Hazards Analysis Subject Area:     Guidance on Preliminary Hazards Analysis 


This guidance is not intended to be all-inclusive.  It is intended to give the user some basic information as to the purpose of the analysis, how it is applied, and methods for conducting the analysis, necessary resources and limitations.  Where possible, examples pertinent to BNL operations were used to show typical contents and formats.

Preliminary Hazard Analysis (PHA)

Purpose:

The Preliminary Hazard Analysis (PHA) technique is used in the early stages of system design, saving resources (time, money, and personnel) which may have been required for a redesign if the hazards were discovered at a later date. The PHA provides an initial overview of the hazards present in the overall flow of the operation.  It provides a hazard assessment that is broad, but usually not detailed.  The key idea of the PHA is to at least briefly consider risk in every aspect of an operation.  The PHA helps overcome the strong tendency in traditional, intuitive risk management to focus immediately on risking one aspect of an operation.  This often leads to overlooking more serious issues hidden in other aspects of the operation.  The PHA will often serve as the total hazard ID process when risk is low or routine (activities with a hazard rate of 2).  In higher risk operations (activities with a hazard rate of 3), it serves to focus and prioritize follow-on hazard analyses by displaying the full range of risk issues.

Application: 

Preliminary Hazard Analyses may be applied to all systems, subsystems, components, procedures.  It must be performed first, i.e., prior to or as an initial step of design, shakedown, operation, maintenance, and refurbishment to be effective.

Methodology:

The PHA is a broad brushed, initial study, to identify apparent hazards, and the methods to effectively control them.  To do this analysis, checklists are often used.  A team approach is frequently used, which consists of personnel proficient in the type of activity in question meeting and listing all the hazards that have been experienced in the past.  At least one person on the team should be proficient in the body of regulations, standards, technical orders, and operations instructions that may be available/applicable. 

An alternative method would be to apply any hazard analysis techniques (i.e., Failure Modes and Effects Analysis, Fault Tree Analysis, What-If, Fire Hazard Analysis), singly or in combination, early in system life cycle, preferably during formulation of design concept.

The steps in conducting a PHA are as follows:

· Ensure participants have a thorough knowledge of the anticipated flow of the operation.

· Collect all relevant design criteria, drawings, system operations, manuals

· Visualize the expected flow of events in time sequence from beginning to end of the operation.

· Consider human factor events as well as design/mechanical failures.

· Use a PHA matrix (see example/format) to identify and document the potential hazards, initiators, consequences, barriers and frequency. Note: there are many existing formats for PHAs which may be modified to better fit the system being evaluated. 

· Identify those hazards with unacceptable consequences and frequencies and further develop the controls and/or utilize another Analysis technique, e.g., "What-If Analysis," Fire Hazards Analysis, etc. 

· To document analysis 


-Briefly describe the operation

-Describe the facility/operation safety features

-Further expand on those hazards that had an unacceptable consequences and probability of occurrence.

-Include the PHA matrix

Completeness:

Completeness depends upon the technique(s) used and the depth to which they are employed as well as the design information available at the time of the analysis. 

Resources/Skills Required:

Requires experience and understanding of the subject.  Competence is dependent upon the technique(s) selected with which to perform the Preliminary Hazard Analysis. (See General Comments below).

Limitations:

The Preliminary Hazard Analysis (PHA) is not strictly speaking, a discrete technique.  It may be as simple as listing all the problems encountered on the last project of this type (Preliminary Hazards List).  It may be the application of any technique, or any group of them, performed preliminarily, i.e., in the initial stages of design.  For example, the PHA is often prepared and submitted as part of the Preliminary or Conceptual Design Review, as was done with the proposal for the installation of a 70 MeV accelerator at Building 801.

The PHA is based on any and all data available at the early design stages.  This in itself poses some limitations from having only basic or incomplete information.  However, the PHA is usually a "living document" that is updated and reviewed throughout the development cycle.

The evolution of the PHA, used within the DOE system and at BNL, generally incorporated some background on the process/system/facility, including known design criteria, inventories of hazardous materials, and facility safety features.

References:
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Hammer, Willie, "Occupational Safety Management and Engineering," Prentice-Hall, 1981 (pg. 464-466).

Secretary of the Air Force, "Air Force Pamphlet 91-215, Operational Risk Management Guidelines and Tools," September 1997.

Roland, Harold and Moriarty Brian, "System Safety Engineering and Management", John Wiley & Sons, 1983.

Secretary of the Air Force, "Air Force Pamphlet 91-215, Operational Risk Management Guidelines and Tools," September 1997.

Examples/Format:

Generic Format for PHA

Nomenclature or Part or Subsystem affected
Operating Mode
Hazard Description/

Potential Hazard
Failure Mode/

Initiator
Hazard Effects/

Consequences
Recommended Control/Barrier
Estimated Probability/Frequency
Comments

The formal name of the part of subsystem, the drawing number, or procedure number.  The part or procedure described is the one at which the hazardous condition will originate, the part affected.
The mode during which the hazard occurs.  The operation mode may identify different hazards for the same part, subsystem, or procedure.  
Brief description of the hazard.  The hazard is the result of malfunction or failure that causes personnel injury, death or property damage.
Briefly describe the mode of failure of the part or procedure that allows the hazard to develop.  More than one failure mode may be cited for each part or procedure and each hazard.
This describes the effects of the hazard on the system/

personnel.  Multiple effects can be described.
Describes the countermeasure that will effectively control the hazard.  Typically results in a reduction in the severity or probability of occurrence.
Typically defined in qualitative terms, 

Frequent = likely to occur repeatedly during life cycle of system (test/activity/operation)

Reasonably Probable = likely to occur several times in a life cycle of a system

Occasional = likely to occur sometime in the life cycle of the system.

Remote = Not likely to occur in the life cycle of system, but possible

Extremely Remote = probability of occurrence cannot be distinguished from zero.

Impossible = physically impossible to occur.
May pertain to the hazard severity, the operation, operating mode or anything that will influence the hazard.

Figure 1, Example PHA summary for the "Whole Body Neutron Irradiation Facility"

Potential Hazard
Initiator
Consequences
Barrier
Frequency
Comments

Source(s) Stuck in up position (above floor level)
-mechanical

- electrical
Increased exposure by <15 mrem
-       source position indicators

· alarm on door

· manual motor override

· radiation monitor
Reasonably probable
Failure of a fuse is used because this failure mode has occurred.

Source(s) Stuck in down position (below the floor level)
- mechanical

- electrical
- None (radiological)

- program delay
· Source position indicators.

· Alarm on door

· Manual motor override.

· Radiation monitor.
Reasonably probable
Should one or more of the sources not raise for a patient irradiation, the operation would make the decision to continue or terminate. The patients dose would be adjusted accordingly.

Power failure
-supply interrupted
Would be the same as with the source stuck up, if the source was down during the power failure there would be no consequences
· Backup emergency generator would supply power in less than 2 seconds.

· Manual motor override to lower sources to storage location.

· Emergency lighting is provided for egress.
Remote
The emergency power was verified by testing 8/10/94.

Fire in vault source in down position (below floor level)
- Electrical
- None to sources

- Program delays
· Automatic fire suppression system.

· 24 hr video camera surveillance by security

· Fire Department Response in < 4 minutes.

· Combustibles held to minimum, no flammable liquids.
Remote


Fire in vault, source in up position (above floor level)
- Electrical
- Release of Radioactivity to room environment
· Source encapsulated in stainless steel.

· Source contained in stainless steel source holder inside steel and aluminum guide/storage tubes.

· Sources further protected by being in- side non-combustible cell.

· Automatic fire suppression system.

· 24-hr video camera surveillance by security.

· Fire Department response < 4 minutes.

· Combustibles held to a minimum, no flammable liquids.
Remote


Release of radioactivity to room environment
-Fire

-Mechanical damage to source
Airborne radioactive contamination

-Low to moderate worker exposure.

-Room contamination.
-       Sources contained in stainless steel             jacket and source holder.

-       Sources stored in tubes 10' underground    surrounded by a steel and aluminum tube embedded in sand.
Extremely Remote


Potential Hazard


Initiator
Consequences
Barrier
Frequency
Comments

Unplanned exposure to radiation
-source stuck in up position (one or more)
-Minimal exposure <15 mrem based on source closest to operator being stuck and <25 seconds for patient evacuation.
-Source position indicators.

-Alarm on door.

-Radiation monitor.

-Manual motor override
Reasonably Probable


Flooding of source tubes
-Fire Suppression system activated.

-Natural Phenomena Event.
-Source Tubes below floor fill with water.

-Source containers and holders subject to future corrosion.
-Fire Suppression system alarmed into the Fire Department.  Response times less than 4 minutes.

-Early storm warning though NEXRAD weather tracking radar onsite.
Remote
Should the sources get wet they would be removed, dried and inspected.

Collapse of Building
Natural Phenomenon Event (Hurricane, Tornado or earthquake.
-Inability to retrieve sources from source tube storage
- Early storm warning from NEXRAD weather radar located on site.
Remote
Sources would be in the storage position should there be a possibility of a NPH event.

Cable break
-Mechanical binding of source or counter weight.

-Defective cable connector.
-No immediate hazards.

-Radiation dose to repair personnel.
-None
Remote 
Original cables were replaced due to failure, new more reliable cables were installed.

Leaking sources
Encapsulation failure due to corrosion, weld failure, or mechanical damage.
Possible minor exposure to occupants

-contamination of guide tube
-Stainless Steel encapsulated.

-Secondary stainless steel source holder.

-torque clutches

-sources remotely handled

-Sources are smear checked for detection leaks semi annually.
Remote
Records of semi-annual leak checks indicate the no source leakage has taken place.  Should a source start to leak it would be picked up by this check before the leak became severe.
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