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1. Engagement with Literature Skills.
Section 5: Engagement in research, judicial use and critical evaluation sources,
depth of literature review of solutions (3/10)
Some evidence of research but no citations from sources (RD) 10 3 4 3
Evidence of research was demonstrated, however this was mainly limited to
Welsh Water company policy documents (MH)
Sections 3, 5 and 8: Extent of reading, use of credible sources, use of Harvard
method for listing and citing (2/5)
There must be some reading from the information contained in the report.
However, citation is disappointing as it is far too small for a level 6 honours project 5 1 2 2
report and there are no citations contained in the report (RD)
Additional research on wider issues using a diverse range of sources could have
been employed (MH)
Total 15 4 6 5
2. Knowledge and Understanding Skills
Section 3: Project background and context, commercial, economic and social
context (5/10)
Some information provided that sets the project in context. However, it is not clear
which parts are being delivered by the author of the report. (RD) 10 5 7 5
Project explained as the requirement for a new pumping and treatment installation
(MH)
Section 3: Project constraints, professional and ethical conduct, codes of practice,
standards, security, intellectual property, legal requirements etc. (5/10)
Some explanations given. (RD) 10 5 4 5
Constraints were limited to technical issues, no consideration of wider issues (MH)
Section 3: Environmental and sustainability limitations and promotion of
sustainable development (1/5)
Little or no references made to these requirements (RD) 5 1 0 1
No consideration of wider issues, ethical engineering or sustainability (MH)
Section 3: Project risks, health and safety etc. (0/5)
No risk assessment provided (RD) 5 0 0 0
No consideration of risks to the project’s success (MH)
Total | 30 11 11 11




3. Cognitive and Intellectual Skills

Section 3: Problem Definition (2/5)
Briefly explain but reads more like an FDS (RD)

The problem was only defined as a requirement due to 120 properties requiring > 2 2 2
sewage services. (MH)
Section 4: Functional Design Specification (6/10)
Detailed and an in depth information given. However, actual author’s objectives
are not clear leaving the reader unsure as to how much of the project will be 10 6 7 6
delivered by the author. No budget specified. (RD)
A detailed description of the system was described in the FDS (MH)
Section 4: Test planning (3/5)
Plenty of scope for testing though the table should contain expected and actual
results before signatures can be added. (RD) 5 3 3 3
A test plan with some performance metrics to gauge success was included,
tolerances on results would have been good. (MH)
Section 7: Conclusions and Recommendations (3/5)
Some helpful statements made but it is unclear as to where the project stands at
present. (RD) 5 3 2 3
Light on technical detail going forward, written a bit too generically (MH)

Total | 75 14 14 14
4. Practical Application Skills
Section 5: Critical choice and justification of final solution (1/5)
Only one solution consider, justification is based on client rules only. No scope
allowed for scoring solutions. No review of literature and no citations given. (RD) 5 1 1 1
Alternative solutions were not offered in the report (MH)
Section 6: Project Planning, working breakdown structure and management
techniques. (5/10)
A good plan but no work-breakdown structure provided (RD) 10 5 5 5
No WBS was devised but a detailed Gantt was used to control timings (MH)

Total 15 6 6 6
5. Transferable Skills for Life and Professional Practice
Section 1: Executive summary (2/5)
Contains some useful information but does not summaries what has been done.
(RD) 5 2 1 2
Very brief and didn’t give the reader much idea on the project’s scope (MH)
All Sections: Quality of the report — (3/5)
Good quality of presentation but contains many spelling errors (RD) 5 3 3 3
Generally well written and presented (MH)
Word count — (4/5)
Exceeded (RD) 5 4 5 4
3890 words declared (MH)

Total 15 9 9 9
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1. Executive Summary

This is an unnecessary statement
This assignment provides a detaileﬁey)ocess that a project must undertake to be successful. The

project background has been detailed and all the constraints set by law and the client to deliver the

project.
You could have started by
The functional design specification (Fﬁg/)/hgssbaeﬂhmgumgummline requirements for the new

pumping station and how the site wilf HiRE¢&h %EORS{&J@?&, manual and the integration between
What is a packaged plant? (RD)
package plants installed by other contractors.

A test plan was created from the FDS allowing full testing of require designed sequences the

pumping station must achieve to meet the specifications.

A literature review has been carried out into the device available for the design, a new instrument
was selected which hasn’t been used before and looks like it will be used a lot more in the future to
remove the need of PLCs and having to carry laptops with various device software installed. It will

make it easier for breakdowns for the average maintenance Electrician.

Spelling (RD)
This assignment as produce a working design specification and a programme of works to implement

the successful delivery.




2. Introduction

Don't instruct your reader, be informative (RD)
The design process is an important part of any project and its successful delivery. It is important to
fully understand each step, this assignment will define each step as an actual project that has to be
delivered to a client effectively. The project background will be discussed with all constraints which
will influence the direction the project design will go. This will then create the platform for creating
the functional design specification to create the final design to be installed and tested. A project plan

will also be produces, this will set out the work activities in a systematic work structure to deliver the
project on time, as designed and to budget.

In this section, you should have stated the
aims and objectives of the project. (RD)




3. Project Background and Problem Definitions and Constraints

3.1 Project Information

Use
. rtfu// .

A housing developer has requested to connect 120 new prope llg)s(tto an existing Wastewater

Treatment works in a village outside of Cardiff. justific

Welsh Water have granted connection of 30 properties, howevef'1he other 90 properties require the
or

treatment works to be upgraded to process the additional flow gngddead to comply with consent

documentation granted by the government for treated wastewdté?/1s

To achieve this a new pumping station and treatment plant needs to be installed.

The treatment plant will be designed and installed by another contractor called Jacopa.

3.2 scope of work

The scope of work for the client is to design, supply and install the following

1. Submerged Aeration Filter (SAF) lift pumping station control panel.

The pump station consists of two centrifugal submersible pumps with an ultrasonic level instrument
and a level float switch providing a Hi-Hi level for emergency pump-down level control. An inline flow
meter will be mounted on pump pipework to SAF unit to monitor pumped flows

The two pumps will be variable speed and shall ramp up and down based on level and flow. The level
controller will monitor the level in the pumping station wet well and provide a 4-20mA signal to the for
speed control. The operating regime is to be duty / standby, with automatic daily changeover of the

duty pump.
This is more of a list of requirements and reads like an FDS. You should be
explaining teaksEeHEacadiRtaAGabGenefBtdr changeover panel.

lling ? (RD,
The panel wiﬁ%elb%gArr(wp t?hangeover fuse switch and must facilitate safe and easy connection of a

temporary generator via five single pole panel mounted Power-safe drain connector plugs.

3. Power Distribution board and cabling.
Power distribution board will be 400 Volts three phase and neutral and will provide feeds for the
following

e SAF Lift pump station Control panel

e SAF Lift pump station building services

e SAF Aeration Blower control panel ( panel designed and installed by others)




e SAF De-sludge Pump control panel( panel designed and installed by others)
e SAF Package plant building services
* Power Distribution building services
e  SAF pumping station & Sludge tank trace heating controllers
Cable lengths will need to be measured on site and loading of devices will need to be worked out to

calculate the cable core sizes for current carrying capacity.

4. Instrumentation associated with the treatment works
¢ Flowmeter to monitor pumped flow to package plant
e Ultrasoniclevel instrument to monitor levels in wet well

e Pressure transducer to monitor levels in the sludge holding tank.

5. Atelemetry outstation will be installed by Welsh Water to remotely monitor any fault alarms which
occur during plant operation. Cables will be installed to connect all the relevant alarms to telemetry
digital inputs and all analogue inputs for level monitoring.

6. The site is currently unpowered and will be fed from a new three phase 100 kVA pole transformer.
The Earthing arrangement for the site will be a TT system, this mean that the Electrical Company won't

supply the earth. An Earthing study will need to be carried out of the site.

3.3 Standards and codes of practice

The design and installation shall conform to all relevant Health and Safety regulations, Electricity at
work Regulation, British, |EC standards and the Welsh Water Technical standards including the
following;-

e Welsh Water Electrical Specification ES302 — LV Switchgear and Control gear Assemblies

* Welsh Water Electrical Specification ES304 — Pumping Station Design Requirements

e Welsh Water Electrical Specification ES306 - Variable Speed Drives

s Welsh Water Electrical Specification ES319 - Low Voltage Installations

¢ Welsh Water Specification 55101-1A Small Wastewater Submersible Pumping Stations
A Comprehensive list of all Welsh Water Technical specification is detailed in the Appendix.

¢ WIMES 3.01 - Low voltage(LV) Switchgear and Control gear Assemblies.

s WIMES 3.02 - Low Voltage Electrical Installations,

¢ WIMES 3.04 - Low Voltage Electrical Specification for Package Plant,

e  WIMES 3.05 - Electrical components (for use in LV Assemblies).

e WIMES 8.03 — Mechanical Installation.




The equipment and installation shall comply with all relevant European Community (EC) directives, UK
statutory regulations and the latest edition of harmonised international, European and British
Standards at the time of Design and:

e BS7671:2018 Requirements For Electrical Installation

e BS 6739: 2009 Code of Practise for instrumentation in process control systems, installation,

design and practice.

e BS7430:2011 Code of practice for protective earthing of electrical installations

All equipment installed must comply with the Waste Electrical and Electronic (WEEE) regulations and

shall be marked in accordance with BS EN 50419.
citations ?
(RD)

3.4 Project Constraints

All assembly components shall be selected from Welsh Water's Electrical Framework manual, and all

assemblies shall be constructed using intelligent, integrated protection, control and monitoring

devices.

All assemblies shall be designed to satisfy the operational and functional requirements, and for ease

of maintenance over a 20 year lifecycle period.

The construction of the panel shall be designed for safe, robust and reliable operation. It shall be

constructed to an internal form of separation required from the client specifications

Pumps driven by Variable speed drives (VSD) shall be assessed to determine the harmonic voltage and

current distortion level and effects on the supply distribution network. VSDs provided must be

compliant with IEC61000-3-2.

All design drawings and cable calculations must be issued to the client as proposed for review and can

only be used once they have been marked up as construction and been stamped as “Accepted”

If any technical issues arise with design conflict, then a technical query can be sent to DCWW technical

staff to overcome issues.

As the treatment works upgrade is a collaboration between different supply contractors meetings

shall be held to creatsggwé]‘gf?g[c)t)ive program of works to deliver and achieve the best outcome.

The site installation will require a risk assessment and method statement to be created and approved

by the client before any work on site can be started. The risk assessment will highlight all the risks on
spelling (RD)

site and preventative measures but in place to reduce the risk. The method statement will be a

detailed plan of how the work is going to be carried out.

Details of the installation team shall be given to the client to prove technical education and experience.




4, Functional Design Specifications and Test Plan

4.1 Functional design introduction

The Functional Design Specification is a key site document and provides a comprehensive
description of the site control system. This document is to be updated on an ongoing basis, as
required, to provide an accurate and up to date record of the control system. Any modification
during the delivery of the project shall be captured within this document. A detailed description of

each element of the control system is provided.

4.2 SAF lift Pumping station Control Philosophy

The Pumping Station Pumps shall operate in a Duty / Standby configuration in normal conditions,

when all pumps are available. Duty rotation shall be automatic and selected by the Pump Controller.

or
Duty Pump shall start when the Pumping Station level is at/above the ‘Pump Start Level’ set point
(adjustable, set at commissioning). When the Pumping Station level falls below the ‘Pump Stop Level’

set point (adjustable, set at commissioning), the operating Pump shall stop.

Under normal operating conditions, the Pumps operate to maintain a pre-set ‘Pumping Station Target
Level’ set point (adjustable, set at commissioning). The running pump shall be speed controlled, via
the ‘Pump Speed’ set point derived from a PID control algorithm within the pump controller to

maintain the ‘Pumping Station Target Level within the pumping station.

The pumped output should not exceed a flow rate of 2 litre/sec (I/s) (adjustable, set at commissioning)
as read by the inline flow-meter during normal operation. The pump’s speed is limited by the pump
controller to a frequency rating, equivalent of 2I/s. On start up the pumps shall ramp up to a full speed
set point (adjustable, set at commissioning) for a short period (adjustable, set at commissioning) for a

flushing regime, before reverting to normal operation.

If the flow reaches the Low-flow alarm set point (set at commissioning) the duty pump changeover
shall be triggered. The flow meter shall be relayed back to the pump controller and a high flow alarm

shall be raised by the pump controller if flow exceeds 2l/s for a set time (adjustable, set at




commissioning). The analogue signal from the flowmeter will be taken back to the remote telemetry

unit (RTU) for flow monitoring.

If there is a loss of signal from the ultrasonic level transmitter for a time period greater than 1 minute
a failsafe ‘Loss level control’ alarm will be sent to the RTU and the pumping station will be effectively
under emergency pump-down level control until the fault is rectified and manually reset. The pumps
shall operate at a fixed speed (set during commissioning) and use the wet well Hi-Hi float switch

(emergency pump down) for pump operation.

Upon receipt of a ‘High Wet Well Level’ signal from the Hi-Hi float switch, the control system shall
transmit a ‘Back-up Control System Activated’ alarm to the RTU. The back-up control mode shall be
configured as a control system operating independently of the intelligent station controller by

including for a hardwired emergency fail safe pump-down circuit.

The duty pump shall continue to start on each operation of the Hi-Hi level float switch until the
intelligent control of the pump units is restored. The Emergency Pump-down Timer period of
operation shall be set to that which would empty the well to a safe level (set at commissioning) i.e.
one that does not endanger the pump from dry running in excess of the pump manufacturer’s

recommendations.

If the duty pump fails to start in back-up control mode, the standby pump shall start and subsequently

run every time the Hi-Hi level float switch is operated.

If the duty pump fails when running in back-up control mode, the standby pump shall start and run
until the pump timer expires. Subsequently, the standby pump shall run every time the Hi-Hi level

float switch is operated.

Duty changeovers shall be inhibited in back-up control mode.

On rectification of the fault that resulted in the emergency pump-down control mode, the control
system shall require manual intervention to de-latch the circuit and allow the control to revert to

pump unit control via the pumping station controller.

An increasing level in the Pumping Station shall require the duty pump operating speed to increase to
maintain the ‘Pumping Station Target Level’. The speed of the pump will be fixed when the target flow

rate of 2l/s is reached.

10




A decreasing level in the Pumping Station shall require the pump operating speed to decrease to
maintain the ‘Pumping Station Target Level’. The operating pump shall ramp down to the ‘Pump

Speed’ set point to maintain the ‘Pumping Station Target Level’.

An inactivity timer shall be provided to monitor if the pumping station remains inactive for an
extended period. An alarm shall be raised if either pump fails or if the inactivity timer has been

triggered by the pumps not running for a set time (adjustable, to be set during commissioning).

If both pumps fail, flow will build up in the chamber and overflow via the emergency overflow line to

the existing reed bed. An alarm shall also be raised if a Hi-Hi level is reached in the chamber.

Pump control shall incorporate an anti-rag reversal function controlled from the Ultrasonic pump

controller subject to confirmation that pumps are appropriate for this function.

An interlock shall be provided to prevent both pumps running together in automatic and manual

operation. Maximum flow to the SAF unit should not exceed 2I/s.

Normal automatic operation

Drive Enabler(s) Disabler(s) Modifiers(s)

Pump is Duty Pump is Standby
P1002 And or SAF Lift Pumping Station Level
SAF Lift Pump is Available Pump is Unavailable Transmitter, Target level
Pump And or setpoint
No.l Pump is Healthy Pump is Failed

And or

Wet well level is at or Wet well level is at or

above start level below stop level

setpoint setpoint

Pump is Duty Pump is Standby
P1003 And or SAF Lift Pumping Station Level
SAF Lift Pump is Available Pump is Unavailable Transmitter, Target level
Pump And or setpoint
No.2 Pump is Healthy Pump is Failed

And or

Wet well level is at or Wet well level is at or

above start level below stop level

setpoint setpoint

11




Abnormal automatic operation

Failure/Abnormal Resultant Control Reset Method
Condition Action
SAF Lift Pump No.1 - Raise alarm on Reset push button
Failed telemetry
And
Start Standby when
required
SAF Lift Pump No.1 - Raise alarm on Reset push button
Unavailable telemetry
And
Start Standby when
required
SAF Lift Pump No.2 - Raise alarm on Reset push button
Failed telemetry
And
Start Standby when
required
SAF Lift Pump No.2 — Raise alarm on Reset push button
Unavailable telemetry
And
Start Standby when
required
SAF Lift Pump Station Raise alarm on Automatically reset upon condition(s) being
Flowmeter - Failed telemetry cleared
And
Continue pumping
regime
SAF Lift Pumping Station Raise ‘Loss level The pumping station will be effectively
Level Transmitter - Failed control’ alarm on under emergency pump-down level control
telemetry after >1 until the fault is rectified Via Manual
minute intervention and reset.
And
Stop duty pump.
Loss of Comms between Pump Controller to Automatically reset upon condition(s) being
outstation and pump continue operation cleared
controller

12




Backup control process

Event Cause Result
HH Wet Well HI-HI Float Raise ‘High Wet Well Level alarm
Level tipped And
Begin emergency pump down procedure under backup
control
Backup Control Safety
Event Cause Result
SAF Lift Pump No.1 - Estop Manual Action Trip/inhibit drive

And
Raise alarm on telemetry.

SAF Lift Pump No.1 - Overload

Drive Overload

Trip/inhibit drive
And
Raise alarm on telemetry.

SAF Lift Pump No.1 - Over Temperature

Motor Thermistor HH

Trip/inhibit drive
And
Raise alarm on telemetry.

SAF Lift Pump No.2 - Estop

Manual Action

Trip/inhibit drive
And
Raise alarm on telemetry.

SAF Lift Pump No.2 - Overload

Drive Overload

Trip/inhibit drive
And
Raise alarm on telemetry.

SAF Lift Pump No.2 -Over Temperature

Motor Thermistor HH

Trip/inhibit drive
And
Raise alarm on telemetry.

Manual Control

Plant Selection Actions
SAF Lift Pump | VSD operator Start & Stop the drive via the VSD Operator Control
No.1 interface panel Panel Start/Stop buttons,
Interlock to prevent SAF Lift Pump No.2 (P1003) from
operating.
SAF Lift Pump | VSD operator Start & Stop the drive via the VSD Operator Control
No.2 interface panel Panel Start/Stop buttons,
Interlock to prevent SAF Lift Pump No.1 (P1002) from
operating.

13




Supervisory Control

Setpoint Group

Setpoint

Comment

SAF Lift Pumping Station
Level Transmitter

High High/High/Low/Low Low/Dead
band/Alarm Delay

‘Pumping Station Target Level’ setpoint
‘Pump Start Level’ setpoint

‘Pump Stop Level’ setpoint

Inactivity timer (pumping station remains
inactive for an extended period)

Pump level controller
software to be utilised

SAF Lift Pump No.1

‘Pump Speed’ setpoint derived from a PID
control algorithm

Pump level controller
software to be utilised

SAF Lift Pump No.2

Pump Speed’ setpoint derived from a PID
control algorithm

Pump level controller
software to be utilised

SAF Lift Pump Station
Flowmeter

High High/High/Low/Low-Low/Dead
band/Alarm Delay

RTU software to be
utilised

Alarm Data for telemetry outstation (RTU)

Name Type Priority | Comment
SAF Lift Pump No.1 Run Status Digital input
SAF Lift Pump No.1 Failure Status Digital input
SAF Lift Pump No.1 Available Status Digital input
SAF Lift Pump No.1 Trip Status Digital input
SAF Lift Pump No.1 Emergency Stop Status Digital input
SAF Lift Pump No.2 Run Status Digital input
SAF Lift Pump No.2 Failure Status Digital input
SAF Lift Pump No.2 Available Status Digital input
SAF Lift Pump No.2 Trip Status Digital input
SAF Lift Pump No.2 Emergency Stop Status Digital input
SAF Lift Pumping Station Level Switch - Hi-Hi Float Digital input
SAF Lift Pumping Station Level Transmitter - Wet Well Analogue
Level input
SAF Lift Pumping Station Level Transmitter — ‘Loss level Digital input
control’

14




SAF Lift Pump Station Flowmeter - Pumped Flow Analogue
input

Back-up Control System Activated’ Digital input

Additional site equipment installed by other contractors
e De- sludge Pumps control panel
e SAF Aeration Blower Control panel
Alarms for the equipment is part of this design
Alarm Data for telemetry outstation (RTU)
Name Type Priority | Comment

PST Pump Run Status Digital input

PST Pump Failure Status Digital input

PST Pump Available Status Digital input

HST Pump Run Status Digital input

HST Pump Failure Status Digital input

HST Pump Available Status Digital input

Blower No.1 Run Status Digital input

Blower No.1 Failure Status Digital input

Blower No.1 Available Status Digital input

Blower No.2 Run Status Digital input

Blower No.2 Failure Status Digital input

Blower No.2 Available Status Digital Input

Sludge tank pressure sensor No.1

Analogue input

Sludge tank pressure sensor No.2

Analogue Input

Inhabit all pumps.

Digital Output

15




4.3 test Plan

Your testing table should contain a columns for (i) expected result (2) actual result

and (3) pass OrSfA]Pélp(ﬁRp))ing station factory acceptance test (FAT) will be witnessed by the client before panel is

allowed to be delivered to site for installation. Other check sheets are in appendix A

Operation details

Setpoint value

Tested By

Witnessed by

SAF Pump No.1 operates at start level
setpoint

1.0 mtr

SAF pump No.1 switches off at stop
level

0.5 mtrs

SAF pump No. 1 running displayed at
telemetry outstation

SAF pump No 1 failed Alarm
displayed at telemetry outstation

SAF Pump No.2 operates at start level
setpoint

1.0mtrs

SAF pump No.2 switches off at stop
level

0.5 mtrs

SAF pump No. 2 running displayed at
telemetry outstation

SAF pump No 2 failed Alarm
displayed at telemetry outstation

SAF pump No.1 VSD speed to keep

Level speed

telemetry outstation to match
control values off 4-20mA

2l/s 1.0m 80Hz
1.5m 50Hz
1.8m 457

SAF pump No.1 VSD speed to keep Level speed

2l/s 1.0m 80Hz
1.5m 50Hz
1.8m 457

SAF pumps running Duty/Standby

alternates after every stop cycle

SAF Pump on Standy starts with

backup float if duty pump is in fault

Ultrasonic levels checked at 4AmA - Omtrs

12mA - 1.0mtrs
20mA — 2.0mtrs

Hi level alarm activates from
ultrasonic level

1.9mtrs

Flow meter flow value checked at AmA-01/s
telemetry outstation 12mA-11/s
20mA-21/s

SAF pumps 1 & 2 Emergency stop
Alarms to telemetry outstation

Ultrasonic level sensor failed Loss of
Echo Alarm at outstation

Mains failure alarm checked at
outstation

16




Onsite Testing (SAT) will be carried out with all contractors involve so that all the process plant can
be tested complete.

Electrical test will be carried out on all cables installed to BS7671 and will be recorded so that
certification can be given.

As the site will be a TT system, earth values will be tested, this determines how many Earth

electrode need to be installed to reach the acceptable resistance reading according to BS 7671 and
Welsh Water specification ES319.

Both test sheets are in Appendix A

What is your budget? (RD)

17




5. Literature Review

5.1 SAF lift pump station control panel design

The design is to implement a PID loop to control the pump speeds to produce a constant flow to the

treatment plant.
You should still have reviewed what was
As the work is being completed/fara flient dben coly/spadified frame work components are allowed

to be used. For this reason the following components have to be used

The VSDs have been requested to be ABB, as the pumps are 2.2kw, an ABB ACQ580 has been

selected.
Citations needed (RD)

The flow meter selected must be a Siemens MAG5100W, this is an inline flanged mounded flow
sensor designed for waste water. The reference No. for this item is DN65 PN16 this is due to the
diameter of the pump pipe work being fitted. The flow meter requires a signal converter thisis a
MAG 6000 signal convertor, rated voltage 110 — 230 Vac and will require the wall mounting kit as it

will be install in building with pump control panel.

Level will be monitored in the sludge holding tank by two pressure transmitter, these will be
Siemens Sitrans P300 Hydrostatic sensors. They will be loop powered 4- 20mAso will need to be
supplied with 24vdc power. This sensor has been designed for sludge tank levels and must be used.

The pressure sensor will read between torange 0 —1 barg

Pumping station wet well level sensors must be ultrasonic there are a number of controllers and

sensors available.

Siemens LUT420- This is a simple ultrasonic level controller designed for measuring level and volume
of liguids, slurries and solids, as it is a basic controller it has 3 relay outputs and basic pump control
functions, also basic data logging capability. Measuring Accuracy +/- 1mm plus 0.17% of measured
distance. Dis-advantages with this controller are that it is bulky and when mounted to a panel door
it takes the depth need to be considered not to interfere with other components. The controller can
be programmed for using the keys on the front but a manual is need to explain the parameters and
selection of values.

Cit

ati

Cost of Controller =£370 with a 1-2 week delivery time

HydroRnger 200 HMI - This is an advanced ultrasonic controller and’6ffers single or dual point
S
monitoring. It has a easy to use HMI display with menu driven paramegters and a support Wizard for

quick setup applications. There is removable terminal block for ease®SF wiring.
ed

(R




It has built in Modbus RTU via R5485 for communication. It has 6 relay outputs and 4 — 20mA input
and output connections. The unit has auto false Echo suppression for fixed obstruction avoidance

which will help in a small wet well where it is tight on space due to the pipes and pumps.
Cost of Controller £430.00 with a 1-4 week delivery time

Pulsar Ultra 5. — This level controller provides flexible and reliable non contacting ultrasonic level
and volume measurements. This controller has a built in wizard for quick setup of applications. Can
record data on to a Micro SD card. It has 5 control relays and 1 analogue output. Analogue input is
an extra which needs to be asked for.

Cost of controller = £690.00 with a 3-4 week delivery time.

The advantage of using a pulsar ultrasonic controller is the sensor. Each ultrasonic sensor whether its
Siemens or Pulsar have an Echo blanking range.

Siemens blanking range for a XRS5 sensor is 300mm

Pulsar blanking range for dB3 sensor is 120mm

The blanking range can play a key part when distance is an issue as if level reach into these ranges

then level values will no longer be measured and the ultrasonic will fault to loss of echo.

The choice of level controller is between the Pulsar ultra 5 and Siemens Hydroranger 200.
After discussions with the client and selected by the operation staff of Welsh Water as personal

preference the Pulsar Ultra 5 is to be used

Citations needed (RD)
Welsh water specification, specn‘y that their pumping station must be intelligent control and requiré

a PLC with HMI interface. The framework PLC is a Mitsubishi Q series with GT27 HMI. Using a PLC
makes PID control easy as all Digital input/ output and analogue cards can be bought and fitted. This

makes future development and expansion easier.

The client decided to change the constraints of the project and find another solution to remove the
use of a PLC and find a device that is on the frame work which had the ability to carry out the
function of PID. The purpose of this was to cut costs as PLC programming can only be done by frame
work selected companies and they tend to be expensive, another reason is that the operations team
wanted to find a simple device that they can access and replace without the use of laptops and

software.

Research and communication between frame work suppliers lead to the new Pulsar Ultimate

controller.
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This controller combines ultrasonic level, flow measurement. RTU and advanced pump control all in
to one easily programmed module unit. It has dedicated web server remote control and a touch
screen HM|

The ultimate controller also can be expanded with extra modules, it has built in pre- selected
features for pump blockage detection, automatic resets and can select the most efficient pump.

For cost saving this unit combines HMI, PLC and level controller all into one unit.

The analogue input allows for the Siemens Flowmeter inverter output to be connected to it and two
analogue outputs, one of with will be connected to the telemetry unit for remote monitoring of the
wet well levels and the other for speed control of the VSDs.

Cost of controller and sensor £1280.00 with 2 weeks delivery time. g’;

n
The proposal was put forward to Welsh Water and the client as a teg'mical query and was accepted

as a preferred design. This is the first time this unit has been trailed teerun a pumping station as a
ed
ed
(R
D)

PID loop.
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6. Project Planning, Work breakdown and Management Techniques
Where is your work-breakdown structure?

As the project is client driven and there are various contractor companies working on the project,
collaboration meetings were held over MS Teams to produce an agreed programme of works.

A project plan has been produced using MS project and the full program of works is in Appendix C.
The detailed work structure has been broken down into all key elements from creating design
drawings and get them approved too getting all materials to site for the installation.

Figure 1 below shows a snip it of the task breakdown.

[ Broyect - Te
=, ¢ L — — — —
— — — — — — — — 1 —
% Coumn emn 3 — I — I — I — I —
o B——— 2 Luta T ' J - - L ¥ + ¥ ¥ - * ‘
o S « Fiiah v Predecers Complets'w et Bnek efl W v W e s W W s
+ Bomdlston Exst WAWTW praject plan E7dayr  Ohn Mon 07/12/2¢ Tue 23/02/21 0% a a-p[
o Howilalon East WWTW build and imstallation 57 day ahny MenDFAZ[m  Tue 202/ Ll LY
4 Wulid and installstion of SAF pumping S/ dws  Whe Manitizfm Tue2ajiala s o s
station contsal panel
v = Draw Electrical Schematic winng sdars [T MonT/12/20 Fn 11128 100% sutays
diagrams for pumping station contral
paned and mains incomer/dhangss over
panal
o - S8R Arawi R 1 ElinAT AR e st 1 any [T Mon 1412/70  Mon L4/12/70 3 100%
spproval
v = ordes panel andmatesials 1 day [ Mon 0 Man 0712/20 10
- e chematic drawings 1 day ey ™
- St dckng SAF pump control Ohrs 1 i
- Build mans/ Generator change over  §dars ohs F 15, t il
canel
- Wied 30/01/11 T
- wed 23/01/n

- Fi 10T
- Man WAZ/m  Tue a2t [ 18 s
- Mon 14/12/20 Man L4/12/10 ™ 14 duys
= Tue 15/10/00  Weed 1611720 14 ™ Lacurs
- Wed 18/12/20 Thu1712/20 [ days
= Mon A3/20 Mon 21/12/20 1518 L1 12 dhays

Figure 1MS project task breakdown

Using critical path and miles stones on MS project as highlighted all the tasks that need to be
completed by a specific date to meet the deadlines set by the client. Figure 2 below shows the
critical path for the build of the SAF pumping station control panel and the mile stone delivery to site
date. It also shows that the whole build stage to delivery is critical as the client has set tight time

lines.
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+ Berwiliton Lait WWTW project plan

2 -
v - + Warwilalan Lt WNT il and invlallaton
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v =
-
- I
- T
= L
= o i
13 - + 3w Invtlition r

Figure 2 MS Project Critical Path and Mile Stones

Each task will be allocated labour, by using the resource table in MS project each person can be
added as a resource and the cost per hour. All the tasks on the breakdown structure will then be
allocated resource Figure 3 shows the resource table.

Task Resource Report Project View Help Format 2 Tell me what you want to da
& s = [ = [ Leveling Options
b & & B OEE S & omnw
n Resource Add Information Mates Details Level  Level
= Pool = Resources = Resource Al
i Assignments Insert Properties Level
fg Resaurce Name T Type v Materidl v initials v Group v M2 v g Rster OV v Costlise Aecrue = Base ~ Code ~  BUDGET CAT >
Carl Jonas Waorl: = 100% £43.00/hr  E£0.00/hr £0.00 Prorated Standard STAFF
work 100% £30.00/hr  E0.00/hr £0.00 Prorated Standard STAFF
wark 100% £43.00/hr  £0.00/nr £0.00 Prorated Standard STAFF
Doug Waork o 100% £30.00/hr  £0.00/hr £0.00 Prorated Standard STAFF
Fhil Work F 100% £30.00/hr  E0.00/hr £0.00 Prorated Standard STAFF
Jack ‘Work ] 100% €30.00/hr  £0.00/hr £0.00 Prorated Standard STAFF
BUDGET STAFF Wark B Prorated Standard STAFF

Figure 3 MS Project resource table

The budget labour hours for the work is 656 hours, using MS Project a staff budget recourse name
was made up, this allows the hours and cost of the labour to be monitored as the tasks are
completed an the hours are entered. Figure 4 and 5 show the hours enter against each task and the
costs.
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Figure 5 Budget hours, hours worked and cost of labour for tasks worked

The program has to be updated every day and percentages on work complete entered this allows
any slippages in tasks to be picked up. As part of the contract with the client a program of completed
works must be issued each month. Payment for work completed from is from an activity schedule
issued to the client, percentages are place against each payment and the client will compare to the
up to date programme of works at that date. The activity schedule is in appendix D
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7. Conclusions and Recommendations

To conclude the assignment, all objective set out in the assignment brief have been achieved.

The understanding of the project background was fully explained and all the constraints for the

project which have been set by the client and the technical specification and standard regulations

that must be adhered to. No
citat
A full functional design specification was achieved which form the/Rf¢fory and site test plans were
ive
derived. i

(RD)
Research into the design brief and to what equipment could be used, as the project is client based

then, a lot of their technical specification had to be used and their agreed framework suppliers

You should still have reviewed what else could have been used and as this was a
literature revigig iR bl P ErarH & WK RidsGa € /and will be used to achieve a successful project to be

delivered on time and to the clients agreed specification.
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You have listed but not cited (RD)

A far bigger listed was expected for a level 6 honours degree
project. This is very disappointing (RD)
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9. Appendix

You should have included the project proposal in the appendix. (RD)

All material included in this section should be referred to
in the main report (RD)
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Bonvilston East WWTW
Activity Pricing Schedule Rev.P1

01/12/2020

Our ref. 20.22.057

Item

Activity

Quoted amount

Revised amount

1.0

Suply and installation of cable containment, local junction box
stands

£3,500.00

2.0

Supply and installation of 1 No. ‘Power Distribution Board ‘ - Wall
mounted, TP&N, 50Hz 8 Way Distribution Board

£1,900.00

3.0

Design, Supply and installation of 1 No. “SAF Lift Pump Station LCP
Wall mounted Form 2 panel with 2 No. standalone VSD starters.

£13,990.00

4.0

Supply of 1 No. IP55 min rated enclosure to house a 24V power
supply and associated terminations for Sludge Holding Tank level
transmitters

£1,010.00

50

Design, Supply and installation of 1 No 100A Wall Mounted Main
Incomer & Generator changeover fused switch panel & Portable
Generator socket.

£2,850.00

6.0

Supply and installation of power cabling from the ‘Power
Distribution Board’ to ‘SAF Lift Pump Station’ Control Panel.

£750.00

7.0

Supply and installation of control & status cabling from the 'SAF Lift
Pump Station LCP' to the Telemetry Outstation

£680.00

8.0

Supply and installation of power cabling from the ‘DNO Cut-out’ to
‘Main Isolator Fuse Switch Panel’.

£817.00

9.0

Supply and installation of power cabling from the ‘Main Isolator
Fuse Switch Panel’ to the ‘Power Distribution Board'.

£817.00

10.0

Supply and installation of power cabling from the ‘Power
Distribution Board’ to the ‘Power Distribution Kiosk Building
Services Board".

£380.00

Supply and installation of power cabling from the ‘Power
Distribution Board’ to the 'SAF Lift Pumping Station Kiosk Building
Services Board'.

£465.00

Supply and installation of power cabling from the ‘Power
Distribution Board' to the SAF Lift Pump Station & Sludge Tank
Pipework Trace Heating Controllers

£860.00

Supply and installation of control/signal cabling from the SAF Lift
Pump Station & Sludge Tank Pipework Trace Heating Controllers to
the Telemetry Outstation

£993.00

14.0

Supply and installation of power cabling from the ‘Power
Distribution Board’ to the ‘SAF Aeration Blower Package plant LCP

£1,100.00

Supply and installation of power cabling from the ‘Power
Distribution Board’ to the ‘SAF Desludge Pump Package plant LCP’

£1,056.00

16.0

Supply and Installation of all control / signalling cabling between
the ‘SAF Aeration Blower LCP' and the Telemetry Outstation.

£1,025.00

Supply and Installation of all control/ signalling cabling between the
‘SAF Desludge Pump LCP’ and the Telemetry Outstation.

£1,025.00

18.0

Supply and installation of all power and control cabling for all drives
and Instruments fed from the ‘SAF Lift Pump Station’ LCP to the
following;

19.0

SAF Lift Pumps 1 & 2

£1,490.00




Supply and installation of power and control cabling between ‘SAF

20.0(Lift Pump Station’ LCP and Flow Meter FIT1003 £895.00
Supply and installation of power and control cabling between ‘SAF

21.0 Lift Pump Station’ LCP and Ultrasonic Level Controller LIT1002 £895.00
Supply and installation of power and control cabling between ‘SAF

22.0 Lift Pump Station” LCP and Wet well float switches L51002 £732.00
Supply and installation of power and control cabling between the
24V power supply enclosure (item 3) and the 2 no Sludge Tank Level

23.0(instruments £2,030.00
Supply and installation of control cabling between the 24V power

240 supply enclosure (item 3) and the telemetry outstation £1,180.00

25.0|Supply and installation of all Surge protection devices £580.00
A full Site Wide Earthing Study, inclusive soil resistivity testing to

26.0|inform subcontractors earthing system design. £2,000.00
Full site wide LV Earthing system including Earthing and bonding of
plant equipment (including pipe flanges) and protection systems,

27.0(including any additional CPC £1,200.00
Cable Duct Sealing on all ducts, Rise Seal or equivalent to be used.

28.0 . ne uets, ’ quiv . £1,850.00

29.0

30.0|Supply & Installation of Instrumentation as per instrument schedule £15,995.00
Electrical Installation Method Statements and Risk Assessments,
Calibration Certificates, Certificates of Conformity. Attending site

31.0|meetings £1,800.00
Inspection and testing including all supporting documentation (e.g.
NICIEIC completion certificates), end to end testing, dry
Commissioning to enable the Commissioning Engineer and System

32.0 Integrator to complete the Commissioning. £1,960.00
Labelling, as built documentation/drawings, operating and

33.0|{maintenance manuals £2,260.00

£68,085.00

£0.00




1910607-SEGL6000- Assignment specifications

GRADEMARK REPORT

FINAL GRADE

40 100

GENERAL COMMENTS

Instructor

PAGE 1
PAGE 2
PAGE 3
PAGE 4
Text Comment. This is an unnecessary statement (RD)
Text Comment. You could have started by saying something about the pumping station.
(RD)
Text Comment. What is a packaged plant? (RD)
Text Comment. Spelling (RD)
PAGE 5
Text Comment. Don't instruct your reader, be informative (RD)
Text Comment. In this section, you should have stated the aims and objectives of the
project. (RD)
PAGE 6

Text Comment.

Text Comment.

Use full text justification for paragraphs (RD)

This is more of a list of requirements and reads like an FDS. You should

be explaining the background to the problem. (RD)

Text Comment.

spelling ? (RD)



PAGE 7

PAGE 8
Text Comment. citations ? (RD)
Text Comment. spelling (RD)
Text Comment. spelling (RD)
PAGE 9
Text Comment. or
PAGE 10
PAGE 11
PAGE 12
PAGE 13
PAGE 14
PAGE 15
PAGE 16
Text Comment. Your testing table should contain a columns for (i) expected result (2)
actual result and (3) pass or fail. (RD)
PAGE 17
Text Comment. What is your budget? (RD)
PAGE 18

PAGE 19

Text Comment. You should still have reviewed what was available from other sources
(RD)

Text Comment. Citations needed (RD)

Text Comment. Citations needed (RD)




Text Comment. state

Text Comment. Citations needed (RD)

PAGE 20
Text Comment. Citations needed (RD)

PAGE 21
Text Comment. Where is your work-breakdown structure?

PAGE 22

PAGE 23

PAGE 24
Text Comment. No citations given (RD)
Text Comment. You should still have reviewed what else could have been used and as
this was a literature review, you should have cited your sources ! (RD)

PAGE 25
Text Comment. You have listed but not cited (RD)
Text Comment. A far bigger listed was expected for a level 6 honours degree project.
This is very disappointing (RD)

PAGE 26
Text Comment. You should have included the project proposal in the appendix. (RD)
Text Comment. All material included in this section should be referred to in the main
report (RD)

PAGE 27

PAGE 28

PAGE 29

PAGE 30




GRADING FORM: NEW CSG-RUBRIC

CARL JONES 45

1. ENGAGEMENT WITH LITERATURE

[

y"’ Section 5: Engagement in research, judicial use and 5
critical evaluation sources, depth of literature
review of solutions (3/10) Some evidence of
research but no citations from sources (RD)
Evidence of research was demonstrated, however
this was mainly limited to Welsh Water company
policy documents (MH) Sections 3, 5 and 8: Extent
of reading, use of credible sources, use of Harvard
method for listing and citing (2/5) There must be
some reading from the information contained in
the report. However, citation is disappointing as it
is far too small for a level 6 honours project report
and there are no citations contained in the report
(RD) Additional research on wider issues using a
diverse range of sources could have been
employed (MH)

2. KNOWLEDGE AND UNDERSTANDING

[

y‘ Section 3: Project background and context, 1 1
commercial, economic and social context (5/10)
Some information provided that sets the projectin
context. However, it is not clear which parts are



being delivered by the author of the report. (RD)
Project explained as the requirement for a new
pumping and treatment installation (MH) Section 3:
Project constraints, professional and ethical
conduct, codes of practice, standards, security,
intellectual property, legal requirements etc. (5/10)
Some explanations given. (RD) Constraints were
limited to technical issues, no consideration of
wider issues (MH) Section 3: Environmental and
sustainability limitations and promotion of
sustainable development (1/5) Little or no
references made to these requirements (RD) No
consideration of wider issues, ethical engineering
or sustainability (MH) Section 3: Project risks,
health and safety etc. (0/5) No risk assessment
provided (RD) No consideration of risks to the
project’s success (MH)

3. COGNITIVE AND INTELLECTUAL

[

4 Section 3: Problem Definition (2/5) Briefly explain
but reads more like an FDS (RD) The problem was
only defined as a requirement due to 120
properties requiring sewage services. (MH) Section
4: Functional Design Specification (6/10) Detailed
and an in depth information given. However, actual
author’s objectives are not clear leaving the reader
unsure as to how much of the project will be
delivered by the author. No budget specified. (RD)
A detailed description of the system was described
in the FDS (MH) Section 4. Test planning (3/5)
Plenty of scope for testing though the table should
contain expected and actual results before
signatures can be added. (RD) A test plan with
some performance metrics to gauge success was



included, tolerances on results would have been
good. (MH) Section 7: Conclusions and
Recommendations (3/5) Some helpful statements
made but it is unclear as to where the project
stands at present. (RD) Light on technical detail
going forward, written a bit too generical

4. PRACTICAL APPLICATION

[

y‘ Section 5: Critical choice and justification of final 6
solution (1/5) Only one solution consider,
justification is based on client rules only. No scope
allowed for scoring solutions. No review of
literature and no citations given. (RD) Alternative
solutions were not offered in the report (MH)
Section 6: Project Planning, working breakdown
structure and management techniques. (5/10) A
good plan but no work-breakdown structure
provided (RD) No WBS was devised but a detailed
Gantt was used to control timings (MH)

5. TRANSFERABLE SKILLS

[

y‘ Section 1: Executive summary (2/5) Contains some 9
useful information but does not summaries what
has been done. (RD) Very brief and didn't give the
reader much idea on the project’'s scope (MH) All
Sections: Quality of the report - (3/5) Good quality
of presentation but contains many spelling errors
(RD) Generally well written and presented (MH)
Word count - (4/5) Exceeded (RD) 3890 words
declared (MH)
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1. Executive Summary

This assignment provides a detailed process that a project must undertake to be successful. The
project background has been detailed and all the constraints set by law and the client to deliver the

project.

The functional design specification (FDS) has been layout to underline requirements for the new
pumping station and how the site will function in Automatic, manual and the integration between

package plants installed by other contractors.

A test plan was created from the FDS allowing full testing of require designed sequences the

pumping station must achieve to meet the specifications.

A literature review has been carried out into the device available for the design, a new instrument
was selected which hasn't been used before and looks like it will be used a lot more in the future to
remove the need of PLCs and having to carry laptops with various device software installed. It will

make it easier for breakdowns for the average maintenance Electrician.

This assignment as produce a working design specification and a programme of works to implement
the successful delivery.
























































































































































































































































































































2. Introduction

The design process is an important part of any project and its successful delivery. It is important to
fully understand each step, this assignment will define each step as an actual project that has to be
delivered to a client effectively. The project background will be discussed with all constraints which
will influence the direction the project design will go. This will then create the platform for creating
the functional design specification to create the final design to be installed and tested. A project plan
will also be produces, this will set out the work activities in a systematic work structure to deliver the
project on time, as designed and to budget.










































3. Project Background and Problem Definitions and Constraints

3.1 Project Information

A housing developer has requested to connect 120 new properties to an existing Wastewater
Treatment works in a village outside of Cardiff.

Welsh Water have granted connection of 30 properties, however the other 90 properties require the
treatment works to be upgraded to process the additional flow and load to comply with consent
documentation granted by the government for treated wastewater.

To achieve this a new pumping station and treatment plant needs to be installed.

The treatment plant will be designed and installed by another contractor called Jacopa.

3.2 scope of work

The scope of work for the client is to design, supply and install the following

1. Submerged Aeration Filter (SAF) lift pumping station control panel.

The pump station consists of two centrifugal submersible pumps with an ultrasonic level instrument
and a level float switch providing a Hi-Hi level for emergency pump-down level control. An inline flow
meter will be mounted on pump pipework to SAF unit to monitor pumped flows

The two pumps will be variable speed and shall ramp up and down based on level and flow. The level
controller will monitor the level in the pumping station wet well and provide a 4-20mA signal to the for
speed control. The operating regime is to be duty / standby, with automatic daily changeover of the

duty pump.

2. Mains incomer and manual Generator changeover panel.
The panel will a 100 Amp changeover fuse switch and must facilitate safe and easy connection of a

temporary generator via five single pole panel mounted Power-safe drain connector plugs.

3. Power Distribution board and cabling.
Power distribution board will be 400 Volts three phase and neutral and will provide feeds for the
following

e  SAF Lift pump station Control panel

e  SAF Lift pump station building services

e SAF Aeration Blower control panel ( panel designed and installed by others)



































































































































































































e SAF De-sludge Pump control panel( panel designed and installed by others)
e SAF Package plant building services
e  Power Distribution building services
e SAF pumping station & Sludge tank trace heating controllers
Cable lengths will need to be measured on site and loading of devices will need to be worked out to

calculate the cable core sizes for current carrying capacity.

4., Instrumentation associated with the treatment works
e Flowmeter to monitor pumped flow to package plant
e Ultrasonic level instrument to monitor levels in wet well

e Pressure transducer to monitor levels in the sludge holding tank.

5. Atelemetry outstation will be installed by Welsh Water to remotely monitor any fault alarms which
occur during plant operation. Cables will be installed to connect all the relevant alarms to telemetry
digital inputs and all analogue inputs for level monitoring.

6. The site is currently unpowered and will be fed from a new three phase 100 kVA pole transformer.
The Earthing arrangement for the site will be a TT system, this mean that the Electrical Company won’t

supply the earth. An Earthing study will need to be carried out of the site.

3.3 Standards and codes of practice

The design and installation shall conform to all relevant Health and Safety regulations, Electricity at
work Regulation, British, IEC standards and the Welsh Water Technical standards including the
following;-

e Welsh Water Electrical Specification ES302 — LV Switchgear and Control gear Assemblies

e Welsh Water Electrical Specification ES304 — Pumping Station Design Requirements

e Welsh Water Electrical Specification ES306 - Variable Speed Drives

e Welsh Water Electrical Specification ES319 - Low Voltage Installations

o  Welsh Water Specification SS101-1A Small Wastewater Submersible Pumping Stations
A Comprehensive list of all Welsh Water Technical specification is detailed in the Appendix.

e WIMES 3.01 — Low voltage(LV) Switchgear and Control gear Assemblies.

e WIMES 3.02 — Low Voltage Electrical Installations,

e WIMES 3.04 — Low Voltage Electrical Specification for Package Plant,

e  WIMES 3.05 — Electrical components (for use in LV Assemblies).

e WIMES 8.03 — Mechanical Installation.









The equipment and installation shall comply with all relevant European Community (EC) directives, UK
statutory regulations and the latest edition of harmonised international, European and British
Standards at the time of Design and:

e BS7671:2018 Requirements For Electrical Installation

e BS 6739: 2009 Code of Practise for instrumentation in process control systems, installation,

design and practice.

e BS7430:2011 Code of practice for protective earthing of electrical installations

All equipment installed must comply with the Waste Electrical and Electronic (WEEE) regulations and

shall be marked in accordance with BS EN 50419.

3.4 Project Constraints

All assembly components shall be selected from Welsh Water's Electrical Framework manual, and all
assemblies shall be constructed using intelligent, integrated protection, control and monitoring
devices.

All assemblies shall be designed to satisfy the operational and functional requirements, and for ease
of maintenance over a 20 year lifecycle period.

The construction of the panel shall be designed for safe, robust and reliable operation. It shall be
constructed to an internal form of separation required from the client specifications

Pumps driven by Variable speed drives (VSD) shall be assessed to determine the harmonic voltage and
current distortion level and effects on the supply distribution network. VSDs provided must be
compliant with IEC61000-3-2.

All design drawings and cable calculations must be issued to the client as proposed for review and can
only be used once they have been marked up as construction and been stamped as “Accepted”

If any technical issues arise with design conflict, then a technical query can be sent to DCWW technical
staff to overcome issues.

As the treatment works upgrade is a collaboration between different supply contractors meetings
shall be held to create and effective program of works to deliver and achieve the best outcome.

The site installation will require a risk assessment and method statement to be created and approved
by the client before any work on site can be started. The risk assessment will highlight all the risks on
site and preventative measures but in place to reduce the risk. The method statement will be a
detailed plan of how the work is going to be carried out.

Details of the installation team shall be given to the client to prove technical education and experience.






































































































































































































































































































4. Functional Design Specifications and Test Plan

4.1 Functional design introduction

The Functional Design Specification is a key site document and provides a comprehensive
description of the site control system. This document is to be updated on an ongoing basis, as
required, to provide an accurate and up to date record of the control system. Any modification
during the delivery of the project shall be captured within this document. A detailed description of

each element of the control system is provided.

4.2 SAF lift Pumping station Control Philosophy

The Pumping Station Pumps shall operate in a Duty / Standby configuration in normal conditions,

when all pumps are available. Duty rotation shall be automatic and selected by the Pump Controller.

Duty Pump shall start when the Pumping Station level is at/above the ‘Pump Start Level’ set point
(adjustable, set at commissioning). When the Pumping Station level falls below the ‘Pump Stop Level’

set point (adjustable, set at commissioning), the operating Pump shall stop.

Under normal operating conditions, the Pumps operate to maintain a pre-set ‘Pumping Station Target
Level’ set point (adjustable, set at commissioning). The running pump shall be speed controlled, via
the ‘Pump Speed’ set point derived from a PID control algorithm within the pump controller to

maintain the ‘Pumping Station Target Level’ within the pumping station.

The pumped output should not exceed a flow rate of 2 litre/sec (I/s) (adjustable, set at commissioning)
as read by the inline flow-meter during normal operation. The pump’s speed is limited by the pump
controller to a frequency rating, equivalent of 2I/s. On start up the pumps shall ramp up to a full speed
set point (adjustable, set at commissioning) for a short period (adjustable, set at commissioning) for a

flushing regime, before reverting to normal operation.

If the flow reaches the Low-flow alarm set point (set at commissioning) the duty pump changeover
shall be triggered. The flow meter shall be relayed back to the pump controller and a high flow alarm

shall be raised by the pump controller if flow exceeds 2l/s for a set time (adjustable, set at



commissioning). The analogue signal from the flowmeter will be taken back to the remote telemetry

unit (RTU) for flow monitoring.

If there is a loss of signal from the ultrasonic level transmitter for a time period greater than 1 minute
a failsafe ‘Loss level control’ alarm will be sent to the RTU and the pumping station will be effectively
under emergency pump-down level control until the fault is rectified and manually reset. The pumps
shall operate at a fixed speed (set during commissioning) and use the wet well Hi-Hi float switch

(emergency pump down) for pump operation.

Upon receipt of a ‘High Wet Well Level’ signal from the Hi-Hi float switch, the control system shall
transmit a ‘Back-up Control System Activated’ alarm to the RTU. The back-up control mode shall be
configured as a control system operating independently of the intelligent station controller by

including for a hardwired emergency fail safe pump-down circuit.

The duty pump shall continue to start on each operation of the Hi-Hi level float switch until the
intelligent control of the pump units is restored. The Emergency Pump-down Timer period of
operation shall be set to that which would empty the well to a safe level (set at commissioning) i.e.
one that does not endanger the pump from dry running in excess of the pump manufacturer’s

recommendations.

If the duty pump fails to start in back-up control mode, the standby pump shall start and subsequently

run every time the Hi-Hi level float switch is operated.

If the duty pump fails when running in back-up control mode, the standby pump shall start and run
until the pump timer expires. Subsequently, the standby pump shall run every time the Hi-Hi level

float switch is operated.

Duty changeovers shall be inhibited in back-up control mode.

On rectification of the fault that resulted in the emergency pump-down control mode, the control
system shall require manual intervention to de-latch the circuit and allow the control to revert to

pump unit control via the pumping station controller.

An increasing level in the Pumping Station shall require the duty pump operating speed to increase to
maintain the ‘Pumping Station Target Level’. The speed of the pump will be fixed when the target flow

rate of 2I/s is reached.
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A decreasing level in the Pumping Station shall require the pump operating speed to decrease to
maintain the ‘Pumping Station Target Level’. The operating pump shall ramp down to the ‘Pump

Speed’ set point to maintain the ‘Pumping Station Target Level’.

An inactivity timer shall be provided to monitor if the pumping station remains inactive for an
extended period. An alarm shall be raised if either pump fails or if the inactivity timer has been

triggered by the pumps not running for a set time (adjustable, to be set during commissioning).

If both pumps fail, flow will build up in the chamber and overflow via the emergency overflow line to

the existing reed bed. An alarm shall also be raised if a Hi-Hi level is reached in the chamber.

Pump control shall incorporate an anti-rag reversal function controlled from the Ultrasonic pump

controller subject to confirmation that pumps are appropriate for this function.

An interlock shall be provided to prevent both pumps running together in automatic and manual

operation. Maximum flow to the SAF unit should not exceed 2l/s.

Normal automatic operation

Drive Enabler(s) Disabler(s) Modifiers(s)

Pump is Duty Pump is Standby
P1002 And or SAF Lift Pumping Station Level
SAF Lift Pump is Available Pump is Unavailable Transmitter, Target level
Pump And or setpoint
No.1 Pump is Healthy Pump is Failed

And or

Wet well level is at or Wet well level is at or

above start level below stop level

setpoint setpoint

Pump is Duty Pump is Standby
P1003 And or SAF Lift Pumping Station Level
SAF Lift Pump is Available Pump is Unavailable Transmitter, Target level
Pump And or setpoint
No.2 Pump is Healthy Pump is Failed

And or

Wet well level is at or Wet well level is at or

above start level below stop level

setpoint setpoint
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Abnormal automatic operation

Failure/Abnormal
Condition

Resultant Control
Action

Reset Method

SAF Lift Pump No.1 -
Failed

Raise alarm on
telemetry

And

Start Standby when
required

Reset push button

SAF Lift Pump No.1 -
Unavailable

Raise alarm on
telemetry

And

Start Standby when
required

Reset push button

SAF Lift Pump No.2 -
Failed

Raise alarm on
telemetry

And

Start Standby when
required

Reset push button

SAF Lift Pump No.2 —
Unavailable

Raise alarm on
telemetry

And

Start Standby when
required

Reset push button

SAF Lift Pump Station
Flowmeter - Failed

Raise alarm on
telemetry

And

Continue pumping
regime

Automatically reset upon condition(s) being
cleared

SAF Lift Pumping Station
Level Transmitter - Failed

Raise ‘Loss level
control’ alarm on
telemetry after >1
minute

And

Stop duty pump.

The pumping station will be effectively
under emergency pump-down level control
until the fault is rectified Via Manual
intervention and reset.

Loss of Comms between
outstation and pump
controller

Pump Controller to
continue operation

Automatically reset upon condition(s) being
cleared
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Backup control process

Event Cause Result
HH Wet Well HI-HI Float Raise ‘High Wet Well Level’ alarm
Level tipped And

Begin emergency pump down procedure under backup
control

Backup Control Safety

Event

Cause Result

SAF Lift Pump No.1 - Estop

Manual Action Trip/inhibit drive
And
Raise alarm on telemetry.

SAF Lift Pump No.1 - Overload

Drive Overload Trip/inhibit drive
And
Raise alarm on telemetry.

SAF Lift Pump No.1 - Over Temperature

Motor Thermistor HH Trip/inhibit drive
And
Raise alarm on telemetry.

SAF Lift Pump No.2 - Estop

Manual Action Trip/inhibit drive
And
Raise alarm on telemetry.

SAF Lift Pump No.2 - Overload

Drive Overload Trip/inhibit drive
And
Raise alarm on telemetry.

SAF Lift Pump No.2 -Over Temperature

Motor Thermistor HH Trip/inhibit drive
And
Raise alarm on telemetry.

Manual Control

Plant

Selection

Actions

SAF Lift Pump
No.1

VSD operator
interface panel

Start & Stop the drive via the VSD Operator Control
Panel Start/Stop buttons,

Interlock to prevent SAF Lift Pump No.2 (P1003) from
operating.

SAF Lift Pump
No.2

VSD operator
interface panel

Start & Stop the drive via the VSD Operator Control
Panel Start/Stop buttons,

Interlock to prevent SAF Lift Pump No.1 (P1002) from
operating.

13




Supervisory Control

Setpoint Group

Setpoint

Comment

SAF Lift Pumping Station
Level Transmitter

High High/High/Low/Low Low/Dead
band/Alarm Delay

‘Pumping Station Target Level’ setpoint
‘Pump Start Level’ setpoint

‘Pump Stop Level’ setpoint

Inactivity timer (pumping station remains
inactive for an extended period)

Pump level controller
software to be utilised

SAF Lift Pump No.1

‘Pump Speed’ setpoint derived from a PID
control algorithm

Pump level controller
software to be utilised

SAF Lift Pump No.2

Pump Speed’ setpoint derived from a PID

control algorithm

Pump level controller
software to be utilised

SAF Lift Pump Station

Flowmeter band/Alarm Delay

High High/High/Low/Low-Low/Dead

RTU software to be
utilised

Alarm Data for telemetry outstation (RTU)

Name Type Priority | Comment
SAF Lift Pump No.1 Run Status Digital input
SAF Lift Pump No.1 Failure Status Digital input
SAF Lift Pump No.1 Available Status Digital input
SAF Lift Pump No.1 Trip Status Digital input
SAF Lift Pump No.1 Emergency Stop Status Digital input
SAF Lift Pump No.2 Run Status Digital input
SAF Lift Pump No.2 Failure Status Digital input
SAF Lift Pump No.2 Available Status Digital input
SAF Lift Pump No.2 Trip Status Digital input
SAF Lift Pump No.2 Emergency Stop Status Digital input
SAF Lift Pumping Station Level Switch - Hi-Hi Float Digital input
SAF Lift Pumping Station Level Transmitter - Wet Well Analogue
Level input
SAF Lift Pumping Station Level Transmitter — ‘Loss level Digital input
control’
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SAF Lift Pump Station Flowmeter - Pumped Flow Analogue
input
Back-up Control System Activated’ Digital input

Additional site equipment installed by other contractors

e De- sludge Pumps control panel

e  SAF Aeration Blower Control panel

Alarms for the equipment is part of this design

Alarm Data for telemetry outstation (RTU)

Name Type Priority | Comment

PST Pump Run Status Digital input
PST Pump Failure Status Digital input
PST Pump Available Status Digital input
HST Pump Run Status Digital input
HST Pump Failure Status Digital input
HST Pump Available Status Digital input
Blower No.1 Run Status Digital input
Blower No.1 Failure Status Digital input
Blower No.1 Available Status Digital input
Blower No.2 Run Status Digital input
Blower No.2 Failure Status Digital input
Blower No.2 Available Status Digital Input
Sludge tank pressure sensor No.1 | Analogue input
Sludge tank pressure sensor No.2 | Analogue Input
Inhabit all pumps. Digital Output
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4.3 test Plan

SAF pumping station factory acceptance test (FAT) will be witnessed by the client before panel is
allowed to be delivered to site for installation. Other check sheets are in appendix A

Operation details Setpoint value Tested By Witnessed by
SAF Pump No.1 operates at start level | 1.0 mtr

setpoint

SAF pump No.1 switches off at stop 0.5 mtrs

level

SAF pump No. 1 running displayed at
telemetry outstation

SAF pump No 1 failed Alarm
displayed at telemetry outstation

SAF Pump No.2 operates at start level | 1.0mtrs
setpoint

SAF pump No.2 switches off at stop 0.5 mtrs
level

SAF pump No. 2 running displayed at
telemetry outstation

SAF pump No 2 failed Alarm
displayed at telemetry outstation

SAF pump No.1 VSD speed to keep Level speed
2l/s 1.0m 80Hz
1.5m 50Hz
1.8m 4527

SAF pump No.1 VSD speed to keep Level speed
2l/s 1.0m 80Hz
1.5m 50Hz
1.8m 457

SAF pumps running Duty/Standby
alternates after every stop cycle

SAF Pump on Standy starts with
backup float if duty pump is in fault

Ultrasonic levels checked at 4mA — Omtrs
telemetry outstation to match 12mA — 1.0mtrs
control values off 4-20mA 20mA — 2.0mtrs
Hi level alarm activates from 1.9mtrs
ultrasonic level
Flow meter flow value checked at 4mA-01/s
telemetry outstation 12mA-11/s
20mA-21/s

SAF pumps 1 & 2 Emergency stop
Alarms to telemetry outstation

Ultrasonic level sensor failed Loss of
Echo Alarm at outstation

Mains failure alarm checked at
outstation
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Onsite Testing (SAT) will be carried out with all contractors involve so that all the process plant can
be tested complete.

Electrical test will be carried out on all cables installed to BS7671 and will be recorded so that
certification can be given.

As the site will be a TT system, earth values will be tested, this determines how many Earth
electrode need to be installed to reach the acceptable resistance reading according to BS 7671 and
Welsh Water specification ES319.

Both test sheets are in Appendix A
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5. Literature Review

5.1 SAF lift pump station control panel design

The design is to implement a PID loop to control the pump speeds to produce a constant flow to the

treatment plant.

As the work is being completed for a client then only specified frame work components are allowed

to be used. For this reason the following components have to be used

The VSDs have been requested to be ABB, as the pumps are 2.2kw, an ABB ACQ580 has been

selected.

The flow meter selected must be a Siemens MAG5100W, this is an inline flanged mounded flow
sensor designed for waste water. The reference No. for this item is DN65 PN16 this is due to the
diameter of the pump pipe work being fitted. The flow meter requires a signal converter this is a
MAG 6000 signal convertor, rated voltage 110 — 230 Vac and will require the wall mounting kit as it

will be install in building with pump control panel.

Level will be monitored in the sludge holding tank by two pressure transmitter, these will be
Siemens Sitrans P300 Hydrostatic sensors. They will be loop powered 4- 20mAso will need to be
supplied with 24vdc power. This sensor has been designed for sludge tank levels and must be used.

The pressure sensor will read between torange 0—1 bar g

Pumping station wet well level sensors must be ultrasonic there are a number of controllers and

sensors available.

Siemens LUT420- This is a simple ultrasonic level controller designed for measuring level and volume
of liquids, slurries and solids, as it is a basic controller it has 3 relay outputs and basic pump control
functions, also basic data logging capability. Measuring Accuracy +/- Imm plus 0.17% of measured
distance. Dis-advantages with this controller are that it is bulky and when mounted to a panel door
it takes the depth need to be considered not to interfere with other components. The controller can
be programmed for using the keys on the front but a manual is need to explain the parameters and

selection of values.
Cost of Controller =£370 with a 1-2 week delivery time

HydroRnger 200 HMI — This is an advanced ultrasonic controller and offers single or dual point
monitoring. It has a easy to use HMI display with menu driven parameters and a support Wizard for

quick setup applications. There is removable terminal block for ease of wiring.
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It has built in Modbus RTU via R$485 for communication. It has 6 relay outputs and 4 — 20mA input
and output connections. The unit has auto false Echo suppression for fixed obstruction avoidance

which will help in a small wet well where it is tight on space due to the pipes and pumps.
Cost of Controller £430.00 with a 1-4 week delivery time

Pulsar Ultra 5. — This level controller provides flexible and reliable non contacting ultrasonic level
and volume measurements. This controller has a built in wizard for quick setup of applications. Can
record data on to a Micro SD card. It has 5 control relays and 1 analogue output. Analogue input is
an extra which needs to be asked for.

Cost of controller = £690.00 with a 3-4 week delivery time.

The advantage of using a pulsar ultrasonic controller is the sensor. Each ultrasonic sensor whether its
Siemens or Pulsar have an Echo blanking range.

Siemens blanking range for a XRS5 sensor is 300mm

Pulsar blanking range for dB3 sensor is 120mm

The blanking range can play a key part when distance is an issue as if level reach into these ranges

then level values will no longer be measured and the ultrasonic will fault to loss of echo.

The choice of level controller is between the Pulsar ultra 5 and Siemens Hydroranger 200.
After discussions with the client and selected by the operation staff of Welsh Water as personal

preference the Pulsar Ultra 5 is to be used

Welsh water specification, specify that their pumping station must be intelligent control and require
a PLC with HMI interface. The framework PLC is a Mitsubishi Q series with GT27 HMI. Using a PLC
makes PID control easy as all Digital input/ output and analogue cards can be bought and fitted. This

makes future development and expansion easier.

The client decided to change the constraints of the project and find another solution to remove the
use of a PLC and find a device that is on the frame work which had the ability to carry out the
function of PID. The purpose of this was to cut costs as PLC programming can only be done by frame
work selected companies and they tend to be expensive, another reason is that the operations team
wanted to find a simple device that they can access and replace without the use of laptops and

software.

Research and communication between frame work suppliers lead to the new Pulsar Ultimate

controller.
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This controller combines ultrasonic level, flow measurement. RTU and advanced pump control all in
to one easily programmed module unit. It has dedicated web server remote control and a touch
screen HMI

The ultimate controller also can be expanded with extra modules, it has built in pre- selected
features for pump blockage detection, automatic resets and can select the most efficient pump.

For cost saving this unit combines HMI, PLC and level controller all into one unit.

The analogue input allows for the Siemens Flowmeter inverter output to be connected to it and two
analogue outputs, one of with will be connected to the telemetry unit for remote monitoring of the
wet well levels and the other for speed control of the VSDs.

Cost of controller and sensor £1280.00 with 2 weeks delivery time.

The proposal was put forward to Welsh Water and the client as a technical query and was accepted
as a preferred design. This is the first time this unit has been trailed to run a pumping station as a

PID loop.
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6. Project Planning, Work breakdown and Management Technigues

As the project is client driven and there are various contractor companies working on the project,
collaboration meetings were held over MS Teams to produce an agreed programme of works.

A project plan has been produced using MS project and the full program of works is in Appendix C.
The detailed work structure has been broken down into all key elements from creating design
drawings and get them approved too getting all materials to site for the installation.

Figure 1 below shows a snip it of the task breakdown.

File  Task  Resource  Report  Projec  View  Help Format £ Tell me what you wart to do
t = - i aar_a1ar_1r_i1r_1
- w - - — - —
] ¢l i g — —l - -
ormat _ Tark Daseline Slippage 4 g 4
- B ate Task Pathr - 2 * * * * *
Fo Cotumng B 5ty
Indicator | Mode = | Task Nume = Dunbion = Wok - Sart = Firush = Predecess = | Complete = | Shart S
0 [ - + Bomvilston East WWTW project plan 57dsyr  Ohre Man 07/12/2( Tue 23/02/21 10%
1% -  Hovilstan East Wi baild and installation 57 days nhrs mManorfizfon Tue rafozfo 1
% - 4 wuild and installation of saF pumping 57 days whrs mManorfizfm Tue rafuzfn 1
tation control panel
1 - Draw Electrical Schematic wiring 5 days Ohrs Mon 07/12/20 Fri 11/1/20 100% 0 days
disgrams for pum ping station contral
paned and maires incomerchange over
panel
- send deawings to client and await 1 day Ohrs Mon 14/12/20 Mon 18712720 3 100% 0 days
spproval
5| - order panel and materials 1day Ohrs Mon 07/12/20  Mon 07/12/20 100% 0 days
- receive approved schematic drawings 1 day Dhrs Thu17/13/20  Thu17/12/20 [ 13 days
- start bullding SaF pump control panel 7 days Uhes wed 06f01/21  Thui4fo/n 658 e 0 days B ———
- Bulld maing/ Generator change aver 3 days Ohes FAisfolfn Tuels/oy/n 7 L] 0 days - k
panel |
- Witneszsed FAT by dient 5 days Dhrs Wed 20/01/31 Tue 260121 78 [ 0 days ———
- make maodificatians if suggested after 7 days ks wed 27/01/71 Thuzgfm/n 9 e 0 days
AT
% - D ssite for installation 1 day Dhrs Fri2o/00/21  Fri2efol/n 10 e 0 days
= on [idwy Johs [ e s |
- 4 Site installation 7 daye nhrs Maon1fi2fm  Tuerafuzia 2% 14 days
- Wisit site to measure cable lengths 1 day s Mon 14/12/20 Man14/12/10 (=] 14 days
and waork out routes for nivw
equipment
- Produce cable caloudations for sizes 2 days Uhes Tue 151220 wed 18/12/20 14 s 14 days
of power cables
- Produce cable schedules and single 2 days O hrs Wed 16/12/20 Thu 17/12/20 [ 13 days
line disgrams({5L0) for number of
cables to be installed
- Send documentation to dient for 1 day Dhrs Mon 21/12/20  Mon 21/12/20 15,18 e 12 days

Figure 1MS project task breakdown

Using critical path and miles stones on MS project as highlighted all the tasks that need to be
completed by a specific date to meet the deadlines set by the client. Figure 2 below shows the
critical path for the build of the SAF pumping station control panel and the mile stone delivery to site
date. It also shows that the whole build stage to delivery is critical as the client has set tight time

lines.
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-

- # Site installation

* 01

Figure 2 MS Project Critical Path and Mile Stones

Each task will be allocated labour, by using the resource table in MS project each person can be
added as a resource and the cost per hour. All the tasks on the breakdown structure will then be
allocated resource Figure 3 shows the resource table.

Tazk Rezource Report Project Wiew Help Format £ Tell me what you want to do
= °o® [ ] E 3 El ® mm  [Y] Leveling Options
‘.‘ U‘(\:) "+ ’i_| i u‘- - ;"C\EarLevelmg
n Resource Add Infarmation Motes Details Lewel  Lewel
Hild Pool = Resources = Resource Al
! Assignments Insert Properties Lewel

O Resource Name T Type v Material  « Initials ¥ Group ¥ Max ¥ gtd Rate ¥ Ot v Costilise ™ Accrue v | Base T Code ¥ BUDGET CAT. Tl
| Carl lones wWork C 100% £43.00/hr E0.00/hr £0.00 Prorated Standard STAFF
i Wark 100% £30.00/hr  £0.00/hr £0.00 Prorated Standard STAFF
H work 100% f£43.00/hr £0.00/hr £0.00 Prarated Standard STAFF
i Doug wWork D 100% £30.00/hr £0.00/hr £0.00 Prorated Standard STAFF
i Phil Wark P 100% £30.00/hr  £0.00/hr £0.00 Prarated Standard STAFF
i Jack work i 100% £30.00/hr £0.00/hr £0.00 Prorated Standard STAFF
i
} BUDGET STAFF Wiork B Prorated Standard STAFF

Figure 3 MS Project resource table

The budget labour hours for the work is 656 hours, using MS Project a staff budget recourse name

was made up, this allows the hours and cost of the labour to be monitored as the tasks are
completed an the hours are entered. Figure 4 and 5 show the hours enter against each task and the

costs.
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Report  Project  View  Help o da
Datads
Insert Properies
e’ UDe':
K - % Du art = Fragh || Denail T F
a n + Bonvilston East WWTW project plan 48 hrs 57 days  Mon07/12/20 Tuel Work
[ ] —
BUDGET STAFF I wark
Act, W
# Buvilston East WANTW buil L ti A0 hes 57 danys Mun 07/12/20 Tue Work
Ak W
* « Build and installation of $aF pumping station: 40 hes 57 days. MonUEfizfo Tue o
AW t
1w mm  Draw Electricsl Sehematic wiring disgrans 2ahrs 2days Mon07/12/30  wed woark ah ah &h
for pumping statian control panal and AW h h o
Corl loaes 2ehes Mon 071200 wed | wark ah ah ah
Art. W ih ih 8h
4 W m  Sand drawings to dient and awalt approval Ahrs 1 day Thu 10,1247 an &
" -
(5] LarlJones it Thu 10/12/20 ul &
v - « arder paned and materials whes 3 day Fri 13/12/70
g Corliones Fhes FRIL1220 E
4
é P (@ - # recelve approved schematic drawings #hes 1 day Thu 1712750
ol lpnes L) Th 17/12/20
1T 8 = start buslding $AF pump cantrol ganel Ohrs 7days Wed 06/0L/21
AW
o Build manre/ Generater change over panel 0hrs 2days 0 15/01/01 Tue work

Figure 4 Labour hours completed for each task

reoene approveds  Bhr

Doug Ghes.
Phil Ghes
Ohis

Figure 5 Budget hours, hours worked and cost of labour for tasks worked

The program has to be updated every day and percentages on work complete entered this allows
any slippages in tasks to be picked up. As part of the contract with the client a program of completed
works must be issued each month. Payment for work completed from is from an activity schedule
issued to the client, percentages are place against each payment and the client will compare to the
up to date programme of works at that date. The activity schedule is in appendix D

23






7. Conclusions and Recommendations

To conclude the assignment, all objective set out in the assignment brief have been achieved.

The understanding of the project background was fully explained and all the constraints for the
project which have been set by the client and the technical specification and standard regulations

that must be adhered to.

A full functional design specification was achieved which form the factory and site test plans were

derived.

Research into the design brief and to what equipment could be used, as the project is client based

then, a lot of their technical specification had to be used and their agreed framework suppliers

A fully created program of works was created and will be used to achieve a successful project to be
delivered on time and to the clients agreed specification.
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9. Appendix
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SOIL RESISTIVITY TEST

Tester: Address/Location: Type of Supply: Intstruments:
Test Date: TN-S Loop Impedance:
Signature: TN-C-S Continuity:
Project No. TT Insulation:
Ze at Origin: ohms |RCD Tester:
Method of Protection Against Direct Contact: PFC: kA
Description of Work: Main earth point on DNO cutout to be tested for soil resistivity
EARTH UNDER TEST
AUX. EARTH SPIKES
H B { A
Tester specification
Make Kewtech
Model KT65 8 in 1 tester
Earth Frequency 825Hz
Range 20/200/2000Q
Accuracy 20Q range : #(3%rdg+0.1Q) 200/2000Q range : +(3%rdg+3dgt) (Auxiliary earth resistance 100+5%)
Test type applied |3 point
Test Test No.1 Test No.2 Test No.3 Test No.4
Distance A
Distance B
Direction (N/S/E/W)
Ground type
Weather condition (wet/dry)
Time of day
Test results | |Q |Q

Description of direction tested from earth under test:




SCHEDULE OF TEST RESULTS

Tester: Address/Location of Distribution Board: Type of Supply: Intstruments:
Test Date: TN-S Loop Impedance:
Signature: TN-C-S Continuity:
Project No. TT Insulation:
Ze at Origin: ohms |RCD Tester:
Method of Protection Against Direct Contact: PFC: A
Description of Work:
Overcurrent Wiring Continuity Insulation Polarity Earth Loop Functional
Device Conductors Resistance Impedance Testing
Type Rating Live Cpc No. of R1 + R2 R2 Ring Live/Live |Live/Earth Zs RCD Other
Circuit/cable Description A mm2 mm2 Cores Ohms Ohms Ohms Mohms Mohms Ohms ms

Deviations From Wiring Regulation and Special Notes:




Bonvilston East WWTW

Our ref. 20.22.057

Al Activity Pricing Schedule Rev.P1
01/12/2020
Item Activity Quoted amount |Revised amount
Suply and installation of cable containment, local junction box
1.0|stands £3,500.00
Supply and installation of 1 No. ‘Power Distribution Board ‘ - Wall
2.0[mounted, TP&N, 50Hz 8 Way Distribution Board £1,900.00
Design, Supply and installation of 1 No. ‘SAF Lift Pump Station LCP
Wall mounted Form 2 panel with 2 No. standalone VSD starters.
3.0 £13,990.00
Supply of 1 No. IP55 min rated enclosure to house a 24V power
supply and associated terminations for Sludge Holding Tank level
4.0|transmitters £1,010.00
Design, Supply and installation of 1 No 100A Wall Mounted Main
Incomer & Generator changeover fused switch panel & Portable
5.0|Generator socket. £2,850.00
Supply and installation of power cabling from the ‘Power
6.0|Distribution Board’ to ‘SAF Lift Pump Station’ Control Panel. £750.00
Supply and installation of control & status cabling from the ‘SAF Lift
7.0|Pump Station LCP’ to the Telemetry Outstation £680.00
Supply and installation of power cabling from the ‘DNO Cut-out’ to
8.0|‘Main Isolator Fuse Switch Panel’. £817.00
Supply and installation of power cabling from the ‘Main Isolator
Fuse Switch Panel’ to the ‘Power Distribution Board’.
9.0 £817.00
Supply and installation of power cabling from the ‘Power
Distribution Board’ to the ‘Power Distribution Kiosk Building
10.0|Services Board’. £380.00
Supply and installation of power cabling from the ‘Power
Distribution Board’ to the ‘SAF Lift Pumping Station Kiosk Building
11.0(Services Board’. £465.00
Supply and installation of power cabling from the ‘Power
Distribution Board’ to the SAF Lift Pump Station & Sludge Tank
12.0|Pipework Trace Heating Controllers £860.00
Supply and installation of control/signal cabling from the SAF Lift
Pump Station & Sludge Tank Pipework Trace Heating Controllers to
13.0(the Telemetry Outstation £993.00
Supply and installation of power cabling from the ‘Power
14.0 Distribution Board’ to the ‘SAF Aeration Blower Package plant LCP’ £1,100.00
Supply and installation of power cabling from the ‘Power
15.0 Distribution Board’ to the ‘SAF Desludge Pump Package plant LCP’ £1,056.00
Supply and Installation of all control / signalling cabling between
16.0 the ‘SAF Aeration Blower LCP’ and the Telemetry Outstation. £1,025.00
Supply and Installation of all control/ signalling cabling between the
17.0 ‘SAF Desludge Pump LCP’ and the Telemetry Outstation. £1,025.00
Supply and installation of all power and control cabling for all drives
and Instruments fed from the ‘SAF Lift Pump Station’ LCP to the
18.0|following;
19.0|SAF Lift Pumps 1 & 2 £1,490.00




Supply and installation of power and control cabling between ‘SAF

20.0(Lift Pump Station’ LCP and Flow Meter FIT1003 £895.00
Supply and installation of power and control cabling between ‘SAF

21.0 Lift Pump Station’ LCP and Ultrasonic Level Controller LIT1002 £895.00
Supply and installation of power and control cabling between ‘SAF

220 Lift Pump Station’ LCP and Wet well float switches LS1002 £732.00
Supply and installation of power and control cabling between the
24V power supply enclosure (item 3) and the 2 no Sludge Tank Level

23.0linstruments £2,030.00
Supply and installation of control cabling between the 24V power

24.0 supply enclosure (item 3) and the telemetry outstation £1180.00

25.0{Supply and installation of all Surge protection devices £580.00
A full Site Wide Earthing Study, inclusive soil resistivity testing to

26.0|inform subcontractors earthing system design. £2,000.00
Full site wide LV Earthing system including Earthing and bonding of
plant equipment (including pipe flanges) and protection systems,

27.0{including any additional CPC £1,200.00

28.0 Cable Duct Sealing on all ducts, Rise Seal or equivalent to be used. £1,850.00

29.0

30.0{Supply & Installation of Instrumentation as per instrument schedule £15,995.00
Electrical Installation Method Statements and Risk Assessments,
Calibration Certificates, Certificates of Conformity. Attending site

31.0|meetings £1,800.00
Inspection and testing including all supporting documentation (e.g.
NICIEIC completion certificates), end to end testing, dry
Commissioning to enable the Commissioning Engineer and System

320 Integrator to complete the Commissioning. £1,960.00
Labelling, as built documentation/drawings, operating and

33.0{maintenance manuals £2,260.00

£68,085.00

£0.00
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