SBA-130DE, Accident Analysis - Part 1

1.1 Course Title
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Narration: 

Welcome to SBA-130DE, Accident Analysis and Control Selection. The purpose of this course is to provide DOE nuclear safety specialists and safety basis analysts with the fundamental knowledge associated with accident analysis and control selection.

1.2 Course Information
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Narration: 

Review the navigation instructions before continuing.
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Narration: 

The goal of this course is to introduce you to the processes and requirements associated with the accident analysis and control selection process.
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Narration: 

This course directly supports the nuclear safety specialist qualification. It consists of five lessons, each of which is organized into several topics.
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Narration: 

You must meet the following requirements to receive credit. Be sure to review the requirements carefully before continuing. 
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1.3 Lesson Title
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1.4 Introduction
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Narration: 

As a nuclear safety specialist, you will determine the adequacy of a contractor’s accident analysis methodology and documentation. To get you up to speed, we’re going to spend this week walking through the accident analysis and control selection process. 

Let’s start by reviewing where we are in the process. As I’m sure you remember, we’re following the tasks listed in DOE-STD-3009. We’re going to focus on performing the accident analysis, selecting the hazard controls, describing the hazard controls, and deriving the technical safety requirements.

During your previous visit at the VERB, the team identified, categorized, and evaluated the hazards using the methodologies in DOE-STD-3009 and DOE-STD-1027. 
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Narration: 

One of the outputs of that process was the Hazard Evaluation Table listing the initiating event, likelihood, consequence, risk, and controls for each hazard scenario. The hazard scenarios in the Hazard Evaluation Table are our starting point for the accident analysis.
1.5 Accident Analysis Process Overview
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Narration: 

Here’s an overview of the accident analysis process.
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1.6 Lesson Objectives
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1.7 Menu
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1.8 Purpose and Scope
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Narration: 

According to 10 CFR 830.204, the DSA must evaluate the normal, abnormal, and accident conditions that might contribute to the generation or uncontrolled release of radioactive and other hazardous materials. We also need to consider the need for analysis of accidents that may be beyond the design basis for the facility. 
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Narration: 

According to the DOE Hazard and Accident Analysis Handbook, the purpose of accident analysis is to develop a comprehensive set of hazard controls to evaluate the need for safety-class controls to protect the public. However, accident analysis may also be used to evaluate the need for safety-significant controls for protection of the public or co-located workers.
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Narration: 

According to DOE-STD-3009, accident analysis entails the formal characterization of a limited subset of accidents and the determination of consequences and hazard controls associated with those events. 
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Narration: 

Also, accident analysis is not necessary for facilities with unmitigated off-site consequences that do not have the potential to challenge the evaluation guideline (or EG).
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Narration: 

To identify safety-class SSCs, estimated consequences to the public are compared to the EG. For the purpose of identifying safety-significant SSCs, an evaluation of co-located worker consequences and off-site chemical consequences is also required, and can be performed as part of accident analysis.
1.9 SC and SS Controls
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Narration: 

Let’s take a closer look at how the estimated consequences are used to identify safety-class and safety-significant SSCs for both the public and the co-located worker. Sections 3.3.1 and 3.3.2 of DOE-STD-3009 identify the criteria for designating controls as either safety class or safety significant.
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1.10 Accident Analysis Terms
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Narration: 

While I gather the information we’ll need for today, why don’t you see if you can solve this puzzle?
1.11 Purpose and Scope Knowledge Check
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Try Again (Slide Layer)
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1.12 Results Slide
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1.13 Selecting DBA/EBAs Process Menu
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Narration: 

The first step in the accident analysis process is to select the scenarios from the Hazard Evaluation Tables to carry forward into the accident analysis. We’re going to start by categorizing all the scenarios and then grouping the accidents by event type, controls, and accident environment conditions. Then we’ll select both representative and unique accidents for each group. We’ll screen the accidents using the criteria in DOE-STD-3009 and then document the selection.
1.14 DBAs vs EBAs
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Narration: 

During the accident analysis, we select only a limited subset of the hazard scenarios documented during the hazard evaluation. The selected accidents are referred to as design basis accidents and evaluation basis accidents. We’re going to focus on EBAs. Let’s take a look at the differences between DBAs and EBAs.
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1.15 Categorizing Accidents Knowledge Check (1 of 3)
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Narration: 

In order to select the EBAs, we need to categorize the accidents. According to Section 3.2.1 of DOE-STD-3009, when an adequate set of DBAs does not exist, we need to select the EBAs from three categories: operational accidents, natural events, and man-made external events.

We need to ensure that the EBAs are derived from the full spectrum of hazard scenarios developed during the hazard evaluation. You should be familiar with operational accidents, natural events, and man-made external events from the hazard identification and evaluation, so why don’t you try categorizing some of the hazard scenarios?
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1.16 Categorizing Accidents Knowledge Check (2 of 3)
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Correct (Slide Layer)
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1.17 Categorizing Accidents Knowledge Check (3 of 3)
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1.18 Results Slide
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1.19 Grouping Accidents
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Narration: 

During the hazard evaluation, you identified the event type for each hazard scenario. Now we need to examine the details about each.
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1.20 Grouping Accidents
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Narration: 

Now that we’ve reviewed the event types, we need to group the accidents by type. Let’s start with the operational accidents. As you can see, we have event types for nuclear criticality, loss of confinement, fire, explosion, direct exposure, and chemical reaction.
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1.21 Grouping Accidents by Event Type - Man-Made External Events
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Narration: 

We also need to group the accidents for man-made external events, such as aircraft crash, vehicle or transportation accidents, and station blackouts.
1.22 Grouping Accidents by Event Type - Natural Phenomena
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Narration: 

As you can see, we also have natural phenomena hazards for a wildfire, lightning, seismic event, and high wind. According to DOE-STD-3009, we need to consider the cumulative effects of releases from NPH-induced structural and equipment failures, such as the impacts, spills, fires, and explosions caused by NPH.
1.23 Grouping Accidents by Event Type Knowledge Check
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Narration: 

Before we continue, let’s make sure you can group accidents by the event type.
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1.24 Fires - Grouping by Accident Environment Conditions
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Narration: 

Now we need to examine each scenario and group those with similar accident environment conditions. When grouping scenarios by accident environment conditions, you should consider the MAR type and quantity involved in the accident; the accident initiators, such as ignition sources and equipment malfunctions; the configuration of the fire area; and the accident progression.

Also, remember that the DOE Hazard and Accident Analysis Handbook identifies four types of fires: fuel pool fires, small fires, enclosure fires, and large fires. Keep these types of fires in mind when grouping by accident environment conditions.
1.25 Grouping by Accident Environment Conditions - Fire in the Staging Area Knowledge Check
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Narration: 

These scenarios are all operational accidents resulting in fire. However, some of the scenarios occur in the glovebox, outside the glovebox, or in the staging area. Why don’t you start by identifying the fires in the staging area?
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1.26 Grouping by Accident Environment Conditions - Fire Inside the Glovebox Knowledge Check
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Narration: 

Which scenarios are initiated inside the glovebox?
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1.27 Grouping by Accident Environment Conditions - Fire Outside the Glovebox
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Narration: 

The remaining fires are initiated outside the glovebox.

1.28 Grouping by Accident Environment Conditions - Fire Scenario Summary
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Narration: 

Based on our selections, we have three groups of fire scenarios based on the accident environment conditions: fires initiated in the staging area, inside the glovebox, and outside the glovebox. Remember that when grouping scenarios by accident environment conditions, you should also consider the MAR type and quantity involved in the accident; the accident initiators, such as ignition sources and equipment malfunctions; the configuration of the fire area; and the accident progression.

1.29 Grouping by Accident Environment Conditions - Loss of Confinement/Spills Knowledge Check
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Narration: 

Now we need to repeat the process of grouping by accident environment conditions for the remaining accidents and event types. Let’s examine the accident scenarios for loss of confinement and spills. Remember that spills can be defined as the accidental falling or flowing of material out of a confinement boundary. You should also consider the MAR type and quantity, the accident initiator, and configuration of the confinement boundary. Which spill scenarios are initiated by an external energy source, such as puncturing, crushing, or dropping outside the glovebox?
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1.30 Grouping by Accident Environment Conditions - Loss of Confinement/Spills from Overpressurization or Chemical Reaction
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Narration: 

These spill scenarios involve overpressurizations and/or chemical reactions. We’ll keep these as a separate group.

1.31 Grouping by Accident Environment Conditions - Loss of Confinement/Spills from Overpressurization or Chemical Reaction
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Narration: 

The remaining scenarios are initiated inside the glovebox.

1.32 Grouping by Accident Environment Conditions - Loss of Confinement/Spill Summary
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Narration: 

We now have three groupings of loss of confinement/spill scenarios based on accident environment conditions: scenarios involving overpressurizations and/or chemical reactions, scenarios initiated outside the glovebox, and scenarios initiated inside the glovebox.

1.33 Key Points
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1.34 Results Slide
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1.35 Selecting Representative Bounding Accidents
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Narration: 

Remember that the DOE Hazard and Accident Analysis Handbook identifies four types of fires: enclosure fires, small fires, large fires, and fuel pool fires. 
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Narration: 

From our scenarios, we identified groups for enclosure fires, small fires with the potential to progress to large fires, and pool fires.
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Narration: 

Now that we’ve grouped the fire scenarios based on similar accident environment conditions, the next step is to select the representative bounding accidents. For this step, we need to determine which scenario has the highest unmitigated consequences for both the public and the co-located worker within each group. 
[image: image94.png]Selecting Representative Bounding Accidents

€ Representatve s bount  number of acedents withasimilacontrlset e, the worst e, for
urber o simlar fres).
DoEsTDIs 99

MENS  GLOSSARY  RESODRCES BACK




Narration: 

We also need to ensure that the representative accident we select has similar controls to the other accidents in that group. The accidents we select are referred to as representative bounding accidents. 
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Narration: 

Per Section 3.2.1 of DOE-STD-3009, the contractor must select at least one bounding accident from each of the major types that has the potential to challenge the EG.
1.36 Selecting Representative Bounding Accidents - Fire in Staging Area Knowledge Check
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Narration: 

We need to select the representative bounding accident for this group. Examine the credited controls identified during the hazard evaluation, as well as the unmitigated consequences for the public and co-located worker. Which accident scenario has the highest unmitigated consequences for the public and co-located worker, and also has credited controls that bound the other accidents?
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1.37 Selecting Representative Bounding Accidents - Fire Inside the Glovebox
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Narration: 

When we select representative bounding accidents, it’s important that the controls are similar to the other scenarios in the group. When an accident scenario has a unique control set or other unique conditions or characteristics, we need to analyze that scenario separately. If we inadvertently group the scenario with unique controls or conditions with the other accidents, then we may overlook the necessary preventive and mitigative controls. Accident scenarios that may be bounded by other events, but have their own unique control set or conditions, are called unique DBAs or EBAs. 

The representative bounding scenario selected, F-04, has the highest unmitigated consequences to the public and co-located worker and controls that bound similar lesser accidents. However, there is one accident that involves a liquid fire and identifies controls not covered in F-04. Therefore, F-10 should be selected as a unique EBA.
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1.38 Selecting Representative Bounding Accidents - Fire Outside the Glovebox
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Narration: 

Let’s move on to the fire scenarios that initiate outside the glovebox. Both scenarios have high unmitigated consequences for both the public and co-located worker. However, scenario F-07 involves heat-source plutonium, which has a very high specific activity that makes it very radioactive and, as a result, requires heavy shielding for worker protection. The shielding provides a higher fire-fuel loading than scenario F-05. We’re going to select this scenario as the representative bounding scenario for fires that initiate outside the glovebox.
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1.39 Summary of Representative Bounding Accidents for Fire Scenarios
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Narration: 

We now have a representative bounding accident for each group of fire scenarios, as well as one unique accident.
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1.40 Selecting Representative Bounding Accidents - Loss of Confinement
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Narration: 

We need to repeat the process of selecting the representative bounding accident for the loss of confinement scenarios.
1.41 Selecting Representative Bounding Accidents - Loss of Confinement/Spills Outside the Glovebox Knowledge Check

[image: image117.png]Selecting Representative Bounding Accidents - Loss of Confinement/Spills Knowledge Check

Selecttherepresentative bounding acidentoross of confnement/spils ntiaed outsde o the glovebor.

e Dl e
o] w [ e lonw
St | e | Cahhtanieg .
|Cooenent i I ~o|
s e a

e et n

(oo ~o|
o gt | St et s e e w
i Py ]
[ et ~o|
e | S L]
|Cotmenion ~ol

|
i
\
‘
|

SUBMIT
MENG  GLOSSARY  RESOURCES BACK





Narration: 

We previously grouped these accidents together because they involve loss of confinement outside the glovebox. Which loss of confinement scenario is the representative bounding accident?
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1.42 Selecting Representative Bounding Accidents - Loss of Confinement/Spills Inside the Glovebox Knowledge Check
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Narration: 

These are the loss of confinement scenarios inside the glovebox. Which scenario is the representative bounding accident?
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1.43 Selecting Representative Bounding Accidents - Loss of Confinement/Spills Overpressurization
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Narration: 

This group of loss of confinement scenarios is initiated by overpressurizations or chemical reactions. There are two representative bounding accidents. Scenario CC-03 addresses an overpressurization of a container outside the glovebox. Scenario CC-10 addresses an overpressurization chemical reaction accident inside the glovebox.
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1.44 Summary of Representative Bounding Accidents for Loss of Confinement/Spills
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Narration: 

We now have a representative bounding accident for each group of the loss of confinement scenarios.
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1.45 Selecting Representative Bounding Accidents - NPH
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Narration: 

Let’s examine the accidents for the NPH events. We have several scenarios with high unmitigated consequences for both the co-located worker and the public. There are two representative bounding accidents. NPH-01 is selected because the likelihood remains anticipated. NPH-03 is the seismic event that initiates a fire.
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1.46 Selecting Representative Bounding Accidents - External Man-Made Events Knowledge Check
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Narration: 

Let’s examine one more group of accident scenarios for the external man-made events. There are also two representative bounding accidents for this group. Which accidents have the highest unmitigated consequences?
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1.47 Key Points
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1.48 Results Slide
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1.49 Screening Accidents From Selection 
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Narration: 

Now that we’ve identified both the representative and unique accident scenarios, we need to determine if we need to screen any accidents from selection. Section 3.2.1 in DOE-STD-3009 provides criteria for screening operational, natural phenomena, and external man-made event accident scenarios from selection.
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1.50 Screening Knowledge Check
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Narration: 

Let’s examine a few more man-made external accidents to determine if any can be screened from selection based on the guidelines in DOE-STD-3009.
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1.51 Results Slide
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1.52 Documenting the DBA/EBA Selection Knowledge Check
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Narration: 

When you review the DSA, you need to ensure that the accident selections are documented in the DSA. The requirements for documenting the selections are located in Section 4 of DOE-STD-3009.
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1.53 Documenting the DBA/EBA Selection
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Narration: 

There are a few more items that you need to know about documenting the accident selection process.
1.54 Section 3.4.2 of the DSA - Accident Selection
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Narration: 

Here is an example of the facility EBAs in terms of categories of accidents, accident types, and whether the accident is representative or unique. This information would be documented in Section 3.4.2 of the DSA.
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1.55 Ask Bob
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1.56 DBA/EBA Selection Process Knowledge Check
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1.57 Key Points
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1.58 Results Slide
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1.59 Developing Formal Descriptions of Accident Scenarios Menu
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Narration: 

After completing the selection process, we need to develop formal descriptions of the accident scenarios. This process documents the accident progression from the initiating event through all subsequent events.

1.60 Determining Inputs, Initial Conditions, and Assumptions Activity
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Narration: 

The foundation of any accident analysis can be reduced to a set of inputs, initial conditions, and assumptions. DOE-STD-3009-2014 requires that calculations be made based on technically justifiable input parameters and underlying assumptions such that the overall consequence calculation is conservative. Let’s see if you know the difference between inputs and assumptions. We’ll discuss initial conditions next.

An input is a value feeding into the analyses that can be measured confidently and is readily obtainable. An input value would not be expected to change. Examples of inputs include the volume of a tank and the metal thickness of a 55-gallon drum.  

An assumption is a value feeding into the analysis that is not known with reliability and accuracy. Significant judgment is required when selecting the value or parameter. Examples of assumptions include the rate of dispersion of a flammable gas leaked into a ventilated volume and the degree to which two spilled chemicals intermingle and react.
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1.61 Determining Inputs and Assumptions for the Glovebox
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Narration: 

Let’s take a closer look at the inputs and assumptions for the glovebox.

1.62 Determining Initial Conditions
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Narration: 

During the hazard evaluation, we identified the initial conditions for the hazard scenarios. Remember that initial conditions are specific assumptions regarding a facility and its operations. It is not appropriate to credit administrative controls or safety management program controls as initial conditions during the unmitigated accident analysis. An exception is material-at-risk inventory (or MAR) limits. 

Per DOE-STD-3009, the MAR values used during the accident analysis must be consistent with the values noted in the hazard identification and evaluation. Also, the MAR value must be bounding with respect to each accident being evaluated. 

The initial condition for the representative bounding accident for the furnace malfunction scenario is a MAR inventory limit of 9,000 g of plutonium.

1.63 Determining Accident Phenomena
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Narration: 

The next step in the process is to determine the accident phenomena (or phenomenological modeling). This step involves performing calculations to understand the dynamics of the accident conditions and to demonstrate the effectiveness of either preventive or mitigative safety controls. Phenomenological modeling helps us understand the routes by which radioactive material is released and the processes involved in the transport and movement of materials released to the atmosphere. There are specific phenomenological models for fires, explosions, heat transfer, fluid mechanics, and radiation transport. These models help determine the system response to each phenomena. 

The inputs, assumptions, and initial conditions are important factors in the phenomenological models. For example, all the events from the initiating event to subsequent events during a release of flammable material are time-dependent and happen in a chain. Inaccuracy in any one input, assumption, or initial condition may result in large under- or overpredictions of the final event in the chain. For example, a liquid fire in a room and a fire that starts in an enclosure such as a glovebox result in different source terms. 

Phenomenological modeling is typically performed by a specialist using software and tools that are specific to the phenomena being analyzed. 

Any software used during phenomenological modeling must be identified within the quality assurance program. For additional information, refer to DOE O 414.1D, Quality Assurance, and DOE G 414.1-4, Safety Software Guide for use with 10 CFR 830 Subpart A, Quality Assurance Requirement.
1.65 Identifying Accident Progression
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Narration: 

The next step is to determine the accident progression. Accident progression links the initiating event with the preventive and mitigative controls and other contributing phenomena. Accident progression can be represented using a table or event tree. 
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Narration: 

The event tree graphically illustrates the possible outcomes or pathways to a release. The initiating event is typically expressed as a frequency or likelihood, such as 0.04 times per year. The success or failure of each control is typically expressed as a probability (or number of events per demand). 
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Narration: 

Section 4 of DOE-STD-3009 does not require a quantified evaluation in Section 3.4.3.X.1 of the DSA. However, the rationale for the unmitigated likelihood assigned to the accident during the hazard evaluation should be provided and a summary for the initiating event and accident progression should include relevant information.
1.66 Identifying Accident Progression
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Narration: 

Let’s take a closer look at the event tree for the furnace malfunction. The combustible loading program reduces the amount of combustibles in the glovebox at the time of the furnace malfunction. 

If a furnace malfunction occurs and there is no combustible loading control, a fire can ignite in the glovebox. If there is a fire in the glovebox, the glovebox heat sensor triggers, initiating the glovebox fire suppression system to extinguish the fire. 

If the glovebox fire suppression system does not extinguish the fire, the glovebox confinement may be breached. If the glovebox confinement fails, the aerosol is released into the ventilation system. If the ventilation system is operating, the released aerosol is trapped in the HEPA filters. If the HEPA filters become plugged or fail, the aerosol is released into the building.  

If the building containment fails, possibly due to open doors, the aerosol is released into the environment.
1.64 Types of Physical Material
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Narration: 

Before we can identify the accident stresses and resulting forces, we need to examine the most common forms of physical material affected by accidents. Accident stresses are unique to the physical form of the material. For example, liquids and powders react significantly different to different types of stressors. Take a moment to examine the most common types of material affected by accidents. For additional information, refer to DOE-HDBK-3010.
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1.67 Identifying Accident Stresses and Resulting Forces
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Narration: 

Now that we’ve examined some of the physical forms of material that can be affected by accidents, let’s examine some of the accident stresses and resulting forces. Identifying accident stresses is important because it affects airborne respirable fraction and respirable fraction values, which will be used to determine the source term.

Table 4-3 in the DOE Hazard and Accident Analysis Handbook provides a cross-reference between the physical form of the material, the accident stressors, and the ARF and RF bounding values. We’ll be determining ARF and RF values in detail later this week, so you might want to take a moment to examine Table 4-3.
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1.68 Identifying Damage to Equipment, Containments, and Structures
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Narration: 

We also need to identify the damage to equipment, containments, and structures for each accident scenario. Remember to consider the damage during subsequent events in addition to the initiating event. These are examples of types of damage to consider during the analysis.
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1.69 Documenting Scenario Development Knowledge Check
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Narration: 

The progression of the accident, or scenario development, is documented in the DSA. The contractor must describe the progression of the accident by linking the initiating event with the preventive and mitigative controls and other contributing phenomena. Some of the requirements for documenting the scenario development are dependent on the type of accident.
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1.70 Process Knowledge Check
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1.71 Scenario Development - Furnace Malfunction Scenario
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Narration: 

Before we move on, let’s take a look at the scenario development for the furnace malfunction scenario.
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Narration: 

In this scenario, the furnace controller in the glovebox malfunctions, causing 4,500 g of a pyrophoric metal to become molten and oxidize. Approximately 5 pounds of combustibles in the glovebox ignite from the heat released by the furnace and the metal. The fire reaches 212 degrees Fahrenheit, which is a sufficient temperature to burn the gloves, the weakest point of the glovebox confinement. 

The glovebox atmosphere quickly heats to 1,000 ºF, and then stabilizes at 1,600 to 1,800 ºF. After the fire breaches the gloves, the room air increases from 70 to 80 °F. 

The room temperature increases through two heat-transfer mechanisms. First, heat transfers through the hot walls of the glovebox. Second, hot gases move into the room through the failed glove ports. 

If the ventilation system is operating at the time of the release, the released aerosol is carried to the HEPA filters, where it becomes trapped. 

If the ventilation system is off or fails, the glovebox atmosphere eventually equilibrates with the room atmosphere. Without exhaust ventilation, most combustion gases pass from the glovebox to the room. 

As workers evacuate the building, the doors are propped open, causing loss of confinement integrity that allows the release of material into the atmosphere.

1.72 Key Points
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1.73 Results Slide
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1.74 Lesson Results Slide
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2. Resources

2.1 Resources
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2.2 Glossary
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