Safety in the Project Life Cycle

System safety concept is defined as the application of special technical and managerial skills to the systematic, forward-looking identification and control of hazards throughout the life cycle of a project, program, or activity
. The concept calls for safety analysis and hazard control actions, begins with the conceptual phase f a system and continues through the design, production, and testing, use and termination phases until the activity is retired.

In contrast with safety program in the past, the present system safety concept involves a planned, disciplined, systematically organized, and before-the-fact process characterized as the identify-analyze-control method of safety
. System safety program is designed into the system before it use into production or operation.  All hazards of the system or product are identified in timely manner and evaluated before the losses occur. These hazards must be eliminated or controlled to an acceptable level based on the criteria the company willing to accept. 
To ensure timely and economical completion, the system safety concept requires a disciplined use of technical methods and managements controls. 
System life cycle

The life cycle of a system commonly comprises of six phases which are concept phase, definition phase, development phase, production phase, deployment phase and finally disposition phase. The phases of the system life cycle are shown in Table 1. Each phase in the life cycle is important as it is the part of the evolution of the system or product. Each phase of the system life cycle contributes to the end result of the system or product. 
Table 1. System life cycle

	Phase
	Safety Control Point
	Result

	Concept
	Concept design review
	Establish basic design for general evolution

	Definition
	Preliminary design review
	Establish general design for specific development

	Development
	Critical design review
	Approve specific design for production

	Production
	Final acceptance review
	Approve product for release in deployment

	Deployment
	Audit of operation and maintenance
	Control of safety operation and maintenance

	Disposition
	Termination of the system or product
	Safe disposition of the system or product


In each phase of the evolution, developing activity to perform specific tasks such as applying safety guard is the key of successful control of hazards. The quality of safety activities is influenced by the time of conduct, as performing the safety activities in early manner will result in effective system safety management.  
A. Concept Phase

The initial phase of system cycle is conception phase where the foundation of the proposed system is developed based on historical data and technical forecast. System safety concerns with the type of hazards available in the system, therefore identification on these potential hazards, their impacts are evaluated and critical issues are examined. A preliminary Process Hazard Analysis (PHA) is used in this phase to identify the potential hazards. 

System safety management will be oriented to the development of a system safety program plan (SSPP) which identifies the tasks to be accomplished in the total safety program during the evolution of the system
. The development of SSPP at this time needs to assure that the safety is examined in a logical sequential manner throughout the entire program.

 There are three basic questions that should be answered in the concept phase before the system moves on
. 

1. Have the hazards associated with the design concept been discovered and evaluated to establish hazard controls?

2. Have risk analysis been initiated to establish the means of hazard control?

3. Are the initial safety design requirements established for the concept so that the next phase of system definition can be initiated?

The previous questions will help in evaluating the maturity of the concept of the system.

B. Definition Phase

The definition phase provides for verification of the preliminary design and engineering of the system or product.  To provide a design that meets the criteria derived from the concept phase, a clear definition of the subsystem, assemblies and subassemblies of the system must be made. 

At this stage, another PHA is required to update the previous PHA study.  This updated PHA will be used with the initiation of the subsystem hazard analysis (SSHA) and integrating it to the system hazard analysis (SHA). Because the design is not complete, therefore not all hazards will be known at this time.

C. Development Phase

In the development phase, environmental impact, integrated logistic support, producible engineering and operational is incorporated in the study of the system. Prototype analysis and testing results are used as inputs for a comprehensive occupational safety health to examine human-machine hazards
. Furthermore, SSHA will be maturely developed because the specific design will now be presented in a more complete form. 

At this phase, the safety design criteria should be completed. The safety design criteria provide detailed information for hazard control of the system. Also performed in this phase is the safety testing to verify the acceptability of the design. Failures are examined and analyzed for their safety impact. Based on the safety testing, appropriate action may be taken to the design, procedures or training as well as giving proper warnings.

Having so many aspects of disciplines involved in the development phase, coordination with other engineering disciplines is inevitable. Among those disciplines, reliability and maintenance are the two that provide valuable review of failure modes and effects analysis (FMEA).  Identification of hazardous failure modes is crucial in this point, and necessary actions are taken to control them. The completion of the development should lead to a go or no-go decision on a specific design before production begins
.
D. Production Phase

A very important activity during production phase is monitoring by the safety department. As the production commencing, the quality control (QC) department is responsible for inspection and testing of the product. Here, the interaction with QC department becomes mandatory. In this phase, training will be initiated. It is quite important for the safety personnel to monitor the total training program to assure that safety training is occurring. The training is established so that operators and maintainers may work with actual equipment
.

The previous process hazard analysis performed during the definition and development phases will be updated in this phase. The update will be conducted through a review of past hazard analysis and verify the corrective action.  If there are any changes occur, they will be subject to review and verification during the final acceptance review (FAR).

All inputs of production phase that identifies and documents the hazards of the final product will be compiled in a system safety engineering report (SSER). This report should describe the safe use of the product in the environment in which it may be deployed
. Data taken from the analysis, testing, and design criteria evolution are represented in the SSER. As conclusion, the SSER should provide definite statement on safety integrity of the product and the manner in which specific hazards identified have been controlled. 
E. Deployment Phase

Following the production phase, the system or product becomes operational. In the deployment phase, data from production failures, field failures, and incident that have occurred are accumulated. Any problem that may arise during this phase has to be informed to system safety management.  Participation of system safety personnel in incident investigation is necessary so hazardous condition identification and corrective actions required can be performed. 

As the design group takes action for engineering changes on the product after deployment, it is necessary that the system safety person have the opportunity to review design changes that may be submitted. It is necessary to assure that hazards are controlled and that no new problem is introduced into the system as a result of an engineering change. At times an additional preliminary hazard analysis (PHA) or an updating of some specific hazard analysis that has been performed previously on the system may be required
.
F. Disposition Phase

Finally, the last phase is disposition or termination phase which is the retirement of the system or product. Acknowledging this phase is also important because the system safety design effort must be directed to safe disposition of hazardous or toxic products. Previous procedure for the product termination needs to be checked and verified. Monitoring to verify the correct use of the disposition procedure involving a hazardous situation or substance should be performed on a sampling basis.
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