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This project aims to enhance connectivity through an M2M 4G modem equipped with various antennas. Welsh Water has approximately 4,000 telemetry units across sites, including waste and potable water, which connect to the main server to report faults and monitor tank levels. This is crucial for ensuring a reliable connection to report these issues. Unfortunately, several rural areas have poor signal, and this is where improvement is needed. A problem was reported by the local operations team: one site experiences intermittent GSM (Global System for Mobile Communications) signal [1], meaning no data is sent to the main server for days.
The aim is to achieve the best signal at this rural site. To do so, a device will be installed to improve signal strength. Objectives will be set to manage the project effectively.
Project Objectives:
· Background of the problem
· Research findings
· Procurement
· Deliverables
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When installing the antenna, several factors must be taken into consideration to ensure optimal performance, including the presence of trees that may obstruct signal transmission, nearby houses that could potentially interfere with connectivity, varying weather conditions that can impact signal quality, and geographical features such as hills and mountains that may block or reflect signals [1].

The layout shown in Figure 1 below illustrates the site characterised by inadequate signal strength. This highlights that the area suffers from significant obstructions due to the presence of dense tree coverage, which can block or weaken signal transmission [1]. Additionally, it is important to note that sewage pumping stations are often situated in the lowest parts of the local area, further contributing to potential signal degradation in these lower-lying areas. The reason why the sewage pumping station is at the lowest point is to allow gravity to help the flow of water down the sewage tank from there, which will then be pumped up to the main sewage pipe that flows to the treatment works [2].

[image: Diagram of a diagram of a house with trees and a stream
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Figure 1 - Layout of the poor signal site.

[bookmark: _Toc203171608]Environmental and Societal Impact 

It is vital to convey the importance of monitoring the site through a telemetry unit, as this technology is essential for providing real-time data. Without such monitoring, the operator lacks awareness of the site's current conditions, which can lead to uninformed decisions. This lack of awareness has had a considerable impact on the surrounding environment, potentially resulting in negative consequences that could have been avoided with proper oversight. This is how important of have a good signal at signal to relay critical data.

It’s also ethical for the local area to access the data at the site via the internet that they can rely on it instantly from 4G connectivity straight to the main server.  The data contains vital information about the level of the sewage tank, and if there is an issue, this will be resolved very quickly.
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The poor signal site label X on Figure 2 below shows how far the site is from the mobile mast, while Figure 2 shows the distance from the cell tower to the site. The only mast that is in the range for site X is shown in a blue circle below Figure 1, with different signal ranges that cover a big area. Table 1 presents the data for cell 14, which covers site X. The available frequency is 800 MHz band 20, as shown in Table 1.
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Figure 2- showing the mobile mast in the area [3]
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Figure 3-Distance from the cell tower to the site [4]

The cell coverage of the 800 MHz and 2600 MHz bands, which will be utilised for LTE (Long Term Evolution). Since coverage is essential in rural regions, the 800 MHz (Mega Hertz) frequency band is employed in urban areas, where capacity is more important than coverage, the 2600 MHz frequency band is used. To compare the coverage of the two frequency bands [5].


Table 1- Information on the frequency that is available in the area with EE [3][image: A screen shot of a computer
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Table 2- Information on the frequency that is available in the area with the Three Network [3]
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After analysing the data from Cellmaper.net, Figure 1 [3] and the location of the poor signal site, Figure 2 [4]. Next step was to visit the issue site, Project Co-originator and engineer (SME-Subject Matter Expert) do a signal test there. 4 tests were completed at the site. To make the test fair, there is a standard that’s had been created in Welsh Water. See Table 3 below shows what materials were needed from the standards to complete the survey. 

Table 3 – List of Materials and Hardware to test the signal
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Figure 4- Igad extendable pole [6]			Figure 5- Signal analyser [7]



Figure 4 is a pole that can extend up to 5m tall, on top of that there will be an antenna testing in turn with Di-pole shown in Figure 6 or a Yagi shown in Figure 7 connected with LBC 195 co-axial cable seen in Figure 9 5m with N type male ends on both side that will connect onto the Surge protector Figure 10 then another LBC 195 Co-axial cable with 1 N type male end and SMA connected to the signal analyser Figure 5. By doing this experiment, all the tests will have the same parameters but different locations, height and antenna. 
[image: ][image: ]
Figure 6 - Hi Gain 4G Dipole omnidirectional  antenna [8]			Figure 7 – directional 4G tri-band Yagi antenna [9]
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Figure 8-Coax Surge protection [10]
                         [image: ]                      				[image: A black pencil on a white background
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Figure 9-5m LBE 195 Co-axial N type both ends [11]                   Figure 10- 5m LBE 195 Co-axial N type to SMA male ends [12].
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Figure 11 below shows 3 different stars, blue, orange and red are where signal testing was taking place.  
[image: A diagram of a stream system
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Figure 11 - Location of where the testing was taking place.

Blue star
The dipole shown in Figure 6 above is just above the kiosk, about 2m off the floor, with an LBE 195 N type connected through a Surge protector, then another LBE 195 N type to an SMA male end connected to the signal analyser.  Table 4 below shows how poor the signal is at low levels due to heavy conducted trees around the kiosk. 
Table 4- Shows signal results from the blue star location
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Orange Star
This was tested with a 5m pole, a dipole antenna, and a 2 x 5m LBE 195 coaxial connected through a surge protector onto the signal analyser. As shown in Table 5, the signal is better from the blue star location, which is due to the high difference, but unfortunately, the antenna is too close to the trees.	
Table 5-Shows signal result from the orange star location
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Red Star
At this location, 2 tests were carried out, 1St test was carried out using a 5m pole, a dipole antenna, and a 2 x 5m LBE 195 coaxial connected through a surge protector onto the signal analyser. The result shown in Table 6 is that the signal is much better than the previous 2 tests at the orange and blue star locations.
2nd test was with a Yagi antenna. This directional antenna will be pointing to the mast in Figure 1. As shown in Table 7, the signal improves slightly. 

Table 6-Shows the 1st test at the Red Star location
[image: ]
Table 7-Show the 2nd test with a Yagi antenna
[image: ]
Non-technical audiences 
Table 8 shown below the bar equivalent to the RSRP (Reference Signal Received Power) to understand the value better. Figure 12 and 13 shows the further away from the cell tower the weaker the power and quality the signal be [13].

Table 8 - Signal Strength to the equivalent bars on the mobile [13]
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Figure 12 - Shows the further away from the Cell tower the weaker the signal power [13].
[image: ]
Figure 13 - Shows the further away from the Cell tower the weaker the quality [13].
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Investigation shows that the signal is better on the corner of the pump built with a 5m pole attached with a Yagi antenna, but the coaxial cable length from the Yagi to the telemetry unit, where the modem is located, is longer than the test cable length used. The length that was measured while investigating on site was 20m in total.  This will add more losses because of the resistance of the coaxial cable [14].
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The aims for a brainstorm/meeting are to get all the evident on the table and discuss what the best solution to enhance signal strength and optimise connectivity in locations experiencing weak signal reception.
There are a few solutions to enhance the signal see below each solution and reasoning.
1. Is to move the modem as close to the antenna as possible to mitigate the resistance losses through coaxial cable, but this is not viable due to poor access to the modem if there’s an issue with the modem high on the Pole.
2. Change the Coaxial to LBC 400; the resistance losses are a lot less than the LBC 195 cable and install a Signal booster (See Appendices 6.1.6) before connecting to the modem. This option incurs higher material cost but offers faster solution and also give the strongest signal with up to 12dB improvement, that mean the signal will move from poor 1 bar to 3 bar fair signal [15].
3. Build an analogue to digital converter with an amplifier device to attached to the antenna, powered by PoE through a Cat 5 cable, which will cut down the resistance of the coaxial cable. This will cost a lot to create, build a device and time to make. 

What the difference between LBC 195 to LBC400 Coaxial cables?
Table 9 below shows the difference dB losses. 20metres will be used at the poor signal site and it shows that the using LBC400 will improve the signal strength. Specification for LBC 195 is in Appendices 5.1.4 and LBC400 is in Appendices 5.1.5.

Table 9 - Shows the dB losses on a 900Mhz.
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Project manager is responsible to manage everything within the project from costing, materials and Health and safety. Each part below is the process to manage the project.

[bookmark: _Toc203171615]Requesting budget

After identifying the best solution to improve the signal, the Project Manager submitted a funding request to the Senior Manager (see Figure 14 for departments involved). The form included a project description, risk assessment, and cost breakdown.
The Department Manager then pitched the proposal to the Director, requesting a £17,000 budget.

A cost code request was sent to Procurement, detailing costs under separate categories:
· Staffing
· Contractors
· Risks
Separating these costs helps prevent errors and saves time when managing the budget.
A Gantt chart will track staff hours. Although careful planning is essential, unexpected issues may arise. Therefore, 10% of the budget is allocated for risk, covering events like staff illness, material damage, or weather delays.

[bookmark: _Toc203171616]New material

Welsh Water follows a company-wide standard, but due to poor signal at this site, the current M2M standard does not cover signal boosters. A Standard Change Request Form must be submitted to the Standards Team for approval, including a trial period to assess the new equipment. See Appendix 6.1.6 for booster specifications.

[bookmark: _Toc203171617]Flow Chart with Role and responsibilities 

Figure 14 below is an organization flow structure shown several different roles are responsible.
OT (Operational Technology) Department oversee all the telemetry, PLC and SCADA (Supervisory Control and Data Acquisition), the Project manager are responsible for this Enhancement project.
OT Systems are responsible for Welsh Water Servers that saved all the important data from each site and all the software that the data is sent to the server from the telemetry.
Procurement Looked after the legality and financial of the Company.
Standards Department Looked after the standardisation within Welsh Water and making sure every department are following those standards.
Operation department Looking after the sites from sewage treatment works, Pumping station, Potable treatment works and potable pumping station.
[image: ]
Figure 14 - Organization flow structure	
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Table 10 below shows the cost per hour for different pay bands and responsibilities internally within the company. The total cost per individual will be determined by the Gantt chart.

Table 10 - Roles and Cost per Hour
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It’s really importance to write up a specification so the contractors know exactly what is needed to be installed.  Contractor was asked to buy the materials as part of the quotation with Specification.


Table 11 - Installation Specification
[image: ]
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Under Welsh Water’s framework agreement with Procurement, only approved suppliers can be used for projects. For this site, three approved companies were invited to quote, ensuring fairness and equal opportunity. An email was sent to each supplier with the installation specification (Table 11) and a installation timeline. In line with Welsh Water’s ethical values, obtaining three quotes ensures a fair chance for all suppliers to win the work.
Supplier A – Quotation cost is £2300
This supplier is new to Welsh Water framework and had not any feedback from any department regarding the quality of their product. Therefore, the cost is lower than other suppliers.
Supplier B - Quotation cost is £3500
This supplier had been on the framework for 15 years and had been highly recommended by other department within the company.
Supplier C - Quotation cost is £4000
This supplier had been on the framework for 5 years, but this supplier had been put onto an improvement plan to improve their quality of management and installation.
Once the Project Coordinator receive the quotation, a meeting with the Project manager to discussed who to issue the job to. From all the evident was received about each supplier, decision was made and issue the job to supplier B.  Quote was sent to OT admin to raise a purchase order for supplier B.  Installation date was arranged with the contractors.

[bookmark: _Toc203171621]Project Cost

Project cost is the total cost for everything within the project including staffing, Contractors and Risk cost.  Risk cost will be about 10 to 12% of the actual Project code, this because of the criticality of the site not being monitored usually this is about 5 to 6%.  If this this is not used, then the money will be given back to procurement department for another project to used [16].   

Table 12 - All the total cost of each staff.
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Table 13 - Gantt Chart of the Project plan
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Project Risk Management
Part of the Project manager job is to reduces the amount of risk to the project but unfortunately some risks cannot be controlled but a control measure will be implemented if the event happened Point below are some of those risks involved.
· Staff sickness
· Traffic 
· Damage materials
· Weather

Health and Safety risks

Part of the Project coordinator job is to identify the hazards on each site and record the finding once the hazards had been identified then the calculation will be carried out for likelihood and the severity of each hazards see appendices 5.1.6 for the risk assessment for each hazards and the control measures in place to eliminate or reduce the risk of the hazards [17].

[bookmark: _Toc203171624]Conclusion

This project effectively tackled poor connectivity at a rural Welsh Water site through detailed investigation and structured project management. By testing various antenna types and cable configurations, the team identified an optimal solution using a Yagi antenna with LBC400 coaxial cable and a signal booster. With clear budgeting, risk planning, and ethical procurement, the project demonstrated how technical challenges can be overcome through careful planning and collaboration.
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length of cable | LBC195 | LBC400

per100m 36.5 12.8 |dB

Perim 0.365 0.128 |dB

20m 7.3 2.56  |dB
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Role

Cost Per Hour

Department Manager £60

£50
Project Co-originator £40
Administrator £30
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Job Description

Willbe installing a 5m pole where the red star is located on the drawing with a Yagi
antenna facing directly to the mast copy of the Mast location attached, Run
LBC400 down the pole then into the pump room loft, clip alone the joist towards
the back wall then clip alone the wall down to the floor where the ducting goes
towards the Control kiosk. Surge protector will be mounted onto the back board
and 6mm earth bond to the main earth bar. LBC195 connect from the surge
protector to the signal booster the to the modem within the Battery backup
enclosure. Add another spur from the same circuit the telemetry s on.

Installation Material list

5mfibreglass pole with Breaket

15m of LBC 400 coaxial cable N type both ends

2m LBC195 coaxial cable N type to SMA male ends

Westermo Modem

Battery Back up 300 x 300 mm metal enclourser

2pole 24V DC replay

24VDC Power supply

3A fused spur

5 Fuse terminals

5 terminals

Signal booster

Surge protector
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Total Hour Planned

Total cost per Staff

Project Manager 150 £7,500
Project Coordinator 75 £3,000
OT Systems Engineer 15 £600
OT Administrator 2) £60
OT System configurator 1 £30
OT Department Manager 1 £30
Standards Department manager 1 £60
Financial Administrator 2) £60

Total

£11,340
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AN INTRODUCTION TO
THE PREVENT DUTY
AS IT AFFECTS
HIGHER EDUCATION

CERTIFICATE OF COMPLETION

THIS ACKNOWLEDGES THAT

Name: Gareth E John

HAS SUCESSFULLY COMPLETED THE INTRODUCTION TO PREVENT E-LEARNING
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¥ Orindod Dew Sant
University of Wales

Trinity Saint David

This is to certify that
Gareth John
successfully completed the
Equality & Diversity Briefing
course with a score of

100%

on

2nd June 2025

EECYLIX

bringing e-learning to life
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LBC195 Low Loss Coaxial Cable

‘Tined Copper (3.35mm)

PhysicalFoam Polyethyiene (2.79mm)

Black Polyetnyiene (4.95mm)

Bonded Auminium Foll(2.95mm)

Salld Copper (0.94mm)

MATERIAL SPECIFICATION

toner Conductor Sold Copper (0.94mm)
Dielectrc Physcal Foam Polyethyiene (2.79mm)
Frst Shiet Bonded Aluminum Foll (2.95mm)
‘Secona Sheld Tioned Copper (3.35mm)

sacket Black Poyethyiene (4.95mm)
ELECTRICAL SPECIFICATION

Impedance 50.0nms

Max. Frequency o

Capaciance 83pF/m

Velocty of Propagation  80%.

Voltage Withstanding 1000V RMS Maximum

MECHANICAL & ENVIRONMENTAL SPECIFICATION

Bending Radus (satc)  15mm
Bending Radius (fexing)  5omm

eight 30 gms/m

RoHS Compiant Yes

Temperature Range 4010 +85 degrees C.
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LBC195 Low Loss Coaxial Cable
FReQuENCY ATTENUATION (per 100m) AVERAGE POWER (k)
150 14s008 03
20m w06 032
sz 255008 02
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2000 Mz ssa0ce 010
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H
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LBC400 Low Loss Coaxial Cable

Tinned Copper (8.13mm)

PhysicalFoam polyethyiene (7.24mm)

Biack Poiyethyiene (10.29mm)

Bonded Auminium Foll(7.39mm)

‘Sl Copper Clad Auminum (2.74mm)

MATERIAL SPECIFICATION
toner Conductor Solld Copper Clad Aluminium (2.74mim)
Dielectrc Physical Foam Polyethyiene (7.24mm)
Frst Shiet Bonded Aluminium Foll (7.39mm)
‘Secona Sheld Tinned Copper (8.13mm)

sacket Black Poyethylene (10.29mm)
ELECTRICAL SPECIFICATION

Impedance 50.0nms

Max. Frequency o

Capaciance 78.0pem

Velocty of Propagation 8%

Voltage Withstanding 2500 RMS Maximum

MECHANICAL & ENVIRONMENTAL SPECIFICATION

Bending Radus (sat)  25.4mm
Bending Radus (fexing)  101mm

eight 100 gms/m
RoHS Compiant Yes
Temperature Range 4010 +85 degrees C.
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LBC400 Low Loss Coaxial Cable
FREQUENCY ATTENUATION (per 100m) AVERAGE POWER (W)
150 Mz so0a 147
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Part 2 Risk Assessment

Risk Matrix Hazard Severity (Potential for Harm)
Calculator egil ) Sigh 01— Wodewe 01 | W@ Ve Wik (51

e Secden S 2ngi ety | caasiopnic

e
The above table s to be used for the caloulation of assessed and residual risk

Vory Unitkely (1)

Possil ek simentis
ey ke or e

Uity 2)

wEouM

Possivie )

ikely @)

may rest n an modent o1
Seelden oseuring

Very Likely (5

Risk Ratings (Likelihood x Hazard)

1-5  =LowRisk
6-14 = Medium Risk
15 -25 = High Risk

Assessed Risk
The assessed rsk is caloulated prior to any control measures being put in place, based o the above table.
Residual Risk

‘The residual isk is calculated after the elimination of the hazard, of the implementation of control measures.
as defined, based on the above table.

In all ircumstances the control measures and residual risk will be nulified by human negligence or human
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Risk Assessment.

TASK HAZARD AND POTENTIAL | HAZARD | LIKELIHOOD | ASSESSED | CONTROL MEASURES RESIDUAL
FOR HARM SEVERITY RISK RISK
Manual Trapping of fingers, feel & 3 3 9 Persons o be suitably trained in manual handiing activity.
Handing & | imbs, crushing of PPE should the table below.
Lifing moving | handsffingers/feettoes of Standard head protection, gloves and safety boots.
of goods and | persons. B ical lifting devices where possible i.e. lorry crane,
materials accordance with instruction and
Loads to be broken down into smaller lighter loads where
possibl
« Plan the liftincluding final resting position, hand placement and
further lifts to prevent entrapment of digits. Use of chocks is
2advised to land the material
. g activity should be working in
Workina Uncomfortable working 3 7 Z .
cramped environment due to cramped 2 full height availability and to
chamber conditions leading to
ergonomic discomfort. Job rotation during long working periods
Possibility of impact to the Head protection and knee protection to be wom as required.
head. Individual may kneel.
down to work,
Work in areas | Head or body injury from being, | 4 G « Be aware of any working parties or activities above your direct
where works | siruck by objects working area.
are ongoing « PPE should be womn in accordance with the table below.
above Standard head protection, full orange hi viz coveralls.
«  Ensure goo with other parties working on site.
« Barrier off areas directly below your working area.
«__Plan works to minimise working above or below others,
Work inarea | Minor or major il health 7 7 « Ensure good hygiene practices — regularly washing hands.
where there s | conditions as a result with Wash hands after working, always before eating and do not put
contact with | contact with sewage or hands near mucous membranes/face.
sewage & biological agents « Wear nitrileflatex gloves and eye protection when handling
biological containments or if there is a risk of contact.
agents «  Face masks available for use to protect against splashing

contaminants.
Follow good personal hygiene standards. Prol
smoking and eating in working area.

All working personnel to be aware of the hazards in working
with sewage such as leptospirosis.

n of
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Remove contaminated clothing on completion of work and
before using any common areas such as van cabs, welfare

facilies etc.
Work inarea | Potential for cut, abrasion or « Hand protection should be worn in acsordance with the table
where there is | puncture wounds including below. Assess the environment and area of work.
contact with | potentially contaminated Do not put your limbs/hands where you cannot see or clear
rag, sharps | material prior.
« Use tooling instead of manual handling where possible such as
stiff brushes, hooks etc
Site Works | Sips, s, and falls « Wear safety boots with suitable grip.
« Provide barriers and demarcation of hazards.
«  Ensure good housekeeping.
«  Be aware of surroundings and brief team of any potential trip
hazards, illuminate/mark as necessary before starting work.
Use of ‘Acute or chronic hearing loss. « Noise assessments of each tooling item available.
equipment « Consider the working activity at hand and additional n
that produces created for working party.
highlevels of « Wear ear defenders where required.
noise « Information to employees on danger of noise.
 Work equipment procured with low noise levels.
Use of "Acute or chronic vibration white = Vibration exposure to be logged.
equipment | finger = Job rotation when using equipment that produces vibration.
that produces «  Keep hands warm and dry and wear rigger gloves.
high levels of «  Procurement and use of work equipment
vibration levels.
Use of Fire, culs, abrasions « Only those trained in use of abrasive wheels are to use the
abrasive
‘wheels for manufacturers guidance
grinding
Eye protection to be worn as detailed within the table in this
document to protect eye from flying debris
« Checkall equipment pre use to ensure free from damage, no
burs, suitable grip etc. Any defects found are to be addressed
before use or tooling quarantined
Equipment to be PAT tested and in date test
Al grinding equipment to be used must have manufacturer
installed disc guard plate
«_Correct disc to be selected for the application
Use ofhand | Cuts, abrasions, punclures, « Wear suitable hand protection to BS EN388
tools struck by tools causing bruising Check all equipment pre use to ensure free from damage, no

etc

burs, suitable grip etc. Any defects found are to be addressed
before use or tooling quarantined
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Work on or
near live plant

Impact or bodily harm from five
o rotating /moving equipment

Ensure plant is isolated in line with client procedures and permit
to work obtained.

Witness verification of the isolation.

Install USK control lock to ensure plant cannot be made live
without removing this lock.

Work on or in line with client procedures and permit
near electrical X
conductors Witness verification of the isolation.
Install USK control lock to ensure plant cannot be made live
without removing this lock.
Work near | Impact with or beind siruck by Only trained persons to operate, vehicles.
moving moving vehicle. Review on site traffic management plan
vehicles Be aware of moving vehicles, cordon off and signpost the area,
the cordoned area.
ity clothing.
Follow site traffic routes and observe speed limits and signs.
Use of banks person when necessary.
Working on or | Impact with or being siruck by NRSWA supervisor to
near the moving vehicle NRSWA operative to
public Set up traffic management
highway Only trained persons to operate, vehicle:
Be aware of moving vehicles, cordon off and signpost the area,
remain within the cordoned area.
Wear hi clothing - Class 3 requirements
Confined Exposure (o specified fisks ‘All persons on site are I
Space Entry | which includes, asphyxiation, follow confined space pro
toxic gases, fire.and explosion, Gas monitoring always required with a control monitor in the
falls and drowning. High and confined space and personal monitors to
low levels of temperature may Escape sets to be worn by all persons working within confined
als0 be a isk factor. space
Low levels of lighting are also a All working party to be clean shaven.
significant risk. Emergency action plan in place.
Confined space entry log to be kept throughout working a
Refer to training manual and the Unitspark Ltd procedure for
confined space working.
ot work Fire and explosion. Ensure all combustibles are removed from the area and fire

watcher is on hand with a fire extinguisher.
Utilise screens and fire blankets to cover any materials with
potential to catch fire.
Demarcation of the working area to prevent multiple persons
entering,
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Test equipment and meters are to be within calibration.

Test equipment to be compliant and in good working orderfree
of damage

Insulated tools are to be used and free of damage.

Full PPE gloves, safety boots Hi Vis and safety glasses to be.
worn.

Work area to be fully barriered off.

Work on or around live conductors to he kept to a minimum and
avoided wherever possible.
Insulated gloves, and mats to

if necessary.
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