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Abstract
The overall aim of this project is to upgrade a waste water control and monitoring system to ensure it is as efficient as possible in discharging waste water from daily processes such as chemical cleaning into chamber tanks which then pumps into an Effluent Plant for treatment for reuse or discharge to river flow.
The importance of waste water control has been researched and also the technology that goes into treating waste water to ensure it is safe to reuse or discharge into the river flow. Research into other scenarios where a similar system is in place has been carried out, whilst selection of hardware and software has been evaluated using RsLogix500 with Allen Bradley SLC 500 PLC and 1000 Series PanelView HMI.
A PLC program has been re-designed along with a Human Machine Interface (HMI) to control and monitor the tank levels, ensuring there are no overspills potentially causing harm to the environment.
An investigative approach is applied to the project, ensuring that the current system is completely understood to obtain as much information as possible in order to make it as efficient as possible.
The major findings after completing the design of the new system was that efficient control of the system is now in place monitoring true tank levels. Pumping values from each tank has improved to 96L/min and 149L/min compared to 70L/min and 112L/min in previous system.
The newly designed system now operates to the specification and enables the system to run in automatic without the worry of overspills. Future improvements could be made to the design to incorporate a bypass line from chamber 1 to the Effluent plant to make it more efficient when chamber 2 cannot take any more waste water.
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[bookmark: _Toc7692333]Chapter 1 – Introduction

1.1 [bookmark: _Toc7692334]Project Background

Throughout The Royal Mint and its coin treatment industry, many weak acids, detergents and strong acids are used widely to clean, plate or treat the blank coin to ensure that it meets the required specification for pressing into a specific  coin that is used/collected not only throughout the UK but also throughout many countries of the world. Therefore, by using wide variety of liquids it is vital that the environment does not get affected and the liquids are transported and stored in suitable chambers to contain them before disposing of them.
Due to the use of strong acids and a number of different types, it is important that the process of controlling waste liquids and the monitoring interfaces operate accurately to ensure that no liquid spills or overfills the chambers that they are stored in. 
Over the years there have been many spills and overflowing vessel chambers due to the lack of communication between the chamber levels and the user interface that monitors the condition and levels of the storage chambers. 
The main problem with the chamber waste solution system is that the levels being communicated to the user when monitoring is inaccurate. The control of the solutions is not efficient and does not operate, this may be due to changes over the years and an aged system [1].
[image: ][bookmark: _Toc7011673]Figure 1 - Chamber 1







[bookmark: _Toc7692335]1.2 Previous work related to problem

The current process that is used within The Royal Mint for the control and disposal of waste liquids is that the various process such as Medals Plating, where blank medals are dipped into various solutions from cleaning detergents to a highly diluted cyanide solution tank which is dropped on a regular basis to the localised sumps, which when full pumps into what is known as Chamber 1 where there used to be 4 tanks for various solutions to be separated and then once full, chamber 1 should pump to chamber 2 where there used to be 2 separate tanks to store the solutions. However, as time has gone on, the Chamber system has physically changed without the PLC or HMI program being designed for the new specification, resulting in the chambers not giving a true representation of the liquid levels, causing a number of concerns. 
Chamber 1 where there was 4 separate tanks for the different type of liquid being used such as:
· Acids
· Detergents
· Strong Acid
· Photography
However, due to the liquids used being highly diluted, there is no need to keep them separate, so work was carried out to utilize the 4 tanks and create 2 storage tanks where the liquids are mixed.
The same process has been applied to Chamber 2 where previously there were 2 tanks and now has been connected to utilize them to create 1 tank. The work that has been carried out is the reason that issues have continued with the chamber processes as the user interface does not correspond to the actual activity of the chamber system [1].




[bookmark: _Toc7692336]1.3 Aims and Objectives

The main aim of the project is a “PLC Upgrade of a legacy chemical control and monitoring system”. A Gantt chart has been produced to indicate each task (See Appendix A).
Project Sub-aims:
1. Critically evaluate the current process of the control, monitoring and physical system on Chamber 1 and Chamber 2 waste liquid tanks.

2. Select suitable hardware and software to complete the upgrade of the chamber system.

3. Design a control system that efficiently controls the level of waste solution in the chamber tanks and pumping system.

4. Critically evaluate the designed control system to incorporate an efficient monitoring system for the chamber levels. 

5. Comply with relevant health and safety procedures within The Royal Mint to ensure a correct procedure of upgrading the chamber system is complete.
Project Objectives:
1. Critically evaluate the current process of the control, monitoring and physical system on Chamber 1 and Chamber 2 waste liquid tanks.

i. Critically analyse current P&ID for the chamber 1 and chamber 2 process (See Appendix B1).

ii. Critically evaluate flow diagrams for the current system, familiarise aspects of the system that have changed over the years that do not correspond to documentation (See Appendix B2).

iii. Compare through investigation the physical chamber system to that of the monitoring system, clearly state differences.

2. Select suitable hardware and software to complete the upgrade of the chamber system.

i. Research the variety of ultrasonic level probes that are available to use for the required solutions.

ii. Research and select different PLCs that can be used in a control system, evaluate reason for chosen PLC.

iii. Research a number of user interface options (HMI), ensuring compatibility with selected PLC.

iv. Liaise with laboratory team to indicate the Ph level of the chamber system solution in order to select the correct hardware.

3.  Design a control system that efficiently controls the level of waste solution in the chamber tanks.

i. Design a PLC program that meets the required specification for the control of solution levels.

ii. Design a PLC program that meets the specification to control the pumping from Chamber 1 to chamber 2 whilst continually monitoring levels in tanks at both chambers.

iii. Design a program that efficiently pumps waste from Chamber 2 to the water treatment plant when chamber tanks are at a high level.

iv. Design a simulation to present to tutors.

4. Critically evaluate the designed control system to incorporate an efficient monitoring system for the chamber levels. 

i. Design a user interface at Chamber 1 and Chamber 2 that can be monitored before entering the chambers.

ii. Modify current monitoring network to install a localised monitoring system near engineering workshop to enable monitor of chambers without having to go to the chambers.

iii. Install an alarm system that alarms at localised monitoring panel when probe reaches a critically high level.

iv. Install level probes to indicate at monitor system when level is low, high, high-high, etc. 

5. Comply with relevant health and safety procedures within The Royal Mint to ensure a correct procedure of upgrading the chamber system is complete.

i. Critically evaluate process of Management of Change [1] within the Royal Mint to ensure correct procedures are carried out (See Appendix D1 for management of change document).

ii. Liaise with drawing office to upgrade P&ID when design and installation is complete.

iii. Liaise with health and safety officer to commission completed chamber system [1]. 







[bookmark: _Toc7692337]Chapter 2 – Background Research

The upgrade of the waste solution chamber system has been put in place to overcome problems of over spills and inaccurate level readings when storing solution before it gets to the water treatment plant.
Throughout this project, the current process for the chambers will be researched along with the hardware and software that will be selected in order to achieve an efficient and working upgrade to the chamber system. Similar problems will be researched. 
What are the options that are open to the problem?
Option 1: Contact an outside contractor to install a completely new chamber control and monitoring system.
Option 2: Leave chamber system as it is, manually pumping away solution when level has been manually observed.
Option 3: Upgrade and design new control and monitoring system internally.
Option 3 has been chosen, the reason for this is that leaving the chamber as it is will never solve the problem and is highly inaccurate and inefficient. The first option would not be sufficient due to the cost of the project if an outside contractor was to completely install a new system as well as their labour would be too high. Therefore, by continuing with option 3 it means that the only cost to The Royal Mint is purchasing a new ultrasonic probe and potentially new hardware and software if existing PLC is not utilized [1]. 






[bookmark: _Toc7692338]2.1 – What is water treatment and why do we do it?

The definition of water treatment is the
“Process for enhancing the quality of water so that it meets the water quality criteria for its fitness for the intended use.” [2]
Water treatment is used for multiple reasons, whether it is for drinking, river flow maintenance, industrial water supply, etc. [3] in this case, the intended use is for industrial water supply/treatment prior to water being dumped into river flow.
Each water treatment system varies depending on the industrial requirements. Many technologies that make up the treatment systems can be similar. The most common and used industrial water treatment systems are [4]:
· Raw water treatment systems
· Boiler feed water treatment systems
· Cooling tower water treatment systems
· Wastewater treatment systems
For this particular application, wastewater treatment system will be researched into as the same system is used within the industry.
[bookmark: _Toc7692339]2.1.1 – What is a wastewater treatment system?

A wastewater treatment system dumps the waste water from industrial applications whether that be chemical waste or normal water waste, into an effluent plant that can either be reused or safely disposed to river flow after treatment [4]. 





The reason that wastewater treatment has to take place is that the contaminants that are present in the waste stream line result in the water not practical for reuse or for discharging into the environment. The wastewater treatment system generally treats for:
· Metals
· Synthetic Chemicals
· Detergents
· Nitrates
· Biochemical Oxygen Demand (BOD)
Therefore, the reason that the wastewater is treated is to avoid harming the environment, human health and the industrial equipment the water is used in, processes and effecting the end product (especially if water is reused) [4].
By treating the wastewater, the industry will avoid potential fines and legal action from the environment agency if the wastewater is not treated correctly for its intended use. 
When producing waste that can be potentially hazardous, there are regulations that are required to be met. According to gov.uk [5], the industry producing hazardous waste have the responsibility to meet the requirements when treating or storing hazardous waste. The waste that is classed as hazardous includes:
· Asbestos
· Chemicals 
· Solvents
· Oils
These are examples of what the wastewater contains within The Royal Mint so this guideline needs to be followed.
Also, if treating wastewater that includes metals and metal alloys, what is called a T3 waste treatment exemption registration needs to be completed with other authorities complying with Environmental Permitting (England and Wales) Regulations 2010 [5].

[bookmark: _Toc7692340]2.2 – How is waste water treated?

The process of a wastewater treatment system in an industrial environment can vary from one installation to the next, the most common steps in a wastewater treatment system is as follows [4]:
Clarification – This is the first step of wastewater treatment which tends to be a multistep process which is used to speed up the removal of metals, silica and other solids from the waste. This step can contain a series of reaction tanks which removes the stated particles by chemical addition, coagulation, flocculation, sedimentation, then followed by filtration [4]. This step is vital for removing any particles, especially if the particles are of high values, such as gold, silver, etc. which applies for this particular application in The Royal Mint.
The coagulation-flocculation step is a chemical water treatment technique that is used to allow the solid particles within the water to bond together so that when the sedimentation/filtration stage takes place, the solid particles are all bonded together to enable the removal of these particles completely.
[image: Process of Coagulation, Flocculation and Sedimentation]The coagulation stage destabilises the particles’ charge by the addition of coagulants with the opposite charge to the suspended solids in the water. So that once the charge is neutralised, the suspended particles are then capable of sticking together. The larger particles formed through the process are called microflocs and are too small to be seen by the naked eye. Therefore, a high-energy, rapid-mix is used to disperse the coagulant throughout the water to enhance the particles sticking together.[bookmark: _Toc7011674]Figure 2 - Coagulation - Flocculation Process [13]


Figure.2 shows that once the coagulation stage has been completed, the flocculation process enhances the size of the solid particles further. By using a gentle mix, the particles are brought into contact with each other and these collisions result in the particles bonding together, producing manageable size particles for it to settle at the bottom of the tanks, ready for separation and filtration. Collisions between particles occur and the interaction with inorganic polymers formed by the coagulant enhances the process [6].

Disinfection – Is a key aspect to the wastewater treatment process in industry as microorganisms in wastewater can cause serious harm to the environment and cause many serious health issues. When wastewater contains bacteria, viruses or any other microorganisms and is released into the environment, it can spread diseases, hence why this stage of the process is vital for meeting regulations and producing safe water [4].
Softening – This step is used when the water used in the system has a high hardness. Therefore, a lime softening step can be added to reduce the mineral content. By adding lime into the system to raise the Ph level which helps the mineral particles to be removed from the solution [4]. 
Special Processes – In order to meet the wastewater regulations and the specific needs required for the system, in some cases, these special process steps are introduced in order to remove certain metals from the solution to fully meet the end result and gather certain materials.
Distribution - This is the final step and is the distribution to either route the treated water back into the supply chain of the system to be reused, or to simply discharge the water into the river flow.





[bookmark: _Toc7692341]2.3 – Research into similar field

There are many companies around the globe that are controlling wastewater levels within industries as there are many regulations that require compliance with when dealing with wastewater treatment and disposal, almost every company that uses water in its production processes. 
Following on from this are a few case studies of what other companies are doing to control the levels of waste water within their industry, whether it be wastewater going in for treatment to be used as drinking water, reused in production or simply disposed of into the river flow.















[bookmark: _Toc7692342]2.3.1 – Case 1 – S.J Controls ltd

Site: Llanharry
[image: ]Description of site: SPS in fenced off area, near a public car park. Site had two foul pumps and a static wave screen.[bookmark: _Toc7011675]Figure 3 – S.J Controls ltd [7]


Description of operation: Excess effluent from wet well weirs into a storm chamber, the chamber then rises through a wave screen and out through the outfall.
The hardware that has been used in this process is:
· Seprol Telemetry
· Pulsar ultrasonic level probe
· Span Level: 2.52m
The ultrasonic level probe sends a signal to the pulsar controller which communicates with telemetry to monitor the rising level in the chamber. Once the level reaches a particular height (0.620m) for 75% level rising and 0.820m for 100% level rising [7]. 
This ensures that if for any reason the pumps fail to operate, the high level will alarm and ensure that it can be seen.
[bookmark: _Toc7692343]2.3.2 – Case 2 – PPG Industries

PPG industries specialise in paints used for automobile refinishing. Therefore, their wastewater of solutions include the pains being used, which can be harmful for the environment. In this case, the wastewater treatment system would be used in their process to ensure that any of the water being reused or discharged to river flow is safe to do so.
In response to the Buncefield disaster which was an overflow disaster which resulted in an explosion on a particular site, PPG industries implemented a level control system for their processes to comply with regulations and ensure that this did not happen in the future as the paints used can be flammable or explosive.
The system that PPG industries use utilises TIA control with Siemens technology to control the level of their chambers [8]. 
Hardware used: In this application, the SITRANS LVL200 level probe is used. It is a vibrating level switch used for all liquid and slurries. 
The SITRANS LVL200 can be used to control the overflow of a chamber, high, low levels and also demand applications. It has a range of 0.4m up to 4m meaning it is suitable for large chamber applications.
The SITRANS LVL200 works by the turning forks on the probe turning at a frequency of approximately 1200Hz, when the forks get affected by the medium, the change in frequency of the turns is evaluated which can state the level in the chamber [9].






[bookmark: _Toc7692344]2.3.3 – Case 3 – Vega research

This case study is indicating how level control can be used in wastewater treatment utilising vega products. 
[image: ][bookmark: _Toc7011676]Figure 4 - Level control using Vega [10]










Hardware used: VEGAWELL 52 submersible level sensor (in figure 4). An alternative to the submersible level sensor is the VEGAPLUS WL 61 non-contact level measurement device. In order to monitor the level and to display the pump control, a VEGAMET 391 is used [10].
Figure.4 shows a chamber with a rising water level. Inside the chamber, there is a pump which operates when the level indicates being high. Once the level drops lower than the submersible level sensor at the bottom, it operates a switch to switch off the pump to prevent it from running dry.
Using the non-contact level prove at the top of the chamber, the level in the chamber can be monitored as well as demand pump operation when the level reaches a particular height.


[bookmark: _Toc7692345]2.3.4 – Case 4 – Pump room control

Again using Vega products. This case research indicates how the Vega products can be utilised to protect the pump room from flooding, which results in pumps becomes submersed in wastewater, damaging them and potentially releasing harmful solutions into the environment.
[image: ][bookmark: _Toc7011677]Figure 5 - VEGASWING 61






As per figure.5, using the VEGASWING 61 point level detection sensor, the pumping room can be protected against flooding as if, the worst case scenario the level probes fail inside the chamber, resulting in overflowing solution from the chambers into the pump room. The VEGASWING 61 will then detect a high level in the pump room which can operate a localised pump to pump the solution out of the pump room into a chamber. This means that the pumps will not be submersed in solution and damaging them [11]. 








[bookmark: _Toc7692346]2.4 – Chamber 1 and Chamber 2 Current System

From conducting research into the Chamber system at The Royal Mint, enough information was obtained to produce a basic block diagram of the process starting with localised sumps and ending up in the Water treatment plant. 
Plating Room



Casting Room




Blank Preparation



Chamber 1




Chamber 2




Water Treatment Plant





Block diagram showing the steps that the waste solutions flow through. The Plating room uses solutions such as demineralised water, diluted acid and cyanide which dumps its waste to localised sumps pumped into chamber 1. Casting and blank preparation both mainly use demineralised water and some cleaning agents which gets pumped also into chamber 1, which when full pumps over to chamber 2 before getting treated at the water treatment plant.

Upon researching the chambers there were a number of specification details that had to be clarified to ensure the upgrade of the system can incorporate everything to ensure all parts of the system are compatible and that the project is in fact achievable. The specification details of each tank are as follows:


2.1m


2.2m





[bookmark: _Toc511903051][bookmark: _Toc7011678]Figure 6- Chamber 1&2 Tank Specification


Each tank has a 7500 litre capacity. There are also specification details on each of the pumps that are used in chamber 1 and chamber 2, as follows:
Chamber 1 pump specification:
· Capacity – 10m3/hr @ 16.5m head
· Pump Details: HG32-16E 020 142+Y3
· Shaft sealing by single mechanical seal TC/TC/PTFE
· Pump complete with IE1 1.5kw, 2900rpm, electric motor to a protection of IP55
Chamber 2 pump specification:
· Capacity – 10m3/hr @ 46m head
· Pump Details: RS 32-20C 075 142+Y3
· Shaft sealing by single mechanical seal TC/TC/PTFE
· Pump complete with IE1 5.5kw, 2900rpm, electric motor to a protection of IP55.
[bookmark: _Toc7692347]2.4.1 – Current Human Interface design

[image: ]As the figures below show, the HMI screens are not a true representation of the physical chamber systems as there are only two tanks in each chamber and not four in one. [bookmark: _Toc7011679]Figure 7 - Chamber 1 incorrect monitoring level









[image: ][bookmark: _Toc7011680]Figure 8 - Incorrect monitoring of pump operation



Figure 7 shows that the monitoring system of the current wastewater system are incorrect as there are only two tanks in each chamber which are connect to each other to in essence make one tank.
Therefore, the HMI screens will need to be re-designed to correctly monitor the chamber levels and the number of tanks in each chamber. 
[image: ]Figure 8 shoes that there are 8 pumps altogether which is incorrect as there are only two pumps in each chamber. This will also need to be re-designed.[bookmark: _Toc7011681]Figure 9 - Chamber 2 current


Figure.9 clearly shows that the system is currently not correct as the tank level is showing 7506L which is over 100% of the tanks’ maximum capacity, but still only showing 85% full, which is not correct.
It also shows no alarm saying that the tank level is high which potentially means that an overspill could occur.


[bookmark: _Toc7692348]2.4.1 – Current flow values

The current flow rate of the pumps were tested by using the following process:
· Switch off pumps
· Leave the tanks fill up to a level
· Take note of the current level
· Operate pumps for 1 minute
· Take note of tank level after 1 minute
The current flow values of the system when the pumps are operating are as follows:
Pumping values from Chamber 1 into Chamber 2:
	Chamber 1–Chamber 2
	Level at start
	Level after 1 minute
	Total flow rate

	
	1850
	1920
	70L/min


[bookmark: _Toc7011710]Table 1 - Chamber 1 to Chamber 2 current flow rate


Pumping values from Chamber 2 into Effluent plant:
	Chamber 2–Effluent plant
	Level at start
	Level after 1 minute
	Total flow rate

	
	2350
	2238
	112L/min


[bookmark: _Toc7011711]Table 2 - Chamber 2 to Effluent plant current flow rate








[bookmark: _Toc7692349]2.5 – Research into Ultrasonic level probes

For the chamber system, a non-contact ultrasonic level probe is required. A non-contact ultrasonic level probe works by “sending” an ultrasonic beam to the liquid surface, which then receives an echo back which translates the analogue signal into a digital representation of the distance between the probe and the liquid solution [1].
[image: Ultrasonic Level Transmitter]






[bookmark: _Toc511903052][bookmark: _Toc7011682]Figure 10 Ultrasonic Level Probe [6]


The ultrasonic level probe requires the correct “IP” rating for the environment it will be used in, it is also important to choose a level probe that is able to operate in the ranges that is required. The requirements for the level probe are:

	Requirements
	Non-Contact ultrasonic level sensor

	Operating Range
	Capable of over 2m

	Input
	24VDC

	Output
	4 – 20mA


[bookmark: _Toc7011712]Table 3 - Ultrasonic level sensor specification





There are a number of ultrasonic level probes available to use for the monitoring of the chamber levels:
[bookmark: _Toc7692350]2.5.1 – Siemens “The Probe”

The probe is an ultrasonic level transmitter that has a short range integrated within, making it ideal for liquids, slurries in open and closed chambers [13].
The probe is easy to install and can simply be removed for cleaning etc. The reliability of the ultrasonic level sensor is based on echo processing which integrates a filter within the component to determine the true echo and false echo, in order to give an accurate measurement. 
The probe measures the level within a chamber by monitoring the time it takes for the temperature-compensated signal to hit the material and return back, this is then converted into a distance within the device and can be monitored [13].
[image: https://w3.siemens.com/mcms/sensor-systems/SiteCollectionImages/pi/productpics/theprobe_z.jpg][bookmark: _Toc7011683]Figure 11 - Siemens "the Probe" [13]









Key applications for this unit are:
· Chemical storage vessels
· Liquid storage vessels
· Mud pits
· Filter beds
Making it a suitable component for this application. The specifications for this probe are shown in table 2.
[bookmark: _Toc7692351]2.5.2 – Vegason 61

The Vegason 61 ultrasonic sensor is used for continuous level measurement and it can be used for applications such as liquid storage tanks and bulk solids in small vessels [14].
This ultrasonic sensor can be used in storage tanks and open basins. It offers the benefit of maintenance free operation through non-contact measuring principle.  
[image: https://www.vega.com/-/media/images/products/sensors/f-sn61-fuellstandmessung-ultraschall-vegason61-v01.png?mw=800&mh=800&hash=8A42A122473CE985B1AF70D4793426258F36DC8B][bookmark: _Toc7011684]Figure 12 - VEGASON 61 ultrasonic level sensor [14]












The VEGASON 61 device sends an ultrasonic pulse towards the medium which is then reflected back to the sensor. The measuring device calculates the level in the storage chamber from the time it takes for the sound wave to hit the medium and return to the sensor, this is then converted into a distance [14]. Again, specifications on this product can be found in table 2. 





Vega also offer a variant to this device VEGAPLUS 61 which is ideal also for wastewater solutions.
[image: https://www.vega.com/-/media/images/products/sensors/f-pswl61-der-spezialist-fuer-die-fuellstandsmessung-von-wasser-und-abwasser.png?mw=800&mh=800&hash=15688F8E18A44223F7A90AA5F6BCF1D9664958B4][bookmark: _Toc7011685]Figure 13 - VEGAPLUS 61 ultrasonic level sensor [10]












This ultrasonic sensor operates in the same principle as the VEGASON 61 but has a measuring range of up to 15m.










[bookmark: _Toc7692352]2.5.3 – UCL-510

The UCL-510 ultrasonic continuous level transmitter is a non-contact ultrasonic level sensor which is ideal for monitoring liquid measurement levels. The sensor is built for small tank operations and features no moving parts, meaning it can be maintenance free [15]. 
Due to its non-contact operation, the sensor can be used in corrosive and dirty environments. Its general applications are:

· Water and Waste water
· Control automation
· Chemical Feed systems
· Food and Beverage
· Acids, Inks and Paints
· Slurries

[image: Continuous UCL-510 Series][bookmark: _Toc7011686]Figure 14 - UCL-510 Ultrasonic Level Transmitter [15]













	Brand/Model
	Siemens
	Vegason 61
	UCL-510

	Range
	0.25m – 5m
	Up to 5m
	Up to 1.25m

	Process Temp
	-40 to 60°C
	-40 to 80°
	-7 to 60°C

	Input
	18 – 30VDC
	14 – 36VDC
	24VDC

	Output
	One relay, 4 – 20mA
	4 – 20mA
	4 - 20mA

	IP Rating
	IP65
	IP66
	Not stated

	Error in measurement/
Accuracy
	0.25% of measuring range
	± 10mm
	± 3mm

	Cost
	£783.90
	£1,066
	$748.00


[bookmark: _Toc7011713]Table 4 - Comparison of ultrasonic level sensors


The ultrasonic level probe that will be used for the application is the “Siemens THE PROBE”. The reason for this is because it meets the specification for all of the requirements (See Appendix C1 for data sheet) such as the operating range is suitable for the application it is being used in as well along with the process temperature the probe will operate at. The accuracy of this level probe is also suitable for the application.
The Siemens ultrasonic level probe is set at a cost of £783.90.













[bookmark: _Toc7692353]2.6 – Control system level probes to operate pumps

As the ultrasonic level probes are there purely to indicate the exact live level in the chambers, in order for the level to be controlled efficiently, there is 5 level probes in order to operate the pump or stop the pump. The levels are:
· Low Alarm Level (Pump not running)
· Low Warning level (Pump not running)
· Normal operation
· High warning level (Pump running)
· High alarm level (Pump running)
To ensure that the high alarm level has the least chance of being reached, the high warning probe will be set significantly lower to ensure that the amount of waste water coming into the tank does not overwhelm the system and cause an overflow.
[image: E13A Multi-Electrode Holder]The level probes that will be used are the Hawkers E13A Multi-Electrode Holder probe, which contains 5 electrodes, to indicate high and low levels and alarms, to control pumping operation [16]. The level probe also has a longest probe of 3m which is sufficient for the application. 








[bookmark: _Toc7011687]Figure 15 - E13A Multi-Electrode Holder probe [16]


When ordering the lengths required are specified to the requirement of the customer.
[bookmark: _Toc7692354]2.7 – Programmable Logic Controllers and Human Machine Interface

There are many PLCs which are an option to use for this system such as:
· Siemens
· Allen Bradley
· Omron
· Mitsubishi

Below is a table of the PLC hardware and the required software:
	PLC
	Siemens S7
	Allen Bradley SLC 500
	Omron
	Mitsubishi

	Software
	TIA Portal
	RsLogix 500
	CX-Programmer
	GX Developer FX

	HMI
	Simatic HMI series
	PanelView 1000 Series
	Omron NB Series
	GOT 2000/1000 series


[bookmark: _Toc7011714]Table 5 - Table of PLC, HMI and software options


Within The Royal Mint, there are only two main PLCs that are used throughout the company; these are Siemens and Allen Bradley. The most widely used PLC throughout the company is the Allen Bradley SLC 500, for this reason for this upgrade the SLC 500 will be utilized and used. 
Due to using the SLC 500 the corresponding HMI to use is the Allen Bradley PanelView 1000 Series, this will also be utilized as the software is already available for both the PLC and the HMI.






[bookmark: _Toc7692355]2.8 – Conclusion of Research

To conclude the research chapter, from the research carried out on wastewater systems, hardware/software suitable for the application, current processes of The Royal Mint and the technology that goes into treating wastewater. 
It has clearly evaluated that monitoring and controlling the levels of wastewater in chambers is vitally important to a company, especially when chemicals and metal alloys are used and disposed of in the waste water system. 
There are many regulations to comply with when dealing with wastewater, such as the control and storage of waste water and the treatment of waste water whether that be to reuse or to discharge it into the river flow.
The reason that it is vitally important that this design is carried out is that the problem lies within the chamber system prior to the waste water getting treated. Therefore, meaning that any spills of releases to the environment from these chambers are more likely to cause harm to the environment and human health. So it is important to complete this to control the harmful waste water, to safely deliver it to the on-site water treatment plant to carry out their processes.
[bookmark: _Toc7692356]2.8.1 – Advantages/Disadvantages of chosen hardware

In this sub-section, the advantages and disadvantages of the chosen hardware being used for this design will be evaluated.
[bookmark: _Toc7692357]2.8.2 – Siemens “The Probe” Advantages/Disadvantages 

Advantages [13]:
· Ideal for liquid storage vessels
· Ideal for chemical storage
· Easy to install and maintain
· Uses echo processing algorithms filters out false echo
· Suitable range for application
· Accurate and reliable
· Has dry run protection
Disadvantages:
· The lower limit of 0.25m sensing potentially a problem if tank is full (won’t read if level is too close to sensor).
· Costly
[bookmark: _Toc7692358]2.8.3 – Allen Bradley SLC500 PLC

Advantages:
· Widely used throughout site
· PLC available for utilisation so lowering cost
· Low maintenance

Disadvantages:
· Not the newest available model

[bookmark: _Toc7692359]2.8.4 – Allen Bradley PanelView 1000 Series

Advantages:
· Used throughout site 
· Low cost as utilise HMI that is already available
· Compatible with PLC, ease of setting up and designing
Disadvantages:
· Not the newest available model
· Not as familiar compared to other models




[bookmark: _Toc7692360]2.9 Advantages/Disadvantages of chosen software

The advantages of using RsLogix 500 is that the software is already utilised in many applications throughout site, meaning that there is a knowledge of how to program and write ladder logic for its application. 
This results in low cost as there is no need to purchase PLC, HMI or software license. It is also compatible with the hardware being used.
The only disadvantage of using this software is that compared to TIA portal used by Siemens PLCs, the familiarity of designing a program are not as good.
After research of the hardware and software available, the decided components and software have been highlighted in table 1 and 2 to clearly show what is going to be used in the design.















[bookmark: _Toc7692361]Chapter 3 – Methodology

[bookmark: _Toc7692362]3.1 – Research Onion

[image: Research onion]To clearly indicate the research method that will be applied throughout the project, the research onion [1] will be followed.[bookmark: _Toc511903053][bookmark: _Toc7011688]Figure 16 Research Onion [2]


Starting with the first layer, the method that will be followed is positivism, I have chosen this method as positivism implies that the only facts are gained through observation which means that the research findings can be observed and that the findings are true [3]. 
A deductive approach will be applied due to the fact that this project is based upon a positivism philosophy where the outcome will be true which means that from this project a confirmation can be gained once the upgrade has been completed.

The strategy that will be used throughout the project will be action research as in order to upgrade the chamber system, the current system will need to have a thorough action research to completely understand the system to upgrade. It also is the strategy applicable to this project due to action research requires identifying a problem, planning, taking action and evaluating a specific topic [4] which directly applies to this project.
The research choices that will be included throughout the project is multi-method due to the research produced on this project will include meetings with a number of people to gain more understanding of different procedures such as management of change and then also meetings to understand flow diagrams etc.
Cross-sectional research will be applied throughout the project due to the research information carried out is available at any time and the project will not involve studies over a period of time.
Finally, the data collection methods that will be used are sampling and observations, this is because the chambers current control system will need to be observed along with the monitoring system to ensure that when the upgrade is being carried out, they correspond to each other. Also, sampling will be required as the hardware used such as the level probes will need to be able to operate in the solution which is being put into the chambers so a sample of the solution will be taken to gain a Ph level in order to select required hardware.








[bookmark: _Toc7692363]3.2 – Research Method

The research methodology that is intended to be used throughout this project of upgrading the waste solution chamber control and monitoring system is investigative as throughout this project the waste solution chamber system at The Royal Mint will be investigated thoroughly to ensure that a complete understanding of the process currently in place is achieved in order to design an upgraded system to be as efficient as possible eliminating the regular occurrences of overspills from the chambers and ensuring a true monitoring system that can be monitored in a number of places, locally and at the chamber entrance. 
Not only will the chamber system be investigated but also a number of ultrasonic level probes, PLCs and user interface hardware and software will be investigated to ensure the hardware/software being used can actually carry out its job. The investigative method will be used because it is the only method that will ensure sufficient understanding will be obtained from the current process in order to complete the design and upgrade. The advantage of this method are that it will enable correct selection and erection of hardware to be used with the solutions that are currently being put through the waste chamber system.
The hardware that is required will need to have a certain “IP” rating to ensure that it can operate in the conditions it is being used, therefore the ultrasonic probe will require an IP rating of IP68 as the chamber always has the potential to overflow if components fail or breakdown which would submerse the probe. 
The software that will be used is RsLogix 500, this is due to utilizing the hardware/software that is already available and widely used in The Royal Mint. The PLC hardware will be Allen Bradley SLC 500 which requires RsLogix 500 software to control it using ladder logic. 



[bookmark: _Toc7692364]3.3 – Advantages and Disadvantages of Research Method

The advantages of the research method that has been evaluated are as follows:
· Most cost-effective way will be achieved by utilising the components readily available on-site.

· By using an investigative approach, research on the physical process currently on-site can be evaluated and an upgrade can be designed.

· The investigative research will also provide specifications on the hardware required, as close attention to the IP rating on components will be required as potentially corrosive substances may be in the wastewater.

· Using cross-sectional research means that all aspects of the system including hardware/software, technologies etc. can be evaluated at once and no research over a period of time will be required.

· Sampling and observations will be used for data collection as samples of the solution will be required to indicate that certain IP rated components are required. Also observations of the pump flow rate in the current system will be required to compare against when the upgrade is complete.

The disadvantages of the research method are:
· By not using a longitudinal approach for the time horizon, it means that the results may not experience the pumping times for a variety of wastewater solutions including different materials.




[bookmark: _Toc7692365]3.4 - Costings

The cost of materials for the project are as follows. This includes the hardware required as the software is already available on-site.
The Siemens “The Probe” is a set price of £783.90 for the unit. 
However, the Hawker E13A Multi-Electrode has a price of £84 for the unit head plus £11.20 per metre of electrode required. 
As the Electrode lengths required are:
Common – 2m
Low Alarm Level – 1.75m
Low Level – 1.5m
High Level – 0.75m
High Alarm Level – 0.4m
Total required length is 6.4m therefore the price for the electrode would be £71.68. Meaning that the whole unit would cost £
	Part
	Siemens “The Probe”
	Hawker E13A Multi-Electrode 
	Allen Bradley SLC500
	PanelView 1000 Series

	Cost
	£783.90
	£155.68
	Available on-site
	Available on-site

	Total Cost
	£939.50


[bookmark: _Toc7011715]Table 6 – Costings of materials required









[bookmark: _Toc7692366]Chapter 4 – Design, Implementation, Testing and Analysis

[bookmark: _Toc7692367]4.1 – Design Process

When designing a system, whether that be for development or a complete new system. The Royal Mint requires a Management of Change to be carried out before starting, stating what it is that is being suggested to be completed and how it will be completed. This needs to be carried out throughout the design and implementation, overcoming any safety aspects and design issues.
The design process is as follows:
· Identify solutions for a problem
· Chose one solution and evaluate
· Open Management of Change document stating problem, solution, deadlines etc.
· Determined who is carrying out the work and who is in charge of the task and determined who will be the acceptor of the project.
· Project requirements to be stated and any regulations needed to be complied with such as BS EN 60204 (panel wiring regulations), BS7671 (Wiring regulations), etc. 
· Produce Gantt chart of whole project
· Carry out tasks and update Gantt chart as project proceeds
· Design a prototype for the suggested project to include software code, hardware choices and evaluations.
· Write code, implement design, testing including acceptance test.
· Sign off management of change and any other documentation required.





[bookmark: _Toc7692368]4.1.1 – Project Requirements

The project requires that the wastewater control and monitoring system is upgraded to ensure that the most efficient process of carrying the wastewater to the effluent plant to be treated before being discharged into river flow.
This requires to be done by designing a new software and hardware process that controls and monitors the system, to prevent any pumps from being damaged, any chemical spills or wastewater spills happening on-site and potentially causing harm to the environment and equipment.
The requirements are as follows:

· Chamber levels human interface software to be designed to the physical existence of the chambers, being two tanks in Chamber 1 and two tanks in Chamber 2.

· A level indicator to clearly show the live wastewater level inside each of the chambers to be monitored.

· An automatic control system which efficiently controls the levels inside the chambers to prevent overflows.

· Warnings and alarms to be sounded in the case that the chamber level reaches a warning level and an alarm level.

· Process to stop pumping wastewater when the level is at a sufficient low level, to not burn pumps out.

· To achieve the closest to maintenance free pumping rooms as possible.



[bookmark: _Toc7692369]4.1.2 – Interface Design

The human interface design consists of a number of screens which include the main screen clearly indicating the live tank level in the given chamber, with the option to navigate to remotely access the tank level in Chamber 1 and chamber 2. 
[image: ]As the tanks’ maximum capacity is 7500 Litres, the HMI screen will show the level in the tank up to this value in litres and a percentage of the full tank capacity as shown below, chamber 2 is used as an example with the re-designed HMI screen.[bookmark: _Toc7011689]Figure 17 - Re-designed chamber 2 tank level

 












Figure 17 shows clearly that there is now only one tank in chamber 2, giving the correct level in the tank. As this show was taken during testing, the screen shows that the level is currently being pumped out to the effluent plant. 
This layout of the HMI screen was used for both of the chambers, clearly showing that there is only one tank in each, the operation of the pump and the tank level indicators.

[image: ]The re-designed screens now clearly shows the conditions of the tank room and the pumping room, also indicating the extraction operation in the chambers. [bookmark: _Toc7011690]Figure 18 - Tank room and Pump room sump and extraction

Figure 18 shows the live operation of the extraction fans along with the current operation of the tank room and pumping room sumps, this is vital to the project in order to not only protect the pumps from being submersed by wastewater and being damaged, but also to ensure that the extraction is in operation before any personnel can enter the chambers.
The reason for this is to ensure that before any personnel enter the chamber, the room has been extracted of any potentially dangerous substances being ingested.
The rest of the screens can be found in Appendix H.





[bookmark: _Toc7692370]4.1.3 – Software Design (PLC Ladder Logic)

The language that the system was designed in was ladder logic using RsLogix500 as stated previously. 
The first step required when designing the PLC program is to obtain all of the information from the PLC’s physical connections to produce an I/O list to work on. 
This was found using the old program for the chamber system and using the same Input and Outputs but re-designing the program. 
The program operates as follows:
· System Normal
· E-stops healthy
· Warning/Alarms healthy
· Wastewater dumped from localised sumps into Chamber 1 tank.
· Level rises above normal operation, monitored and shown on HMI screen such as figure 16.
· Pumps operate to pump wastewater to chamber 2 and level monitored in both chambers. 
· Pump operation monitored on HMI
· Low level reached on chamber 1 tank, pump stops warning level reached.
· If alarm level reached, sound and stop pump.
· Chamber 2 fills to above normal operation level, pumps operate and pump to effluent plant for treatment.
· Chamber 2 low level warning reached, pump stops.
· If low alarm level reached, sound alarm and stop pumps.
· Level continuously monitored for exact value from ultrasonic level probe.

A PLC structure diagram can be found below along with snippets of the program code.
[bookmark: _Toc7692371]4.1.4 – Flowchart of PLC program
[image: ][bookmark: _Toc7011691]Figure 19 - PLC flowchart




[bookmark: _Toc7692372]4.1.5 – Prototype (simulation)

For prototype purposes, PLC ladder program has been designed using TIA portal for a Siemens S7 PLC along with a SIMATIC HMI. This is for simulation purposes only in order to present an example of how the system designed works.
The simulation will be operated using a conveyor jig system that is available in a PLC lab where:
· The potentiometer is used to represent the water level which is shown on the HMI screen

· Once high levels are reached using the potentiometer, the conveyor starts (to represent the pumps operation).

· Once the conveyor starts, the potentiometer will be turns down to represent the water level being pumped away, also shown on the HMI screen.

· Low level reached on the potentiometer, stopping the conveyor, meaning that the pumps stop.

· Warning/alarms will be visualised on the HMI screen when the high level or low levels have been reached, along with an emergency stop button for safety reasons.
Following on are snippets of the PLC program designed for the simulation.






[image: ][bookmark: _Toc7011692]Figure 20 - PLC simulation design
















Figure.20 is showing the operation of the pumps from the simulation designed. When “warning 4” in network 1 is made, which is the tank high level of 6375 litres, the conveyor will start which represents the pump operation to pump away wastewater.
Network 2 is stating that when any of the warning or alarm conditions are met, a warning or alarm LED will indicate on the HMI to show the level has reached either a low or high level.







[image: ][bookmark: _Toc7011693]Figure 21 - PLC simulation showing low and high levels

Figure.21 is showing the conversion of an analogue input into producing a real value in litres up to 7500L to represent the water level in the tank.
Also shown are the default values for the low level warning/alarm and the high level warning/alarm. 
This operates as if the level reaches 2500 litres, the pumps will stop and the low level warning LED will indicate. If the level reaches 750L then the low alarm will sound and indicate.
If the tank level reaches 5500L, the high level warning LED will indicate and the conveyor (pump) will operate pumping the water into chamber 2 or effluent. A level of 6500L will result in a high alarm.


[image: ][bookmark: _Toc7011694]Figure 22 - Comparators on simulation

Figure.22 is simulating the comparators used. Showing basically what conditions need to be met for the warning and alarm outputs to be made, which also means the conditions made to operate pump.
The tank levels that operate the pumps are:
Tank level low alarm – <750L
Tank Level Low Warning – 750 – 2500L
Normal operation (Pump still running if been high prior) – 2500 – 5500L
Tank Level High Warning – 5500 – 6500L
Tank Level High Alarm - >6500L
[image: ][bookmark: _Toc7011695]Figure 23 - HMI simulation screen


Figure.23 shows the HMI screen which is run through the prototype simulation designed for presentation purposes. 
It shows the tank levels which are live to the moving level (operated by the potentiometer), the tank level value is also shown along with the alarm and warning indicators.
There is a manual stop button and an emergency stop.












[image: ][bookmark: _Toc7011696]Figure 24 - Engineers limit set screen

[image: ]Above shows the limits that are set for the low warning/alarm and the high warning/alarm. Where if the value goes below or above these limits, the pump will operate or stop respectively.[bookmark: _Toc7011697]Figure 25 - Error screen


The error screen on the simulation clearly shows what alarm or warnings have occurred from the tank level.
[bookmark: _Toc7692373]4.2 – Implementation Process

Throughout this section of the report, each step of the implementation process will be shown, starting with visuals of the PLC program that was designed and implemented into the PLC of the waste water system, description of the software testing, system testing, usability (HMI) testing and acceptance testing. There are many documents that need to be signed off when designing and implementing a system in The Royal Mint, such as:
· BS EN 60204 Document – Panel Wiring Regulations check sheet (See Appendix F)
· Management of Change document (See Appendix F)
· Commissioning document (See Appendix F)

[image: ][bookmark: _Toc7011698]Figure 26 - Siemens "the probe" installed













Figure.26 shows the system was implemented starting with installing the hardware required to allow the PLC program to run the process effectively.

[bookmark: _Toc7692374]4.2.1 – Snippets of PLC program

Below are a number of PLC program snippets to show the general ladder program designed. To find the full PLC program see Appendix G. 
[image: ]Note: PLC program design to also be credited to Gareth Thwaite and Ricky McDonnell who, when needed help, gave assistance on designing the PLC program.Figure 27 - PLC program operation






[image: ]Figure 28 - Pump operation on PLC

[image: ]Figure.27 and Figure.28 shows the basic operation of the pump control. Where it clearly shows that if the duty pump level probe is reached, which the high level is. Providing that the other contacts have been made such as “tank A2 pump 1 is OK to run in auto” and that the pause push button has not been pressed, the contactor to operate pump 1 will close and operate the pump. Throughout the program there are many contacts which check that the circuit breakers, isolators and pump control switches are OK and are in auto, allowing it to run. The same format is used for operating the pumps in both chambers.Figure 29 - Control room pump out request


Figure.29 shows a ladder rung that if tank A2 level is greater than “source B” and the pump is OK to run in auto, then the control room will request to pump waste water out of tank A2, this bit can be seen in figure.27 also, where it is used as a bit to also control pump 1.

[image: ]Figure 30 - Sub-routines used for Alarms and Chambers









[image: ]Figure.30 shows that instead of having one long ladder logic PLC program, the main program includes subroutines which jump to alarm sections if necessary to ensure that they are healthy or not and also for the operation of both chambers. Figure 31 - Alarm bits

Figure.31 clearly shows that when an alarm operates, the bit controls the tank alarms and can be seen on the HMI and sounder.
Note: The alarm PLC program was re-designed using the existing program. Therefore, the previous bits for the tanks that used to in operation in the chambers are still within the Alarm section of the program. With more time these would be removed.

[bookmark: _Toc7692375]4.2.2 – Software Testing

Software testing includes testing individual bits of code used in the program designed. Using RsLogix500, the program can be brought up on a laptop, enabling bits of software to be tested individually. 
This includes going online on the program and manually changing the state of a number of inputs to analyse the output changing state, meaning that the individual bits of code will work.
[image: ]It can also be done by connecting the laptop to the PLC in the system, then going online to monitor the live condition of the PLC program. The bits of code can then be manually changed to see if the output state changes and actually operates the physical output of the system.Figure 32 - Software testing operating bits


Figure.32 is an example rung that was used as part of the software testing (although cannot be seen here). In order to test the software code, to ensure that it was operating correctly, as said individual bits were forced on to monitor if the output would operate in the program before getting downloaded to the PLC itself.
Therefore, “I:2/13” which is the level probe which operates the standby pump in tank D and “I:2/14” which is the duty pump were forced on when online, then giving the output “B3:0/11” which is the pump in tank D operation. All the software code worked as required, with the alarms being tested also.

[bookmark: _Toc7692376]4.2.3 – System Testing/Analysis

How will these be tested?
The testing of the upgraded system will take place after the final installation and design of the control and monitoring system. The following testing procedures will be carried out:
· Commissioning document produced and completed to ensure that the upgraded system not only operates safely, but that it meets the required specification and operates to how it was initially set out to.

· Operational test carried out, with scenarios created to enable the levels of the chamber 1 to be at a critically high level to ensure that the alarm will sound and that the user interface clearly indicates that the level is high. 

· Localised sumps dropped to fill chamber 1 to ensure that when level probe indicates a high level, the pumps operate to pump to chamber 2, and that the user interface indicates that chamber one is at a high level and in fact is pumping.

· Operational test at chamber 2 that clearly indicates that the user interface shows levels rising due to solution pumping from chamber 1.

· The user interface will alarm if critical level is reached, this can be created through isolating pumps to ensure alarm sounds.

· Once pumps switched back on, the system can be tested by ensuring the user interface at chamber 2 shows the level is high and the pumps operate to remove the solution and pump to the water treatment plant.

· Test sheets will be produced and the test operation will be trialled numerous times.

System testing:
After implementing the design to the process and testing that the software operates as it should by testing that the individual bits operate the outputs required. This was done by forcing each bit required to the required state in order to operate the output on the program before implementing it to the physical system.
The system was then tested, ensuring that when the program is downloaded to the HMI and the PLC of the wastewater chamber system, it controls and monitors the tank levels and pumps.
As previously stated the system test was carried out as follows:
· Switch off pumps
· Leave the tanks fill up to a level
· Take note of the current level
· Operate pumps for 1 minute
· Take note of tank level after 1 minute
Therefore the previous flow values of the system when the pumps are operating are as follows:
Pumping values from Chamber 1 into Chamber 2:
	Chamber 1–Chamber 2
	Level at start
	Level after 1 minute
	Total flow rate

	
	1850
	1920
	70L/min


[bookmark: _Toc7011716]Table 7 - Chamber 1 to Chamber 2 previous flow rate


Pumping values from Chamber 2 into Effluent plant:

	Chamber 2–Effluent plant
	Level at start
	Level after 1 minute
	Total flow rate

	
	2350
	2238
	112L/min


[bookmark: _Toc7011717]Table 8 - Chamber 2 to Effluent plant previous flow rate





The results after the re-designed system was implemented were as follows:

	Chamber 1 – Chamber 2
	Level at start
	Level after 1 minute
	Total Flow rate

	
	3752
	3656
	96L/min


Table 9 - Chamber 1 to Chamber 2 new flow rate


	Chamber 2 – Effluent plant
	Level at start
	Level after 1 minute
	Total Flow rate

	
	2852
	2703
	149L/min


Table 10 - Chamber 2 to Effluent plant new flow rate


Table 9 and 10 shows an increase in the flow rate of the system, meaning that the re-designed system is operating more efficiently, reacting quicker to the change in tank levels as the flow rate per minute as increased 26L/min (1560L/hr) and 37L/min (2220L/hr).
The evaluation of the system testing is a success, achieving the outcome that was initially set out to achieve. The evaluation of the design being a success is known as the flow rate previously was affected due to the tank levels being incorrect, and when pumping was required, the destination tanks could not take any more wastewater.










By this design of the system, the tank levels are monitored and controlled so that the destination tanks are always capable of taking wastewater from the previous chamber, increasing flow rate. Below are graphs to show the comparison before and after the design.

[bookmark: _Toc7011699]Figure 33 - Comparison of flow values from chamber 1 into chamber 2










[bookmark: _Toc7011700]Figure 34 - Comparison of flow values from chamber 2 into effluent











The above graphs, clearly show the increased flow rate achieved by the new design of the chamber system monitoring and control system
[image: ][bookmark: _Toc7011701]Figure 35 - Corrected HMI screens

Figure.35 shows that the system is now operating correctly, indicating that the tank level is high as it is over 6500L which sets the tank level high alarm off. This was simulated by switching off the pumps to allow the level to reach the high level alarm. 
The system also now shows the correct level in Litres, however the problem that occurred was that the percentage level was still incorrect as 85% of the full capacity 7500L works out as 6375L.
As the percentage of wastewater in the tank is not necessarily required, the problem was overcome by simply removing the percentage value from the HMI screen (after testing).




[image: ][bookmark: _Toc7011702]Figure 36 - Tank level dropping chamber 2

Figure.36 shows that the system test works correctly as once the pumps were switched back on and left, the wastewater level dropped to 2592L, correctly indicating a normal tank level.
Note: the percentage level is incorrect but was removed after this test.









[bookmark: _Toc7692377]4.2.4 – Usability Testing

The usability testing stage for this design comes in the form of the Human Machine Interface, which ensures that the HMI screen(s) designed for the system all operate and monitor the system as they should. 
This also includes any function/navigation buttons correctly operating and navigating to the difference screens that have been designed.
[image: ][bookmark: _Toc7011703]Figure 37 - HMI root screen













Figure.37 shows the root screen of the HMI, clearly showing the sump levels in each of the chambers, the pump operation, the motor conditions and the tank levels in each of the chamber.
Note: This image was taken during testing, hence most pumps have stopped except the one pump which is pumping into chamber 2 to trigger the high level alarm.
To test the HMI, the motor was also tripped out intentionally to ensure this could be seen from the screen.
Using the navigation buttons at the bottom of the screen (“F” buttons below, as the screen is not touch sensitive).
It can clearly be seen from figure.31 that the HMI can show all aspects of the system, including:
· Chamber 1 – Levels, Pump operation. Sump condition and controls
· Chamber 2 Levels, Pump operation, Sump condition and controls
· Effluent levels can also be seen on the HMI.

[image: ]For example, and to prove the usability testing, if the “CH 2 levels” navigation button was pressed, the HMI would show the following screen:[bookmark: _Toc7011704]Figure 38 - Chamber 2 Level Monitoring















If then, the main menu wanted to be seen again “F16” would be pressed and the root screen would be shown again. From there, the chamber 1 levels can be accessed again. 

[image: ]Again, for testing reasons, if, from the root screen chamber 2’s sump/pump operation and extraction operation wanted to be monitored remotely, “CH1 Sumps F3” would need to be pressed (shown in fig.37) and then the following screen would be shown.[bookmark: _Toc7011705]Figure 39 - Chamber 1 Extraction and Sump monitoring












[bookmark: _Toc7692378]4.2.5 – Acceptance Testing/Documentation

The acceptance testing requires a number of documents to be completed and signed off before the system will pass the acceptance test.
The documents required to be signed completed and signed off are as follows:
· Management of Change document
· BS EN 60204 Panel Wiring Document 
· Commissioning document 
These documents require the system being tested for its operation, safety protocols and operation to specification. If these are all deemed OK to the documentation, the acceptance testing will be completed and the system can operate as required once signed off. See appendix F for the completed documentation.
The Management of Change (MoC) document is a document that is opened when the project starts, identifying the objectives, and maintained throughout the project until it is signed off at the end.
The MoC document requires an Initial Change Request document to be completed and signed off in order to start the project, the identified type of change being proposed (Physical) document will need to be filled out and also a Change Closure form once the project has been completed.
The BS EN 60204 document is a checklist which is carried out once the design has been implemented.






[bookmark: _Toc7692379]Chapter 5 – Evaluation

From the data obtained and analysed post development of the re-designed system, the conclusions that can be clearly drawn are:
· The re-designed system now clearly represents the physical waste water system that is in place at The Royal Mint through the Human Machine Interface (as shown in figure.32/33).

· The HMI is now operational allowing the user to navigate around different screens to monitor the levels in the tank of each chamber.

· The re-designed system now operates more efficiently, using a multi-electrode hawker probe to control the operation of the pumps when a specific level has been reached. Also, the pumping values have now improved proving the system is more efficient, preventing the likelihood of overspills into the pumping station as shown below.



[bookmark: _Toc7011706]Figure 40 - Chamber 1 - Chamber 2 improvement





















[bookmark: _Toc7011707]Figure 41 - Chamber 2 - Effluent Plant improvement














Figure.40 and figure.41 representing the improved flow values in the waste water system, giving flow values of 96L/min and 149L/min compared to 70L/min and 112L/min respectively, which is a great improvement.
· The ultrasonic level sensor correctly shows the tank level value in Litres as shown in figure.32.
The data that has been obtained from this development has backed up the research that was done prior to carrying out the re-designing of the system. For example, the research done on PPG industries and the VEGA products where the PPG industries case used Siemens products to monitor and control the level in their waste water tanks and the VEGA products used ultrasonic level probe and pumping room level probe to efficiently control their tank levels backs up the system used in this design and clearly shows the data and literature research match up, with a quote from previous research shown below for recap:
“The system that PPG industries use utilises TIA control with Siemens technology to control the level of their chambers [8].
Hardware used: In this application, the SITRANS LVL200 level probe is used. It is a vibrating level switch used for all liquid and slurries.
The SITRANS LVL200 can be used to control the overflow of a chamber, high, low levels and also demand applications. It has a range of 0.4m up to 4m meaning it is suitable for large chamber applications.”
Throughout the re-designing of the waste water system, the objectives set at the beginning of the project were met. It is clearly evaluated that the previous system was critically evaluated to indicate how the system required the re-designing. It is also clear that suitable hardware/software was analysed and chosen by comparison of other products available. As table 4 showed an example previously and below:
	Brand/Model
	Siemens
	Vegason 61
	UCL-510

	Range
	0.25m – 5m
	Up to 5m
	Up to 1.25m

	Process Temp
	-40 to 60°C
	-40 to 80°
	-7 to 60°C

	Input
	18 – 30VDC
	14 – 36VDC
	24VDC

	Output
	One relay, 4 – 20mA
	4 – 20mA
	4 - 20mA

	IP Rating
	IP65
	IP66
	Not stated

	Error in measurement/
Accuracy
	0.25% of measuring range
	± 10mm
	± 3mm

	Cost
	£783.90
	£1,066
	$748.00









Table 4 - Comparison of ultrasonic level sensors


The objectives such as designing and implementing a more efficient waste water system to monitor and control the tank levels to prevent overspills was also achieved as the system now runs efficiently, clearly monitoring the correct live tank values and controlling them as required. Also using warning and alarms where applicable to indicate if the system ever malfunctions and does not operate the pumps.






[image: ]A simulation program was also designed in order to demonstrate the designed system as a prototype, shown below in figure.42.Figure 42 - Simulation of Prototype


Health and safety regulations were complied with, completing all documentation required to comply, such as the BS EN 60204 panel wiring regulations (See Appendix F). The drawing office has been liaised with to produce an upgraded P&ID which can be found in appendix E. 
The main aim of the project was to carry out a “PLC upgrade of a legacy chemical control and monitoring system”. This main aim has been achieved and can clearly be seen by the improvement of the pumping values from the chambers and the HMI that clearly represents the current system.
The outcomes that were set at the start of the project were achieved and the answers that were obtained from the data produced are the answers that were expected.
If this project was to be carried out again in the future, the differences that would be made would be:
· Potentially use a newer version PLC and HMI to improve the technology in the system.

· Utilise the ultrasonic level probe so that itself can control the pumps when a specific tank level is reached, this would eliminate the use of other level probes.
























[bookmark: _Toc7692380]Chapter 6 – Conclusions & Recommendations

To conclude the report, the results that were obtained from the tests carried out after the re-designing of the waste water system clearly indicate that the research, selection of hardware and software, design and implementation were well evaluated to produce a more efficient waste water system and to meet the objectives that were strived towards from the beginning of the project. 
By carrying out the research on why waste water requires treatment before being reused or released to river flow, it gave the understanding of the importance waste water control has in order to comply with not only health and safety regulations but also environmental regulations as chemical waste can cause a lot of damage to wildlife and rivers.
Also, by researching other scenarios of where systems have been implemented into other organisations, information was obtained on how systems work and the products available in order to control and monitor waste water systems, giving ideas on how these scenarios can affect the design of the system used at The Royal Mint. 
By carrying out extensive research into the previous system which was implemented, displaying the flaws that it had, enabled the re-designed system to correct these flaws and utilise the physical aspects of the system to produce a more efficient way of controlling and monitoring the waste water levels in the chamber tanks. Resulting in producing better pumping values to ensure that no overspills occur. 
It also gave the ability to design HMI screens that monitor the live levels in the tank via the ultrasonic level probe implemented to the system. This allows the user to have the ability to navigate their way through the clearly labelled screens to monitor the pumping operations, alarms and tank levels for both chambers.


The main benefits that have been gained from the re-designing of the system are:
· Tank levels can be trusted to run in automatic to control the tank levels
· Users can clearly visualise the tank level and operation of system through HMI.
· As close to a maintenance free system as level probes and ultrasonic sensor can monitor and control the levels independently.

[bookmark: _Toc7692381]6.1 – Suggestions for further work

Throughout the process of re-designing this system, there was a further avenue that was brought to the attention which could further improve the efficiency of the waste water system at The Royal Mint.
As the process of waste water in terms of the chambers is as follows:
[image: ]%3CmxGraphModel%3E%3Croot%3E%3CmxCell%20id%3D%220%22%2F%3E%3CmxCell%20id%3D%221%22%20parent%3D%220%22%2F%3E%3CmxCell%20id%3D%222%22%20style%3D%22edgeStyle%3DorthogonalEdgeStyle%3Brounded%3D0%3BorthogonalLoop%3D1%3BjettySize%3Dauto%3Bhtml%3D1%3BexitX%3D1%3BexitY%3D0.5%3BexitDx%3D0%3BexitDy%3D0%3BentryX%3D0%3BentryY%3D0.5%3BentryDx%3D0%3BentryDy%3D0%3B%22%20edge%3D%221%22%20source%3D%223%22%20target%3D%225%22%20parent%3D%221%22%3E%3CmxGeometry%20relative%3D%221%22%20as%3D%22geometry%22%2F%3E%3C%2FmxCell%3E%3CmxCell%20id%3D%223%22%20value%3D%22Chamber%201%22%20style%3D%22rounded%3D0%3BwhiteSpace%3Dwrap%3Bhtml%3D1%3B%22%20vertex%3D%221%22%20parent%3D%221%22%3E%3CmxGeometry%20x%3D%22120%22%20y%3D%22160%22%20width%3D%22120%22%20height%3D%2260%22%20as%3D%22geometry%22%2F%3E%3C%2FmxCell%3E%3CmxCell%20id%3D%224%22%20style%3D%22edgeStyle%3DorthogonalEdgeStyle%3Brounded%3D0%3BorthogonalLoop%3D1%3BjettySize%3Dauto%3Bhtml%3D1%3BexitX%3D1%3BexitY%3D0.5%3BexitDx%3D0%3BexitDy%3D0%3B%22%20edge%3D%221%22%20source%3D%225%22%20target%3D%226%22%20parent%3D%221%22%3E%3CmxGeometry%20relative%3D%221%22%20as%3D%22geometry%22%2F%3E%3C%2FmxCell%3E%3CmxCell%20id%3D%225%22%20value%3D%22Chamber%202%22%20style%3D%22rounded%3D0%3BwhiteSpace%3Dwrap%3Bhtml%3D1%3B%22%20vertex%3D%221%22%20parent%3D%221%22%3E%3CmxGeometry%20x%3D%22350%22%20y%3D%22160%22%20width%3D%22120%22%20height%3D%2260%22%20as%3D%22geometry%22%2F%3E%3C%2FmxCell%3E%3CmxCell%20id%3D%226%22%20value%3D%22Effluent%20Plant%22%20style%3D%22rounded%3D0%3BwhiteSpace%3Dwrap%3Bhtml%3D1%3B%22%20vertex%3D%221%22%20parent%3D%221%22%3E%3CmxGeometry%20x%3D%22560%22%20y%3D%22160%22%20width%3D%22120%22%20height%3D%2260%22%20as%3D%22geometry%22%2F%3E%3C%2FmxCell%3E%3C%2Froot%3E%3C%2FmxGraphModel%3E[bookmark: _Toc7011708]Figure 43 - Process of waste water system


To further improve the waste water system, further research and design could go in the avenue of the pipe work in which the waste water flows. Currently, the process pumps from Chamber 1 into Chamber 2 before getting pumped into the Effluent Plant. 
After much thought, in the future, there could be further re-designing where the waste water has the ability to bypass chamber 2 and go straight to the effluent plant if chamber 2 has less capacity available than what requires to be pumped from chamber 1. 

This would improve the efficiency of the system further as then chamber 1 would not have to wait until chamber 2 has pumped into the effluent plant before it can pump to chamber 2, it could bypass and pump straight to the Effluent. An example is below.
[image: ][bookmark: _Toc7011709]Figure 44 - Suggestion for further improvement


Figure.44 clearly shows that there is room in the future for improvement to the systems design. However, in order for the suggested system to work, the pump in chamber 1 currently has a power rating of 1.5kW. For the bypass line to work, it would be assumed that the pump size would have to be increased in order for it to have the ability to pump straight to the effluent plant.












[bookmark: _Toc7692382]Chapter 7 – Reflection

Throughout the re-designing of the waste water system in The Royal Mint, many important aspects to waste water systems have been learned. As well as this, project managing and designing of systems has been learned not only in the practical aspect but also in the theory side of the project too.
Firstly, throughout the theory aspect of the project, such as research into a variety of areas to do with waste water, the technology behind treating water has been learnt, learning how coagulants are added to waste water in order to produce a chemical reaction that attracts all foreign bodies together in order for them to be separated from the water that can be reused or discharged to river flow.
The process of controlling and monitoring waste water has also been learnt, understanding how vital it is to ensure that no overspills occur potentially causing harm to the environment. There is a wide variety of systems and products that can be implemented into waste water system in order to control the solutions and comply with health and safety regulations as well as the environmental health agency.
Throughout the re-designing of the system, completing acceptance documentation and producing test sheets to prove that the system operates to a specification in a safe manner has been learnt, ensuring that all documentation is signed off before system goes into operation. 
To clearly reflect on the design as a whole, it could have been better if there was time available in order to produce a genuine prototype which was inclusive of water tanks, pumps and level sensors to show a true representation of the system through a prototype also.
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Process Change Questionnaire Form 28.4.2
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Material Change Questionnaire Form 28.4.4
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All Questionnaires must consider any SHE Impact
Prepare project / implementation plan.
Complex changes will require detailed documentation and drawings. 
Simple changes may require only an action plan.
All plans must list change instigator, approvers and actionees
Monitor Progress
Guidance Document SMP 28.3 
Review completion of change. Complete Change Closure Checklist Form 28.4.7 
Implement change in line with project / action plan
Change Instigator communicate change to all stakeholders
Log Change on Change register.
Submit plan to Consultation team for review and approval. 
Not approved
Approved
Identify Stakeholders in requested change and form consultation team.  

Complete Change Category Questionnaire or combination if multiple changes are involved.
Complete Change Request Form.
Change described, scoped and categorised.
Change Instigator Identified
(Form 28.4.1 link)
SHE Change identified. 
Change falls within guidance criteria
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28.4.9
















	
     
[bookmark: _Toc7692396]Appendix F – Testing Documentation

[bookmark: _Toc7692397][image: ]Appendix F1 – BS EN 60204 Panel Wiring Regulations

[bookmark: _Toc7692398]Appendix F2 – Management of Change Document
[image: ]


[image: ]
[image: ]
[image: ]

[image: ]

[image: ]

[image: ]
[image: ]
[image: ]
[bookmark: _Toc7692399]Appendix F3 – Commissioning Document 
[image: ]

[bookmark: _Toc7692400]Appendix F4 – Project Closure Document
[image: ]

[image: ]


[image: ]


[bookmark: _Toc7692401]Appendix G – PLC Program

[bookmark: _Toc7692402]Appendix G1 – Chamber 1 Control
[image: ]



[image: ]









[image: ]









[image: ]






[image: ]







[image: ]














[bookmark: _Toc7692403]Appendix G2 – Chamber 2 Control
[image: ]




[image: ]










[image: ]










[image: ]



[image: ]





[image: ]








[bookmark: _Toc7692404]Appendix G3 – Alarm sub-routine
[image: ]




[image: ]




[image: ]













[image: ]



[image: ]



























[image: ]



























[image: ]



[image: ]



























[image: ]




[image: ]



[image: ]




[image: ]












[image: ]







[image: ]











[bookmark: _Toc7692405]Appendix H – Human Machine Interface (HMI) Screens
[image: C:\Users\s1708387\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\9U4VGEYU\IMG_2928.JPG]
[image: C:\Users\s1708387\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\HKKNB4LH\IMG_2927.JPG]



[image: C:\Users\s1708387\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\RS900VMM\IMG_2930.JPG]



























[image: C:\Users\s1708387\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\9U4VGEYU\IMG_2931.JPG][image: C:\Users\s1708387\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\ZN11S0J2\IMG_2926.JPG]




[image: C:\Users\s1708387\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\HKKNB4LH\IMG_2929.JPG]
[image: C:\Users\s1708387\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\ZN11S0J2\IMG_2932.JPG]




Chamber 1 - Chamber 2

Flow Rate (L/Min)	Prior to design	After design implemented	112	149	


Chamber 2 - Effluent Plant

Flow Rate (L/Min)	Prior to design	After design implemented	112	149	


Chamber 1 - Chamber 2

Flow Rate (L/Min)	Prior to design	After design implemented	112	149	


Chamber 2 - Effluent Plant

Flow Rate (L/Min)	Prior to design	After design implemented	112	149	


2

image44.png
-_—
( )G © it ersture rockwelstomationcomide/groupstersturedocumentsta/2711-1007_  ~ G| @ Home Main D CIr—
SEZeBS
(0] ] Bosmare @0

®
[ 2711-TD007A-EN-P,

& PanelView Standard
]

| @® @[]z = @[5 ]]] 5 B | Tools  Fill &Sign = Comment

PancVew Stadard il Spccaions 7

e PanelView Standard 1000 Terminals

Specifications Tabl 6- Tochnical Spacification - PanelView Standard 1000 Torminals

[ panelview Standard s o
o i 2100 i i
e Topator e ot o
[ Environmental e ) T
SreERs e ETERI
P i ETC)
Certifications == TR R T
[P Technical i -
Specifications e S i
i SRR
CIm=een BErp Keypad furction keps 16 fnction keys (P 1G]
[ Product Selection ) Tyt ok s A
e e

[P Accessories

ooy O
7 I ey apiain i s o e
PanelBuilder32 —
= =
Software Sofwar PaneiBuide sottware, uns on a personal comguter
T e T
EP Cables D¥-485, RS 232 (DH-486. RS 222 0F1)
[ Additional Resources S A e

T T

Fowr e 5|2t ma10Amz0D

[P Back Cover

s 1 CRTeT

Foerammn e

T TR
o Ea]
s DL | st X 55 1270
et

Toat: B2y b
s

Rockwsl Atoration it 2711-T0DTAEN- - Ofter 2010





image45.png
. -
D& ritrs/oc- e oline.comebdocs 021 0300766800210 i 0~ & ¢ || @ Home Mein

S AT L Alen Bty Se] @ docs-emears-online.c.. X

Types

Catalog Nurber Desarpion
TELGWA 0. 7C il . iy puL AG pows Sppy cortmier
TreTLIAWA 20 1. i, 129t oayouut AC pows suppycatlor
TreTLIEWA 10 1. DCinut 6t 103 ut, AC pows sppy convola
TreTLIEWA 20 1.0C nout 121 rday o, AC pows sugpy cunwoler
oL@ 10 1. DC nput 6t 193 upis, OC powerspply cartoter
B 0 3.0C nput 12t rday o, DC powsr sppy carkoler
01 DCput 4pL FET a2 . iy 0UpuS, DCpower oy
canvaer

0 D iput 0L FETandZ L 1oy oupus, OC power ply
convaer

0 .1C i, 10pL hac and 2L raay s, KC powa gy
i

1761L188

17611388

1761LI2AM

‘General Specifications

Descrption ‘Spectication: 176+
TGAWA | TOBWA| AWA | 328WA | 324AA | 16588 | 166WB
ooy Szoard T TKEEPRON (pprocmasy 757 mstucian wods: 37 aa words)
Fower Sppy Volage o B
Fova Supy Usage TOVac| VA [ VA [ 16VA | 24VA | 16VA | NatApmcabe
B L L EL N BN L
AV | NotApable A
Powa Sy Waeman s Gt | 208 ED

24 dc S Power (Vdcat )| W gt | 20 mA| vl Totpcabe

Vi Capaiivo Load Uso 24V 69| kAo | 200 F | vl
Fower Oy 5000 mamm

paang Torpoanre 0" CuE CEzFRITh
Sorag Tempoare S CuE C0Fom
Opaatng Famiey Slo 0% rancsndnsng

== Opuratng: 5 iz b2 iz 0381 i (07510 po © poali 258 panel mourtd 1 T pr s
Torapaaing: Sz b & 1z, 0762 (0B0R) pak D podBG, 1 par 3

£ Opatry: 10G poa acwloraian 59 DIl maumod] (151 s Graton) 3 1 oach
drocton, ach s

Vivcpomi 0k a1 Gt ¥ o a8
G oo e | T

ey U et sy s

o SO W€ RO

Fososa e T2 e RV

Fadavd iy e @ 10V 2T OB W

Pt TEOT @ EXVPora S VYO

o e

T b g 1.
[ TR —

Putision 76123 Pty 1966




image46.png
R ——

e " u s

Dot Sheet No 02 e -

‘i HAWKER LEVEL CONTROL SYSTEMS

Type E13/IP68 Multi-Electrode Holder

Fof o v v convatrs a0 s comatn i aqecus (nncine s

2 vt e shemes she oevrages o

+ Spacer saver

+ Accommodates up to 5 electodes.

+ Universal flange fiting

+ Corrosion resistant

+ Submersile to 6 metres of water for up10 8 hours

+ Electrodes avallable for most aggressive lquids,
(Le. PPA* coated Stainless Steel, Ttanium, Monel,
Hastelloy C)

Fing e o 315 £13 ket
Temp . 25C10+
e, a5
g sy

e

nz
iy





image47.png
pdf - Adobe Acrobat Pro DC
Edit View Window Help

Home  Tools RM CHAMBER 1 1.

B &®8xQ

0538_00Lpdf

x

@ signin

) Create PDF
Combine Files

52 editpoF

[3 Export POF

£[] Organize Pages

[ Send for Review

B3 Comment
Fill & Sign
Adobe Sign

i Enhance Scans

Protect

#% More Tools

LF) 29/04/2019




image48.png
Tal Inital Change Request Form [Compatibility Mode] - Word

Home [ Design  Layout Joseph Landeg | ), Share

P Find -

cut

¢ X s
. il MR VS S N 209 agBbcer| AaBbCel AaBbC aaBbeel AAD asebcer assbeeo asboede acsbccoc assbeede AaBbCel AsEBCcl AspsccDr Amsaccdr AaBbCed g, o
Paste N = - lormal lo Spac. leading leading itle ubtitle ubtle Em. ‘mphasis  Intense. rong uote. Intense- ubtle Intense Re. ook Title |5 N
e o s Paiter = TNommal | TNoSpac.. Headingl Heading? Tt  Subiile SubtieEm. Emphass IntenseE. Stiong  Quote ienseQ. SubtieReh. IntenseRe. BookTite |- gl
Cipbora 1 Font s Feragraph 5 styes 5 Eating -~

Refer to SMP Procedure 28.2 for completing this form. Refer to Guidance SMP 28.3 for categorisation of type of change.
&
Change Requester: Ricky McDonnell Change Owner: Joseph Landeg
Change Authoriser: Mike Waite Date of Change Request 24/4/18
f Ch tick all
:;y)sﬁc:ble ::?eigfzr?es? Process Procedural Material Physical Organisational
Description of Change:

To design an upgrade for the chamber waste water control and monitoring system to improve tank level control.

Reason and Benefit of Change (include an indication of cost):

Current system does not represent the actual chamber tanks layout or levels. For example the HMI and PLC do not correlate to the actual
ssystem. The benefit to having correctly identified and efficient working control and monitoring system for the chambers is that it represents the
actual physical system present.

Prevention of overspills.

Approximate cost for materials £1000.

Provisional SHE impacts:
Reduce the possibility of misidentification of tanks and to prevent tank overfilling.

Proposed Start Date: 24/4/18 Proposed Completion Date: 24/4/19
Central Change Register Log Date: Change Close-out Date:
Central Change Register Log Reference Number:

Submit for approval with all relevant documents (change question sets, action plans, project plans, and drawings as applicable)

SMS Form 28 4.1 V3 Page 10f 4
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Change Approvals

Select Approvers in the process. Delete if not involved in the process and / or add additional roles.

Engineering Compliance Manager | Name: S Williams Signature: Date: 24/4/18
Departmental Manager Name: M Waite Signature: Date: 24/4/18
Area SHE Co-ordinator Name: N Johns Signature: Date: 24/4/18
Environmental Manager Name: M Grant Signature: Date: 24/4/18

Final Approval of Change

R Name: K Jenkins ( SHE) Signature: Date: 24/4/18
equest

SMS Form 28.4.1V3 Page 2 of 3
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Refer to Guidance SMP 28.3 for guidance on type of change.

This checklist must be completed and submitted with the initial request form 28.4.1 for approval. Submit for approval
with all relevant documents ( e.g. change question sets, action plans, project plans, drawings as applicable).

Name: Role: Name: Role:
* M Waite *  Dept Manager * MGrant « Environmental
*  SWilliams + Compliance * NJohns « SHE

Is the change to site facilities/ buildings? v

‘Supply drawings showing new build and/or alteration.

Does the change involve any demolition? v

Ts the change a significant refurbishment of an v
existing facility and involve partial or total relocation
of the work area?

Does the change involve significant alteration to v
utility/ services or change in energy use or
consumption?

Does the change needed to be on a maintained v
electrical supply?

Does the change require any introduction of new Bl
LEV systems or modifications to existing systems?

Have all steps been undertaken to identify if the v
work is being carried out in an area with asbestos-
containing materials?

Asbestos register to be consulted.

Page10f6 s62words [
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Does the change require planning permission and

building regulation control?

‘Wil the change require contactors? If so, who and v Internal resource

how?

Will the change require notification under the CDM v

Regulations 2015?

“Are arrangements in place for disposal of the waste T

produced (additional skips, disposal sites etc.)?

Does the change involve significant alteration to v Refer to plant modification procedure and maintenance procedures for like for like

plant and/or processes, over and above replacement replacement. Risk assessment will stil be required.

of like for like? ’ Modernised replacement system will require modification procedure
) SMP86.1

Where equipment is being removed have all the T

relevant registers been checked:
e.g. asset, refrigerant gas, pressure vessel etc.

Does the change require a new DSEAR assessment? | Confirm with DSEAR manager
Does the change alter the design specificationsand | Refer to plant modification procedure
require design review? Review as per SMP 6.1
Have design criteria been identified and v As per technical specification
plant/equipment standards collated?
Does the change impact on other areas of the site/ v
plant?
SMS Form 28.4.5 V11 Page 2016
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Has the change been subjected to a Design review required
technical /safety/engineering review and/or
HAZOP?

Does the change alter plant control room facilities? v

Does the change alter (temporarily or permanently) | v Include review of alarm response time, response procedures and alarm prioritisation
any SHE protective measures (e.g. alarms, levels ref: [EC62682 & EEMUA 191

extraction, detectors)? Replacement of current system

Do the changes require amendment to the Site v
Emergency Plan and/or site drawings?

Does the change impact / require change of existing Bl
service contracts?

Does the change alter access/delivery/storage v
capabilities for any parties, materials or equipment?

Have all the impacts on the supply chain been | Most projects involve supply chain in some form or ofher
considered?

Does the change alter (temporarily or permanently) v
any emergency provisions (e.g. fire, explosion)?
Does the change impact on our security i.e. are v
there requirements for additional CCTV, access
control, fencing ete.

SMS Form 28.4.5 V11 Page 3 of 6
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Have decommissioning and commissioning Commissioning plan to be produced and completed before handover

procedures been defined?

Have all relevant risk assessments been identified | 7 List relevant risk assessments. Describe additional risk controls into action plan/project

jewed? plan

and reviewed? Entry RA review required

Have relevant operating procedures been reviewed? List relevant SOPs. Describe any changes.
Entry SOP to be reviewed

Do the changes impact on COMAH/ EA T

Compliance?

Does the change affect or require new Process Safety T Refer to COMAH Team for further guidance

Performance Indicators? This project will not interfere or impact upon the bund critical safety alarm

“Are additional Instruction / information required to T

implement the changes?

“Are additional Training / Supervision requiredto | v RA/SOP review and any changes to be competence assessed and

implement the changes? documented

How will the implementation of changes be Identify how and who to monitor.

monitored? R McDonnell to monitor successful handover

Has an Action Plan / Project Plan been prepared? Reference any separate project plans.
Asbelow

How will the success of the change be identified? A safe reliable system that correctly identified tanks and their level within
the bld 2 chamber 2

SMS Form 28.4.5 V11 Page 4of6
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Review chamber entry RA 24/4/18 1/5119 24/4/19
Review Chamber Entry SOP JUNJ 24/4/18 1/5/19 24/4/19
Consult Asbestos register Ju 24/4/18 1/5119 24/4/19
SMP8.1 modification procedure required JUNJ/SWIMG 24/4/18 1/5/19 24/4/19
Design review required as per SMP6.1 JUNJ/ISWIMG 24/4/18 1/5119 24/4/19
Review DSEAR register JL/Kev Chamberlain | 24/4/18 1/5119 24/4/19
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Refer to Guidance SMP 28.x for guidance.
This checklist must be completed by the change owner and submitted when the change is considered fully completed and all
identified actions implemented. Until formally approved a change is not deemed as complete.
Overall, was the change a success?
Did everything work well on this change? v
Could anything have been done better? v
BN

Have all the deliverables been achieved? v
Has the change been communicated to all v
stakeholders?
Could the communication or the communication v
process have been improved?
Has a hand-over plan for transferring ownership been |
produced and implemented?

I

Page1of 2 258 words (% L] -+ 120%
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Equation Symbol
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|
List all actions identified in the change checklist(s) N/A

Are there any outstanding items (activities, risks or v
issues from the list above)?

Has the change been successfully demonstrated to |
the area SHE Co-ordinator and validated?

Approval of the following is required before the change is deemed complete.

Change Owner Name: J Landeg Signature: Date: 24/4/19

Change Requester Name: R McDonnell Signature: Date: 24/4/19

Local Area Manager Name: M Waite Signature: Date: 24/4/19 m
Compliance Manager Name: S Williams Signature: Date: 24/4/19

Change Authoriser (Head of | \,0 K Davies Signature: Date: 24/4/19

SHE or equivalent) g . .

Change Close-out entered on Name: M Grant Signature: Date: 24/4/19

Register Log (Martyn Grant)

SMS Form 28.4.7 v.2 Page 20f2
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N N Chamber System Control & Monitoring Upgrade Date
Navigation o Completed 171042019
Search document p- Zone 1 — Chamber 1
Tnputs Checked | Comments
X Siemens “The Probe” Ulirasoni Level Probe i .
Headings  Pages  Results ‘Hawker E13A Multi Electrode L Taput operating stopping
pvmp
Create an interactve outline of your Zone 2—Chramber 2
document, Inputs
Siemens “The Probe” Ulirasonic Level Probe T .
It a great way to keep track of where you are Hawker E13A Mult Electrode T Taput operating stopping
or quickly move your content around. pvmp
“Actuatorsmonitoring Tive Monitortn
o getstated, go to the Home tab and apply VN | Check | Comments
Heading style tothe headings n your Ultrasonic Level Probe Siemens “The Probe” Y [IL | Giving momitorsd
document; ouiput fevel
Elecirode Level Probe FawkerEBA TL | Switchiag pomp
onloffas required
Swilching Mamsal Automatic Telemechanique ¥ [TL [ Panel switch change
between maaval aad
automatic whea
tested
IV Screens Moritoring “Allen Bradley PanelView | ¥ | 1L | Screen monitor
1000 Series Chambers and can be
contolled va screen
Equipment
Checked [ Comments
Chamber 1 Pump 1.5Kw 10m?/hr L Operate as required.
Chamber 2 Pump 5. 5Kw 10m’/hr 1L Operate as required
Pump Room Sump Pump L Operating as required
Tank Room Sump Pump L Operating as required
“Addisional Comments
o Test- Lo Alaom Level, Low Level, High Level and High Alarm Level by creating 2 short on each
probe in tur and monitor output. Monitor pump operation once short has been made.
o Allow tasks to il to a certan fevel and moritor output rom ultrasonic level probe.
+ Switch panel switch and monito if system uas or if manual operation required
+ Navigate throngh HIMI screens using buttons, making suve each screen correctly displays tanks and
tevels.
+ Fill sumps, sump puimps should puimp solution away.
Joseph Landes Priut_Toseph Lande;
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Tesue Complete? | Remaining Actions / Comments
Have all spects of e Project Bief | v/
deliverables been completed?
Fave all spects of e Project Bief | v/
. enefis been achieved?
Subject  Chamber 2 (bld 2 ) tank control Update o T BTt beer e A
. averified Declaration of Conformity?
Project Closure Handover Document “Tias the Equipment been 3dequately CE [V
Marked (or have individual
Author J Landeg ‘components within a process been.
A adequately CE Marked?)
Date 24 April 2019 Has the Equipment been located an | N/A
Version Version 1.0 dssel Number OIS
Fave All utstanding FAZOP Actions | N/A L
been completed?
Have all Conformiy Assessments | BSEN 60203
Actions been completed?
Provided it | v
“Toes he Techmical Fle havea ullset |
of up-to ~date electrical drawings?
Hasa snagging ISt been fsued fothe | /A
Suppler and f Yes who s responsible
for Acioping the oustanding issues?
Fias the Equipment been provided with |
a complete set of Operating and
Maintenance Instructions?
Fave the Techmical Fle and OB | v/
een ssued to the Technical Library?
Fave all identihed Criical Spares been | ‘Spare level probes on stock
putontostock?
“Fiave al Operators been adequately |
trained and competency assessed in
Operational SOP's?
“Sre the Tralning Department v
possession ofall competency
assessments for Operators?

Royal
Mint

= This document details the requirements of the Project Team for Profect Hand-over to the User

(Operations).

Tt describes the aspects of the project that have been successfully completed and details the
outstanding issues that are being handed to the User for further action.
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