound and able to support the weight of the line. If material loss was also observed on these then a further assessment would have to be made. Cost was also considered for this method and was in the region of £66k. As this would be a temporary repair and the extra loading to the line this as a repair method was not deemed suitable unless there were no other options. 


[bookmark: _Toc511229764]13.4 Taking the equipment out of service

Understating the cost to the business with regards to taking the equipment OOS was key for this study. talking to operations representatives outside of the core team was necessary to fully understand the implications of routing sour water to storage to be later processed has a direct cost. The cost estimate also assumed no delays in each phase of the plan shown. Assumptions are also made the sour water sent to store is reprocessed immediately when the equipment is back online to limit the damage to the tank floor. Possible delays could come in the form of inspection of the line and failures of welding picked up during radiography.  Although this repair offers the safest operation after being carried out it is also the most expensive. This is potentially offset however by the fact the repair is permanent and the IAN could be closed. 



[bookmark: _Toc511229765]13.5 Live line repairs

As guided by ASME PCC-2 welded patches installed while equipment is still on line was discussed as an option of repair. Although temporary, from the costs explored these were seen to be a cost effective repair compared to that of a clamp. Calculations were checked as per PCC-2 and the strength given to the line by the patches were acceptable. Further checks were carried out checking the weld had sufficient strength compared to max allowable stress as per line spec. The cost of carrying out this work was also determined and were approximately one third cheaper than a full line replacement. 

[bookmark: _Toc511229766]13.5 Conclusion of Results

After careful consideration of the summary of results in section 12 and the explanation of work done for each repair method, it can be seen that a live line patch repair is the most cost effective way to allow for safe continued operation of the SWS. This method also brings the risk back down to broadly acceptable. Although temporary this repair once installed can be left in place until either 2020 or 2023. The cost of the permanent repair will not be as high during an outage as the complete unit is chemical cleaned and no sour water is produced therefore no process water routed to tankage. The cost of the patch repair is just £30k but the true cost of the repair is the immediate cost plus the permanent one. This cost has been calculated as follows.

Live Line Patch Repair + (Line Replacement - (Chemical cleaning and tankage penalties))

30,000 + (105,550 – (25,000+18,000) =62550

True Estimated Cost of Repair = £62550

This repair method has had full endorsement by the complex manager and with this information now know the IAN can be set a due date for completion.
This is then agreed upon by the entire team.

The activity of live line welding presents its own hazards which are to be identified and control measures put in place. The main hazard to be considered is burn through during the welding process. This is to be carefully controlled via use of recognised welding procedures
The process of implementing the patch repairs is as follows;

1. Work order raised by Integrity coordinator
2. Engineering services to create drawings and design for each patch location
3. Integrity Coordinator to complete RMC meeting request paperwork and book meeting, forms shown in appendix O
4. Chosen contractor to complete risk assessed method statement (RAMS) 
5. Planning department to complete job package and order materials
6. Integrity Coordinator once in receipt of RMC approval complete live line welding request form 
7. Mechanical work to be completed
8. Follow up work 
9. Work order sign off

The intention of this report is to only prove and justify that the option of live line welded patches is the most suitable and cost effective. The physical work in the field will be carried out as future recommended work by the integrity coordinator/Author. 









[bookmark: _Toc511229767]
 14. Route Cause Analysis 5-WHYS

As discussed in the workgroup when assessing which method would be potentially suitable to explore further, another requirement requested by the complex manager was to understand how the loss occurred. Already stated external corrosion is preventable therefore these costs of repair are seen as an avoidable loss to the business. The direct loss being £62550. A loss of this magnitude is categorised as a minor loss as under £250k. However this was deemed as a sizable amount and if lesson’s can be learned to prevent similar losses then this should be investigated. As this type of problem is likely to occur again with other equipment the investigation was given merit. Using the Pembroke loss prevention system (LPS) the loss stated is reported as an entry under the second highest categorised due to it not being a loss >£250k
The near loss investigation (NLI) is entered to state the problem and not the solution. It is the nature of the tool to find a suitable solution by analysing why the loss has occurred. (Figure 26) shows this entry along with the time, date and potential value of the loss in US dollars.

[image: ]
[bookmark: _Toc511229816]Figure 26 Loss prevention NLI investigation for root cause analysis of why IAN was issue
The second part of the IPS tool helps the inputter drill down to the root cause of the original problem statement. The tool requires for the problem statment to be re-entered and then asks a series why’s until reaching a conclusion that could follow on with a solution that prevents the problem from occurring. Six why’s have been used in this case to find the root cause of the IAN being issued. Seen in (figure 27) the root cause has been established as the equipment is ageing and due to poor older painting processes no longer used, the paint has broken down and allowed the bare pipe to be exposed to the elements causing external corrosion. 

The Solution for this problem has been actioned upon the author. This is to consider the cost of additional inspection resource vs the cost of unplanned reactive repairs. Lines are inspected to schedules and only corrosion allowances are taken into consideration and not external corrosion. For this damage mechanism, lines would have to receive a non-routine inspection, this in turn would firstly require resource to identify the at risk lines and then inspect them. To track this solution the author plans to construct a SMART action plan by the deadline specified for the solution date. A SMART action plan is again another tool developed to measure certain areas and is an acronym for;
	
Specific-Measurable-Agreed-Realistic-Time bound = SMART

Using this tool as stated by (Yourcoach.be, 2018) it can be used to measure and track pre-agreed realistic goals. An example of the template used is seen in appendix N and if the cost to benefit ratio of employing extra resource to inspect at risk lines were positive this tool and its use would be a huge advantage. 

[image: ]


[bookmark: _Toc511229817]Figure 27 5-WHYS analysis and solution to problem

[bookmark: _Toc511229768]15. Recommended Future Work

Below are seven key points the author recommends to be investigated as future work in addition to the findings of this report. It is recommend that across functional team similar to the processes used throughout is set up to score each key point in its own merit. 
· Install welded patches- The report has only gathered the information analysed and concluded the best possible repair solution. No physical work has been completed other than installing a temporary repair to location 12. For continued safe operation the welded patches must be installed.

· Temperature- It is clear that from calculations made, that the difference in mechanical properties observed from a pipe at ambient temperature and the actual design temperature of 01-WP-3017-8”  

· Level 3 FFSA- The line studied in this report discusses level 1 and 2 FFSA where as some locations passed a level one others did not meet the criteria for level 1 and 2 due to the fact that taking FCA into account where either below or would be below 2.5mm RWT it was shown using some simple mathematical hand calculations and basic FEA that the line was structuring sound according to API codes but when temperature was applied the material was past its max yield point for A106 gr B Pipe. However due to the complexness of and the fact a level 3 FFSA is to be done by an external source a level 3 has not been considered. This is a possibility for the line as the defects are not full circumferential and credit in the FEA or calculations are not given to the RWT around the remaining circumference of the pipe. Therefore a level 3 FFSA could be future work. 

· Paint processes- As identified the root cause of the external corrosion and it is a future recommendation to carry out a survey of all equipment on the SWS to identify similar breakdown of protective coatings and carry out repairs when necessary.

· Clamp optimisation- During the assessment of the Team-Furmanite proposal of the mechanical clamp fitted to location 12 stated on the IAN, calculations highlighted the fact the pressure containing end plate was double the required thickness and the clamp’s shell wall was over four times thicker than required. API/ASME code does not specify a safety factor for these dimensions there for any more material than stated for pressure containment other than for FCA is unnecessary. Recognising this there is an opportunity for topology optimisation of future clamps and this could be discussed with the current leak sealing contractor Team-Furmanite. 
 
· SMART action plan-Emerging from the 5-whys RCA a need to develop a process to better inspect lines that have been identified as having poor painting process’s applied a SMART action plan should be implemented to track this progress and the area integrity coordinator be tasked with overseeing the SMART plan. External corrosion is preventable and the use of this tool will allow for tracked improvement of current processes.
· Additional Inspection Resource- If non-routine line inspections were more frequent bad actors would be identified sooner allowing for immediate action being carried out to arrest external corrosion. It is recommended that the cost of extra inspection resource vs the cost of replacing pipework reactively be examined in greater detail. 
[bookmark: _Toc511229769]16. Conclusion 
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[bookmark: _Toc511229772]Appendix A
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[bookmark: _Toc511229818]Figure 28 01-VDU Shown from east side of unit
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[bookmark: _Toc511229819]Figure 29 General arrangement of SWS
[bookmark: _Toc511229773]Appendix B

Table 1 Effect of H2S on the human body (https://www.osha.gov/SLTC/hydrogensulfide/hazards.html)
[image: ] 




[bookmark: _Toc511229774]Appendix C
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[bookmark: _Toc511229820]Figure 30 P&ID 01-AA-523 showing line 01-WP-3017
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[bookmark: _Toc511229821]Figure 31 GA of SWS and 01-WP-3017-8"
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[bookmark: _Toc511229822]Figure 32 IAN 0X6976 Part 1
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[bookmark: _Toc511229823]Figure 33 Example of Valero CTEMS
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[bookmark: _Toc511229824]Figure 34 Stress value S
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[bookmark: _Toc511229825]Figure 35 Basic quality factors E
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[bookmark: _Toc511229826]Figure 36 Weld joint quality factor W
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[bookmark: _Toc511229827]Figure 37 Coefficient values for Y
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[bookmark: _Toc511229828]Figure 38 Pembroke pipe spec for 01-WP-3017-8”
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[bookmark: _Toc511229829]Figure 39 Pipe-Data pro showing pipe spec for 01-WP-3017-8"
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[bookmark: _Toc511229830]Figure 40 Team-Furmanite details of field measurements
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[bookmark: _Toc511229831]Figure 41 CAD drawing supplied for review
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[bookmark: _Toc511229832]Figure 42 Team-Furmanite control sheet
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[bookmark: _Toc511229833]Figure 43  Team-Furmanite 3/4" UNC bolt load calculations
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[bookmark: _Toc511229834]Figure 44 API 579 FFSA Damage mechanism flow chart
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[bookmark: _Toc511229835]Figure 45 SAP work order raised to install temp repair clamp to location 12 of IAN

[bookmark: _Toc511229786]Appendix k (b)
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[bookmark: _Toc511229836]Figure 46 SAP Turnaround work order raised to remove temporary repair clamp at location 12 at next outage
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[bookmark: _Toc511229837]Figure 47 API 579 Nomenclature
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[bookmark: _Toc511229838]Figure 48 Updated IAN information showing status of FFSA pass/fail
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[bookmark: _Toc511229839]Figure 49 Example of SMART action plan template
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[bookmark: _Toc511229840]Figure 50 RMC live line welding request page-1
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[bookmark: _Toc511229841]Figure 51 RMC live line welding request page-2
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“VIWR ) 01 » PIPECAT2 ) 01-4WP-3017 b DICC-079 b 0X7030 /0X6976
Summary 54 | Findngs | scope | Notes.
Identfication
IWR No. 0X7030 /0X6976

MR Type TEMP -
Reference:
Event
Event Rpt Category
Schedule

General
Req. Completion Date -
M.O.C.No.
Addresses (V/A) M
Latitude
Status

IR Status Approved

Released for Approval

Component 01-WP-3017

Headine' D1-WP-3017 33145402545 8" Clamp

Priority PMO4
criticalty (V/A)
AddDate 12/09/2017
Longitude:

OpenedBy Bagley, George
Approved By James, Neil
Closed By

[CJpermanent Template:

Crait 01-CC-079

Wiork Type. Temp Box
Work Constraint. (N/A)
Last Change Date 14/09/2017

Date 12/03/2017
Date 14/09/2017
Date
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Model namespipe 10ad and temp
Study name:Static 16 Defauit]
Plot type: Static noal stress Stresst
Deformation scale: 838,413 iy
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b Yield strength: 2206+ 008

SOLIDWORKS Educational Product. For Instructional Use Only.
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Study name:Static 16 Defauit]

Plot type: Static noal stress Stresst
Deformatian scale: 80.4767
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A1080

A1090

A1100

At110

A1120

A1130

A1140

At1150

A1160

Erect scaffolding

Ops preps for shutdown of 01-F-302 and SWS system
Cany out chemical clean

Replece line as per VDU workpack

NDT radiography of field welds

Canry out pressure test 21kg cm2 g (durations Thr)
Remove isolations blinds from hot work

Operations recommision SWS system

Paint field weld tie-ins

Remove scaffold

2

2

12

48

18

12
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Description Cost

scaffold services £9,900
painting Services £5,500
Crane services £1,320
Mechanical Labour Requirements £13,200
Inspection £330
‘Operations support £,300
Chemical Cleaning £18,000
Materials and Fabrication £30,000

Cost of Sour Water to Store £25,000
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(1) Circumferential Load. Unit forces in hoop
direction:
Fer P 3

o= 2 m

where
Dy = diameter at mid-wall of component, mm (in)
Fer = circumferentialforce due to internal pressure,
N/mm (Ib/in)
P = internal design pressure, kPa (psi)

(2) Longitudinal Load. Unit forces in longitudinal
direction:
Fe

prtte

ittt
n

3

Iy

= @

where

Fip = longitudinal force due to internal pressure,
N/mm (Ib/in)
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3.4 Allowable Load on Perimeter Fillet Weld

(@) The perimeter weld shall be sized such that the
allowable load on the weld exceeds the longitudinal and
circumferential loads in accordance with eq. (4).

Wonin

f

FA > UnES, @
where
E = weld joint efficiency factor (0.5)
Fy = allowable force on fillet welds, N/mm
(Ib/in); F4 > Fcand Fr
S, = allowable base metal stress, MPa (psi)’
Wein = minimum weld leg dimension, mm (in.)
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A1060

Erect Scaffolding for Access

Inspect weld locations and issue IAO32 for grit blast
Cany out surface preperation as per IA032

Set up for welding/Install patches x11 as per draings
P! Inspection of fillet welded patches x11
Canry out surface preperation and pait patches x 11

Remove scaffolding

20
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Description

Scaffold Services

painting Services

Mechanical Labour Requirements
Inspection

Materials and Fabrication

£9,900
£11,000
£5,280
£1,320
£2,500
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Afll encirciement sleeve should be used if the corroded
area exceeds ' the diameter.

1in.25 mm) minimum radius |

Figure C.2—Small Repair Patches
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IPS

Incident Prevention System

[ LP0 | FomSoarch | Repors | My Dafauts | Pin

1. LINLI Info Control Number: 2206117

Responsible Organization

T —

Infiator's Organization ‘Severty Classification Bl

e - | Actual U ony) [—
v T

i e commasstians 15

P e,

e B o)

e

12:00 | (hhzmm in 24 hour format)

LossNear Loss Location Costs uss 100000.00]

Vacuum Distilltion Unit (VDU) Total Costs: uss 400000.00

Loss/Sub Loss Type(s)

Dagency Warning - Healh & Food
[Jagency Warning - UST -

3844 Characters ket

AN 0X6976 forine 01-WP-3017-8" issued dentifying severallocations below PHPT (3mm) all caused by external corrosion. LI raised fo
investigate cause.
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12. Solution

Control Numbar: 2296117
Status, Initial

tmin

Why?
Why?
Why?

clements
Why?

Why?

Why?

1 WHAT? AN raised for external corrosion to 01-WP-3017-8". Mutiple locations are below PMPT with one below a

Line nspection was only scheduled as per corrosion rate and not taking nto account poor paint conditon
Paint should provide adequate protection o ine but n this case i has not

[Because paint has broken down and faied to offer protection and the pie has been exposed directly 0 the

Potentialy poor appicaton or incorrect paiting process

Because in the past when equipment was new, the imporiance of paint and protective coatngs was notas.
carefuly controlled as tis now

Equiment was newer and thes type of faiures where less fiely to occur

Solution(s)s How to Prevent Lossiear Loss from Recurring 1610 Characrers et [
I 2. Lack of or inadequate procedures. v [=]
Person Responsibie DucDste  Comploste Supervisor VaV Date

[Bagie. Gorge a1, [ugots

Investigate current inspection sirategy for atrisk piping and consider additonal inspection [aseure for non-
routne inspections. Develop SIART action plant to measure and track progress.

|acton Taken: (optonal-

lsee Heip)
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Health Hazards

Hydrogen sulfide gas causes a wide range of health effects. Workers are primarily exposed to hydrogen sulfide by breathing it. The effects depend on
how much hydrogen sulfide you breathe and for how long. Exposure to very high concentrations can quickly led to death.

Short-term (also called acute) symptoms and effects are shown below:

Concentration Symptoms/Effects
(ppm)

0.00011-0.00033 Typical background concentrations

00115 Odor threshold (when rotten egg smell s first noticeable to
some). Odor becomes more offensive at 3-5 ppm. Above 30
ppm, odor described as sweet or sickeningly sweet.

25 Prolonged exposure may cause nausea, tearing of the eyes,
headaches or loss of sleep. Airway problems (bronchial
‘constriction) in some asthma patients.

Worker Exposure Limits
NIOSH REL (10-min. celing): 10 ppm

OSHA PELs: 20 Possible fatigue, loss of appetite, headache, irrtabilty, poor
General Industry Celing Limit: 20 ppm memory, dizziness.

General Industry Peak Limit: 50 ppm (up to 10 minutes if
o other exposure during shift)

Construction 8-hour Limit: 10 ppm

‘Shipyard 8-hour limit: 10 ppm

50-100 slight conjunctivitis ("gas eye") and respiratory tract irrtation
after 1 hour. May cause digestive upset and loss of appetite.

100 Coughing, eye iritation, loss of smell after 2-15 minutes
(olfactory fatigue). Altered breathing, drowsiness after 15-30

NIOSH IDLH: 100 ppm
minutes. Throat iritation after 1 hour. Gradual increase in

IDLH: immediately dangerous to life and health (level severity of symptoms over several hors, Death may occur after
that interferes with the ability to escape) (NIOSH) 48 hours.
PEL: permissible exposure limit (enforceable) (OSHA)

100-150 Loss of smell (olfactory fatigue or paralysis).
ppm: parts per millon

200-300 Marked conjunctivitis and respiratory tract iritation after 1 hour.

REL: recommended exposure limit (NIOSH)
Pulmonary edema may occur from prolonged exposure.

500700 Staggering, collapse in 5 minutes. Serious damage to the eyes in
30 minutes. Death after 30-60 minutes.

7001000 Rapid unconsciousness, "knockdown" or immediate collapse
within 1 to 2 breaths, breathing stops, death within minutes.

1000-2000 Nearly instant death
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TEC Issue 17, 22™ January 2016.

/SPU506, Appendix 2.

[} Valero Energy Limited - Pembroke Refinery

Inspection Department
a8 UKAS Accredited t0150 17020

B1S Appointed User Inspectorate for PER
UKAS PP o VALERO

INSPECTION ADVICE NOTICE No: 0X6976

Written Scheme No 017007 Equip. No 01-WP-3017-¢
Description Severe external corrosion identified in multiple locations (EPP)
To Makcom ints Roney Bsiness anager
T o N L NG

Operating pressure 7.8kglem?® Operating temp | 56°C

Prase, Gas T | | quq Process it s1s R e
St

+ Extemalinspacton of pip work has denfd mufils arsas of svere exemal comasian

Remaining Wall

Location (CWL)  Nominal Wall  Corrosion Loss: g Wall ey
58mm 40mm +.6mm 30mm
58mm 35mm 24mm 30mm
o.0mm 40mm 20mm 30mm
57mm 35mm 220m 30mm
57mm 35mm 220m 30mm
57mm 40mm +.7mm 30mm
o.0mm 45om +5mm 30mm
o.0mm 55mm 05mm 30mm
o.0mm 35mm 25mm 30mm
o2mm 35mm 20mm 30mm
o2mm 35mm 27mm 30mm
05mm 35mm 20mm 30mm
o.0mm 45om +.5mm 30mm
o2mm 35mm 27mm 30mm
o2mm 35mm 27mm 30mm
o2mm 40mm 220m 30mm

 Aditonslcormoded ocstons re present cn the pioa work but sbove PVPT. (See Isometic below n Figure
2) 1t shoud be noted tht s number oftese fall mrginaly sbove PHPT and shoukd be considered for
incusion inthe scape or repai (All photos of the ocations can be found in th inspection reports
folder)

Al Locstions ke n e tsble abav fallbelow o are t PN,

Al Locstons trr fil a Leve 1 FFSA sndloran assessment sgainst TECPRO2S

+ Afurther 12 locations have active corrosion scale present which has ot been removed du to the
severity of corrosion present.
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Search Contacts, Doct

myVALERO

5.0 Technical Excellence & Knowledge Management

Safe, stable and refabl operation begins wih excelence in design and s maintained by ensuring that our technical knowledge s avaiabl, retained,
and shared.

ity Design. Co Elements & Expectations
5.1 The Project Development and Executon Process (PDEP) s in place to ncorporate health, safety, environmenta, relaity,operabity, 1. Leadership Accountabiity
mainainabity, and loss prevention standards requirements nfo the selecton, development, and execution of the projecs. 2. Protectng People & Envionment
3.People & Skis Development
5.1.2 A pracess to develop and use engineering standards is i place. Deviatons from design engineering standards are permitted only after 4. Operatons Relaby & Wechanical
review and appropriate approval and ae fuly documented. Integrty

o 5 Technical Excelence & Knowkedge
5,13 Process hazard analyses (PHAS) are conducted fo new facities and for the purpose of dentiying, evalating and recommending * 6 Change Management
contros ofthe hazards involved i the proces. * 7 Business Competvencss
* & ExternalStakeholcer Relationsrips.
542 EngineeringStandards 5.3 Process Hazard Analysis o Acsurane & Aevin
o Engineering Standard o PHA Stancard
ntacts
d Sharing Lessons Leamed
o Refnery Ops Contacts
521 An incident and sinifican near-miss reportng and nvestigatin process s i place and th corporate-wide tracking system s used fo o o
ensure tinely sharing ofnformaton and cosure o corrciie actons. o Satety
« Envronmental
« Both nternalncidens and ncusiry-wide alets are ncluded i the process. * Operaions Drctors
« Trends are periodicaly reviewed to dentiy procedure, process or design changes. « Maintenance Dreciors
o TechnicalDrectors

52 Incident Investigations

« incident investigation Standar
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Table A1 Basic Allowable Stresses in Tension for Metals® (Cont'd)
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Table A-1B  Basic Quality Factors for Longitudinal Weld Joints in Pipes, Tubes, and Fittings, E;

These quality factors are determined in accordance with para. 302.3.4(a). See also para. 302.3.4(b) and Table
302.3.4 for increased quality factors applicable in special cases. Specifications, except API, are ASTM.

Spec. No. Class (or Type) Description 5@ Appendix A Notes
Carbon Steel
AP 5L Seamless pipe 1.00
Electric resistance welded pipe 0.85
Electric fusion welded pipe, double butt, straight 0.95
or spiral seam
Furnace butt welded 0.60
As3 Type S Seamless pipe 1.00
Type E Electric resistance welded pipe 0.85
Type F Fumace butt welded pipe 0.60
Forgings and fittings 1.00 ©
“ Seamless pipe
A134 Electric fusion welded pipe, single butt, straight 0.80
or spiral seam
A135 Electric resistance welded pipe 0.85
A139 Electric fusion welded pipe, straight or spiral 0.80
seam
A179 Seamless tube 1.00 L
A181 Forgings and fittings 1.00 ©
A234 Seamless and welded fittings 1.00 6)
A333 Seamless pipe 1.00
Electric resistance welded pipe 0.85
A334 Seamless tube 1.00
A350 Forgings and fittings 1.00 ©
A369 Seamless pipe 1.00 .
A381 Electric fusion welded pipe, 100% radiographed 1.00 as)
Electric fusion welded pipe, spot radiographed 0.90 9)
Electric fusion welded pipe, as manufactured 0.85 .
A420 Welded fittings, 100% radiographed 1.00 6)
A52 Seamless pipe 1.00
A 587 Electric resistance welded pipe 0.85
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Table 304.1.1 Values of Coefficient Y for t <D/6

Temp erature, °C (°F)
< 482 2621
(500 510 538 566 593 (1,150
Materials & Lower) (950) (1,000) (1,050) (1,100) & Up)

Ferritic 0.4 0.5 0.7 0.7 0.7 0.7
steels

Austenitic 0.4 0.4 04 0.4 0.5 0.7
steels

Other ductile 0.4 04 04 0.4 0.4 04
metals

Cast iron 0.0
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RUISS

Piping and Material Service Specification
Pembroke Plant

PJ164
Rev. 10
CLASS 150 RF, Carbon steel, PWHT (Selected Services)

0.125” C.A. for 17" & Smallii i“a.ﬂﬂ" C.A. for 2” & Larger

Hydrocarbons & Rich Amine (OMAR)
Hydrocarbons & Lean Amine (OMAL)
Chemicals-Rich Amine (MAR)
Chemicals-Lean Amine (MAL)

‘Chevron Limited, Pembroke Plant Page 2
Gonral Euipmentand Mt Spocifcaion GEMS) Pembroke GEMS PJ164-10
Pipingond Hatra Seics Spocication ‘App'd GTOM, Fob 11
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% .| Change Urgent 5055707: Cost Overview
TR

&7 [4 Complete (busness) (@) View PRT  Print PRT

Order P02 5055707 01-WP-3017-J163-8-NONE, 01-WP3017 nsta |3y [

01-W-3017-J163-6-NONE, 01-WB-3017 insta
01-WP-3017-J163-8-NONE, 01-WP-3017 install clamp to chinned line
Created by : GEWK - George Bagley

Reported by : GEWK - George Bagley

Approved by : ALSMITH - Andy Smith

Eroblem description : IAN 06976 has been issued highlighting several

locations below BMET. Location 12 of the IAN has highlighted a section ~
below T-Min. This request is to install a emporary repair to this v
SysStatus |TECO GMES MANC IR BRC_SETC A5 k2

HeaderData__| Operations | _Components Partner | Objects | Addtional Data

Estmated costs279.72 o ovainobjectcur,[Gae
Val.in CoAreaCurr. UsD
Rep. Plan/Act. Rep. Budget/Commit.
Gosts | Quantties | Key figures
Group/Dscrptn Est. costs Plan costs

v 5 Costs 0.00 372.96 m
* B Extemal Services 0.00 0.00 G

* B Intemal Labor 0.00 372,96 0.006.
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% .| Change Turnaround 4713562: Central Header
HrAeERT B

& & @ ViewPRT Print PRT

Order 04 4713562 01-WP-3017-J163-8-ONE, 01-WP-3017 Repl |2 "5

Eroblem description : 3K TEAM clamps fitted (Work order
4700463/4936117/5055707)

IAN OXS861, (Temp repairs 0X5904/0X6640/0X7030)

Replace complete line at next TA 01-F-302 rconcern. Trunnion Support has
also been

altered to allow for fitting of temp repair 0X5304 this must be put back

original after clamp is removed. ~
SysStatus |CRID MANC WMAT NTUP PRC e 7]
Operations | _Components | Costs | Partner | Objects | Additional Data
person responshle Notfctn  [13663575 | £ %)
PlannerGrp  |T/2([PL25  TURNAROUND Costs e8P
Mnwkctr T/A-WE | /[PL25| TURNAROUND W. PMACtType [016] Tumaround ma.
SystCond.
Address il
Dates
Basicfn.  [06.07.2016[03:07  Revison
Schedstart 00:00  Act. start 00:00
Sched.Fin. 00:00]  Actual end 00:00
SchedType |Forwardsintine v| Refbate  |06.07.2016
Relview |Predecessor | Startin past 365
Verson ~v|  Adjust dates
cal.Selecton _[From Wor.. v/ Factory Gal. D
Reference object
Func. Loc.  [PL25-01-0010-16-0 01LNO15455, 01-WP-3017-J163-8-NONE ol
Equpment ]
Assembly £1]
Fist operation
Operation | 01-WP-3017-J163-8-NONE, 01-WP-3017 Repla | 2] CcKey | Calculate work v
WKCt/Pint [T/A-WE | /[eL2s| Cikey M0l Acty Type |mILER PRT
Work durtn ER | Number Oprtn dur. [ER_] Clcomp.

Person. no Hold Onshore. (=]
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inside diameter of the cylinder, cone (at the location of the flaw), sphere, or formed head; for the
center section of an elliptical head an equivalent inside diameter of KD, is used where D,
inside diameter of the head straight flange and K, is a factor defined in Annex A, paragraph
A3.6; for the center section of a torispherical head two times the crown radius of the spherical
section is used. D shall be corrected for LOSS and FCA as applicable.

distance to the nearest major structural discontinuity

corroded wall thickness away from the region of local metal loss.

minimum remaining thickness determined at the time of the assessment

uniform thickness away from the local metal loss location established by thickness
measurements at the time of the assessment.
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Remaining Wall  Level 1 FFSA Level 2 FFSA

Thickness

Location 1: Level 16 5.6mm 4.0mm 1.6mm FAIL FAIL

Location 2:

Level 16

Location 6:

Level 16

Location 7:

Level 16

Location 8:

Level 16

Location 9:

Level 16

Location 11;

Level 14

Location 12:

Level 14

Location 13:

Level 14

Location 14:

Level 14

Location 18:

Level 12

Location 20:

Level 11

Location 23:

Level 10

Location 27: 6.2mm 4mm 2.6mm PASS N/A

Location 31:

Level 9

Location 32:

Level 9

Location 33:

Level 8

2.1mm

Location (CML) Nominal Wall Corrosion Loss 

5.6mm 3.5mm

6.0mm 4.0mm 2.0mm

5.7mm 3.5mm 2.2mm

5.7mm 3.5mm 2.2mm

5.7mm 4.0mm 1.7mm

6.0mm 4.5mm 1.5mm

6.0mm 5.5mm 0.5mm

6.5mm 3.5mm 3.0mm

6.0mm 3.5mm 2.5mm

6.3mm 3.5mm 2.8mm

FAIL

6.2mm 3.5mm 2.7mm

6.2mm 3.7mm 2.5mm

6.0mm 4.5mm 1.5mm

6.2mm 3.5mm 2.7mm

6.2mm 3.5mm 2.7mm

FAIL

FAIL

FAIL

FAIL

FAIL

PASS

PASS

FAIL

FAIL

FAIL

FAIL

FAIL

FAIL

FAIL

FAIL FAIL

FAIL

PASS

PASS

PASS

FAIL

N/A

FAIL

FAIL

N/A

N/A

N/A

FAIL

N/A
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SMART Action Plan

S- Be Specific about what you want to achieve, do not be ambiguous, communicate clearly.

M- Ensure your result is Measurable. Have a clearly defined outcome and ensure this is measureable (KPIs).

A- Make sure it is Appropriate. Is it an Achievable outcome?

R- Check that its Realistic, it must be possible taking account of time, ability and finances.

T- Make sure it is Time restricted. Set yourself an achievable time frame, set deadlines and milestones to check your progress.

Staff

Responsible SR

Action

Measurable | Appropriate Realistic Time
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RISKMANAGEAENT COMMITTEE DATESURMITTED:

~REQUESTRESCLUTION MEMCRANDU VALERO PEMBROKE o
requesTER@): 0 E ITEMS 70 BE SUPPLIED CHECKLIST
TRefmms O Problem satement ncudes whether safey, mechanical
COMPLEX: ity or an nvirommentlprocedue s volved
TTOR Vamm U O Backoud information includesreferences to
TN repultons, codes, specificaton, police, sandards,
[
ot O Simplifed flowdingrams, process flow diagrams,plet
PROCESS: plne, o equipunet dravings nd el e sached.

O Listofoptons with an evalustion an risk assessment s
stachad. (Risk Mt ol be tzcked)

O Requestr's reccmmendstion i inchuded.

EQUIMENT:  0LWe-

ESTRLATED
DATETO e 2018
START WORK:

"PROBLEM STATEMENT

(Including astatement of the deviaton)

Line no, 01-WP-3017 has several location below PAIPT. & mechanical enclorares ars n option but dus o e smowntof
defectsch lne the cost would be high. It s proposed toinstall patches as per ASME PCC? using liv line welding as 3 method.
A repaie ofthis nature is required as i i impractical otk the line out of servie. (Cape00S2 work pack)

Live lne welding s a recognised repsix method and has been succesfull carred out a mumber of Gmes here at Valero
Pembroke. The welder dhosen to complete the task ill be fnilar withlvelne welding, Patches i o be installed which docs
‘ot exceed % of the orsinal pipe diameter and s in compliance with APL §70 and ASME PCC? repair codes

'BACKGROUND INFORMATION
+ Patch matral o b comact 3 par Pembroke GEMS (PI164)

+ Line OL-WP-3017 s found on PAID 0L AAS2

* Valero enginesing depatment to provide datails of patch requird t asabl sruchural svengthf be achieved in
complisnce with AS)E PCCY APY 570 codes ofrepie

"OPTIONS EVALUATED T
Opions of repaiv
1. Do noting i then fils-
2. Camry out i ins overplte weldin Incomplisnce it industy code APLSTO
5. Carry outtemperary repai o th itegity epai standard by fiting 2 meckanicalenclosure
Rk with repair
1" Leave i sevice - Lesk worsens and isolston il cause it shudons
2. Camy outrpair and leave line i sevics (minimal risk of blow through and pinbole o)
5. Costof TEAM enclosoes wonld be n sxcess of£60k
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‘REQUESTRESOLUTION
AFMORANDUM

'REQUESTER’S RECOMMENDATION
(Including any safeguards proposed)

in compliance with TR457 and TRES6

"To carry out spproved live lne welding of patch repairs 3 par CAPE pack 0052 Work pack will s spproved by alllevels of authority

COMMITTEE DECISION

FOLLOW-UP ACTION
RESPONSIBLE PARTY: | GBagley TARGET DATE: June 2018
"RMC MEMBERS PRESENT OTHER EMPLOYEES PRESENT

COMNMITIEE APPROVAL
Approved

DATE: 121062017

"All decisions that have an identified risk level of 1.5 following
mitigation will require approval to operate with risk. The Valero

RISK LEVEL: BA

Approval to Operate with Risk Policy shall be followed before APPROVER:
the work is implemented.
[PPENDIX X - sk Managacment Review Workaheet
oot o rtar
s
B s e om0
Team Member: George Bagley Team Leader George Bagley
R R B =
e e
TreToe
L R el EX TS P P P ———
st e e
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