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[bookmark: _Toc50623316]Executive Summary/Abstract
[bookmark: _Hlk50458146]This interim report looks at the current work carried out to date in investigating the impact of corrosion under insulation at oil refineries. Impacts from a health, safety, environmental, cost, and operational points of view from corrosion under insulation are analysed with methods of mitigation discussed. 
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[bookmark: _Toc50623321]Introduction
The petroleum industry remains an essential asset to the UK’s infrastructure in the 21st century and to many countries around the world. The industry however faces numerous changes and challenges in terms of environment impact, fluctuating oil prices, extensive skill range needed, abiding to respective statutory and international law in addition to a persistent image problem (Sertin 2019). In the UK, the number of oil refineries has dramatically reduced since its rapid raise from the early 20th century to the 1960’s climbing to 23 high in 1973 with a further 9 being planned or being built to 6 in total in 2020 due to these numerous challenges (The Times 1973). Moreover, the maintenance of oil refineries over time adds another challenge as they begin to age due to numerous mechanisms of material failure.  

Typically, oil refineries make small margins when selling refined crude oil to their end customers and therefore high maintenance costs could jeopardise making a reasonable net profit (EKT Interactive 2019). Determining the priority of the risk to the refinery to allow maintenance work is imperative. This balances cost and resources focusing on higher risk factors that could have a greater impact on; the health & safety of employees and/or the community; the operation of the plant presenting a business loss; and the environment.  One area deemed high priority and producing a high maintenance cost is CUI due to its invisible nature and potential consequences. Although there are numerous mitigations against CUI in the form of coating barriers, type of insulation used and thorough inspection methods it still presents a high cost activity to maintain and accounts to 40%-60% piping maintenance cost to the refining and chemical industries (Caines et al, 2015). The below figure supports this showing the total cost ($MM) and unit down time (in days) from incidents by equipment type for the oil and gas industry:
[image: ]
Figures ‘’ ‘’: Oil and Gas Industry - Total Unit Down Days and Cost from Incidents by Equipment Type (ETEP 2012).
Figure 1 shows that CUI piping could cost between $150MM-$225MM which is more than any other equipment type failure and therefore highlighting CUI piping as a major issue in the oil and gas industry. Furthermore, Mohsin, Mokhtar and W Tse (2019) stated oil and gas industries now spend 10% of their maintenance and repair budget on CUI. From this industry experts have highlighted CUI as the highest priority type of corrosion (Caines et al, 2015) and is the reason why innovation, reliability and inspection management are crucial to tackling the impact of CUI.

As the oil and gas refineries predominant form of environmental/process corrosion CUI piping presents a real and continuous problem to the industry. To try and contribute mitigating its risk would come with great benefits to the industry and is the reason why the topic has been investigated. CUI piping causes high maintenance costs due to the requirement to repair or replace the equipment that has been affected by this mechanism and if mitigated further or prevented it will reduce these costs. This is one benefit to the industry in addition to keeping the product in pipes and therefore preventing a loss of containment that ultimately saves product which is sold to make profits. Another benefit is preventing the environmental risk that CUI imposes if any loss of containment that could spill onto land or water affecting wildlife and ultimately the environment. Lastly, the health and safety of employers, employees and the community would be improved; again any loss of containment could expose harmful product to personnel for example H2S or find an ignition source or exposures to high temperatures/pressure affecting safety. The benefits of this project could contribute to reducing the chances of these outcomes from happening and is the reason why CUI piping has been chosen. 

Therefore, this project’s main aim is to look at reducing the impact of CUI piping in the oil and gas industry. To achieve this aim research is carried out and experiments are set-up to analyse physical and theoretical data against literature. Other project objectives are to understand what factors heavily impact CUI piping and to investigate if any areas on an oil and gas refinery are more susceptible to CUI. The last point is essential to understand to tackle high risk areas of CUI piping while trying to balance maintenance cost and resources available.


[bookmark: _Toc50623322]Project Plan and Schedule
To achieve the project’s main aim and objectives in a timely manner a plan was created using primavera P6 to schedule and track work. The project plan lists milestones shown in figure assigned with deadline dates for handing in interim report, experiment completion date and final report etc. By doing this and updating the plan on a fortnight basis the workload can be managed if progress slips and re-scheduled accordingly to ensure the project plan is delivered on time and to complete milestones. Figure shows the baseline plan:
[image: ]
The project was planned in four phases:
1. Phase 1 - Project Proposal – assignment issued, topic picked and tutor assignment
2. Phase 2 – Initial Planning & Research – project planned, problem definition/aims/objectives verified, initial research and literature review, experiment ideas and monthly progress discussions with tutor
3. Phase 3 – Further Research & Project Set-Up – finalise physical project and set-up, prepare theoretical experiment, fortnightly progress discussions with tutor and interim report hand in.
4. Phase 4 – Analysis and Final Report – complete and analyse physical and theoretical experiments, fortnightly progress discussions with tutor and final report hand in.
An update plan of the project is shown below in figure:

The plan shows all current milestones have been met such as handing in the interim report and commencing the physical experiment. However, carrying out the initial fuzzy logic set-up was incomplete at the time of the interim report. To rectify this, additional time was planned alongside another work to ensure this was completed in a way that did not affect the finish date of the project. Furthermore, it was decided that the plan was to be updated weekly rather than fortnightly to ensure no other slippages that could affect the end date would happen.
Literature Review
To reach the projects main aim in reducing the impact of CUI piping it was essential to carry out research into how CUI piping occurs, its consequences and what current mitigations are in place. Understanding the mitigations alongside research will gain an understanding to what factors have an influence on CUI piping and will also be critically appraised. Any factors that are not prominent in literature compared to other factors will be pinpointed and assessed for further investigation to understand its level of CUI piping impact. Using the information gathered from literature an experiment would be set-up to focus on an area of CUI piping with results analysed and interpreted to reduce CUI piping impact.
[bookmark: _Toc50623323]Corrosion
[bookmark: _Toc50623324]Environmental Corrosion 
Analysing the process and consequence of environment corrosion in metals, particularly for oil refineries, is essential to preserve components or a system from degradation in addition to understanding CUI. Such consequences involve an economic cost due to replacing or maintaining a component/system from material loss and/or potentially causing a unit or plant shutdown creating a business loss. Moreover, a severe consequence would be a component/system failing in service because of tensile strength being applied to the corroded metal causing SCC as shown below (Shen et al 2019):
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Figures ‘’’’: SCC (Holden 2019).
Metals are made up of grains where all the impurities of a metal lie at grain boundaries making it the weakest point (Cantwell et al 2014). Hence, SCC can occur where stress is applied on a metal in a corrosive environment causing intergranular attacks at the grain boundaries leading to catastrophic failure. This could potentially cause combination of; damage to the environment; injuries or fatalities; high economic costs of plant/equipment replacement and failure to provide health and safety.

There are numerous processes that cause environmental corrosion which oil refineries are susceptible to and relate to CUI. The main types of environmental corrosion are listed below:
· Oxidation 
· Electrolysis 
· Microbial 
· Other chemical reactions
Looking at each case a thorough analysis of each can determine if environmental corrosion is the likely cause of CUI at oil refineries. 
Oxidation
In the first instance some metals react with Oxygen from the environment to form an oxide layer as shown below:
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Figures ‘’’’: Metals with oxide layers formed - shown in blue (Holden 2019).
Figure demonstrates metals with low valency allowing the material to react with Oxygen; for example, Magnesium has one valency reacting with Oxygen to produce Magnesium Oxide. Low valency means limited reactions leaving a thin oxide layer which tends to be in tension. Hence, this produces pores in the oxide layer and with poor adhesion the Magnesium underneath is susceptible to further corrosion with the addition that the oxide layer is soluble in water. In contrast, figure 3 reveals some metals with high valency, for instance Chromium, produce more reactions with Oxygen leaving a thicker oxide layer in compression. This thicker oxide layer in compression with high adhesion makes it advantageous in providing an efficient barrier against further corrosion (Strehblow 2016) (Holden 2019).
Electrolysis
The second instance of environmental corrosion is from electrolysis known as aqueous corrosion. Both anode and cathode regions must be present for this corrosion with the latter being corroded generally (check this). In addition, a conductive electrolyte that allows anions and cations to move in addition to a defined electron metallic path must exist; generally, the electrolyte is produced from the environment in the form of rain or moisture in the air or where oil refineries are located near the coast. 

Figure 4 below shows an example of aqueous corrosion in Iron under Oxygen and water (contaminated form) conditions with the latter acting as the electrolyte:
[image: ]
Figure 4: Aqueous corrosion in Iron (Wright 2019). 
Anode and cathode regions are formed where there is an electrical potential difference between two areas resulting in two simultaneous reactions occurring: anodic and cathodic reactions: 
 - Equation 1
 - Equation 2
Figure 4 and equation 1 shows two electrons leaving the anode creating a positive Iron ion Fe2+. The electrons conduct through the metal to the cathode where it reacts with water and Oxygen to produce the negative ion hydroxyl as shown in equation 2 (Mohsin, Mokhtar and W Tse, 2019).  At this stage corrosion has occurred with Fe2+ from the anode free to dissolve in the water however this only occurs if the anode and cathode are separated by several millimetres and that Oxygen is not present at the anode. This is not the case in most metals but instead Fe2+ reacts with the negative ion hydroxyl:
 - Equation 3
Ferrous oxide  is soluble appearing white rust until it further oxidises to go to red/brown rust to form  (Edwards 2013). Aqueous corrosion comes in many forms; uniform attack, pitting, bimetallic and crevice corrosion (Edwards 2013). It is generally accepted that aqueous corrosion is the main cause of CUI across the oil and gas industries. Evidence. 
Microbial
Another form of environmental corrosion is microbial corrosion also referred to as MIC. MIC comes in different types and consists of numerous microbes that fall into two groups; aerobic microbes which need oxygen in contrast to anaerobic where no oxygen or little is needed. MIC generally shows pitting beneath the microbes leading to a biofilm which worsens the corrosion on the material. Although MIC is the unlikely cause of CUI it should not be ruled out as a contributor that worsens the outcome of piping failure. Evidence.

https://www.corrosionpedia.com/definition/157/microbial-corrosion
Other Environmental Corrosion 
Lastly, other elements from the environment can react with metals such as Sulphur, Chlorine, Carbon and Nitrogen deteriorating the substrates original mechanical properties causing corrosion; if for example Sulphur reacts with a metal the sulphides are formed at the gain boundaries making it more brittle (Holden 2019). Lastly, metals in general perform badly in the presence of high pH compounds and so can cause corrosion; this can be seen in the form of acid rain (<5 pH) (Markings 2019).
 
[bookmark: _Toc50623325]Process Corrosion
Process corrosion is corrosion simulated from processes in the oil refinery as opposed from the environment however the types of corrosion are the same. For example, electrolysis corrosion can occur if one of the process lines in an oil refinery were to leak i.e. from a steam line. Instead of the electrolyte being produced from the environment it is the process units that has simulated the corrosion allowing aqueous corrosion to occur. Evidence.

[bookmark: _Toc50623326]Oil Refineries
Oil and gas industries specialize in refining crude oil to make various products which are then sold to the end customer. Below is a simple diagram showing the refining process of crude oil:
[image: ]
Figure 5: Crude Oil refining process (Stribling 2018).
There are many essential products produced because of the crude oil refining process and these include jet, diesel fuel, propane, fuel gas and petrol. Expand on their uses, demands, and cost profits.

Piping is used in the industry to transport crude oil and products around the process units as well as importing/exporting them with pipe diameters ranging from ½’’ to 30’’ all of which are susceptible to environmental and process corrosion. Although rust is best avoided in the oil and gas industry it does present a visualisation that the metal requires maintenance unless the component or system is unable to be clearly seen i.e. pipe insulated. This feature explains why most leaks in the refining and chemical industries are caused by CUI as oppose to general corrosion (Caines et al, 2015).

[bookmark: _Toc50623327]CUI at Ageing Oil Refineries – Mitigations, Detection & Maintenance 
Many components or systems in oil refineries are exposed to various environments that could affect the process in refining crude oil i.e. exchange of temperature. To mitigate the unwanted effect of heat transfer between components or systems to the environment insulation is used. Additionally, insulation is also used for energy conservation and personal protection against high temperatures (Caines et al, 2015). Insulated components or systems that are exposed to corrosion is known as CUI and it is this that presents a major issue to oil refineries as its not clearly visible. Figure ‘’ shows pipe insulated with annular space between the pipe and insulation: 
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Figure ‘’: Showing pipe insulated with the annular space between (Caines et al, 2015).
The annular space is created from the application of the insulation onto the pipe leaving space and crevices where any electrolyte can be collected simulating corrosion i.e. water or moisture (Caines et al, 2015). There are several ways in which water or moisture can be collected in the annular space for example:
· Leaks through the insulation from poor installation or damage
· Leaks through steam tracing on pipe
· External leaks from downstream/upstream pipe where there is no insulation
· Internal leaks from pipe
Furthermore, there are number of environmental and process factors that are pivotal in accelerating CUI that are:
· Time of Wetness (TOW)
· Internal/External temperature
· Chlorine content
· Microbial content
Due to its invisible nature CUI is the highest type of maintenance cost to oil refineries to try and manage. Example & reference. Like normal corrosion, if CUI is left undetected the component or system could fail presenting several risks to; the health & safety of employees including the community; the environment; and to the business operation of the refinery. Risks include:
· Exposing hazardous products or by-products
· Exposing high pressure & temperatures
· Exposing explosive atmospheres  
· Loss of containment 
· Unit shutdowns 
It is these reasons why oil refineries will try mitigating the effect of CUI prior to pipe being installed.  Where CUI is already occurring across components or systems oil and gas refineries will try detecting it and addressing it in the safest and most cost-effective way. 
Mitigations against CUI
Oil refineries will plan various ways to mitigate CUI especially in the engineering design phase before fabricating new components and/or systems to be installed; for example, new pipes and vessels that require insulation. Considering the chemical process required and the mechanical demands the following factors should be considered in the engineering design phase and implemented when fabricating new components and/or systems to mitigate CUI:
· Type of Component/System Material
· Coating Component/System
· Types of insulation
· Quality Check?
· ASME/API Recommendations
Although following these factors reduces the impact of CUI it does not completely get rid of it; or reduce costs; or make the task to carry out the mitigation any easier than previously.
Types of Component/System Material
The vast majority of the piping used at oil and gas refineries is CS A106 grade B designed for high temperature services (maximum 593oc) suitable for the various refinery processes in addition to its high strength, toughness and weldability (ASME B31.3 2016). Furthermore, CS is used because its composition includes Chromium (Cr) and as discussed in section 2.1 this element provides an oxidized layer protecting against corrosion however it is not as effective as stainless steel (SS) which has a higher Cr content (Metal Supermarkets 2016). 

Thus, CS is limited to providing an oxidized layer allowing Iron contained in the steel to be exposed to Oxygen and, if in presence of an electrolyte, aqueous corrosion will occur leaving rust as discussed in section 2.1. Although SS is more resistant to corrosion than CS refineries opt to use the latter for piping as it is generally less expensive (Metal Supermarkets 2016; installing all pipework as SS would be very expensive. Without adequate protection applied to CS pipe it is exposed to corrosive environment and processes leading to consequences discussed in section 2.1. An alternative method into changing the piping material would be to introduce a coating barrier between itself and the surroundings. 
Coating Component/System   
The inadequate protection of pipe has led to many refineries to ensure a coating is applied to the CS to provide an effective barrier between the pipe and the environment providing mitigation against CUI. Previously a two pack epoxy paint system had been used on refineries however with an average life of 7 years there has been substantial evidence it was clearly performing ineffectively. As a result, a new coating was introduced at refineries to prevent CS pipeline environment corrosion more effectively  and with the protection lasting longer (last 2 sentences from materials).

The new coating used was thermal spray aluminium (TSA) with an improved anticipated life duration of 20 years. //Once TSA is applied onto CS piping it oxidises under atmospheric conditions producing a thin Aluminium Oxide layer preventing further oxidisation underneath. This oxide layer is insoluble in water providing an effective barrier between the CS pipe and the environment (Al-Moubaraki and Al-Rushud 2018) in addition to strong adhesion stopping aqueous corrosion (Malek et al 2013). Additionally, if the coating was to be mechanically damaged in small regions the CS will still be protected as the Aluminium acts as a sacrificial anode called galvanic protection illustrated in figures 6 and 7 below:
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Figures 6 & 7: Illustrating substrate corrosion for steel using tinplate and coating corrosion for steel when using zinc (Holden 2019).
Instead of Zinc in figure 7, Aluminium is used in coating CS piping and acts as the anode with the steel pipe as the cathode leaving the coating corroding only; this contrasts with using tinplate where the steel would corrode instead. TSA is also suitable for refinery processes with design temperature ranging from -45oc to 540oc and has a low density (Shell 2017).// 

//However, it has disadvantages because of its abrasive nature it deteriorates the CS surface if not done correctly. In addition, heat is generated from the high velocity blasting causing a health and safety hazard as well initiating oxidisation on the CS surface leading to poor adhesion (Russel 2018).// An advantage of using TSA is that most particles are accelerated so quick that they don’t have time to react with air before hitting the substrate; however, some can oxidise if slow velocities are met causing inclusions. Conversely, TSA normally results in; inconsistent thicknesses that can’t be controlled; produces fumes, dust and noise causing a health and safety hazard; it’s a costly process; can leave voids in coating and un-melted particles producing poor adhesion and corrosion protection; and heavily dependent on surface preps (Holden 2019). Lastly, to carry out TSA relies on the unpredictable weather conditions at some refineries which can lead to delays resulting in re-blasting due to surface re-contamination.// copied from materials

TSA heavily relies on surface finish, coat thickness and adhesion to be effective in mitigating CUI explaining why numerous QA/QC checks must be carried out through the process. // Conversely, the inability to control coating thicknesses is revealed as the low and high DFT readings show the wide range of thicknesses measured; this can indicate microscopic stress concentrations that can’t be detected using a microscope as highlighted in section 4.1. It is therefore recommended for a vast range of DFT readings that an electron microscope is used for closer surface analyses. Another disadvantage is that the limited number of DFT readings for both coatings does not ensure that the remaining CS pipe is at the optimum thickness range//
//Approximate costs for TSA over the old two paint pack system is shown in table 1 below for a 2300m2 component:
[image: ]
Table 1: TSA approximate cost comparison with two pack paint system. 
For both onsite and offsite TSA appliance it is approximately 30% more expensive than the old two pack paint system. However, the two-pack system lasts around 7 years before to TSA of 20 years. This means for a system/component with a two-pack paint system it is likely to be re-painted two or even three times in a 20-year period with additional costs of scaffolding, materials, hiring and possible piping repairs. For a worse-case scenario a 100% repair to this 2300m2 component replaced three times within 20 years would cost approximately £585,000; adding the initial coating cost for on-site this makes it 4 times more expensive than applying TSA in the first place. Hence, with the significant quantities of CS pipework at refineries using TSA instead of the two-pack system could save millions of pounds. 

This is further reassured from the TSA performance checks refineries ensure are carried out, but additional tests could be used for further assurance on the inspection reports supplied by the contractors. These include the DEP recommendations that a bend test is carried out on a TSA sample coating alongside a CS pipe ensuring no cracks, lifting, or spalling are notable which all affect the performance against environment corrosion. A water spray test is also recommended to be carried out on a TSA surface to ensure no rusting or bleed-thru occur. Lastly, a thorough visual inspection of the TSA application should be carried out at 5-year intervals to again measure the performance of the coating against environmental corrosion. //

However, refineries still experience environmental corrosion problems due to previous inadequate coating or past coating systems (from materials). Furthermore, the effectiveness of TSA is still under assessment as its relatively new to the industry evidence and just settling for a coating barrier to mitigate CUI is simply not enough. 
Types of Insulation
The use of insulation is crucial to contain heat for process reasons (Kaynakli 2014) however this will also retain any water/steam that gets trapped on the external pipeline surface. Therefore, various forms of aqueous corrosion are instigated this way and is escalated due to the electroylte being trapped (last 2 sentences from materials). Thus, it is essential that the type of insulation used provides a barrier against the environment and the material used to contain the heat does not escalate CUI.
ASME/API Recommendations 
Many oil and gas industries use recommendations set out from ASME and API for designing process piping, understanding mechanisms of failure, piping inspection, FFSA and RBI. Although the UK sets out its own recommendations in the form of BS EN ISO many UK oil and gas industries prefer ASME and API in addition to three out of the six major oil refineries being owned by American companies. Evidence. 
ASME sets out the construction codes for designing, fabricating, and addressing new construction problems whereas API sets out standards for the operational continuation, inspection, and repairs for in-service components and systems. Reference to https://www.linkedin.com/pulse/asme-vs-api-whats-difference-mohd-hakimi-othman#:~:text=Well%2C%20ASME%20is%20actually%20a%20construction%20codes%20that,are%20put%20in%20service%2C%20API%20510%20takes%20place.
This major project focuses on piping CUI in the oil and gas industry thus the following ASME and API codes will be referenced throughout:
· ASME B31.3………………. ‘Process Piping’ 
· API 570……………………...‘Piping Inspection Code Inspection, Repair, Alteration, and                                                                               .                                                 Rerating of In-Service Piping Systems’
· API 571 ……………………. ‘Damage Mechanisms Affecting Fixed Equipment in the . . .      .                                                 Refining Industry’
· API 579-1/ASME FFS-1...... ‘Fitness-For-Service’
· API 581……………………... ‘Risk-Based Inspection Technology’
· API RP 583

Detecting CUI 
Planning and implementing mitigations against CUI in the engineering design phase does not resolve any CUI occurring in any existing components/systems. In simple terms the easiest thing to do would be to replace all systems and components to SS, along with a suitable coating barrier and type of insulation used that would mitigate CUI. However, this would be very impractical in addition to incurring enormous costs. Mohsin, Mokhtar and W Tse (2019) state the need for predicting CUI corrosion rates to construct a suitable inspection and maintenance plan for process pipes to reduce the effect of CUI. This would be advantageous in saving maintenance resource and cost to focus on areas where pipes require attention because of CUI. However, Mohsin, Mokhtar and W Tse (2019) further state data shortage on CUI due to oil and gas industries not disclosing any information only to leave API 581 as the suitable source for CUI corrosion rates for temperature ranges -12 oC to 176 oC.

The limitations on detecting CUI has led many researches like Mohsin, Mokhtar and W Tse (2019) to find alternative methods in predicting CUI corrosion rates i.e. the fuzzy logic method. API 581 reveals operating temperature, type of environment, insulation type, pipe complexity and insulation conditions are the main elements of CUI. It is this reason why oil & gas refineries may rely on themselves to obtain CUI data as they may use different types of insulation or pipe complexity etc. when compared to another industry. Therefore, the oil and gas industries plan work for detecting CUI in the field to obtain corrosion rates in addition to detecting CUI in the first instance however there are advantages and disadvantages to this.
  
Amount of Detection vs Maintenance Resource
Detecting CUI can be very costly to oil refineries where pipelines and/or equipment require maintenance resource that may need access in the form of scaffolding and require removal of insulation in addition to providing an effective NDT technique. All activities are carried out by specialists and are generally limited in resource to keep maintenance costs down. When factoring in the amount of pipework and equipment insulated on any refinery adds to the difficult task of detecting CUI in addition to the time to carry out insulation removal (reference Caines 2014).  Many refineries approach to this is to tackle areas where CUI is likely to occur and provides a high risk to the refinery. In the short term this approach does save maintenance costs but raises questions whether this saves money in the long term where areas deemed less of a priority in detecting CUI crop up. It is this reason why finding corrosion rates is essential.

The consequence will be the individual environmental agencies upholding the legislation in place to protect the environment.
NDT Method
Using an effective method of NDT is essential into ensuring CUI is detected and to analyse the corrosion accurately to determine if maintenance is required.
Utilising NDT equipment could save the cost of maintenance resource.
After detecting CUI in the most effective way it is then decided what repair method is required if any.
CUI Maintenance 
· Replacing sections of pipelines – equipment can be isolated
· Installing a clamp – equipment cannot be isolated – can insulation be installed after? Can this affect the process?
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Experiment Progress
Physical Experiment
Based on literature research it was decided to set-up an experiment to investigate the role of salt spray on CUI piping. Understanding the CUI effect from salt spray could be crucial into reducing the impact of CUI piping in the oil and gas industry especially for those refineries that are near the coast.
Experiment Aim
The aim of this experiment was to investigate the role of salt spray on CUI piping when compared against normal water i.e. rain fall.
Hypothesis
Based on literature it is expected CUI is accelerated from salt spray when compared against normal water.
Apparatus
A full list of materials used and equipment for measuring and analysis is shown below:
· 2 x 1’’ sch 160 Carbon Steel A106 Grade B Piping coated with TSA
· 1 x 1’’ sch 160 Carbon Steel A106 Grade B Piping uncoated 
· 2 x HT industrial Armaflex insulation
· 2 x 0.7mm gauge Aluzinc Metal
· 6 x 1/2’’ stainless steel 304 bands
· 3 meters of 14.5 watts Warming Cable
· Sand
· Duct Tape 
· Glass Tank
· Scientific Thermometer
· Sea Salt
· Tap Water
· Spray 
· Weighing Scales
· Silverwing D-scan 705 with a 5MHz Dual Probe and couplant 
Method
Set-up of Materials and Equipment
Using the materials available both the 1’’ TSA pipes are insulated using HT industrial Armaflex insulation then covered with 0.7mm gauge Aluzinc metal and held together with ½’’ stainless steel 304 bands. Both ends of the pipe are capped off but bored to allow the warming cable to go through the insulated pipe as shown below:
[image: A picture containing cup, drink, beverage
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In addition, the uninsulated unpainted pipe will also have the warming cable pulled through it:

Utilising the duct tape all three pipes are filled with sand to ensure heat is conducted from the warming cable through the sand to the pipe:

All three pipes are placed in a glass tank indoors to control the temperature and salt spray application:

The heating cable would then be turned on and using a scientific thermometer each pipe’s temperature would be measured by placing the thermometer through the sand to ensure equilibrium was reached. The warming cable along with the sand will act as a product flowing through the pipe. Furthermore, the heating cable would be left on throughout the experiment until inspection was due with the temperature of the sand being checked daily to ensure constant temperature. Mixing 35 grams of salt to 1000ml of water each pipe would be exposed to approximately 4mm of sea water daily both of which were measured using weighing scales. The sea water mixture will act as salt spray. 

For each inspection due a visual and ultrasonic inspection would be carried out with the latter being carried out using the Silverwing D-Scan 705 with a 5 MHz dual probe:

Using gel as the couplant between the probe and the pipe ultrasonic waves are emitted from the D-scan that transmit through the pipe. Reflected waves from boundaries or flaws are then received from the probe where the time for the sound wave to travel this distance is calculated and knowing the sound velocity in carbon steel pipe the thickness of the pipe can be measured. Prior to taking any UT measurements it was essential to reduce any systematic error in the D-Scan and dual probe by calibrating the apparatus allowing more accurate and reliable measurements to be taken (Parsons 2008).  
Next Steps

[bookmark: _Toc50623334]Conclusion
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