SBA-130DE, Criticality Safety and SMPs
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1.2 Lesson Objectives
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1.3 Introduction
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[image: image5.png]“ The Criticality Safety Program ensures that operations remain subcritical under normal and credible

abnormal conditions. NCS controls derived in accordance with the DOE-approved NCS Program are
required to be implemented in accordance with 10 C.F.R. Part 830, Subpart A, Quality Assurance
Requirements, commensurate with the importance of the safety functions performed.
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Narration: 

Today, we’ll focus on the last two major tasks involved in the development of the DSA: summarize criticality safety and summarize safety management programs. 

The hazard of a criticality accident is unique to only a subset of nuclear facilities. There have been few facility criticality accidents in the U.S. and worldwide. Criticality accidents are primarily facility worker safety concerns and would not be expected to expose the public, co-located workers, or the environment to significant radiation doses, but could result in significant doses to workers in the immediate vicinity of the accident. 

From the mid-1950s through the mid-1960s, there was approximately one accident per year in non-reactor facilities. Since then, there has been a dramatic reduction in accident frequency. 

The criticality safety program ensures that facilities carrying out operations with fissile material avoid criticality accidents through physical and administrative controls. These controls are intended to prevent critical or near-critical configurations from ever occurring in the facility.

Safety management programs provide protection for workers, the public, and the environment, and include programs such as the Radiation Protection and Fire Protection Programs.

As a nuclear safety specialist, you will be responsible for ensuring that contractors’ processes and documentation for criticality safety and the safety management programs meet the requirements of 10 CFR 830.
1.4 Menu
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1.5 Purpose and Scope
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“ (b) The documented safety analysis for a hazard category 1, 2, or 3 DOE nuclear facility must, as
appropriate for the complexities and hazards associated with the facility:

(5) Define the characteristics of the safety management programs necessary to ensure the safe
operation of the facility, including (where applicable) quality assurance, procedures, maintenance,

personnel training, conduct of operations, emergency preparedness, fire protection, waste
management, and radiation protection; and

(6) With respect to a nonreactor nuclear facility with fissionable material in a form and amount sufficient
to pose a potential for criticality, define a criticality safety program that...
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“ (6) With respect to a nonreactor nuclear facility with fissionable material in a form and amount sufficient
to pose a potential for criticality, define a criticality safety program that:

(i) Ensures that operations with fissionable material remain subcritical under all normal and credible
abnormal conditions,

(ii) Identifies applicable nuclear criticality safety standards, and
(iii) Describes how the program meets applicable nuclear criticality safety standards.

10 CRF 830.204(b)(6)

»

MEND GLOSSARY RESOURCES BACK




Narration: 

According to 10 CFR 830, contractors must document both the safety management programs and the criticality safety program. 

Safety management programs are designed to ensure a facility is operated in a manner that adequately protects the workers, the public, and the environment. According to 10 CFR 830, safety management programs cover topics such as quality assurance, maintenance, personnel training, emergency preparedness, fire protection, and radiation protection.

The criticality safety program ensures that operations with fissionable material remain subcritical under normal and credible abnormal conditions. The criticality safety program description document identifies the applicable nuclear criticality safety standards, and describes how the program meets those standards.
1.6 Criticality Safety Program
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[image: image12.png]Criticality Safety Progr:

“ OBJECTIVE. To establish requirements for developing and implementing nuclear criticality safety
programs (CSPs) for nuclear facilities and activities, including materials transportation activities, which
provide adequate protection to the public, workers, and the environment.
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“ f. Criticality safety evaluations must show that entire processes involving fissionable materials will
remain subcritical under normal and credible abnormal conditions, including those initiated by
design basis events.
DOE04201C 99
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“ d. Criticality safety evaluations must be conducted in accordance with DOE-STD-3007-2007,
Guidelines for Preparing Criticality Safety Evaluations at Department of Energy Non-Reactor Nuclear

Facilities, or by other documented methods approved by DOE.
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Narration: 

Under appropriate accident conditions, fissile and fissionable radionuclides may undergo a self-sustaining nuclear reaction (or chain reaction) called an inadvertent nuclear criticality. According to DOE Order 420.1C, DOE nuclear facilities with the potential for criticality hazards must have a criticality safety program so that adequate protection is provided to the public, the workers, and the environment. As part of the criticality safety program, contractors must perform a criticality safety evaluation (or CSE) to analyze and document that the fissile material process will remain subcritical under both normal and credible abnormal conditions. 

DOE Order 420.1C states that DOE-STD-3007, Guidelines for Preparing Criticality Safety Evaluations at Department of Energy Non-Reactor Nuclear Facilities, is the required method for performing criticality safety evaluations, unless DOE approves an alternate method. If active engineered features are required by the criticality safety evaluation, or a criticality accident could cause high radiological consequences to the co-located worker or public (100 rem and 25 rem, respectively), the scenario must be analyzed in Chapters 3 and 4 of the DSA, and controls developed as necessary.
1.7 Nuclear Criticality Events
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“ In addition, the DSA hazard evaluation shall include:

* Events where consequences (from the criticality itself or subsequent impact to hazardous material)
exceed the high radiological consequence thresholds for either the co-located workers or the MOI
inTable 1, unless it has been determined that an unmitigated criticality accident is

not credible; and
+ Situations where an active engineered control(s) is required by the Nuclear Criticality Safety (NCS)

analysis to ensure subcriticality.
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“ Explicit criticality controls required as a result of hazard evaluation criteria established in Section
3.1.3.2 shall be documented in the DSA and classified in accordance with requirements of
Sections 3.3.1 and 3.3.2.

DOE-STD-3009

»

MEND GLOSSARY RESOURCES BACK




[image: image19.png]Nuclear Criticality Events

Photographs by Sandia National Laboratories

LA-13638

MEND GLOSSARY RESOURCES BACK




Narration 

The emphasis of the Nuclear Criticality Safety (or NCS) program is to prevent a criticality accident. The program utilizes a concept of a “credible” versus “not credible” criticality accident based on years of application of the American Nuclear Society criticality safety standards in the DOE complex.

When the NCS analysis determines that a criticality accident is “not credible” and does not credit engineered and administrative controls, that scenario is excluded from the DSA unmitigated analysis, as discussed in Section 3.1.3.2 of DOE-STD-3009. If scenarios are deemed credible, further screening in the DSA hazard evaluation is performed.

For additional information on criticality accidents, refer to LA-13638, A Review of Criticality Accidents.
1.8 Criticality Terminology Activity
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Narration: 

Before we move on, let’s make sure you’re familiar with the terms associated with the criticality safety program.
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Incorrect (Slide Layer)
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1.9 Guiding Documents
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ANSI/ANS-8.1

This standard provides a framework for generating criticality safety evaluations (CSEs) that are compliant with the ANSI/ANS-8
series of criticality safety standards.

Per ANSI/ANS-8.1-2014, Section 4.1.2, before a new operation with fissionable material is begun, or before an existing

operation is changed, it shall be determined that the entire process will be subcritical under both normal and credible
abnommal conditions.

ANSI/ANS-8.1, § 4.2.2, recommends that process designs incorporate sufficient factors of safety to require at least two
unlikely, independent, and concurrent changes in process conditions before a criticality accident is possible. This is referred
toas the Double Contingency Principle. This does not refer to parameters or controls. In most cases, a single change in

process conditions affects only a small subset of the relevant parameters. For additional information, refer to
ANSI/ANS 8.1-2014, Appendix B.

DOE Order 420.1C allows DOE to approve any deviation from recommendations in the ANSI/ANS-8 standards, with proper
justification. In the case where a criticality accident is credible and only one change in process conditions is controlled, the
process does not meet the Double Contingency Principle. In cases where a mitigated criticality accident is not credible,
deviation from DOE Order 420.1C does not require DOE approval.
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DOE Order 420.1C

According to DOE Order 420.1C, DOE nuclear facilities or activities that involve or will potentially involve radionuclides in
ANSI/ANS-8.1 quantities that are equal to or greater than the single parameter limits for fissionable materials listed in ANSI/ANS-8.1, Nuclear
Criticality Safety in Operations with Fissionable Materials Outside Reactors, and ANSI/ANS-8.15, Nuclear Criticality Control of Special
Actinide Elements, mustimplement a criticality safety program.

CSEs must show that entire processes involving fissionable materials will remain subcritical under normal and credible
abnormal conditions, including those initiated by design basis events.

Facilities that conduct operations using fissionable material in a form that could inadvertently accumulate in significant
DOE 0 420.1C quantities must include procedures for detecting and characterizing accumulations.
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E According to DOE Order 420.1C, CSEs must be conducted in accordance with DOE-STD-3007-2007, Guidelines for Preparing
ANSI/ANS-8.1 Criticality Safety Evaluations at Department of Energy Non-Reactor Nuclear Facilities, or by other documented methods
approved by DOE.

DOE-STD-3007 provides a framework for conducting CSEs.

* Al normal conditions and credible abnormal conditions (credible contingencies) shall be analyzed and documented.

* The CSEshall document that at least two unlikely, independent, and concurrent changes in process conditions

(i.e., changes in process parameters) must occur before a criticality accident is possible.
DOE 0 420.1C

* Allcontrols necessary to prevent and/or mitigate criticality accidents shall be considered for inclusion in the facility
DSA and TSR.

Section 4 in DOE-STD-3007 provides a description of the linkage between the CSE process and the DSA.

DOE-STD-3007

DOE-STD-3009

DOE-STD-3007
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E Per DOE-STD-3009, Chapter 6 of a DSA contains a summary description of the criticality safety program (CSP), including a

ANSI/ANS-8.1 description of how CSEs are conducted. However, criticality events are also documented as part of the hazard identification
and evaluation process (in Chapter 3).

According to Appendix A.5, the criticality safety process is based on identifying multiple layers of defense to ensure
subcriticality. Although failure of any single control may diminish the overall effectiveness of the multilayered defense, it
should not lead to an inadvertent criticality.
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Narration: 

Take a moment to examine some of the guiding documents for criticality safety.

1.10 Evaluation of Controls for Criticality Accidents
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Narration: 

A criticality specialist is responsible for reviewing a facility’s CSE. However, as a nuclear safety specialist, you need to be familiar with the requirements for documenting the evaluation in the DSA. Section 4 of DOE-STD-3007 provides specific guidance on the linkage between the evaluation and the DSA. DOE-STD-3007 lists considerations for evaluating controls associated with criticality accidents. It is important to note that not every CSE or fissionable material process is required to have a control selected for inclusion in the DSA. Take a moment to review the considerations.
1.11 Accident Analysis and Criticality Accidents
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[image: image31.png]Accident Analysis and Criticality Accidents

Unmitigated Accident Analysis

Unmitigated analysis means that controls intended to prevent or mitigate an accident are assumed not to function. In the
case of a criticality event, this means, in part, that the accident is assumed to happen with no mitigative features taken

intoaccount.
An exception to this is that passive safety features that can be shown to survive the initiating event may be considered in the

analysis. For example, if a seismic event causes a criticality accident in a shielded area, and the shield can be shown to survive
the event, then the effectiveness of the shield in mitigating worker accident doses can be accounted for in the analysis.
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Source Term

As with any accident parameter, sources for fission yields other than DOE-HDBK-3010 may be used, providing they can be
justified and shown to be applicable to the accident situation.
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For accident analysis of criticality accidents that have the potential for lasting longer than an initial pulse, the accident
duration should be limited to two hours, except for scenarios that are slow to develop and complete. In those cases, the
accident duration should be limited to eight hours (based on ample time for emergency response and the relative historical
rarity of such extended accidents). These analyses should be based on bounding scenarios.

DOE-STD-3007
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Narration: 

The process for performing an unmitigated and mitigated accident analysis for criticality accidents is similar to other events and is documented in DOE-STD-3007. Take a moment to review the specific guidance from DOE-STD-3007.

1.12 Excluding Criticality Events from Accident Analysis
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Excluding Criticality Events from Accident Analy

Separation

According to the DOE Hazard and Accident Handbook, separation means that the fissionable material from nearby operations
cannot credibly accumulate accidentally such that a self-sustaining fissioning system is assembled, and that separate areas
cannot move under accident conditions to the point that the separate areas could couple neutronically. .

The concept of segmentation is similar, but distinct from separation. Material in nearby areas could be separate for criticality
safety purposes, but not segmented for DSA hazard categorization purposes.

For additional information on separation, refer to the following resources:
* DOE Hazard and Accident Analysis Handbook, Appendix |
*  ANSI/ANS-8.7-1998, Guide for Nuclear Criticality Safety in the Storage ofFissile Materials

GLOSSARY RESOURCES BACK





[image: image36.png]Excluding Criticality Events from Accident Analysis

Nature of the Process

In demonstrating that the nature of the process precludes criticality, the analysis should demonstrate that a potential for
criticality does not exist for a given material configuration, based on actual quantity, form, shape, and collocation with
moderators and reflectors.

An evaluation of the nature of process should consider whether planned activities, operational upsets, and derivative design
basis abnormal environments could alter the characteristics of the facility, packaging, or fissile material such that controls are
needed to address the potential for criticality.

For additional information, refer to Section 4.2.4 of DOE-STD-1027.
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[image: image37.png]Excluding Criticality Events from Accident Analysis

Initial Conditions

According to the DOE Hazard and Accident Analysis Handbook, initial conditions may include controls such as a total
inventory limit, an inventory and form limit, or a criticality safety index (CSI) limit imposed on the facility. Other material form
and quantity limits may also be initial conditions. .

If the existence of building walls or other passive design is used in the unmitigated analysis to show that the consequences
of an accident are below the thresholds, those items would then become initial conditions, and be protected by DSA controls
atthe appropriate level.

For additional information, refer to Appendix | in the DOE Hazard and Accident Analysis Handbook.

MEND GLOSSARY RESOURCES BACK  FORWAZD




Narration: 

The DOE Accident Analysis Handbook provides guidance for excluding criticality events from accident analysis.

1.13 Summarizing Criticality in the DSA
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Narration: 

Now we need to look at the specific requirements for documenting criticality events and the criticality safety program. The criticality events are documented in Chapter 3 of the DSA as part of the hazard and accident analysis. The prevention of inadvertent criticality is documented in Chapter 6 of the DSA. If the criticality safety program is documented in a site-wide document, then Chapter 6 of the DSA summarizes the key attributes of the program and references any elements required by DOE Order 420.1C. As you can see, this chapter of the DSA references the relevant governing documents and the criticality safety program elements. Take a moment to review the requirements documenting the critical events and criticality safety program.
1.14 Criticality Safety Program Knowledge Check
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1.15 Criticality and the Hazard Evaluation Knowledge Check
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1.16 Criticality Safety Program Knowledge Check
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1.17 Key Points
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1.19 Safety Management Program
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Narration: 

The last task in the development of the DSA is to summarize the safety management programs. Safety management programs provide an important part of the overall strategy for protecting facility workers, the public, and the environment.

The program commitments for safety management programs encompass a large number of details that are addressed in specific program documents such as plans and procedures. However, the top-level program commitments are part of the safety basis, and are documented in Chapter 7 of the DSA.
1.20 Safety Management Programs and Controls
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Narration: 

According to Appendix A.11 of DOE-STD-3009, where safety management programs or program elements are relied on to ensure a safety function required by the safety analysis, it is important to capture this information in the programmatic sections of the DSA and include it in the TSR as appropriate.

Additionally, some engineered features that provide a safety function within a facility are identified in the hazard evaluation table, yet are not elevated to safety class or safety significant classification, either because unmitigated consequences are not significant or because other SSCs are sufficiently classified for the hazard event. These engineered features are still subject to the provisions of SMPs and programmatic commitments stated in the TSR. 

For example, the fire detection alarm must be calibrated, maintained, and controlled in accordance with the facility’s Fire Protection Program because it provides defense-in-depth support. 

During the accident analysis, we discovered that some of the gloveboxes use polymethyl methacrylate (or PMMA) shielding and leaded gloves to minimize exposure to workers. As you can see, the glovebox shielding and gloves are included in the Radiological Protection Program as a control.

Gross discrepancies in application of SMPs could violate the safety basis documented in the DSA, even if the controls are not designated safety class or safety significant. At a minimum, all aspects of defense-in-depth identified should be covered within the relevant safety management programs rather than in the DSA.
1.21 Safety Management Programs Knowledge Check
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Narration: 

Section 4 of DOE-STD-3009 defines the structure for Chapter 7 of the DSA. Where should the safety management programs be documented in the DSA?
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1.22 Key Elements Knowledge Check
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1.23 Format and Content of the DSA Knowledge Check (1 of 3)
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1.24 Format and Content of the DSA Knowledge Check (2 of 3)
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1.25 Format and Content of the DSA Knowledge Check (3 of 3)
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1.26 Key Points
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2. Resources

2.1 Resources
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