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Introduction
This assignment will develop a project plan for a shutdown on Hydrotreater 1 at Valero. This plan will consist of network diagrams, Gantt charts, costs, resourcing, resource smoothing and crash costing. The roles of communication in project management will be researched with risk management techniques. Project handover issues will then be researched to establish what typical problems occur over project handovers and show how they can be managed. 
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Network Diagram and Gantt chart
A Gantt chart is a visual interpretation of arranged tasks over a period. Gantt charts are useful for identifying activities scheduled for a specific day and are used for planning of projects. Gantt charts allow for start and end dates to be seen without complications which allows for a better overall view of the project (Anon, 2018). A tool for identifying the critical path from project activities is known as a Network Diagram. This diagram has the benefit of making direction with owners, material dealers, engineers and sub-contractors easier to accomplish (Clough and Sears, 2014). The tracking and progress of the project from the beginning to the finish is accomplished by implementing a Network Diagram (Brighthubpm.com, 2018). 

[bookmark: _Toc31317756]Network Diagram and Gantt chart Proposal
A Network Diagram and Gantt chart will be constructed for a shutdown based at Valero on Unit 3 (Hydrotreater 1). This process unit has a significant impact on the refineries performance output and overtime catalysts become depleted and equipment fails which results in maintenance, which can only be carried out while the process units are shut down and made safe. Hydrotreaters works on the principle of injecting high-pressure Hydrogen and bonding it with Sulphur and Nitrogen to remove impurities that may poison the catalysts, this produces low sulphur Diesel below 8ppm. To carry put this process, equipment is required such as compressors, heaters, pumps, valves, fired heaters, vessels and heat exchangers, and over time require maintenance and inspection. Therefore, the activities for his project will include catalysts replacements on two reactors, overhaul of a compressor, and vessel inspections. The project will last from the 21/01/20 – 12/02/20 pending there is no implications effecting the critical path. The project Gantt chart and Network Diagram can be seen in figure 1 and figure 2. 
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[bookmark: _Toc31317758]Figure 2: Network Diagram
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[bookmark: _Toc31317759]Project Gantt Chart & Network Diagram Analysed
Figure 1 is a construction of a Gantt chart that identifies activities associated with the 
Shutdown of Hydrotreater 1 from using Microsoft Project. The project clearly recognises key milestones with information such as, the duration of the project, the duration for the tasks, the critical path, the activity predecessors, and resource names, number of workers, cost of each activity and total cost of project. This project plan has been constructed fundamentally with no risk management techniques taking place at this stage such as PERT analysis, Resource Smoothing and Crash Costing.    
[bookmark: _Toc31317760]Project Management Communication
A team’s performance to deliver and manage a project is significantly impacted by communication. The project team and stakeholders must be well informed of the development by the project managers by using effective communication techniques. Lack of communication can result in the project being delayed, cost implications occurring and critical paths changing due to changes in resource management (Pmi.org, 2016).
[bookmark: _Toc31317761][image: The Price of Poor Communication]Figure 3: Price of Poor Communication (Pmi.org, 2016).

Figure 3 illustrates the link between Project Life Cycle and, Cost and Schedule Impact in terms of Communication implications. Looking at this diagram, it can be seen that poor communication results in greater implications later through the project such as missing deadlines, missing critical path, cost implications, and poor managed resources. However, there are some recognised techniques that can be incorporated into the project to ensure effective communication is achieved. These techniques are as follows:
· [bookmark: _Toc31317762]Regular Meetings
Project Managers are responsible for organising consistent meetings with participants of the project team to identify current development and issues that may arise. The project manager facilitates project meetings to ensure that agenda is followed correctly, and this gives the opportunity for the project team to resolve any issues. The Project manager is also responsible for the sending meeting agendas, meetings minutes, and other updates to the project team (Gregory, 2016). 
· [bookmark: _Toc31317763]Inclusive
The project manager should ensure that inclusive communication is carried out effectively as this is an approach that seeks to create a supportive and effective communication environment, using every available means of communication to understand and be understood (Essexice.co.uk, 2020). This includes speech, body language, Gestures, singing, interactive approaches, picture and objects. 
· [bookmark: _Toc31317764]Respectful
The ability to effectively assert your own views and fully listen to other people’s views is known as respectful communication. Project members have different opinions talents and abilities. However, the focus in the workforce should be on collaboration, using everyone’s strengths to achieve common goals (Gatty, 2016).
· [bookmark: _Toc31317765]Use RACI Charts 
A RACI chart is a matrix used to assign roles and responsibilities to each task, milestone, or decision on a project. This matrix allows for the project manager to clearly map out the role that are involved in each task (Teamgantt.com, 2017).
[bookmark: _Toc31317766]Benefits from Improved Communication Study
Zulch, (2014) study on ‘Leadership Communication in Project Management’, suggest that good communication stills enable, foster and create the understanding and trust necessary to encourage others to follow the leader (Project Manager). Without effective communication, a project manager accomplishes very little and is identified as a weak leader. In fact, being able to communicate effectively is what enables managers to move to a leadership position. 







[bookmark: _Toc31317767]PERT Analysis & Risk Management Techniques
[bookmark: _Toc31317768]PERT Analysis 
Program Evaluation Review Technique (PERT) is an extension of CPM that incorporates variability in activity duration into project network analysis. PERT has been used extensively and successfully in practice, in PERT, the potential uncertainties in activity durations are accounted for by using three time estimates for each activity. The greater the uncertainty of an activity the wider the range of estimates (Ravindran, 2016).
[bookmark: _Toc31317769][image: Image result for pert analysis formula]Figure 4: PERT Analysis Formula (Broadleaf.com.au, 2017)







[image: ]Figure 5: PERT Results
Clearly the project critical path is at risk by generating a result of 26.72 compared to the DM result of 25. The ‘Mechanical Works HTU1 Complete & TR595’ activity has the most predecessors and therefore, will have a significant impact on the critical path of the project. Resources should be prioritised for the higher risk activities, as identified on the PERT result to ensure the project does not go over the deadline and generate further cost.  
· Outsourcing Risk
Risks can occur from outsourcing work to contactor companies due to lack of man power and unwanted responsibility. With this outsource comes the risk of safety associated with extra workforce and unfamiliarity. There is also risk associated with the reliance of the contractor company to ensure demands are met. Any problems will inevitably impact the outsourcing company’s performance and will result in a project altercation. 
· Bottlenecks 
All projects are at risk of bottlenecks occurring and this can have detrimental impacts on the companies and projects performance. Bottlenecks are setbacks or obstacles that slow or delay a process. Bottlenecks are commonly associated with logistic, manufacturing, and a process where networks of people and tasks rely upon on another to keep the work flowing. Bottlenecks can lead to lost revenue, dissatisfied customers, poor quality products or services, and stress upon team members (Mindtools.com, 2018).
[bookmark: _Toc31317770]PERT Analysis Studies 
Studies conducted by (Wenying and Xiaojun, 2015) and (Trietsch and Baker, 2012), identified a more suitable PERT method in the risk assessments and project management sector. Wenying and Xiaojun (2015), study in particular constructed a method that calculates the activity duration by adopting a response management theory and introducing  double buffering zones to gain an more approximate and realistic duration. Trietsch and Baker (2012), study constructs a PERT analysis software that again, generates a more realistic duration based on Decision Support Systems. Both these studies can help in project management durations and help establish a more realistic duration. 










[bookmark: _Toc31317771]Risk Management Techniques 
Risk management techniques are used to identify, assess and plan responses to individual tasks and overall risk (Apm.org.uk, 2020). Apm.org.uk (2020) has identified some techniques that can be used to manage risks associated with a project. The article goes on to suggest that techniques for assessing risk fall into two categories; Qualitative and Quantitative. Qualitative risk assessments focus on individual risk and is based on educated opinion an expert judgement. Qualitative and Quantitative techniques include the following:
[bookmark: _Toc31317772]Qualitative
· Probability & Impact Assessments
The outcome of a probability and impact matrix is an overall risk rating for each of the projects identified risks. The combination of probability and impact results in a classification usually expressed as high, medium or low. High risks are considered a red condition, medium is yellow and low risk are considered green. This ranking scale is known as ordinal scale because the values are ordered by rank from high to low (Heldman et al., 2016).
· Influence Diagrams 
An influence diagram in an intuitive display of decision problem. It depicts the key elements, including decisions, uncertainties, and objective as nodes of various shapes and colors. It shows influences among them as arrows (Analytica, 2018).

Quantitative risk assessments focus on overall risk and is based on more numerical approaches. Typical Quantitative techniques include the following:
[bookmark: _Toc31317773]Quantitative
· Monte Carlo Analysis
Let’s you see all the possible outcomes of your decisions and assess the impact of risk, allowing for better decision making under uncertainty.
Monte Carlo simulation is a computerized mathematical technique that allows people to account for risk in quantitative analysis and decision making. (Monte Carlo Simulation, 2018)
· Decision Trees 
A decision tree analysis is a specific technique in which a diagram (in this case referred to as a decision tree) is used for the purposes of assisting the project leader and the project team in making a difficult decision. The decision tree is a diagram that presents the decision under consideration and, along different branches, the implications that may arise from choosing one path or another (Project-management-knowledge.com, 2018).
· Risk Assessments
Risk assessment is the determination of quantitative or qualitative value of risk related to a concrete situation and a recognised threat. Risk assessment involves measuring the probability that a risk will become a reality (Simplilearn.com, 2017).
[bookmark: _Toc31317774]Other Risk Management Techniques 
· Brainstorming
· 5 Why’s
· SWOT Analysis
· Root Cause Analysis 
· Influence Diagrams 
[bookmark: _Toc31317775]Cost of Project
The total cost of this shutdown is £5,000,000. This figure was generated based on materials and man-hours to complete the project in the duration set on the Gantt chart. This cost does not consider the cost generated from the unit being offline which will have a significant impact on the profit generated by the company over the year.  Microsoft project was used to accumulate a cost figure based on man hours as seen in figure 6. The materials required for the project are as follows: 
· Catalysts
· Vehicles
· Purging hydrocarbons (Nitrogen, Steam, and Water)
· Cleaning of heat exchangers (Materials)
· Mechanical materials (bolts, blinds, etc)
[bookmark: _Toc31317776][image: ]Figure 6: Man-hours Cost.

The man-hour’s generated form the shutdown has generated a cost of £270,000 with a 24-hour continuous working period.  The lowest cost generated on this project is ‘Piping’ for access of vessels and removal of equipment. The highest cost generated is ‘Exchangers’ by generating a cost of £93,750 which will have a significant impact on the critical path. 
Figure 7: Individual Activity Man-Hours Cost
Figure 7 identified the cost associated with induvial activities on the project which calculated a sum of £270,000 in total. Task 21 and 48 generated the most cost, both of which are subject to the critical path and will have a significant impact of the project resources. These costs will now be crashed costed to try and reduce the duration of the project by adding personnel to activities, thus increasing the cost. 







[bookmark: _Toc31317777]Application of Crash Costing Techniques
Project crash costing is a method for shortening the project duration by reducing the time of one or more critical activities to less than their normal time. Crashing is achieved by devoting more resources. Thus, the cost associated with the project is increased (Meredith, Shafer and Mantel, 2016)
[bookmark: _Toc31317778]Cost Slope 
In simple words, we can say that cost slope of an activity is the increase in cost of an activity by reducing the duration by one unit. Conducting a crash programme usually result in an increase in cost of those activities that are constructed under the crash programme (Essays, Research Papers and Articles on Business Management, 2017
[bookmark: _Toc31317779][image: ]Figure 8: Crash Cost Results
Crash costing was carried out on the critical path of the project Gantt chart. This activity reduced the duration of the project by 7 days and generated a further cost of £77,800. This reduction in duration has also altered the critical path on the project which can be seen in figure 9 and the network diagram on figure 10. The total cost of the project has now increased from £270,000 to £347,800 in man-hours to total project cost of £5,347,800.00


[bookmark: _Toc31317780][image: ][image: ]Figure 9: New Crash Cost Project Gantt Chart


[bookmark: _Toc31317781][image: ]Figure 10: New Crash Cost Network Diagram
[bookmark: _Toc31317782]Resource Scheduling & Smoothing Techniques
Resource scheduling refers to the set of actions and methodology used by organisations to efficiently assign resources for the allocated tasks of a project and, schedule start and end dates for each task or project based on resource availability (Visual Planning - Scheduling Software, 2017). Apm.org.uk (2018), refers to a scheduling calculation that involves utilising float or increasing or decreasing the resource required for specific activities, such as the peaks and troughs or resource usage. Apm.org.uk (2018), goes on to address resource smoothing by suggesting that it is only used when the time constraints take priority. The objective is to complete work by the required date while avoiding peaks and troughs of resource demand. 

[bookmark: _Toc31317783][image: ]Figure 11: Project Scheduled with Unsmoothed Effects
Figure 11 illustrates the project Gantt chart with unsmoothed characteristics, clearly there is room for a more optimal resource smoothing process which will allow for a more transitioned project by assigning the adequate number of workers to each task, thus improving project efficiency and ensuring the project is completed within the deadline set. The smoothing process must ensure that the critical path has not changed, to ensure optimal performance is achieved. The allocation of workers to each task will impact the duration of a task, therefore task consideration should be considered to ensure the critical path is not affected by the reallocation of workforce. 
[bookmark: _Toc31317784][image: ]Figure 12: Project Scheduled with Smoothed Effects
Figure 12 is the results of smoothing the project and reassigning the workforce numbers for optimal performance. It can be seen that the number of workers has been reduced from 6 to 4 in some areas to improve performance. It can also be seen that the number of workers has increased in some areas to 4.  Studies conducted by Li and Dong (2018) and Kastor and Sirakoulis, (2009) go on to address the comparison between different models of resource leveling by using software. The study suggest that 83% of professional project managers use project management software for planning and in the construction industry resource leveling is used by 58% for planning and 44% for project control. The research identified Primavera Project Planner and MS project are the most popular software packages used. The study concluded that the project duration depends on the software and method used with Primavera P6 outperforms MS project in terms of project management including resource smoothing. Therefore, to help reduce risk and improve performance, Primavera should be used for resource smoothing. 












Project Hand over Issues
With every project comes the risk of handover, once the project has been completed and commissioned. The handover phase consists of commissioning certificates, operating instructions and maintenance instructions (ECI, 2007).
Figure 13: Key Determinants of Cost (Ec.europa.eu, 2019).
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Studies conducted by (Shirkavand, Lohne and Lædre, 2016), (Kwon et al., 2019) and (Ing and Lester, 2017) have all identified key hand over issues relating to project handovers. The most common issues are as follows:
· Training
Staff need to be trained to use and operate the new project. This could include the need to recruit more staff to manage the project, this should be done at the earliest point to ensure deadlines are met and commissioning can be handed over safely and effetely (Tudor, 2015).
· Transition
Meetings should be held and set goals must be put in place for the transition period to ensure the handover is carried out effectively. This will allow the project team to evaluate the projects relation to the projects basic planning, timing and budget. Without these meetings the handover will inevitably generate risks which could include cost, communication etc. (Staff, 2019). 

· Communication 
Project handovers requires clear and effective communication to ensure all parties are area of the projects status and any issues can be raised to help mintage the risk of failure of information handover for training and operating purposes. 
· Commercial/Contracts
Client requirements should be written into tender documentation/ contracts in as much detail and a specifically as possible including engagements requirements, data environment and any standardisation of equipment or products that the client requires. If the project handover is successful, all parties must be rewarded (Council, 2018).

Conclusion
This assignment has constructed a Gantt chart for the shutdown of Hydrotreater 1 at Valero. A critical path was identified from the Gantt chart and a network diagram was constructed based on these findings. The roles of communication in project management has been identified along with the implications associated with poor communication within a project. PERT analysis has been carried out to identify risks on the critical path and research was carried out to identify risk management techniques that can be implemented to mitigate the risk. Cost of the individual activities was generated from Microsoft Project and a total cost of the project could be seen. Crash costing was then carried out, which resulted in the project duration being reduced by 7 days with an additional cost be generated to the project. The crash costing outcome resulted in an alternative critical path and network diagram for the project. Resource smoothing was then carried out on the project with research being carried out to identify smoothing techniques to manage the risk. Finally, project handover issues was researched to identify risk and establish how these risk can be managed. 
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Task Name - Dustion v Sat  « Finsh v Predecessors v ResourceNomes v Textl Text2 w2 3 3 7 » n @ o 6 s 0 1 1

Mechanical Start Date 1day Tue21/01/20  Tue 21/01/20 Cost Number of workers -
[ R T VT Y Reactors 3C1.& 37101 £2,400 N s 31 & 3101
I : - U0 Thezoun 2 Reactors 3C1 & 37101 £3,600 s Reactors 31 & 3F101
I : - U0 Thenoun o Reactors 3C1 & 37101 £3,600 s Reactors 31 & 3101
I - s /U0 Wed /00 4 Reactors 3C1 & 37101 £4,300 2 Reactors 31 & 3F101
I - <+ 00U uoun s Reactors 3C1 & 37101 £7,200 s s 31 & 3101
T R TUTRUTTERS Reactors 3C1 & 37101 £10,800 s Reactors 31 & 3F101
N : ;1 o 03022 Mon 0¥ 67 Reactors 3C1 & 37101 £2,400 s s 31 & 3101
I : c:y  on 030220 Menoyod3 s Reactors 3C1 & 37101 £1,200 2 Rdactors 31 & 3101

Blinds Installed 1day Tue21/01/20  Twe2l/0420 1 Reactors 3C1 & 3F101 £1,200 2 rs 3C1 & 3F101

Top Bend Bend removed / temp cover plate installed 1day Thu23/01/20  Thu23/01/20 10 Reactors 3C1 & 3F101  £2,400 4 Reactors 3C1 & 3F101

Catalyst Unloaded 1day Fri24/01/20  Fri2s/01/20 11 Reactors 3C1 & 3F101 £3,600 6 rs 3C1 & 3F101

Catalyst loading complete 1day Mon 27/01/20  Men 27/01/20 12 Reactors 3C1 & 3F101 £3,600 6 Reactors 3C1 & 3F101

Top manway/elbow replaced 1day Tue 28/01/20 | Tue 28/01/20 |13 Reactors 3C1 & 3F101  £2,400 a

Blinds removed 1day Wed 29/01/20 Wed 28/01/20 14 Reactors 3C1 & 3F101  £1,200 2

Instrumentation pipework refitted and loop check complete 1 day Thu30/01/20  Thu30/01/20 15 Reactors 3C1 & 3F101  £2,400 a

Blinds Installed 1day Wed 22/01/20 Wed 22/01/20 1 Extra Work £1,200 2

Gearbox checks complete 1day Thu23/01/20  Thu23/01/20 17 Extra Work £1,300 3

Compressor top end strip down complete 2days  Thuz3/020  Fi2$/0y0 17 Extra Work £4,300 a

Compressor bottom end strip down complete 3days  Thuz3/020 Sat25/0U20 17 Extra Work £9,000 5

Compressor top end re-build complete 1day Mon 27/01/20  Men 27/01/20 19 Extra Work £2,400 4

Compressor bottom end re-build complete 4days Mon 27/01/20 Thu30/01/20 20 Extra Work £14,400 6

Compressor Lube system drained 1day Thu23/01/20  Thu23/01/20 17 Extra Work £2,400 a

Compressor Lube system - filters & pump checked/replaced 1 day Fri2e/01/20  [Fri2ef020 23 Extra Work £2,400 4

Compressor Instrument and function checks complete 5 days. Mon 27/01/20 Fri31/01/20 24 Extra Work £15,00 5

Compressor Lube system - re-filled & leak checked 1day Mon 03/02/20 Mon 03/02/20 25 Extra Work £2,400 4 il

Blinds removed 1day Tue04/02/20  Tue04/02/20  26,18,21,22 Extra Work £1,200 2
111052401 Blinded I ey vea 2o weaaus a0 2
[ 096101 - Wanvayremoved iy Temmm e o a0 2
| 096101 Demistersemoved Ly s mwem a0 >
1 09.£401 - Vessel preparedforinspection |1dsy Moo Mon3mm 30 a0 >
| 09.£101 - Inspectioncomplete iy e nemom n a0 >
| 09,6401 New demisterinstalled iy veawoun weampum 3 a0 >
| 092401 Wanvayreplaced iy e meomm % a0 »
[ 09F101 Bindsremoved iy rowwm e o a0 2
2 Blnded ] 2 coys  ea 2o e a0 2
R AR WA ramavad I o days  Fri2e/0y/20  sat25/01/20 36 Drums. £3.600 3
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1 Reactors 3C1& 3F101  Work R 100% £25.00/hr  £30.00/hr £75,000.00 End  24Hours 1
2 Exchangers Work 3 100% £25.00/hr £30.00/hr £93,750.00End  24Hours 2
3 Valves Work v 100% £25.00/hr  £30.00/hr £22,500.00 End  24Hours 3
4 Instrumentation  Work ' 100% £25.00/hr  £30.00/hr £16250.00End  24Hours 4
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