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Safety analysis is a process that systematically identifies facility hazards and evaluates the 
adequacy of measures taken to eliminate or otherwise control these hazards in the context of 
potential accidents and their associated risks. The purpose of a safety analysis is to demonstrate 
that facility operations can be conducted in a manner that will limit risks to the health and safety 
of the public and employees, and adequately protect the environment. The requirements for 
performing and documenting safety analyses of DOE non-nuclear facilities are contained in DOE 
Order 548 1.1B. Additional safety analysis “guidance” is provided in DOE/AL Supplemental 
Order 548 1.1B. Included in the latter document are “qualitative” criteria for expressing accident 
risk in terms of consequence severity and probability of occurrence (Tables 1 and 2). (Note that 
the probability criteria are not truly qualitative since they are based on numerical ranges, and thus 
require the use of methods leading to quantitative determinations of accident probability.) 

In addition to assessing the adequacy of facility design and administrative safety features, the 
results of a risk analysis provide the basis for defining a facility safety envelope. This can be 
accomplished by evaluating a limited set of accident scenarios, rather than all conceivable 
accident scenarios associated with identified facility hazards. The key to defining the safety 
envelope is, of course, appropriate accident scenarios. A paper presented at last year’s SAWG 
workshop (Ref. 1) addressed a qualitative methodology for evaluating accident risk using the 
criteria of Tables 1 and 2. This paper provides guidance for developing a set of accident 
scenarios that are both necessary and sufficient for performing a facility safety analysis. 

Hazard Identification - The First Step 

Checklists 

Hazard identification is the first step in accident scenario preparation and is generally 
accomplished by means of a hazard checklist. A list of broad hazard categories is shown in 
Table 3. Each of these hazard categories is given further definition to identify particular hazards 
within the category as illustrated in Table 4. Note that what is being identified with such a 
checklist is a hazard, not an event. That is, a hazard must be involved in a hazardous event 
sequence in order to produce undesired consequences. This distinction is important. A hazard 
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is a source of danger with the potential to cause harm to people, property, or the environment, or 
diminished performance under a specified set of conditions. A hazard will not manifest itself 
in undesired consequences if all possible hazardous event sequences are either terminated or 
otherwise redirected to acceptable consequences by appropriate consequence-mitigating barriers. 
Thus, an event involving a particular hazard (either directly or indirectly) must be postulated 
before an accident scenario can be constructed. 

Table 1. Qualitative Accident Hazard Severity @OE/AL 5481.1B) 

11 Category I - Catastrophic May cause deaths, or loss of the facility/operat&, or severe impacGn 
the environment. 
May cause severe injury, or severe occupational illness, or major 
damage to a facility/operation, or major impact on the environment. 
May cause minor injury, or minor occupational illness, or minor impact 
on the environment. 
Will not result in a significant injury, or occupational illness, or provide 
a significant impact on the environment. 

Category I1 - Critical 

Category I11 - Marginal 

Category IV - Negligible 

Table 2. Qualitative Accident Probabilities @OE/AL 5481.1B) 

Likely A 
Unlikely B Pe = to lo4 
Extremely Unlikely C Pe= IO-" to 
Incredible D Pe < IO+ 
Pe = Probability of event occurring per year. 

Table 3. Hazard Categories Checklist 

Electrical Hazards (E) 
Gravity Hazards (G) 
Hazardous Materials, Substances, and Waste (H) 
Mechanical Hazards (M) 
Pressure Hazards (P) 
Radiant Energy Hazards (R.) 
Thermal Hazards (T) 
Additional Hazards (Z) 
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Table 4. Hazardous Materials, Substances, and Waste (H) Checklist 

H1 Explosives or other energetic materials 
H2 Flammable/combustible solids, liquids, gases 
H3 Corrosives (acids, caustics) 
H4 
H5 Toxic materials, poisons 
H6 Carcinogens, mutagens 
H7 Oxidizers 
H8 Metals (Be, Cd, Hg, Pb, solders, etc.) 
H9 Solvents (halogenated, non-halogenated) 
H10 Radioactive materials/fissile materials 
H11 Asphyxiants (inert gases or vapors) 
H12 Reactive or spontaneously combustible materials 
H13 Irritating materials 
H14 Metal working fluids 
H 15 Adhesives 
H16 Material incompatibility during storage or transportation 
H17 Hazardous material or mixed waste generation 
H18 Environmental discharges (air, soil, surface water, ground water) 
H19 Other 

Etiologic agents (virus, bacteria, etc.) 

Functional Flow Block Diagrams 

Dr. Vernon Grose's Functional Flow Block Diagram (Ref. 2) represents an excellent method for 
identifying hazardous events. The Functional Flow Block Diagram (FFBD) is a technique that 
shows, pictorially, what is being done, or how a process, task, or activity is being performed. 
The FFBD can be prepared for any level of detail desired. Once the FFBD is prepared, the 
analyst can then interrogate individual blocks of the diagram for things that can go wrong. This 
allows a systematic and global evaluation of operations to identify potentially hazardous events. 

Scenario Development 

Cause and Effect Search 

Beginning with an undesired (anomalous) event (see Figure 1) and by continuing to ask 
questions such as 

How would this happen? 
What could cause this to occur? 
What is the effect of this event? 
What could this event lead to? 
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one can construct an accident scenario (Figure 1) that includes an initiating event, a related 
sequence of subsequent events, and a resulting undesired consequence. The first two questions 
illustrate the use of backward-looking logic for identifying possible initiating events. Thus, a 
fault tree approach may be used as an adjunct technique for identifying a spectrum of possible 
initiating events associated with a specific hazardous condition. The last two questions illustrate 
the use of forward-looking logic for identifjhg possible end states or consequences. In this case, 
an event tree approach may be used as an adjunct technique for identifying a spectrum of 
possible consequences associated with a specific hazardous condition. 

During this process, it is beneficial to check the accident scenario against a list of existing 
structural, system, and human intervention features that interact with the process, task, or activity 
to mitigate an accident. This will ensure that necessary failures of such features have been 
properly accounted for in the accident scenario. Once an accident scenario has been fully 
developed, it is a relatively simple task to de-construct the scenario into the following elements: 

Initiating Event (IE) - an event that sets an accident sequence in motion (e.g., an 
equipment failure, human performance error, natural phenomena occurrence, etc.); 

System Response (SY) - the active systems that either are successful or fail in mitigating 
an accident sequence; 

Operator Response (OR) - the activities or procedures that can 1) prevent or set the stage 
for, 2) initiate, or 3) mitigate or aggravate an undesirable condition or environment; 

Structural Response (SR) - the passive structures and barriers that either are successful or 
fail in mitigating an accident sequence. 

Having constructed an accident scenario and then de-constructed it into the above elements, the 
consequence severity and likelihood of occurrence can be readily evaluated using the qualitative 
methodology of SAND95-0320 (Ref 1). 

Although the use of Functional Flow Block Diagrams provides a systematic, as well as global, 
process for developing accident scenarios, it invariably results in many more scenarios than need 
to be evaluated to determine the safety envelope of a facility or operation. Thus, the resulting 
collection of scenarios must be reduced to a necessary, but sufficient, subset that can be used to 
define the safety envelope. 

Getting: to Necessary and Sufficient - Generic Accident Types 

A way to obtain a necessary and sufficient set of accident scenarios for evaluation is to consider 
the generic types of accidents that could result from identified hazards. It is a relatively straight- 
forward task to correlate the hazard type with a scenario type as shown in Table 5. For example, 
explosive, propellant, and pyrotechnic hazards would generally be associated with explosion 
scenarios. Similarly, combustibles, flammables, and oxidizers would generally be associated 
with fire scenarios. 
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Table 5. Hazard Type:Scenario Type Checklist 

Explosives 
Propellants 
Pyrotechnics 

Combustibles 
Flammables 
Oxidizers 

~ 

Carcinogens 
Etiological agents 

Toxic substances 

Ionizing radiation 
Non-ionizing radiation 

Electrically energized devices 

Pressure systems/devices 

Thermal systems/devices 4 

Objects in motion 

Elevated work areas, structures, or devices 

Other hazardous objects (e.g., sharp, cutting, 
or piercing objects) 

Codined spaces 
Heavier than air gases 

Explosion 

Fire 

Exposures resulting in life threatening, 
disabling, or recoverable health effects 

Exposures resulting in life threatening, 
disabling, or recoverable health effects 

Shocldelectrocution 

Interactions resulting in life threatening, 
disabling, or recoverable injuries 

Burns/fiostbite 

Interactions resulting in life threatening, 
disabling, or recoverable injuries 

Falls resulting in life threatening, disabling, 
or recoverable injuries 

Interactions resulting in life threatening, 
disabling, or recoverable injuries 

Asphyxiation 

Furthermore, the majority of these scenario types can be represented by the set of generic 
“internal” events shown in Table 6.  [It will be noted that some standard industrial hazards (e.g., 
cranes, forklifts, ladders, power tools, noise, etc.) are not included in the generic “internal” 
events list. Such hazards are routinely encountered and accepted by the public and do not need 
to be evaluated in establishing the safety envelope for DOE facilities or operations. The risks to 
facility workers fiom standard industrial hazards are controlled through adherence to current 
OSHA regulations, consensus standards, and equipment and material manufacturers instruction 
for use.] As illustrated by Table 6, the complete range of accident scenarios that must be 
evaluated in a risk analysis encompasses internal (or operational) events, natural phenomena 

G 



events, and external events. This table should not be considered to be all-inclusive, but rather 
should be used to ensure that an appropriate spectrum of accident types is considered when 
performing a facility risk analysis. 

Table 6. Generic Events For Accident Analysis Consideration 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ _  
Fires 
Explosions 
Exposures to high energy electrical, thermal, or 

Hazardous material spills, releases, or exposures 
Oxygen deficient environments 

kinetic hazards 

Earthquake 
Tornadohurricanehigh winds 
Flood 
Tsunami 
Lightning. 

Aircraft crash 
Nearby transportation accidents 
Nearby facilitv accidents 

In selecting accident scenarios for analysis the analyst should ensure that the selection 
encompasses both unique events that could have major impacts on workers or the public, and 
representative events that result in bounding analyses for all other events of that type. For unique 
events, the analyst should consider both high probability events that pose hazards only to 
workers as well as low probability events involving worst-case consequences. Note that 
identification of a “representative” bounding scenario for each event type may not be readily 
evident since a facility safety (or risk) envelope is not necessarily determined by either those 
accidents having the most severe consequences or those with the highest likelihood of 
occurrence. 

The analyst should be aware of the pitfalls involved in selecting bounding accident scenarios. 
While risk “experts” tend to view risk as being dominated by probability, the focus of the general 
public and regulators tends to be overwhelmingly on consequences. In particular, the 
environmental andor health and safety consequence of overriding concern is the worst possible 
consequence. As indicated above, neither of these perspectives necessarily represents a 
bounding perspective with respect to risk. The analyst should always keep in mind the relative 
significance of the hazard in choosing a worst-case outcome. For example, all electrical hazards 
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do not lead to the same outcomes. Contact with the hot lead of a 120-volt household electrical 
circuit will generally have a very different outcome than contact with a 6900-volt source of 
electricity. Similarly, voltage isn’t necessarily a hazard. The current is what produces bodily 
harm. Thus, the analyst needs to ensure that the outcome is associated with a real hazard and not 
a pseudo-hazard. 

In the absence of more appropriate insight or direction to do otherwise, it is probably prudent to 
evaluate at least one scenario fiom each of the applicable event types in Table 6 using worst- 
case consequences as the representative bounding scenario. It should be further noted that 
evaluating only the worst-case scenario of an event group may be sufficient for a facility if the 
same set of structures, systems, and components (SSCs) is relied upon for mitigation of all 
accident scenarios within the group (e.g., building fires). However, in other cases multiple 
scenarios may need to be evaluated in order to identify the bounding scenario for the group. For 
example, chemical explosions, steam explosions, and explosive detonations will likely involve 
different sets of mitigating SSCs. Thus, the bounding explosion scenario may not be readily 
apparent if different kinds of explosions are possible in a facility. 

Starting with a generic event fiom Table 6,  it is a relatively straight-forward task to develop an 
accident scenario taking into consideration the scenario elements as defined above; that is, 
selecting an appropriate initiating event for the scenario and taking into account the failures of 
applicable consequence-mitigating structures, systems, equipment, and human interventions that 
would be necessary to obtain a particular consequence of interest. This approach was used in 
applying the methodology of SAND95-0320 to perform an evaluation of the risks associated 
with SNL’s Repetitive High Energy Pulsed Power Unit I1 (RHEPP 11) accelerator facility in New 
Mexico and the Kauai Test Facility (KTF) in Hawaii. Table 7 lists the accident scenarios that 
were selected and evaluated for the RHEPP I1 facility, while Table 8 lists those that were selected 
and evaluated for the KTF. 

Each accident scenario was developed by first identifying a specific hazard (e.g., using Table 4) 
and an associated event involving the hazard (e.g., using Table 6). A cause and effect search 
(Figure 1) was then performed to develop a sequence of events linking an “initiating event” to an 
undesired consequence. The developed event sequence necessarily postulates failures of the 
various structures, systems, equipment, and human interventions that would normally be brought 
to bear in mitigating such an accident. The scenario likelihood of occurrence is then determined 
fiom the postulated failures using the methodology of SAND95-0320. 

Conclusion 

This paper presents a simple, systematic approach for developing accident scenarios using 
generic accident types. The result is a necessary and sufficient set of accident scenarios that can 
be used to establish the safety envelope for a facility or operation. Use of this approach along 
with the methodology of SAND95-0320 will yield more consistent accident analyses between 
facilities, and provide a sound basis for allocating limited risk reduction resources. 
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,Table 7. Accident Scenarios Evaluated for the SNL RHEPP 11 
Accelerator Facility 

Insulating Oil Fire 
Worker Electrocution 
Worker Radiation Exposure 
Oxygen Deficient Workspace Accident 

I I 
Aircraft Crash into Facility 

Table 8. Accident Scenarios Evaluated for the SNL 
Kauai Test Facility 

Missile Assembly Building Rocket Motor Fire 
Ignition During Aborted-Launch Missile Disarming 
Loss of All Electrical Power During Launch Sequence 
Solid Rocket Motor Explosion 
Unsymmetrical Dimethylhydrazine (UDMH) Storage Leak 
UDMH Release During Missile Fueling 
Hazardous Material Leak to the Soil 
Worker Non-ionizing Radiation (Radar) Exposure 

Lightning Strike of Fueled Missile on Launch Pad 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 

, bility for the accuracy, completeness. or usefulness of any information, apparatus, product, or 
I process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
' ence herein to any specific commercial product, process, or service by trade name, trademark, 

manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
1 '  mendation, or favoring by the United States Government or any agency thereof. The views 
I and opinions of authors expressed herein do not necessarily state or reflect those- of the 

United Sfaties Goveinment -br any agttricy thereof.-- 
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