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SGEL6000 Independent Project      2020-2021 
DOUBLE MARKING SHEET AND COMBINED STUDENT FEEDBACK 
Assessment 3 of 4 
Assignment 2: Project Design, implementation and evaluation 
 
Student Name: Carl Jones           Student Number 1910607 
 

Generic Assessment Criteria  
Marks 
availab

le 

Ist 
Marker 

(RD) 

2nd 
Mar
ker 
(MH

) 

Agree
d 

Mark 

1. Engagement with Literature Skills.     
Section 3: Judicial use and critical evaluation of technical literature in the design of 
the project: 

There is good evidence of references made to manufacturer’s literature in the 
design process. 

Most sources were company documentation, the list could have included wider 
issues such as H&S, legal regulations and ethical engineering. 

5 3 2 2 

Section 4: Extent of reading, range of credible sources and use of Harvard method: 

A small range of sources have been referenced and listed. However, datasheets 
should not be included but cited instead. 

A small range of sources and the reference list does not use Harvard. 

5 2 2 2 

Total 10 5 4 4 

2. Knowledge and Understanding Skills     
Section 3: Advanced knowledge and critical understanding demonstrated in the 
design of the project: 

There is clear evidence of advanced knowledge and a critical understanding 
demonstrated. However, it is also obvious that some areas are lacked 
understanding; It is unlikely that a PID controller will have glitches in the software. It 
is more likely that you need to understand how to tune it better. 

The project design and build were well explained demonstrating good knowledge 
and a critical understanding of the project requirements. 

10 6 7 7 

Total 10 6 7 7 

3. Cognitive and Intellectual Skills     
Section 5: Testing and analysis of result: 

There is some evidence of testing with some results but as explained in your 
evaluation and conclusion sections, further tests and results are needed to 
complete the project. 

There was no test schedule included and the results of any tests that were carried 
out were described in a paragraph of text. Some form of tabular presentation would 
have been preferable. 

10 5 5 5 

Section 5: Critical evaluation of the project outcomes: 

The evaluation is over critical and should be more positive. Much has been 
achieved though the outcomes have not been fully met. However, this section reads 
more like a personal reflection written in the first person which is not appropriate at 
this level. 

10 4 4 4 

Agreed mark 

56 
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The evaluation lacked critical analysis, for example the PID control `doesn’t seem to 
work` could have been further explained. 

Section 6: Conclusions and recommendations: 

Conclusions and recommendations are presented but again, this is more of a 
personal reflection written in the first person. Your could have been more positive 
and more objective. 

Conclusions were mainly justifying problems encountered rather than a technical 
appraisal. Recommendations were to use a different PLC and HMI in future!  

 

10 4 4 4 

Total 30 13 13 13 

4. Practical Application Skills     
Section 3: Formulation of innovative and creative design solution to the project 
problem: 

Standard design methods have been used appropriate to the industrial 
requirements of the system 

The recommendation to use an alternative PLC in future suggests this may not 
have been the best solution 

10 6 5 5 

Section 4: Deployment method, use of material, tools, equipment and techniques in 
the construction of the project: 

Excellent methods deployed in the construction and installation of the system to a 
high professional standard. 

Photographs of the work in progress demonstrates good use of tools and 
equipment. 

5 5 4 4 

Section 4: Quality of the final product or system: 

Although not completed, the quality of the final product is excellent. 

Final product will be adopted by the company 
10 8 8 8 

Section 5: Use of test equipment and presentation of results of the project: 

Good use of test equipment and results for the parts of the project that are 
complete. 

Results were very basic and comprised safety certificates and descriptive 
statements. 

5 3 2 3 

Sections 3 and 5: Management of the design process: 

Good evidence of management techniques in planning, costing work breakdown 
etc. However, your reflection shows that it could have been managed better. 

Management was controlled with a detailed Gantt chart, the WBS however wasn’t 
well formed and contained repetition. 

5 3 3 3 

Total 35 25 22 24 

5. Transferable Skills for Life and Professional Practice     
Sections 1 and 2: Executive summary, acknowledgements and introduction: 

Summary does not cover everything, introduction and acknowledgements are 
missing. 

The Executive Summary lacked the required detail, no introduction or 
acknowledgements were included. 

5 1 1 1 

All Sections: Quality of the report: 

Well structured and presented. However, most of the diagrams belong in the 
appendix, there are many spelling and grammatical errors which could have been 
removed by proof reading. Always use the third person in a report like this and 
never refer to yourself personally nor to your feelings. 

5 2 3 2 
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Report was generally well presented, some of the more detailed diagrams could 
have been enlarged and put in the appendix. 

Word count: 

Not exceeded. 5 5 5 5 

Total 15 8 9 8 

     

Grand Total 100 57 55 56 
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Conclusions are not about your feelings!Use the third Person

A good idea, that was what the literature review in assignment 1 was
meant to do.

This is a personal reflection not
a conclusion

Spelling

This report shows that you have learned a lot from doing this project, how
projects should be planned better to ensure the correct outcome is delivered
on time and within budget.
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FINAL GRADE

56/100

1910607
GRADEMARK REPORT

GENERAL COMMENTS

Instructor

PAGE 1

PAGE 2

Good Structure

Report is structured exactly as stated in the assignment brief.

Text Comment.  Where is your acknowledgements section?

Text Comment.  Where is your introduction?

PAGE 3

PAGE 4

Text Comment.  You should have stated that it is based in a water treatment works

Text Comment.  What exactly is the project about?

Text Comment.  Was it tested?

Text Comment.  Did it work?, were you successful?

PAGE 5

Text Comment.  Where is your introduction?

PAGE 6

Text Comment.  This drawing belongs in the appendix
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Text Comment.  why have you stretched this diagram?

Text Comment.  These drawings belong in the appendix

PAGE 8

Spelling

Spelling error

Spelling

Spelling error

Spelling

Spelling error

Use of 11pt Arial, full justification with 1.5 line spacing allows easier
reading and marking

Your presentation could be improved making the text easier to read and mark.  Your tutor
will then be able to add comments between lines

Incorrectly cited, this is not the Harvard Method

PAGE 9

Text Comment.  you should have just cited the source and given the relevant data

PAGE 10

PAGE 11

Use of 11pt Arial, full justification with 1.5 line spacing allows easier
reading and marking

Your presentation could be improved making the text easier to read and mark.  Your tutor
will then be able to add comments between lines

Text Comment.  Drawing belongs in the appendix

PAGE 12
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Text Comment.  It is not appropriate to include datasheets like this, you should have
read it, extracted the important parts and cited it as a source (RD)



QM

QM

QM

QM

QM

QM

PAGE 29

Text Comment.  Good evidence of installation

PAGE 30

PAGE 31

PAGE 32

PAGE 33

PAGE 34

PAGE 35

PAGE 36

PAGE 37

Use the third Person

You are referring to first or second persons (I, we, you, us etc) whereas you should use the
third person thus depersonalising it.

Use the third Person

You are referring to first or second persons (I, we, you, us etc) whereas you should use the
third person thus depersonalising it.

Spelling

Spelling error
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Use the third Person

You are referring to first or second persons (I, we, you, us etc) whereas you should use the
third person thus depersonalising it.

Use the third Person

You are referring to first or second persons (I, we, you, us etc) whereas you should use the
third person thus depersonalising it.
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Text Comment.  Conclusions are not about your feelings!

Use the third Person

You are referring to first or second persons (I, we, you, us etc) whereas you should use the
third person thus depersonalising it.

Text Comment.  A good idea, that was what the literature review in assignment 1 was
meant to do.

Text Comment.  This is a personal reflection not a conclusion

Spelling

Spelling error

Text Comment.  This report shows that you have learned a lot from doing this project,
how projects should be planned better to ensure the correct outcome is delivered on time
and within budget.

PAGE 39

PAGE 40

Text Comment.  Where are your appendices?

4

1. ENGAGEMENT WITH LITERATURE

GRADING FORM: NEW CSG-RUBRIC

CARL JONES 56

Section 3: Judicial use and critical evaluation of
technical literature in the design of the project:
There is good evidence of references made to



7

2. KNOWLEDGE AND UNDERSTANDING

13

3. COGNITIVE AND INTELLECTUAL

manufacturer’s literature in the design process.
Most sources were company documentation, the
list could have included wider issues such as
H&amp;S, legal regulations and ethical
engineering. Section 4: Extent of reading, range of
credible sources and use of Harvard method: A
small range of sources have been referenced and
listed. However, datasheets should not be included
but cited instead. A small range of sources and the
reference list does not use Harvard. (4/10)

Section 3: Advanced knowledge and critical
understanding demonstrated in the design of the
project: There is clear evidence of advanced
knowledge and a critical understanding
demonstrated. However, it is also obvious that
some areas are lacked understanding; It is unlikely
that a PID controller will have glitches in the
software. It is more likely that you need to
understand how to tune it better. The project
design and build were well explained
demonstrating good knowledge and a critical
understanding of the project requirements. (7/10)

Section 5: There is some evidence of testing with
some results but as explained in your evaluation
and conclusion sections, further tests and results
are needed to complete the project. There was no
test schedule included and the results of any tests
that were carried out were described in a



24

4. PRACTICAL APPLICATION

paragraph of text. Some form of tabular
presentation would have been preferable. Section
5: The evaluation is over critical and should be
more positive. Much has been achieved though the
outcomes have not been fully met. However, this
section reads more like a personal reflection
written in the first person which is not appropriate
at this level. The evaluation lacked critical analysis,
for example the PID control `doesn’t seem to
work` could have been further explained. Section
6: Conclusions and recommendations are
presented but again, this is more of a personal
reflection written in the first person. Your could
have been more positive and more objective.
(13/30)

Section 3: Standard design methods have been
used appropriate to the industrial requirements of
the system The recommendation to use an
alternative PLC in future suggests this may not
have been the best solution Section 4: Excellent
methods deployed in the construction and
installation of the system to a high professional
standard. Photographs of the work in progress
demonstrates good use of tools and equipment.
Section 4: Although not completed, the quality of
the final product is excellent. Final product will be
adopted by the company. Section 5: Good use of
test equipment and results for the parts of the
project that are complete. Results were very basic
and comprised safety certificates and descriptive
statements. Sections 3 and 5: : Good evidence of
management techniques in planning, costing work



8

5. TRANSFERABLE SKILLS

breakdown etc.. However, your reflection shows
that it could have been managed better. The WBS
however wasn’t well formed. (24/35)

Sections 1 and 2: Executive summary,
acknowledgements and introduction: Summary
does not cover everything, introduction and
acknowledgements are missing. The Executive
Summary lacked the required detail, no
introduction or acknowledgements were included.
All Sections: Quality of the report: Well structured
and presented. However, most of the diagrams
belong in the appendix, there are many spelling
and grammatical errors which could have been
removed by proof reading. Always use the third
person in a report like this and never refer to
yourself personally nor to your feelings. Report
was generally well presented, some of the more
detailed diagrams could have been enlarged and
put in the appendix. Word count: Not exceeded.
(8/15)
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1. Executive Summary 
 

 

From the development of the functional design in the first assignment, it was time to implement 

everything to create and develop a working design. 

The initial stage was to develop the pumping station control panel, this entailed creating design 

electrical schematics using Autocad. 

Materials were then priced and bought to build the panel. 

All aspects of budgeting and manager the tasks were carried out using MS project 

A full installation of a process plant was developed a implemented  
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3.0 Project Design  
 

The water treatment works is split into six main areas of design. The block diagram highlights these 

areas and how they interact to complete the treatment process plant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 ‐ Block diagram of all elements of the wastewater site 

From the block diagram the key areas of the work activities have been identified  

 SAF lift pumping station control panel and instrumentation 

 Main incoming supply distribution 

 Sludge tank level instruments 

 Power and control cabling to the package plant (SAF Aeration blowers a de‐sludge pumps) 

Incoming Mains Supply  

400V – 230V  

With generator backup 

SAF Lift pump 

control panel 

P1  P2 

Flow  Level 

Aeration Blower 

Control panel 

De‐ sludge 

pumps control 

panel  

P1  P2  P1  P2 

Sludge 

Instrument 

Power supply 

Telemetry Outstation  Level 
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3.1 – Design of the Incomer supply panel 

 

The original treatment works was design as a gravity fed site which mean there was no mains 

electrical supply to power any of the new equipment and plant. The Electrical distribution company 

will install a 3phase 400 v 100Amp fused cutout and meter (as in a house just a little bit bigger). 

From the Insulated cables will be installed and connected into the Main Supply panel which will be 

first designed. 

The Mains supply panel will be installed in a GRP Kiosk fitted on site by another contractor.  

Design characteristics for the panel where to have a generator changeover switch, this is two 

100Amp 4pole fused isolators joined together by a changeover mechanism and a three positioned 

handle mounted on the panel door. For easy connection of the generator a 5‐pole socket needed to 

be installed on the side of the panel.  As the mains supply is vital to the works there will be a failed 

relay which will monitor the incoming supply voltage, if this fails then an alarm will be generated.  

Using the dimensions of the GRP kiosk supplied by the manufacture a layout design was created 

using AutoCad software. 

 

 

Figure 2 Main supply Kiosk layout 
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The main incomer panel dimension worked out from the space available was 500 x 400 x 250mm but 

when the design was drawing up for the Main incomer panel the required panel dimensions needed 

to be 500 x 500 x 250mm so the site installation will require a little modification. 

With the use of AutoCad electrical the Incomer panel was designed. A panel layout drawings and 

schematic electrical drawings was created. 

 

Figure 3‐Main income panel Layout drawing 
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Figure 4‐ Main incomer Electrical Schematic drawing 

This panel will feed an 8‐way distribution board that will supply and the individual control panels and 

equipment for the process. To make sure all equipment is protected correctly from fault currents 

then all MCB sizes for the distribution board need to be calculated from the load current from then 

equipment. As not all the equipment loads are available at this point, other design need to be 

carried out first.  

3.2 Design of the Submerged Aeration Filter (SAF) pump control panel. 

 

The panel design was outlined in the FDS. From this all the required control parameters can be 

designed to create electrical schematic drawings for all required components. 

Control panel was designed around the control of two submersible pump, as the pumps are to be 

VSD driven the correct size selection of VSD was required. 

From manufacture data sheets the pump details were acquired 

Pump motor details,   

Voltage: 400, Power: 1.3Kw, Full load current (FLC): 3.7A, No. of poles: 4, Power Factor: 0.98  

Due to client preferred manufacture of VSD an ABB drive had to be used, from the online catalogue 

the nearest size drive was selected, ABB ACQ‐580 R1 2.2KW 

The electrical panel had to be designed with dimensions that it would fit in a standard size GRP kiosk 

with dimensions of 2000 x1600 x 600mm. This size meant that the panel had to be made as small as 

possible. Panel can be manufactured to different forms, preferred forms withing the water industry 

are Form 2 and Form 4. 

Form 2 panel design is where all circuits are within one common panel but segregation between 

power and control. Isolation of the pumps can only be done with a common panel isolator. 

Form 4 panel design is where individual equipment circuits are segregated by compartments, this 

means circuits can be isolate individually without effecting the full system. 

The preferred panel would have been a Form 4 panel, this allows safe isolation of individual pumps 

for maintenance without shutting down the full pumping station control panel. Unfortunately, space 

and a cost saving requirement by the client meant the panel would be design around a Form 2. As all 

work must be carried out using the DCWW technical specification this design had to be verified it 

would be accepted. (Water, Electrical Specification ES301 ‐General Electrical and ICA requirement, 

feb 2020) 
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As there will be two VSDs within the panel, ventilation and spacing requirements needed to be 

checked within the ABB manual. 

 

Figure 5‐ VSD mounted guide (ABB, 2019) 

A panel size was determined, and the layout drawn on AutoCad Electrical 

 

 Figure 6‐ SAF panel Layout Drawing 

Electrical Schematic design needed to cover all specifications for the control philosophy from the 

FDS. 
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From that a process flow block diagram was created to better understand the control variants. 

 

 

Figure 7‐ Electrical Schematic drawing Power 

Load of the panel was calculated to require a 32A incoming supply as the two drives required input 

protection of 10 A each. 

The schematic diagram shows the wiring of all power required for the control. A 110v transformer is 

required for all control circuits and any equipment supplies. A 24v DC PSU was is need to supply the 

VSD. 

 

Figure 8‐ Schematic drawing Emergency stop & fault reset 
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An emergency stop risk assessment was carried out prior to the design to assess the need for 

localised emergency stops near any equipment. The risk assessment highlighted that the amount of 

contact with the pump motor is not often and there are no physical moving parts that can be 

touched. A panel emergency stop was the only requirement which shuts down the full panel 

operation. A part of safety system specifications all safety circuits must be dual contact and the relay 

must monitor the time between contacts closing. The circuit drawing above shows the circuit wiring 

diagram for the Emergency stop circuit, if it is healthy then the contactors for each of the VSD will be 

powered. The VSD need to cool when running so a circuit with an in‐panel thermostat has been 

designed so if the temp raised above 15 degrees the fans run. Cooling for the fans is down by the 

fans sucking cool air in through the top vents and blowing out. 

 

 

Figure 9‐ Schematic drawing of VSD 

The schematic drawing for the VSD was taken from a wiring diagram in the ABB installation manual 

The VSD uses its own internal supply to switch signal inputs for control. (ABB, 2019) 

Digital input setup. 

DI1 – Fault reset 

DI2 – Start 

DI3 – Backup start 

DI4 – Start inhibit 

DI5 – spare 

DI6 – Thermistor  

Relay outputs 
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RO1 – VSD running 

RO2 – VSD failed 

RO3 – VSD in auto 

Analogue Input 

AI1 +/‐ = Speed reference form level controller  

Manufacture of the pump recommends a thermistor relay to be fitted to monitor the pump from 

overheating. 

 

 

Figure 10‐ Electrical Schematic drawing of lamps 
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Figure 11‐ Electrical schematic drawing Backup float 

The circuit above is for a backup float to run the pumps if the ultrasonic level instrument fails. This is 

to stop the site from flooding into the river. 

 

Figure 12‐ Electrical Schematic Ultimate level controller 

The Pulsar ultimate controller is the main brain of the control panel. This is the first time that this 

controller had been used for this type of control. Using the manual and conversations with Pulsar 

technical engineers the above diagram was created. (Pulsar, Ultimate manual (second edition), feb 

2020) 

Digital inputs 
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DI1‐ VSD 1 in auto 

DI2‐ VSD 1 running 

DI3‐ VSD1 failed 

DI4‐ VSD2 in auto 

DI5‐ VSD2 running 

DI6‐ VSD 2 failed 

DI7‐ fault Reset  

Digital Output relays 

R1‐ Pump 1 start 

R2‐ Pump 2 start 

R3‐ level controller failed  

As the pulsar ultimate controller was going to be setup for PID closed loop control of the pumps, 

analogue signals were needed. 

Analogue Input 

AI1‐ Flowmeter L/sec 

Analogue outputs 

AO1‐ VSD speed reference.  This AO will be wired to a signal isolator so that the mA reference value 

can feed both VSDs without any errors  

AO‐2‐ wet well level, this signal is wired to the telemetry outstation so that wet well levels can be 

trended and monitored remotely. 
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Figure 13‐Electrical schematic drawing flowmeter 

 

Figure 14‐ Electrical Schematic drawing telemetry signals 

For the site to be remotely monitored for faults or level & flow trends signals need to be wired to 

the main telemetry outstation which is supplied by others. This outstation is a seprol S200 and 

allows GSM communication. All alarms are monitored from a central smart hub, alarms will be given 

priority status, the higher the priority the quicker the response is to site by operation/maintenance 

team. 
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As part of the contract for this works all drawings must be sent to the client so they can be review to 

all current standards and be sent back marked as construction. Once this has been received all parts 

can be ordered and build take place. 

Drawing accepted with minor comments. 

A materials list was generated from the schematic drawings  

 

Figure 15‐ Material list 

Materials are sourced from an array of suppliers. Materials must meet British and European 

standards.  
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All the materials on the list above have been selected from reliable manufactures as they can easily 

be sources by the maintenance team in case of any failures or breakdowns. 

Materials were order as lead times on some of the materials would affect the delivery dates 

scheduled in the project plan. 

 

3.3 Site installation design for power and control cabling. 
 

As the site had no existing power supplies to use to feed the new equipment for the plant a new 

supply distribution board needs to be installed. The distribution board will be an 8‐way 3phase 400v. 

The board will supply all 400V and 230V ac supplies to equipment. 

The required MCBs to be fitted to protect all the equipment from overload current needed to be 

calculated from the power rating of the site equipment,   

 

Figure 16‐ Equipment Load schedule 

Once the MCBs have been selected power cables to supply the equipment had to be calculated for 

the correct cross‐sectional area to be able to carry fault currents without breaking down or causing a 

fire. 

A design was created using software called Trimble Amtech pro design, this is a CAD based software 

that can calculate cable sizes based on the information inputted. 

A visit to site was required to measure the cable routes to the final positions of the equipment once 

installed at site, this allow calculations to be more accurate. 

 

 

M H
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Figure 17‐ Design of power cable on Pro‐design 

Cable parameters are entered to generate a report. 

 

Figure 18 – Parameter list. 
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Figure 19‐ Cable calculation report generated on Amtech verifying cable size for current carrying capacity. 

A Single line diagram of all the cables need to be installed was then generated using AutoCad. This 

includes all power, control, and signal cables. Control and signal cable requirements were produced 

from referring to schematic electrical drawings from both our designs and the designs for the 

Company supplying the package process plant which had the local control panels for the SAF 

Aeration motors and SAF desludge pumps. 

Cables need to be of type and specifications within the DCWW specification and allow for 20 % spare 

capacity for faults or future use. 
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Figure 20‐ Single line Diagram (SLD)Power cables 

 

Figure 21‐ SLD control cables 

 

4 Project Implementation and Construction  
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Figure 22‐ project work breakdown structure 

The above work breakdown structure was developed during the design stages to create a list of work 

activities to input into Microsoft Project to generate a live working plan to construct and deliver the 

completed project. 
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Figure 23‐ MS project plan 

4.1 construction of SAF pumping station LCP 
 

Start date of the build was 06/01/2021 and it would take seven, 8hr days to complete  

Material costed at £9,053.44 

Labour Cost £1,960 

All material arrived on time; contingencies had been put in place due to the current situation with 

Covid 19. This had been covered in the risk register for the project at the start. 
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Figure 24‐ photos of complete SAF pump control panel 

The SAF control panel was built in the electrical workshop, photos above show the completed panel.  

Under normal circumstances panels would be full tested and have a factory acceptance test (FAT) 

before being delivered to site. The client decided to have the panel delivered early and agreed for 

any alteration to be done on site if problems raised during testing. Covid 19 had a hand in this as a 

local lockdown was in place. 

A signed declaration of conformity was issued and signed by the company manager so that the 

above panel could be marked with CE. 
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4.2 Site installation  

Start date for the site installation was 11/01/21 – for approx. 4 weeks  

Labour & Materials £35,000.00 

The installation needed to be carried out with a team of 4 men to achieve the time scale set in the 

MS project plan. As site is a classed as a construction site a full method statement and risk 

assessment must be issued and approved. 

A risk assessment for the installation was created using a 5 x 5 matrix which highlights the severity of 

the tasks in hand  

All the site hazards are listed below, and an example of the risk assessment is shown. The full risk 

assessment is in the appendix  

 Site traffic 

 Testing of electrical systems 

 Use of portable hand tools 

 Maintaining site Hygiene 

 Use of Hazardous materials 

 Working at heights 

 Silica dust from drilling concrete 

 Manual handling 

 Covid 19 

 

 

Figure 25‐ section of the Risk assessment 

 

The method statement was then created after the risk assessment this outlines how the work will be 

carried out. Area covered were as follows 
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 Scope of work activity 

 Estimated start and finish date 

 Responsible persons 

 Nominated personnel 

 Induction/training requirements 

 Access and egress  

 Welfare facilities 

 Interfacing with other contractors  

 Permits to work systems 

 Environmental controls 

 Emergency procedures 

 Tools and equipment 

 Methodology 

 Personal protective equipment (PPE) 

 

 

Figure 26‐ Section of the method statement in appendix 

Once the Method statement and risk assessment was approved by the client then work on site could 

start, all personal involved in the installation needed to sign the acknowledgement section of the 

RAMS. 

The SAF panel was delivered to site on a flatbed trunk and lifted down on to a hydraulic trolley to be 

pushed into place with the GRP kiosk that was designed to house the panel to protect against 

vandalism and environmental impacts, it was then bolted in location agreed. 
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Figure 27‐ SAF pump station control panel kiosk 

All power and control cables were installed as detailed in the design single line diagrams. Cables 

were then Glanded with armoured glands and terminated  

 

Figure 28‐ SAF Pump panel terminated 

The main incomer supply panel was mounted, all cable installed and terminated 

 

Figure 29‐ Main incomer supply kiosk 
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The process control required various instrument to be installed. In the wet well for the pumping 

station an ultrasonic sensor and backup float had to be fitted. These had to be mounted on stainless 

steel cantilever arms. Stainless steel is a requirement by the DCWW specification as the environment 

with in enclosed wet wells can be corrosive to other materials. The ultrasonic sensor had to be 

position so that it had a clear sight of the depth of the well, any obstructions would reflect the 

ultrasonic signal causing false echoes and incorrect level readings. 

 

 

Figure 30‐ Image of the ultrasonic sensor in wet well 

 

Siemens Magflow sensor and Converter was installed to measure the pumped flow from the 

pumping station to the process treatment plant. The sensor is an inline pipe sensor which meant 

that it was fitted by the mechanical team. The converter can be plugged on top of sensor but in this 

installation the requirements was to install it in the pumping station kiosk. To do this a wall 

mounting kit was needed for the remote connection blocks. Cables were terminated as off 

manufactures wiring diagram. Each flow sensor comes with a memory EEprom, this has all the 

calibration details of the sensor. As the convertor was remote the EEprom was removed from the 

sensor and plugged into the slot provided within the convertor. 
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Figure 31‐ Siemens Flowmeter termination diagram (Siemens, Sitrans F M MAG500/6000 manual) 

 

 

Figure 32‐ Siemen’s flow convertor and sensor 

The sludge holding tanks had Siemens Sitrans P300 Hydrostatic pressure sensors fitted on pipe work 

at the bottom of the tank. The sensors are HART connection which means they require a 4‐20mA 

loop to work. To create a 4‐20mA loop two 24vdc power supplies had to be installed for the sensors. 
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These sensors then had to be connected into the telemetry outstation analogue input. A program 

within the telemetry outstation will read the value and set internal memory bits which create 

outputs. This program was generator by others. 

     

Figure 33‐ Photo of Siemens Hydrostatic senso and 24vdc powers suply 

Power and control cables were wired to the SAF Aeration blower panel and De‐Sludge pump panels 

on the package plant supplied by others. The control cables picked up all alarm signals and inhibit 

signals. 

     

Figure 34‐ Panels connected in package plant 

As the site had no mains 400V supply, the electricity board would supply the site with a pole 

transformer. The supply characteristics for this was a TT system. 
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A TT system requires an Earth rod/ earth nest being install as the supplier will not supply any 

earthing. 

It is a requirement in BS 7671 for the soil resistance to be less than 200 ohms but DCWW installation 

specification requires values less than 100 ohms. An Earth Electrode test had to be carried out to 

determine soil resistance and how many earth rods would need to be installed. The test was carried 

out and results recorded. Two meters of tinned copper earth rods were knocked into the ground. 

The value of this earth is important as it is the main protection against Earth fault currents. 

 

Figure 35 ‐ Soil resistivity test results 

The project plan was kept up to date with the progress made. As seen from the update project plan 

below, initially the project was going as scheduled but toward the end delay started to happen. This 

was occurring due to the circumstances around Covid 19, the lock down had started to take effect 

on the construction industry and as this project was for a construction contractor dates started 

changing due to manning problems. as the houses that the works is going to be supplied by have not 

been finished the construction company closed the site to prioritise its work elsewhere. 

Even though this effected are expected delivery and completion dates the cost implications were 

minimal. As part of the contract all works up to the point of testing and commissioning were paid 

for. 

 



31 
 

 

 

Figure 36‐ MS project plan updated 

All cost for labour hours and material were tracked to make sure that it didn`t go over the predicted 

budget.  

 

Figure 37‐ Project cost tracking 
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The cost to date for the project is £ 33,248.21. there maybe some outstanding supplier costs which 

have not filtered through but as it stands the project will make profit for the company of approx. 

£26,000.00  

 

4.0 Testing and results  

 

Before any equipment could be powered up all cables had to be tested under BS7671 electrical regs 

and a certificate issued.  

Tests carried out on each cable 

 Insulation resistance 

 Continuity (R1 +R2) 

 Polarity 

 Earth loop impedance (this is a live test and can only be done under permit with arc flash 

clothing and PPE in place. Value can be calculated with other readings and is acceptable) 

 

Figure 38‐ Electrical Test certificate for cables 
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It was planned at this point in the project that the site would have had mains 400v electrical supply, 

but due to issues surrounding ownership of the land around the site this had not been done. To 

power up and test all the equipment a temporary generator set was setup on site. 

The SAF pumping station control panel was powered up and starting with the VSDs all the relevant 

parameters were setup and pump details entered. ABB VSD is quite easy to setup due to the 

simplicity of the menu; a manual was on hand just in case. Parameters were then saved to the 

keypad this helps if there is ever a fault and the drive needs replacing a backup of the parameters 

will be available. The drive can also be setup using free software available using a laptop. 

 

 

Figure 39‐ ABB VSD setup using keypad. 

Siemens magflow was setup next using the simple menu and keypad on the front. Data is read from 

the EEprom memory installed earlier in the project.  

 

Figure 40‐ Siemens MAGflow convertor front display. 

On the sludge holding tank is two Siemens Sitrans P300 Hydrostatic pressure sensors, due to the 

requirement to have a backup that is why there are two sensors. These sensors are 4‐20mA loop 

powered devices with simple setup control off two buttons on the front of the display screen. The 

M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H


M H




34 
 

device and be entered using software on the laptop, to do that it would need a HART modem which 

can be connecting in to the 4‐20mA loop circuit and communicate to the device via USB connection 

lead. The software allows more advanced setup. Using the manual, the two devices were setup, 

even though the sensors measure pressure it was a requirement by DCWW that the display from the 

telemetry outstation would show a level in meter value. The telemetry outstation analogue can be 

scaled to whatever number value require to correspond to the 4‐20mA sent. 

The tank measured at 1.620mtrs and the sensor gave a pressure reading of between 0 ‐1 bar g, but 

displayed as % 

 

Figure 41‐ Siemens P300 Hydrostatic sensor display 

The main control of the SAF pumping station is the Pulsar Ultimate level controller, this level 

controller could run the pumps on a PID loop using wet well level and pumped flow to determine the 

speed of the pump motor off the VSD. 

To setup the level control the distance from the face of the ultrasonic sensor to the floor of the well 

was measures with a dip stick. The depth was recorded as 3mtrs. Ultrasonic sensor is designed that a 

blanking range must be consider on the controller a Span value must be entered this is3 meters ‐ 

300 blanking range = 2.700mtrs. If liquid level enters the blacking range above 2.7mtrs the controller 

will go into fault with a loss of echo alarm. All other parameters were setup as per manual, this 

controller is like a simple PLC so all the inputs outs shown in the schematic electrical drawings had to 

be setup. 

M H
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Figure 42‐ Setup pages of the Pulsar Ultimate controller 

SAF operation levels were setup up for start and stop levels 

Pump No 1 –   start 1.5mtrs  

stop 1.10mtrs 

Pump No 2 –   Start 1.6mtrs 

Stop 1.10mtrs 

Due to the unforeseen impact that Covid 19 would have on the completion of the housing estate 

that the works was being upgraded for there was a limited amount of testing that could take place 

as very low flows of sewage and it took over a week at a time to fill the wet well for an hour of 

testing. 

Pumps 1 and 2 were started in had to check direction as if the pump were going the wrong direction 

there would be turbulence on the water in the wet well and the flows being measured would read 

zero. Pumps were going correct direction. 

The treatment plant required a constant flow of no more than 2 l/sec of sewage to treat, any more 

than this would affect the test reading of how clean the treated‐out flow sewage was to the 

watercourse. 

The pumps seemed to be over sized as to stop any flows greater than 2 l/sec the VSD max frequency 

had to be set to 48Hz and minimum 0 Hz. The motors are submerged to cooling is done by the liquid 

so the minimum frequency can be low. 

As the flow were low to site the level within the well soon dropped to below the stop level of the 

pumps. The level climbed back to 1.29 mtrs  
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Figure 43‐ level display wet well 

Alarms signals were checked form the SAF pump back to the telemetry outstation one at a time each 

alarm. 

 

Testing is still on going due to delays. The PID loop for the pulsar ultimate doesn’t seem to be 

working and needs more investigating, reading through the manual it should work but maybe the 

flows are so low that the speed reference will never change. 
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5 Project evaluation and the wider issues 
 

At the beginning of my project, I outlined several aims and objectives that I hoped to achieve 

through the project process. 

The project was won as part of a tender by a construction company on behave of the Water 

company. 

These jobs have strict design specifications and are hard to evolve into your own design. 

The original FSD was develop from all known outcomes that were assumed but not tested, the FSD 

detailed how the site should operate and for that it works out correct as during the development 

and installation of the work everything in the FDS became apparent. Unfortunately, due to 

circumstance out of my control I was unable to fully test the functional design. It has been tested to 

the point that it needs to run in operation to develop fine tuning of some of the key element. 

At present the PID control using the pulsar Ultimate does not seem to work. This device is still a new 

concept and has some design flaws, an engineer that programs the unit is investigating the internal 

software for any glitches.  

Development flaws at this stage lead to the best solution for controlling the pumping station and 

works would have been a PLC, I think that even though client specification pushed towards 

simplifying the control panel for maintenance reason will develop into other problems using the 

pulsar ultimate. 
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4. Conclusions and Recommendations 
 

 

In conclusion, I feel that I have achieved the aims and objectives that I had set out to accomplish at 

the start of this project. I feel that even though the research carried out was limited due to customer 

constraints, it gave me a good overview of what could have been used and the devices and 

instrument available for control, level and flow monitoring. I do feel that I could have ventured down 

other avenues during the research period, and maybe looked at other treatment works that had 

already been develop and used any issue that they may have had to develop my design, 

The design aspect of the project I feel I underestimated the amount of work involved as it was a 

complete installation which involved so many areas of Electrical engineering, I was getting 

overwhelmed with information and struggling to develop it into something people could read. All 

the designs had to be developed in such away so that I could try and put it forward academically and 

how the client would like to see the resultant information. It is very disappointing that due to the 

current situation the country is in with regards to Covid 19, that my project was not finished in time 

and fully tested. 

Future development of the site I would recommend using a Mitsubishi PLC and HMI it would have 

mate the site easier to control from one place. The telemetry outstation should not be used as a 

control centre it is only design for Alarm control. Using a PLC would have also meant less cables as 

the alarm cables to the telemetry outstation could have been done with fibre optics or just a RS485. 

There are also some other new concept controllers out there that seem easier to setup and from a 

maintenance side no laptop would be required, one device I have researched is Xylem concertor 

pump and controller.  
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