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1 INTRODUCTION

Planning and Scheduling refers to the effort required to establish and maintain the schedule baseline for the project.

This baseline, the Project Master Schedule, identifies target start and finish dates for activities required to complete the project. The Project Master Schedule serves as a basis for monitoring overall progress of the project as it proceeds, and also for mobilising the resources required and co-ordinating the effort of the various functional personnel involved in the project (engineering, procurement, construction etc.) through the schedules for the specific disciplines.

2 OBJECTIVES AND BENEFITS

The overall objective of the Planning and Scheduling process is to increase the probability of completing the project on schedule. Specific objectives and related benefits of Planning and Scheduling include the following:

2.1 Establish a Sound Schedule
The use of the Planning and Scheduling technique forces project personnel to think logically through the steps required to complete the project. This disciplined approach helps ensures a well planned schedule.

2.2 Co-ordinates the Efforts of all the Disciplines
Planning and Scheduling facilitates better communication among the disciplines regarding schedules and key dates and helps highlight potential conflicts or inconsistencies in the detailed planning efforts of the disciplines. Provides the means to optimise manpower on a project whilst still maintaining the required rate of progress.

2.3 Provide early warning of potential schedule problems and highlight critical activities requiring immediate attention - thus, unnecessary delays can be avoided or at least minimised when encountered.

2.4 Provides a Schedule Baseline (Target Schedule)
A baseline provides a means for monitoring progress, evaluating trends and addressing potential problems.

3 DESCRIPTION

3.1 Relationship to other Concepts and Systems
3.1.1 Project Strategic Planning
The Key Date Schedule developed during Project Strategic Planning is used as a guideline for developing the Project Master Schedule.

3.1.2 Procurement
Input regarding procurement lead times is crucial in the Planning and Scheduling process. The Project Master Schedule, along with the Discipline Schedules, provides the basis for identifying when orders need to be placed when deliveries or documentation is required.

3.1.3 Budgeting
Input regarding resources requirements is needed to do an effective job in the Planning and Scheduling process. The Planning and Scheduling process provides input to the Budgeting process for developing time-phased budgets.

3.1.4 Contract Management
The Project Master Schedule defines contract information, schedule requirements and the milestones included in the contracts.

3.1.5 Project Data Accumulation, Project Reporting and Project Analysis
Actual schedule progress information will be collected and reported against the baseline schedules established in the Planning and Scheduling process. Any variances or potential problems identified will be analysed in order to determine the impact and identify corrective action where applicable. This may require changes to the Project Master Schedule and/or the Discipline Schedules.

3.2 Application to Project Implementation
3.2.1 Project Planning and Control
Whilst the Project Master Schedule is being prepared, a Front-End Schedule is prepared defining key activities to be completed in the first six to eight weeks.

Planning and Scheduling should be done as soon as sufficient information is available to prepare the Project Master Schedule. The Project Master Schedule includes all phases of the project and expands on the detail included in the Key Date Schedule developed as part of the Project Strategic Plan.

As the project progresses, intermediate and detail level schedules are developed. A discipline schedule is prepared and expands the detail included in the Project Master Schedule if necessary.  Detailed schedules are further developed to support the discipline Schedule.

3.2.2 Design and Engineering
Engineering involves the design of the project and specification of work methods, materials and equipment. The primary outputs of these efforts are diagrams, drawing and specifications. The engineering schedules identify the key work activities required to produce these engineering documents and identify interfaces with vendors and contractors.

3.2.3 Procurement
The Procurement Discipline Schedule includes the activities required to produce the services, materials and equipment for the project. Detailed Procurement Schedules normally take the form of purchase order and delivery requirements.

3.2.4 Construction
The Construction Discipline Schedule identifies the work activities required to construct the project and identifies interfaces between engineers, contractors, vendors and start-up testing. The Construction Schedule is normally organised by area and within area by discipline.

3.2.5 Commissioning
The Commissioning Schedule identifies the system handovers from construction, the tests and the start-up sequence which must be performed in commissioning as the test and start-up tasks must be performed in a described sequence.

3.3 Concept Design Considerations
The number of levels necessary in the schedule hierarchy depends on the size and complexity of the project. Typically, four or more levels of schedules are used. They are referred to as Key Date Schedule, Project Master Schedule, Discipline Schedules and Detailed Schedules (See Attachment A & B).

The Key Date Schedule includes only major activities and is used primarily as an overall schedule for executive management review. It is displayed in chart format showing the original schedule, with milestone dates highlighted, and actual progress against the original plan.

The Project Master Schedule is the main project schedule for co-ordinating the efforts of the various groups and the various resources needed to meet the milestone targets dates.  A logic network is typically developed as the basis for establishing monitoring and controlling the events illustrated in the Master Schedule.  On very large jobs there is an intermediate step usually further networks broken into engineering, construction, etc. 

The Discipline Schedule is part of the Master Schedule coded for each discipline. A Discipline Schedule expands on the level of detail.

Detailed Schedules are developed from the Discipline Schedules to indicate the work required in a specific area and time period. These schedules place more focus on the short term and are used to plan and control the detailed tasks to be performed.  These detail schedules are often produced by individual team members.

It is important that the different levels of schedules are tied together on a logic basis. Detailed schedule activities should be tied to activities in the Discipline Schedule which, in turn, should be tied to activities in the Master Schedule. Finally, Master Schedule activities should be linked to summary activities in the Key Date Schedule. If these linkages between levels of schedules are not made, they are soon out of synch, and the higher-level schedules becomes useless for planning or progress monitoring.

3.3.1 Obtain Work Breakdown Structure
The preliminary Work Breakdown Structure for the project is developed as part of project Strategic Planning. The WBS provides the basis for work definition and the framework for establishing Control Accounts and subsequently the monitoring of schedule, manhour and cost performance on the project.

The WBS also forms the basis for integrating costs and schedule information on the project. The structure of the Project Master Schedule must be consistent with the WBS i.e., there must be some way to relate the activities with the WBS and Control Account Codes. This is accomplished by the Work Package approach, the breakdown for cost and schedule control purposes is identical, at least to the Control Account level.

Below this level the detail cost accounts and the schedule activities can be different.

A thorough review of the WBS  is also important to ensure that the planner has an in-depth understanding of the total scope of the project prior to the beginning development of the project Master Schedule, and to facilitate a structured, topdown approach to planning and network development.

3.3.2 Define Detailed Activities and Constraints
Activities should be defined at a level of detail typically matching the estimate level 1, 2, 3 and 4 accuracy where monitoring and controlling are practical, with consideration to the planning budget.  Thus, the activities on or near the critical path and the activities using critical resources, i.e. resources which are in short supply, should be defined at a more detailed level than non-critical activities. In addition, the network activities should be defined at a level of detail sufficient to capture the interrelationships between the activities from related function areas, and to specify the unique responsibility for doing the work.

The description of an activity should clearly indicate the scope of work included in the activity.  A clear definition of the scope of work is also required for effective integration of schedule, cost and manhour information.  A well defined WBS will help ensure that the activities are "discrete and well-defined" and it will ensure that the definition is consistent with the method to be used for monitoring progress and performance.

In addition to the activities included in the scope of the project, any external constraints on the schedule should also be defined.

Contractual milestones or obligations will be included as external constraints.

In order to effectively define activities and constraints for the Project Master Schedule, the Planner must obtain a comprehensive understanding of the overall project.  In addition to thoroughly reviewing Project Strategic Plan and any other project and contractual documents available the planner should meet with key project members to identify specific project conditions which will affect the schedule.  The risk analysis also provides important information for the development of the schedule.

3.3.3 Define Resources
In order to effectively develop the network logic and estimate activity durations, the resources necessary to execute each activity must be identified.  Particular attention should be paid to any resource whose availabilities are limited. If the schedule system is integrated with the labour or progress measurement systems, most of this resource information will be available automatically based on the budget.

3.3.4 Develop Network Logic
Developing the network logic involves defining the logical sequence in which the activities must be performed.  A network diagram is prepared by arranging the activities into a logical sequence and showing the relationships between the activities. It provides a graphical representation of the work plan and is used to identify, analyse and track changes to that plan.

3.3.5 Perform Time Analysis
The activity list and the network logic identify 'what' has to be done and 'how' it will be done. Scheduling involves determining 'when' it will be done.  This is done by estimating the duration of each activity, performing a time analysis and then developing target dates for each group of tasks.

Time analysis of a network involves 3 primary steps.  First, a logical feasibility test is performed to ensure the integrity of the network logic.  The early start/finish dates are then calculated for each activity.

The early start and finish dates are the calculated earliest date the specific activity can begin or end based on the duration for the activity and how it fits into the logic of the network.  The calculation is made based on a 'forward pass' through the network.  A 'backward pass' is then made to calculate the late start and finish dates as well as the total float for each activity.

The final task in scheduling is to identify target or baseline schedule dates for each activity in the Project Master Schedule.  Each activity should be scheduled close to but no earlier than its early dates and certainly no later than its late date.

Resource allocation should be performed with a view to establishing a more cost effective and realistic target.

3.3.6 Allocate Resources / Discipline Schedules
The objective of resource analysis is to ensure that the resources are utilised in economic or realistic lot sizes and then used efficiently, and/or that any limitations in resource availabilities are reflected in the schedule.

Resource allocation capabilities enable the scheduler to specify resource availability levels and automatically constrain the schedule so that these levels are not exceeded.

When estimating the duration of an activity, resource assumptions must be considered thus, one must be aware of the complex interrelationship of resource assignment and duration development.

3.3.7 Prepare Detailed Schedules
Detailed schedules are developed often by the individual team members within the framework of the Project Master Schedule or Discipline Schedules to control the work. These detailed schedules concentrate on the near - term future for specific functional areas and are interfaced with the Discipline Schedules and project Master Schedule in order to provide early warning of the potential long-term impact of the short term plan.

The Project Master Schedule helps to co-ordinate the detailed planning efforts of engineering, procurement and construction. It is thus very important that the detail Schedules are consistent with the master schedule.

3.3.8
Monitor Schedule Performance
Schedule monitoring involves: updating the Master and Discipline-level schedules on a periodic basis to reflect actual progress, changes in logic and the results of detailed scheduling effort; producing schedule reports; and analysing the reports.

The actual dates are compared to the planned dates for completed activities to evaluate schedule performance, identify slippages and investigate any undesirable trends. New early and late schedule dates are calculated for uncompleted activities and compared to the planned dates to evaluate the potential of meeting future schedule date, provide early warning of potential problems and highlight critical activities requiring immediate attention. The network must be updated to reflect any changes in work plans, forecast resource requirements or other constraints if the information produced is to be accurate and effective for setting priorities. On most projects, the networks are updated monthly.

The schedule analysis focuses on those activities that are critical, near critical, and/or significantly behind the planned dates. Schedule problems may indicate the need to replan the project master schedule.

A variety of S-curves (planned vs actual) are used to analyse schedule performance. These curves may display planned vs actual vs earned physical progress (either in terms of percentage complete or in terms of physical units produced), manhour etc.

3.3.8 Close-out report
It is a requirement that a close-out report be produced at the completion of the project.  This report should highlight and analyse performance against baseline and analyse any lessons learnt.
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