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1. Executive Summary

A simulation system was designed and built to enable a select number of the main ARU/SRU
project FDS to be tested.

During the design phase, specifications had to be identified that would be practical for the
simulation system and benefit the main project. Once the FDS items were identified, the
system was designed, which included identifying the required hardware, designing the PLC

logic and creating wiring diagrams to be utilised during construction.

The original project work breakdown structure was amended to include the simulation, from
which a simulation Gantt chart was created to ensure the project was executed in a timely
manner, keeping within the academic timeline.

Legislative and sustainability constraints applicable to the simulation project were elaborated

upon and shown to be implemented.

A comparison was carried out showing the differences in quotations received from the primary
component supplier, with a full costing breakdown of the main project and simulated project
provided, as well as what measures were taken to stay within the budget and reduce overall
expenditure.

The simulation system was constructed and systematically energised, where individual
components were confirmed to operate correctly before fully-assembled power-up. The PLC
program was downloaded, after which the system was configured and function tested, with all
results documented.

Finally, the project execution was elaborated upon, followed by a thorough evaluation of the

outcomes.




2. Introduction

This report aims to accurately document the design, implementation and execution of a gas

detection upgrade project being executed on a complex oil refinery.

An alternative solution will be selected due to the main project stagnation, which will enable
the simulation system to be designed and documented in line with the main project functional
design specifications and constraints, where applicable.

The system will be designed using industry standard methods, where wiring loop drawings,
flow charts and test tables will be created.

Once suitable components are selected and the simulation hardware and software is built, the
system will be created and function tested, with all results recorded accurately for further

evaluation.

Project outcomes will be compared and elaborated upon to enable a deeper understanding of
the wider project management techniques that was implemented.




3. Design

Following the project disruption and delay due to budget re-approval, the decision was made

to create a simulation rig, in line with the FDS, to enable system testing to be carried utilising

the test table. Some testing will not be applicable due to the system being simulated, this will

be elaborated upon in the testing and results section.

3.1 FDS ltems Applicable to Simulation

The following FDS items have been highlighted as necessary to ensure the simulation system

functions correctly and in a manner which accurately portrays the original field project. Due to

the nature of the workshop-based simulation, not all FDS items are applicable.

2 Maintenance Activities
229 Maintenance Overrides and | Alarm inhibits must be available to enable maintenance activities.
) Inhibits Inhibits must be captured using established site procedures

The 24v power supply must have an N+1 redundancy configuration,
2.3 ¢ | Loss of Power Recovery

where N is the number of supplies for the calculated load.
3 Environmental Requirements
3.2 Electromagnetic Compatibility Separation of signal and power cables and galvanic isolation
4 Performance Requirements

The gas detection system must alert an operator through the DCS
4.2 a | System Response Time o

system of any gas release within 30 seconds,

The system must be able to produce an alarm signal in the event of a
4.4 Major Accident Survivability o . . ) o

significant accident, i.e., signal cables open circuit
5 System Interfaces

In addition to the DCS alarms, hardwired fault loops must indicate:
5.1d | Operator Interface

System Fault (OmA) & Detector Fault (3.6mA)
52 Alarm Levels Gas detection alarm levels must be set to 5ppm (low) & 10ppm (high)
6 Power Supplies

Manufacturer-supplied 24v power supplies must be able to seamlessly
6.1 b | Electrical

switch to standby supply in the event of a failure.
7 Trip and Reset Philosophy

The gas-detected alarm output shall be latching. Acknowledge (AKN)
7.1 Alarm Acknowledge ) ) . o . .

switch must silence audible alarms with visual alarms staying active.

The system must only allow a full reset once all detectors are below
7.2 Alarm Reset

5ppm
7.3 Alarm Outputs (Audio / Visual) Alarm outputs shall energise to trip (ETT) for audio/visual alarms

Table 1 - FDS items Applicable to Simulation




3.2 Simulation System Design
The simulation block diagram was created as a visual aid to show the overview of the system

and indicate the various components that will be utilised.

The Regard Classic controller can accommeodate 16 analogue cards, where three cards will
be utilised for the simulation. Three Draeger Polytron 7000 H2S detectors will be wired to the
analogue cards, and MTL 5541 galvanic isolators will be utilised for safe and hazardous area
separation.

A dual 24v power supply unit will provide a stable 24v DC supply through a diode switch to

ensure power supply redundancy. Each power supply will have a fault output.

The hard-wired normally open 5ppm and 10ppm alarm signals will provide DCS low and high
alarms, and normally closed fault signal will provide DCS fault indication in the event a detector
is faulty, or power is lost to the controller.

The PLC available for the simulation was an Allen Bradley ControlLogix 1756 which was used
in the site electronics workshop for testing programs before uploading to live process control
systems.

The PLC input signals will be in the form of 4-20mA analogue hard-wired signals

The Regard Classic controller will be used for the audio / visual alarm activation, achieved by
utilising the common 5ppm low alarm relay contact to provide a 24v DC signal to the combined
audio / visual beacon in the event H2S gas has been sensed. The beacon will have its own
dedicated 24v supply. It was not practical to utilise a battery backup supply (UPS) for the

simulation.

The block diagram shows a solid-state relay (SSR) supplying the audible/visual alarms
intended to simulate the field installation. This SSR was not implemented to ensure costs were
kept to a minimum. The Regard Classic controller has common relay outputs which were
utilised.

The PSUs will be supplied by a stable 110v AC supply in the workshop for testing and
commissioning purposes. A seamless switchover during a power supply failure will be

simulated, including a PSU failure alarm.

Audio and visual alarm reset will be carried out utilising the reset pushbutton incorporated into
the front face of the control cards as well as a dedicated pushbutton to energise the reset
contact in the PLC ladder logic through a 24v DC input card.




DCS graphic construction could not be carried out on site due to the unavailability of the DCS-
group simulator; therefore, the Allen Bradley graphic design suite and associated HMI will be
utilised accordingly.

Once the main project commences in May 2023, the DCS graphics creation will be scheduled
into the refinery maintenance schedule and completed in line with the graphic created for the

simulation.

Due to the simulation being executed in a workshop location, the armoured cable will not be
utilised to keep costs and waste to a minimum. The cables used will meet the minimum core

thickness criteria stipulated by the manufacturer of 1.5mm?2.
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Figure 1 - Simulation Block Diagram

It is not clear as to why are you writing in the future tense, you should be writing in the present or past tense explaining what
you have produced.

3.3 Simulation Drawings and Settings
The simulation drawings shown in Appendix figure 1, 2 and 3 were created by using the block
diagram to ensure all components are recorded. Once the drawings were reviewed, a day was
spent in the drawing office to gain familiarity with the software utilised to create site standard

drawings, during which the final drawings were created.

This is the standard of drawings that will be created for the main project. The Regard 7000
cabinet wiring diagrams will be created by the manufacturer and sent to the site drawing office,

where the drawings will be standardised to site specification and issued for SME review. Once

A story is unnecessary as this should be recorded in the log book.
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the drawings are approved, they will be uploaded to the online drawing library, with hard copies
held.

3.4PLC Logic

The PLC logic design flow chart shown in figure 2 was created as a design-aid for creating the
PLC ladder logic. Once the process starts it immediately looks for values of gas sensed. If gas

is sensed the alarm output will energise, if not it continues to sense gas.

During the alarm output function, the system will continue to confirm whether gas has been
sensed. A decision will be made whether gas is still being sensed, if yes, another decision will
be made regarding the reset key-press input; if yes, the audio output will be silenced and the
sequence will return to the start. If no reset key-press is active the alarms will continue to
output.

If no gas is sensed in the second “gas sensed” decision block, the ‘reset available process
will be available, followed by the “clear Alarms” process, after which the process retumns to
sense gas and scale outputs.

Start

>y

Sense Gas & Scale
Irputs

b4 A good clear design
Gas ]
Sensed?
-
v
Cutput
Alarms ; G
a1 -
P Reset Yas
s » Key »  AudioOff

?
R Press?

Mo

v

ResetAvailable

v

Clear Alarms
Y

Figure 2 - PLC Logic Design Flow Chart

11




The PLC analogue input (Al) card (1756-1F16) scales the 4-20mA input signal to assigned
engineering units, reducing processor loading whist running the program, thereby increasing
response time.

Appendix table 4 show the function blocks required to enable the operations defined in the

flow diagram to be executed.

The scaled Al values would serve as the trigger to energise the audio and visual alarm
contacts and would require a dead-band to ensure spurious alarming is avoided. Furthermore ;finjshed

4. Implementation and Management

4.1 Constraints Applicable to Simulation

4.1.1 Legislative Constraints

The simulation system construction adhered to the legislative constraints, shown in table 2,
detailed in the planning phase to ensure an accurate representation of the main project as
well as to gain a further understanding of the practices required, to be applied during the

implementation phase.

The components used comply with BS EN 45544-1:2015 & BS EN 60079:2014. The detectors
are CE marked and comply with ATEX hazardous area requirements.

The installation complies with BS EN 7671:2008 where electrical and signal wiring is
appropriately separated and the minimum manufacturers recommended cable thicknesses

are adhered to.

The System operation complies with Shell DEP 32.30.10.11-Gen, which is also outlined in the
FDS to ensure rapid response to gas releases in addition to the required methods of raising

awareness of gas releases to operators and the general workforce.

The certified H2S gas utilised during the simulation system commissioning and testing in the
workshop has been limited to 10ppm, which will ensure the high alarm is triggered without
using higher concentrations than are necessary. Further safety precautions include ensuring
adequate ventilation to ensure rapid gas dispersion as well as an overhead extractor activated
during testing. This shows adherence to HSE COSHH reg 6(1), Reg 7 (1), which states;
“Regulation 6(1)(a) requires that employers should not carry out work that is liable to expose
employees to substances hazardous to health until all risks have been evaluated and
minimised” (2002) page number needed for direct quotations

12




Document Number Title

British Standards

Workplace atmospheres - Electrical apparatus used for
BS EN 45544-1:2015 the direct detection and direct concentration

measurement of toxic gases and vapours

Explosive Atmospheres and Explosive Atmosphere
BS EN 60079:2014
equipment

Requirements for electrical installations. IET wiring
BS EN 7671:2008
regulations. 17th edition

Shell DEPs - Valero Overlay
DEP 32.30.10.11 - Gen Valero - Fire, Gas and Smoke Detection Systems
HSE

The Control of Substances Hazardous to Health

COSHH Reg 6(1), Reg 7 (1
96(1) Reg 7 (1) (COSHH) regulations

Table 2 - Simulation Legislative Constraints

The above table is too generally, it should contain more specific information from these sources with Havard references.

4.1.2 Sustainability Constraints
Although the simulation system is relatively small with few parts required for correct operation,

there is scope to build the system in a sustainable manner.

Table 3 shows the original sustainability constraints elaborated upon during the design phase

of the main project.

The simulation project was constructed within these constraints. All parts will either be re-

purposed in the main project or kept as spares for future projects.
Spelling
+ Readily available resources were used were possible

e The minimum amount of 4-20mA control cards were used to achieve the required
results, thereby reducing energy usage

e Although the PSUs have significantly larger than the required capacity for the
simulation, reapplication in the main project ensures sustainable engineering.

e The Polytron 7000 detectors, docking stations and sensors will be used in the main
project

e Less precious metals like stainless steel and aluminium were used

¢ The absolute minimum of parts was used for construction

« Any parts that are not re-purposed will either be held in stores, re-used or recycled

13




Sustainable Engineering Considerations

Energy

Utilising renewable and readily available resources

Reduce pollution

Reducing energy usage

Product design

Maximum component energy, temporal and mass

efficiency

Consideration complexity and entropy for end-of-cycle

disposal

Material diversity reduction

Reduction in non-essential capacities and capacities

Disposal

Prioritise waste reduction over waste management

Design for re-application

Design for recycling if re-application is not feasible

Table 3 - Sustainable Engineeting Considerations

4.2 Simulation Compaonent Selection
were

Appendix table 1 show the components that will be used to construct the simulation system.

The components have been selected to ensure the simulation operates in a manner which will

closely mimic the main project, as well as be incorporated therein where applicable.

14




4.3 Costing Spreadsheet
4.3.1 Draeger Order

The Draeger order was placed, Appendix table 2 show an exported Excel table from SAP of
the purchase order in itemised view. The total net expenditure on components for the original
project totalled £82 742.69. The total is a slightly lower amount than the original quoted price,
which is attributable to a decrease in cost of some components due to the world-wide
semiconductor shortages alleviating slightly.

A comparison of the original and procured quote can be seen in Appendix table 3.

4.3.2 Simulation Component Cost
Table 4 shows the simulation component cost table. In an attempt to keep additional
expenditure to a minimum as many free-issue parts were used for the simulation. The Draeger
Regard Classic chassis and 4-20mA cards were held on site as spares and originate from the
Alkylation unit gas detection system which was recently upgraded. The Polytron 7000 gas
detectors, docking stations and H2S sensors were booked out from stores on the main project
budget and will be installed in the field once commissioning commences, with the three new

detectors credited to stores to be held as spares.

were
An PSUs and diode switch will be utilised during the implementation/construction stage as

they are site standard and the current rating is sufficient for the main project.

The Unistrut and associated fixings will be held in the department mechanical fitters’ stores as
spares to be repurposed as needed.

Simulation Component Costing

Part Qty List Price Actual Cost
Regard Classic Chassis 1 £8,000|Free Issue
Regard 4-20mA Card 3 £450(Free Issue
Polytron 7000 4-20mA Tx 3 £957.21 £2,871.63
Polytron 7000 Docking Station 3 £43.50 £130.50
H2S Sensor 3 £281.60 £844.80
PSU 2 £705.19 £1.410.38
Diode 1 £148.38 £148.38
Unistrut 1m 3 £12.40 £37.20
Bolts 20 £0.56 £11.20
Channel Nut 20 £0.74 £14.80
Washer 20 £0.54 £10.80
1.5mm single core 1m 20 £0.59 £11.80
Allen Bradley PLC 1 £2,663.91|Free Issue

Total Project Attributable cost £5,491.49

Table 4 - simulation Component Cost

15




4.4 WBS & Gantt Compliance

The overall project allowed for 150 days for planning, design and execution. The planning and
design phase were executed on schedule, with the remaining 67 days allocated for execution

being significantly overdue due to company-wide policy changes on project budget approvals.

The project budget was approved in late 2022, where all necessary steps were followed to
ensure parts procurement could commence as planned in early 2023. Due to significant
maintenance event overspending, the company required all expenditures to be re-evaluated
in an attempt to limit Capex overspend.

Due to many projects being executed in 2023, the re-approval for the SRU / ARU project was
significantly delayed, and finally, full funding was granted in late March.

The main project stagnation occurred at 17% completion in line with the original WBS, shown
in Appendix figure 4. Once the project resumes the WBS and updated Gantt Chart will be
utilised to ensure the project is executed as planned.

Appendix figure 5 shows revised WBS which structures the design, simulation, implementation
and commissioning phases of the project as well as the allocated percentage of time for each
phase, where 1% represents 1.5 days. This revised WBS enabled an updated Gantt chart to
be produced as shown in Appendix figure 6 to allocate a specific timeline to each aspect of
the simulation and revised timeline for the main project. Appendix figure 7 shows the
simulation project expanded timeline.

The simulation phase illustrated in the WBS has 20% of the revised project time allocated to

it, which equates to 30 working days.

4.5 Simulation Construction

4.5.1 Simulation Hardware Setup
Appendix figure 9 shows the simulation system during construction. The Regard Classic
controller was mounted on a Unistrut frame at a comfortable height to reduce the potential for
injuries during setup and commissioning. The wiring interconnection blocks were in a central
position and laid out in a manner which provides maximum separation of power and signal
wiring, with the 110v AC supply at the far left of the DIN rail and the 24v DC signal isolation
barriers to the far right.

16




The dual redundant 24v DC power supplies and redundancy diode were DIN mounted at the
lowest point, to aid in stability due to their combined weight.

Cable ducting was used to aid in cable separation and to maintain neatness of the installation.

The Polytron7000 gas detectors were mounted on a purpose-built Unistrut frame as shown in

Appendix figure 12.

The 4-20mA control cards required setting up to ensure correct operation, the following steps

were carried out utilising the manual as guidance — see Appendix figure 10.

« Enter Config mode by pressing reset for 5 seconds and entering the password CC**
e Set measurement units to ppm

e Set target gas to H2S

e Set upper range value to 25ppm

¢ Set low alarm to 5ppm

¢ Set high alarm to 10ppm

¢ Set alarm action to rising

¢ Set analogue output range to 4-20mA

¢ Set analogue card zero value

e Ensure drift band is set to 0.0%
Appendix figure 11 show the 4-20mA control cards’ configuration.

The Polytron 7000 gas detectors were setup by using the manual as guidance. Firstly, the
target gas (H2S) was selected, followed by setting the analogue output parameters and date
and time for internal datalogging accuracy. Lastly the fault logs were checked to ensure there
are no standing alarms (Draeger, 2021). A collage of this setup sequence is shown in

Appendix figure 13.

17




4.5.2 Simulation Logic
The simulation logic was created using Rockwell RS Logix5000 software. A new project was
created and the L61 controller and 13 slot chassis selected (Appendix figure 14). The PLC
required three 10 cards to be installed for the system to operate correctly, these were; IF16
Analogue input (Al) card, IB32/A DC input card and OW161 DC isolated relay card. The cards
were each allocated a slot in the PLC chassis.

The analogue input card was configured to carry out appropriate scaling of the 4-20mA input

current to the required engineering units of 0-25 (ppm) (Appendix figure 15).

The main program routine consisted of three parallel pairs of “greater than or equal to” (GEQ)
function blocks which compared each scaled analogue input value to 4ppm and 5ppm
respectively to function as a dead-band to reduce spurious alarms. Each rung would energise
the corresponding “gas sensed” output contact. Finally, a “jump to subroutine” (JSR) function

was added to ensure the alarm logic subroutine is executed (Appendix figure 16).

An alarm ladder logic program was created, which consisted of three non-latched input
contacts in parallel and one output contact for the unit audio alarm on the first ladder rung. A
fourth contact was added in parallel as a rung latching contact which was energised by the
unit audio alarm (Appendix figure 17).

A reset input latched contact was added after the input contacts to reset the unit audio alams,
but was found to only instantaneously silence the audio alarms. Once the reset was pressed
and released the audio alarm would activate again in the event gas is still being sensed. This
also highlighted a potential for a dangerous situation occurring in the event the reset switch is
stuck on (Appendix figure 17).

To overcome these two issues a “count-up” counter (CTU) was added in series with an “equal
to comparator”, once the counter has counted to 1, the equal to comparison will be true and
allow the reset to be executed resulting in the audio output to be de-energised. Any further

reset inputs would have no effect on this rung (Appendix figure 17).

The second rung was created by inserting three “less than” (LES) comparators in series with
the reset input. The LES function blocks compared source A, tagged to the three scaled mA
inputs, to source B set to engineering unit 5 (5ppm), resulting in the CTU reset only being
available once the gas sensed value falls below 5ppm (Appendix figure 17).

The third rung consisted of the same three “gas sensed” input contacts as mentioned above,
with the output contact being the unit visual alarm contact. A “unit visual alarm” rung latching
contact was added in parallel with the three gas sensed contacts to latch the unit visual alarms.
The reset input contact was added in series with the rung latching visual alarm contact, which

18




would only allow a full reset once all three “gas sensed” contacts were de-energised (Appendix
figure 17).

The fourth rung consisted of the reset input contact and reset output contact.

Appendix table 4 show the function blocks’ operation as integrated into the simulation system

logic

5.4.3 HMI Creation

The planned simulation design, implementation and testing could not be fully carried out due
licensing issues with the Rockwell factory view software. Multiple attempts were made to
enable the software to no avail. This issue is still with the refinery IT department to be resolved.

The graphic face plate shown in figure 3 was built whilst the software was still functioning
correctly, with the intent to tag the three simulation-system analogue signals to the graphic for
operational testing. Appendix figure 20 show the HMI build within the software,

The locations were referenced from the refinery plot plan and are an accurate representation
of detector locations on the units. One of the major drivers for this project was to conform to
Shell DEP 32.30.10.10 which requires the operator interface to show the exact locations of
the gas release, the concentration of the release and which detector alarmed first to aid in leak

isolation and emergency response.

The analogue gauges at each detector location will provide the measured gas concentration
fulfilling two of the three requirements. The third requirement being indication of which detector
alarmed first will be addressed by adding a latching red glow animation to the analogue

gauges, triggered by a pre-determined setpoint.

R MAIN - /SRU_gas_detection// (Display)
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1BATI050 1BATINE0  1GATISHZ 16ATIE52

Figure 3 - HMI Operator Interface
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4.6 Project Management - Plan Adherence / Deviations
As stated previously, the execution phase of the main project had stagnated. The Gantt chart
shown in Appendix figure 7 was created to ensure the simulation was carried out in a timely

manner and completed by the stated deadline.

Itis clear to see that all aspects of the simulation project had been completed on time, depicted
by the green highlighted progress bars. Due to work commitments, a small number of
deadlines were missed by half a day at most, these lost time incidents were recuperated in a
prompt manner which did not affect the timeline and had therefore not been shown.

Microsoft project allows for projects to be incorporated into existing project timelines, which
was done in this instance. The simulation project was placed at the stagnation point in the
main project, which will conveniently continue two weeks after the simulation has been

completed.

The simulation project is preceded by a significant delay attributable to the aforementioned
budget delays. An additional delay in continuation of the main project is apparent after the
simulation, due to the projected factory acceptance test being scheduled for early June and
the ground work start date scheduled for the second week of June when the refinery schedule

allows.

The delays in the project have enabled a further understanding of project management in large
corporations to be gained. Most notably is the need to be able to adapt to delays and to ensure
a degree of fluidity is maintained, especially where budget approvals and delivery lead times
are concerned.

In hindsight, the placement of the order for the Draeger parts should have been placed as
soon as the budget was initially approved, with the Gantt chart updated to reflect the timeline

change. That is the reason for planning
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5. Testing and Results

Testing was carried out in line with the simulation FDS testing table created. The tests were
carried out on the simulation system in a controlled manner, with the area barriered off whilst
H2S gas was being utilised for PLC logic testing. Initial setup and calibration of the gas
detectors were executed with 25ppm H2S to set the high range accurately. Further tests were

conducted with a lower concentration of 10 ppm for safety reasons.

The completed FDS and PLC logic test tables are shown in Appendix 5 and 6, respectively,

with the corresponding Appendix image number referenced in the evidence tab.

The FDS testing was mostly successful, with one failure and three tests not carried out due to
the aforementioned HMI software issue and will need to be carried out during the main project

testing phase.

The one failure was due to the incoming 110v AC supply being outside the allowable tolerance
of 5% at 117 volts, although the frequency was correct at 50Hz. The transformer was encased
in a metal structure with no data labels to ascertain the cause of the increased voltage, which
could be due to the reasonably small load applied. Although this is an FDS failure, the system

operated correctly.

The power supply redundancy functioned correctly, with uninterrupted supply maintained
whilst alternating between the two PSUs.

Individual control cards were proven to be able to be inhibited for testing and maintenance to
ensure no unnecessary alarms were activated. The control cards also displayed the inhibit
mode code (60-0) as a further visual aid to ensure the card is not left inhibited once

maintenance activities are finished.

The trip and reset tests proved that the audio alarms can be silenced whilst visual alarms are
still active during a gas release event, a Shell DEP 32.30.10.11 — Gen fire and gas detection
constraint requirement.

All PLC tests passed, with no issues arising. This is due to the nature of PLC programming,
where the development of the logic includes continual testing and analysis to ensure the logic

operates as intended.

An overall conclusion can be made that the gas detection system simulation functioned as
intended, proven by the testing results, and will aid in ensuring the main project execution is

carried out more efficiently.
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6. Evaluation of Project Outcomes

The main project outcomes cannot be elaborated upon as the implementation phase is due to
commence in June 2023. The original FDS table will be utilised to ascertain whether the

project was successful.

Once the main project component procurement was carried out, the lead times slipped
significantly. A previous agreement with the manufacturer guaranteed reduced lead times
down to 5 weeks; this agreement could no longer be upheld due to the delay in procurement
and various other orders being submitted from other companies earlier in the year, causing

lead times to slip to around 25 weeks.

The order was subsequently placed, and all other aspects of the execution phase are on hold

until May when the maintenance schedule would allow for work to commence.

The decision was made to simulate the system to gain further underpinning knowledge and to
enable pre-commissioning testing of some of the components that will be utilised in the

system.

Various parts were utilised from spare parts held on-site to build the simulation system in an
environmentally friendly and sustainable manner. Any parts purchased would be selected to
function within the main project, either directly or as spare parts held in-store stock.

Due to the cost and lead time of the Regard 7000 controller, it was deemed that a Draeger
Regard Classic gas detection system controller would be most suitable for the simulation, with
the additional benefit that a running spare was held and would not impact the main project

budget.

The Allen Bradley PLC used for the simulation system is used in the electronics workshop for

PLC program creation and testing and was free to use.

The simulation project was mostly successful. The gas detection controller, gas detectors and

PLC program functioned as specified by the simulation FDS.

The HMI could not be fully function-tested due to software issues. The HMI graphics were built
to FDS criteria, and there are no foreseeable issues relating to enabling the graphics to

function correctly once the software issues are addressed.

The simulation WBS and Gantt chart timelines were adhered to, with no significant hindrances

experienced.

The budget will be comfortably met as, to date, £99291.22 has been spent out of a budget of

£145 000. The payment to Draeger includes all hardware as stated on the quote and two
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engineers installing and commissioning the system on-site, the factory acceptance and site
acceptance testing. This will reduce the overall spending on on-site contractors.

Further outstanding costs are shown on the revised labour costing spreadsheet in Appendix
Table 7, which reflects a reduction in total spending to £7382.50. this reduction is to the

removal of the controller cabinet installation and wiring costs, amounting to £2905.00.

In addition to the labour costs, the temporary gas detector hire amounts to £4162.25 to rent
25 area detectors for a week, and the drawing office costs, which amount to £12200 for
standardising drawings. The drawing office worksheet estimates 220 hours charged at £55.45

per hour, as shown in Appendix 8.

The total predicted cost will amount to £123035.97, leaving a contingency fund of £21964.03,

therefore, the project should be implemented below budget.

7. Conclusions and Recommendations

The delays experienced in the budget re-approval were disappointing because they seemed
unnecessary. The delays did, however, enable insight and better understanding to be gained
into the real-world issues project managers encounter, resulting in future preparedness for
such occurrences. Additionally, it highlights the need to remember that each project is part of

a bigger picture, with multiple influences that affect decisions.

The simulation system functioned as intended, which provided a better understanding of the
underpinning technology that will be incorporated into the main project systems, which will
undoubtedly aid the implementation and commissioning phases.

The simulation system could have been significantly improved if the HMI software had
operated correctly and the RS485 communications card was not in use elsewhere on site. The
creation of the Modbus map would have been very beneficial to the main project

implementation.

The need to amend the WBS and Gantt chart to include the simulation project enabled further

managerial skills to be gained, which will prove helpful in potential future managerial roles.

A further improvement to the simulation would have been achieved if the DCS graphics were
created and simulated, it is understandable though that all departments are under pressure
and cannot always accommodate all non-scheduled requests.

You appear to be blaming others for your failure to achieve all parts of your project
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Correct method of listing.
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9. Appendix

9.1 Design

Simulation Wiring Diagrams -Transmitter 1
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Simulation Wiring Diagrams -Transmitter 2
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Simulation Wiring Diagrams -Transmitter 3
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9.2 Implementation

Simulation Component Selection Table

Input Quitput Quiput
Diseription Fart Nurmber Mounting vata Vot Current
PsU Quint- PSMAC/24DCH40 DIN Rail 1OvAC | 24vDC 404,
Redundancy | Quint-Diode/12-240C-
Diade DGO DIN Rail 2% 24vDC| 24 24vDC | 2 x40A
8217710 PECTO00 4-
Fo00 Fiald 24V DC I - 20mA
Pokytron p o el nia
H2S Sensor BB10435 Polytron 7000 | 24vDC nia nia
Regard Clessic
Chassis Discontinued Rack 24vDC 2y DC | 420mA
Regard 4-20me S X
P Card Discontinued Chassis 2avDC 2, DC | 4-20mA
Cutput
Oulput
A 175618 Rack | 2e0vAC | cera | %M
i t
Allen Bradey
Anglogue Input 1756-IF18 Chassis nia 24/ DC | 4-20mA
Card
Alen Bradey .
DC Cutput Card 1756-CW1BE Chassis nia 280DC nia
Allen Bradey
DC Inpet Card 1756- 0832 Chassls 24vVDC nia nfa

Appendix Table 1 - Simulation Component Selection Table
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SAP Purchase export

Item of Quanti Unit of Valuation . . Desired .
Requisition Short Text Requegted Measure | Price Line Total |Delivery Date Vendor Requisitioner

9209378 Regard 7000

10 Control Panel 1.000|EA 19,914.75| 19,914.75|24.05.2023 |Draeger |BRITSL
9209378 Compact

20 Housing for Dashboard 1.000]EA 4,950.18] 4,950.18(24.05.2024 |Draeger |BRITSL
9209378 Regard 7000

30 Parts 1.000|EA 17,740.28| 17,740.28(24.05.2025 |Draeger |BRITSL
8317710 PEC7000 4-

40 20mA HART D 17.000]EA 957.21| 16,272.57|24.05.2026 _|Draeger |BRITSL
8317990 Polytron
3000/7000 Docking

50 Station 17.000]EA 43.50 739.50|24.05.2027 |Draeger |BRITSL
8317860 Sensor
Diagnostic Dongle

60 Polytron 17.000]EA 198.20f 3,369.40(24.05.2028 |Draeger |BRITSL
6810435 DragerSensor

70 H2S 17.000]EA 281.60| 4,787.20|24.05.2029 |Draeger |BRITSL
9209222 EXE Junction

80 Box 1.000|EA 780.87 780.87|24.05.2030 |Draeger |BRITSL
9209222 EXD Junction

90 Box 1.000|EA 2,732.94| 2,732.94/24.05.2031 |Draeger |BRITSL
1965206 Instalation -

100 See Attached Scope 1.000|PU 6,375.00] 6,375.00|06.04.2023 |Draeger |BRITSL
1965205

110 Commissioning 1.000|PU 1,830.00{ 1,830.00{06.04.2023 |Draeger |BRITSL

120 1965205 FAT 1.000|PU 750.00 750.00{06.04.2023  |Draeger |BRITSL

130 1965205 SAT 1.000|PU 1,000.00{ 1,000.00{06.04.2023 |Draeger |BRITSL
1940430 Crating and

140 Shipping 1.000|EA 1,500.00] 1,500.00|06.04.2023 |Draeger |BRITSL

Requisitioner Approval: Total Net (GBP) 82,742.69 Procurement Approval:

Appendix Table 2 - SAP Purchase export
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Quote Comparison

Procured Quote QOriginal quote
Quantity Congaoc:;ent Total Component Cost Total
9209378 Regard 7000 [ 4 105 | 019 914.75[£19,914.75| £21.258.63 |£21,258.63
Control Panel
9209378 Compact Housing| 4 555 | £4 950,18 | £4.950.18 |  £4.085.10 | £4,085.10
for Dashboard
92093?8;??5” 7000 1 4000 |£17.740.28|£17,740.28| £18.849.05 |£18,849.05
8317710 PEC7000 4-20mA - ooy | po57.21 |£16,272.57|  £889.01  |£15,113.17
HART D
8317990 Polytron
3000/7000 Docking Station| 17000 | £4350 | £739.50 £40.41 £686.97
8317860 Sensor 17.000 | £198.20 |£3,369.40 £184.08 £3,129.36
Diagnostic Dongle Polytron
6810435%389”86"”5” 17.000 | £281.60 |£4,787.20 £379.40 £6,449.80
0209222 EXE Junction Box|] 1.000 | £780.87 | £780.87 £829.68 £829.68
208222 E’;E Juncion | 500 | £2732.04 | £2.73204 |  £3.416.18 | £3,416.18
1965206 Installation - See | 50, | £5375.00 | £6.375.00 | £6,375.00 | £6,375.00
Attached Scope
1965205 Commissioning | 1.000 | £1,830.00 | £1,830.00 £850.00 £850.00
1965205 FAT 1.000 | £750.00 | £750.00 £750.00 £750.00
1965205 SAT 1.000 | £1,000.00 | £1,000.00 | £1,000.00 | £1.000.00
1840430 Crafing and 1.000 | £1,500.00 | £1,500.00 | £1,500.00 | £1,500.00
Shipping
Total Net Cost | £82.742.69| Total Net Cost | £84.292.94

Appendix Table 3 - Quote Comparison
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9.4 Simulation hardware Construction

Initial Build

L L e e S e T
@ - —

.
H
H
:

|

Appendix Figure 8 - Simulation System Initial Build

Final Build

Regard Classic Controller Chassis

4-20mA Analogue Cards

110v AC Supply

MTL 4451 Galvanic Isolators

PSU Fault Signal Terminals

Dual PSU’s

Redundancy Diode

Appendix Figure 9 - Simulation System Final Build
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Draeger 4-20mA Controller Card Configuration Guide better to explain the set up and cite this as a source

00-1 P.WD Enter password

Press 1l ar U 10 select the fust letier of the

Presa Revet 10 ewter the first letier. The second letier will then flash.

Use 11 and 0 10 select the second lener and press Reser again.

Enter the thard and fourth letters m the sanse way.

When the Reset button 1s prevsed aftey the foarth Jetter hay bern wet. the divplay

wll shiow MNT of the mumntenance password was entered. CFG of the
configrration password was estesed. or BAD of an wivalid password w entered.

£ The dsplay retums 10 00-1

1f an wnvahd password 1s emtered. the card wll remaan at sead Jevel Press Reset agamn

10 enter another pavvword

00-2 SAVE Save configuration settings
Wntes the configuration sethngs to EEPROM
Selbect 00-2 and press Reset.
The display wall show SAVE and then whow NO
Use i or U 1o change the duplay 10 YES mnd press Reset
The duplay will show WAIT whale the setnngs are wved then OK. confirmang
that the sethings have been waved
1f theve are 5o new confipuration sethngs 10 save. the dasplay will thow NO! at step 2
Presung 7 or B wall have no effect Prews Reset 1o retusm 1o 002

04-0 GAS  Set gas name
1. Select 04-0 and press Reset
2 The display wall show the custent gas nanse
3 Press W oor ¥ 1o select 2 new gas.
4. Press Reset

DA e e -

- e -

04-1 UNIT  Set measurement unit

1. Select 04~1 and press Reset

2 The dusplay wall dhow the current measurement it
3. Prews 1 ar I 10 velect o pew unst

4 Press Reset

04-2FSD  Setrange

Select 04-2 and press Reser
The dnplay wall show the current range
Press 11 ar & so select a new range

PR P,

Press Reset
5 The dsplay wall show NEW 10 uadscate that a new range has been selected.
04-4 ATR  Set Al relay Ity glsed or gised on alarmy
Select 044 and peess Reser

1
2 The daplay will show ENER for enerpised on alarm o NORM for noensally

roerpised
3 Press 7 o © 1o change the settmg
4 Prews Reset
04-5A2R Set A2 relay o or on alarm

1 Select 04-5 and press Reset
2 The deplay will dhow ENER for energased on alarm or NORM for noemally

merpsed
3 Prew 1t or & to change the settng
4 Press Reset

04-9 AOUT Set analogue output range
1. Select 04-9 and press Revet.
1 The duplay wall show 4-20 cr 0-20
3 Prews ¥ or U 10 change the setting.
4 Press Reset
If the analogue output 15 set 10 a voltage outprit. the 0-20 wmsg will pre a 0-5V
catput, and the 4-20 settng » 1-5V output

WARNING  When the output is set to (- 20 11 1 not possible 1o distingunk between revo gas and s
loop fault Use the 4-20 semtng 1f posasbie

10-0 ZERO Set zero (4-20 cards)

1 Select 10-0 snd press Revet

2 The duplay wall show the cuvent gas reacing.
3 Press ¥ o 0 el the daplay shows 0.

4 Press Reset

Note The sero poust can oaly be admsted by =ImA. If you are umable 1o zevo the daplay
I then the may need

Appendix Figure 10 - Draeger 4-20mA Controller Card Configuration Guide
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Draeger 4-20ma Control card configuration

Controller PAV for config Measurement units — ppm Target Gas - H25

Set upper range — 25 ppm [Bet Low Alarm =5 ppm

Set High Alarm - 10 ppm

~ -

Set alarm action - rising

Appendix Figure 11 - Draeger 4-20ma Control Card configuration

Polytron 7000 Detectors & Mounting Frame

an v

Appendix Figure 12 - Polytron 7000 Detectors & Mounting Frame
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Polytron 7000 H2S Detector Configuration

Menu —Settings Sensor Setup H2S Sensor selection

Set analogue Outputs Transmitter Setup Fault Log Menu

Drdger oo

Appendix Figure 13 - Polytron 7000 H2S Detector Configuration

9.5 Simulation Logic

New PLC Project Created

New’ControIIer o X
Vendor: Rockwel
Type: \ 1756061 ControlLogix5561 Controller v| oK
Reyvision: Cancel
[] Redundancy Enabled Help
Name: [SRU_ARU_LB ]
Description
Chassis Type: [1756:A13  12-Siot ControlLogix Chasss v|
St BBl  ssepamesicc
Create In: [C:\Users\Public\Documents\PLC_ladders\Contrologix
No Protection
Use only the selected Security Authority for Authentication and
Authorization

Appendix Figure 14 - PLC Project Created
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Al cards Configuration

New Module

Tior 17564F1616.Cr Geressl  Conrecton Modue info  Configuston’  Calbastion Backpiane
Vendor Chuseal
o 3 N DO frou Rarge OmatoDma -
— 8 5 WM 12N WIS Setta
N | s g
Cotal Fiber 0 e
Descrglion: B =
CommEomat  Float Data-SngofrdedMode Mol |~
Bevor 1 1 12 Electonc Keyng  ConpsbleKeyrg  ~
Modde Fies (.3 881 K -
Open Meckie Prperies Co ] o | [ tb | sume s ] Mo [Che] [T
T LI | Rl e~ | T
Germesl Conmacton ModueInfo Confguston’ Caltxstion Backplane Genesl Cormection Moddelndo Confgusion’ Calbsstion Backplane
Charmel Charral
e[z ala s]s]7 Jrout Rarge Oms 0 me v e[ viEaals]s])7 o Rarge LECE B >
8.9 10N 12 1B WS Senscs Opset {00 | 8 3 101 12 13 WS Serace Offsat loo 1
Scaing DipalFaer 3 21 e Scang o =
fv‘év"\ High Ergroerg L i figh Sgrat. High frgree g Dot Flec L
‘ao |me =2 | Im me = [ ]
ET €
A e -4 Fﬁ’!"' ) suzsl-!
ars [0 e Modude Fite 3 B} Ok v grs 10 e Modue Fiker (1 B} SOH: -
Sima Furring o] | comeel | | e Heb Stk Purwing T Heb

Appendix Figure 15 - Al cards Configuration
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Main Logic Routine

10 RSt 5000 - SR ABRS S8 [1756-061 1011] - Iamrogeam - Massousest - 3 %
.ﬁlh!bmw;mluhhﬂ-” . 7 . ®
aFE & e - o WITY LA N S @

i J = B - _._"“W-_‘B.
) () L [ R o

4 b\ Fasories

-8 x B ARMEE Maerw LU EE WHVE VK »

3 —1 1 ~
- Prr———— P

e

e e

B e |

- .

T

— -

L L
>—0o7

P

3 | »
Monglindiofd  ABP 1% B
P Rsogs 5000 - SRU_ARU LB [1756-481 15.17] - ManPsogram - MasRouties] - a
lzﬁnz—m_g-—-—.)-uu-—h ) .
AGE S we AAABOY R i Sl

1 o o T —— | Y
o Bl olo]ol: f
‘< )l'_—

W RAAEE Haer e | LT LN W VR L »

T
SN pr——r St

= ——

E===T

Erter 1outrne seme. Wungindiof & APF w10 B

Appendix Figure 16 - Main Logic Routine




Alarm Logic Routine

2 R Logix 5000 - SRUARU.IB [1756-L61 15111 - Mrogrom - Alar Functons]
W e it Yew Sewch Logc Commomcatoms Jook Window Hep

\nsua Be - | VARG BV QS [rTr———

v @
Rem Piog B0 Progmbode IS Y oo [ ETHP VIO 104 111 Bockpore =F
| W Corar 0K
o B Banery Faut
Al m oo B I L s e e T Y Y L |

B < > X TowrCems £ oo\ Compere A Comuiian
Cantroller Organizer -0 X 2 & R
3 Controller SRU_ARU_LE -

ARG B M8 e w | LU M WK FE Wk #

1 @ MainTask.
3 ManProgram

£ Unscheduled Programs
5 Motion Groups

£ Ungrouped Axes

) Add-On Instuctions
£ Data Types.
G User-Defined
0 O Stinge

M Add-On-Defined

-5 Predefined
i Ot Module-Defined
5 Trends

& &3 VO Cenfiguration v

L terne i | < :

Rung0of 3 AP

Appendix Figure 17 - Alarm Logic Routine
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Ladder Logic Function Block Summary Table

There is no good reason to include this information

Ladder Logic Function Blocks
Function Block Description Flow Chart Purpose
C‘EQ_ S To test whether source Tests whether the three 0-
S e ? A is greater than source 20mA analogue inputs
e 7: B using the 2 operator scaled to 0 - 25 are greater
2? than 5 to energise the
audio and visual unit alarm
outputs
‘CT?J”H : & The instruction counts
Counter ? up each time the Counts up to 1inthe event
Pre ' : ON condition switches to | See appendix *** either "Gas_Sensed_flag"
true is true.
The instruction resets | [wenwingares
the CTU counter PER - Resets the CTU counter
oo—— and is preceded by three
oL LES functions
gOU The instruction tests The EQU function tests
L"I“{T‘I s » whether source A is whether the CTU output is
?7 equal to source B using equal to 1 and energises
ot 7: the = operator - the "Unit_Audio_alarm" if
<n) source Ais equalto 1
tevel 1
"‘fﬂy s The instruction invokes e ey bt The JSR function is used
Routine Name ? a subroutine / to jump to the alarm
np : — functions routine, thereby
] enabling the alarm logic
LES
Less Than (A<B The instruction tests
our 2 whether source A is less i LES functions are to
?7? than source B using the ensure the CTU is only
ource E ? < operator reset once the measured
” value falls below 5
@

Appendix Table 4 - Ladder Logic Function Block Summary Table
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9.6

Testing and Results
Simulation FDS Test table

FDS o Actual Pass | Evidence /
Description Expected Outcome )
Item Outcome | / Fail | Reference
Maintenance Individual control cards can be
422 . o N . Carrect Pass | Appendix Figure 18
Overrides / Inhibits | inhibited for maintenance
Loss of Power | 24v Power supplies have N+1
423¢c . Correct Pass | Appendix Figure 19
Recovery redundancy configuration
System Response | DCS alert generated  within | Unable to
442 n/a n/a
Time 30seconds of a gas release Test
DCS graphic indicates exact location | Unable to
4.5.1 b | Operator Interface ) n/a n/a
and concentration of gas release Test
DCS graphic indicates which detector | Unable to
4.5.1 ¢ | Operator Interface n/a n/a
alarmed first Test
System Fault, Gas detector fault and
Unable to
45.1d | Operator Interface | both power supplies failures initiate Test n/a n/a
es
an alarm on DCS
System fault (OmA) and detector fault | Unable to
4.5.1 e | Operator Interface n/a n/a
(3.6mA) loops are hardwired to DCS | Test
Alarm levels set to Sppm - low and
45.2a | Alarm Levels - H2S . Correct Pass | Appendix Figure 21
10ppm - high for H2S
Voltage and frequency requirements
Electrical o . o
46.1¢ are met within tolerance - 110v (5%) | 117.2v Fail Appendix Figure 22
Requirements
@ 60 Hz (2%)
Electrical Power supplies seamlessly switch to
461d . . . Correct Pass | Appendix Figure 23
Requirements standby supply inthe event of a failure
Trip and Reset | The gas detected alarm output is
Correct Pass | Appendix Figure 25
4.7.1 a | Philosophy latching
Audible alarms are silenced by the
Trip and Reset | AKN switch with visual alarms still | Correct Pass | Appendix Figure 26
4.7.b | Philosophy energised
Trip and Reset | Full reset is only allowed once all Correct Pass | Appendix Figure 27
4.7.c | Philosophy detectors are below 5 ppm
Trip and Reset | Alarm outputs energise to trip (ETT) o
) o Correct Pass | Appendix Figure 28
4.7.d | Philosophy for audiofvisual alarms

Appendix Table 5 —Simulation FDS Test table
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Simulation PLC Logic Test Table

sensed value is below Sppm

5ppm

Pass [/
Test Description Expected Outcome Eall Evidence / Reference
ai
Analogue  Scaling  blocks
4-20mA signal is scaled to o
correctly scale the 4-20mA Pass Appendix Figure 29
. 0-25ppm
signal to 0-25ppm
Gas sensed outputs energise | Gas sensed outputs
Pass Appendix Figure 30
when scaled value is =5ppm energise above S5ppm
. Gas sensed inputs energise
Gas sensed Inputs energise
. when gas sensed value is | Pass Appendix Figure 31
when 5ppm gas is sensed
above 5ppm
Unit audio alarm activates at | Unit audio alarm activates at
Pass Appendix Figure 32
5ppm Sppm
Unit visual alarm activates at | Unit visual alarm activates
Pass Appendix Figure 32
5ppm at 5ppm
Reset input contact | Unit audio alarm deactivates
deactivates the unit audio | upon reset input contact | Pass Appendix Figure 33
alarm energising
The unit visual alarm remains | The wunit visual alarm
active once unit audio alarm is | remains active once unit | Pass Appendix Figure 34
deactivated audio alarm is deactivated
The unit visual alarm remains | The unit visual alarm
active whilst gas sensed is | remains active whilst gas o
. Pass Appendix Figure 34
above 5ppm and the reset | sensed is above 5ppm and
input is energised the reset input is energised
Alarm condition reset once
Alarm condition reset once gas
gas sensed value is below | Pass Appendix Figure 35

Appendix Table 6 - Simulation PLC Logic Test Table




Individual control cards can be inhibited for maintenance

Appendix Figure 18 - Control Card Inhibited

24v Power supplies have N+1 redundancy configuration

Appendix Figure 19 - Dual Redundancy P5SU's
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DCS (HMI) graphic indicates exact location and concentration of gas release

) FactoryTalk View Studio - View Machine Edition
File Edit View Objects Arrange Animation Application Tools Window Help

A8 Y24 b L RO > s X FARFHIAEDYAQAQA2Ca
PR IS & MAIN - /SRU_gas._detection// (Display) x_
" fr;g?gs " 1| BB ma - /5RU_gas_detection/ Display)

Graphics ARU RUNNNG TANKS
- Displays

"]
[ALARM] 17AT400 ' 1TATS28
@ [DIAGNOSTICS]
® [INFORMATION] -
2 MAIN 17AT401 (' ' I?ATQz?
& Global Objects
2 Symbol Factory 17ATS25 " 17AT928

1@ Libraries
177302 / 303
#3 Images
® Parameters 1BATIOS7 1BAT3959 16ATI961 16AT3951 1BATIS54

¥ Local Messages

] [FPIEE T [

mmm—

Alarms

= Alarm Setup
-« Information e
¥ |nformation Setup 16AT3050 ]/T\ SRUTOP PLATFORM SRUMIDDLE PLATFORM
¥ Information Messages
- Logic and Control -

@ Macros ]}::‘F_\- P‘T’i? W ‘ (‘.'l"\ Fﬁr‘r‘{

Data Log - _——

A T. T: .

Is Data Log Models TRATSHOR 1BAT3660  16ATI962 16AT3952 16AT3955
RecipePlus

& RecipePlus Setup
= RecipePlus Editor

Appendix Figure 20 - DCS (HMI) Graphic Construction
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Alarm levels set to 5ppm - low and 10ppm - high for H2S

Regard 4-20mA controller alarm setpoints 5.0ppm (low) and 10.0ppm (high)

Appendix Figure 21 - Regard 4-20mA Controller Alarm Setpoints
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Supply Voltage and Frequency Tests - 110v (5%) @ 50 Hz (2%)

Appendix Figure 22 - Supply Voltage and Frequency Tests- 110v (5%) @ 50 Hz (2%)
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Power supplies seamlessly switch to standby supply in the event of PSU failure and initiates PSU fault alarm

PSU 1 (left) online and PSU 2 (right) offline — Diode supply maintained

Appendix Figure 23 - PSU Switchover Test
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Redundancy Diode maintaining 24v DC output during a PSU failure event

Appendix Figure 24 - Redundancy Diode Output

The gas detected alarm output is latching

Appendix Figure 25 - Analogue Control Cards Latching Alarms
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Audible alarms are silenced by the AKN switch with visual alarms still energised whilst gas is still sensed

M ABEE e @ LN U WK PR VK »

B~ oAb P
Goms_Serwesd_Flag 07 et 31 D =  — «aee 40 Daa =
a JE o — (=1 U y— Cogen
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Gom_Serven]_Fing (2 ] T #
Ao Er oo d 0
G _Sermand Ty 01
I E
un_Aaba_Nare
Lo 80 Dama 1
S E
CAY
]
“lmus Ji Ot s e I3 G
' — B e T et Lo T e By bt o T he Lars 33—
Bosoa A Scated bous_1 Snson A Boend o} Boron A Scabmd by 3
=L M O « Lo M Ol Lo M O S0
O 20T 3T - O TMITE o
Gt Y Snrcn 80 b .
Vil
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2 i F _—
GGl Mg (2
G Sewrmn] Ty $3
S E
A
Uee_ Nt s At
“los S0 Duma 2> <Lt 31 Damnn
_ A

Appendix Figure 26 - PLC Logic - Audio Alarm

Full reset is only allowed once all detectors are below 5 ppm
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Appendix Figure 27 - PLC Logic - Full Reset
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Alarm outputs energise to trip (ETT) for audio/visual alarms

-3 Motion Groups
3 Ungrouped fxes
(23 Add-On Instructions
f=- 5 Data Types
Cig User-Defined
-C Strings
C Add-On-Defined
@ Cig Predefined
-5 Modube-Defined
(3 Trends
=24 0 Configuration
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Appendix Figure 28 - PLC Logic - Alarm Outputs ETT
4-20mA signal is scaled to 0-25ppm
¥ RSLogix 5000 - SRU_ARU_LB [1756-L61 18.11)* - a b4
File Edit Wiew Search Logic Communications Took Window Help
|aEE & s h@ o B ICY LT
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[\ Progeam Tage [e][8][ve][][r2][13][24][5] Senso Offset 00
B MainRoutine Seaing ) --
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Appendix Figure 29 - PLC Logic - Input Signal Scaling
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Gas sensed outputs energise above 5ppm
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Appendix Figure 30 - PLC Logic — Alarm Qutput Contacts
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Gas sensed inputs energise when gas sensed value is above 5ppm
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Appendix Figure 31 - PLC Logic - Gas Sensed Input Contacts
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Unit audio & visual alarm activates at 5ppm
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Appendix Figure 32 - PLC Logic - Unit Audio and Visual Alarms Activating
Unit audio alarm deactivates upon reset input contact energising
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Appendix Figure 33 - PLC Logic - Audio Alarm Reset

54




The unit visual alarm remains active whilst gas sensed is above 5ppm and the reset input is energised
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Appendix Figure 34 - PLC Logic - Reset Philosophy — Audio off / Visual On

Alarm condition reset once gas sensed value is below 5ppm
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Appendix Figure 35 - PLC Logic - Reset Philosophy - All Contacts De-Energised
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Appendix Table 8 - Drawing Office Costs
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Summary of Entries

I:r:fry Date Brief Description of Activity R:_Sﬂon E:ZT;::SJ[Ed
1 29/09/22 Project objectives discussion 8 8

2 06/10/2022 | Project Proposal creation 4 12
3 13/10/2022 | Unit walk around —familiarisation 4 16
4 20/10/2022 | Research SRU/ARU operation 16 32
5 27/10/2022 | Research constraints 10 42
6 03/11/2022 | Create FDS 12 54
7 10/11/2022 | Create FDS test tables 12 66
8 17/11/2022 | Research possible solutions 16 82
9 24/11/2022 | Research sensor technology 12 94
10 01/12/2022 | Creating costing spreadsheet 10 104
11 08/12/2022 | Create solution scoring matrix and radar chart | 10 114
12 15/12/2022 | Research project management techniques 12 126
13 22/12/2022 | Create work breakdown structure 14 140
14 29/12/2022 | Create Gantt chart 6 146
15 05/01/2023 | Complete risk assessment and conclusions 8 154
16 09/01/2023 | Review report and submit 2 156
17 17/01/2023 | Create project presentation 8 164
18 27/01/2023 | Present presentation and document feedback 6 170
19 24/01/2023 | Budget delays — alternative solutions 8 178
20 02/02/2023 | Project execution meeting 8 186
21 03/03/2023 | Budget re-approval & Order placed 10 196
22 09/03/2023 | FDS, Gantt & test table amendment 36 232
23 15/03/2023 | System Design 25 257
24 20/03/2023 | Parts list and parts Order 40 297
25 27/03/2023 | Simulation System Construction 40 337
26 05/04/2023 | System power-up and set up 24 361
27 10/04/2023 | Calibrations and PLC programming 30 391
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28 14/04/2023 | System testing 24 415

29 17/04/2023 | Write report 80 495

30

Only log entries for the implementation phase were required

Log Entry Sheet

Log Number 1
Date 29/09/2022
Duration (hrs) 8

Accumulated time (hrs) | 8

Record of activities and achievements

A meeting was arranged with the budget holder to discuss the project objectives and issues relating
to the current system. The following topics were discussed,;

e Project objectives
Replace obsolete gas detectors.
Replace obsolete controller and combine individual subsystems into one controller.
Install Serial link to DCS system to enable a live graphic of detectors in field to be created
Overall cost shall not exceed £145 000

e Obsolete monitor identification
| referred to a preventative maintenance report documenting all the monitors which are maintained
at a 3-monthly interval. From this document | identified the 15 detectors manufactured by General
Monitors, which need to be replaced and created the table below. The manufacturer will need to
know how many units are on the existing system to ensure the replacement controller infrastructure
can accommodate the total amount of detectors required.

General Monitor Dreager

SRU ARU SRU ARU
16-AN-580 |17-AN-400|16-AT-3950 [17-AT-3063
16-AN-581|17-AN-401 |16-AT-3951 [17-AT-3064
16-AN-582 |17-AN-925|16-AT-3952 [17-AT-3065
16-AN-583 |17-AN-926 | 16-AT-3953 [17-AT-3066
16-AN-584 |17-AN-927 | 16-AT-3954 [ 17-AT-3067
16-AN-585|17-AN-928 | 16-AT-3955 [17-AT-3068
16-AN-586 |17-AN-929 | 16-AT-3956 | 17-AT-3069
16-AN-587 16-AT-3957 |17-AT-3070
16-AT-3958 [17-AT-3071
16-AT-3959 |17-AT-3072
16-AT-3960|17-AT-3073
16-AT-3961 [17-AT-3074
16-AT-3962 |17-AT-3075
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The possibility of incorporating 20% extra capacity in the new controller has to be discussed with the
manufacturer, to enable future expansion if the need arises.

Plans for next week

e Create project proposal and ensure it is signed by budget holder

Signed L. Brits Signed
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Log Entry Sheet

Log Number 2
Date 06/10/2022
Duration (hrs) 4

Accumulated time (hrs) | 12

Record of activities and achievements

The project proposal has been created, reviewed and approved by the budget holder and handed in
to Rob for review. Amendments were made and returned for sign-off. This will be held in assignment
1 appendix.

Plans for next week

e Process unit familiarisation.
* Field equipment familiarisation
e Controller familiarisation

Signed L. Brits Signed
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Log Entry Sheet

Log Number 3

Date 13/10/22
Duration (hrs) 4
Accumulated time (hrs) | 16

Record of activities and achievements

The unit field gas detection was scoped to ensure published location, material and equipment data is
accurate in relation to field installations. No irregularities were noted.

Notes were made on system integration as well as locations and the condition of junction boxes
illustrated in the existing loops.

Plans for next week

Carry out research into SRU/ARU operation:

o How is H2S produced by refining oil?
e Effects on humans?
e Effect on site infrastructure?

Signed L. Brits Signed
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Log Entry Sheet

Log Number 4
Date 20/10/2022
Duration (hrs) 16

Accumulated time (hrs) | 32

Record of activities and achievements

Thorough research was carried out into the process that take place to remove sulphur from refining
process streams, how it is transported to the ARU and recovered / processed in the SRU.

This is a complex process and required research utilising various credible sources.

H2S was found to not only be extremely toxic to humans but also adversely affect infrastructure

Plans for next week

Carry out research into project / engineering constraints

Signed L. Brits, Signed
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Log Entry Sheet

Log Number 5

Date 27/10/2022
Duration (hrs) 10
Accumulated time (hrs) | 42

Record of activities and achievements

Research was carried out into the constraints that has to be considered for the project which included
ethical, legal and sustainability.

Plans for next week

Create FDS

Signed L. Brits, Signed
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Log Entry Sheet

Log Number 6

Date 03/11/2022
Duration (hrs) 12
Accumulated time (hrs) | 54

Record of activities and achievements

Functional design specifications were identified. These specifications will be used to measure whether
the project was success full through the use of test tables that directly relate to the FDS.

Careful consideration was given to each individual function that the system has to deliver.

The FDS was reviewed by the process unit lead, process safety engineer, site electrical engineer and
process control specialist, whom were all in agreement that the FDS is suitable and attainable.

Plans for next week

Create test tables for FDS. The test tables must be separated into factory acceptance testing, site
acceptance testing and compliance assurance tables.

Signed L. Brits Signed
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Log Entry Sheet

Log Number 7

Date 10/11/2022
Duration (hrs) 12
Accumulated time (hrs) | 66

Record of activities and achievements

The FDS items were utilised to create accurate test tables, which will be completed during the FAT,
SAT and site commissioning phase.

Plans for next week

Review relevant literature in relation to manufacturers and the solutions that can be implemented to
achieve the design specifications.

Create a system overview of to gain a better understanding of variables to aid in decision making

Signed L. Brits, Signed

67




Log Entry Sheet

Log Number 8

Date 17/11/2022
Duration (hrs) 16
Accumulated time (hrs) | 82

Record of activities and achievements

Research was carried out into various H2S gas detection manufacturers in the market. The company’s
approved manufacturer list was reviewed to ascertain which manufacturers are suitable. From the

AML three viable manufactures were selected;

e Draeger

* Honeywell

e GazDetect

e Groveley

* General Monitors

s Crowcon
Draeger, Honeywell, GM, Crowcon and Groveley are currently utilised by the company for
hydrocarbon (fixed and LOS), H2S, Oxygen and sonic leak detection.
GazDetect was found to have no significant installations on this particular refinery, apart from two
locations which have very hot ambient temperatures.

Plans for next week

Carry out further research into H2S sensing technologies — elaborate on efficiency, cost and suitability

for this application

Signed L. Brits, Signed
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Log Entry Sheet

Log Number 9

Date 24/11/2022
Duration (hrs) 12
Accumulated time (hrs) | 94

Record of activities and achievements

Research was carried out into the sensing technologies utilised to detect H2S gas. The three
technologies were;

e Electrochemical
e Semiconductor
e Tuneable Laser Diode — Line of sight detection

The operating principles were elaborated upon as well as the advantages and limitations.
Electrochemical cells were found to be the most suitable technology.

Consideration was given to the companies that supply the various sensing technologies which found
Draeger, Groveley and GazDetect the most suitable manufacturers.

Plans for next week

Create a costing spreadsheet to aid in solution selection.

Signed L. Brits Signed
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Log Entry Sheet

Log Number 10

Date 01/12/2022
Duration (hrs) 10
Accumulated time (hrs) | 104

Record of activities and achievements

A costing spreadsheet was created for each manufacturer. This included all components required for
sensing H2S and the controller utilised for data acquisition, alarm activation / reset and reporting to
DCs.

Draeger — Electrochemical : £105 000
GazDetect— Semiconductor: £ 112 000
Groveley — Line of sight : £ 100 000

Plans for next week

Created a scoring matrix that includes manufacturer data, sensor technology and cost as well as other
significant parameters found during research.

Signed L. Brits, Signed
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Log Entry Sheet

Log Number 11

Date 08/12/2022
Duration (hrs) 10
Accumulated time (hrs) | 114

Record of activities and achievements

A scoring matrix was created utilising the following parameters;

e Qverall material costs
o Complexity
e Energy Consumption
e Availability
e Technical support
* Maintenance
* Sustainability
The resulting scores were illustrated using a radar graph.

Draeger was found to be the most suitable manufacturer following a thorough evaluation of the
resulting scores.

Plans for next week

Carry out research into project management techniques.

Liaise with site E&I contract service provider for an estimated labour cost for the installation phase of
the project.

Signed L. Brits Signed
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Log Entry Sheet

Log Number 12

Date 15/12/2022
Duration (hrs) 12
Accumulated time (hrs) | 126

Record of activities and achievements

Various project management techniques were evaluated with particular emphasis on work
breakdown structures, Gantt charts, QA/QC management and continuous improvement techniques.

An estimated labour cost of £10287.50 for the project was calculated through consultation with the
company’s E&I contract service provider manager.

The overall cost of the materials and labour was calculated to be £11143.03, which is within the budget
and leaves scope for absorbing additional unexpected costs.

Plans for next week

Create a work break down structure

Carry out research into the companies Risk assessment standards

Signed L. Brits Signed
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Log Entry Sheet

Log Number 13

Date 22/12/2022
Duration (hrs) 14
Accumulated time (hrs) | 140

Record of activities and achievements

A WBS was created but breaking the project down into four quantifiable phases;
* Planning
e Design
e Implementation
e Commissioning

These phases were further reduced to create milestones within the phase.

A meeting was held with the company’s process safety engineer to review risk assessment criteria and
processes including management of change processes. Intellectual property rights and GDPR
restrictions were also discussed.

Plans for next week

Create a detailed Gantt Chart.

Signed L. Brits, Signed

73




Log Entry Sheet

Log Number 14
Date 29/12/2022
Duration (hrs) 6

Accumulated time (hrs) | 146

Record of activities and achievements

A detailed Gantt chart was created, where each phase was allocated a time frame. This will aid in

project management and continual improvement.

Plans for next week

Conduct a Risk assessment relating to the changes that will be implemented during the project.

Signed L. Brits Signed
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Log Entry Sheet

Log Number 15

Date 05/01/2023
Duration (hrs) 8
Accumulated time (hrs) | 154

Record of activities and achievements

A risk assessment for the implementation phase was conducted.

Report conclusions and recommendations were written.

Plans for next week

Review report and submit.

Signed L. Brits
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Log Entry Sheet

Log Number 16

Date 09/01/2023
Duration (hrs) 2
Accumulated time (hrs) | 156

Record of activities and achievements

The report was reviewed and submitted

Plans for next week

Create project presentation

Signed L. Brits

76

Signed




Log Entry Sheet

Log Number 17

Date 17/01/2023
Duration (hrs) 8
Accumulated time (hrs) | 164

Record of activities and achievements

Create and present project presentation.

Plans for next week

e Submit presentation on 27/01/2023

e [nitiate contractor on-boarding — discuss scope of work, time frame and objectives.

e Check Draeger order progression

Signed
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Log Entry Sheet

Log Number 18

Date 27/01/2023
Duration (hrs) 6
Accumulated time (hrs) | 170

Record of activities and achievements

Presentation completed and presented -feedback:

Include Gantt Chart

More detail on solutions and costings

Include radar

Include FDS & highlight most important topics
e Be more precise — too vague....

Make changes and keep for next presentation

Plans for next week

® [nitiate contractor on-boarding — discuss scope of work, time frame and objectives.
e Check Draeger order progression

Signed Signed
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Log Entry Sheet

Log Number 19

Date 24/01/2023
Duration (hrs) 8
Accumulated time (hrs) | 178

Record of activities and achievements

Drawing office meeting conducted to review progress on loop diagrams, cable runs and datasheets

*Further delay in procurement* Corporate policy change on capex expenditure — Current order on
hold pending further justification of project, including Refinery, Operations and maintenance manager
presentation on solution, costings and benefits.

Conclusion reached that £50k should be spent on this project — if any more funds are needed, other
project funds should be utilised.

Potential solution two replacement gas chromatographs can be rescheduled to 2024 to release funds
for this project.

Civils and Electrical contractor onboarding meeting held. Both parties are clear on expectations and
tighter time frame for excavations & mechanical installations.

Excavations to commence 31/01.23 with cable pull 06/02.23.

Plans for next week

Review timeline progression
Can the deadline be met with budget delays?

Create backup plan

Signed Signed
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Log Entry Sheet

Log Number 20

Date 02/02/2023
Duration (hrs) 8
Accumulated time (hrs) | 186

Record of activities and achievements

Project execution meeting held to re-evaluate realistic goal following 65% reduction in budget.

Proposed solutions 1:

The General Monitors ExP field controller will need to be replaced in any considered solutions.
Not replacing the Regard classic controller and utilising any spare inputs on the obsolete 4-
20mA analogue cards
Utilising spare relay card slots on obsolete system
Drawing last remaining controller from stores stock to accommodate 15 additional 4-20mA
signals.

Installing Regard 7000 controller to control the 15 analogue signals and integrate into existing
DCS communications — This will require both controllers to operate simultaneously

Proposed solutions 2:

Wait for final decision on budget - this will result in project completion significantly surpassing
deadline.

Contingency simulation of the PLC program / logic, enabling safety features t be tested on
purpose-built gas detection rig which will incorporate as many of the final project components
as possible

Trench Excavation put on hold due to higher priority work on VBU / HTU1 slowdown events.

Plans for next week

Create plan for simulation solution, include;

Frame

Components

Wiring

PLC program

Test plan (in line with original test plan)
Timeline

Carry out comparison of projected project progress vs current progress

Signed

Signed
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Log Entry Sheet

Log Number 21
Date 03/03/2023
Duration (hrs) 8

Accumulated time (hrs) | 198

Record of activities and achievements

The budget has been re-approved for the full amount of £145 000
The Draeger order was promptly placed and confirmation requested upon receipt.
Delivery lead times were confirmed to have slipped to

The decision has been made that the simulation of the gas detection system will be the most suitable
solution.

Plans for next week

e Amend FDS

e Amend Gantt Chart

e (Create new test table

e Design simulation system
e Create wiring diagrams

Signed Signed
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Log Entry Sheet

Log Number 22
Date 09/03/23
Duration (hrs) 34

Accumulated time (hrs) | 232

Record of activities and achievements

An amended FDS, Gantt chart and test table has been created to for the simulation system.

The required parts were located and gathered to the workshop and a list of parts that needed to be
bought compiled.

Plans for next week

¢ Design the simulation system
e Create wiring diagrams

Signed Signed
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Log Entry Sheet

Log Number 23

Date 15/03/23
Duration (hrs) 25
Accumulated time (hrs) | 257.5

Record of activities and achievements

The simulation system has been designed. The design was used to ascertain if any additional parts
were required for the construction of the system.

Preliminary wiring diagrams were created.

Plans for next week

¢ Finalise required parts list
* Source all components required
e Create the PLC logic

Signed Signed
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Log Entry Sheet

Log Number 24

Date 20/03/23
Duration (hrs) 40
Accumulated time (hrs) | 297.5

Record of activities and achievements

The required parts list was finalised and enabled parts to be ordered that were not held on site.

A costing spreadsheet was created to document costs which could be attributed to the main project.
Parts were ordered with the aim of utilising them for the main project in an attempt to keep within
the budget.

The power supplies, diode and MTL5541 barriers were ordered from RS components who provide next
day delivery.

The PLC logic was built and tested during the building phase. Simulation indicate the logic should
function correctly.

Plans for next week

¢ Build simulation system

Signed Signed
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Log Entry Sheet

Log Number 25

Date 27/03/23
Duration (hrs) 40
Accumulated time (hrs) | 337.5

Record of activities and achievements

The simulation hardware mounting frame was built out of Unistrut and the components fitted to it.

Wiring of components commenced and no issues arose.

Plans for next week

¢ Commission and test the simulation system

Signed
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Log Entry Sheet

Log Number 26

Date 05/04/23
Duration (hrs) 24
Accumulated time (hrs) | 361.5

Record of activities and achievements

Pre-commissioning checks were carried out by energising the power supplies firstly to ensure the
correct voltage is being supplied. Each further section was energised in systematically to ensure no
components were damaged.

Once the system was powered, the setup of the controller cards and detectors were carried out.

Plans for next week

e Calibrate gas detectors
* Function test analogue loops
e Load PLC program
e Function test PLC program
Signed Signed
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Log Entry Sheet

Log Number 27
Date 10/04/23
Duration (hrs) 30

Accumulated time (hrs) | 391.5

Record of activities and achievements

Field detectors were calibrated which enabled analogue loops to be tested.

The PLC program was downloaded to the Allen Bradley controller which enabled the program to be
function tested with physical analogue inputs.

A problem was found with the analogue input card, which took some time to resolve. The issue was
due to an instruction in the manual that was missed, where the Ov signals were required to be linked
to a common return terminal on the Al card

Plans for next week

e Carry out testing as per the FDS and PLC testing table

Signed Signed

87




Log Entry Sheet

Log Number 28

Date 14/04/23
Duration (hrs) 24
Accumulated time (hrs) | 415.5

Record of activities and achievements

The system was tested using the testing table created. Most tests were successful.

Plans for next week

e Write report

Signed

88

Signed




Log Entry Sheet

Log Number 29

Date 17/04/23
Duration (hrs) 80
Accumulated time (hrs) | 495

Record of activities and achievements

Report was written

Plans for next week

Submit completed report by 23:59 on 28/04/2023

Signed

89

Signed




1809797

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

/100

PAGE 1

PAGE 2

QM

PAGE 3

Good Structure

Report is structured exactly as stated in the assignment brief.

PAGE 4

PAGE 5

QM

PAGE 6

Good formatting of paragraph through full justification and 1.5 line
spacing

PAGE 7

PAGE 8

PAGE 9

PAGE 10

Text Comment. Itis not clear as to why are you writing in the future tense, you should
be writing in the present or past tense explaining what you have produced.

Text Comment. A story is unnecessary as this should be recorded in the log book.



PAGE 11

Text Comment. A good clear design

PAGE 12
Text Comment. unfinished
Text Comment. page number needed for direct quotations
PAGE 13
Text Comment. The above table is too generally, it should contain more specific
information from these sources with Havard references.
QM Spelling
Spelling error
PAGE 14
Text Comment. were
PAGE 15
Text Comment. were
PAGE 16
PAGE 17
PAGE 18
PAGE 19
PAGE 20
Text Comment. That is the reason for planning
PAGE 21
PAGE 22
PAGE 23

Text Comment. You appear to be blaming others for your failure to achieve all parts of
your project



PAGE 24

QM

PAGE 25

Correct method of listing.

You have listed your sources correctly according to the Harvard method.

Text Comment. This is a small range of sources compared to what is expected at level 6

PAGE 26

PAGE 27

PAGE 28

PAGE 29

PAGE 30

PAGE 31

PAGE 32

PAGE 33

PAGE 34

PAGE 35

PAGE 36

PAGE 37

Text Comment. better to explain the set up and cite this as a source

PAGE 38

PAGE 39

PAGE 40

PAGE 41

PAGE 42

PAGE 43

Text Comment. There is no good reason to include this information




PAGE 44

PAGE 45

PAGE 46

PAGE 47

PAGE 48

PAGE 49

PAGE 50

PAGE 51

PAGE 52

PAGE 53

PAGE 54

PAGE 55

PAGE 56

PAGE 57

PAGE 58

PAGE 59

PAGE 60

PAGE 61

Text Comment. Only log entries for the implementation phase were required

PAGE 62

PAGE 63

PAGE 64

PAGE 65

PAGE 66

PAGE 67




PAGE 68

PAGE 69

PAGE 70

PAGE 71

PAGE 72

PAGE 73

PAGE 74

PAGE 75

PAGE 76

PAGE 77

PAGE 78

PAGE 79

PAGE 80

PAGE 81

PAGE 82

PAGE 83

PAGE 84

PAGE 85

PAGE 86

PAGE 87

PAGE 88

PAGE 89

GRADING FORM: NEW CSG-RUBRIC




LOURENS BRITS

67

1. ENGAGEMENT WITH LITERATURE

[

y"’ Section 3: Judicial use and critical evaluation of
technical literature in the design of the project.
There is good evidence of judicial use of sources
with reference to constraints, regulations and
design information. (4/5)

Section 8: Extent of reading, range of credible
sources and use of Harvard method

There is a small range of sources, much less than
expected at this level. (2/5)

6/10

2. KNOWLEDGE AND UNDERSTANDING

[

y“‘ Sections 3 and 4: Advanced knowledge and critical
understanding demonstrated in the design and
implementation of the project
There is clear evidence of these skills in the report
where you have had to learn how to program the
PLC and the HMI. It is a shame you did not manage
to get them to communicate. (6/10)

3. COGNITIVE AND INTELLECTUAL

[




y‘ Section 5: Testing and analysis of results
There is good evidence of testing parts of the
project and of testing the simulation with an
explanation related to the tables in the appendix
with good photographic evidence of results. (7/10)
Section 5: Critical evaluation of the project
outcomes
An honest and full evaluation of the outcomes
acknowledging the changes that were needed due
to issues outside your control. (7/10)
Section 6: Conclusions and recommendations
Some good conclusions and recommendations.
However, you seem to be blaming your
circumstances and other people for your failure to
implement even your simulation fully. (5/10)

19/30

4. PRACTICAL APPLICATION

[

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

Good evidence of correct method of construction
and good programming of PLC and HMI. (7/10)
Section 4: Quality of the final product or system.
Software and HMI screen are good for simulation
only. System should have been housed in a panel.
(6/10)

Sections 5, 6 and appendix: Management of the
design process including use of plans, costing
spreadsheet and log book.

Good use of management methods, revision of
plans, costs and work breakdown with complete



logbook (though entries are brief). However, your
initial plans should have allowed for the changes
that were needed.

(7/10)

20/30

5. TRANSFERABLE SKILLS

[

y" Section 1: Acknowledgements, executive summary
and introduction.
Good sections that fully explain your project. (4/5)
All Sections: Presentation quality of the report,
diagrams, charts, tables, figure numbering, page
and section numbering etc.
A well presented report. However, your appendix is
too large (guides and datasheets were not needed)
(4/5)
All Sections: Quality of the writing style, use of
punctuation and grammar.
Generally well written but the tense is sometimes
wrong and you seem to be telling a story rather
than explaining the end product. (3/5)
Word count limit not exceeded (5/5)

16/20



