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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.

QOil 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
e Public Relations and Community Team

Operations

o 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

e Warehousing

o Contracts

e Purchasing Team

Safety

Safety Team
Environmental and Industrial Hygienist
Fire Department
Quality Control Laboratory
Technical Department

e Engineering

e 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

10
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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.

11
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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 (H,S) 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 (HYGO) 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 (NH®) 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 H.S and NH? 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, Qil 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.
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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 H.S
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 H.S still
entrained in the process water and the H;S 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;

e 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;

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

e Airborne contaminates from cooling water towers

e 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 APl 571, two failure modes could
potentially be found directly from the contents of the code;

o FErosion/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.

e 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 1AN, 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 H,S. 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;

PD
2(SEW + PY)

e Where;

e  Tmin= Minimum thickness

o P=Internal design pressure

e D= Outside diameter of pipe as listed in tables or as measured

e S= Stress value from table shown in appendix F (a)

e E= Quality factor from table shown in appendix F (b)

¢ W=Weld Joint strength reduction factor as shown in appendix G (a)

o Y= Coefficient from appendix G (b) where t= <D/6 and for materials shown. For t=
>D/6 use;

d+ 2c

}=D+d+2r
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This formula can be used to establish minimum remaining wall thickness for 01-WP-3017-8”
to understand whether or not the line is capable 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"

Tmin= Unknown This is the unknown in the equation

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

D=219.1mm (0.2191m) Taken from pipe spec PJ164 shown in appendix H (a)/(h)
S=20 KSI (137.9 N/mm? Taken from table show in appendix F (a) Note that 20 KSI
used due to max design temperature of 149°C

E=1 Taken from appendix F (b) for seamless pipe
W=1 No welded joints therefore a valve of 1
Y=0.4 Taken from table in appendix G (b) as t= D/6

All of the above design conditions as stated on the front cover of the IAN are verified and can

be used in the above formula to show Twin, this formula relates back to thin cylinder theory

where ratio of thickness compared to internal diameter is <1/20 and hoop stress is on = %.

All units have be converted into Si units.

1.37 X 0,2191

Tmin=
Min= 5 (137.9x 1 x 1)+(1.37 x 0.4)

Twvin= 1.0861 x 10° 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. o, = %. 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;

1.37x202.72

Oh =
2x1.08

on = 128.57 N/mm?2

This is close to the max allowable stress as seen in appendix F (a) ASME B31.3 table A-1 for
Al106 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;

1.37x202.72

Oh =
2x8.18
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Oh = 16.97 N/mm?

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

0.765 X 0,2191
2 (137.9x 1 x 1)+(0.765 x 0.4)

Theoretical Minimum Thickness NOT to APl Code=

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
120f 0.5mm RWT in its current condition.

Consequence Safety/Environment (Ill) 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

Company and Incident Fine
(Applebey, 2018) S8yngenta Chemicals- £213,041
Release of over 3.5 tons of dangerous
chemicals to atmosphere
(Press.hse.gov.uk, 2018) Tata Steel- £970,000 + £70,000 in court fees
Release of large vapour cloud of flammable
benzole

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
H>S monitor that alarms a just 5ppm. An example of this monitor is shown in (figure 3).
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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;

o Valero CTEMS section 5.0

o ASME PCC-2 Repair of pressure equipment

e ASME B31.3-2010 Code for process piping

e API 570 Piping inspection code

o API 579-2016 Fitness-for-service

o 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.

01WP- 3017
LOC 27 SHOT 1

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 28,000m?® which is a considerable volume. However crude does not mix well
with process water high in H,S. It is not desirable to send untreated process water to a crude
tank for any long period of time. From the discussion up to 10m? in a full tank would be
acceptable dependant of concentration of H,S 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 50m?®/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 2m? 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;

50m?/hr of sour water processed = 1200m*/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 (ll) x Likelihood (E) = Level 1 (Undesirable risk)
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Table 4 Organogram of team set up to action IAN

Refining
Complex
Manager

Fixed Equipment
Manager

Integrity
Superintendent

Integrity
Coordinator

Technical
Manager

Snr Inspection
Engineer

Reliability
Engineer Engineer

Inspection

NDT Technician
X2 Student

Engineering

Operations
Superintedent

Staff Snr
Engineer

Snr Process
Engineer

Process Student
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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;

e Topic one- Action required for location 12
e 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
125°C 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

Valero Energy Lid
/v Pembroke Refinery

Pembroke

Pembrakeshire

SAT1 68J
VALERO Tel: +44 (0)1646 641331

Clamp Review Flowchart

Obtain Cla
e e Generate D:JI\:in :P Identify clamp Find relevant pipe
alse = fTa J location on P&ID spedification
Calculations

Is the weight of the Are the clamp Are the process Review clamp
clamp inducing high calculations conditions drawings and
stress on the line? correct? correct? calculations

Re-issue clamp
calculations

Clampis suitable
for service

¥
Close ETQ,

Create Caesar ||
madel

Legend —Colour codes

s the pipeline Er
pverstressed? Select alternative
clamp design o

Third-party
action

Itdlf:lp(;sds'lfiﬂe tT Clamp Is not sultable HEEE
add additionz For service dacision
supports?

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

Design supports
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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;

e PMO09 SAP work order raised

e Confirmed process conditions

e Landing areas for clamp to be inspected for acceptable thickness (>5mm)

e P&ID of line

e Pembroke piping specification for line

e CAD drawing and control sheet from Team-Furmanite showing clamp design
e 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 |

Taken from ASME VIl 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 (32" UNC) = 15.75 mm (db)
fbolt (taken from control sheet) = 137.9 N/mm?

F Bolt maximum = = x db? x fbolt
%x 15.752 x 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) =
9768.00mm?

Design Pressure as per IAN = 1.37 MPa

Calculated Pressure =1.37MPa

Bolt Force Fbl = 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) =
667.00mm?

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 = Fbl + Fb2

3335 +13382.16 = 16717.16N

Bolt Stress

Fbmax
Bolt stress = (—————)
0.25XmTXdb2
( 16717.16
0.25Xmx(15.75x15.75)

) =85.81 N/mm?

This shows that the %" UNC bolting is acceptable for application where allowable stress is
137.9 N/mm?, stress calculated in this clamp bolting only sees a maximum of 86 N/mm?2.
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Control Wall Thickness SHELL

ACC. ASME UG 27

outer dia,.

scheme: ‘ \

wall thickness pipe 's'

inner dia.

—

Min. wall thickness: .
acc. UG27 tmin= PixR
SxE+zxPi

Figure 7 ASME VIII UG27

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

Table 6 Values required to calculate minimum required wall thickness

P=13.97Kg cm? g (1.37MPa) Max design pressure
Pi= 13.97Kg cm? g (1.37MPa) Calculated pressure
D=219.1mm (0.2191m) Taken from pipe spec PJ164 shown in appendix H (a)/(b)
S=(137.9 Nimm?) Max Stress
E=0.6 Taken from ASME VIII UW12

Z=-0.60 ASME VIII (UG-27)
Ri=132.00 Inner radius excluding corrosion allowance
R=133.30 Inner radius including corrosion allowance

1.37x133.3

Therefore Tmin = (137.9x0.6)+((—0.6)x1.37)

Tmin = 223mm
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 on = %.
_ 1.37x133.30 . . 2 .
Oh= ———— Therefore hoop stress at Tmin is calculated through this at 40.96 N/mm<. This

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

CONTROL ENDPLATE ACC. ASME VIII DIV.1 UG34:

formula: d=D min x Z X C x Pinj.
E x f eind.

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

Table 7 Figures required to calculate endplate thickness

d= min endplate thickness Unknown and to be calculated
Dmin=264.0mm Smallest span
Dmax=264.0mm Biggest span
Z=3.4-(2.4X Dmin/ Dmax) = 1 ASME formula
C=0.33 As per UG-34
Pini= 1.37MPa Design Pressure
E=06 Joint efficiency as per AMSE VIII table UW12
Feind=137.9 N/mm? Max allowable stress on endplate
CA=1.3mm Corrosion allowance 1.3mm

_ ’1><0.33><1.37
d =264 X 0.6X137.9

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/mm?, this appears acceptable although
well below 137.9N/mm? 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 149°C 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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Model name:George Bagley P148139 Clamp TEST
Study name:Static 1(-Default:)

Plot type: Static nodal stress Stressl
Defarmation scale: 2387.23

von Mises (N/m#A2)

1.913e+007

l 1.754e+007

1.595e+007

. 1436e+007

1.277e+007

1.118e+007

H. 9.595e+006

| 8005006

6.415e+006

. 4.526e+006
3.236e+006

1.646e+006

5.619e+004

X:a — Yield strength: 2.206e+008

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

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.
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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 Il 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);

e £372.96- Site labour for installation support
e £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;

e Unit crane to land the hardware at location

o 2x leak sealing technicians to loose bolt the clamp to defective location, torque all
bolting and inject perimeter seal with sealing compound

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

;»,,- IWR ¥ 01 ¥ PIPE-CAT2 ¥ 01WP-3017 ¥ 01-CCO79 + 0X7030 /0X6976

! Summary I[General ]‘ SAp I Findings I Scope I Notes I

Identification
TWR No. 0X7030 /0¥6976 Component 01-4WP-3017 v Circwit 01-CC-079 v
R Type TEWP - Headine D11P-3017 33145-402545 &" Clamp
Reference
Event v
Event Rpt Category v
Schedule v Permanent Template
General
Req, Completion Cate v Priority PM04 v Wiork Type Temp Box v
M.0.C. No. Criticality (N/A) v Wark Constraint (N/A) v
Addressee (N/A) v Add Date 12/03/2017 Last Change Date 14/09/2017
Latitude Longitude
Status
IWR Status Aporoved Opened By Bagley, George M Date 12092017
V| Released for Approval Approved By James, Nei Date 14/09/2017
O Closed By Date

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;

o Level 1 FFSA- The only load considered is the internal pressure applied to one single
thickness.

o 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.

e 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 (figurel?2)

r
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|
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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 =t.q— FCA (Future corrosion allowance of 0.163mm calculated from inspection data)
Step 3- Show minimum measured wall thickness in the LTA, tnm and dimension S
LTA=2.8mm

tmm= 6.3mMmm

S=20mm

Step 4 determines remaining thickness ratio and longitudinal flaw length using the following
equations;
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& — mm
. . _ 6.3-0.163 _ 1.285x20
So; Ri= 6.3 and A = V202.72x6.3
P 1.285s
Di, R=0.974 1=0.719

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

R =020
Frm — £ CA= 2.5 i (0.10 inches)

I,..=18.Dr.

For this case;

Ri=0.974
tmm= 6.3mm
Lmsd =1.8v202.72x6.3 therefore Linss= 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

bt 2(SEW) + (Py)
B D

2.7 X 2(20x1x1) + (1.37x0.4)

219.08
Therefore using this formula shows with 2.7mm RWT MAWP would be 3.4MPa (Max Design

= 1.37MPa)

= 3.401

Step 8- States proving the equipment operates below MAWP calculated and the following
table is used and results for values R; and A give reading above the curve in (figure 13) the
equipment passes a level 1 FFSA.

ASACCERPTABLE

FAANIFr CAILCIULATION REQUIRED

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

FORCE

STRESS = AREA

The calculated stress can then be compared back to the max allowable stress stated per
ASME table —A1l seen in appendix F (a). For this calculations the following values have been
used;

o 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)

e Area- Cross sectional area of pipe (CSA) where OD 204.22 (ID+ Remaining wall as
per IAN) and ID is 202.72
nD2 — nd2

4

131022 — 129105
4

Remaining CSA= 4.79x10* m?

So;
23471
4.7941x10—-4

0 =48.9 N/mm?
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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)

Madel name:pipe load and temp
Study name:Static 1f-Default-]
Plottype: Static nodal stress Stressl
Defarmation scale: 839,413 }”

won Mises [N/m#2]
4,695e+007
4,417e+007

_ 413984007
_ 3862e+007
_ 3.584e+007
_ 3.306e+007
_ 302884007
| 2.750e+007
_ 2473e+007

| 1.18%e+007
1.917e+007
{ I 1639e+007
L 136184007
}{-{ —-Yield strength: 22062+ 003

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/m? which converts to
46.95N/mm?. 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.
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Model name:pipe load and temp
Study name:Static 1(-Default-]

Plot type: Static nodal stress Stress1
Deformation scale: 80,4767

von Mises (N/m#2)
2.544e+008
2.381e+008

— _ 2.217e+008
. 2.054e+008
~ 1.890e+008
_ 1727e+008

[ - 1563e+008

_ 1.400e+008
_ 1.236e+008

_ 1.073e+008

9.090e+007
7.455e+007
5.820e+007

—P Yield strength: 2.206e+008

! SOLIDWORKS Educational Product. For Instructional Use Only.
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).

= Line Replacment 162

A1070 Erect scaffolding 24

A1080 Ops preps for shufdown of 01-F-302 and SWS system 24
A1090 Carry out chemical clean 12
A1100 Replace line as per VDU workpack 48
Att10 NDT radiography of field welds 6
A1120 Carry out pressure test 21kg em2 g (durations 1hr) 6
A1130 Remove isolations blinds from hot work 6
A1140 Operations recommision SWS system 18
A1150 Paint field weld tie-ins 6

A1160 Remove scaffold 12

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 H,S. 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

Description Cost

Scaffold Services £9,900
Painting Services £5,500
Crane Services £1,320
Mechanical Labour Requirements £13,200
Inspection £330
Operations Support £2,300
Chemical Cleaning £18,000
Materials and Fabrication £30,000
Cost of Sour Water to Store £25,000

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;

External Weld Overlay-Building up of metal loss using welding

Welded Box Repair- Welded box similar to a bolter clamp

Partial Encirclement Reinforcing Sleeves- Sleeve less than half pipe diameter

Full Encirclement Reinforcing Sleeves- Restoring structural integrity to pipeline

Fillet Welded Patches- To address localised metal loss where weld overlay is not
acceptable.

arowbdE

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. | final check to comply with APl 570 section 8.1.4.1 is that
the max allowable stress of the line is not above 275 N/mm?. Which in this case it is not and
for this line is 137.9 N/mm?

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).

Repair plate
(typ.)

Repair plate
Ty}

B S~ S ——
<§§>S> %‘_&;—;”“‘-a

Wessel shell

Section A-A

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.

(1) Circumferential Load. Unit forces in hoop (2) Longitudinal Load. Unit forces in longitudinal
direction: direction:
Fer P [ Fie
4 4 I A A I T
-
\ L § Y Y L } —— —
|I 1] - -
l,". il - S
W j'f!
\ -— A
\ y |
- —
~— — .
t Fip =— S—
- |, For
- 2
. rD |
i,_j: = _’m ”" *_'k. l/_p-
F;
where Lp
Dy = diameter at mid-wall of component, mm (in.) . PD. .
. . . . . wp=— i)
Fep = cdircumferential force due to internal pressure, ]
N/mm (lb/in.)
Pe ) X ) where
= internal design pressure, kPa (psi) Fip = longitudinal force due to internal pressure,

N/mm (Ib/in.)

Figure 18 PCC-2 section 3.2 internal pressure load calculations

Using the above equations the following is calculated;

_1.37x212.4
Fep==——

_1.37x212.4
Fle==——

Fcp= 145.494 N/mm and Fip= 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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3.4 Allowable Load on Perimeter Fillet Weld

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

M mim

T%

Fa = tPmmnESa {4y
where
E = weld joint efficiency factor (0.55)
F, = allowable force on fillet welds, IN/mm

(Ib /in.); F4 > Fc and Fp. _
allowable base metal stress, MPa (psi)’
minimum weld leg dimension, mm (in.)

Sa

Umin

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/mm?

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

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

This far exceeds Fcp and FLr, 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.

- Patch Repairs
A1000 Erect Scaffolding for Access 40
A1010 Inspect weld focations and issue IA032 for grit blast 6
A1020 Cay out surface preperation as per [AO32 50
A1030 Set up for welding/nstall patches x11 as per drawings 24
A1040 MPI Inspection of fillet welded paiches x11 6
A1050 Carry out surface preperation and paint patches x 11 50
A10860 Remove scaffolding 20

Figure 20 Timing plan for patch repairs
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Table 9 Cost of ASME PCC-2 live line patch repairs

Description Cost

Scaffold Services £9,900
Painting Services £11 000
Mechanical Labour Requirements £5,280
Inspection £1,320
Materials and Fabrication £2,.500

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).

Wi

A -

."!- '|f \'\l"-

. ()

"'\ 7~ N\ — \yjl'
B .

T Size of the patch should not exceed "z the pipe diameter.
A full encirclement sleeve should be used if the corroded

area exceeds 'z the diameter.

1 in. (25 rmm) minimum radius

Figure C.2—Small Repair Patches

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

Method Cost To Class Of Hazard Score
Implement Repair After

Completion

Carry Out FFSA £0 Temporary NxB=TR

Install Further Temporary £66,000 Temporary NxA=TR

Repairs

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

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

Table 11 Cost to implement each repair strategy

COST TO IMPLEMENT

_
-

CARRY OUT INSTALL LIMNE LIVE LINE
FFSA FURTHER REPLACMENT WELDING
TEMPORARY
REPAIRS

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 APl 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 VIl
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 APl 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

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

Chosen contractor to complete risk assessed method statement (RAMS)

5. Planning department to complete job package and order materials

N

»

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.

IPS

Incident Prevention System

gbwlc Worklist Li/NLI | LP0 | FormSearch | Reports | My Defaults | Print

1. LI/NLI Info Contral Number: 2296117

2. Investigators/Reviewers Status: Initial

3 o1 Responsible Organization
|Turnaruund Manager [!
Initiator's Organization Severity Classification n
|Turnaruund Manager [! Actual (LI Only) Potential (MLI & LIy

Sensitive Info or Commercial Incident?
Loss/Near Loss Date Costs Impacting Valero
12/8ep/2017 ﬁ (DDMmMAYYY)
. Loss/Near Loss Time

View Recycle Comments 200 _

e G . (hh:mm in 24 hour format)
Loss/Mear Loss Location Costs uss 100000.00
Wacuum Distillation Unit (VDU) Total Costs: Uss 100000.00

Loss/Sub Loss Type(s)

B [VINLUNKR .
—D Abnormal Freight

—D Abnormal Supply Occurrence

[ Additive Injection (Ext) Il
[ additive Injsction (Int)

—|:|Agency Warning

—|:|Agency Warning - Air

-] Agency Warning - Health & Food

—DAgencyWarning—UST -

* Lossillear Loss Description[l 3844 Characters left

L&N 0XB976 for line 01-WP-3017-8" issued identifying several locations below PMPT (3mm) all caused by external corrosion. NLI raised to
investigate cause.

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.

12. Solution Control Humber: 2296117
Status: Initial

Root Cause E m
No. Describe in Detail WHY the Loss/Near Loss Occurred Select
1 WWHAT? &N raized for external corrosion to 01-VWP-3017-8". Multiple locations are below PMPT with one below |:|

t-min

Why?

Line inspection was only scheduled as per corrosion rate and not taking into account poor paint condition

Wihy?

Paint should prowvide adeguate protection to line but in this case it has not

Why?

Because paint has broken down and failed to offer protection and the pipe has been exposed directhy to the
elements

Whw?

Potentially poor application or incorrect painting process

Why?

Because in the past when eguipment was new, the importance of paint and protective coatings was not as
carefully controlled as it is now

Why?

Equipment was newer and these type of failures where less likely to cccur

| Add | Delete
Solution{s): How to Prewvent Loss/Near Loss from Recurring 1810 Characters left m
Mo Factor I? Select

2. Lack of or inadequate procedures S |:|
Person Responsible Due Date Compl.Date Supervisor V&V Date

[Bagley, George (GBVWI) [ [3008ugr2018 || | |

*Solution:

Inwvestigate current ingpection strategy for at rizsk piping and consider additional ingpection reasoure for non-
routine inspections. Develop SMART action plant to measure and track progress.

Aoction Taken:(optional -
see Help)

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 pordinato
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 Figure 24 Organogram
over £100k if hundreds more of at risk lines are identified the showing theoretical

cost to benefit ratio would be considerable. team requiredto
inspect at risk pipelines

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
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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
e Senior inspection engineer
e Integrity superintendent

¢ Integrity coordinator

Medium Term Goals (0-18 months)

e Senior reliability engineer
e Senior staff engineer
e Student engineering team leader

Long Term Goals 0-60 (months)

¢ Fixed equipment engineer

¢ Maintenance director

e Technical director

e 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 VIlI, 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.
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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)

O/HEAD
VAPOUR unzs.

01-F-102
A VAC COLUMN

01-D-101'S
O/H EJECTORS. .

o
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01-E-108's
0/H CONDENSORS i
W
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= HOT WELL OIL DRUM DIESEL DRUM

Figure 25 01-VDU Shown from east side of unit

T LT I e

Figure 26 General arrangement of SWS
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Appendix B (Overview of the effects of H>.S on the human body)

Table 12 Effect of H2S on the human body

Health Hazards

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

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

Concentration
(ppm)

Symptoms/ Effects

0.00011-0.00033 Typical background concentrations

0.01-1.5

Worker Exposure Limits

NIOSH REL {10-min. ceiling): 10 ppm

OSHA PELs: 20
General Industry Ceiling Limit: 20 ppm

General Industry Peak Limit: 50 ppm (up to 10 minutes if

no other exposure during shift) 50-100
Construction 8-hour Limit: 10 ppm
Shipyard 8-hour limit: 10 ppm
100
MIOSH IDLH: 100 ppm
IDLH: immediately dangerous to life and health (level
that interferes with the ability to escape) (NIOSH)
PEL: permissible exposure limit (enforceable) (OSHA)
100-150
ppm: parts per million
REL: recommended exposure limit (NIOSH) 20000
500-700
700-1000
1000-2000

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

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

Possible fatigue, loss of appetite, headache, irritability, poor
memeory, dizziness.

Slight conjunctivitis ("gas eye") and respiratory tract irritation
after 1 hour. May cause digestive upset and loss of appetite.

Coughing, eye irritation, loss of smell after 2-15 minutes
(olfactory fatigue). Altered breathing, drowsiness after 15-30
minutes. Throat irritation after 1 hour. Gradual increase in
severity of symptoms over several hours. Death may occur after
48 hours.

Loss of smell (olfactory fatigue or paralysis).

Marked conjunctivitis and respiratory tract irritation after 1 hour.
Pulmonary edema may occur from prolonged exposure.

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

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

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

**%Line

Number and
Piping-Spec

LI 01-WP-3017
Change

01-F-303

Qil Coalescer

VACUUM DISTILATION UNIT
01-F-302 S.W.S.

PIPING AND INSTRUMENTATION DIAGRAM —

Drawn by | AFE Date 13.0650 _ [Plan /7 PJN_Number E

Checked by | Date

Approved by Dcte

[Drawing Humber tasue
O01-AA-523 23

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

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

221

Ol -WwWP-=2301 78"

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

TEC/SPI506, Appendix 2. 14 020, Issue 17, 22™ January 2016
i Inspection Depariment
@ UKAS Accredited to 150 17020
UKAS BlS Appointed User Inspectorate for PER
INSPECTION
: INSPECTION ADVICE NOTICE No: 0X6976
Written Scheme No | 01/007 [ Equip.No [ D1-WP-3017-8"
Description Severe external corrosion identified in multiple locations (EPP)
To ialcolm White | Refinery Business Manager
Design pressure 13.97knlemE Design temp 149°C
Operating pressure 7.8kgfom? Operating temp | 86°C
Phase, GasiLiquid | ;0 Process fluid | SWS Reflux (water)
Observation(s):
. External inspection of pipe work has identified multiple areas of severe exdemnal comaosion
- . . Remaining Wall
Location (CML) Nominal Wall Comosion Loss Thickness PMPT
Location 1: Level
16 5.8mm 4.0rmirm 1.6mm 3.0mm
Location 2:
Level 18 5.8mm 3.5mm 2Amm 3.0mm
Location &:
Lewvel 16 8.0mm 4.0mm 2.0mm 3.0mm
Location 7T:
Lewvel 16 5.7mm 3.5mm 2.2mm 3.0mm
Location &:
Level 16 5.7mm 3.8mm 2. 2mm 3.0mm
Location 9:
Level 18 5.7mm 4. Ormim 1.7mm 3.0mm
Location 11;
Lewel 14 8.0mm 4.5mm 1.5mm 3.0mm
Location 12:
Lewel 14 8.0mm 5.5mm 0.5mm 3.0mm
Location 13:
Lewel 14 8.0mm 3.5mm 2.5mm 3.0mm
Location 14:
Level 14 8.3mm 3.8mm 2. 8mm 3.0mm
Location 18:
Level 12 8.2mm 3.5mm 2 Tmm 3.0rmm
Location 20:
Lewel 11 8.5mm 3.5mm 3.0mm 3.0mm
Location 23:
Lewel 10 8.0mm 4.5mm 1.5mm 3.0mm
Location 31:
Level 9 8.2mm 3.8mm 2.Tmm 3.0mm
Location 32:
Level 9 8.2mm 3.8mm 2.Tmm 3.0mm
Location 33:
Level 8 8.2mm 4.0rmim 2. 2mm 3.0rmm

L Additional cormoded locsbions are present on the pipe work but above PMPT. (See Isometric below in Figure
2). It should be noted that a number of these fall marginally sbove PMPT and showld be considered for
inclusion in the scope for repair.(All photos of the locations can be found in the inspection reports
folder)

All Locations listed in the table above fall below or are st PMPT.
All Locations sither fail a Level 1 FFSA and/or an assessment against TEC/PRO2E.

= A further 12 locations have active cormosion scale present which has not been removed due to the
severity of corrosion present.

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

mYVALE Ro N Search Contacts, Doct

=\/alero pag 2duled to be migrated to myValero in the future

5.0 Technical Excellence & Knowledge Management

Safe, stable and reliable operation beging with excellence in design and is maintained by ensuring that our technical knowledge is available, retained,
and shared.

5.1 Facility Design, Construction and Commi h_Elemems & Expectations

£.1.1 The Project Development and Execution Process (PDEP) is in place to incorporate health, safety, environmental, reliabiity, operability,
maintainability, and loss prevention standards requirements into the selection, development, and execution of the projects.

1. Leadership Accountability

2. Protecting People & Environment

3. People & Skills Development

5.1.2 A process to develop and use engineering standards is in place. Deviations from design engineering standards are permitted only after 4. Operations Refiability & Mechanical
review and appropriate approval and are fully documented. Integrity

# 5. Technical Excellence & Knowledge
5.1.3 Process hazard analyses (PHAs) are conducted for new facilties and for the purpose of identifying, evaluating and recommending * §. Change Management
contrels of the hazards involved in the process. * 7. Business Competitiveness
. . . * & External Stakeholder Relationships
5.1.1 PDEP 5.1.2 Engineering Standards 5.1.3 Process Hazard Analysis « 9. Assurance & Review
» PDEP » Engineering Standards 5 = PHA Standard
| Contacts
5.2 Incident Investigation and Sharing Lessons Learned
# Refinery Ops Contacts
5.2.1 An Incident and significant near-miss reporting and investigation process is in place and the corporate-wide tracking system is used to * PSM
ensure timely sharing of information and closure of corrective actions. ® Safety
* Environmental
» Both internal incidents and industry-wide alerts are included in the process * Operations Directors
# Trends are periodically reviewed to identify procedure, process or design changes * Maintenance Directors
* Technical Directors

5.2.1 Incident Investigations

« Incident Investigation Standard

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

ASME B31.3-2010

(10) Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont'd)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated
P-No. or Min. Specified Min. Min.
S-No. UNS temp., _ouength ksl - opn

Material Spec. No. (s) Grade Na. Notes F(e) Tensile ¥ield tol100 200 300

Carbon Steel
Pipes and Tubes (2}

A 285 Gr A A 134 1 (BEIET) B 45 24 150 187 1432

A 2EB5 Gr A A 672 1 A4S Kor7on (57058067 B 45 24 150 147 142

Butt weld API 5L 51 A5 e (ga) -0 45 25 150 150 147

Smis & ERW API 5L 51 A5 (5755) B 45 75 150 150 147

A 179 1 Koizon (57159 -0 47 26 157 157 153

Type F A 53 1 A Kozs0s  (BE)(77) 0 48 30 160 160 160

A 139 51 A (BEIT7) A 4B 30 160 160 160

A 5BT 1 . K11500 (57159 -0 4E 30 160 160 160

A 53 1 A Kozs04  (57)(58) B 4B 30 160 160 160

A 106 1 A Kozso1  (57) B 48 30 160 160 160

A 135 1 A (5755) B 48 30 160 160 160

A 369 1 FPA Kozsol (57 B 48 30 160 160 160

API 5L 51 A (5AESITR B 4B 30 160 160 160

A 2E5 Gt B A 134 1 e e (BB 7) B 50 7 167 165 159

A2ES G B A 672 1 ASD Kozon (ST SET) B 50 7 167 165 159

A 2E5 Gt € A 134 1 e e (BEIET) A 55 30 183 183 177

A 524 1 I Kozi0s  (57) -2 55 30 183 183 177

A 333 1 1 Ko3ooE (571059 -50 55 30 183 183 177

o A 334 1 1 Ko3ooE  (57)(59) -50 55 30 183 183 177

A 285 G € A 671 1 CASS Koze0l (59067 A 55 30 183 183 177

A 2E5 Gt € A ET2 1 AS55 KozBO1  (57)(58)67) A 55 30 183 183 177

A 516 Gt 55 A ET2 1 €55 Ko1BOD (570067 € 55 30 183 183 177

A 516 Gt 60 A BT1 1 €Ceo Kozioo (5767 € 60 32 00 195 189

A 515 Gr 60 A 671 1 CBeD Ko2a01 (57T B &0 32 200 195 18%

A 515 Gt 60 A ET2 1 B&D Kozs01 (5707 B &0 32 200 195 189

A 516 Gt 60 A E72 1 €60 Kozio0 (5707 C &0 32 200 18.5 189

A 139 51 B Ko3o03  (Bh) A B0 35 0.0 00 200

A 135 1 B Ko3o18  (57)(59) B &0 35 200 00 200

A 524 1 | Kozios  (57) -0 &0 35 200 00 200

A 53 1 B Ko3oos  (57)(59) B &0 35 00 00 200

A 106 1 B Ko3ooe  (57) B &0 35 200 00 200

A 333 1 '3 Ko3ooe  (57) -50 &0 35 200 00 200

A 334 1 '3 Ko3ooe  (57) -50 &0 35 200 00 200

A 369 1 1] Koloos  (57) -0 &0 35 00 00 200

A 381 51 ¥35 . e A 6D 35 200 00 200

API 5L 51 B e (57IESTT B &0 35 200 00 00
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Appendix F (b) (ASME B31.3 table A-1B)

Table 14 Basic quality factors E

Table A-1B  Basic Quality Factors for Longitudinal Weld Joints in Pipes, Tubes, and Fittings, E;

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

Spec. No. Class (or Type) Description E(2) Appendix A Notes
Carbon Steel
API 5L Seamless pipe 1.00
Electric resistance welded pipe 0.85
Electric fusion welded pipe, double butt, straight 0.95
or spiral seam
Furnace butt welded 0.60
A 53 Type S Seamless pipe 1.00
Type E Electric resistance welded pipe 0.85
Type F Furnace butt welded pipe 0.60
A 105 Forgings and fittings 1.00 9)
A 106 Seamless pipe 1.00
A 134 Electric fusion welded pipe, single butt, straight 0.80
or spiral seam
A 135 Electric resistance welded pipe 0.85
A 139 Electric fusion welded pipe, straight or spiral 0.80
seam
A 179 Seamless tube 1.00 Ce
A181 Forgings and fittings 1.00 9)
A 234 Seamless and welded fittings 1.00 (16)
A 333 Seamless pipe 1.00
Electric resistance welded pipe 0.85
A 334 Seamless tube 1.00 Cee
A 350 Forgings and fittings 1.00 9)
A 369 Seamless pipe 1.00 Ce
A 381 Electric fusion welded pipe, 100% radiographed 1.00 (18)
Electric fusion welded pipe, spot radiographed 0.90 (19)
Electric fusion welded pipe, as manufactured 0.85 e
A 420 Welded fittings, 100% radiographed 1.00 (16)
A 524 Seamless pipe 1.00
A 587 Electric resistance welded pipe 0.85
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Appendix G (a) (ASME B31.3 weld joint factors)

ASME B31.3-2010

Table 302.3.4 Longitudinal Weld Joint Quality Factor, E;

Ho.

Type of |oint

Type of
Seam

Examination

Factor,
E

Furnace butt weld,
continuous weld

Stralght

As required by
listed s pecification

LX)
[Mote (1)]

Electric reslstance
weld

e
e

Stralght or
5piral

As required by
listed s pecification

0.B5
[Mote (1)]

Electric fusion weld

[a) Single butt weld

[with or without filler
metal)

THED

Stralght or
spiral

As required by
listed spec fication
of this Code

Additionally spot
mdicgraphed in
accord ance with
pam. 341.5.1

Additionally 100%
mdicgraphed in
accord ance with
pam. 344.5.1 and
Table 341.3.2

0ED

0.590

(b) Double butt weld

(with or without filler
metal)

TED

Stralght or spiml
|e@pt as
provided in &(a)
beelow]

As required by
listed s pec fication
of this Code

Additionally spot
mdicgraphed in
accordance with
pam. 341.5.1

Additionally 100%
mdicgraphed in
accord ance with
para. 344.5.1 and
Table 341.3.2

0.BS

050

Specific specification

[a) APl 5L

Submerged arc weld [SAW)
Gas metal arc weld (GMAW)
Com bined GMAW, SAW

LD

Stralght with one
Of W Seams
Spiml

As required by
specification

0.95

HOTE:

(1) 1tis not permited te increase the joint quality factor by additional examination for joint 1 or 2.

gt ASME Interatos|

e oy 1M arder losems i ASME
wpmducion o mebworking peeried without fcenss from HS

Figure 31 Weld joint quality factor W

16

Licensss=Fembmis Loc 25 BSPYG from D003 MO0 13, Ussr=ARN0LO, JUNE
Kok for Heamle, D4 SCTH 1 050025 MO T
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Appendix G (b) (ASME B31.3 temperature differentials)

Table 304.1.1 Values of Coefficient Yfor t < D/6

Temp erature, °C (°F)

< 482 > 621
(900 510 538 566 593 (1,150
Materials & Lower) (950) (1,000) (1,050) (1,100) & Up)

Ferritic 0.4 0.5 0.7 0.7 0.7 0.7
steels

Austenitic 0.4 0.4 04 0.4 0.5 0.7
steels

Other ductile 0.4 04 04 0.4 0.4 04
metals

Cast iron 0.0

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”

RITSS

Piping and Material Service Specification
Pembroke Plant

PJ164

Rev. 10
CLASS 150 RF, Carbon steel, PWHT (Selected Services)
0.125” C.A. for 1'2” & Smaller and 0.187” C.A. for 2” & Larger
Process Water (WP)

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

Chevron Limited, Pembroke Plant Page 2
General Equipment and Material Specification (GEMS) Pembroke GEMS PJ164-10
Piping and Material Service Specification (PMSS) App'd GTDM, Feb 11
SERVICE Process Water (WP) MATERIAL ASTM A106 Gr B Carbon Steel
Hydrocarbons & Rich Amine (OMAR)  prqiGN CODE ANSI ASME B31.3, Latest Edition

Hydrocarbons & Lean Amine (OMAL)
Chemicals-Rich Amine (NIAR)
Chemicals-Lean Amine (MAL)
Blowdown (BD) Butane (0)

Acid Gas (AG)

Relief Flare (RF)
RATING CLASS 150% Raised Face MATERIAL GROUP Group 1.1, ASME B16.5
TEMPERATURE LIMIT -289°C /1 204 4°C STRESS RELIEF Post Weld Heat Treated (PWHT)
(Selected Services Only - Note 01 &
35
NOMINAL CORROSION ALLOWANCE 0.125" - 1%" & Smaller EXAMINATION Per ASME B31.3
0.187" . 2" & Larger
HYDROTEST @ AMBIENT 29 4 barg VALVE TRIM 13% Cr, 31658

PRESSURE - TEMPERATURE RATINGS

TEMPF [ 20w100 [ 200 300 [ [ | ]
TEMPC | 28910378 | 933 1489 | 2044 i U |
psig 285 260 230 | 200
barg 19.6 179 159 | 138
kp/cm'g 20 183 162 | 141
ITEM NOTES __ NPS (in) SCHRAT ENDS DESCRIPTION TAG NO.
PIPE 01 & 3%

Threaded a2 1 & SMLR XXS$ THRD €S, SMLS, A106GR B

Socket-weld 1% & SMLR 160 sW CS.SMLS, Al0§ GR B

Butt-weld 2 160 BW €S, SMLS, A106GR B

Butt-weld 3-6 80 BW CS, SMLS, A106 GR B

Butt-weld 14 8-24 CALC BW CS, SMLS, Al10§GR B
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Appendix H (b) (Pipe data pro for 8” standard schedule pipe)

Options  Schedule  Window

Gk~ Ao HOI T8RS &

Find [ o> |

r

=4 Pipe Information E\@

;f;: * 8" Sch-STD Pipe Information

1/2"
3/4"
"
1+1/4"
1+1/2" 8.18
2"
2+1/2" Wall Thickness
3n
3+1/2"
an
e =
&
8" |
10"
12
14™
16"
18"
20"
22"
24
26"
28"
30”
32" -

Weight 42.50 Kg/Mtr

34"
36" - Weight Including Water 74.77 Kg/Mtr

Moment of Inertia 3018.40 mm4
ASME/ANSI B36.10M-1985
[2 [Fipel[ 8 [ Sch-STD  FipeData-PRO [Milimetres | 2 Decimal places |Kgs 2

215.08

Outside Diameter

109.54
l Outside Radius

202.72 J

Inside Diameter

Figure 33 Pipe-Data pro showing pipe spec for 01-WP-3017-8"
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Appendix | (Original Team-Furmanite clamp measure and design drawings)
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Figure 34 Team-Furmanite details of field measurements
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Figure 35 CAD drawing supplied for review
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CONTROL SHEET Clamp/Enclosure FI';EE rev. g

TEAM FURMANITE : UNITED KINGDOM \“‘_ ____/ Diate: 08-0817
Branch | Team UK Customer Valera Pembroke TEAM ordema; | 311-L5-402545
TIS NL: 61128153 WON: Pipe no

Product; Sour water

P-desigr: 14,1 bar P- acual: 4,0 bar

T-desigrn 149°C T-aciual, 65C |
Descriptior: |8" Line-enclosure Type no. EN 108
Strongback: Yas

Reasoning: |Line eondition | product

Commants TEAM:

Comments customer:

Applied matenals and permissibie calculation values:

baolts ATE3 BTMIZHM  acc ASME-I part D table 3 (20100
alawable stress (fi 137.9 Nimm?

Enclosure material. ASTBGITD ace, ASME Il part D table 14 (20100
allowable stress (fl 137.9 Nimm?

Endolate matarial: AS16GITD ace, ASME Il part D table 14 (20900
allowable stress (| 137.9 Wimm?*
strangbackball AT93 BYMIZHM acc, ASME-I part D tabde 3 (20700
allowahble stress (f 137.9 Wimm*
stronaback material: AS1BGITD HCL. ASME |l part D table 14 (20000
allowable atress (f) 137.9 N/mm*

1 ;

Completed by, Svd Checked by, page 1 oi(,

Figure 36 Team-Furmanite control sheet
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3/4"UNC
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40

Figure 37 Team-Furmanite 3/4" UNC bolt load calculations
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Appendix J (AP1 579 FFSA damage mechanisms)

Table 16 APl 579 FFSA Damage mechanism flow chart

Damage Classes

Cormoslon’ Crack-Lke Flre Creeg Machanical
Britle: Fractire Emsion Flaws Damage Damage Damage
Part 3 Par 4 Pant & Part 11 Dart 10 Part 5
Britile Fracture H-EHEEEEME IhE:TH;' ﬁcEmEEE LEF"';D’ Assegsment of Assessment of mlmg;
Assessment = . :
Loss Flaws Firz Damage Creep Damage Loss
s | | |
Assessment of Part 5 Part £ Pait 3
Crackplike Flaws Assessment of Assessment of AzseEsmEnt of
- Balow the Creep Localized Meatal General Metal MEsalignment and Shell
Regime Loss Loss Cistortions.
Part 5
Pant & Part9
AB5EEEMEN of il Assessment of
Pliting Damage o Crack-Lke Flaws
| _— a1z
Fan T Assessment of Weld ASBEEEMENt Of
Assessmen of Misalgnment and Dents, Gouges,
Blisters Sl Deiratione And Dert Gouge
Comibinatiors
Part 9 Part13
Assessment of Assessment of
Crack-Lke Flaws Lamirations
Fart 12
Aszzessment of
Craep Damage
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Appendix K (a) (SAP work order raised to install repair clamp)

- Change Urgent S055707: Cost Overview

e

L B2 [Fr =1 £F [ cCcomplete (business) wiew PRT Print PRT

Order PMOZ | 5055707 01 WP-Z017-1162-8-NOMNE, 01 WP-2017 insta [ea |
01-WP—3017-J1&683—-&8-NOMNE, 01-WP—-3017 insta
01 -WP—3017—J163—S—HNONE, O01-WP—-3017 install clamp to thinned line
Created by =z GBWH — George Bagley
Reporced by @ GBWE — George Baglewy
Approved by : ALSMITH — Andw Smith
Problem description : IAN 0Xa69768 has been issued highlighting seweral
locations below PMPT. Location 12 of the IAN has highlighted a section -
below T-Min. This regquest is to install a temporary repair to this b
Sys.Status TECO GMPS MANC NMAT PRC SETC [i]| rc ~Le
HeaderData Operations Components Partner Ohjects Additional Data
Estimated costs 279.72 GBP = wal.in Object Curr. GBE
Wal.in CofreaCurr. usD
Rep. Plany/act. Rep. Budget/ Cormmmit.
Costs Quantities Key figures
Group/Dscrptn Est. costs Plan costs Act. costs C.
= |E== Costs o.00 2I72.95 11, 740.29 G...
- ] External Services o.00 o.00 11, 740.29 G...
- ] Internal Labor .00 372.96 0.00 G...

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)

=L Clfrarragge Tirrrraroirrrdad <E7 1 3562 Cerrtralf Header

I B a TR | B O =1 &SF =) Wiews PRT Print PRT
Order PMO4 | aTi358682 01 WWP-3017-1163-8-MOME, 01 WWP-3017 Repla = p==]|[=5]
Problem description : 53X TEAM clamps fitted (Work order

A4TF700463 /4936117505570 7)

I OXSS61, (Temp repairs O0XKS2904/,0XE6640/,0XTOZ0)

Replace complete line at next TA 01-F—-302 rconcern. Trunnion sSsupport has

alsc been
altered to allow for fitting of Temp repair O0XS5904 this mast be put back

original after clamp is remowved. -——
—
Sys.Status CRTD MANC NMAT NIUP PRC [E]||mEe T
Operations Componaents Costs Partner Objects Additional Data
Person_responsible MotiFctn 13663575 P
PEannmnerGrp TURMAROUMD Costs GBFP
MWk, cior PL.Z2S TURMAROUMD W PMACEType o1& Turnarcund ma ..
SywstCond .
Address
Dates
Bas. start 0O&6.07.201&||02=07 P riority TURMARCOUMND — @
Basic fin. 06.07.2016||092:=07 Rewision
SchedStart OOz 00 Ack. start oo=zo0 1 Shift «
Sched.Fin. oo=o0o0 Actual end o000 Ind:Relshp.c
SchedType Forewards in time - RefDate O6_-07.201&a Autormat. sched.
Rel. wiewr Predecessor ~ Start in past 365 " Exxact breaks
Weaersion o Adjust dates " Cap. reqgrrts
Cal. Selaection From WwWor . o~ Factory Cal. ID
Reference objecic
Func. Loc. PL25—01—0010—16—0 .. O1LMNO0O1 5455, 01 AWP-2017-J162-8-NOMNE e
Equipment 5[=
Assembhy &1
Firstt operation
Cperation 01 AWWP-2017-116Z2-8-NONE, 01 VWVVP-2017 Repla [&%| Cckew | Calculate wwork -
wwkeCErd PiInt TR WE s lPpnzs| corl key PMO1| Acty Type PMILER
wwork durtn HE Mumber Oprion dur. HER
Peaerson. no Hold Onshore

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

D

inside diameter of the cylinder, cone (at the location of the flaw), sphere, or formed head; for the
center section of an elliptical head an equivalent inside diameter of K_D. is used where D,
inside diameter of the head straight flange and K, is a factor defined in Annex A, paragraph
A 3.8, for the center section of a torispherical head two times the crown radius of the spherical
section is used. D shall be corrected for LOSS and FCA as applicable.

distance to the nearest major structural discontinuity.

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

minimum remaining thickness determined at the time of the assessment

uniform thickness away from the local metal loss location established by thickness
measurements at the time of the assessment.

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

n Remaining Wall n Level 1 FFSA n Level 2 FFSA n

Location (CML) Nominal Wall Corrosion Loss
Thickness
Location 1: Level 16 5.6mm 4.0mm 1.6mm FAIL FAIL
Location 2:
5.6mm 3.5mm 2.1mm FAIL FAIL
Level 16
Location 6:
6.0mm 4.0mm 2.0mm FAIL FAIL
Level 16
Location 7:
5.7mm 3.5mm 2.2mm FAIL FAIL
Level 16
Location 8:
5.7mm 3.5mm 2.2mm FAIL FAIL
Level 16
Location 9:
5.7mm 4.0mm 1.7mm FAIL FAIL
Level 16
Location 11;
6.0mm 4.5mm 1.5mm FAIL FAIL
Level 14
Location 12:
6.0mm 5.5mm 0.5mm FAIL FAIL
Level 14
Location 13:
6.0mm 3.5mm 2.5mm FAIL FAIL
Level 14
Location 14:
6.3mm 3.5mm 2.8mm PASS N/A
Level 14
Location 18:
6.2mm 3.5mm 2.7mm PASS NA
Level 12
Location 20:
6.5mm 3.5mm 3.0mm PASS N/A
Level 11
Location 23:
6.0mm 4.5mm 1.5mm FAIL FAIL
Level 10
Location 27: 6.2mm 4mm 2.6mm PASS NA
Location 31:
6.2mm 3.5mm 2.7mm PASS N/A
Level 9
Location 32:
6.2mm 3.5mm 2.7mm PASS N/A
Level 9
Location 33:
6.2mm 3.7mm 2.5mm FAIL FAIL
Level 8
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Appendix N (Example of a smart action plan)

Table 18 Example of SMART action plan template

SMART Action Plan

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

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

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

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

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

- . - S . Staff
Action Specific Measurable Appropriate Realistic Time Tl Status
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Appendix O (RMC live line welding request form and risk assessment)

FISE MANAGEMENT COMMMITTEE . DATE SUEMITTEL:-
REQUESTRESOLUTICN MEMORANDUM VALERO PEMBROEE o
REQUESTER(S): George Bagley ITEMS TO BE SUFFLIED CHECKLIST
Eefining O Problem statement includes whether safaty, mechanical
COMPLEX: mitegrity, of an emvironmentzl procedurs 1= imvelved.
01- Vacunmn Unit O Background mformation mehides referancas to
UNIT: ragulztions, codes, specifications, policies, standards,
ete.
Sour water O  Zpmplified flowr diagrame, procass flow diagrams, plot
PROCESS: planz, or squpmeant drawings and details are attached.
O List of options with an evaluation and nizk assszzment 1z
EQUIPMENT: 01-WE-3017 attachad. (Fisk Matrix chould be attached)
O FEeguoester's recommendation i= incleded.
ESTIMATED
DATETO June 2018
START WORK:
PROBLEM STATEMENT

(Including a statement of the deviation)

Line no. 01-WP-3017 has several location below PAMPT. A mechanical enclosures are an option but due to the amount of
defects the line the cost would be hizgh, It is proposed to install patches as per ASME PCCI using live line welding as a method.
A repair of this nature is required as it is impractical to take the line oot of service. (Cape0051 work pack)

Live line welding is a recognised repair method and has been successfully carried out a number of times here at Valero
Pembroke. The welder chozen to complete the task will be familiar with live line welding. Patehes is to be installed which does
not exceed ¥ of the original pipe diameter and is in compliance with API 570 and ASME PCC2 repair codes

BACKGROUND INFORMATION
*  Patch matenal to be corect az per Pembroke GELS (PT164)

*  Line 01-WP-3017 1= found on P&ID 01-AA-513

#  Valero enginearing dapartment to provide details of patch required to anabls strucharal strength to be achieved m
complianee with ASME PCCLAPT 370 codes of rapair

OPTIONS EVALUATED [
Options of repair

1. Do neothmg line then fails

2. Carry out live line over plate weldmgz In compliance with industry code APT 370

3. Carry out tamporary repair to the inteznity repar standard by fittmg 2 mechameal enclosure
Risk with repair

1. Leave m servics — Lazk worsens and 1solation will canse umt shutdosmns

2. Carry out repar and leave line m service (mmimal nizk of blow through and pmhole leak)
3. Cost of TEAM enclosures would be m excess of £60k

Figure 41 RMC live line welding request page-1
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REQUEST RESQOLUTION
MEMORANDUM

REQUESTER’S RECOMMENDATION
(Including any safeguards proposed)

in complianes wath TR437 and TREEG

To carry out approved live line weldmg of pateh repairs as par CAPE pack 00352 Wark pack will be approved by all levals of anthonty

COMMITTEE DECISION I

FOLLOW-UP ACTION
RESPONSIBLE PARTY: | G Baglev | TARCET DATE: June 2018
FAIC MFMBERS PRESENT OTHER EMPLOYEES PRESENT

COMMITTEE APFROVAL
Approved

DATE: 12/06/2017

All decisions that have an identified risk level of 1-5 following
mitigation will require approval to operate with risk. The Valero

RISKLEVEL: BA

Approval to Operate with Risk Policy shall be followed before APPROVER:
the work is implemented.
APPENDIN A - Fusk Managasment Feview Worksheet
| Change or Taab; Bin Fape 1 of 1
Project
Title: 01-WP-3017 Unit: 01-VDU
Team Member: George Bagley Team Leader George Bagley
Tasks Identify Hazards Imitial Risk Level Develop Controls\finigation Residual Implement Comirols Who and How
Methods Risk Lavel
Live line | =%
Welding +  Pesdlepmioleluz | pyp=TR CAPEveldprocsdyss checksdand | INA=BA |+ Reyiew conmector method st
throesgh line approved by mepection d RANS aed cogarol
mmaeaes wall be o = place to cover
e Hazards idantified
* EEnsenR * s
melding is suitshle ot these locatiops nd immpectian repeets. Radia contact 1o
‘b mmamtmad fronuebat the ok
* Commancijoyfem | pyc=TR »  Comect PPE Stk 2 par RAD OXB=BA | + Kevlar goves ad wrist prosscion to be
Trums Somm het nrfaces Pemm FAME AV

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

Crude
Tanks in crude service

Econcmics calculated assuming 1 200mbbl tank is taken out of servics.

Tank

- D0 S R W =

Assumed volume for calcs
Average
Taotal Ullage
Assumed Ullage

Volume (mbbis)
181
183
181
182
182
180
169
188
168
493
485

tonnes
177
234
2573
2385

233854
30865.6
330521.5

315983.9 Assumes 1 200mbhbl tank ot of service at all times

Issues Likely to be seen

Consequence ($)

Net Impact Per Year
iSkiyear)

Total

2,321,

omments

Reduced Minarity Crude Processing

2,129,667

2,129,667

|We currently set aside around 800mbbls of tankage for
majority crude. For every exira bit of incremental
tankage we iry fo store minority crude in it. Therefore as
we can decrease tankage the percentage minority crude
in the slate decreases. Minority crude is worth around
30.5/bbl over majority. It is assumed we can take
advantage of minority crude capacity about 50% of the
timie.

Demurrage

580,741

590,741

Decreased storage will casuse higher demurrage costs,
Currently, around 40 Gargoes per year incur demurrags.
If & tank i taken out of service this will increase. If the
reducticn is velume is 178mbbl and we assume a crude
rate of 210mbbi'day, then il will be 178/210 (84.8%) of a
day earlier that demurrage will be incurred. Buying
patierns however can be adjusted 1o off et his so that
the demurrage can be reduced by 50% of the crude
storage reduction. Demurrage rates are approximatehy
535k day.

Cs0

841,875

241,876

We must maintan a stock of material In owr system ec
be able to market in the country, If we don't have this we
buy tickets. I we have extra we sell. This is applied to
crude in fived percentages |which | can't remember at
the moment)

Categaory 1 {Gasoling stocks — assume 50%)
$3tonne/month — we buy these

Categary 2 (Distillate stocks — assume 30%)
$4.50/omnaimonth — we sel these

Category 3 {Fuel O — agsume 20%) $0.80/tonne/monthi
= we sell these

Crude density = 0.83Um3

T80 vake for crude = 53.00/tonna/month

Tichets are traded so costs vary.

Cost of Capaal

-1,240,558

=1,240, 556

10% of the value of the material stored in the tank per
year (to reflect the cost of locking away this meney and
riot making it available for cther invesiment)

4ssurmed cost of crude $TCb0I

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