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[bookmark: _Toc164854598]Abstract

The Sole intention of the Report is to provide a comprehensive guide on the installation of the Caster 3 Process Bay Water test stand. The main purpose of the design is to do accurate pressure and Flow test of mould as required by the original scope of design. The Mould is design to Deliver Constant cooling flow to an original scope which was design on original design. The Mould Consist of Copper Plates which are water cooled these have to be cooled to a desired Flow rate to help solidify the Steel To form a slab. If the mould has too much Flow this can cause shrinkage to occur.
Mould water test stand consisting of pumps, valves and associated instrumentation for flow and pressure testing of mould. The system is designed for flow testing of either complete test stand or any particular face of the mould.  Pressure testing is envisaged to identify any leakages in the mould.
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[image: ][bookmark: _Toc164854374]Figure 1 Tata Steel Port Talbot [41]


Port Talbot Steel Works and its 3600 employees produce some 4.7 million tonnes of steel per annum, where about 3 million of it is rolled on site and the rest sent to Llanwern. The steel is produced, and coat finished on site and then delivered either direct to the customer or to other TATA sites where further production processes are implemented prior to customer issue. 
The site is divided up into several departments and plant areas that carry out specialised processes that collectively produce strip steel. My project will be based at the Casting Department.



· Raw Materials
· The Coke Ovens and Sinter Plant make up the Raw Material sector.  Coal and Coke are brought in via the Harbour or other modes of transport and sent to the Coke Ovens where it is carbonised for 18 hours.  Iron Ore and Limestone is sent to the Sinter Plant where the raw materials are blended and heated.
· Iron Making
· Coke and Sinter produced from raw materials is then sent to the Blast Furnace where they are heated in order to create molten iron.  This iron is then tapped from the furnace and poured into ‘Torpedoes’ to be sent to Steel Making.
· Steel Making
· Referred to as the Basic Oxygenated Steel Making (BOS) Plant, iron is mixed with oxygen and other materials to produce steel.
· Casting
· Liquid steel is cooled slowly, moulded and cut to slabs.
· Hot Rolling
· Now in slab form, the steel is heated to 1250C and then rolled into strips of steel in coil form.
· Cold Rolling
The coiled steel is then pickled with hydrochloric acid to remove any scale, and then cold reduced to the required gauge.  Finally the steel is heated, annealed and temper rolled to final customer requirements.
[image: ][bookmark: _Toc164854375]Figure 2 Port Talbot Layout












[bookmark: _Toc164854600]Continuous Casting Plant

[image: ]The Continuous Casting Plant, as previously stated, moulds and forms molten steel into a solidified slab, it is also where the basis of this project is set.  [bookmark: _Toc164854376]Figure 3 Continuous Caster Process


The liquid steel is sent over from the BOS Plant in a ladle, which can weigh up to 450 tonnes.  The ladle is placed onto a Turret, which rotates the ladle into position on the Casting floor.  There are arms either side of the turret so that a second ladle can be placed onto it ready for when the ladle in cast is nearing empty, allowing for a quick turnaround.  Once in position, a shroud is fitted onto an NKK valve underneath the ladle, with the use of a robotic arm called a Manipulator.  The NKK valve is what controls the flow of steel from the ladle, through the shroud and into the tundish.

[image: Continuous_casting][bookmark: _Toc164854377]Figure 4 Continuous Caster Process 2









A tundish is what is situated beneath the ladle and is brought into position by and placed on top of a Tundish Car.  There are two Tundish Cars, allowing for a continuous process, as one car is moved out of position due to its tundish life being reached; the second can be brought in with a new tundish on top.  The tundish itself is heated prior to use in order to rid the shell of any moisture that could cause a reaction, potentially causing an explosion or cooling the steel before it leaves the dish.  An S.E.S shroud is fitted to the bottom of the tundish allowing flow of steel directly into the mould.  This shroud is submerged in the molten steel within the mould to prevent splash and the tundish raises and lowers every so often so that the S.E.S shroud wears evenly.
The still-liquid steel exits the dish via a stopper actuator, which can close in an emergency or when the tundish is being moved from cast position at the end of its life, stopping the flow of steel into the mould.
The remotely adjustable mould (RAM) is a specialist piece of plant that actually produces the formed shape of the new steel slab.  It is here in fact that the liquid steel solidifies to give an outer hard skin and molten inner core, similar to that of an egg, where the shell is the solidified steel, and the yolk is the still-molten metal.
The solidification process occurs when the molten steel is cooled quickly by the use of continuously cooled water.  The ‘closed water’ system doesn’t actually come into contact with the steel but instead passes through a Copper water jacket.  Copper is used for its excellent conductivity of heat, therefore giving us the quickest cooling results possible.
The RAM is capable of forming steel slab at various widths to suit the customers’ needs.  Known as section changes, the sides of the mould taper and are driven at increments in order to adjust the slab width whilst casting.  
[image: ]Whilst casting, the RAM oscillates continuously to prevent the cooling steel from sticking to the copper surfaces of the mould.  A powder is pushed into the mould in order to prevent this further.  At start-up, the bottom of the mould is blocked off by what is known as a dummy bar head.  The dummy bar head not only prevents the molten steel just escaping through the mould, but it also acts as a type of guide that pulls the initial front end of the slab through the machine. [bookmark: _Toc164854378]Figure 5 Continuous Caster Process 3

Thermocouples are situated all around the surfaces of the mould so that the temperature of the steel can be monitored, ensuring that the steel is of an acceptable temperature to prevent a ‘break-out’.  A breakout occurs when the casting speed is at a point where the steel doesn’t have sufficient time to cool, and it exits the mould not fully formed and results in the breakout of molten steel in the machine.  If the skin has not formed quick enough and a hot spot occurs, then like the egg, it becomes fragile and susceptible to cracking, releasing the yolk, or in this case, molten steel everywhere.  If the temperature of the steel in the mould is not sufficient, then the casting controller makes the decision to slow down the machine so that the steel can cool properly and form the shell required to exit the mould safely.
The next part of the machine, beneath the RAM, is the remotely adjustable top zone (RATZ), which further cools the steel but this time the ‘open water’ system sprays continuously cooled water directly onto the slabs outer surface.
The slab exits the RAM and RATZ at a vertical angle and slowly gets pulled along rolls through segments that incrementally produce an arc shape until the slab exits at a horizontal angle.  The slab leaves the RATZ and into the first segment and then the subsequent next nine segments produce the arc required to bend the continuous slab into a more horizontal position before passing through the final five segments which ensure the slab exits in a horizontally straight manner.  Each segment has a top and bottom roll which are hydraulically driven and forced inwards to maintain pressure and grip on the slab.  There are further sprays used in each segment to assist in the further cooling of the slab.  
Now exiting the fifteenth and final segment, the previously mentioned dummy bar head is detached from the front end of the slab by a disconnect roll, which is hydraulic risen into the dummy bar to force it free before being removed by an operator further down the machine.  The slab moves along the pre-cut-off rolls, beyond the cut-off machine, where it is cut to the desired length.  The cut-off machine is used to cut the continuous slab of steel into an exact length, predetermined for the customer.  The slab is cut using two oxygen torch burners.
[image: Ladle and Slab][bookmark: _Toc164854379]Figure 6 Slab Cutting Torch Process




[bookmark: _Toc164854601]Continuous Caster Plant Port Talbot Site
The Continuous Casting plant at the Port Talbot Site which has been in operation since 1982, producing quality steel slab of varying grades for the defence, construction, automotive, food and construction sectors.
In 1982 the number 1 Caster was constructed with an approximate production capacity of 55,000 tons of slab steel per week.
The Caster 1 machine is of two strand construction with a capacity of between 875 – 1850mm wide 234mm Thickness of which the width is determined by a Remote Adjustable Mould (RAM) and 7000 – 10,000 mm length cut by the cut-off machine.  The Basic construction of the machine has each strand, Strand 1 & 2 comprising of a working set of segments, withdrawal drives, discharge rolls and cut-off machine with control pulpits (CP) at the ladle/Tundish area (CP3), mould area (CP2), discharge area (Discharge pulpit) and Main Control Room (CP1)
In 1991 the number 2 Caster was constructed with an approximate production capacity of 45,000 tons of slab steel per week.
This machine is of twin strand construction with a capacity of between 850 – 1350mm wide 238mm Thickness, Caster 2 also has the ability to cast a single (Jumbo) slab up to 2800mmwidth the width is determined by a Remote Adjustable Mould (RAM) and 7000 – 10,000 mm length cut by the cut-off machine., strand 5 & 6 and differs from Caster 1 in that it only has 1 set of segments, discharge rolls and cut-off machine.
In 2005 the number 3 caster was constructed with an approximate production capacity of 55,000 tons of slab steel per week.
The machine is of two strand construction similar to caster 1 with a capacity of between 850 – 1650mm wide 236mm Thickness of which the width is determined by a Remote Adjustable Mould (RAM) and 7000 – 10,000 mm length cut by the cut-off machine.  The Basic construction of the machine has each strand 1(3) & 2(4) comprising of a working set of segments drives, discharge rolls and cut-off machine with control pulpits (CP) at the ladle/Tundish area (CP3), mould area (CP2) and Main Control Room (CP1) which also includes the discharge pulpit.
The site operates Good Manufacturing Practices (GMP) and holds ISO accreditation for 9001 and 14001 standards.
[bookmark: _Toc164854602]RAM (Remotely Adjustable Mould)

The Main Area of focus in the continuous Casting process the project is based around is the RAM (Remotely Adjustable Mould) below is an image of the RAM.
[image: ][bookmark: _Toc164854380]Figure 7 RAM OVERVIEW


The Mould Cools the Liquid steel coming from the tundish by means of the water- cooled copper plates. The length of the mould is determined in such a way that the strand shell formed by cooling will have sufficient strength to withstand the ferrostatic pressure in the roller strand guide connected downstream, as well as the withdrawal force.
The Mould determines the strand cross- section. In it, the liquid steel starts solidifying, and thus the strand shell is formed, the thickness of which varies at the mould exit according to the casting speed.

When placed on the mould table, the mould is centered automatically and fixed by four folding eye bolts (supporting wall right / left).
By placing of the mould, the cooling water connections for primary and secondary water are established.
The primary cooling water is fed via the mould table, mould frame, backup plate and copper plate bottom side. The cooling water is recycled via the copper plate top side, backup plate, mould frame and mould table.
Sealing between mould frame and mould table is affected by a rubber seal. Cooling water is supplied to and from the wide and narrow sides via plug- type pipes or telescopic tubes.
The mould insert consists of backup plates with bolted copper plates and is located in the mould frame.
The wide-side fixed side (Outside) and the wide-side expansion side(inside) of the mould insert are fixedly bolted to the supporting walls. The wide-side expansion side (inside) can be shifted, as the expansion side is adjusted upon changing of the casting thickness. The symmetric expansion of the wide-side copper plates is forced by a fitted key resting centrically against the copper plate and backup plate.
The combined the clamping and expanding device servers as a spacer between the supporting walls according to the casting thickness. The clamping force is applied by preloaded diskspings.
The wide-side expansion side can be lifted by means of hydraulic cylinders for cleaning or thickness change.
The narrow sides can be shifted for width adjustment by the hydraulic width adjusting device.
The foot rollers are fixed with bolts, which can be quickly loosened from the casting platform after removal of the mould cover. The foot rollers are cooled with secondary cooling water. The water is routed via the mould table and mould frame to the spray nozzles.
All bearings of the foot rollers are connected to a central grease lubrication system.
[image: ]To avoid adjusting work on the continuous caster, all mould components (copper plates, foot rollers, etc.) are adjusted and aligned on a mould alignment stand located outside the plant.




[image: ][bookmark: _Toc164854381]Figure 8 Caster 3 Mould in Machine





[bookmark: _Toc164854382]Figure 9 Caster 3 Mould out of machine

[image: ]The RAM consist of internal water channels in the copper Plates. The purpose of these Water-cooled channels is to help solidify an outer shell where inside it is still Liquid core.[bookmark: _Toc164854383]Figure 10 RAM COOLING BREAK DOWN







· The water-cooled copper mould is designed to cool the liquid steel and allow the formation of an initial thin solidified shelled wall.
· As liquid steel flows into the mould heat are extracted through the copper and then cooled by a series of water channels that circulate cold water continuously. This initial cooling is known as primary cooling.
· The initial solidified shell increases in thickness towards the bottom of the mould due to increased cooling time while the liquid core decreases.
· Once the solidified shell is at the required thickness then the steel can start to be withdrawn from the mould and through the caster for where it receives additional cooling. 
[image: ][bookmark: _Toc164854384]Figure 11 Mould Steel Formation









[bookmark: _Toc164854603]Analysis of the Problem

The repercussions of a Remote Adjustable Mould Not having the correct cooling Flows / Pressure through the copper plates can be Catastrophic. This can also be very Costly to the business in downtime when required changing of the RAMS. As the company more than ever want to Utilize Continuous Caster any issues with these Mould are a costly Downtime.
All company delays are recorded through a TIBS database and also all issues are then captured through the DRF Database. The purpose of these databases is to helping engineering see where the biggest delays / costs are in the production line. This helps us determine where our engineering should be focused to help us eliminate these issues. This is where the following problem has been captured and brought to the attention of senior management.
[image: ]As can see below here is some following DRF reports captured for the following issues around Mould Cooling Flow/Pressure issues.

[bookmark: _Toc164854385]Figure 12 DRF Mould Database
In the last Financial Year of 2023/2024 there has been 69 Issues reported directly for Mould Water Issues. This is also having a combine downtime of nearly 3 to 4 weeks in total for the machine being offline to repair or replace these moulds. That is a Total cost of nearly 6 to 12 million pounds worth of production. This is dependent on certain Grades of steels required. As can see the cost is substantial loss to the business. As can see below this is the TIBS screen database. This is where all delays on Caster 3 are recorded these can range from cranes being out operation to even production manner errors. This Database is all crucial at capturing all potential delays and losses to production. Helping us gather information required to eliminate these delays in the future.
[image: ]
[bookmark: _Toc164854386]Figure 13 TIBS Database Mould
[image: ]When using the DRF & TIBS database to help us gather information to help us get justification to give to the directors for funding to progress with the project. The most important part information we used to help get this project over the line is one of our key principles within the business number 1 safety.[bookmark: _Toc164854387]Figure 14 Steel & Slab Non-Negotiables

As safety is our Number 1 priority as a business. We cannot take any risks or leave anything to chance. As the Mould water is critical Safety Integrated System. There is a legal obligation by HSE to make sure this system is functionally operational to the correct standard. All Safety concerns are captured on our SALUS database this system is used to record safety nearmiss or incidents. As can see below this is the amount safety Concerns raised around Caster 3 Mould Water issues.
[image: ][bookmark: _Toc164854388]Figure 15 SALUS Safety Mould Issues

As above shows how all issues are recorded within the steel and slab department. The majority off issues recorded around Caster 3 moulds is around Water cooling issues. These issues range from seal failures, Gaskets Failures and also inadequate flow and pressure due to blockages within the mould copper cooling plates. If this issue occurs were any flow rate or pressure drops during casting a mould evacuation alarm will be initiated. This signal to operators to leave the area of the mould and get to safe haven. The CP1 operator will then follow procedure and cap off the machine and speed up the strand to remove the steel from the Mould. This then remove the danger of a Thermal Explosion occurring.
“A thermal Explosion is when the following occurs.

1. Rapid Vaporization: The extreme heat within the molten steel, is typically around 1500°C, would instantly vaporize the water upon contact. This would create a small burst of steam, potentially expanding with a popping sound due to the rapid phase change.
2. Minimal impact on overall process: Due to the miniscule amount of water compared to the massive quantities of materials processed in a blast furnace, the overall operation and temperature would not be significantly affected.
3. Potential for localized damage: The sudden introduction of steam could potentially cause localized cracking or spalling (fracturing) of the firebrick lining due to the rapid thermal shock. However, modern blast furnaces are designed to withstand operational stresses and temperature fluctuations, so the damage would likely be minimal and repairable.
4. Safety Hazards: It's crucial to emphasize that attempting this in a real-world scenario is extremely dangerous and strictly prohibited. Introducing any foreign material, especially water, into a blast furnace poses significant safety risks, including:
a. Explosion: If a large amount of water were introduced, it could potentially lead to a violent steam explosion, damaging the furnace and endangering personnel.
b. Projection of molten materials: The rapid vaporization of water could cause molten iron or slag to be ejected from the furnace, posing a severe burn hazard.
c. Disruption of the process: Introducing water could disrupt the delicate balance of the chemical reactions within the furnace, potentially affecting the efficiency and quality of steel production.” [1]





As previously mentioned, these moulds are cooled using Mould Cooling water as shown in image below:
[image: ][bookmark: _Toc164854389]Figure 16 Closed water Layout.














The moulds when in the caster are put under pressure of around 6.8 BAR. This is delivered at a flow rate of 23065L/min. We require making certain flows on each zone of the mould and pressures. This used for our SIF Test which is requirement under safety legislation as one of our safety barriers as you can see on the below image there are required flows for each area of mould cooling.  The Mould cooling is split into four sections.
· Wide Loose
· Narrow South
· Wide Fixed
· Narrow North
These zones all have different flow rates and pressures due to the size of the copper plates etc. 
[image: ]The main area of the mould we are seeing substantial failure rates are the narrow south & North end plates. This is purely down to these plates moving during casting to allow us to section change to different widths of steel. The pressure generated by the steel in the mould is causing these to fail substantially.[bookmark: _Toc164854390]Figure 17 Mould Cooling Flows/Pressures

Also as mentioned previously if Cooling isn’t done correctly and the steel has formed a shell required to the chemistry of the steel grade cast this can cause breakouts or evens stalls in machine. This will mean the machine is down for 2/3 days normally to recover.






[bookmark: _Toc164854604]Business Justification 

[image: ]The Following pages are the business Justification which was presented to the Tata Steel Directors for funding for the project and approval to progress.[bookmark: _Toc164854391]Figure 18 Business Justification One Pager 1

[image: ]
[bookmark: _Toc164854392]Figure 19 Business Justification One Pager 2

 [bookmark: _Toc164854393]Figure 20 Business Justification One Pager 3
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[bookmark: _Toc164854605]Existing System

Currently with the Concast department at Tata Steel UK, Port Talbot Works to improve the water testing facilities that are carried out within the Concast (Process Bay) Workshop. The current facilities were not fully fit to test the Casting Equipment of Caster 3 Moulds to an appropriate Engineering standard. The Moulds are refurbished and Tested Prior to being put in the Machine. They have all maintence and required Calibration carried out in Test drive stand simulating being in the machine. One of the other Tests is a water Test stand.
This water Test stand is just a basic water test. There is no feasibility to measure required flow rates of each section of the mould or pressure. 
As you can see below by the images the facilities of the process bay workshop water Tests stand are in a poor condition for such a critical piece of equipment.
[image: ]
[bookmark: _Toc164854394]Figure 21 Concast Process Bay Workshop

[image: ]
[bookmark: _Toc164854395]Figure 22 Concast process Bay Existing Layout
[image: ]
[bookmark: _Toc164854396]Figure 23 Concast Process Bay workshop 2

[image: ]
[bookmark: _Toc164854397]Figure 24 Process Bay Workshop existing water sump

[image: ][bookmark: _Toc164854398]Figure 25 Caster 3 Process Bay Mould Stand












[image: ][bookmark: _Toc164854399]Figure 26 Caster 3 Mould Manifolds Test stand













[image: ][bookmark: _Toc164854400]Figure 27 Process bay Caster 3 Mould Existing pipework
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Description automatically generated][bookmark: _Toc164854401]Figure 28 Caster 3 Mould Stand Underneath


















[image: ][bookmark: _Toc164854402]Figure 29 Existing Pipework water stand
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Description automatically generated][bookmark: _Toc164854403]Figure 30 Caster 3 Test stand underneath
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Description automatically generated][bookmark: _Toc164854404]Figure 31 Caster 3 Test stand existing filters.














[image: E:\HNC Operations Engineering\Project Management\Water Sump Project Photos\2011-11-24 15.25.09.jpg][bookmark: _Toc164854405]Figure 32 This shows the tank as it initially appeared at the South end of the Workshop.














[image: ][bookmark: _Toc164854406]Figure 33 : This shows the initial state of the inside of the tank with stagnant water, plant growth, sludge and redundant piping present.















[image: ][bookmark: _Toc164854407]Figure 34 This shows the redundant electrical services that have been left to deteriorate under the conditions with other foreign object debris present.












The water test stand is currently running at the following from the drawings that were present for Casters 3 The pump is currently supplying a flow rate of 2640 l/min (158m³/ hr) at 7.5 bar. This is much lower than the 4400L/Min required for one zone in the Mould cooling plates. So, these moulds are not tested to their full capacity.
[bookmark: _Toc148654592][bookmark: _Toc148654594]Another major concern around this is pressure testing this mould to pressure there are under in the Machine. This will allow us to make sure seals and gaskets are properly installed. No leaks are present, and all flow rates are correct.




[bookmark: _Toc164854606]Aim of Project

The Main Purpose of the Project is to help drive reliability and performance within the casting process within Tata steel. We have had a lot of Instability around these moulds in past 24 months around end plate water leaks occurring whilst the mould is in operation in the Casters.
These requirements are to design, construct, install and commission a new electrical and instrumentation package that will test the cooling capabilities of the caster 3 mould in preparation to be returned to service fit for purpose.
The project shall be effectively planned, managed and executed to maintain an ‘audit-ready’ state of compliance with corporate and regulatory requirements throughout its lifecycle.
Key performance indicators are as follows.
· Target zero EHS incidents; and
· No unplanned interruption to existing operations.
Critical Success Factors.
· Provision of suitably qualified and experienced personnel.
· Effective planning.
· Effective document management.
· Effective sub-contractor management.
· Adequate levels of supervision for multiple work faces.
· Effective risk management; and
· Effective communication.







[bookmark: _Toc164854607]Project Purpose

The main project purpose is to build a water test stand for Caster 3 moulds of the process bay workshop. The main design will be to pressure test each of these zones of the mould under the same condition they are put under in the Casters in operation.  We will then be able to make sure we have the correct flow/ pressure requirements for casting process.
[bookmark: _Toc148654595][bookmark: _Toc164854608]Objectives

The main objectives of the project are.
· To improve safety of these Moulds. – This failure can cause serious events such as loss of life. As water and molten steel can be like thermal explosion.
· To improve reliability – This will help us achieve our goal as an industry to make 4.7 million tonnes of steel.
· Cost Saving – This mould refurbishments can cost between 200 hundred thousand pounds each.
· To improve quality of steel – This mould cooling system can help us produce quality high grade steels if cooling jackets are operationally 100%.
[bookmark: _Toc148654596][image: A large factory with lots of machinery

Description automatically generated]At end of the project, I am hoping to deliver on all of the above outcomes. We are aiming for the water test stand to be installed and commissioned by end march next year.[bookmark: _Toc164854408]Figure 35 Process Bay workshop Inside View

[bookmark: _Toc148654597][bookmark: _Toc164854609]Project Design

The project design will consist of designing a water test stand in process bay which is exact replica of the Casting process where the mould is situated during casting.
We require the water test stand to be exactly the same as the Casting stand as we need to make sure all condition is same under testing and commissioning of moulds.
The water plant will supply the necessary water to respective mould during its testing activity. The mould water testing system consists of the following: 
· Two Feed pump (P1 & P2) – Flow Test & Pressure Test 
· One water storage tank 

The system will be controlled by the new PLC located in the Caster 2 test Stand MCC.  

· This water system is controlled via the local operator station (HMI). This will have functionality for start/stop of test, test selection modes and healthy/running indications for each motor unit etc.  

The variable speed drives on the pumps will help achieve these goals and the automated valves will help deliver the sequencing required.
The project will be on a much larger scale as outline on drawing below shows.

[image: ]
[bookmark: _Toc164854409]Figure 36 PID-08-01-73-10-318-00
[image: ][bookmark: _Toc164854410]Figure 37 3D CAD Water stand





[image: ][image: ][bookmark: _Toc164854411]Figure 38 Water Test Stand Instrumentation Layout
[bookmark: _Toc164854412]Figure 39 3D CAD Water stand 2

[bookmark: _Toc164854610]Project Research

A basic outline of the design on a smaller model is like what I have researched below from LF Technologies for a standalone test bench.
[image: Flow pressure bench]“LF Technologies has designed a stand-alone test bench for pressure reducing valves equipped with a multi-stage centrifugal pump driven by a variable speed drive. A pressure sensor, placed at the inlet of the flow meter, allows the pressure to be controlled by varying the speed of the pump from 0.5 to 16 bar.[bookmark: _Toc164854413]Figure 40 Flow/Pressure Bench LF Technologies [42]

The pressure reducer to be tested is installed on the bench using suitable fittings.
Two sensors measure the ΔP between upstream and downstream of the test piece. The flow rate is varied from 0 to 11,000l/h by means of a motorised valve.
A circulator and a heat exchanger cool the water in the tank placed in the bench, and the temperature is monitored via a temperature sensor.
The program installed on the control PC was developed under LabVIEW. It allows to control the test pressure (via a pump) and the flow rate (via a proportional valve), but also to measure, display curves and record:
· the inlet and outlet pressures
· flow rate.
· temperature.” [2]






[bookmark: _Toc164854611]Types of Pumps.

“Pumps Centrifugal 
The most popular kind of water pumps are centrifugal pumps, which are valued for their ease of use and adaptability. They function on the basis of spinning water quickly with an impeller to produce a flow. Water is forced to flow through the pump and out of the output pipe by the centrifugal force that is created.
Uses: 
Water circulation in swimming pools, irrigation, cooling systems, dewatering in building sites and domestic water supplies.
1. Submersible Pumps
Because submersible pumps are meant to be completely immersed in the fluid they are pumping, they are perfect for applications requiring deep wells or similar settings. Their sealing keeps water out of the engine, allowing for safe and effective operation in submerged conditions. 
Applications include: - Pumping sewage and wastewater; - Extracting water from deep wells; - Circulating fountains and ponds; - Oil wells.
3. Diaphragm Pumps
Water is displaced by a flexible diaphragm in diaphragm pumps. A vacuum is created as the diaphragm flexes, drawing water into the pump and expelling it when the diaphragm returns to its initial position. Diaphragm pumps are frequently selected because of their capacity to handle chemicals or fluids containing solid particles. 
Uses: 
- Manufacturing of food and beverages - Oil and gas - Chemical processing - Pharmaceuticals
4. Positive Displacement Pumps
A predetermined volume of water is trapped by positive displacement pumps, which subsequently force the water out of the pump through a discharge pipe. They are ideal for applications requiring exact control since they have a steady flow rate and are very efficient. 
Uses: 
- Systems that use hydraulics 
- Cleaning with high pressure water 
- Transfer of fuel 
- Systems for lubrication
5. Jet Pumps
Ejector pumps, commonly referred to as jet pumps, draw water from a well or other source by creating a low-pressure area with a high-pressure water jet. They are frequently utilised for shallow well applications in residential situations. 
Utilisation: - Water supply for homes 
- Pumping shallow wells 
6. Gear Pumps
Gear pumps utilize rotating gears to move water from the input to the output. Gear pumps are renowned for their dependability, accuracy, and resistance to high-volatility fluids. They are used in hydraulic power units, fuel transfer, lubrication systems, and chemical processing applications.
Choosing Correct Pump for Application.
When selecting a water pump for your application, there are a few things you need to consider. First, determine the flow rate (in gallons or litres per minute) that will meet your application’s needs. Second, calculate the total head pressure (which includes both vertical lift and friction losses in your piping system). Third, make sure the pump can handle the type of fluid that you’re moving, especially if it’s made of corrosive, abrasive materials. Fourth, think about the power source you’ll be using and what kind of power source it will be, such as electric, diesel, or gasoline. Fifth, think about the environment the pump will be operating in (temperature, humidity, exposure to chemicals, etc.” [3]






[bookmark: _Toc164854612]Pump Delivery Flow rates research.
The following factors will influence the selection of an industrial pump:
	Flow Rate
	“The flow rate, expressed in GPM, will determine the appropriate pipe size in relation to the system capacity. The maximum flow that can enter the pump basin at any one time will also determine which pump is the most suitable for maintaining the industrial system in the long run.” [4]

	Solid Size
	“You also have to consider the size of the liquid solids, which should be less than the pump impeller.” [5]

	Pump Style
	“Choose from pumps to suit your needs, including displacement pumps, centrifugal pumps and submersible pumps.” [5]

	Friction Loss
	“Friction loss is a natural consequence of fluid moving through a pumping system. As fluid flows through the system, friction occurs between the walls of the pipe and tubing components and the fluid. The higher the viscosity of the liquid, the greater its friction in the tube. Minimizing friction losses is important to optimize pump efficiency. Use the following formula to calculate friction loss: friction loss factor x (flow rate/100)2 x (hose length/100). Friction loss coefficients are calculated for the design and characteristics of each component of the pumping system and are readily available in a variety of tables and graphs.” [5]

	Total Dynamic Head (TDH)
	“Another important factor to consider is TDH, which indicates the total height that the pumping system can lift the fluid. To calculate TDH, add up the vertical rise and friction losses of all pipes and other parts through which the liquid goes before the pump discharges it.” [5]

	HorsePower
	“The horsepower required for an industrial pump depends on the type of pump. For example, to properly size displacement pumps, multiply the output pressure by the flow rate and divide the input by this pump constant.” [5]

	Suction Head
	“Net positive suction head (NPSH) represents the difference between the lowest pressure level of the pump and the inlet pressure. It measures the pressure drop that occurs in the first part of the pump case. If the inlet pressure is too low, the lowest pressure inside the pump can drop below the vapor pressure of the liquid being pumped, causing cavitation and additional noise.” [5]

	Discharge Pipe Size
	“Make sure the outlet pipe size matches the pump outlet.” [5]

	Discharge Flow Rate (GPM)
	“You may also want to choose a pump based on the required output flow rate. This determining factor requires you to accurately estimate the throughput by looking carefully at the required flow rate and pipe size.” [5]


[bookmark: _Toc164852882]Table 1 Pump Delivery Flow Rates Factors
[image: Graph of supply water flow rate vs. pump outlet height for various... |  Download Scientific Diagram][bookmark: _Toc164854414]Figure 41 Graph water Flow rate vs Pump Outlet rates [43]


[bookmark: _Toc164854613]HOW TO CALCULATE PUMP FLOW RATE?

“To calculate pump flow rate, you need to know the following information:
• Pump speed
• Pump impeller size
• Pump density per pumped liquid
With this information, you can use the following formula to calculate flow rate:
Flow = pump speed x impeller size x fluid density
Pump speed is measured in revolutions per minute (rpm). To convert from revolutions to hertz, divide by 60. For example, if the pump runs at 1000 rpm, its frequency is 16.67 Hz.
The size of the impeller is usually given in inches. For example, the standard rotor size is 6 inches.
The fluid density is usually given in pounds per cubic foot (lb/ft3). For example, the density of water is 62.4 lb/ft3.
Suppose you have a pump with a 6-inch impeller running at 1000 rpm and pumping water with a density of 62.4 lb/ft3. So, the flow rate would be:
Flow rate = 1000 rpm x 6 inches x 62.4 lb/ft3
Flow rate = 37,440 lb/ft3 per minute
To convert from pounds per minute to gallons, divide by 8.34. Therefore, the flow rate in this example would be:
Flow rate = 37,440 lb/ft3 per minute / 8.34
Flow rate = 4488 gallons per minute
To convert from gallons per minute to cubic meters per hour, you must multiply by 0.2271. Therefore, the final flow rate for this example would be:
Flow = 4488 gallons per minute x 0.2271
Flow = 1019.22 cubic meters per hour” [6]

















[bookmark: _Toc164854614]Flow Meter Types and Uses

[bookmark: _Toc164854615]Differential Pressure Flow Meters

“The use of pressure difference to approximate the flow rate of a fluid is well known. Differential pressure flow meters are the most common devices today. High precision meters calculate fluid flow by reading the pressure drop in the tube. It is estimated that more than 50 percent of all liquid flow measurement applications use this type of device.

The operating principle of differential pressure flow meters is based on the assumption that the pressure drop across the meter is proportional to the square of the liquid flow rate of the flow. interest Flow is obtained by measuring the difference in pressure and taking the square root.

Difference meters, like most flow meters, have a primary and secondary element. The primary element causes a change in kinetic energy that creates a pressure difference in the tube. The device must be properly adjusted to the pipe size, flow conditions and fluid characteristics. And the measurement accuracy of the element must be good within an acceptable range. The secondary element measures the pressure difference and provides a signal or reading that is converted to an actual flow value.” [7]
[bookmark: _Toc164854616]
Orifice Flow Meters

“Orifice flow meters are the most popular liquid flow meters today. A hole is simply a flat piece of metal with a hole of a certain size drilled into it. Most nozzles that can be used are concentric, but eccentric, conical (quadrant) and segmental models are also available.

In practice, the nozzle plate is installed in the pipe between two flanges. The orifice acting as the main device restricts the fluid flow by creating a pressure difference across the plate. The pressure taps on either side of the plate will tell the difference. The main advantages of holes are that they have no moving parts, and their cost does not increase significantly as the pipe size increases.

Conical and quadrant holes are relatively new. The devices were developed primarily for measuring low Reynolds number fluids. In principle, constant flow coefficients can be maintained at R-values ​​below 5000. Conical nozzles have an upstream face whose depth and angle must be calculated and machined for each application.

A segment wedge is one variant of a segment. a hole It is a restricting orifice designed primarily to measure the flow of liquids containing solids. The device has the ability to measure flows at low Reynolds numbers and still maintain the desired square root ratio. Its construction is simple, with only one critical dimension, the keyhole. The pressure loss through the device is only about half that of traditional orifices.

Solid wedge assemblies combine the wedge element and pressure valves into a one-piece tube fitting that is bolted to a conventional pressure transducer. No special pipes or connections are required to install the device in a pipeline.

Measurement accuracy of all orifice flowmeters depends on installation conditions, orifice area ratio and physical properties of the measured fluid.” [7]
[bookmark: _Toc164854617]Venturi Flow Meters


“Venturi tubes have the advantage of being able to handle high flow rates with small pressure drops. A venturi is basically a piece of pipe with a conical inlet and a straight throat. As the liquid passes through the throat, its velocity increases, causing a pressure difference between the inlet and outlet.

Flow meters have no moving parts. They can be installed on large diameter pipes using flanges, welded or threaded fittings. The device is usually equipped with four or more pressure screens to average the measured pressure. Venturi tubes can be used with most liquids, including those with a high solids content.” [7]
[bookmark: _Toc164854618]Pitot Tube Flow Meter

“To install pitot tubes, a plug is welded to the pipe and the sensor is pushed through the plug. The use of most pitot tubes is limited to single point measurement. Devices can become clogged due to foreign objects in the liquid. Pitot tubes have the advantages of low cost, no moving parts, easy installation and low-pressure loss.” [7]
[bookmark: _Toc164854619]Positive Displacement Flow Meters

“The work of these units consists in separating liquids in precisely measured parts and moving them forward. Each segment counts a connection record. Because each increment represents a separate volume, positive compensation units are popular in automated batching and accounting applications. Positive displacement meters are suitable for measuring flows of viscous liquids or for use when a simple mechanical measuring system is required.

Variable piston meters are single and multi-piston. The specific choice depends on the flow rate required for the particular application. Piston meters can be used to process a variety of liquids. A magnetically actuated oscillating piston gauge is shown in Figure 1. The fluid never contacts gears or other parts that can clog or corrode.” [7]

[image: short-image-description]
[bookmark: _Toc164854415]Figure 42 Oscillating Piston [8]


[bookmark: _Toc164854620]Volumetric Flow Meters

“These instruments operate linearly with respect to volume flow. Since there is no square root ratio (as in differential pressure devices), they have a higher load capacity. Volumetric meters are least sensitive to changes in viscosity when used at Reynolds numbers above 10,000. Most flowmeters are supplied with flanges or fittings to allow direct connection to piping.” [7]
[bookmark: _Toc164854621]Turbine Flow Meters

“Turbine meters have found widespread use for accurate fluid measurement. The device consists of a multi-bladed rotor mounted on a tube perpendicular to the fluid flow. The rotor rotates as the liquid passes through the blades. Rotational speed is a direct function of flow rate and can be detected using a magnetic collector, photocell, or gears. Electrical impulses can be read and added up, fig. 2.” [7]
[image: short-image-description]
[bookmark: _Toc164854416]Figure 43 Turbine Flow Meter [9]
“The number of electrical pulses counted in a certain time is directly proportional to the amount of current. A tachometer can be added to measure turbine rotation speed and determine fluid flow rate. Properly configured and installed turbine gauges have good accuracy, especially for low viscosity fluids.

The biggest concern with turbine gauges is wear and tear. A "portless" model was developed to avoid this problem. The liquid entering the meter passes through the helical blades of the stator, which causes the fluid flow to rotate. The current acts on the sphere, causing it to simultaneously rotate in the space between the first stator and the spiral-shaped second stator. Ball spin is detected electronically. The output frequency of the resulting pulse is proportional to the flow rate.” [7]
[bookmark: _Toc164854622]
Vortex Flow Meters

“Vortex meters take advantage of a natural phenomenon that occurs when a fluid flows around a bluff object. Whirlpools or eddies propagate alternately downstream of the object. The frequency of the vortex propagation is directly proportional to the speed of the liquid flowing through the meter, Figure 3.” [7]
[image: short-image-description]
[bookmark: _Toc164854417]Figure 44 Vortex Meter [10]
“The three main components of a flow meter are a bluff frame support mounted above the flow meter opening, a sensor that detects the presence of a vortex and generates an electrical pulse, and a signal amplification and control transmitter whose power is proportional to the flow rate. . ., Figure 4. The meter is equally suitable for measuring both flow rate and surge. Use on suspensions or highly viscous liquids is not recommended.” [7]



[image: short-image-description][bookmark: _Toc164854418]Figure 45 Vortex Meter 2 [44]












[bookmark: _Toc164854623]Magmeter

“Electromagnetic meters can handle most liquids and slurries as long as the material being measured is electrically conductive. The flush pipe is installed directly in the pipe. The pressure drop across the meter is the same as across the same length of pipe because there are no moving parts or obstacles in the flow. The voltmeter can be attached directly to the current tube or mounted remotely and connected to it with a shielded cable.

Electromagnetic current meters work according to Faraday's Law of Electromagnetic Induction, which states that a voltage is induced when a wire passes through it. . . magnetic field. The fluid acts as a conductor; the magnetic field is generated by the excited windings outside the flux tube, Figure 1. 5. The resulting voltage is directly proportional to the current speed. Two electrodes mounted on the tube wall detect the measured voltage of the secondary cell.” [7]
[image: short-image-description]
[bookmark: _Toc164854419]Figure 46 Major Components of obstruction- Free Electromagnetic [11]
“Electromagnetic flow meters have major advantages: They can measure difficult and corrosive liquids and slurries; and they can measure forward as well as reverse flow with equal accuracy. Disadvantages of earlier designs were high power consumption, and the need to obtain a full pipe and no flow to initially set the meter to zero. Recent improvements have eliminated these problems. Pulse-type excitation techniques have reduced power consumption, because excitation occurs only half the time in the unit. Zero settings are no longer required.” [7]
[bookmark: _Toc164854624]Ultrasonic Flow Meters

“Ultrasonic flowmeters can be divided into Doppler and time-of-travel meters (or transit meters). Doppler meters measure changes in frequency caused by fluid flow. Two sensors are installed in the housing attached to one side of the tube. A signal with a known frequency is sent to the measured liquid. Solids, bubbles or liquid discontinuities cause the pulse to be reflected back to the receiver element, Figure 1. 6. As the fluid causing the reflection moves, the frequency of the returning pulse changes. The change in frequency is proportional to the velocity of the fluid.” [7]
[image: short-image-description]
[bookmark: _Toc164854420]Figure 47 Ultrasonic Flow Meter [12]
“Recently, a portable Doppler meter that runs on rechargeable batteries or the mains has been developed. The sensor heads only need to be fastened to the pipe's exterior for the device to function. 22 pounds total weight including case. Connecting the device to a tape recorder or other remote device is made possible by a set of 4–20 milliamp output connectors. Sensors are mounted on both sides of the tube for the road timers. Because of the configuration, sound waves moving between the devices are angled 45 degrees with respect to the direction of fluid flow. Depending on the direction of transmission and the speed of the signal, the signal's speed as it passes between the sensors increases or decreases.” [7]


Types of Valves Used in Water Supply

[bookmark: _Toc164854626]Ball Valve

“Ball valves are one of the most reliable and common valves used to regulate water flow. It has a rotating ball with a hole in the centre to regulate water flow.

Water can flow through the valve and move to the pipes if the hole in the ball is parallel to the water flow. Water cannot flow through the valve when the hole is turned 90 degrees into the pipe through the handle
Ball valves are mainly used to close valves. These valves are widely used in residential and industrial applications due to their reliability, speed and durability to start and stop water flow without pressure drop.
The ball creates a strong and leak-proof seal in the valve to prevent water from leaking. Ball valves are also perfect for emergency situations where the water flow must be stopped immediately.” [13]



[image: ][bookmark: _Toc164854421]Figure 48 Ball Valve [45]











[bookmark: _Toc164854627]Butterfly Valve
 [image: ]
[bookmark: _Toc164854422]Figure 49 Butterfly Valve [14]
“A butterfly valve is usually used to control the flow of water as well as to isolate it. Like a globe valve, it consists of a movable disk that rotates in the centre and is operated by turning the handle a quarter turn. Turning the handle causes the disc to pop, allowing water to pass through the valve. Water flow is blocked when the disc is closed.
It is called a butterfly valve because the rotating metal plate creates a butterfly-like image. It belongs to the family of "round motion" valves. They control the outflow of water with a rotating mechanism that stops the flow of water.” [13]
[bookmark: _Toc164854628]Check Valve
“In industrial environments, the most common type of water distribution valve is the non-return valve, which is used only when the flow of water is maintained on one side. The internal flow of the pipe is controlled by a ball. The ball prevents water from flowing in the wrong direction. Check valves are the most convenient choice for supply lines where there is a risk of backflow.
Check valves are very useful in commercial and domestic settings because they prevent sewage or sewage from entering clean water. Check valves are used to recirculate water throughout the house with sump pumps.” [13]

[image: ][bookmark: _Toc164854423]Figure 50 Check Valve [46]










[image: ][bookmark: _Toc164854424]Figure 51 Globe Valve [47]

[bookmark: _Toc164854629]Globe Valve







“A globe valve is a good choice if the water flow needs to be adjusted daily. It includes a cap at the end of the valve stem that is raised and lowered by the valve's rotary knob.
The knob can be opened and closed fully or partially. When the handle is turned, the disc-shaped device opens a Z-shaped path that allows water to flow from one part to another. The globe valve is named for its globe or spherical shape.
Due to the curved Z-shaped channel inside the valve, its water flow is more restrictive than ball and slide valves, making it ideal for controlling water flow. at low pressure. Body flaps avoid water hammer as they open and close gradually.” [13]
[bookmark: _Toc164854630]Types of Pressure Transmitters


Pressure transmitters can be categorized into four main types:
	Gauge Pressure Transmitter
	“As the name suggests, they measure excess pressure compared to atmospheric pressure. This type of transmitter is widely used in the process industry because it uses liquids and gases. The need to keep their pressure under control makes the gauge pressure sensor an important part of the industry.” [15]

	Absolute Transmitters
	“The pressure in relation to a full vacuum is measured using these transmitters. In essence, a sealed chamber is used to hold the medium to be measured in order to establish a reference to an absolute vacuum. Most applications for these absolute pressure sensors are in environments where extreme precision is necessary.” [16]

	Differential-Pressure Transmitter

	“These transmitters are often used to compare different pressures. Their applicability extends to both level and flow applications. These transmitters were used to measure flow velocities because of their advantages over other options.” [17]

	Multivariable Pressure Transmitters
	“When there are multiple variables at play, these transmitters are employed. These variables could be, among other things, flow rate and temperature. Industries that measure steam and gas flow frequently use this kind of transmitter.” [18]


[bookmark: _Toc164852883]Table 2 Types of Pressure Transmitters


[bookmark: _Toc164854631]Types of water storage Tanks.

	Underground Fiberglass Tanks
	“The material used to make these subterranean tanks is fiberglass, which does not corrode. It is not surprising that a large number of commercial businesses regularly use them given their extreme versatility. Submersible tanks are the best option when space is at a premium. They make it possible to store a lot of water, making space for structures or other needs on the ground. Subterranean fiberglass tanks can be used for stormwater storage, sewage treatment, and potable water storage.” [19]

	Carbon Welded Steel Tanks
	“Carbon welded steel water tanks are strong and durable, but do not have the potential for Lyme leaching like concrete.
This type of tank is versatile in both construction and use. Choose a stainless or galvanized steel tank. Use them for fire protection, potable water, sewage and more.
The internal surfaces of carbon welded steel tanks are coated according to the purpose of the tank. Before buying one of these tanks, make sure you have the right cover.” [20]

	Pillow Tanks
	“If you need a really versatile container, check out pillowcases. They hold a lot of water, but you can take it with you too! They may have a funny name, but they do the job pretty well.
There are many benefits to using a pillow. These tanks are less expensive than other types, hold potable or dirty water, can be easily installed by one person, and are customizable.
Whatever size tank you need, a pillow is the right choice for you. From 500 to 20,000 gallons, you have the water you need, where you need it.” [21]

	Folding Tanks
	“The material used to make these subterranean tanks is fiberglass, which does not corrode. It is not surprising that a large number of commercial businesses regularly use them given their extreme versatility. Submersible tanks are the best option when space is at a premium. They make it possible to store a lot of water, making space for structures or other needs on the ground. Subterranean fiberglass tanks can be used for stormwater storage, sewage treatment, and potable water storage. Another option for portable water storage is provided by collapsible tanks. These tanks are ideal for locations where water storage is challenging because they are simple to erect and dismantle. These tanks have the wonderful quality of being able to be moved to nearly any location with ease. This is as a result of their significant shrinkage. They are therefore helpful in distant farms and in firefighting situations.” [22]

	[bookmark: _Toc164854632]Bolted Steel Tanks

	“These tanks are not for the faint of heart. They hold a huge amount of water. While some tanks will never hold 150,000 gallons, that's where they start.
Do you need to store a few million gallons of water? This is not a problem with these tanks.
Bolt steel tanks are completely waterproof and can be used to store many different liquids, including water.” [23]


	Polyethylene Tanks
	“These plastic containers are perfect for people on a budget who don't need anything big. Due to their small size, they are easy to move.
Rainwater collection is one of the most common uses for this type of tank. Storing water at home is another matter.
Polyethylene tanks are dark. It blocks the sun so that algae cannot grow.” [24]



	Corrugated Steel Tank
	“Corrugated steel containers offer a durable option. They are a great alternative to concrete if you don't want to go that route.
These types of tanks come in almost any size, from a few hundred gallons to a few million. And they can be used for almost anything. They are commonly used for potable, fire, waste, irrigation and storm water.” [25]


.

	[bookmark: _Toc164854633]Above Ground Fiberglass Storage Tanks

	“Those tanks are in the middle range of some of the tanks featured here. They may not hold millions of gallons, but they do exactly what they are supposed to do.
Gross tanks above ground are designed to hold corrosive water. This includes storage of trash, potable and rainwater.
If you need storage space for liquids other than water, these containers are perfect for that as well.” [26]
.

	[bookmark: _Toc164854634]Stainless Steel Water Storage Tanks

	“Stainless steel water tanks offer another versatile way to store water. But they are not only used for water. From winemaking to breweries, dairies and chocolate industries, stainless steel is an excellent storage container.
For water, it can be used for any need, including drinking water, thanks to the safety of stainless steel.” [27]
.


[bookmark: _Toc164852884]Table 3 Types of water Storage Tanks














[bookmark: _Toc164854635]Types of Electric Motors

[bookmark: _Toc164854636]DC Motors

“Direct current (DC) motors run on direct current and are widely used in various applications. They can be classified into several types, including Brushed DC Motors, Brushless DC Motors (BLDC) and Stepper Motors.

Brushed DC Motors: These motors have a simple structure with a commutator and brushes that transmit electricity to the rotor. They are commonly used in small appliances, power tools and the automotive industry.

Brushless DC Motors (BLDC): These motors have no brushes or commutators, making them more efficient and durable compared to brushed DC motors. They are used in applications such as HVAC systems, electric vehicles and industrial machinery.

Stepper motors: These motors are used for precise control of position and speed, making them suitable for applications such as CNC machines, 3D printers and robotics.” [28]
[bookmark: _Toc164854637]AC Motors

“Alternating Current Motors: AC (alternating current) motors are widely used because alternating current is available in most residential and industrial environments. They can be classified into several types, including induction motors, synchronous motors, and permanent magnet motors.
· Induction motors: Because of their straightforward construction, dependability, and affordability, these motors are frequently found in pumps, fans, appliances, and HVAC systems. 
· Synchronous motors are utilized in robotics, synchronous clocks, timing devices, and other applications that call for exact speed control. 
· Permanent magnetic motors are used in industrial machines, electric cars, and drones because they are more efficient and have a higher power density than asynchronous motors.

Universal motors: These motors are designed to run on both AC and DC and are used in applications that require versatility, such as vacuum cleaners, power tools and kitchen appliances.

Servo motors: These motors are used for precise control of position, speed, and torque, making them suitable for applications such as robotics, automation, and aerospace.

Linear Motors: These motors work with linear motion and provide direct and precise motion without a mechanical transmission. They are used in applications such as transportation systems, medical devices and manufacturing processes.

Gear Motors: These motors are coupled to gears to increase torque and decrease speed, making them suitable for applications such as conveyors, robotics and automated equipment.” [29]











[bookmark: _Toc164854638]Project Requirements

There were a number of things that needed to be considered in the planning of this project, such as the installation requirements of the Caster water Test stand these include the Mechanical Pipework alteration to the original Water Test stand. Installation of all Instrumentation. Also, Water storage tank/ Pumps and motors standby and Backup.
There was also Electrical Requirements required such as variable frequency drive and all PLC Software to be supplied and installed.
There were also health and safety requirements that needed to be considered as a result of the laser equipment being used.
[image: ]As can see by the below Flow chart the Project requirements was broken down to know exactly all requirements.[bookmark: _Toc164854425]Figure 52 Project Requirements Flow Chart

Attached is the below functional description Requirement for The Caster 3 Water Test Stand. This will be the current process and logic required for the Test stand. All instrumentation which is required also.






















[bookmark: _Toc164854639][image: ]Functional Description
[bookmark: _Toc164854426]Figure 53 Functional Description Page 1

[image: ][bookmark: _Toc164854427]Figure 54 Functional Description Page 2
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[bookmark: _Toc164854428]Figure 55 Functional Description Page 3

[image: ][bookmark: _Toc164854429]Figure 56 Functional Description Page 4

[image: ][bookmark: _Toc164854430]Figure 57 Functional Description Page 5
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[bookmark: _Toc164854431]Figure 58 Functional Description Page 6

[image: ][bookmark: _Toc164854432]Figure 59 Functional Description Page 7
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[bookmark: _Toc164854433]Figure 60 Functional Description Page 8

[image: ][bookmark: _Toc164854434]Figure 61 Functional Description Page 9
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[bookmark: _Toc164854435]Figure 62 Functional Description Page 10

[image: ][bookmark: _Toc164854436]Figure 63 Functional Description Page 11



[bookmark: _Toc164854640] Instrumentation Requirements
[image: ][bookmark: _Toc164854437]Figure 64 Instrumentation List Page 1
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[bookmark: _Toc164854438]Figure 65 Instrumentation List Page 2


[image: ][bookmark: _Toc164854439]Figure 66 Instrumentation List Page 3
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[bookmark: _Toc164854440]Figure 67 Instrumentation List Page 4





[image: ][bookmark: _Toc164854441]Figure 68 Instrumentation List Page 5
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[bookmark: _Toc164854442]Figure 69 Instrumentation List Page 6
[bookmark: _Toc164854641]Instrumentation Spécification
[bookmark: _Toc164854642]Pressure Indicator
[image: ]
[bookmark: _Toc164854443]Figure 70 Pressure indicator Specification

[bookmark: _Toc164854643]Pressure Switch

[image: ]
[bookmark: _Toc164854444]Figure 71 Pressure Switch Specification


[bookmark: _Toc164854644]Pressure Transmitter
[image: ]
[bookmark: _Toc164854445]Figure 72 Pressure Transmitter Specification


[bookmark: _Toc164854645]Magnetic Flow Meter
[image: ]
[bookmark: _Toc164854446]Figure 73 Magmeter Specification
[bookmark: _Toc164854646]
[image: ]Manual Valve Schedule[bookmark: _Toc164854447]Figure 74 Manual Valve Schedule Page 1

[image: ][bookmark: _Toc164854448]Figure 75 Manual Valve Schedule Page 2

[image: ][bookmark: _Toc164854449]Figure 76 Manual Valve Schedule Page 3

[bookmark: _Toc164854647]Pump & Motor Selection
[image: ]
[bookmark: _Toc164854450]Figure 77 Pump Specification page 1
[image: ][bookmark: _Toc164854451]Figure 78 Pump Specification page 2

[image: ][bookmark: _Toc164854452]Figure 79 Pump Specification page 3

[bookmark: _Toc164854648]Health and Safety Requirements
“Tata Steel Port Talbot Site is a Control of Major Accidents and Hazards (COMAH) tier 1 site.  Under the COMAH Regulations, the CA which comprise of Health and Safety Executive (HSE), National Recourses Wales (NRW) and Scottish Environmental Protection Agency (SEPA), have statutory responsibility to provide regulatory oversight of high-hazard industries using or storing quantities of dangerous substances that fall into the scope of the Regulations.  Our approach to assure the public that we are meeting our responsibilities to control major accidents to people and the environment and to mitigate the consequences in the event of an industrial accident.  Our statutory functions under COMAH include completing safety reports and producing major accident prevention policies, and investigation and reporting on major accidents.  As such The COMAH Regulations recognise that all risks cannot reasonably be eliminated, which in turn means that proportionality is a key element, as a result, the phrase ‘all measures necessary’.  High standards are used to ensure risks are acceptably low. Prevention should be based on the principle of reducing risk to a level As Low As is Reasonably Practicable (ALARP) for both human and environmental risks. However, wherever possible, to avoid a hazard altogether.
Preventive measures include.
· Standard Operating Procedures (SOP).
· Management of Change (MoC); and
· Appropriate equipment selection, installation and maintenance (Electrical, Mechanical and Process control).
· The main pump basin / water tank is to be of a GRP type in accordance with BS EN 13280 2001.
· The main pump basin / water tank is to be of a Thermoplastic type in accordance with BS EN 12573.” [30]




[bookmark: _Toc164854649]Standards

The Following Standards to be followed through Project Completion.
	[bookmark: _Toc164854650]Tata Steel UK Engineering Standards 

	“These standards are available on request and will not necessarily be applicable.
EIS-00 Equipment Protocol
EIS-01 Installation and Maintenance of Gaseous Oxygen Pipelines
EIS-02 Industrial Hydraulic Systems
EIS-03 Welding of Steel Specifications
EIS-04 Blast Furnace Cooling Water Systems
EIS-05 High Voltage Safety Rules
EIS-06 Fire Protection of Electric Cables
EIS-07 Low Voltage Cables 
MES-001 Identification of Piped Services
MES-002 Limitation of Noise from Plant and Equipment 
MES-003 Guidance on the Installation of Gas Systems and Pipe Work containing. 
Carbon Monoxide
MES-004 Electric Overhead Travelling Cranes
MES-005 Temporary Protection of Engineering Equipment
MES-006 Local Isolators for New Installations
MES-007 Guidance on the Installation of Pressure Equipment and Pipe Work
MES-008 Conveyor Belting
MES-009 Port Talbot Works – Supplemental Rules to EIS-05
MES-010 Llanwern Works - Supplemental Rules to EIS-05
MES-011 Guidance on New Cable Colours
MES 012 Portable Appliance Testing Rules
MES 013 Drawing Office Standards
RES 001 Bridge and Crane Rails
RES 003 Lubrication Systems
RES 004 Applied Surfaces for Weld Protection
RES 005 Railway Turnouts for Axle Loads Exceeding 25 Tonnes
RES 006 Management and Development of Process Control Computers and Networks
RES 008 Specification for the Installation of High Voltage and Low Voltage Cabling 
Wiring and Electrical Equipment General Power Lighting and Ancillary 
Electrical Services (AC and DC) “ [31]

	[bookmark: _Toc164854651]British, European, International Standards and Regulations


	“All equipment designed, manufactured, tested, installed and commissioned shall comply with 
UK Legislation and shall be in accordance with all relevant British, European and International 
Standards that are applicable and including those that are specifically listed below. The 
standards shall be the latest issue, including all parts, revisions and addenda current at the 
date of contract.
BS 7671: 2008 Requirements for Electrical Installations (IEE 17th Edition)
Health and Safety at Work Act 1974
Electricity at Work Act 1990
The Supply of Machinery (Safety) Regulations 2008
Provision and Use of Work Equipment Regulations (PUWER)
The Construction (Design and Management) Regulations 2007
ATEX - 94/9/EC Manufactures Directive (Equipment and Protective Systems for Use in 
Potentially Explosive Atmospheres Regulations 1996) 
BS EN 381 C Colours
IEC 60034 Rotating Electrical Machinery
BS 5499 Safety Signs (2002)
BS7079 Surface Preparation for Coating
IEC 60085 Electrical Insulation
IEC 60529 Degree of Protection Provided by Enclosure (IP Code)
IEC 61000 Electromagnetic Compatibility” [32]


	[bookmark: _Toc164854652]Structural Standards 

	“Eurocodes BSEN 1990-1998
BS 5395 Stairs, Walkways and Ladders
BS 4211 Steel Access and Ladders” [33]


	[bookmark: _Toc164854653]High Voltage

	“IEC 62271 High Voltage Switchgear and Control Gear 
BS EN 13602 Copper and Copper Alloys
BS EN 60298 AC Metal Enclosed Switchgear “ [34]


	[bookmark: _Toc164854654]Low voltage 

	“The Electrical Equipment (Safety) Regulations 1994
BS EN 60439 Low Voltage Switchgear and Control gear assemblies
BS EN 60947 Low Voltage Switchgear and Control gear
BS 5424-3/IEC 60158 Specification for Control Gear
IEC 529 Ingress Protection 
EN60204-1 / IEC60204-1 Safety of machinery. Electrical equipment of machines
The Electrical Equipment (Safety) Regulations 1994” [35]


	[bookmark: _Toc164854655]Pressure Systems

	“Pressure Systems Safety Regulations 2000
The Pressure Equipment Regulations 1999 (PED 97/23/EC)” [36]


	[bookmark: _Toc164854656]PPE Personal Protection Equipment

	“BSEN 397 Safety Helmets
BSEN 352 Hearing Defenders
BSEN 166 Safety Glasses
Tata Steel UK Ltd Page 19 of 21
BSEN 470 Molten Metal Work Wear
BSEN 531 Molten Metal Work Wear
BSEN 435 Molten Metal Work Wear
BSEN 407 Safety Gloves” [37]





[bookmark: _Toc164852885]Table 4 Project Standards


[bookmark: _Toc164854657]Costing

All necessary costing information collated, all quotes which were obtained are attached and found in the appendix.
Below is a comprehensive list of the quotes received as well as internal and external costs for materials.  Where possible, materials were sourced from our on-site stores.  Any consumables, such as fixings and glands, were readily available from the workshop.
	Contractor
	Specification
	Cost
	Appendix

	JWE MORRIS
	Mould water test stand cabling
	£13.245.82
	A

	JWE MORRIS
	Supply of 1no. 630A Eaton XEnergy LV Switchboard.
	£27.828.00
	B

	Systems Group Ltd. 
	supply & Installation of In-line Filters 
	£9,983.96 
	C

	Systems Group Ltd. 
	- Process Bay Workshop Mould Testing Facility. (Manufacture & Installation)
	£397.503.36
	D/I

	Parmley Graham
	Instrumentation
	£5033.04
	E

	Parmley Graham
	Instrumentation
	£5115.56
	F

	Powerite
	Valves
	£6794.48
	G

	Parmley Graham
	Siemens S7-1500 system and TP1900 Comfort panel.

	£7829.75
	J







Below is a breakdown of the operations break down of the Project Costs so far.

[image: ]
[bookmark: _Toc164854453]Figure 80 SAP Water Test Stand Operations









This is a break down of all Orders placed against the job and also material which was ordered in house such as cabling and containments to help progress the project.
[image: ]
[bookmark: _Toc164854454]Figure 81 SAP Water Test Stand Components

[image: ]
[bookmark: _Toc164854455]Figure 82 SAP COST Breakdown Project
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[bookmark: _Toc164854456]Figure 83 SAP ORDER COSTING

[bookmark: _Toc164854658]Total Costing

As can see in the below Image the Total Costing Date is £795152.11. This is including all material / Installation and Labour Costs.
The Outstanding work Required for project Completion is PLC Software/ Programming which is Quoted roughly £50000.
Pressure Testing/ Commissioning Quoted around £90000.
The Project was originally given a 1 million Budget for completion. So, the project is on course for being under this Budget. Due to unforeseen circumstance with Tata Steel UK business in the United Kingdom. An announcement was made by Directors to Pause all Projects until the unforeseen future due to Drive to Safe Requirement.
[image: ]Currently the Project is within Budget, but Labour Cost from Tata Personnel helped reduce the cost drastically.[bookmark: _Toc164854457]Figure 84 BUISNESS COSTING Project














[bookmark: _Toc164854659]Project Planning

Following the decision to proceed with the project, an official date for the Start of the project was to be determined.  Production management were approached, and a request was made for the Project to commence when Caster 3 Moulds was in a place of good refurbishment.   The decision is based on production schedule and availability of Caster 3 Moulds. This in turn the decision was made to go in schedule with Caster 3 Annual Stop maintence of 10 days to commence the project as modification to the originally Caster 3 Tests stand was required. Due to Plant requirements this date will continuously move until directors are happy that orders and requirements are fulfilled.
As can see below on original Plan Provided the project Commenced on Week 41 of 2023. The project was on plan for completion. 

	
	Timeline Planning
	Start:
	Jul-23
	End:
	Sep-23

	
	What
	Who
	

	
	Short Term Tasks - Weeks
	
	Done
	WK41
	WK42
	WK43
	WK44
	WK45
	WK46
	WK47
	WK48
	WK49
	WK50
	WK51

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	H&S
	Risk Assessment for Cable Installation
	AS/MP/DG
	
	
	
	
	
	
	
	
	
	
	
	

	
	PUWER - Machinery Safety Risk Assessment
	AS/MP/DG
	
	
	
	
	
	
	
	
	
	
	
	

	
	SWP to create
	All
	
	
	
	
	
	
	
	
	
	
	
	

	
	Investigate feasibility of achieving CE Mark approval
	AS/DG/NP
	
	
	
	
	
	
	
	
	
	
	
	

	Design
	PLC Programming / HMI development
	AS/NP
	
	
	
	
	
	
	
	
	
	
	
	

	
	Develop Project Plan
	NP/MP
	
	
	
	
	
	
	
	
	
	
	
	

	
	PID Drawings to develop and complete
	AS/NP
	
	
	
	
	
	
	
	
	
	
	
	

	
	General drawings to complete
	AS/NP 
	
	
	
	
	
	
	
	
	
	
	
	

	Procurement
	Delivery of Cable installation equipment
	DG
	
	
	
	
	
	
	
	
	
	
	
	

	
	Procurement of installation consumables
	AS/NP/MP
	
	
	
	
	
	
	
	
	
	
	
	

	Offsite Manufacture
	Main Panel to fabricate and return
	JW
	
	
	
	
	
	
	
	
	
	
	
	

	Construction
	Installation of Cable equipment and instrumentation
	MP
	
	
	
	
	
	
	
	
	
	
	
	

	
	Correct tag identification to be put in place
	MP
	
	
	
	
	
	
	
	
	
	
	
	

	
	Main Panel to install
	JW
	
	
	
	
	
	
	
	
	
	
	
	

	Maintenance Concept
	Maintenance Task Identification
	MP/DG
	
	
	
	
	
	
	
	
	
	
	
	

	
	Job Catalogue Entry to SAP (Maintenance Plans)
	AS/NP
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Spares
	Create Spares list for maintenance plan
	MP/DG
	
	
	
	
	
	
	
	
	
	
	
	

	
	Create Stock Numbers
	AS/NP
	
	
	
	
	
	
	
	
	
	
	
	

	
	Longer term tasks - Months
	
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	
	

	
	Investigate feasibility of achieving CE Mark approval
	DG/NP
	
	
	
	
	
	
	
	
	
	
	
	

	
	PLC Programming / HMI development
	NP
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


[bookmark: _Toc164854458]Figure 85 Initial Planning





The Actually Planning was on Track for completion of May 2024. As see from below outline of project Planner. The Project was paused and stopped until foreseeable future due to Tata Steel announcement around the UK Business.

[image: ]The red Columns indicated the Project Paused for Drive to Safe until a business decision was made around the future of steel industry in Port Talbot.[bookmark: _Toc164854459]Figure 86 Planning Update Tracker


As can see from the following Tacker of Tasks which shows what outstanding to get the Project completed successfully.
[image: ]As can see also the Budget and commitments of spend. There is no remaining Budget remaining as all funds was pulled for drive to save within the business.[bookmark: _Toc164854460]Figure 87 Tracker Outstanding Tasks


The Following Schedule was provided by Systems engineering for installation for procurement of the Project Requirements.
Programme: 
Procurement of all pipework materials – 6 weeks. 
Procurement of all Valves, Strainers & Expansion joints – 20 weeks. 
Procurement of all Structural steelwork for trestles, supports, brackets, saddles & De-min storage tank – 6 weeks. 
Shop Fabrication, Painting and Delivery of fabricated pipework – 10 weeks. 
Shop Fabrication, Painting / Galvanising of trestles, supports, saddles, brackets & Town Water storage tank – 12 weeks. 
Site set up & pre works – 2 weeks. 
Site Installation Works (Pipework & Steelwork) – 10 weeks (10hrs days). 
Site Testing & Commissioning Works – 2 weeks. 

[bookmark: _Toc164854660]Project Implementation

Contractors on Site
As already declared, there will be multiple of contractors involved in the installation of the project. These will be JWE.MORRIS, MII AND SYSTEMS PIPEWORK.  In order to allow them to come on to site, all contractor employees must undergo a site safety brief followed by a short test.  This ensures that they are safe to travel around site and reach the continuous casting plant.  As a result of this, they are also given a temporary vehicle pass that allows them to enter and exit the site as a visitor during the stop.  
A local area induction is then carried out, with each of the contractors undertaking the standard health and safety brief specifically produced for the continuous casting plant.  The brief is designed to highlight the major hazards associated with the caster and also provides procedures in which to follow in order to prevent accidents that may occur as a result of these hazards.  It details the safe areas to work, the permits required specific to certain tasks as well as the minimal required personal protective equipment for each area and specified tasks. 
Within the continuous casting plant, contractors are required to wear safety boots or shoes, proban-based overalls with long sleeves, safety glasses, ear defenders and a red hard hat to identify the person as a contractor.  When grinding or burning, the appropriate goggles or mask must be worn, and the correct permits should always be adhered to.  Any additional personal protective equipment required will be set out in the pre-work briefing sheet (PBS) and authorisation to work (ATW), both of which can be seen in Appendix.



Permits to Work
All personnel, both Tata and contractor, must adhere to the works rules when working on site.  Permits to work on various plant equipment in all areas support these works rules.  The following sections briefly outline the permits required by all personnel working on plant equipment specific to the project.


Pre-Work Briefing Sheet (PBS)
The PBS is a form required by contractor personnel that accompanies the ATW form in order to create a job method statement on the work to be carried out.  It gives an overview of the job description and the permits required to carry out the job.  An authorised engineer overseeing the work on that particular day writes this.

Authorisation to Work (ATW)
Similar to the PBS, the ATW also details the perimetry required as well as space to document the permit numbers so that a record can be kept.  This is signed by the authorised engineer upon receipt of all the associated and relevant paperwork from the contractor.  The contractor must therefore seek the relevant perimetry such as electrical permits, crane standing orders (CSO), roof permits, fluid power permits, hot work permits and confined space permits, before the engineer signs the ATW.



[bookmark: _Toc164854661]Project Installation

[bookmark: _Toc164854662]Cable Installation Routes



[image: ]
















[bookmark: _Toc164854461]Figure 88 Project Cable Routes Layout

[image: ]Cable Illustration[bookmark: _Toc164854462]Figure 89 Cable Illustration Layout


[image: ]CABLE Routes[bookmark: _Toc164854463]Figure 90 Cables Roues for Power


[image: ][bookmark: _Toc164854464]Figure 91 Main Incomer to new Control Board


These are the installation of the Junction boxes were the instrumentation and valves will be connected into for the project. There are two junctions’ boxes located one at either end of mould stand. Then a main junction box located just off the mould stand for all connections.
[image: IMG_9112.jpg][image: IMG_9116.jpg]









[bookmark: _Toc164854465]Figure 92 Instrumentation JB 2
[bookmark: _Toc164854466]Figure 93 Instrumentation JB 1


[image: IMG_9115.jpg]









[bookmark: _Toc164854467]Figure 94 Instrumentation JB 3

These are Pneumatic actuator position valves which will open on request from the HMI for each selected zone of the Mould Flows. Such as Narrow faces, broad face and fixed faces.
[image: IMG_9117.jpg][image: IMG_9114.jpg]
[bookmark: _Toc164854468]Figure 95 Pneumatic Actuators East Manifold
[bookmark: _Toc164854469]Figure 96 Pneumatic Actuators west Manifold

[image: IMG_9113.jpg]
[bookmark: _Toc164854470]Figure 97 Pneumatic Actuators East Manifold 2

The following Valves were Installed for the flow control this valve will be used to control the flow sent into the mould for required zones. So, for instance if narrows faces are to be flow/ pressure tested. The broad face and fixed are isolated then this will restrict the flow to 750 Litres to limit damage to mould seals and gaskets.
[image: IMG_9119.jpg][image: IMG_9118.jpg]
[bookmark: _Toc164854471]Figure 98 Main FCV Valve
[bookmark: _Toc164854472]Figure 99 Main Anti Surge Valve

The following Switchboard was supplied and manufactured by JWE Morris. Due to unforeseen overspend within the project for mechanical pipework we decided to utilised Tata personnel for cabling and termination as can see from images below.
[image: IMG_9121.jpg][image: IMG_9120.jpg]
[bookmark: _Toc164854473]Figure 100 Switchboard 1
[bookmark: _Toc164854474]Figure 101 Switchboard 2

[image: IMG_9123.jpg]
[image: IMG_9122.jpg]
[bookmark: _Toc164854475]Figure 102 Switchboard 3
[bookmark: _Toc164854476]Figure 103 Switchboard 4

[image: IMG_9124.jpg]
[image: IMG_9125.jpg]
[bookmark: _Toc164854477]Figure 104 Cabling Containment TrayWork 1
[bookmark: _Toc164854478]Figure 105 Switchboard 5 Cabling Install

[image: IMG_9126.jpg][bookmark: _Toc164854479]Figure 106 Cabling Containment TrayWork 2

[image: IMG_9127.jpg][image: IMG_9128.jpg]
[bookmark: _Toc164854480]Figure 107 Caster 3 RAM Test Stand 2
[bookmark: _Toc164854481]Figure 108 Caster 3 RAM Test Stand 1


[image: IMG_9129.jpg]The Pump set is located outside the Process Bay building where the storage tank is also located. The Pumps and motors were supplied and fitted by ERIKS. The storage tank and all relevant pipe work was completed by system engineer.
[bookmark: _Toc164854482]Figure 109 Pump & Storage Tank

[image: IMG_9130.jpg][bookmark: _Toc164854483]Figure 110 Motor/ Pump configuration

[image: IMG_9131.jpg]
[bookmark: _Toc164854484]Figure 111 Motor Data Plate Details


[image: IMG_9133.jpg][image: IMG_9132.jpg]
[bookmark: _Toc164854485]Figure 112 Water Filter Baskets
[bookmark: _Toc164854486]Figure 113 Local Isolators Motor

[image: IMG_9134.jpg]
[image: IMG_9135.jpg]
[bookmark: _Toc164854487]Figure 114 Water Storage TANK
[bookmark: _Toc164854488]Figure 115 Outside Instrumentation JB

[image: IMG_9136.jpg][bookmark: _Toc164854489]Figure 116 Water Storage Tank 2

[image: IMG_9138.jpg][image: IMG_9137.jpg]
[bookmark: _Toc164854490]Figure 117 Containment Traywork still to complete.
[bookmark: _Toc164854491]Figure 118 Outside Pipework

[bookmark: _Toc164854665]Commissioning

As previously mentioned, the majority of the work was put on hold due to unforeseen announcement made by Tata Steel to announce potential job losses within the UK branch of the steel business. This in turn paused all Project and removed all funds remaining towards a drive to save.
The commissioning stage was never met due to incompletion of the project due to the unforeseen announcement as the image below shows across national newspapers.
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[bookmark: _Toc164854492]Figure 119 Tata Steel Business Announcement Article [38]


[bookmark: _Toc164854666]Conclusion

If there was one thing to be taken from the project, it would be that within the industry worked, timescales are extremely difficult to accurately determine with ever-changing production schedules, economic climate, and prioritised work all being contributing factors.  This, however, is the nature of the business at Port Talbot, where it is forever governed by both internal and external factors that will determine whether maintenance procedures, upgrades and new installations will go ahead.
With regards to the objectives set out at the start of the project, a much clearer understanding of the health and safety requirements was achieved and as a result, an informed decision was made on how the project was going to be achieved.
Extensive research went into the selection of components used in the Project such as instrumentation/Motor and pumps etc. A lot of the theory was collected from what is used on the continuous caster 3 as the test stand needed to be a direct replica of the machine to fully test these correctly. 
All installation work was carried out efficiently and in a more than satisfactory manner.  The only issues occurred was time constraints due to production requirements and Manning levels as in house labour was used to help save on the budget.
There are still a lot of work required to complete the project successfully when the company has made a decision on it future within the UK steel industry but ultimately the project has been a successful one up until this point even know completion was successful. 


[bookmark: _Toc164854667]Recommendations

As stated, there is still work to be done on the Project in regard to completing when the company announce their decision in regard to the future of Tata steel UK in Port Talbot. As this is currently in pro longed discussion with union representatives and the UK Government.
A designated team for installation is required to complete the following electrical installation. Due to the plant is producing steel on 24/7 basis the workshop was always being used for commissioning Moulds. This caused massive delays in scheduling due to have to plan around a production run plant.
Other recommendations which are apparent as the project was progressing was restrictions in space when installation of the pipework for test stand was required. This in turn required more alteration in pipework causing delays in the instrumentation being installed. These factors also needed to be configured when selecting pump size and flow rate efficiency due to excessive bends being added to the original scope of pipework.
As the PLC logic is still to be written due to Budget restraints. Also, with extra legislation coming into effect around PUWER Regulations. Safety Interlock should be considered around Outside pump set to protect from unauthorised personal working or going near them.
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Pump Start ermissives:
Lot Fault (N overiad, o earh faut)
W EMERGENCY STOP 28 not pressed
A drve esithy
LOM watar tane evel hall e 3bave L1 el (UT-CW-2000],
i No.of i per hour all ot exceed £ parmizsoe value.
i 1Qgl i it o MOV-CH-200-3000 fuly clsec.

Conditions for  tripping the
pums:
v wter ek evelbelow L el (7-c-3000,
i prassue swich 75-CW-1000 for P, 5-CW-2000 for P2] ow/High
i Motor faul (Overioad/earh faut)
v mergency stop 3 pressed
sudsen'os of pressure

[Heaithy condition checking procedure fornca tat of pumps]
Acste MOV-CW-200-3000 close Sgnsl.
i Aftr confimaton of devery vale MOV-CW-200-3000 s fllyclosed, pump 2 tars
on low speed reference PARAMETER-A.
L1 75.CW-2000/25Lis TRUEfllowing 3 pre-Sefined time ¢ will b regaded 5 pump 2
Fautconditon,stop pump an diplay faul o KL
v 5top pump 2~ Completed pump 2 hecks.
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[Heaithy condition checking procedure for nial tart of the pump P1]

5tat ump 1 Iow spesd,spesd rference PARAMETER.S.

. Wnen precaur tranemitar PT-CW-3000 of delivery headsr gipe rescs pre-defined
pressure PARAMETER.C, ¢ wil open PCV-8Y6-30-3000 for 3 pre-defined time.
PARANETER-D. I PS.CW-1000/PSL. & TRUE folloing 3 pre-defined tme  will b=
rgarded s pump 1 faut conditon

LI 75-CW-1000/PSH is TAUE AND PIT-CW-3000 greate than PARAMETER-E when
pump 1 3t speed then PCV-8Y7-50.3000 s I faut.

v Stop pump 1. Complatad pump 1 checing.

staus signal
i Loca parmisive stz in 1
L otorReady status in MCC, I
Fault sttt in LGS, MCS,
i Emergency stopped satus n LCS, Hasl.
ViSofe stater v ON tats n MCC, I
Vi Motor amper n CC, I
. Cumulaiv running houts i KM (with ese provision fo esch pump)
XGROUR MANUAL/AUTO mode seection s !
L SYSTEM MANUAL SYSTEM REMOTE mad in Al
1LOGAL SERMISIVE burton in A
LAl nstruments/slectrical parametes wil b disp
3. Startand Stop.of Plant
tating f the main viatr system will b= done i ollowing order;
. rillngofsorage tank
Re-ircultig pump wil stat
Re-irculce water n pipe network 1o avoid fresting)
Main Pumps of low est wilstart i low est
Miin pump o pressurs tes il tr,  resaur st

e i 3 per approved

. Filingof storage ank.
The storage tank of capaity 15m3 will store OM wter, Filing e il consist of ressure
gauge (7G-AW-2000),Pneumaic gl value (SOV-AW-50-3000)wit by-pass .
Preconditons for start ling storage ank.
s watar sorsge tank vl s LOW sened by levltransmister LT-ON-5000
Sequenceof start ling torage tank
" Level chc o storage tank by lavelransmiter LT-c
1¥alueofFiling ne(50V-2W-30-8000]will 07N
11 Check evel (LIT-CV-8000,) IGH — CLOSE valve(S0V-AW-20-2000] f Filln ine.
ypass newith manual valve 82V-201-50-3008 i provided fo fing upthe tank manualy n
caseof malfunction of preumatic vaive.

5. Re-crculating mode
Recieulting DM wtr o strage fnk will Scur hen the purps have bean e for & hours
forsnd run for 60 minutes or lgionel prevanton. #2 all be un 3t 50% speed raference.
Wth MOV-CW:200-3000 ully closed. 7o Frostprotection IT-CI-3000 <= 3 reciculaton
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mode wilntite nthe
e ———)
& Status will be diplaye on the I 9 ndcatstht he ystem i i recrcoling moc.

me manner ut ieh P2 running 5t 205 Ut TT-CW-3000 > 3 or

preconditions for sart he ecirculsing pumps
Lntsin water sorage ank el O

€. Flow Test o cc3 moul:
Water requiramen for Flow t25t s 560 lpm for ane narrow face and 3963 Iom for one
braastace, fullmould et o TaC.Fo st il e done ith 2nospums 5-£) i opersion,
il pumps wil be opersed, depencing onfow requirement for test
Fulroduction ow for 2 moulds 1036m'/, g 18,100 im, hats 3,050/ min per mould
Emergency water for 2 mouds 272/, ging 533 /m, that 5 2,267 /m per moul (25%
fll producion flow

Water test stand capabilty for 1 complte moul is 5000 I/m, which gves 5% of ful
praduction flow apabily,tis s daamad suficient to confi flow hrough the mould and
£ confim any restictions by monicring sstem prassure. The system has the capailty to
indiicualy st £5ch stan of 1 mould, 5. inddu! and pltes and road pltes o the
fll producion flowcapaciy, larro fae 560 min, brosd fce 3985 min.

3l flows inthe above secton ae referenced againt Castar 3 Mol Coolig 781D, drawing
number 3529.32.01.£3.001

e required test flow wil be Getermined by the valve confguration fo testin indvcus!
sections ofthe moud, . narrow and brosd plates o th fll moul. Fiow setoint will b
et accordingly i he software et sequence, this shall als select the relevant magneticlow
matars fr the proces variale messurément nto the lozed lacp cantrol The table below
et the instrumntsconcermed with th flow contrl daseribed nthis scton:

nstrument frag
Fow controrvave Fov-cw-z005000
atrow rce s isgfiow__Jer-c-so00
arrow race et igflow Jrr-cw-so01
Jroas rce Fxed wagrow _Jr-cw-sooz
Joroas rce Loose wagfow _Jrm-cw-so05

D system pressure Control

Thesystem pressurecontrl s raquird to ansure here i suficiet pressure o suppor the
rquied flow it ensuring sstem presre doss not exceed th preseure rating for the
moue

The pressuracontrl vale PCY-8Y7-30-3000 s provided o conral the system pressure via &
bypass lne from the main supay line back £ tank. Az e of s conrol 00 the ystem
pressure process varabl s montorad by PT-CW.3000 Withsystem setpoin beng  consant
Value st i th contrl st

" pressuregeneratad by pump wil vy depandingon the iow requirement a5
per pump characraisic curve.

€. preconditionsfor start ofFlow Testof cc3
s water storage ank sl (L7-CH-2000] Nt Lo,
1 ould comnectec
1L Tamk Ut vlues GV-CH-250-2000 and GV-OW-125-1000 OPEN
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W Main delivery valv MOV-CW-200-3000 CLOSED.

V Sytem precsurs AT-CH-3000 <3 8.
iseting stand DlveryLine Valve GV.CW-200-500 GPEN.

Vi setig sand Recurn i Valv GU-CW-200-5010 OPEN.

Vi rainvabvesclosed (manualcheck)
XNarrow Face LatSupply Vale GY-CW-50-5000 CLOSED.

X1 Narrow Face Fight upply Valve GV-CW-30.5001 CLOSED.
XL Narrow Face Right Retum vahe GY-CW-a0-5003 CLOSED.
il aroad Faced Faes Supply Valve GY-CW-150-5002 CLOSED.

.80 Facad Fixed Retum Ve GY-CI-150-5006 CLOSED.
V Brcad Faced Losse Supply Valve GY-CW-150-5003 CLOSED

X803 Facad Locse Retrn Vale GY-CUV-£50-5003 CLOSED.
X1 Flow Control Vel FOV-CM-200-500, 50% Hin OPENED.

7 sequence star of 3 flow test -
i Fow et shall b iiiated by the operator ia the Hi control.

i Sefchick o ressurs contrl vae shall ke pisc (sfr o section 23]

i Setpresure setpoint o  gar.

70 PRIME MOULD Open 3l mould plats Valves GV-CHE-30-5300 © GV-CH-30-5003
70 GV-CI-150:5004 19 GY-CU-£50-5007.

vionfim vahes open

vistar pump 2

Vi hen pressur = & 83 M rompe for oprator t beed mouls.

Mt cparator confirmation of mould bleed complte vis L
5t0p Pump 2 AND Close all mould plate Vlues GV-CW-30-5000 1o GV-CW-30-5003

00 GV-CH-150-5004 1 GY-C-150-5007.
Confirm purmp 2 Sopped and alvahvs closed
iAo fac et vaes GY-CI-30-5000 & GV-CH-50-5001 OFEN
i Confirm Vaies apen
“nestareump 1.
i Fiow setpon for narrow fac 750lmin
il Control messured valos 568 9 FT.ON-5000
i Wai 90 scends tosabilz iow andrecordfow (FT-CW-5000) & presure (-

5000, PT-CW-5001) resdings ntt tle”
i arrw Fce ight vahes GV-CW-30-5002 & GY-CW-50-5003 078X,

k. Confirm vaivs Open.

Ao face st alves GU-CW-80-5000 & GY-CH-50-5001 CLOSE

‘ol conrol oop vlues to vaidfa nstatiiy on B change aver.

i Confrm vaves lo.

i Flow Cntrol messured vlue st toFT-C-5001,

oWt 30 sEconc el flow and record o (FIT-Ch-5001) & pressure (P
5003, PT-CW-5003) resdings ntet

5208 Pump 1.
gh aivs GY-CW-80-5002 & GV-CW-30-500 CLOSE.

‘i Confrm valves Closed & purnp 1 top

i Broad Face e valves GU-CW-150.5004 & GY-01

‘s onfirm vlvs open
nistarsump 2
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s low setpoint for broadface £500imin

‘i, o Control messured valus st 0 FIT.ON-5002

S, Wt 30 Econcs t tabile flow an racordflow (FT-CV1-5002) & prescure (PIT-cv
b

S00s, PT-CW-5008) resding ntt-
5o s Faca Loos valves GU-CH-150-5005 & GY-CW-£50-5007 QPEN

‘oo Confirm vlvs open.
i Braad Face Fied valves GU-CW-150-5004 & GV-CV-150-5003 CLOSE.

013 fow nsabiicy on T change over.

o oidcontol oop values

o Confirm vlves cosed.
.Flow Control mssured velus 568 0 FIT-ON-5003.
el 50 secondsto stabilz iow andrecord fow (FT-CW-5003) & ressure (PT-CW-

500, PT-CW-5007) resding n et tale”

lisiop pump 2
i roadFace oose valves GY-CH-150-5006 & GV-CW-150-5007 CLOSE

i onfrm vlves cosed.
:0pen il mould plate vahes GV-CWE-30-5000 1o GU-CW-80-5005 3nd GV-CW-150-

v confirm valves opan
i stareump 1
i low sepoin: 25% ma flow for 20 seconds.

sinstarsump 2
1 Fiow setpoine 0% max fow fo 20 seconds.

fiFiow setpaine 100% max low
L 50 seconds t sabize flow an record low (FT-CH-5000 fo FIT-CW-5003) &

5007) readings intest table"

pressure PITCw-5009 0 PIT-
i Stop Pump 182
T Cloe llmould platevlves GY-CW-30-5000  GV-CW-50-5003 3nd GV-CW-150-5008
vGonfir Close.
icloe MoV-CW-200:3000
Wi Confirm closec.
LSt prsure Tst by Opering valve GV-cui-25:3000.

st srasurs Tt .
I 5t0p Pump when Presure squal §Sar rom sy PIT-CW-500%.
i cloze G-CW-25-5000
i recordpressure PIT-CH-5007.
I Wt 50 seconce rcers.
i Repeat 0 imes fo prssure decay plt
I Setprasure setpoin o 2erofor pressurerlief
v Open MOV-CW-200-3000
i confirm Open
i Open il mould plate vahes GV-CWE-80-5000 1o GU-CW-80-5005 3nd GV-CW-150-
i Confirm Open
b END OF TS,

Testtabi ol moukd number,flw and pressure,induding messarements
iferetia pressos clcistionfo £56hsub 3y and compate moul

I pump shall perate ¢ requied speed base o total low requirement f pump with
the hlp of V7D Main Flow pum (1) start s dsired speed with motorized vlue 3t
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pump dcharge incosad. ncase pressureswich st pump ichrge et pressre
e 3 preset vae e i deey motorzed vl ¢ dscharg e shallopen
owly oy nching oeratin o AW g preet resure. I o resure Swkeh
s ot gt prsat e, sty pus st workin pu st ser
5 tme ety s shll e temed 5 “TAULT.

Vodiarsin Fow pup (2] st st cesed speed (1 required 3 per ot fow
reqUTemert] e »Gme ey motoriced vl t dscharge ine shallopn urher
Sloul by ncingapersion o Rt et aprest pressire. Heaines ecing
of il pump sl o done s descrved hovs fors il st

LMotz vaeshll e postion raramite 7t h hlp o th same S pering
o vt fo numeer o pumps cpersing<an b st o commissionng, 50 ot
e cn b suzomatcal open 5 o esed poso st Sarin of pumes
withtime ety

e Fiow control e o standfaces of moul o be tested skl conrol e flow st
e o testin hough e face f

Vo ftar he low tsin presure Sesting can e done 35 Gescried under pressurs
Tasting el et staps shall e fllowz

beriow testing pumps il be stopped. Dotle ik bied vae sl be closes
manualy

Vo Frumaticlpeates o valves techstand nesder supphy e e sl e
ose Dran Vv shll be opene e checngth presare n presure gsuge
inalad i € dran s

£:3.preconditonsfor start the Fow Test f cc3
i waterstorage ank el (U-5000) OK
LON/GF Valv (300-751-5000) in SUPPLY header of 3 sand s OPEX.
1LOW/OFF Vahe (300-P51-6001) n RETURN header of 3 sand s G7E1.
V.ON/OPF Valva (300-751-7000] n SUPPLY header f Subassemby s CLOSED.
V.OM/OFF Value ((300-P8V-7003) in RETURN haderof Subsssambly i CLOSED.
LON/OFF Valve 300-98-5000) i SUPPLY headr ofCC2 stand i CLOSED.
VILON/O7F Valve (300-981-5003) i RETURN hesder of Cc2 sand s CLOSED.
ViLOW/OFF Oran aiv (50-761-6000) SUPPLY line of CC3 stand s CLOSED.
X ON/OPF rainvalve 50-781-5001) n RETUR e of CC3stand s CLOSED
Jftesting o be done xzngs
+ ON/OFF value (50-P2FY-5000, 200-PBFV-5000, 80-98FV- 6004, 3nd 200-
PBRU-6004), of SUPpLY Lin o allfour (4 faces o CC3 (sand-1] ar OPEX.
+ ONIOFF value (50-P2FV-5001, 200-PBFV-5001, 30-98°V- 6005, 3nd 200-
PBRU-6005), of RETURN Lineof llfour ¢ faces of CC3 (stand-1)are G7EN
" ON/OFF Value (50-P2FV.5002, 200-PBFV-5002, 8098V~ 6005, 3nd 200-
PBRU-5008)of SUPPLY ine o sl four ) faces f CC3 (st3nd-2) s CLOSED
+ ON/OFF alue (50-PEFY-5003, 200-PBFV-5003, 80-°5°V- 5007, 3nd 200-
PBRU-5007)of RETURN Lin of l four (4 faces ofCC3 (sand-2]areCLOSED.
Jftesting o be done xzngz
- ON/OFF value (50-PaFY-5002, 200-PBFY-6002, 8098~ 5005, 3nd 200-
PBRU-5008)of suPPLY Line o al four (4] face o CC3 (stand-2] ¢ OPEN
+ ON/OFF alue (50-P2FV-5003, 200-PBFV-5003, 80-98FV- 5007, 3nd 200-
PBRU-6007)of RETURN Line of ll four o] aces of 3 (stanc-2) are GPEN
+ ON/OFF alue (50-P2FV-5000, 200-PBFV-5000, 80-98FV- 5004, 3nd 200-
PBRU-6008), of SUPPLY Line o alfour (4 fces o CC3 (stand-1) e CLOSED
+ ON/OFF Value (50-P2FV-5001, 200-P2FV-5001, 30-95FV- 6005, 3nd 200-
PBRU-600S), of RETURN Lineof il fou ) oces of CC3 stan-) are CLOSED
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n

X Flow contrl Bl aiv (305000, 200-£CY-6000, 80-1-5001 AND 200-7CV-
6001) o RETURN i o alfour ) faes O CC3are HEALTHY / OK.
X1ON/OPF ballvalve (100-787V.5008) nbypassln located nside rocess bay) s

X0LON/07F ll alve 100-557-7003) i bypas e (near sb-ssemy] s
i Prasure control valve s b pas line (150-PCY-4000] o he pump s HEALTHY

Sequence ofsart the flow test o cc3
‘Sl simir 3 dseribed for cc-1.

£, preconditonsfor start the Flow Test of sub-sssembly

Ltin water storage ank el (U-5000) OK

1LON/GFF Valv (300-751-7000) in SUPPLY header of subassembly s OPEN.
1LOW/OFF VAl (300-P51-7001) n RETURN header of ubsssembly s PEN.

IV ON/OPF Valve (300-751-5000] n 5UPPLY header f CC2 stand s COSED.

' ON/OPF Vlve (300-PB1:5005] n RETURN heacer of CC2 stand i CLOSED.
LON/OFF Vale (300-98-6000) i SUPPLY header of CC3 stand i CLOSED.
VILON/OFF Valve (300-P8-6003) i RETURN headerof 3 stand s CLOSED.
ViLON/OFF Oran aive (50-251-7000) SUPPLY ine of sub-assembly stand s
XON/OPF Drainvalve (80-PBY-7001) n RETURN e of sub-assembly sand s

XLON/GE vl (100-98FV-7000 o 30-PBFY-7000 r 200-P8FV-7000) f SUFPLY

Line depending on tt fac sub-asembly are OPEN.
X1 low contro Bll vave (100-7CV-700 or 80-FCV-7000 or 200-17000] of
RETURN Line depending ontest face sub-ssembly are OPEN
ON/07F ll alve 100-957-6008) i bypass e (ocaed insde proces 5ay) s

XLON/07F ll alve 100-574-7003) i bypas e (near sub-ssemsy] s
i Prasure control valve s b pas line (150-PCY-4000] o he pump s HEALTHY

Sequenceof start th flow test of subsssembly
Sl e simir 32 desribed for cC-1.

pressue Test pump
fter compltion of watar Flow e, pressurs testil 2 don it L number ump (521, For
precsus testing -2 pump shll b Sarted th retUT Vv of respECtve st stand CLOSED
0 system s srescy e up with witar with the help ofFow tst pump oparston. A2 the
eturn lneofth sand s closed, -2 Pump wil genrate higher presure. Then supply e of
thatpariclar stand shllls be closed and pressure 3 both supply and retun ine can b2
verfiedfo any possb eshagesfo certin uration of ime

Flow ContralPilozophy.

i phifosoghy will e devloped furher when 3 mors informatan regarding pump curves re

svaable. Th base phiasopny shallnvolve modultion of th pump speed vi he vrible
Spesd crive n cmintan withthe flow contrl vale pastion. Consdarston snoud be
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i toaptimisingsystem pressursto prevent pump cavtation snd o ansure mould test
Condition ae supporte.
4 HMIDisplay on Local Control Desk:
i mimic of wate a5t system inclodes;
Al pumps 1 (4n03), 5 (.} and -3 (2nos]warking and standby incication
« l Motors staws weatny/ Fautt
2 Contrlvaves with tatus
© resure uikches withsatus
+ Temperaure nicators with staws
= iow s with tatus
© Lol suitches with satus
+ ONoFFvales 0PN/ CLOSE/FAULT satus.

Controtrom At mimics;
« Tank Fling n Auto e
« Working/standby slecionand tartstop f Re-Crculting pumps 3. Swich verto
Standy pump in Auts, i Faul detacted in Warking Pump.
= oump (P2 selctian snd st fo wate rcicution m e nefwor
+ selecton of Moud Test CCL/CZ | CO3SNGY/CC-Stand2/ Sub-
racei/ars
" Working standby seection and starstop ofFlow tes pumps 71
« rump (72 selction and staestop for waterrecirulation i pipe natwork

sy

s cmergene
e
& ertoc ana s
5.0, et T congion | nterioek atarm setoint
e
g o
S A
v
P T e
+ o crovssmnonn | tetton
T R - R
owtow T, Leveltow gy
e E T
= 0-761-8000 CLOSE Level High
ens o
e
o
F S P e o
Ciin
Fearessear o
E oo e e
Pt
T T e
[s [ss000 lLow [fressureTest Fump. m -pressure Low .
Foe
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receuraTestpump

[ bresaurs Low .
e P bresaurs Low .
bage rp
[ pemoor  fow  [reversteme bresaurs Low .
batcirp
b pemoo o [resvereteme bresaurs Low .
baiojp
o P e resweconoraie] "
W T . form e g | L
005 10n05) bespective wouid face
o prstoote [rese Jorm -pressure Test "
005 (0nes) [l ompited
prr-eoso o Jorm -reseure igh
s ien gl
007 (3n0s) bespective wouid face
007 (1005 [l ompleted .
prrroso o Jorm -preseure g
s ien gl
005 3] bespective wouid face
005 gnos] | ompleted .
w07 =
I — 000 coz500 Umin
[a.sien - .
exectad
owtign |concroes-rcv.so00 cer3saimin
e brscos cez 350 min
[a.sien form- .
exectad
oo [rizo0mer, [ectmaotimin
o brscos 000 lecz 4250 ymin
[a.sien form- .
exectad
owrtign |eoncroes-rcv.so01 cer3saimin
bo  brscor cez 350 min
[ o e N
exectad
Lowigh ~[conerl 200-rcv.so0: [ect-2700 min
be brscos lecz 4250 ymin
[a.sien o et .
enectad
R I " o0 min
[a.sien form- .
exectad
I S M P [ecss00 min
S . - Lesage .
exectad
= Jrmeoos Jiowirign feorwrolsorevsoor o0 min
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[orsien .
exectad
[owirigh _|control z00rcv-s001] [ecss00 min
s e [ - Lesage N
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[a.sien ferm .
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e
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™ ces 0 min
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PROJECT: TATA STEEL, PORT TALBOT - MOULD WATER TEST STAND.

MANUAL VALVE SCHEDULE (BOQ WITH SPECIFICATION) OF MOULD WATER TEST STAND
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Order  [zu3 28727082 Process bay water test stand Bl [w

SysStatus |REL ESTC GNPS MANC NIUP PRC_ SETC (7] 40PL SETE v

[ Headerbsta | _Operations Costs | Partner | Objects | _Addtional Data | Location | Plnning | Control | _Enhan
Item Component Description L... Reqmt Qty UM IC S..Sloc Pint Op... Batch  Recipient |
0010 Automaton Hardware = 1EA N 3001 0010 8072544
o020 CPU 1511-1 PN, 150 KB / 1 M8, 1xPN nter - 1c 3001 0010 8072544
o030 57-1500 PSU, input 120-230 1ph - outp. > 1pc 3001 0010 8072544
0050 2800755 TRAY-CABLEHVY DTY GALY,225mms0.. [ GEA L Dol 001 030 Bosess2 |
0100 2003015 (CHANNEL:UNISTRUT, 41mmt i mm6m, 6. - o L6TL  D1o1 so0l ooso Bosess2 |
0110 2805016 (COVERUNISTRUT,P1184,3M LGTHS, GALY > o L6TL Dol s001 ooso Bosess2 |
0120 W2006501 TRAY-CABLE:MED DTY GALV,150mm8ft,. > € LGTL  DIsl 3001 0030 B0S6852 |
0130 RS PRO Hot Dipped Gaanised Base Plte, |- 12 AN 3001 0030 806852
0140 227910120 CABLEANST:TYPE 143,20PR 075mm2,P..| > 200 M D121 3001 0030 Bosess2 |
0150 20103673 (CABLE-EL:1.5mm2,48CPVC/SWA/PVC L. 200 M L bren o1 oso Bosess2 |
o020 Mechanical Instalation Materis = TEA N 3001 0040 8072544
o0e0 Supply of 6" Wafer Valve = SEA N 3001 0040 8072544
o070 Supply of 3" Wafer Valve = SEA N 3001 0040 8072544
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o0z Supply of nstrumentation = TEA N 3001 00eo 8072973
o010 DN 80 (3"),PN16 flanges, Carbon steel bo |2 2pCc N 3001 0080 8072544
020 DN 150 (6"),PN16 fanges, Carbon steel b |3 2pCc N 3001 0080 8072544
o030 MAG6000 transmiter, 11 ... 30 V D/ 11 | apc 3001 0050 8072544
0040 Wal mounting ki, 2 x M20 cable gnds |2 4pC N 3001 0080 8072544
ooso 5m coi and electrode cable ki ) spcw 3001 0030 8072544
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Order 28727082 Process bay water test stand
Order Type  ZUM3 Major/Minor Maint. Revenue Order
plant 3001 UK Port Talbot.

Plan Version 0 Plan/Act - Version
Cumulative Data

Legal Valuation
Company Code Currency/Object Currency

Cost Element, Cost Element (Text) = Totalplan costs = Totalactual costs  Actual Qty = Plan/actual variance /A var(%) Currency Partner

421912 Generel Stores MM 790,610.26 2479873 765,811.53- 96.86- GaP
425112 Spares - Mechanical MM 0.00 256,862.14 256,862.14. P
425212 Spares - Electrical MM 2,964.60 3544620 248160 1,095.65 GEP
429912 Project Expendiure - Capital MM 000 307,502.36 307,502.36 P
465112 Contractors maint & repai-mechanical Mit 000 31,357.31 31,357.31 P
465212 Contractors maint & repai-electrical MM 000 43,888.52 43,888.52 P
474080 Software 000 2,843.00 2,843.00 P
474090 Hardware incl. complte PC's 1577.25 1577.25 000 P
Debit . 7es15211 . 79427651 5 875.60- cap
421012 General Stores MM 000 24,798.73- 24,798.73- GEP WBS 3001.00708R06-101
425112 Spares - Mechanical MM 000 256,862.14- 256,862.14- GEP  WBS 3001.00708R06-101
425212 Spares - Electrical MM 000 35446.20- 35446.20- GEP  WBS 3001.00708R06-101
429912 Project Expendiure - Capital MM 000 307,503.36- 307,503.36- GEP  WBS 3001.00708R06-101
465112 Contractors maint & repai-mechanical Mit 000 31,357.31- 31,357.31- GEP  WBS 3001.00708R06-101
465212 Contractors maint & repai-electrical MM 000 43,888.52- 43,888.52- GEP  WBS 3001.00708R06-101
474080 Software 000 2,843.00- 2,843.00- GEP  WBS 3001.00708R06-101
474090 Hardware incl. complete PC's 000 1,577.25- 1,577.25- GEP WBS 3001.00708R06-101
Settlement . 000 . 79427651 . 79427651 Gap
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Order ZUM3| 28727082

[Process bay water test stand|

)

SysStatus |REL ESTC GMPS MANC NTUP PRC SETC

@] 0eL sexe

Wi

[ HeaderData | _Operations | Components [JRSciell Partner | Objects | _Addional Data | Location | _Panning |

Estimated costs  [27,628.00 | GBP @ valn Object Cur =3
Valin CoAreaC =3

Rep. Phn/Act. Rep. Budget/Commt.

[ overvew RSBl  Quantiies | Key figures |
Value cat. descript. Estimated costs. Planned costs Actual costs. oy
Extemal Personnel 0.00 7%0,610.26 24,758.73 GBR -
Interal Personnel 0.00 0.00 0.00 GER
Miscellneous cost 0.00 0.00 0.00 GEe
Other costs 0.00 1,577.25 4,420.25 GBR
Production Resource Tool (PRT) 0.00 0.00 0.00 GEe
Purchase materal 0.00 0.00 397,503.36 cap
Sevices 27,826.00 0.00 75,245.53 GBP
Stock materal 0.00 2,564.60 252,308.34 GBR
Transport 0.00 0.00 0.00 GEe.
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To Provide equipment that facilitates the process confirmation
of cooling water through the Port Talbot Continuous Casting
Moulds

[Assurance of mould cooling flow capabilfy for the purpose of asset
process safety

Rob Deeney

What's in

Dean Gibbs

Steel & Slab -
Continuous Casting

Status:

Design, Manufaciure,
construction, Commiissioning,
Maintenance manuals,
operator manuals and Initial
Training of mould water flow
test facility.

'What's out

Business as usual
maintenance, training and
operation of facility.

Dean Gibbs (DG)

No.of Tasks

Project Task Completion

No. of task complete
onTime

—
No.of
completed

No of Task Planned

No. of Tasks
outstanding

Nicholas Powell (NP)

[Avoidance of unplanned delays associate with mould cooling water
flows.

[JW Morris (JW)

Day Electrical (DE)

Ben Jenkins (B8J)

Daniel Wachsmuth (DW)

[Adam Spanswick (AS)

Project Spend

Actual

Remaining
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Tata Steel to lay off 2,800 workers in major UK
restructuring

rt Talbe
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JWMORRIS

Our Ref: SE/E5/097/22 Rev A .

Date: 09th February 2022 ot

For the attention of Dean Gibbs.

Goncast W
Tata Port Talbot Werks:
Port Tabot

West Glamorgan

Re:  Concast workshops ~ Mould water test stand cabling
Dearsi,
Further to our ste meeting we have pleasure in submiting our quotation for your approval.

‘Soeciication
‘We have allowed fo al labour and materia as detailed below: -

‘Supply and installation of 80mirs 4C 50mm XLPE SWA cable for 75kw pump no.1

‘Supply and instalation of 80mirs 4C 10mm XLPE SWA cable for 15kw pump no.2

No Cable for 634 Spare Feeder no.3

‘Supply and instalation of 80mir 4C 35mm XLPE SWA cablefor 100A Distibution feeder no.4
‘Supply and instalation of 100mis 4C 2.5 mm XLPE SWA cable for 1. fkw motorized valve 1o §
‘Supply and instalation of 80mirs 3C. 10mm XLPE SWA cable for 110V Control Bus.

‘Supply and instalation of 80mirs Profinet XLPE SWA cable for communication

‘Supply and install 1 no 4 way TP&N Distribution board and isoator (1o Otgoing MCB's allowed for)
Instalation o al necessary containment within workshops

Final glanding and terminatin of allcabiing at final locations and main swichboard

Final glanding and terminating of existing Mains cable at the new main switchboard

Cable tests and report.

Brige
For the Sum of £13,245.82
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2. Scope of works

ITEM 1: Supply of 1no. 630A Eaton XEnergy LV Switchboard.

To design, manufacture, test and deliver 1no. 250A Eaton XEnergy LV Switchboard, complete with
the following:

= Form 4 Type 6 Compartmentalised Fully Withdrawable LV Switchboard
= Dimensions: 2200 X 2100 X 600
= 1no. 630A 4P Eaton Withdrawable ACB incomer c/w
o Incoming LED Phase indication Lamps.
o ON/OfffTrip LED indication Lamps.
© 1no. Rayleigh Muifunction Modbus Meter.
= 1no. 160A 4P Eaton Withdrawable MCCB Feeder ciw Muttfunction Modbus Meter.
= 1no. 63A 4P Eaton Withdrawable MCCB Feeder ciw Multifunction Modbus Meter.
= 1no. 50A 4P Eaton Withdrawable MCCB Feeder ciw Multifunction Modbus Meter.
= 1no. 32A 4P Eaton Withdrawable MCCB Feeder ciw Muttifunction Modbus Meter.
= 1no. 1.5W Withdrawable DOL starter Tray c/w
LED Status Indication.
Local Startstop Buttons.
Estop Button
Remote start/stop/Estop connections.
Muttifunction Modbus Meter
= 1no. 20A 4P Eaton Withdrawable MCCB Feeder ciw
o 415/110V KVA Transformer section.
« 1000A Bus-Bars & Earth Bar.
- Fault Rating: 50kA 1 Sec.
= Type of Access: Front
= Cable Entry: Bottom.
« Cable Exit: Bottom.
- IP Rating: IP 31
= Colour: RAL 7025.
« Identfication Labels.
« AsBuilt Drawings.
« Future Extendable.
= Deliver, Offioad and Final positioning

00000

Item 1 Cost: £27,828.00

We trust that we have interpreted your requirements correctly, but f you have any questions
relating to this quotation, piease feel free to contact the undersigned

Hourly Charge Rates.

Our hourly charge rates are available upon request. We also assume all works to be carried out in
normal working hours (unless stated otherwise).
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BE: - Process Bay Workshop Mould Testing Facility. (Wanufacture & Installation)

Lump Sum Price: £307.503.36

We ko foryour recent enquiy i conncion it the shove works aad have pleasure
insubmitting our quotation for your consideration.

Belowis 2 summary ofth scope of work e have included forin connection vith the above.
enaiy.

L. Supply Project Management, Supervision & Labour o carry out th Below Seope of
work.

Scope of workes:

« Seringup ofsie including the fnstallation barass fencing around work areas where
appiicabe.

« Delivery & Offiaading of al new fabricaed stelwork materials new fbricated
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piperwork materal, plant and equipmentat 2 designated sydown avea s agreed
withthe Tata Projct Engineers

« Surveying Marking oue positons f all ppe support,seelwork, Towns water cank &
pumpsetc.

it installtion s evection of ll Pipe supports, Tresles, Saddles Brackets e rom
the xternal De-min storage tank & pumps area to the ineraal Mould TestScands 1,2
53, 30d fom the pump o the eru] S Assembiy Test Bilding 52 per drswings
iznued athe tender srge,

St Inscalaion f al new Flws & Return pipeveork as per Drawings issued a cender
Stage from the externl Towas water storage tank Pump area toth inernal Mould
TestSands 1,2, & 5, 3 rom th pumps o th iternal Sub Aszembly Test Bulding.

« Shop fabicaton, Painting & Delivery of al Steelwork trstles,Supports,Saddles &
Brackes 2 per dravings issued st tender stage.

+ Shop fabricaton,Painting & Delvery o al Ppework s pr drawings issued a tender.
saage

« Sit Testing & Commissioning of v pipenvork system n assisance with Taca Project
Engincers.

« Supply o all Pant, Craneage, Tosls & Squipment for the abave scope of works,

« Suppiy of i Jints & Bol for sl fanged oats & connections.

« Pipework Modiicaton & struccural/shesting modificcion works t existng.
pipetwork at CC3 Mould tststand ntalstion of new slectromagaetc low meters
& anges a5 per drawings isued attender stzge.

« Supply ofa full QA Package & QA Plan which vl consistof materal crts,welder
qualification certs, weld procedure cercficats, NDT test certifiate, fibricaion route
cands ncluding shop & sie weld maps, pain specication & procedures, hickness
[———

 NDT Testing of Siop fabrication welds & Site e for both strctural & pipework
10% NP1 a5 per E15-03 Welding standrd

« Suppiy of al hop & SiteConsumables,

« Suppiy o alsitespecii PP

Stangare:
Al o the above works wilbe carred out a5 per Stuccural steelworks & Pipework standards.
aslisted within your enquiry specication documen.
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Drawings
Al orks quote are based on the drawings received & lsted withing th tender enquiry
documentsson,

Exclusion
Draving & Design Works,

Elecrica] & Insrumentacion works,
v Worke,

Scaffolding access.

Flushing & Passivation.

Programme:
Procurement of il pipework mateials - § weeks.

Procurement of il Valves, Strainers & xpansion oats 20 weeks.

Procurementof il Structurs! steshvoriforesles, upports, brackets, saddles & De-min
storage ank -  weeks.

Shop Fabricaion, Paating and Delvery o abricated pperwork - L0 weeks.

Shop Fabrication, Panting / Galvanising o restles,supports, saddles,brackets & Town,
Watersorag tank - 12 weeks,

Site setup & pre works -2 weeks.

Sie Installdion Works (ipeuvork & Stelwork) - 10 weeks (10bs days)

Site Testing & Comizsoning Works - 2 weeks,

Note:

Plesse note hat our puinp supplier have concerns vith the pump specification issued 3t
tender,they believe tht the pumps il ot be sble o prodice the volumes required. o we
ave added an additons) Smawnt o he cos of the pump 0 Gover i

Yours sincerely,

Rabert Quinn
Genera) Manager

Systems Group Led

nespitems.-group.couk
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> JOOTTE A8 - Quotation

division of Kinetrol Ltd

Steelpark Trading Estate, Steelpark Way, Wednesfield, Wolverhampton, WV11 3BF
Tel: 01902780700 foster@powerite.co.uk  www.powerite.co.uk

To: [ Chris Francis From: | Nick Foster

Company: TATA Steel PageNo.: | 1of1

Area / Region: | SA/SW Monday, 21 November 2022
Telephone: 07769 301542 NF2111SW/TAT-R1

Em: christopher francis @tatasteeleurope com Kinetrol / Valve Enquiry

With reference to your recent enquiry via our sales engineer, we now have pleasure in offering the following
for your consideration:

4 off — 6" Waer Patter Butterfly Valve having Ductie Iron Body, Stainless Steel Disc and EPDM Liner. Fitted with Kinetrol
Model 08 Double Acting Actuator with type 004 Switch Box containing 2 x V3 SPDT Micro Switches. Complete with 5/2
NAMUR Mount 24Vdc Double Coil Solenoid Valve.

Price £607.18 each nett

4 off — 3" Waer Patter Butterfly Valve having Ductie Iron Body, Stainless Steel Disc and EPDM Liner. Fitted with Kinetrol
Model 05 Double Acting Actuator with type 004 Switch Box containing 2 x V3 SPDT Micro Switches. Complete with 5/2
NAMUR Mount 24Vdc Double Coil Solenoid Valve.

Price £439.02 each nett

Alternatively:
4 off 6" Wafer Patier Butterfly Valve having Ductile Iron Body, Stainless Steel Disc and EPDM Liner. Lever Operated.

Complete with Kinetrol type 004 Switch Box containing 2 x V3 SPDT Micro Switches.
ice £378.21 each nett

4 off — 3" Waer Pattem Butterfly Valve having Ductie Iron Body, Stainless Steel Disc and EPDM Liner. Lever Operated.
Complete with Kinetrol type 004 Switch Box containing 2 x V3 SPDT Micro Switches.
Price £274.21 each nett

Delivery:  Option 1: Ex-stock subject to prior sale.
Option 2: 10-14 Days from receipt of order, subject to prior sale.

Carriage:  £60 standard overnight.

Kind Regards

N ="
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PARMLEY GRAHAM Quotation i susnses@pamieygshamcouk
Nare:_|WRDEAN GioBS [T r——
Conpary 026400 TATASTEEL UKLTD Dses . BFebuapzn
sk dean gbbs@rmasssieuspecon {Pheners | mEsmETIT
Prfet- | Semens ST-E00 system and P10 Cofopanel Gutetio- |aotrsez
s e ased g et oo et i e e o e ehass o e Yt curofer et i eeqed speccaton and
i s st s i 73y, 0 RSt oo s ottt S
ot et veu i o ontof S, T ot Eounent ot Mt et our s e eed A0t sl onfmatononcopsnce
e et V37, G e S o oot Ao £
PARMLEY GRAFAN. ]
G | PAAThs TESCRIPTION ERCH ™ [DISCOUNT|LINE TOTAL WWAILABILITY
T B e e A SR 2 P O
1 SESTSISTALOZOABD | 57_1500 CPLTS 13- 1PN S00KEHSME £1560.00 25007 £1,170.00| o Wfﬁké
o RSR[5 RA0 S HOGULE AR R e
2 SESTSZIEL000ABD | 57_1500 DIG P MODLILE 32X24VDC HF €30000 25007 €450,00| b Wfﬁké
1 SESTSZZIEL0T0ABD | 57_1500 DIG OIP MODULE 32X24VDC 0.54 €426.00| €313.50| W;;é
T ST A [T AL FBULE BUS o) R B
1 SESTS3ZSHFODDABD | 57_1500 ALG OIP MODULE BXUIHS €701.00| €525.75| ® Wfﬁké
G SiAE D ST PTG RAL 4 550 o
2 e o OO0 |5 SO0 FRCINT LN S 40P SERE o0 5100 Eriodk
4 [ 1o ebUs00ARy |3 SO0 CONNECTOR 600 2 I CABLE oo 500 Bk
e s ooy T 00 CONEC TR doC 4 SMCABLE e 5 Bk
TGS e FUs0ARD [T DO NEH CARD 20 erc 078 Bk
T oK SIRORA A | SCALANCE KOS ETFERNEY SwTCH Eesc) TS Ersadk
1 5AVZ1240LE020AKT | rp1a00 COMFORT PANEL 19" TFT DISPLAY £4,016.00| £3,012.00| 4 Wfﬁké
| Carings & Backaging
T ERRAGE ERem R 7 w7
NETT
: TOTAL £7,829.75]
i Piease note Due 0 the unprecedented gobaldemand and raw Component Shorages, 2 umber of our SupRIers
] _are advising of extended lead-times on certain products lines, hence our quoted lead-times may be subject to change.





image131.png
\

urRet 2565,
Your Ref. Doc SR4ZTESE2. RFQ 2018,

#.A.0.Rishara Wat.
‘Souring and Contacts Litecyoe Mansger
apial Proecs

Abbey GeneralOffces.

Tata Stasl U Lic.

Port Tabot Works.

Sa1320G.
127 way 2022
e Wats,
Quotation.
ocess Bay Workshop Mould Testing Facilty. Sur
Eiters

Lump Sum Price: £9.983.95

etk o foryour recent nquiy i connction it the shove works aad have pleasure
insubmitting our quotaton for your cousideration.

Belowis 2 summary ofth scope of work e have included forin connection vith the above.
enaiy.

L. Supply & Installaion of 1 No 8 Simplex In-line Fiter & 1 No 4" Simplex I-line Fiter
2 per Tata Project Snginers request.

2. Supply o2 No 8" P16 Flanges & 2 No 4" PNL Flanges,

5. Site nstallton & welding of addiconal fanges.
Site nsrallion ofnew e,
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| [ PRE-WORK BRIEFING SHEET |
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1]

Wame of Company or Service Dept. z

Contractors Serial
Number

Validation (14 Days Max)

3] DateFrom [4] Dateto

Description

of
Wark

Hisk Indicator
Menitoring Frequency

mgh=3mmmmm=zr] Low=1["|

Loeation
of
Work

Comments

Establish the number of men employed on contract and fevel of supervision

Name Sub-contractors to be used on the coniract

Is there a written job Methed Statement?

Is there welding, burning or other hot work? Are precautions adequate?

Are there any [ob hazards? — PRECAUTIONS TO BE TAKEN

Moving WMachinery

Working at Height

Working on or near overhead cranes (Crane sianding order)

Use of mobile cranes

Hazardous substances (Consider Asbesios)

Gaseous amosphers

Confined Spaces

Hot Metal

Pressure systems — Steam — Pneumatics — Hydraulics

Radiation / Lasers

Traffic

Elecirical

Work On Roof

Noise

Other activites in work area

Others (Hatch Remaval)

Identify the area of work and safe access and egress.
ALL OTHER AREAS ARE PROHIBITED

|

Identify escape routes and Emergency assembly points

Location of nearest telephone

iz

Protective Clothing and Equipment

1 HEAD EYES

EARS BODY

HANDS RESPIRATORY

FEET OTHERS

Good housekeeping — including safe disposal of waste

Replacement of guards and other safety devices

Establish relevant isolation and immobilisation procedures

el

{“signes Date
{Tata Steel initiator)

Signed Date
(Tatz Steei Production)

Signed Date
{Tats Steel Enginsering)

Time

Time

Time

fie]

Signed Date

i have res

wnoersiand the comments and information contained
ot Mietos Ststmment and the above prework briefing.

(Compary Rescressnezmue

15t Copy (Green) To be placed in the Production / Permit Office
1wt e o masiars of ey working party of these requirements. 2nd Copy (Yellow) To be handed to the person in charge of the working party
3rd Copy (White) To be retained by the Initiator

S 5449
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7= Stce! Strip Products
o TaimciLianwern Sites

AUTHORISATION TO WORK
CERTIFICATE

Cert No.

472604

- PESNo. |2

Name of Company or Service Department

05 o Tel. No. (Daytime) | 5 | Tel. {After Hours)

Safety Serial No.

Separtment in which
work s to be
carried out

7 | Order Number

- Description
of
Work

Risk Indicator
Monitoring Frequency

High:zﬂﬂedlum:zm Low=1r_

*  Permits/Certificatss Required

YESNO

Permit/Certificate Numbers

Permits/Ceriificates Required | YES/NO | Permit/Certificate Numbers

Grane Standing Order

High Voltage

Asmaspheric Test

Access to Elect. substation

Confined Space

Electrical app.

Site Clearance

COVEOP

Fluid Power

Jonisation Radiation

Hot Work

Road/Rait

Roof Permit

| Hatch Removal

T
o

Details of isolations, immobilisations.
and other certificates as required

in Box 9.

ful
s Tata Steel
Department Representative

Name

Designation

{BLOCK CAPITALS)

Date

Validity of Authorisation To Work

From Date

Time To Date Time

[13] Declaration By
¢ Contractors
Representatives

1 have read, accept and will comply with the safety requirements as
detailed in the Job Method Statement, Prework Sriefing and
Authorisation to Work Cartificate

Signed
Designation

Daily Authorisation
1Deing the Tata Steel authorised departmental representative
for this area, declare that the contractor is In possession of alf
nacessary permits/certificates stipuiated by this Authorisation
1o Work Certificate and has clearance to cammence work.

[1s]

T

Daily Clearance
Iieing the persan in charge of the working party, confirm that
ali personnel under my control have cleared the site, making safe
plant and squipment, have cancelled all necessary permits.

Date Time

Signature

Designation

Date | Time Signature Designation

5 CANCELLATION 1 heraby dectare that all men under my charge have been withdrawn and warned that it is no longer safe to work in the above area

o issued above have been signed off and hatch covers replaced,

]

18t Copy (Pink) To be placed in the ProductionfPermit Office

an5 that il squipment, tools and tackle are ~Allr y Permits/s
Signed Date Time.
{Coniractars Representative)

Signed Date Time

For Tata Stoel)

2nd Copy (Blus) To be handed to the person In charge of the working party
ard Capy (White) To bs retained in the Boak

$5450
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