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3. Abstract  
 

This report gives an understanding of how the Pembroke plant achieved continuous process 

safety. Through scheduled inspections, inspection advice notes are issued when defects are 

found within pressure containing equipment such as piping and pressure vessels.  

 

Oil refineries and other similar process plants are highly regulated and must follow strict 

guidelines and codes of practice otherwise they face large fines or even be forced to close 

down. Process safety is the number one priority, as a loss of containment could result in an 

environmental or personnel safety concern, which is to be avoided at all costs. 

 

The report shows what actions are taken when an inspection advice note is issued to the 

business and how it is acted upon. In this case a section of line has been highlighted to 

maintenance, suffering from atmospheric corrosion and action is needed.  

Using guidance from applicable ASME and API codes, the author in the roll as integrity 

coordinator together with a cross function team concludes that, a temporary repair as per 

ASME-PCC2 temporary repair instruction is the best method of repair and maximises asset 

uptime safely. Using a risk matrix to understand the present level of risk it becomes apparent 

one repair is needed urgently and the other poses a lesser risk and can be completed as 

planned maintenance. 

 

After approving the first method of temporary repair the author then moves focus to further 

assessment of the remaining defects. From forming a cross functional team several 

possibilities are drawn up and explored. Some defect locations are removed from the 

problem by proving they pass a fitness for service assessment which then in turn reduces 

the potential work scope. 

 

Using cost estimating to help aid the decision process, the author then determines that live 

line patch repairs conform to the applicable temporary repair codes are the best course of 

action. During the report it becomes apparent that several recommendations can be made 

for future work. The author also deduces after using a root cause analysis tool that the IAN 

could have perhaps been preventable. To justify these recommendations the author 

attempts to put a timescale and cost to each one whilst quantifying the potential payback.  
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8. Introduction 
 

Opened in the mid nineteen sixties and 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, 

Chevron Oil have both upstream and downstream assets, Valero do not and 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 (Of which the author makes up part of the team) 

 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 and has proved to be a great success due to labour resources working on site priorities 
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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 take 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 of the highest priorities 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 in 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 the author in the 

position of 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. This is to be discussed with regards 

to inspecting pressure containing equipment more frequently. 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, more than one solution to choose 

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 assessed.  
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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 the author being in the 

position of integrity coordinator plans to investigate these possible options. 

Finally, once safe unit operation has been achieved it is the 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’.  
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10. Research and Literature Review 
 

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. The hydrocarbon process is 

important to understand as these processes produce sour water as an unwanted by-product. 

  

Within the VDU boundaries is a sour water stripper system (SWS), it carries out the task of 

removing unwanted substances from process water, which is achieved by using steam to 

remove these components turning them into gas to be burnt as off-gas in the VDU unit’s two 

furnaces. 

 

 
Figure 1 Location of 01-VDU within Refinery 
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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 a 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 

processes the sour water from all three business complexes.  

 

 
Figure 2 Overview of Pembroke Refinery Sour Water Stripper 

 

The process flow diagram (PFD) as seen in (figure 2) shows the SWS feed, which in this 

instance is 44m3/hr and 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. 
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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 and the H2S levels in this line could be up to 50ppm. 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)  

 

10.3 Initial Assessment of 01-WP-3017-8” 
 

Corrosion is a form of damage mechanism and is found in many forms. To correctly categorise 

the exact damage mechanism and to enable engineers to mitigate against it, full guidance can 

be found throughout the contents of API 571. This is the applicable code used by refineries to 

firstly categorise the observed damage mechanism and then treat the cause to allow for future 

prevention. For API standards, corrosion is measured with the unit as mils per year (MPY), a 

simple measurement calculating the losses observed in millimetres per year.  

 

Some examples of corrosion rates would be; 

 

 Severe marine environments 20 MPY 

 Industrial environments containing acids or sulphur compounds 5-10 MPY 

 Inland locations exposed to moderate rain and humidity 1-3 MPY 

 

From the critical factor section 4.3.2.3 of the API code it lists key points on what can effect 

corrosion rates in MPY. The factors that apply to the line discussed are as follows; 

 

 Corrosion rates increase with temperature up to about 250°F (121°C)  

 Airborne contaminates from cooling water towers 

 Geographical location of the equipment in relation to the coastline and the presence of 

salts in the air blown of the coast line by the wind.  

 

In this instance, for line 01-WP-3017 after review of API 571, two failure modes could 

potentially be found directly from the contents of the code;  

 

 Erosion/Erosion corrosion- This is internal thinning of the line due to the 

movement/velocity of the internal solid, liquid or gas, which in this case has not been 

observed. Confirmed by inspection reports of RWT is close to nominal. 

 

 Atmospheric Corrosion- General or local corrosion caused by accelerants. Corrosion 

rate depends on severity of accelerant and current control measures in place. 

 

(Dobis, J., Cantwell, J. and Prager, M, 2004). Show that according to the information provided 

and the information stated in the IAN, the correct category of corrosion found in this instance 

is atmospheric corrosion. This corrosion found occurs from moisture in atmospheric 

conditions, marine, coastal environments and moist polluted industrial environments. Notably 

airborne contaminants are most severe and are by far the largest accelerant of atmospheric 

corrosion. For specifically this line, fits this criteria operating in the temperature danger zone 

and due to the fact it is the most westerly located process unit subjected to the prevailing 

winds from the Pembrokeshire coastline which can also be seen in (figure 1) image. The wind 

in turn carries the spray off of the sea which contains much higher concentration of salts than 
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normal rain water. One other contributing factor may be that with the correct wind direction, 

mist from the refineries cooling towers may find its way to the SWS equipment.  Carbon steel 

is also listed in API 571 as one of the materials most susceptible for this damage mechanism.  

 

(Dobis, J., Cantwell, J. and Prager, M, 2004) state the appearance can be found to  be general 

or localised, dependant on whether or not the moisture is trapped. Localised coating loss or 

damage promotes corrosion and a distinctive iron oxide (red rust) scabbing will be observed. 

API 571 can later be used when making future recommendations in this report.  

 

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, using the Pembroke risk matrix (table 2) to understand what the current 

level of risk is in order to categorise the priority of this IAN being progressed quicker than 

others. From the authors experience the consequence of failure of a line in this service is high 

due to it containing dangerous levels of 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 is 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;  

 

 
 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; 

 
 

 



George Bagley P148139 
 

17 
 

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 of withstanding internal design pressure. To 

use this formula the unknown values must be found and are tabulated below.  

 

Table 1 Showing required values to establish Tmin for 01-WP-3017-8" 

 
 

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 TMin, this formula relates back to thin cylinder theory 

where ratio of thickness compared to internal diameter is <1/20 and hoop stress is σh =   
𝑃𝐷

2𝑇
. 

All units have be converted into Si units. 

 

TMin= 
1.37 𝑋 0,2191

2 (137.9 𝑥 1 𝑥 1)+(1.37 𝑥 0.4)
   

 

TMin= 1.0861 x 10-3 M 

 

 This API formula can also be validated using the above mentioned thin cylinder theory. It can 

be said that hoop stress is twice that of longitudinal stress. Therefore hoop stress is the limiting 

factor and due to this, the following formula can be used. σh =   
𝑃𝐷

2𝑇
. In this case T will equal the 

calculated Tmin to help understand the max allowable hoop stress that can be observed on the 

system. So; 

 

σh =    
1.37𝑥202.72

2𝑥1.08
 

 

σh =   128.57 N/mm2 

 

This is close to the max allowable stress as seen in appendix F (a) ASME B31.3 table A-1 for 

A106 GR.B carbon steel pipe at the specified temperature. However as wall thinning is 

localised it is not the entire circumference that has thinned. Over ninety percent of the normal 

thickness remains around the circumference. To calculate for a more realistic actual value for 

hoop stress Tmin can be replaced by nominal wall thickness where T=8.18mm shown 

(appendix H (b)). So; 

 

σh =    
1.37𝑥202.72

2𝑥8.18
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σh =   16.97 N/mm2 

 

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. Although this is 

based on design pressure and not maximum operating pressure which is much lower this still 

poses a significant risk and can be risk assessed using the Pembroke matrix (table 2). 

 

From studying this information the question is asked why failure has not occurred when a 

small section of the line is below Tmin. Theoretically a pinhole leak should have been observed 

at location 12. The reason there has been no loss of containment, is because the formula used 

in API calculations specifies the use of design conditions and not actual operating conditions. 

This is a more conservative approach and allows processing plants to operate safely.  

 

To help understand the difference, the same calculation can be made by using the maximum 

operating pressure the actual equipment is subjected to. It should be noted however this is 

not to API code and is purely for observation and theory.  

 

Where maximum operating pressure = 0.765 MPa 

 

Theoretical Minimum Thickness NOT to API Code= 
0.765 𝑋 0,2191

2 (137.9 𝑥 1 𝑥 1)+(0.765 𝑥 0.4)
   

 

Theoretical Tmin = 0.6mm 

 

Although location 12 is still marginally below this figure it could be said that the accuracy of 

using USTM to measure wall loss could according to (Advanced-ndt.co.uk, 2018) is stated as 

+/- 0.1mm for a similar device used at Pembroke.   

 

This information helps the author to better understand why a small pinhole leak has not been 

observed.  
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Table 2 The Pembroke risk matrix 
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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 that 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 the action is not an urgent priority. 

In the interim period in case of a pinhole leak developing the area is cordoned off. Continuous 

gas monitoring is active at the equipment and in the event of a minor leak the unit alarm will 

sound.  

 

If no further action were to be taken although not the case, in the highly unlikely event that a 

catastrophic failure were to occur even with no personnel present due to unit restrictions using 

barrier control, a large release of sour water would be a stewardable event to both the HSE 

and corporate headquarters. A release of this kind would be a RIDDOR and COMAH 

reportable event and through similar investigations at other plants and factories, large fines 

have been observed and in some cases had their operating licences suspended or void. Two 

examples in (table 3) are shown below to quantify the type of penalty that can be sanctioned 

by a regulatory body; 

 

Table 3 Showing examples researched of industrial incidents leading to large fines 

 
These examples although not oil refineries give a clear indication of the potential financial loss 

in the event of a catastrophic failure. Although due to the exact damage mechanism to 01-

WP-3017 this scenario is highly unlikely this research helps to put the magnitude of loss into 

perspective. 

 

It should also be noted at this point that the refinery go above and beyond recommended 

guidelines for monitoring of H2S as every member of personnel on the refinery wear a personal 

H2S monitor that alarms a just 5ppm. An example of this monitor is shown in (figure 3). 

 
Figure 3 Example of H2S monitor worn by all personnel at the Pembroke plant 
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10.4 Further Investigation and Research 
 

The 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 

 API 571-2011 Damage mechanisms affecting fixed equipment in the refining industry 

 

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, this is 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.   

 

 
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 
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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. For work of this type, a later 

investigation will be conducted to discuss whether or not radiography should be a mandatory 

requirement when inspecting equipment with this damage mechanism as there is almost a 

certainty that this will be required. 

 

Results of USTM are usually null and void measuring heavy external corrosion and 

radiography unless corrosion is removed is un-avoidable. Therefore in this case the area 

inspection engineer is requested to and 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.  

 

 
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 to decide on a logical approach to solving the problem and making 

recommendations. This team is as per organogram shown in (table 4). Some useful 

information provided by the author of this report as pre-read before a formal meeting of the 

below group takes place would be to quantify the cost associated to an unplanned shutdown 

of the equipment if the line were 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 to decision 

making both in the immediate future for the section of line at 0.5mm RWT and other areas of 

concern. 
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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 any more 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 and within thirty minutes the whole refinery’s 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 seen in appendix P 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 (table 4). The information can also be used as above in the Pembroke risk matrix 

(table 2) to risk assess the business risk which was presumed lower from the outset. 

 

 

Business (II) x Likelihood (E) = Level 1 (Undesirable risk) 
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Table 4 Organogram of team set up to action IAN 
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11. The Project 
 

11.1 Project Team and Meeting 
 

As seen in (table 4) 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 been conducted 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 that are generated 

by 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 for topic one, 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 were discussed by all parties. It 

was decided that using the matrix from (table 2) 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 were decided to be explored for suitability;  

 

1) Carry out FFSA 1 or 2- This would involve further work 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, are to be investigated with the integrity 

coordinator. It is possible for one or more of these options to be implemented. 
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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 priority due to the risk of operating with a line below Tmin. At the time, from the author’s 

point of view the process of installing a temporary repair was not clearly defined. To aid the 

author and with guidance from the engineering team a flow diagram was constructed using 

MS Visio of which can be seen in (table 5). This shows the workflow process that has to take 

place in order to install the mechanical clamp.  

 

Table 5 Pembroke temporary repair clamp procedure 

 
 

Once the line has been measured up in the field at location 12 by the 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 then to 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 
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pipework, this makes some subtle differences to the designs when it comes to materials for 

construction and (Figure 6) shows the pipe defect at location 12. 

  

 
Figure 6 Corroded section of 01-WP-3017-8” at location 12 with 0.5mm remaining wall thickness 

 

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 ASME-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 = 
𝜋

4
× 𝑑𝑏2 × 𝑓𝑏𝑜𝑙𝑡 

𝜋

4
× 15.752 × 137.9 =26866.8N 
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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 35 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 35 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 = (
Fbmax

0.25×𝜋×𝑑𝑏2
) 

 

(
16717.16

0.25×𝜋×(15.75𝑥15.75)
) =85.81 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. 
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Control Wall Thickness SHELL 

 

 
Figure 7 ASME VIII UG27 

 

Taken directly from ASME VIII section UG27 the above calculation in (figure 9) gives the 

correct formula to calculate Tmin for clamp shell wall, where; 

 

Table 6 Values required to calculate minimum required wall thickness 

 
 

 

 

Therefore Tmin = 
1.37×133.3

(137.9×0.6)+((−0.6)×1.37)
 

 

Tmin = 2.23mm 

 

Actual wall thickness taken from team CAD drawing = 8mm. 

 

To help validate this information again thin cylinder theory can be applied. Although Tmin is 

established for the cylindrical clamp, stresses could be better understood from either 

transposing the above equation or using the previously seen formula σh =   
𝑃𝐷

2𝑇
.    

 

σh =   
1.37 𝑥 133.30

2𝑥 2.229
 Therefore hoop stress at Tmin is calculated through this at 40.96 N/mm2. This 

result even at minimum thickness is far below the max allowable stress of 137.8 N/mm2. 
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Control Wall Thickness ENDPLATE  

 

 
Figure 8 End plate formula taken from ASME VIII UG-34 

 

 

Table 7 Figures required to calculate endplate thickness 

 
 

 

d = 264 X  √
1×0.33×1.37

0.6×137.9
 

 

 

d = 19.51mm  

 

Minimum endplate thickness required is 19.5mm and actual endplate thickness taken from 

CAD drawing (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 9) the 

maximum Von-Mises stress observed shows 19.13N/mm2, this appears acceptable although 

well below 137.9N/mm2 that is specified as maximum allowable stress as per ASME B31.3 

table A-1 appendix F (a). 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). 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 9 Solid works static study used to validate clamp design calculations 
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11.4 Clamp fitting 
 

With this in installed as per (figure 11) risk has been mitigated and the likelihood of a hazard 

occurring has been reduced to (Consequence III x Likelihood AA = BA broadly 

acceptable). As this is a temporary repair this has been logged in the plant condition 

monitoring system (PCMS) which is shown in (figure 10). 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 of this work was as per SAP work order in appendix K (a); 

 

 £372.96- Site labour for installation support 

 £11,376.43- Team-Furmanite engineering costs, clamp fabrication, delivery and 

installation (with urgent priority surcharge)  

 

Total cost =£ 11,740.39 

 

 

Fitting of the clamp involved the following work; 

 

 Unit crane to land the hardware at location 

 2x leak sealing technicians to loose bolt the clamp to defective location, torque all 

bolting and inject perimeter seal with sealing compound  

 All work done in breathing apparatus as a precaution taken in case leak developed 

 

 
Figure 10 PCMS data for temp repair clamp fitted to location 12 
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Figure 11 Clamp installed at location 12 of IAN (Clamp No. T26131)   
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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.  

 

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 

considers 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 on in its own merit, the IAN has been updated to include the 

two additional locations found during the radiography inspections carried out, this now brings 

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 (figure12) 

 
Figure 12 API 579 Assessment criteria for FFSA 
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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 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, that 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 is 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;  
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So; Rt = 
6.3−0.163

6.3
 and 𝜆 =

1.285𝑥20

√202.72𝑥6.3
 

 

Rt= 0.974  𝜆 =0.719 

 

Step 5 states the criteria for the flaw size that must be met for the assessment to continue 

  
For this case; 

 

Rt= 0.974 

tmm= 6.3mm 

Lmsd =1.8√202.72𝑥6.3  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 

 

𝑃 =
𝑡 × 2(𝑆𝐸𝑊) + (𝑃𝛾)

𝐷
 

 

2.7 × 2(20𝑥1𝑥1) + (1.37𝑥0.4)

219.08
= 3.401  

   Therefore using this formula shows with 2.7mm RWT MAWP would be 3.4MPa (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 𝜆 give reading above the curve in (figure 13) the 

equipment passes a level 1 FFSA. 

 
Figure 13 API level 1 FFSA assessment criteria  
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For corrosion found at this location the following values were calculated Rt= 0.974 𝜆 =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 to 

give the worst case. This model is set up by using the following 

 

𝑆𝑇𝑅𝐸𝑆𝑆 =  
𝐹𝑂𝑅𝐶𝐸

𝐴𝑅𝐸𝐴
 

     

The calculated stress can then be compared back to the max allowable stress stated per 

ASME table –A1 seen in appendix F (a). For this calculations the following values have been 

used; 

 

 Force= from pipe data pro appendix H (b) 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 
𝜋𝐷2 − 𝜋𝑑2

4
 

 
131022 − 129105

4
 

 

Remaining CSA= 4.79x10-4 m2 

 

So; 

σ = 
23471

4.7941x10−4
 

 

σ =48.9 N/mm2 
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These calculations can be supported by using an FE solver such as solid works CAD 

simulation package.  The results below validate the previous calculations. (Figure 14) 

 

 

 
Figure 14 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 

beyond the max allowable stress as stated in API 579. This will later be considered when 

making recommendations. 

 

 



George Bagley P148139 
 

39 
 

 
Figure 15 FEA study with design pressure and temperature applied 

 

 

Fitness for service results 

 

From the studies above 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 to arrest and paint the active corrosion. 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 that sections at and below 2.5mm would fail a formal API 579 fitness for 

service of any level. It is however, interesting to observe that with the use of FEA and basic 

hand calculations, 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 author’s 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.  
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11.5.2 Installing Further Temporary Repairs 
 

Another logical approach for continued safe operation would be to install additional 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 from some 

basic FEA the line did not appear 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 were 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.  

 

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, using industry norms and to 

ASME b31.3. The cost to the business of a complete line replacement this is shown in (table 

8).  

 

 
Figure 16 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 from 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 
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commences due to the potential residual high PPM H2S. To support the plan shown in (figure 

16) a cost estimate has been completed this also considers the cost of sending sour water to 

storage. As previously discussed.  

 

 

Table 8 Estimated cost of line replacement 

 
 

 

Using the site average for cost of labour estimated from the job plan (figure 18) 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.   
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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 any one 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 which equal half the pipe diameter 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 N/mm2. Which in this case it is not and 

for this line is 137.9 N/mm2 

 

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 17). 

 
Figure 17 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 
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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 18) this is to be checked as the calculation 

specifies the midpoint and not the full thickness.  

 

 
Figure 18 PCC-2 section 3.2 internal pressure load calculations 

             

 

Using the above equations the following is calculated; 

FCP=
1.37𝑥212.4

2
 

 

FLP=
1.37𝑥212.4

4
 

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 19). 
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  Figure 19 Patch fillet weld joint deficiency calculation 

 

Calculations can be made to help 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 F (a) 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/mm2 

 

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, using estimated costs generated from industry norms and after discussion with 

the Pembroke fixed equipment planning department shown in (table 9), 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 that the line will be 

painted in the unit and not in the fabrication shop.  

 

 
Figure 20 Timing plan for patch repairs 
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Table 9 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 

diameter, the repair would be classed as permanent. This however from working with the 

engineering team, was highlighted not to 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 21). 

 

 
Figure 21 API 570 Example of a welded repair patch  
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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 (table 2) has also been used to categorise how each 

option would lower the current risk. 

 

 

Table 10 Showing different risk scenarios dependant on repair method  

 
 

Table 11 Cost to implement each repair strategy 

 
 

From this data, if the complete line were 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, has 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 likelihood 

of failure compared to that of a clamp. These Results are to now be discussed and 

recommendations made.   
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13. Discussions of Results and Work Completed 

 

13.1 Project Learnings and Outcomes 
 

Firstly, the project has guided the author to a much better understanding of ASME and API 

practices at 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 with 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.  

During this stage it was noted the figures used for calculation were maximum design figures 

and not to the actual maximum operating temperature and pressure values. Tmin was 

calculated at 1.08mm but a small patch of the line was found to be just 0.5mm. The question 

was asked why a pin hole leak was not observed if this was the case. This was then 

understood better by highlighting the difference in values not for just the design pressure but 

actual maximum operating pressure, using thin cylinder theory it helped to show how 

conservative the API codes are in order to make processing plants operate safely.  

 

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 the assessment being unsuccessful and 

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 it behaves mechanically, dependant on temperature. Where 

further assessment is made this should be considered.  

   

13.2 Fitness for service 
 

This process looked 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 were 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. In this case the line is not supporting another components for 

example valves, platforms and tie in points. The line is purely just required to support its own 

weight. A level 2 assessments would have been required if this were not the case. In this 

instance a level 3 assessment 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. Interesting observations were made during 

the assessment when it came to some theoretical modelling of the line using simulation 
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software in solid works. A worst case assessment was set up to help support numerical 

reasoning and, 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 definitely 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.  

 

13.3 Install further temporary repairs 
 

Further temporary repairs were discussed but concerns were 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 because of the extra loading to the 

line, this repair method was not deemed suitable unless there were no other options.  

 

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. After discussion with the operations representatives outside of the core team it was 

necessary to understand the full 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 that 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.  

 

13.5 Live line repairs 
 

As guided by ASME PCC-2 welded patches installed while equipment is still on line were 

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 was 

approximately one third cheaper than a full line replacement.  
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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 is 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 it is now known 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. In the 

past the Pembroke culture has not favoured live line welding over installing clamps. However 

through justification of cost and careful control of processes and procedures the author has 

helped towards a culture change, in staff accepting live line welding as a suitable and safe 

method of practice. This is partly down to demonstrating several live line packs completed 

safely. 

 

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 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.  
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 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. As 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 

22) shows this entry along with the time, date and potential value of the loss in US dollars. 

 

 
Figure 22 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 statement to be re-entered and then 
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asks a series of 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 23) 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 

and 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.  

 

 
Figure 23 5-WHYS analysis and solution to problem  
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15. Recommended Future Work 
 

Below are seven key points the author recommends to be carried out as future work. It is 

recommend that a cross functional team is formed to score each key point in its own merit. 

These recommendations are to be made time based in the category of, short, medium and 

long term targets. Each will have an estimated cost and be disseminated to key stakeholders 

as discussed.    

 

Short Term (0-6 Months) 

 

 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. Although already planned, it is recommend that the 

current area integrity coordinator carries this work out. The findings of this report are 

to be shared with the coordinator at the soonest opportunity. The cost of this work has 

been identified in the report as (£62550) which includes the coating of the line for 

further protection.  

 

 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. This action plan should be considered within six months of issuing this 

report. The cost of setting up the plan is minimal due to the fact this is part of an integrity 

coordinators base business to improve work flow processes. In this case no cost has 

been put to the action.  

 

 Level 3 FFSA- The line studied in this report discusses level 1 and 2 FFSA. Whereas 

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 were 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 structurally 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 complexity and the fact a level 3 FFSA is to be done by an external 

source, a level 3 has not been considered. This assessment 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. This information will be passed on to the senior mechanical 

engineer for further thought. The cost of this analysis can be >£50k 

 

Medium Term (0-18 Months) 

 

 Temperature- It is clear 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” vary considerably and should be investigated. This can 

again be done in house and it is recommended that this be undertaken by current or 

future engineering students. To be carried out in-house, costs are again negligible.  
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Long Term (0-60 Months) 

 

 Paint processes- As identified, the root cause was failure of coating leading to 

external corrosion. 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. This will be set out by the SMART action plan seen in the short term 

goals. Firstly this will be investigated by the integrity coordinator but the final findings 

will have to be assessed by either the integrity superintendent or the fixed equipment 

manager. From the authors experience it would take in the region six months for two 

additional staff to formulate a method of inspection strategy and carry out the initial 

assessment of at risk lines. Once in operation this would then form part of a rolling 

program. Total cost of two additional members of staff to oversee and determine a 

process initially would be calculated by; 

 

o Approximate hourly rate =£30 

o Hours worked per week =38 

o No of weeks =26 

 

 Total cost for two additional staff = £59280 

 

As discussed this would only be the initial set up and further costs would be incurred. 

This will be discussed further in the next recommendation.  

 

 

 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. Moving on 

from the SMART action plan and the initial assessments, this 

section considers how to make the complete program 

sustainable in order to give a valued amount of payback. This 

recommendation potentially will require endorsement from 

the technical and maintenance director as this may require a 

complete team of new employees to make this successful. 

As an estimate the author has suggested the members of a 

team that would execute work of this type. Using a similar 

estimating method as above the total to implement this team 

per year would be in the region of £300k. These findings are 

to be discussed in greater detail with key stakeholders. The 

potential payback of this at this stage is un-quantifiable but 

this will need to be clear before discussing. 01-WP-3017-8” 

is just one 32m section of line and the cost of replacement is 

over £100k if hundreds more of at risk lines are identified the 

cost to benefit ratio would be considerable.  

 

 

 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 

Figure 24 Organogram 
showing theoretical 
team required to 
inspect at risk pipelines 
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fact the pressure containing end plate was double the required thickness and the 

clamps shell wall was over four times thicker than required. API/ASME code does not 

specify a safety factor for these dimensions therefore, 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. This information has already 

been passed to the fixed equipment manager, including the observations made in the 

calculations for the clamp installed at location 12. This work should, in theory, have 

zero cost to the business and any improvements made could be expected as part of 

the service provided by Team-Furmanite.  

 

For each of these recommendations to be passed to the correct stakeholder it has been 

decided that the author will conduct a series of meetings and presentations in order to satisfy 

that these recommendations are to be put to good use. The factual information generated 

throughout the report will aid each stakeholder to make formal decisions when deciding 

whether or not to act upon them.  

 

For each category or goal the author plans to discuss in the following groups;  

 

Short Term Goals 0-6 (months) 

 

 Fixed equipment engineer 

 Senior inspection engineer 

 Integrity superintendent 

 Integrity coordinator 

 

Medium Term Goals (0-18 months) 

 

 Senior reliability engineer 

 Senior staff engineer 

 Student engineering team leader 

 

Long Term Goals 0-60 (months) 

 

 Fixed equipment engineer 

 Maintenance director 

 Technical director 

 Team-Furmanite contracts manager 
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16. Conclusion  
 

The entire objective of this report was to maintain process safety at all times at the Pembroke 

refinery. This clear objective has been achieved and a number of other valuable 

recommendations have been made, in the hope to prevent similar scenarios from occurring. 

During the project the author in the roll of integrity coordinator, was responsible for 

coordinating the safest and most efficient method of achieving excellent process safety.  

Firstly, the importance of a timing plan to work to was identified and then later constructed so 

that the report and project both had a formal structure. Without this in place, the author or 

other members of the team would have not had any clear objectives to work to and deadlines 

would be unknown. 

A quality review of applicable codes and practices have been essential throughout the entire 

project in order to make any assessments, judgments or recommendations. Mainly API and 

ASME codes as these are the exact codes oil refineries operate to. When analysing the IAN 

issued for the defective line it has been clear there are different elements of risk present due 

to the varying thickness found during the initial inspection. It was shown that all work carried 

out would be as an action created from assessing risk, using the Pembroke risk matrix as seen 

in (table 2). This table was essential to allow the cross functional team to understand what 

risk was actually facing them. 

From the initial assessment of line 01-WP-3017-8” it was clear from research the author as 

integrity coordinator was dealing with atmospheric corrosion. This was a frustration shared by 

the team as the internal process was not the damage mechanism but breakdown of surface 

coating and the location of the equipment with respect to the elements such as the sea and 

the rain were the main contributing factors to the failure mode. 

From reviewing the IAN and using minimum thickness calculations in accordance with API 

code, it was discovered that immediate action was required at location 12. It was an interesting 

observation made to try and understand why the component had not already failed. This 

analysis was undertaken and due to inaccuracy of USTM and the API use of values, the report 

highlighted that the component had not failed as it was perhaps marginally above actual 

theoretical Tmin. This however, was of no great advantage due to the fact this would not been 

in compliance with the code.  

Had no action been taken and a failure had have occurred potential penalties could have been 

sanctioned similar to those already highlighted in industry using (table 3).   

With the minimum thickness of the line below code, a mechanical clamp was decided the best 

immediate action, along with perimeter barriers and permanent gas monitoring. This was 

decided by the cross functional team after seeing the advantage of analysing figures from a 

previous study, this helped the team quantify the cost of sending sour water to storage. The 

clamp proposal was received from Team-Furmanite and assessed by the author for 

application. Through research and guidance from the Pembroke engineering department the 

author learned that mechanical enclosures are built in accordance to ASME VIII, which is the 

design code for pressure vessels and not piping. Using this code allowed the report to use 

standard calculations as per that code to make a judgment on whether or not the clamp was 

fit for purpose, which, in this case, it was. 

 

From both the Tmin and clamp assessment calculations it was interesting to observe that, 

although the calculations were more conservative, they still both related back to a more simple 

theory and the formula of thin cylinder theory. This was highlighted through simple calculations 

to validate the more complex ASME and API formula. The simple thin cylinder theory was 

perhaps even more useful to understand max allowable stresses observed.    



George Bagley P148139 
 

56 
 

 

The author using knowledge of CAD and FEA verified these hand calculations and very similar 

results were shown. This gives confidence in both the formula used and the quality of the FEA 

boundary conditions. When using the FEA for the pipe section it was discovered the results 

were very similar for both methods. However when simulating the same conditions in the FEA 

but adding the max design temperature, which is something not accounted for in the formula, 

with the RWT assumed at just 1.5mm the study then looked at what difference temperature 

made. In this case for A106 GR B pipe the difference was significant and although formula 

predicted the line fit for purpose, the FEA suggested that the material was above ASME b31.3 

max allowable stress and very close to the max yield stress of the material chosen in solid 

works. In the authors opinion this led to a good recommendation for future work to summarise 

and understand the effects of temperature on carbon steel pipe.  

Further assessment was also carried out to the pipe, in the form of a level 1 FFSA. This passed 

off six locations as fit for service, reducing the overall work scope. The largest and most 

significant observation made here was that for level 1 and 2 FFSA if a line is below 2.5mm 

that it will automatically fail the assessment. This is valuable learning for both the author and 

a large part of the cross functional team. For the assessment to have continued, a much more 

in-depth and complex level 3 FFSA would have been required which potentially would have 

been a costly exercise if it still were to fail.  

   

The report has considered process safety as the number one priority throughout but it has 

also used costings to help make secondary judgements. After meeting to discuss possible 

actions it was the integrity coordinator who was to go and investigate possible methods of 

repair and analysing the true cost. In using reliable costing methods and plan scenarios it 

became apparent that one method was more suitable than others. Although deemed as per 

ASME-PCC2 as a temporary repair, there was justification of carrying out the live line welding 

repair over an equipment shutdown, due to the fact it would still of worked out cost effective 

to install the immediate repair and then complete a permanent repair at a later date. The author 

has completed several live line welding tasks which has helped instil confidence among the 

safety and risk management committee. The change in culture moving towards live line 

welding as opposed to mechanical enclosures is a welcomed one among many departments 

at Valero Pembroke.  

Finally to conclude, using the RCA tool available at the refinery to help analyse why the failure 

had occurred in the first place, led to a recommendation to treat the root cause of the IAN. 

This then led into some other recommendations being made that align with the same topic. 

These other recommendations, originally not apparent until the report and study evolved were 

also noted. The author feels that further opportunities are apparent from this report and that 

the report only attempts to solve just the process safety element, which in this case it has 

succeeded.  

From the recommendations it is clear that work needs to be done in and around the topic of 

identifying at risk lines and equipment. It is clear that the weather and location of the refinery 

in relation to the sea air has a huge impact. This is even more evident from studying the 

photograph taken of the temporary repair clamp installed at location 12 (figure 11). This was 

only installed just 4 months prior to the author’s photograph and already, due to limited 

weather protection, the bolting and the clamp have begun to show signs of corrosion.  

Although there is currently a team working on equipment preservation at the refinery,  pipelines 

do not perhaps get the focus they deserves and this needs to be addressed if future prevention 

of external corrosion is to be achieved.  
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18. Appendices  
 

Appendix A (General lay out of VDU and sour water stripper column) 

 
Figure 25 01-VDU Shown from east side of unit 

 

 
Figure 26 General arrangement of SWS 
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Appendix B (Overview of the effects of H2S on the human body) 

 

Table 12 Effect of H2S on the human body 

  
 

 

  



George Bagley P148139 
 

61 
 

Appendix C (a) (P&ID 01-AA-523 showing line 01-WP-3017) 

 
Figure 27 P&ID 01-AA-523 showing line 01-WP-3017 

Appendix C (b) (General arrangement of SWS and defective line) 

 
Figure 28 GA of SWS and 01-WP-3017-8" 
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Appendix D (Inspection advice note cover sheet 0X6976) 

 
Figure 29 IAN 0X6976 
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Appendix E (Valero CTEMS landing page) 

 
Figure 30 Example of Valero CTEMS 
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Appendix F (a) (ASME B31.3 table A-1) 
 

Table 13 Stress value S where 20 KSI = 137.9N/mm2 
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Appendix F (b) (ASME B31.3 table A-1B) 
 

Table 14 Basic quality factors E 
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Appendix G (a) (ASME B31.3 weld joint factors) 

 
Figure 31 Weld joint quality factor W 
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Appendix G (b) (ASME B31.3 temperature differentials) 
 

 
Figure 32 Coefficient values for Y 
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Appendix H (a) (Pembroke GEMS pipe specification for 01-WP-3017) 
 

 

Table 15 Pembroke pipe spec for 01-WP-3017-8” 
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Appendix H (b) (Pipe data pro for 8” standard schedule pipe) 
 

 
Figure 33 Pipe-Data pro showing pipe spec for 01-WP-3017-8" 

 

  



George Bagley P148139 
 

70 
 

Appendix I (Original Team-Furmanite clamp measure and design drawings) 
 

 
Figure 34 Team-Furmanite details of field measurements 
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Figure 35 CAD drawing supplied for review 
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Figure 36 Team-Furmanite control sheet 
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Figure 37  Team-Furmanite 3/4" UNC bolt load calculations 
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Appendix J (API 579 FFSA damage mechanisms) 
 

Table 16 API 579 FFSA Damage mechanism flow chart 
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Appendix K (a) (SAP work order raised to install repair clamp) 

 
Figure 38 SAP work order raised to install temp repair clamp to location 12 of IAN 

 

Appendix k (b) (SAP work order raised to remove clamp at next opportunity) 

 
Figure 39 SAP Turnaround work order raised to remove temporary repair clamp at location 12 at next outage 
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Appendix L (API 579 Nomenclature) 

 
Figure 40 API 579 Nomenclature 
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Appendix M (Updated data from inspection report) 
Table 17 Updated IAN information showing status of FFSA pass/fail 

 

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

FAILFAIL

FAIL

PASS

PASS

PASS

FAIL

N/A

FAIL

FAIL

N/A

N/A

N/A

FAIL

N/A



George Bagley P148139 
 

78 
 

 

Appendix N (Example of a smart action plan) 
 

 

Table 18 Example of SMART action plan template 
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Appendix O (RMC live line welding request form and risk assessment) 

 
Figure 41 RMC live line welding request page-1 

 

 



George Bagley P148139 
 

80 
 

 
Figure 42 RMC live line welding request page-2 
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Appendix P Partial details of Chevron LPO 241101/6 
 

 
Figure 43 LPO of a crude tank outage shown in US Dollars ($) 


