Hazard Analysis Subject Area:     Guidance on What-If  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, methods for conducting the analysis, necessary resources, and limitations.  Where possible, examples pertinent to BNL operations were used to show typical contents and formats.

What-If Analysis

Purpose:  

The purpose of the What-If Analysis methodology is to identify hazards, hazardous situations, or specific accident events that could produce an undesirable consequence.  The What-If Analysis is especially effective in capturing hazard data about failure modes.  It is somewhat more structured and rigorous than the Preliminary Hazard Analysis (PHA), and thus is a logical follow-up analysis to the PHA.  Because of its ease of use, it is probably the single most practical and effective tool for use by operational personnel.

Application:  

The What-If Analysis can be applied to almost any operation or system process.  It is also useful in contingency planning and accident analysis.

Methodology:

The What-If Analysis technique is a brainstorming approach in which a group of experienced individuals familiar with a process ask questions or voice concerns about possible undesired events in the process.  The What-If Analysis concept encourages an analysis team to think of questions that begin with "what-if."  Through this questioning process, the team identifies possible accident situations, their consequences, and existing safeguards, then suggests alternatives for risk reduction.  The potential accidents identified are neither ranked nor given quantitative implications.

The analysis team reviews the process from the conceptual stage through operations.  At each step they ask "what-if" questions dealing with procedural errors, hardware failures, and software errors.  The technique may simply generate a list of questions and answers about the process.  However, it usually results in a tabular listing of hazardous situations, their consequences, safeguards, and possible options for risk reduction. 

A classic use of the What-If Analysis is as the first tool used after the Preliminary Hazard Analysis (PHA).  For example, the PHA reveals an area of hazard that needs additional investigation.  Probably the best single tool to further investigate that area will be the What-If Analysis. 

Method Guidelines: 

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

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

· Select a segment of the operation on which to focus.

· Visualize the selected segment with "Murphy" injected.  Make a conscious effort to visualize failures.  Ask "what if various failures occurred or problems arose?"

· Add potential failures and their causes to your hazard list and assess them based on probability and severity.

· The "What-If" Analysis can be expanded to further explore the hazards in an operation by using scenario thinking.  To use scenario thinking, develop short scenarios, which reflect the worst credible outcome from compound effects of multiple hazards in the operation.

· Follow the guidelines below in writing scenarios:

· Target length is 5 or 6 sentences, 60 words,

· Do not dwell on grammatical details,

· Include elements of man, machine, media, and management,

· Start with history but sanitize,

· Encourage imagination and intuition,

· Carry the scenario to the worst credible outcome,

· Use a single person or group to edit.

Completeness:

The degree of completeness in the application of the What-If Analysis methodology is directly dependent upon team make-up and the exhaustive nature of the "what-if" questions asked.

Resources/Skills Required:  

The analysis must include at least one person experienced and knowledgeable in the process, and one knowledgeable in the analysis method.  For simple processes, two or three people may be assigned to perform the analysis.  However, larger teams may be required for more complex processes.  The What-If Analysis is specifically designed to be used by personnel actually involved in an operation.  Therefore, the most critical "What-If" resource is the involvement of operators and their first line supervisors.

Limitations:

Performing a What-If Analysis for a given process requires a basic understanding of the process intention, along with the ability to mentally combine possible deviations from the design intent that could result in an accident.  As the processes or operations under study becomes more complex, the difficulty of application is increased.

The What-If Analysis can be a useful tool if the analysis team is experienced and well organized.  Otherwise, because of the relatively unstructured approach to the technique, the results are likely to be incomplete.

A small interdisciplinary team is usually more effective.

The advantages of the What-If Analysis are that it is simple, user-friendly, and cost effective.

The disadvantages are that it is good only for relatively simple systems and usually will not pick up on the potential for multiple failures or synergistic effects.
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Example/Format:

Example 1 (Extract):

System/Activity: HF system distribution                 Date:_______________

WHAT IF
CONSEQUENCES
PROTECTION
SCENARIO
COMMENTS

…the HF cylinder corrodes through?
Cylinder leak, HF release to atmosphere, possible worker exposure via inhalation and skin, possibly fatal.
None
1
Check with supplier regarding cylinder inspection practices.

…the dock and the equipment is involved in a fire?
HF releases to atmosphere via vent

OR cylinder rupture, with possible worker exposure via inhalation and skin, possibly fatal.
None

Relief valves, rupture disks.
2a

2b
Consider sprinkler or deluge system.

….the hot water jacket on the HF corrodes through?
Large heat of solution, HF releases via vent, possible worker exposure via inhalation and skin, possibly fatal.
None.

Relief valves, rupture disks
3a

3b


….mositure is introduced into the HF cylinder via the N2 supply?
Heat of solution, HF release via vent, possible worker exposure via inhalation and skin, possibly fatal.

HF solution attacks carbon steel, corrosion, leak or rupture, possible worker exposure via inhalation and skin, possibly fatal.
None
4a

4b
Prevention is procedure for monitoring N2 supply

Example 2:

System/Activity: Cooling Water Chlorinating System                  Date: __________________     

WHAT IF
CONSEQUENCES
PROTECTION
SCENARIO
COMMENTS

…the system is involved in a fire?
High pressure in chlorine cylinder, fusible plugs melt, chlorine releases into fire….
Ignition source control
1
Verify that the area is free from unnecessary fuel.

…the wrong material is received in the cylinder and hooked up?


Water contaminated, not sterilized
None
2
Prevention:  supplier's procedures

…the cylinder's fusible plugs prematurely fail?
Chlorine release.
None
3
Purchase and train personnel in the use of a CL2 cylinder leak capping kit

…the pressure check valve fails open ()both pass chlorine gas?
Built-in relief valve opens, releasing chlorine to atmosphere.
None
4


…the basin corrodes through?
Chlorinated water release.
Periodic inspection
5


…the recirculation pump fails OR power is lost?
Eventually low chlorine in water, biological growth.

Release of undissolved chlorine to atmosphere if pressure check valve fails.
None.

Pressure check valve.
6a

6b


…the chlorine cylinder is run dry and not replaced?
Eventually low chlorine in water, biological growth.
None.
7
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