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ABSTRACT

Documented Safety Analyses (DSAs) are the cornerstone of the safety basis for Hazard Category
2 and 3 Nuclear Facilities in the U.S. Department of Energy (DOE) complex. They are prepared
to meet Title 10, Code of Federal Regulations (CFR), Part 830, Nuclear Safety Management
(2007) using the methods described in DOE-STD-3009-94, Preparation Guide for U.S.
Department of Energy Nonreactor Nuclear Facility Documented Safety Analysis (2006). Fire
Hazard Analyses (FHAs) are prepared for the same facilities “to comprehensively and
qualitatively assess the risk from fire within individual fire areas” to meet DOE Order 420.1B,
Facility Safety (2005). While this guide is directed towards Hazard Category 2 and 3 facilities,
the concepts presented may be used to facilitate the development of an Integrated Safety
Analysis that is prepared for Hazard Category 1 facilities.

The coordination between the DSA and FHA will ensure a consistent representation of the
Nuclear Facility, enhancing the reader’s confidence in both documents. However, such an
integration effort has been a historical challenge for many DOE Nuclear Facilities. All too often,
the FHA and DSA for DOE Nuclear Facilities fail to consistently derive associated fire risks and
mitigation strategies. When not coordinated, the DSA and FHA can present conclusions that
might be perceived as inconsistent or are actually conflicting. Such a situation will create
unnecessary confusion and can promulgate a negative safety perception.

The successful preparation of the DSA and FHA is best accomplished using a coordination
process that relies on sound technical approaches. When systematically prepared, the DSA and
FHA can present a consistent technical basis that streamlines implementation. This guidance
summarizes the regulatory requirements for the two documents, suggests general project
planning considerations, and identifies specific analysis components common to the FHA and
DSA processes. Four approaches are established in this guidance, which when implemented, can
ensure the successful coordination and integration of the DSA and FHA documents. Each
approach requires a deliberate and systematic process to ensure consistency in the fire scenarios
and associated parameters and the assumptions presented in the FHA and DSA. The four
different approaches are intended to ensure that the variety of Nuclear Safety and Fire Protection
organizations and staffing levels at each DOE site are adequately accommodated. Project and
DSA development teams shall implement one of the four approaches in this guide when
developing a DSA for a DOE Nuclear Facility.
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1.0

INTRODUCTION

The integration of Fire Hazards Analysis (FHA) and Documented Safety Analysis (DSA) for
Nuclear Facilities has been a historical challenge for the DOE."""*** Too often the material in
the two documents is conflicting or is perceived as inconsistent. This guide establishes four
approaches that can be implemented to ensure the successful coordination and integration of the
DSA and FHA documents. The different approaches are established to ensure that the variety of
Nuclear Safety and Fire Protection organizations and staffing levels at each DOE site are
adequately accommodated. Project and DSA development teams shall implement one of the four
approaches in this guide when developing a DSA for a DOE Nuclear Facility.

The guide also describes general project planning considerations, and identifies specific analysis
components common to the FHA and DSA processes and associated coordination methods. It
discusses FHA and DSA integration by comparing and contrasting the required content, the
programmatic goals, the scenarios and the control philosophies associated with the two
documents. The guidance then provides the Implementation Strategies for the FHA and DSA
coordination. The major chapters are as follows:

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

Introduction — This chapter describes the importance of the FHA and DSA coordination
and outlines the DOE requirement hierarchy associated with the preparation of these
two documents.

FHA and DSA Content — This chapter compares and contrasts the required content for
FHAs and DSAs, and relates the required content back to the programmatic objectives.
It then illustrates, by topic, what information must be presented in both the FHA and
DSA.

Program Goals — This chapter compares and contrasts the objectives of the Fire
Protection Program and the Nuclear Safety Program. It then illustrates where an
overlap exists between the two programs and for which programmatic objectives the
FHA and DSA coordination is necessary.

Nuclear Safety Analysis Methodology — This chapter describes the process used in
Nuclear Safety Analyses to identify hazards, evaluate potential accidents, and define
the appropriate controls

Fire Protection Analysis Methodology — This chapter describes the process used in fire
protection analyses to evaluate the adequacy of facility fire protection features and
programs

Implementation Strategies — This chapter provides implementation approaches to be
used by Nuclear Facility project teams and DSA development teams for existing
Nuclear Facilities. In describing the different strategies, the chapter will explore how
the FHA and DSA fit within their respective safety programs.

Recommendations — This chapter provides specific suggestions for Nuclear Facility
project teams and DSA development teams for existing Nuclear Facilities that can
preclude the FHA and DSA inconsistencies.

Works Cited — This chapter provides a listing of documents cited in this guide.
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The requirement to prepare a DSA for all DOE Hazard Category 1, 2, and 3 Nuclear Facilities is
established in 10 CFR 830, Nuclear Safety Management™' and reiterated in DOE Order 420.1B,
Facility Safety. 6 The requirement is refined through the DOE directive hierarchy, which is
shown in Figure 1. The applicable documents in this hierarchy are DOE Guide 421.1-2,
Implementation Guide for Use in Developing Documented Safety Analyses to Meet Subpart B of
10 CFR 830" and DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy
Nonreactor Nuclear Facility Documented Safety Analysis.[g] This relationship is presented in
Figure 2.

The requirement to prepare an FHA is explicit in DOE Order 420.1B. The establishment of a
statutory requirement in 10 CER 851, Worker Safety and Health Program’ is not explicit. The
link, as shown in Figure 2, is through the implementation guide for 10 CFR 851'°, which cites
DOE G 440.1-5, Implementation Guide for use with DOE Orders 420.1 and 440.1 Fire Safety
Program."! This guide has been replaced by DOE Guide 420.1-3, Implementation Guide for
DOE f? lllz"]e Protection and Emergency Services Programs for Use with DOE O 420.1B, Facility
Safety.

Policies

Requirements
(e.g., Orders)
/ Guides \
/ Technical Standards \

Figure 1 Hierarchy of DOE Directives'"
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FHA Requirement Basis

DSA Requirement Basis

10 CFR 851, Worker Safety and Health
Program — Establishes the requirement for an
acceptable fire protection program, which
includes fire protection analyses

10 CFR 830, Nuclear Safety Management —
Establishes the requirement to prepare a DSA

DOE Guide 440.1-8, Implementation Guide
for use with 10 CFR Part 851 Worker Safety
and Health Program — Establishes the link
between 10 CFR 851 and the predecessor
guide to DOE Guide 420.1-3

/

DOE Order 420.1B, Facility Safety —
Establishes requirement to prepare an FHA

DOE Order 420.1B, Facility Safety —
Requires the integration of design with safety
analysis.

/

DOE Guide 420.1-3, Implementation Guide
for DOE Fire Protection and Emergency
Services Programs for Use with DOE O
420.1B, Facility Safety — Establishes the
content of the FHA

DOE Guide 421.1-2, Implementation Guide
for Use in Developing Documented Safety
Analyses to Meet Subpart B of 10 CFR 830 —
Establishes the content of the DSA

Y

DOE-STD-3009-94, Preparation Guide for
U.S Department of Energy Nonreactor
Nuclear Facility Documented Safety
Analyses — Establish the format of the DSA
for Hazard Category 2 and 3 facilities

Figure 2 Requirement Bases for the FHA and DSA
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2.0 FHA AND DSA CONTENT

This chapter compares and contrasts the required content for FHAs and DSAs, and relates the
required content back to the programmatic objectives. It then illustrates, by topic, what
information must be presented in both the FHA and DSA.

DOE Guide 420.1-3 indicates multiple items that are to be covered in an FHA. These are
summarized in Figure 3. The corresponding information to be covered in the DSA, as
established by DOE Guide 421.1-2, is also listed in this figure. The bold arrows reflect
information that should be explicitly exchanged between the FHA and DSA. The dashed lines
identify areas where information must be coordinated, but a specific information exchange does
not necessarily need to occur. Figure 4 compares the FHA contents established in DOE Guide
420.1-3 and the DSA chapters established by DOE-STD-3009-94.

Conceptually there are two key items that define the overall scope of the FHA. These are as
follows:!"?!

*  “To comprehensively and qualitatively assess the risk from fire within individual fire
areas in a DOE facility” and document whether the DOE fire safety objectives are met.

*  “The focus of the FHA should be the individual fire areas that comprise the facility.”
Where a Fire Area is defined as a location bounded by fire-rated construction, it is
necessary to have a minimum fire resistance rating of 2 hours, with openings protected by
equivalently-rated fire doors, dampers, or penetration seals.

The fire protection objectives referred to in DOE Guide 420.1-3 are established in DOE Order
420.1B. The 420.1B requirements are to minimize the potential for the following:
1. Occurrence of a fire or related event

2.  Fires that cause an unacceptable onsite or offsite release of hazardous or radiological
material that could impact the health and safety of employees, the public, or the
environment

3. Unacceptable interruption of vital DOE programs as a result of a fire and related
hazards

4.  Property loss from a fire exceeding the limits established by DOE
Fire damage to critical process controls and safety class Systems, Structures, and
Components (SSCs) (as documented by appropriate safety analysis)

DOE Order 420.1B,[6] clarifies that the DSA focus is on protection “from nuclear hazards.” The
safety basis must capture the following:[lgl

1.  Define the scope of the work to be performed
2. Identify and analyze the hazards associated with the work
3. Categorize the facility consistent with DOE-STD-1027-92!'%!
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4.  Document the safety analysis for the facility

5. Establish the hazard controls upon which the contractor will rely to ensure the adequate
protection of workers, the public, and the environment

Appendix A presents a comparison between the chapters established in DOE-STD-3009-94
which are in the DSA and how the DSA content might influence, or need to be influenced by, the
FHA contents. A similar comparison between FHA sections and the content of the DSA is also
presented. As there is no equivalent to DOE-STD-3009-94 that establishes the format of an
FHA, two formats are considered: the DOE Model FHA for a mid-size facility[15 land SCD-10,
Management and Preparation of Fire Hazards Analyses,!'® which establishes the FHA format
used at the Savannah River Site.
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FHA Contents (DOE G 420.1-3)

Description of construction

Description of critical process
equipment

Description of high-value property

Description of fire hazards

Natural hazards (earthquake,
flood, wind) impact on fire safety

Description of operations

Exposure fire potential and the
potential for fire spread between
two fire areas considerations
related to fire protection

Damage potential: Maximum
Possible Fire Loss (MPFL)

Potential for a toxic, biological,
and/or radiation incident due to a
fire

DSA Contents (DOE G 421.1-2)

Describe the facility, activities,
and operations (including the
design of safety SSCs, and the
work to be performed)

Evaluate normal, abnormal, and
accident conditions, including
consideration of natural and
manmade external events,
identification of energy sources
or processes that might
contribute to the generation or
uncontrolled release of
radioactive and other hazardous
materials, and consideration of
the need for analysis of accidents
which may be beyond the design
basis of the facility

Recovery potential

Fire protection features

Protection of essential safety class
systems

Life safety considerations

Emergency planning

Fire Department/Brigade response

Security and Safeguards
considerations related to fire
protection

Effect of significant fire safety
deficiencies on fire risk

€—> Defined information flow
Information exchange needed

—————— — Coordination considerations

Figure 3

Provide a systematic
identification of both natural and
manmade hazards associated
with the facility

Derive the hazard controls
necessary to ensure adequate
protection of workers, the public,
and the environment,
demonstrate the adequacy of
these controls to eliminate, limit,
or mitigate identified hazards,
and define the process for
maintaining them current at all
times and controlling their use

Define the characteristics of the
safety management programs
necessary to ensure the safe

operation of the facility

Define a criticality safety
program

Comparison of FHA and DSA Content Guidance
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FHA Contents (DOE O 420.1-3)

Description of construction

Description of critical process
equipment

Description of high-value property

Description of fire hazards

Natural hazards (earthquake,
flood, wind) impact on fire safety

Description of operations

Exposure fire potential and the
potential for fire spread between
two fire areas considerations
related to fire protection

Damage potential: Maximum
Possible Fire Loss (MPFL)

Potential for a toxic, biological,
and/or radiation incident due to a
fire

Recovery potential

Fire protection features

Protection of essential safety class
systems

Life safety considerations 4

Emergency planning K

Fire Department/Brigade response

Security and Safeguards .
considerations related to fire k<.
protection

Effect of significant fire safety
deficiencies on fire risk

———> Defined information flow
-------- Information exchange needed
—————— — Coordination considerations

Figure 4
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~.| Chapter 15, Emergency

N
“a Chapter 17, Management,

DSA Contents (DOE-STD-3009-94)

Chapter 1, Site Characteristics

Chapter 2, Facility Description

Chapter 3, Hazard and Accident
Analyses

Chapter 4, Safety Structures,
Systems, and Components

Chapter 5, Derivation of
Technical Safety Requirements

Chapter 6, Prevention of
Inadvertent Criticality

Chapter 7, Radiation Protection

Chapter 8, Hazardous Material
Protection

Chapter 9, Radioactive and
Hazardous Waste Management

Chapter 10, Initial Testing, In-
Service Surveillance, and
Maintenance

Chapter 11, Occupational Safety

Chapter 12, Procedures and
Training

Chapter 13, Human Factors

Chapter 14, Quality Assurance

Preparedness Program

Chapter 16, Provisions for
Decontamination and
Decommissioning

Organization, & Industrial Safety

Information exchange and coordination between FHA and DSA
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3.0 PROGRAM GOALS

This chapter compares and contrasts the objectives of the Fire Protection Program and the
Nuclear Safety Program. It then illustrates where an overlap exists between the objectives of the
two programs and identifies areas where programmatic FHA and DSA objectives require
coordination.

The Society of Fire Protection Engineers (SFPE) recently updated the SFPE Engineering Guide
to Performance-Based Fire Protection Analysis."” This guide provides a comprehensive
methodology that allows project goals to be refined into stakeholder objectives, design
objectives, and quantified performance criteria. The concepts presented in this guide will be
used to demonstrate that all of the fire-related Nuclear Safety goals addressed by the DSA are
included in the FHA and that the FHA must address additional goals.

Table 1 presents the DOE objectives restated as goals for the Nuclear Safety[é] and Fire
Protection Programs.” This table was initially developed as part of a 1999 whitepaper, Synthesis
of SAR and FHA Methodologies,”" which was developed by representatives of the
DOE/contractor safety analysis and fire protection communities. The second goal in the Fire
Protection Program is the same as the Nuclear Safety Program goal. The first fire protection
goal (minimize the potential for fire or related event) is consistent with the Nuclear Safety goal.
Often the controls (e.g., hot work programs) instituted to implement this goal are credited in the
DSA. When this occurs, some review mechanism must exist (e.g., a formal Unreviewed Safety
Question [USQ] process”g]) to ensure that changes to the Fire Protection Program will not
compromise the DSA conclusions.

The fifth Fire Protection Program goal is consistent with the Nuclear Safety Program goal;
however there can be instances where minimizing the potential for fire damage to safety class
systems is in excess of the Nuclear Safety Program goals. An example of this would be an
interlock that is only required during a process upset event (i.e., a non-fire event). If the process-
upset event and any fire accident are independent, then the DSA would not require the interlock
be protected from fire. Fire protection Goal 5 would require some level of fire protection. This
level of protection should be graded to reflect the importance to safety, the cost of protection,
and the cost of replacement. Thus, there will be cases where potential for fire damage to safety
class systems is deemed acceptable. In such cases, both the FHA and the DSA should reflect this
decision.

The third and fourth fire protection goals (mission continuity and monetary loss protection) are
separate from the Nuclear Safety goal. Often the fire protection features required to accomplish
these goals will reduce the Nuclear Safety risk. When the fire protection features are identified
in the DSA as Safety Class or Safety Significant, the fire protection and Nuclear Safety Programs
are perceived as consistent. When a feature is not designated as Safety Class/Safety Significant,
there is sometimes the mistaken impression that the DSA and FHA are inconsistent. Not every

" As used in DOE vernacular the term “objectives” is interchangeable with the SFPE vernacular
for “goals”.
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control that reduces the Nuclear Safety risk to the public need be safety class, nor every control
protecting workers need be safety significant. Safety Significant/Safety Class controls are those
that are judged mandatory to reduce the Nuclear Safety risk to an acceptable level. In addition to
Safety Significant/Safety Class controls, DOE requires the identification of Defense in Depth
(DiD) items, which are considered additional controls that further reduce the Nuclear Safety risk.
Where the FHA identifies a need for protective controls that the DSA does not designate as
Safety Significant/Safety Class, those controls are good candidates for DiD items. If such an
item is not DiD, then it can usually be attributed to the third or fourth fire protection goal.
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4.0 NUCLEAR SAFETY ANALYSIS METHODOLOGY

The concept of a Design Basis Accident (DBA) is established for commercial power reactors.”*"
The power reactor must be designed and built to withstand the postulated DBAs without
endangering the public. The adequacy of the designed-response to the DBAs is then documented
in the facility safety basis. A comprehensive set of DBAs does not exist for Nonreactor Nuclear
Facilities. This chapter will describe how Nonreactor Nuclear Facilities should establish

derivative DBAs to support the design process and the development of the DSA.

This chapter presents the analytical techniques that should be used to judge the adequacy of
protective controls and to establish derivative DBAs for Nonreactor Nuclear Facilities. The
chapter is segmented into four sections:

4.1 Process — This section summarizes the analysis and control selection process used
to support DSA development and defines the six basic analysis steps.

4.2 Hazard Analysis — This section describes the hazard analysis process including
Hazard Identification (Step 1), Hazard Categorization (Step 2), and Hazard
Evaluation (Step 3). The section also introduces the concept of unmitigated
assumptions, how these assumptions form the basis for a DSA, and their influence
on the Nuclear Facility control selection process.

4.3 Accident Analysis — This section describes the Accident Analysis effort (Step 4)
and introduces the concept of Beyond Design Basis Events.

4.4 Control Selection — This section describes the control selection and documentation
approach including: Safety SSCs (Step 5), and Technical Safety Requirement (TSR)
(Step 6).

4.1 Process

DOE-STD-3009-94 establishes a comprehensive and systematic process for identifying
derivative DBAs, and the appropriate control set for a Nonreactor Nuclear Facility. Key process
steps include the following:

» Hazard Identification (Step 1). The process of identifying any hazardous material or
energy source associated with the Nuclear Facility

e Hazard Categorization (Step 2). The process of completing the final hazard
categorization activity as noted in DOE-STD-1027-92, Hazard Categorization and
Accident Analysis Techniques for Compliance with DOE Order 5480.23, Nuclear Safety
Analysis Reports.m]

» Hazard Evaluation (Step 3). The process of characterizing the identified hazards through
postulating reasonably conservative, credible scenarios describing process upsets, human
errors, system failures, etc., that result in unwanted or unacceptable consequences. For
Hazard Category 2 Nuclear Facilities, this process is used to support the selection of
DBAs to be evaluated in the Accident Analysis. For Hazard Category 3 Nuclear
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Facilities, there is usually no Accident Analysis and the Hazard Evaluation is used to
support the control section process.

Accident Analysis (Step 4). The process of quantitatively evaluating scenarios of

greatest concern. To simplify the analysis process, the postulated scenarios are grouped
into the categories presented in Table 2. Common practice is to establish at least one
DBA for each category. In addition, where appropriate, unique scenarios will also be

treated as DBAs.

Safety SSCs Step 5). The process of selecting the facility SSCs and Specific

Administrative Controls (SACs) that are necessary to assure that workers and the public
are adequately protected.

TSR (Step 6). The process of defining the design and administrative features that provide

significant DiD, worker safety, or public protection. Key items developed in this step
include Safety Limits, Limiting Control Settings, Limiting Conditions for Operations,
and Surveillance Requirements.

Table 2. — Event Categories for Hazard Review

Event
Cat. Event Type Consequence / Release Mechanism

E-1 Fire Consequences, typically due to inhalation/ingestion of released hazardous
material, that are initiated by direct and indirect fire effects (e.g., thermal stress,
smoke, and structural collapse).

E-2 Explosion Consequences, typically due to inhalation/ingestion of released hazardous
material, that are initiated by an explosion or impact from missile(s) produced by
the explosion. (Note: an explosion includes detonations and deflagrations.)

E-3 Loss of Consequences, typically due to inhalation/ingestion of released hazardous

Containment or material, that result from the release of material due to impacts (including
Confinement dropping) on the material or material containment and energetic failures due to
over-pressurization.

E-4 Direct Radiological | Consequences, typically due to direct exposure to a hazard (contact chemical

or Chemical exposure, radionuclide shine).
Exposure

E-5 Nuclear Criticality | Consequences, typically due to direct exposure and release of fission products,
initiated by an unplanned nuclear criticality

E-6 External Hazards Consequences, typically due to inhalation/ingestion of released hazardous
material, that are initiated by hazards external to the facility, but not considered
natural phenomena (e.g., airplane strike).

E-7 Natural Phenomena | Consequences, typically due to inhalation/ingestion of released hazardous

material, that are initiated by hazards that are often considered acts-of-God (e.g.,
hail, lightning, tornado, and wind)

4.2 Hazard Analysis (Steps 1, 2, and 3)

This section describes the hazard analysis process including: Hazard Identification (Step 1),
Hazard Categorization (Step 2), and Hazard Evaluation (Step 3). The section also introduces the
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concept of unmitigated assumptions, how these assumptions form the basis for a DSA, and their
influence on the Nuclear Facility control selection process.

Hazard Identification (Step 1) is the starting point for the control section process. In this step,
the hazardous materials and energy sources associated with the Nuclear Facility are identified
and described. From a fire scenario perspective, the hazardous materials will include the
radiological material that can be dispersed during a fire and the combustible materials that are
available to burn. Energy sources would include the many ignition sources and combustible
materials that are present, as well as sources that might be released as a result of fire exposure
(e.g., equipment that collapses, pressure vessels that burst).

Hazard Categorization (Step 2) is the process used to establish whether the Nuclear Facility is
Hazard Category 1, 2, or 3 and is described in DOE-STD-1027-97.

For most facilities, combustibles and ignition sources will always exist. Thus, during the Hazard
Evaluation (Step 3), fire accident events will need to be developed. These events are
documented in the Hazard Evaluation table. The unmitigated radiological consequences of these
postulated events must be estimated as part of the Hazard Evaluation process. The unmitigated
consequence calculation “represents a theoretical limit to scenario consequences assuming that
all safety features have failed.”™ While it might be necessary to assume that an SSC, a design
feature, or an administrative control is present and effective to define a meaningful scenario, “it
is important to note that such defining assumptions may warrant some level of safety SSC

designation to assure that the assumptions remain valid in the future.

29[8]

DOE-STD-5506-2007, Preparation of Safety Basis Documents for Transuranic (TRU) Waste
Facilities ' and DOE-STD-3009-94 provide further clarification of what is intended in an
“unmitigated” consequence estimate with the intent of avoiding “inherently credited controls.”
A sampling of appropriate unmitigated assumptions includes the following:

ey

2)

3)

“)

(&)

(6)

“Take no credit for active safety features — such as ventilation filtration systems in the
case of a spill.”* %!

“Take credit for passive safety features that are assessed to survive accident conditions”
(such credited features are candidates for designation as Safety Significant or Safety
Class design features). [8]

“Take no credit for passive safety features producing a leakpath reduction in source
term, such as building filtration.” 81

“Assume the availability of passive safety features that are not affected by the accident
. 5 [8]
scenario.

Hazards present in the facility (e.g., heavy objects that can fall during a severe fire)
must be included in the energies that can create a release.'”!

Do not credit the building wake in calculating the public or worker doses unless shown
to yield more conservative or bounding results.>!

The unmitigated release calculation is used to support the control selection and functional
classification process which is described in Section 4.4.
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4.3 Accident Analysis (Step 4)

This section describes the Accident Analysis effort (Step 4) and introduces the concept of
Beyond Design Basis Events.

A partial listing of scenarios that might apply to both Hazard Category 2 and 3 Nuclear Facilities
is presented in Table 3. Depending on the facility, one or more of the scenarios listed in Table 3
are candidates for derivative DBAs. These derivative DBAs are the limited subset of accidents
that bound the envelope of accident conditions."®! Events that are more demanding that those
selected as DBAs are referred to as Beyond DBAs. There is no clear demarcation between
internally initiated events (e.g., fires) that should be treated as DBAs and those that should be
considered Beyond DBAs, but the Nuclear Safety Management Rule (10 CFR 830) requires that
the need for analyzed Beyond DBAs be considered. These Beyond DBAs are intended “to
provide a perspective of the residual risk associated with the operation of the facility.”™

DOE-STD-3009-94 recognizes that for external man-made accidents, derivative DBAs should be
established if the realistically-estimated occurrence frequency is greater than 10”'/year. (The
standard includes a provision that, if conservatively estimated, an evaluation criterion of
10%/year may be used.) The standard admonishes the user to avoid “dismissing physically
credible low probability operational accidents (e.g., red oil explosions) without any evaluation of
preventive and mitigative features in hazard analysis.”

The implication for fire events is that the Hazard Evaluation should identify very-severe fire
scenarios that challenge most of the physical barriers. Determining which scenarios should be
treated as derivative DBAs and which should be treated as Beyond DBAs should be determined
by the robustness and diversity of the fire protection features and the reasonableness of the
scenario specifics. A primary consideration in this selection process is to admit whether the
postulated event is considered to exceed the rated design capability of the protective feature. For
example, fire barriers are often required by code to limit the spread of fire. These can be walls,
ceilings/floors, doors, and dampers within a ventilation system. Depending on thickness, type,
and quality of material, a typical fire barrier rating ranges from 0.5 to 4 hours, although some
barriers can have ratings exceeding 8 hours. If the postulated fire severity can be demonstrated
to not exceed the qualification rating, then failure of the barrier to perform its design function
(i.e., prevent the propagation) would be considered a Beyond DBA. If the fire demand
approaches or exceeds the barrier rating, then fire propagation should be treated as a DBA.
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When reporting DSA doses for a Hazard Category 2 Nuclear Facility, the quantification of the
DBA doses is expected. It is common practice to quantify the doses at the three control levels
presented in Table 4 and doses to workers that are closer than 100 meters are usually evaluated
qualitatively. This level of quantification exceeds that required by DOE-STD-3009-94. Only
the mitigated DBA doses to the public must be reported quantitatively. All other doses may be
reported qualitatively in the DBA.

Table 4. — Receptors for which DSA doses are often quantified

Controls credited in the

Dose descriptor Target Population dose calculations
Unmitigated — Public | Public Few or none
Unmitigated — Worker | Workers at 100 meters from the release Few or none
Mitigated — Public Public Safety Class only

Mitigated — Worker Workers at 100 meters from the release Safety Class and Safety
Significant

Table 4 indicates “Few or none” in the column titled “Controls credited in the dose calculations”
for the unmitigated dose estimates. There are specific controls that should be included in
establishing the unmitigated consequences. An example would be the program associated with
maintaining radiological inventory limits. It is permissible to recognize passive protective
features in establishing the unmitigated doses. The cited example in DOE-STD-3009-94 is “a
container drop [event] where the impact of the drop does not challenge the container integrity.”
The associated unmitigated dose for such an event would be negligible, since no material would
be expected to be released. Establishing the container integrity as an initial condition does
require that the need to functionally classify the container as Safety Class or Safety Significant
be considered. If the dose associated with a container drop, should the container rupture during
the fall, challenges the evaluation guideline for the public, then the container should be
designated as Safety Class.

For the above example, if the container had not been treated as an initial condition, the reported
unmitigated dose would have challenged the evaluation guideline, suggesting the need for a
Safety Class control (i.e., establish the drop-performance design feature of the container as
Safety Class.) This approach is consistent with the basic DOE-STD-3009-94, which is to
identify an adequate control set to protect the public, workers, and the environment. Thus, what
is most important in treating protective design features as initial conditions is that the design
feature is not performing beyond it basic design rating or capability and that the feature be
considered for designation as Safety Class or Safety Significant.

The DSA treatment of controls in estimating radiological consequences is very different than the
single-failure worst-case fire required to be evaluated in the FHA (see Chapter 5.0). The DSA
must consider the failure of all safety feature failures, which are not Safety Class (or Safety
Significant depending on target population) and involvement of multiple Fire Areas, while the
FHA need only consider a single failure and a scenario limited to one Fire Area.
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4.4 Control Selection (Steps 5 and 6)

This section describes the control selection and documentation approach including: Safety SSCs
(Step 5), and TSRs (Step 6).

The unmitigated release calculation is used to support the control selection and functional
classification process. Where consequences are considered to challenge the evaluation
guidelines, controls are established to prevent or mitigate the event consequences. In all cases, at
least one Level Of Control (LOC) must be established to limit or prevent the release, where a
complete LOC is made up of as many Safety Class SSCs and/or Administrative Controls as are
required to either:

“a) show that the consequences would not challenge the 25 rem evaluation guideline or
“b) to show that such an event is prevented”[24]
Thus, the DSA control selection concept is to identify the minimum LOCs necessary to assure
that the evaluation guidelines are not challenged. These are discussed in Chapters 3 through 5 of
the DSA. Compliance with other safety-related requirements is expected and recognized to
provide further protection to the public and workers. Assurance that these “non-credited”

controls will be adequately managed may be addressed through safety management programs
and commitment processes. These are discussed in Chapters 6 through 17 of the DSA.

Depending on which guidelines are challenged, these controls may be designated as Safety Class
or Safety Significant. Where the postulated receptor is the public or workers who are outside the
occupied area of the hazard (often established as the building perimeter), the designation of a
second LOC should be considered. Where more than one LOC set is workable, the preferred
hierarchy in the selection process is as follows (most preferred first):

Passive preventive SSCs

Active preventive SSCs

Passive mitigative SSCs

Active mitigative SSCs

Administrative Controls, preventive

AN U W =

Administrative Controls, mitigative

DOE-STD-1186-2004, Specific Administrative Controls,”>" defines two categories of
administrative controls: (1) Programmatic Administrative Controls, and (2) SACs. The
classification of SAC was specifically created for administrative controls that “provide specific
or mitigative functions for accident scenarios identified in DSAs where the safety function has
importance similar to, or the same as, the safety function of safety class or safety significant
SSCs.”®! The general expectation is that a gross failure of a programmatic administrative
control (i.e., a programmatic breakdown) is necessary to invalidate a DSA assumption.
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There are two basic examples of controls presented in DOE-STD-1186-2004 that should be
considered to be SACs. These are radiological inventory controls (e.g., MAR limits), and

transient combustible loading controls. The justification for the later is as follows:*”

“Fire accident scenarios have the potential to release large amounts of hazardous
materials, including radioactive and chemical materials. Therefore, controlling fire
accidents in DOE facilities is of vital importance. If a facility’s fire protection system
design assumes that the combustible loading does not exceed a certain level, then
required controls to ensure this level is not exceeded are expressed as an AC. Because
these instances represent bounding conditions for the safety basis, these ACs should be
designated as SACs, following the guidance given in this Standard for improving the
dependability of these controls.”

Facility fire protection systems include fire barriers, sprinkler systems, gaseous suppression
systems, and fire detection systems. All of these engineered features have design assumptions
associated with the combustible loading. Most of the assumptions are related to quantity and
physical form (i.e., material, geometry, and orientation, which affect the rapidity to burning). In
many instances, the combustible loading conditions associated with the design conditions are
much more demanding than would exist in a typical DOE Nuclear Facility.

In addition to Safety Class and Safety Significant designated controls, most Nuclear Facilities
have other controls, which are not designated Safety Class or Safety Significant and which
prevent or mitigate radiological releases. If these controls provide significant protection they can
be designated as DiD. Figure 5 illustrates how the calculated dose to the public can change with
the suite of recognized protective features. For this figure, all controls are considered to be
mitigative rather than preventive and the unmitigated dose is designated to have a relative
consequence of 100 percent. The set of Safety Class controls, which is the minimum set
necessary to assure that the public evaluation guideline is not challenged, is represented by the
second vertical bar. It would be expected that this dose, if quantified in the figure, would be well
below 25 rem. The third bar represents the calculated public dose if both the Safety Class and
Safety Significant controls fulfill their function. The fourth bar represents the calculated dose if
the most important safety component fails. Its relative consequence in comparison to the second
and third bar is very facility-specific, in some cases, the worst-case failure could exceed the
combined Safety Class/Safety Significant dose. Because of redundancy requirements for Safety
Class features, the worst-case failure fire dose would not be expected to exceed the Safety Class
dose. The two right-most bars represent the calculated doses if most or all of the protective
features are included in the analytical process.

4.4.1 Example: Treatment of Reinforced Concrete Construction

Many DOE Nuclear Facilities will be of reinforced construction to limit the release of
radioactive inventory during DBAs. Common functions of the building structure include Natural
Phenomena Hazard (NPH) (e.g., earthquake, tornado, and high wind) survivability, external
event protection (e.g., vehicle impact), and fire survivability. Such buildings have an inherent
survivability that should be considered in developing meaningful fire scenarios that are based on
reasonably conservative combustible loadings.
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MPFL is not represented in this chart
for the reasons discussed in the text.
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In establishing the structural response of a building to a postulated fire there are several
approaches. The most straightforward is for the structure to be designed to withstand a 4-hour
fire severity and all major segmentation walls be designed to Factory Mutual Insurance
Company FM Data Sheet 1-22, Maximum Foreseeable Loss Limiting Factors™®, which
recommends a minimum fire rating of 4 hours. Failure of such elements can often be postulated
as not credible and, if carried into the Accident Analysis, should normally be treated as Beyond
Design Basis Events.

The failure of walls and structures with lower fire severity ratings might also be defensible;
however, some analytical justification will need to be developed. The remainder of this sub-
section describes an approach that might be used to establish that the failure of a fire wall is a
Beyond Design Basis Event. This approach may be used for fire walls that are rated for 2 and 3
hours. It should not be used for walls of lower ratings.

Historically, fire loadings are reported in units of pounds per square foot (psf) of wood
equivalent energy. Thus, the fire loading value is a unit of energy content per unit of floor space.
It is common practice to round fire loadings to the following values: 2.5, 5, 10, 15, 20, 30, 40
psf, etc. (loadings greater than 20 psf are reported to one significant digit). This approach is used
because it is considered to reflect the accuracy of the loading surveys and simplifies the analysis.
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A typical DOE Nuclear Facility will usually have fairly low combustible loadings (less than 10
psf). Such loadings are not expected to challenge a reinforced concrete construction. In most
Nuclear Facilities, there will be multiple programs and a safety culture that will reinforce the
lower loadings. These would include the following:

* Combustible control program

* Fire Hazard Assessment Program

* Basic housekeeping program

*  Waste minimization program

* Fire Department and emergency response programs

* Radiological protection program (e.g., move contaminated waste out based on As Low
As Reasonably Achievable [ALARA] principles)

* C(Criticality safety program (e.g., maintain analyzed configurations, which would include
moderator assumptions)

* Maintenance program (e.g., good work practices)

* General training (e.g., fire protection training)

To challenge the stability of a reinforced concrete construction would typically require fire
loadings in excess of 10 psf (i.e., the concrete construction and the fire load are considered to be
LOCs). As such, there is a quantifiable margin between the expected combustible loadings and
the loadings necessary to cause a building collapse or widespread fire propagation. Such
loadings will not occur through a single inadvertent action. Rather, excessive combustibles will
accumulate over a period of weeks or years. Given the multiple programmatic failures which
must occur to allow such a condition to develop, it is reasonable to take as an initial condition
that the structure will remain stable during a severe fire. As such, any event associated with the
failure of the 2 or 3 hour fire barrier or structure may be either: (1) treated as a Beyond Design
Basis Event or (2) fully addressed in the Hazard Evaluation by establishing that the event is not a
DBA.

4.4.2 Example: Treatment of Type B Shipping Package

A common design feature that should be considered for treatment as an initial condition is a
Type B shipping container. Such containers are required to survive 71.73 hypothetical accident
conditions.””! The accident is defined as an exposure of 800° C for 30 minutes.

Two common fire qualification test standards are ASTM E-119, Standard Test Methods for Fire
Tests of Building Construction and Materials,”™ and ASTM E-1529, Standard Test Methods for
Determining Effects of Large Hydrocarbon Pool Fires on Structural Members and
Assemblies.”®" The time-temperature curves from these standards are shown in Figure 6 along
with that for a Type B shipping container. From this figure, it is apparent that the Type B
shipping container fire test is less demanding than would be a fire typically applied to structures.
Thus, if a severe structure fire were deemed credible, the survival of the Type B shipping
container package should not be treated as an initial condition. In defining the threshold for a
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severe structure fire, a possible evaluation criterion would be: “If the influence of the room
geometry, ventilation or nearby combustibles affects the fire behavior, then the fire should be
treated as severe.” Such a designation of severe does not imply an unacceptable level of
radiological consequences. Rather it is a screening criterion to differentiate whether a design
feature may be treated as an initial condition.
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Figure 6 Fire testing curves

In locations where there are robustly-implemented combustible loading limitations, it may be
appropriate to treat the fire rating of the Type B shipping package as an initial condition. The
most straightforward justification would be to demonstrate that any combustibles present would
burn as independent fuel packages, as defined in NFPA 555, Guide on Methods for Evaluating
Potential for Room Flashover,”® and significant flaming would not continue beyond 30 minutes,
based on empirical evidence. Under such a demand, most Fire Protection Engineers would
consider the Type B shipping package to not be challenged beyond its design rating. If such a
qualitative judgment were not readily apparent or if a moderately-complex analytical process
became necessary to justify the judgment, then the treatment of the fire-rated function of the
Type-B shipping package as an initial condition would not be appropriate. For this example, if
the expected dose associated with exposure of the Type-B shipping package contents to fire
conditions would result in a dose that challenged the evaluation guidelines, the fire-rated
function of the Type-B shipping package should be designated as Safety Class and a program
associated with limiting the combustible loading should be designated as an initial condition
having an Safety Class function.

Where combustible controls are recognized as limiting or preventing radiological consequences,
they must be discussed in Chapter 5, “Derivation of Technical Safety Requirements,” and
summarized in Chapter 11, Section 11.4.3, “Combustible Loading Control,” of the DSA.
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5.0 FIRE PROTECTION ANALYSIS METHODOLOGY

This section describes the scenarios and technical approaches that should be used to evaluate the
adequacy of a facility’s fire protection features and programs. These technical approaches would
then form the basis for the conclusions of an FHA. The section also discusses the purpose and
format of a typical FHA.

5.1 Purpose

DOE Guide 420.1-3 clarifies the purpose of an FHA as “a comprehensive, qualitative assessment
of the risk from fire within individual Fire Areas in a DOE facility to ascertain whether the DOE
fire safety objectives of DOE O 420.1B are met.” (These objectives are discussed in Chapter
2.0.) There are several different types of FHAs which vary with the facility lifecycle. While the
descriptive names might vary between DOE sites, the basic purpose remains consistent.

5.1.1 Facility FHA

A Facility FHA is prepared to comprehensively and qualitatively assess the risk from fire in an
operating facility. The primary purpose of a Facility FHA is to identify the potential for fire loss
(life, monetary, and mission) in an existing facility. An important outcome of a comprehensive
Facility FHA is the documentation of significant non-conformances with codes, standards, and
DOE requirements. The Facility FHA allows the facility-managing contractor to formally
inform DOE about these deficiencies. The primary audience of a Facility FHA, responsible for
addressing any technical and procedural controls resulting from the FHA and acknowledging any
deficiencies or non-conformances, is the facility manager. Secondary audiences include the
following:

* The Facility Fire Protection Engineers, responsible for the maintenance of the facility
Fire Protection Program

* The Facility Safety Analysts, responsible for the development and the maintenance of the
facility authorization basis

* The Facility Cognizant System Engineers, responsible for information on how their
systems respond to fire

* The Fire Department Personnel, responsible for the development of the Fire Protection
preplans

* The DOE Personnel, responsible for understanding and accepting the facility fire risk

* The Facility operations for operating the facility within the technical, administrative, and
operation assumptions made in the FHA
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5.1.2 Project FHA

A Project FHA is prepared to establish the required Fire Protection features that must be
provided when a new facility is being designed or an existing facility is being renovated or
modified. The Project FHA also documents the adequacy of the planned design, the impact of
the project on the existing facility’s fire safety features, and the impact of the modifications to
the existing level of safety. The primary audience of a Project FHA, responsible for addressing
deviation between the Fire Protection requirements and the defined project scope and
acknowledging recommendations provided in the FHA for the fire code compliance, is the
Project Manager. Secondary audiences include the following:

* The Facility Manager, responsible for understanding and accepting the project related fire
risk

* The Facility Design Authority, responsible for the evaluation and update of the
Functional Performance Requirements

* The Facility Design Agency, responsible for the selection and design of Fire Protection
features

* The Facility Fire Protection Engineers, responsible for the development of the facility
Fire Protection Program

* The Facility Safety Analysts, responsible for the development of the facility authorization
basis

* The Fire Department Personnel, responsible for the development of the Fire Protection
preplans

* The DOE Personnel, responsible for understanding and accepting the facility fire risk

5.1.3 Decommissioning and Decontamination FHA

A Decommissioning and Decontamination (D&D) FHA is prepared when Nuclear Facilities
undergo a change in operating status from an operating facility, to a non-operating facility, to an
abandoned facility, and/or to a facility to be demolished. This is required for Nonreactor Nuclear
Facilities though compliance with NFPA 801. A D&D FHA identifies the Fire Protection
Programs and features necessary to achieve an acceptable level of fire safety at each key
milestone of the D&D plan. The primary audience of a D&D FHA is the Project Manager.
Secondary audiences include the following:

* The Facility Manager, responsible for understanding and accepting the facility fire related
risk

* The Facility Design Authority, responsible for the evaluation and update of the D&D
Plan

* The Facility Fire Protection Engineers, responsible for the maintenance of the facility
Fire Protection Program
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The Facility Safety Analysts, responsible for the revision of the facility authorization
basis

The Fire Department Personnel, responsible for the revision of the Fire Protection
preplans

The DOE Personnel, responsible for understanding and accepting the facility fire risk

5.2 Presentation

There is no prescribed format for an FHA as is established for a DSA through DOE-STD-3009-
97. While the DOE Office of Health, Safety, and Security has developed “model” FHAs,[3 3
each DOE site has evolved separate formats that meet their operational and organization needs.
The basic framework consists of three basic sections: (1) Facility description, (2) analysis, and
(3) results and conclusions.

The intent of this format is to present basic facts in the facility description and keep analysis and
judgment separate from the presentation of basic facts. Deficiencies and nonconformances
would be identified in the analysis and then summarized in the results.

DOE Guide 420.1-3 suggests that the FHA should contain the following:

A description of the construction

A description of the critical process equipment
A description of high-value property

A description of the fire hazards

A description of the operations

An evaluation for the potential for a toxic, biological, and/or radiological incident due to
a fire

An assessment of natural hazard (earthquake, flood, wind, lightning, and wildland fire)
impacts on fire safety

An assessment of the damage potential, including the MPFL

An assessment of the fire protection features

An assessment of the protection provided for essential safety class systems

An evaluation of life safety adequacy

An assessment of the emergency planning

An assessment of the Fire Department/Brigade response

An assessment of the recovery potential following a severe event

An assessment of the Security and Safeguards considerations related to fire protection

An assessment of exposure fire potential and the potential for fire spread between two
Fire Areas
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* An evaluation of the effect of significant fire safety deficiencies on fire risk

* An assessment of environmental impacts from a fire including suppression system run-
off considerations

5.3 Prescribed Analyses Approaches

While format, and to some extent content, may vary between FHAs performed for different
facilities, a minimum of four analyses are typically included in any FHA; code compliance
evaluation, MPFL estimation, nuclear/chemical release assessment, and mission impact
assessment.

5.3.1 Code Compliance Evaluation

An important element of the FHA process involves the identification of codes, standards, and
regulatory requirements which must be satisfied by facility construction and features and an
associated evaluation of compliance with these requirements. The FHA is used to document that
building occupants are protected from fire hazards, both direct and indirect. This is typically
accomplished by demonstrating compliance with national consensus codes (e.g., NFPA 70,
National Electrical Code;”® NFPA 101, Life Safety Code;** and the applicable building code
International Building Code™" or NFPA 5000, Building Construction and Safety Code™. Strict
compliance with these codes for existing facilities where unique hazards exist (e.g., criticality) is
often difficult. Where strict compliance with the consensus codes is not achieved, the codes
permit equivalency arguments. Most of the codes specify the minimum documentation
requirements to support an equivalency argument, but do not describe analytical techniques to
demonstrate equivalency.

5.3.2 Maximum Possible Fire Loss Estimates

The FHA is also required to document the MPFL estimate, which “should include all direct and
indirect costs associated with the fire and clean-up operations.” Examples of these costs include
the following:"*

Replacement cost of building and building systems or contents within the Fire Area

ISR

Replacement cost of contents

Cost of lost time (considered mission interruption costs)

e o

Cost of environmental clean-up
e. Exposure damage to other buildings, structures, and property
f. Costs for re-establishing operations; e.g., redesign approval and start-up
DOE Order 420.1B does not establish specific threshold limits associated with the MPFL

estimates. Rather, the threshold limits are documented in DOE Guide 420.1-3 and DOE-STD-
1066-99, Fire Protection Design Criteria.*®" The design implications associated with these loss
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limits are summarized in Table 5. Where the MPFL exceeds the threshold values, it is
permissible to use a lower value if justified in the FHA.*® DOE-STD-1066-94 does not suggest
a methodology to demonstrate an MPFL estimate that is not based on the replacement value of
the Fire Area.

Table 5. — DOE MPFL design requirements

If the MPFL exceeds Minimum protection Reference

$3 million Protected by a supervised automatic fire DOE G 420.1-3
suppression system

$50 million A redundant fire protection system (e.g., fire- DOE G 420.1-3
rated barriers in conjunction with fully capable
fire department) in addition to the suppression
system required above.

$100 million An additional, independent source of fire DOE-STD-1066-94
protection water. (Also is suggested for
Significant Nuclear Facilities [i.e., Hazard
Category 1].)

5.3.3 Nuclear and Chemical Release Assessment

Hazard and release potentials are considered during the FHA preparation. Compliance with
applicable codes and standards is usually considered a prerequisite to judge the protection
adequate. In addition, Improved Risk Guidelines (e.g., Factory Mutual Data Sheets) and
qualitative engineering judgment are used in the evaluation of hazard and release potential. At
some DOE sites, the FHA will limit the hazard and release potential to a qualitative review of
liquid runoff scenarios (e.g., show that the diking height is adequate) and cite the conclusions of
the DSA for other release scenarios.

DOE G 420.1-3 specifies that the FHA “should evaluate the consequences of a single, worst-case
automatic fire protection system malfunction.” It also states that the focus of the FHA is “to
comprehensively and qualitatively assess the risk from fire within individual Fire Areas in a
DOE facility.” The purpose is to demonstrate that the DOE fire safety objectives are met.

5.3.4 Mission Impact Assessment

A few DOE facilities have the potential for severe disruption of a DOE mission. Where such a
situation exists, DOE will typically provide additional direction and guidance for how these
mission-critical facilities should be evaluated. In some cases, duplicate facilities or alternate
production arrangements are used to limit the potential for a fire in any one facility from
affecting a DOE mission.
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6.0 IMPLEMENTATION STRATEGIES

This chapter establishes the implementation approaches to be used by Nuclear Facility project
teams and DSA development teams for existing Nuclear Facilities. In describing the different
strategies, the chapter will explore how the FHA and DSA fit within their respective safety
programs.

There are several approaches which may be used to capture Fire Accident Analyses (FAAs) for
DOE Nuclear Facilities. It is recognized that two documents, the DSA and the FHA must
capture the results of fire analyses and the material presented in the two documents should be
coordinated. (The term coordinated is used, rather than the term consistent because it is
recognized that the DSA and FHA have differing objectives and perspectives. It may be that the
analyzed scenarios needed to support each document are very different; however, the analysis
should be based on common understanding of the facility construction and operation.) There are
several schools of thought on how best to ensure that the DSA and FHA fire analyses are
coordinated. These include the following:

1 Develop the FHA and DSA analyses separately, but require coordination efforts

2. Capture all fire-related analyses in the FHA
3. Capture all detailed FAAs in input documents
4

Capture all FAAs in the DSA, except that the FHA may present additional analyses
Each approach will be discussed below.

Approach 1: Develop the FHA and DSA analyses separately, but require coordination efforts

This is the most common approach being used to ensure consistency of the FHA and
DSA.

Approach 2: Capture all fire-related analyses in the FHA

This approach requires all fire-related analyses to be developed and documented in the
FHA. This helps ensure that all fire analyses are reviewed by a fire protection engineer
and forces the DSA and FHA to be consistent.

Approach 3: Capture all detailed FAAs in input documents

This approach avoids the development of detailed fire-related analyses in either the FHA
or the DSA. By developing the analyses in a separate document or documents, each
document can cite and summarize the FAAs necessary to support the needed conclusions.

Approach 4: Capture all FAAs in the DSA, except that the FHA may present additional analyses

This approach accepts a level of inconsistency between the FHA and DSA; however, it
will require efforts to ensure that the two documents do not present incongruous analyses.
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6.1 Safety Basis

This sub-section discusses how the FHA fits into the Fire Protection Program and the DSA fits in
the Nuclear Safety Program.

The 10 CFR 830 rule requires that each Nuclear Facility operating contractor establish a safety
basis consisting of an USQ process (10 CFR 830.203), a DSA (10 CFR 830.204), and TSRs (10
CFR 830.205). The relationship between these three requirements is shown in Figure 7. The
DSA establishes the needed controls to assure adequate safety, the TSRs are the implementation
process for the DSA identified controls, and the USQ process establishes a systematic approach
to revise the DSA when conditions are changed or errors are identified.

DOE Order 420.1B requires that each contractor have a Fire Protection Program with 17 specific
elements or requirements. These elements and requirements can be grouped into seven topical
areas as listed in Figure 7. As such, the preparation of the FHA and DSA must be considered
parts of their respective programs. Neither the Fire Protection Program, nor the Nuclear Safety
Program can be effective without all of the required elements presented in Figure 7.

Fire Protection Program (DOE Order 420.1B) Nuclear Safety Program (10 CER 830)

Documented
policies, criteria,
and procedures

Fire Hazard
Analyses

Documented
Safety Analysis

Unreviewed
Safety Question
Process

Equivalency
review & v
approval process Technical Safety
Requirements
Access to (TSRs)
qualified &
trained FP staff

Self-assessment
process

Design process

Emergency
Response
Program

Figure 7 Fire Protection and Nuclear Safety Programs

6.2 Approach Comparisons

This subsection will compare the implementation approaches that can be used by Nuclear
Facility project teams and DSA development teams for existing Nuclear Facilities.
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The DSA preparation process, as described in DOE-STD-3009-94, is presented in Figure 8. This
figure is reproduced from the standard. The corresponding figure for the FHA preparation is
presented in Figure 9 and was developed from the requirements established in DOE Order
420.1B and Guide 420.1-3. DOE-STD-3009-94 is very clear that the expectation is that the DSA
is prepared by a multi-disciplined team. Depending on the complexity of the facility, this team
can get quite large (e.g., 20 or more individuals). For an FHA, the direction is that the document
be “performed under the direction of a qualified fire protection engineer.”[ﬂ Most FHAs are
prepared by less than four individuals (usually one or two).

The typical FHA process starts with data collection including physical descriptions, safety
program descriptions, and a listing of hazards (chemical, radionuclide, combustibles, etc.). The
work can be differentiated into four basic efforts shown in Figure 9: (1) Demonstrate
compliance with applicable codes and standards, (2) Evaluate if DOE MPFL objectives are met,
(3) Evaluate if DOE Mission Protection objectives are met, and (4) Evaluate if the public and
environment are adequately protected. Where compliance with DOE objectives is achieved, this
will be documented in the FHA. If compliance is not achieved, then a deficiency is identified in
the FHA. Depending on the site, the FHA might contain exemption or equivalency logic, which
can be used to justify the noncompliance. Once the exemption or equivalency is approved, the
next revision of the Facility FHA would cite the approved exemption-equivalency
documentation.

The DSA preparation process shown in Figure 8 can be simplified to a level comparable to that
of Figure 9. The process would consist of four basic steps: (1) Collect and consolidate the
inputs, (2) perform the hazard and accident analysis, (3) select and document the control set, and
(4) document the results. The crosswalk between these four steps and Figure 8 is shown in Table
6.

Table 6. — Crosswalk from simplified DSA preparation process presentation Figure 8

Simplified presentation of

DSA preparation process Process presented in Figure 8
1. Input preparation Identify project functions
Assemble base information
2. Hazard and Accident Analysis Hazard Analysis for categorization

Hazard Analysis, Chapter 3

Accident Analysis, Chapter 3

3. Select and Document Control Set | Evaluation of Results (from the Hazard Analysis)
Evaluation of Results (from the Accident Analysis)
Describe Facility and SSC

Develop TSRs

4. Document in DSA Prepare Safety Management Program Chapters
Prepare TSR and SSC Assurance Programs
Prepare Executive Summary

Team, Internal, and Independent Reviews
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Identify Project Functions
Project leader
Hazard analysis
Accident analysis
Facility engineering
Safety support functions

A\ 4

Hazard Analysis for Categorization
Consequences of unmitigated release

Hazard categorization

<

Assemble Base Information

Facility mission/programs

Natural phenomena evaluation bases

Hazardous material inventories and
characterization

Energy sources

Operational process using hazardous
material, including wastes

Preliminary facility description,
emphasizing containment & safety
features

Operational maintenance controls

\ 4

Hazard Analysis, Chapter 3
Categorize hazards
Identify initiating events
Identify preventive & mitigative SSCs,
controls & actions
Assess DiD, worker safety &
environmental protection provisions
Assess qualitative consequences with &
without mitigation

A\ 4

Accident Analysis, Ch. 3
Develop accident scenarios

Quantify source term & consequences
Identify analysis assumptions

\ 4

\ 4

Evaluation of Results
Identify SS SSCs, SACs & TSRs bases on
DID and worker safety
Identify environmental protection
provisions ]

Evaluation of Results
Compare to Evaluation Guideline
Identify SC SSCs, SACs, & TSRs based
on Evaluation Guideline

Unique accidents

Preliminary selection of DBAs
Representative accidents J

\ 4

Assemble Information Base for Safety
Analysis Support Chapters
Develop list of safety management
Program elements to support hazard
analysis assumptions
Determine depth of detail needed for
administrative controls and programs

\ 4 \ 4

Prepare Safety Management Program
Chapters

Facility Description, Ch. 2

Prevention of Inadvertent Criticality,
Ch. 6

Radiation Protection, Ch. 7

Hazardous Material Protection, Ch. 8

Radioactive & Hazardous Waste
Management, Ch. 9

Operational Safety, Ch. 11

Human Factors, Ch. 13

Quality Assurance, Ch. 14

Emergency Preparedness Program, Ch. 15

Provisions for Decontamination &
Decommissioning, Ch. 16

Management, Organization, &
Institutional Safety Provision, Ch. 17

Develop TSRs
Prepare Ch. 5

Develop test

Describe Facility &
SS8C
Finalize Facility
Description, Ch. 2 frequencies &
Prepare SC SSC, SS maintenance

SSC & SAC, Ch. 4 |

\4

Prepare TSR & SSC
Assurance Programs
Initial Testing,
Surveillance, &
Maintenance, Ch. 10
Procedures & Training,
Ch. 12
Contribute to other
chapters as
appropriate

'

Prepare Executive
Summary
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Figure 9 FHA preparation process

The size of the work activities shown as circles in Figure 9 will be used to demonstrate the
relative level of effort in FHA and DSA preparation for the four different DSA preparation
approaches. An increase in the circle size would correspond to a greater level of effort, while a
decrease would represent a reduced level of effort. Coordination between the FHA and DSA
documents can be accomplished using several approaches. The four different approaches
introduced at the start of this chapter will be discussed in the remainder of this chapter.

Approach 1: Develop the FHA and DSA analyses separately, but require coordination efforts;
relies on the FHA author and the DSA project manager to ensure that sufficient communication
occurs to assure that the two documents are coordinated. Figure 10 shows the diagram from
Figure 9 along with a simplified work flow for the development of Chapters 3, 4, and 5 of the
DSA. The larger circles imply the greater level of effort that is typically necessary to prepare the
DSA as compared to that required for the FHA. Since there is no formal coordination between
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the two preparation efforts, information flow is informal and represented as dotted lines between
the FHA and DSA preparation paths.

Approach 2: Capture all fire-related analyses in the FHA; relies on the FHA author to coordinate
the preparation of all fire-related DSA information so that it can be inserted into the DSA under
the direction of the DSA project manager. Figure 11 shows the information flow for this
approach. The coordination occurs by importing analysis from the FHA directly into the DSA.
The size of the Nuclear and Chemical Evaluation activity is larger as compared with Figure 9 to
illustrate the greater level of required effort. When this approach is used, the methodology
implemented in the FHA and the format of the FHA must be consistent with the methodology
and format required by DOE-STD-3009-94. The two circles associated with the DSA
preparation have been reduced from that shown in Figure 10, because work has been shifted
from the DSA to the FHA; however, the change is not substantial because the DSA must cover a
significant variety of accidents, including many that are not related to fire accidents.

Approach 3: Capture all detailed FAAs in input documents; relies on the FHA author and the
DSA project manager to determine the necessary analyses that are needed to support FHA and
DSA preparation. By using the same basic documents to support the preparation of the FHA and
DSA, they can be successfully coordinated. Figure 12 shows the information flow for this
approach, where much of the Nuclear and Chemical Evaluation is conducted in feeder
documents (calculations, technical reports, etc.). If the MPFL is prepared in a feeder document,
then the size of the MPFL circle would also be reduced.

Approaches 4: Capture all FAAs in the DSA, except that the FHA may present additional
analyses; relies on the DSA project manager to coordinate the preparation of some material that
will be presented in the FHA. The information flow for this approach is shown in Figure 13. In
this case, the illustration shows the Nuclear and Chemical Evaluation effort as smaller than that
shown in Figure 9. The Hazard and Accident Analysis circle is shown slightly larger because
some standard industrial chemical hazards may need to be addressed in the DSA, which would
not be addressed if using Approach 1.

There are advantages and disadvantages associated with each of the approaches. Table 7
presents a pro and con comparison of the four approaches.
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6.3 Comparison of Fire Hazard and Nuclear Safety Analysis Methodologies

Differences in the fundamental document objectives and associated analytical processes may
result in dissimilarities between the FHA and DSA for a single facility. Though variations
should be considered as potential indicators of inconsistency, such evaluation should be
accomplished with an awareness that the differences may be appropriate. Legitimate variation
may occur in fire scenario development and analysis and in control selection and ranking, as well
as in the overall level of detail presented for various portions of the analyses.

The Safety Class scenario, as was seen in Figure 5, will often be more demanding than the single
worst case failure that is developed to fulfill the DOE G 420.1-3 FHA requirement, since most
Safety Class SSCs have redundant components or trains (i.e., worst-case single failure would be
failure of one train). If the FHA is used to develop scenarios to support the selection of Safety
Class or Safety Significant controls, then the FHA will need to exceed the minimum content
requirements in DOE G 420.1-3.

The MPFL was not shown in the Figure 5 comparison because there can be a wide disparity in
the consequences of the MPFL event. For some facilities with minimal protective features and
limited fire rated construction, the MPFL might equate to an unfiltered release involving the
majority of the facility MAR (i.e., unmitigated). In other facilities, where robust fire
compartmentalization and ventilation systems are provided, the ventilation system might filter
the release such that the dose associated with the fully mitigated accident is approached.

In most DOE Facilities, the FHA and DSA will rank the importance of protective features
differently. In a high-value facility with a limited MAR, fire barriers may be considered critical
for limiting the MPFL but of little importance in protecting the public from radiological releases.
In other facilities, a high-integrity barrier around a Special Nuclear Material storage vault might
be classified as Safety Class in the DSA, while the FHA concludes that the automatic sprinkler
system and the basic Fire Protection Programs achieve the DOE objectives.

Other discrepancies can occur because of the qualitative nature of the FHA process. In a facility
that handles nuclear material and is subject to fire exposure, the FHA author might conclude that
the proposed combustible loading controls and material handling procedure provide sufficient
protection to limit the potential for worker exposure. If the DSA preparation team determines
that the combustible loading commitments would be a SAC, the team might decide that an
alternate control strategy is more appropriate. In such an instance, the FHA should be updated to
reflect the DSA strategy.

A comparison of the controls identified through FHA and DSA development processes is
illustrated in Appendix B for a variety of hazards typical of non-reactor nuclear facilities. Five
sample problems are presented, each focusing on a unique fire scenario. Results that would result
from typical FHA and DSA evaluation processes are identified for each scenario. The range of
DSA control strategies which may be developed for a single fire scenario is illustrated through
the inclusion of multiple variations for each scenario. A summary of the sample problem results
is provided in Table 9.
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The sample problem summary table illustrates several key conclusions drawn throughout this
document.

* The FHA process often identifies a need for more controls than does the DSA process.
For typical facilities, these controls include construction/design features, combustible
material limits, and an automatic suppression system.

* The DSA process typically produces a smaller set of controls and a considerable range of
alternatives may be demonstrated to be adequate.

* Although the FHA inspired set typically contains a greater number of controls, it does not
generally include all of the controls required by the DSA, necessitating consideration of
both sets in the establishing overall facility fire protection program.
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7.0 RECOMMENDATIONS

This chapter provides specific suggestions for Nuclear Facility project teams and DSA
development teams for existing Nuclear Facilities that can preclude FHA-DSA inconsistencies.

A focused planning and coordination effort is fundamental to the consistent, accurate, and
integrated assessment of fire risk within Nuclear Facilities. The FHA and DSA should be
integrated through the teaming of fire safety personnel with safety analysts during all phases of
development (preliminary, final, and periodic review).

For Nuclear Facility projects, a comprehensive plan shall be established prior to preparing the
Conceptual Safety Design Report, which is a CD-1 requirement in DOE Order 413.3A, Program
and Project Management for the Acquisition of Capital Assets.”® This plan should describe the
project approach that will be implemented to assure that the FHA and DSA remain consistent.
One of the four approaches presented in this Guide should be the basis for the project plan.

For existing Nuclear Facilities that are revising or updating their DSA, a similar plan shall be
developed as part of the “Identify Project Functions” step (see Figure 8). As with the project
plan, the DSA update strategy should describe the approach that will be implemented to assure
that the FHA and DSA remain consistent and should be based on one of the four presented
approaches.

Specific examples of coordination topics that should be considered in developing a successful
FHA and DSA implementation strategy include the following:

* Prior to the development of a DSA and FHA for a given facility, the stakeholders (DOE
and contractor) should be clearly defined and then meet to define mutually acceptable
assumptions, methodologies, formatting, etc., and to establish a mechanism for the timely
resolution of disputes.

* Comprehensive facility and process descriptions should be developed and shared between
the DSA and FHA authors. The descriptions used in the FHA and DSA should be
coordinated and similar, if not the same. Levels of detail may vary between the two on
specific aspects.

* The schedule for the development of the DSA and FHA should be mutually compatible
such that the FHA can be treated as an input to the DSA.

* The selection of controls to reduce Nuclear Safety and other fire risks should be
coordinated to ensure that the most effective set of controls is selected. The DSA control
selection process should utilize controls that are already implemented in the facility if
possible.

» The fire protection engineer who is responsible for the development of the FHA should
be on the "team" which is developing the DSA.

* DOE Order 420.1B requires “the conclusions of the FHA be incorporated in the DSA and
integrated into design bases and beyond design basis accident conditions.” The DSA
should present this summary in Chapter 11.
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The FHA is required in DOE Guide 420.1-3 to present “an inventory of all safety class
and safety significant systems within the Fire Area that are susceptible to fire damage.”
The requirement is not limited to SSCs providing protection from fire-related accidents;
thus, the analyzed list of Safety Class and Safety Significant equipment must be made
consist with the SSC designations documented in the DSA.

DSA Chapter 11 should identify the expectation of a comprehensive Fire Protection
Program, consistent with DOE Order 420.1B, for the Nuclear Facility.

DSA Chapter 11 should also include a summary of the principle facility fire hazards,
associated mitigation strategy, and the adequacy of facility emergency response (fire
department) provisions. The associated discussion should be based on the conclusions of
the FHA, and preferably, developed by the fire protection engineer(s) responsible for the
FHA.
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Appendix A

DSA / FHA Material Coordination Tables

Tables illustrating the links between specific DSA and FHA sections are presented in this
Appendix. As no complex wide requirements for FHA format exist, tables are included for both
the DOE Model FHA" and SCD—10“6], which establishes the requirements for an FHA at SRS.

(Additional cross-reference tables can be prepared based on committee request.)
Table A — 1 — DSA Material that should be coordinated with the FHA (SCD-10)
Table A —2 — FHA (DOE Model) material that should be coordinated with the DSA

Table A — 3 — FHA (SCD-10) material that should be coordinated with the DSA

http://www.hss.energy.gov/NuclearSafety/NSEA/fire/models/Model_Fha_Mid.pdf
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Table A — 1 — DSA Material that should be coordinated with the FHA (SCD-10)

DOE-STD-3009-94 Section

FHA Section providing input information
(per SCD-10, see Table A-3 for section
titles)

E.1 Facility Background and Mission

E.2 Facility Overview

2.1,3.7

E.3 Facility Hazard Categorization

2.1

E.4 Safety Analysis Overview

22.1,3.0

E.5 Organizations

E.6 Safety Analysis Conclusions

E.7 DSA Organization

CHAPTER ONE, Site Characteristics

1.1 Introduction

1.2 Requirements

1.3 Site Description

1.3.1 Geography

1.3.2 Demography

1.4 Environmental Description

1.4.1 Meteorology

1.4.2 Hydrology

1.4.3 Geology

1.5 Natural Event Accident Initiators

3.6

1.6 Man- made External Accident Initiators

1.7 Nearby Facilities

1.8 Validity of Existing Environmental
Analysis

CHAPTER TWO, Facility Description

2.1 Introduction

2.2 Requirements

2.3 Facility Overview

2.1

2.4 Facility Structure

2.1

2.5 Process Description

22.1,22.2

2.6 Confinement Systems

2.2.2

2.7 Safety Support Systems

22.2

2.8 Utility Distribution Systems

22.2

2.9 Auxiliary Systems and Support Facilities

22.2

CHAPTER THREE, Hazard and Accident
Analyses

3.1 Introduction

3.2 Requirements

3.3 Hazard Analysis

3.0

3.3.1 Methodology
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Table A — 1 — DSA Material that should be coordinated with the FHA (SCD-10)

DOE-STD-3009-94 Section

FHA Section providing input information
(per SCD-10, see Table A-3 for section
titles)

3.3.1.1 Hazard Identification

3.3.1.2 Hazard Evaluation

3.3.2 Hazard Analysis Results

3.3.2.1 Hazard Identification

3.2

3.3.2.2 Hazard Categorization

2.1

3.3.2.3 Hazard Evaluation

3.2

3.3.2.3.1 Planned Design and Operational
Safety Improvements

3.1

3.3.2.3.2 Defense in Depth

3.1

3.3.2.3.3 Worker Safety

3.3

3.3.2.3.4 Environmental Protection

3.3.2.3.5 Accident Selection

3.2

3.4 Accident Analysis

3.2

3.4.1 Methodology

3.4.2 Design Basis Accidents

3.2

3.4.2.X (Applicable DBA)

3.2

3.4.2.X.1 Scenario Development

3.4.2.X.2 Source Term Analysis

3.9

3.4.2.X.3 Consequence Analysis

3.4.2.X.4 Comparison to the Evaluation
Guideline...... 53

3.1,3.2

3.4.2.X.5 Summary of Safety-Class SSCs and
TSR Controls

3.4.3 Beyond Design Basis Accidents

CHAPTER FOUR, Safety Structures, Systems,
and Components

4.1 Introduction

4.2 Requirements

4.3 Safety-class Systems, Structures, and
Components

223

4.3.X (Applicable Safety-class System,
Structure, or Component)

4.3.X.1 Safety Function

223

4.3.X.2 System Description

223

4.3.X.3 Functional Requirements

4.3.X.4 System Evaluation

4.3.X.5 Controls (TSRs)

4.4 Safety-significant Structures, Systems, and
Components
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Table A — 1 — DSA Material that should be coordinated with the FHA (SCD-10)

DOE-STD-3009-94 Section

FHA Section providing input information
(per SCD-10, see Table A-3 for section
titles)

4.4.X (Applicable Safety-significant System,
Structure, or Component)

4.4.X.1 Safety Function

4.4.X.2 System Description

4.4.X.3 Functional Requirements

4.4.X.4 System Evaluation

4.4.X.5 Controls (TSRs)

4.5 Specific administrative controls

4.5.X (Applicable Specific Administrative
Control)

4.5.X.1 Safety Function

4.5.X.2 SAC Description

4.5.X.3 Functional Requirements

4.5.X.4 SAC Evaluation

4.5.X.5 Controls (TSR)

CHAPTER FIVE, Derivation of Technical
Safety Requirements

5.1 Introduction

5.2 Requirements

5.3 TSR Coverage

3.2

5.4 Derivation of Facility Modes

5.5 TSR Derivation

5.5.X (Applicable Hazard / Feature / TSR “X”)

5.5.X.1 Safety Limits, Limited Control Settings,
and Limiting

Conditions for Operation

5.5.X.2 Surveillance Requirements

5.5.X.3 Administrative Controls

5.6 Design Features

5.7 Interface with TSRs from Other Facilities

CHAPTER SIX, Prevention of Inadvertent
Criticality

6.1 Introduction

6.2 Requirements

6.3 Criticality Concerns

6.4 Criticality Controls

6.4.1 Engineering Controls

6.4.2 Administrative Controls

6.4.3 Application of Double Contingency
Principle
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Table A — 1 — DSA Material that should be coordinated with the FHA (SCD-10)

DOE-STD-3009-94 Section

FHA Section providing input information
(per SCD-10, see Table A-3 for section
titles)

6.5 Criticality Safety Program

6.5.1 Criticality Safety Organization

6.5.2 Criticality Safety Plans and Procedures

3.4.2

6.5.3 Criticality Safety Training

6.5.4 Determination of Operational Nuclear
Criticality Limits

6.5.5 Criticality Safety Inspections/Audits

6.5.6 Criticality Infraction Reporting and
Follow-Up

6.6 Criticality Instrumentation

CHAPTER SEVEN, Radiation Protection

7.1 Introduction

7.2 Requirements

7.3 Radiation Protection Program and
Organization

7.4 ALARA Policy and Program

7.5 Radiation Protection Training

7.6 Radiation Exposure Control

7.6.1 Administrative Limits

7.6.2 Radiological Practices

7.6.3 Dosimetry

7.6.4 Respiratory Protection

7.7 Radiological Monitoring

7.8 Radiological Protection Instrumentation

7.9 Radiological Protection Record Keeping

7.10 Occupational Radiation Exposures

CHAPTER EIGHT, Hazardous Material
Protection

8.1 Introduction

8.2 Requirements

8.3 Hazardous Material Protection Program and
Organization

8.4 The ALARA Policy and Program

8.5 Hazardous Material Training

8.6 Hazardous Material Exposure Control

8.6.1 Hazardous Material Identification
Program

8.6.2 Administrative Limits

8.6.3 Occupational Medicine Programs

8.6.4 Respiratory Protection
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Table A — 1 — DSA Material that should be coordinated with the FHA (SCD-10)

DOE-STD-3009-94 Section

FHA Section providing input information
(per SCD-10, see Table A-3 for section

titles)

8.7 Hazardous Material Monitoring

8.8 Hazardous Material Protection
Instrumentation

8.9 Hazardous Material Protection Record
Keeping

8.10 Hazard Communication Program

8.11 Occupational Chemical Exposures

CHAPTER NINE, Radioactive and Hazardous
Waste Management

9.1 Introduction

9.2 Requirements

9.3 Radioactive and Hazardous Waste

Management Program and Organization...
84

9.4 Radioactive and Hazardous Waste Streams
and Sources

22.1

9.4.1 Waste Management Process

9.4.2 Waste Sources and Characteristics

9.4.3 Waste Handling or Treatment Systems

CHAPTER TEN Initial Testing, In-Service
Surveillance, and Maintenance

10.1 Introduction

10.2 Requirements

10.3 Initial Testing Program

10.4 In-Service Surveillance Program

223

10.5 Maintenance Program

223

CHAPTER ELEVEN, Occupational Safety

11.1 Introduction

11.2 Requirements

11.3 Conduct of Operations

11.4 Fire Protection

11.4.1 Fire Hazards

3.0,3.2

11.4.2 Fire Protection Program and
Organization

3.7

11.4.3 Combustible Loading Control

3.2

11.4.4 Fire Fighting Capabilities

3.4.2

11.4.5 Fire Fighting Readiness Assurance

34.2,3.7

CHAPTER TWELVE, Procedures and Training

12.1 Introduction

12.2 Requirements
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Table A — 1 — DSA Material that should be coordinated with the FHA (SCD-10)

DOE-STD-3009-94 Section

FHA Section providing input information
(per SCD-10, see Table A-3 for section
titles)

12.3 Procedure Program

12.3.1 Development of Procedures

12.3.2 Maintenance of Procedures

12.4 Training Program

12.4.1 Development of Training

12.4.2 Maintenance of Training

12.4.3 Modification of Training Materials

CHAPTER THIRTEEN, Human Factors

13.1 Introduction

13.2 Requirements

13.3 Human Factors Process

13.4 Identification of Human-Machine
Interfaces

13.5 Optimization of Human-Machine
Interfaces

CHAPTER FOURTEEN, Quality Assurance

14.1 Introduction

14.2 Requirements

14.3 Quality Assurance Program Organization

14.4 Quality Improvement

14.5 Documents and Records

14.6 Quality Assurance Performance

14.6.1 Work Processes

14.6.2 Design

14.6.3 Procurement

14.6.4 Inspection and Testing for Acceptance

14.6.5 Independent Assessment

CHAPTER FIFTEEN, Emergency
Preparedness Program

15.1 Introduction

15.2 Requirements

15.3 Scope of Emergency Preparedness

15.4 Emergency Preparedness Planning 342,37
15.4.1 Emergency Response Organization 342, 3.7
15.4.2 Assessment Actions 342,37
15.4.3 Notification 3.4.2,3.7
15.4.4 Emergency Facilities and Equipment 34.2,3.7
15.4.5 Protective Actions 3.3,3.4.2,3.7
15.4.6 Training and Exercises 3.4.2,3.7
15.4.7 Recovery and Reentry 3.3,34.2,3.7
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Table A — 1 — DSA Material that should be coordinated with the FHA (SCD-10)

DOE-STD-3009-94 Section

FHA Section providing input information
(per SCD-10, see Table A-3 for section
titles)

CHAPTER SIXTEEN, Provisions for
Decontamination and Decommissioning

16.1 Introduction

16.2 Requirements

16.3 Description of Conceptual Plans

CHAPTER SEVENTEEN, Management,
Organization, & Industrial Safety

17.1 Introduction

17.2 Requirements

17.3 Organizational Structure, Responsibilities
and Interfaces

17.3.1 Organization Structure 3.3,3.4.2,3.7
17.3.2 Organizational Responsibilities 3.3,3.4.2,3.7
17.3.3 Staffing and Qualifications 34.2

17.4 Safety Management Policies and Programs

17.4.1 Safety Review and Performance
Assessment

17.4.2 Configuration and Document Control

17.4.3 Occurrence Reporting

17.4.4 Safety Culture
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Table A — 2 — FHA (DOE Model) material that should be coordinated with the DSA

FHA Section (Based on DOE Model FHA)

DOE-STD-3009 Section providing input
information (see Table A — 1 for Section

titles)
1.0 INTRODUCTION
1.1 Purpose
1.2 Approach and Assumptions
1.3 Limitations
1.4 Facility Use, Function, Occupancy 2.3
1.5 General Site Fire Protection 11.4.2
2.0 CONSTRUCTION
2.1 Description of Facility 23,24
2.2 Fire Boundaries 2.4,3.3.2.3.1,3.3.2.3.2, 3.4.2.x.5 (fire
events)
2.3 Interior Finish Materials 23,24

3.0 LIFE SAFETY

3.3.2.3.3,154.5,15.4.7,17.3.1-17.3.3

3.1 Means of Egress

6.5.2,15.4.5

3.2 Emergency Lighting and Exit Signs

3.3 Security Interface 15.4
4.0 FIRE HAZARDS
4.1 Identification of Significant Fire Hazards 3.3.2.1

4.2 Natural Hazards Impact on Fire Safety

1.5, 3.4.2.x (NPH events)

4.3 Analysis of Potential Fire Scenarios

3.4.2.x (fire events)

4.4 Exposure Fire Potential

3.4.2.x (fire events), 5.3

4.5 Potential for a Toxic, Biological or
Radiation Incident

3.4.2.x (fire events)

4.5.1 Criticality, Radioactive Materials, and
Contamination

3.4.2.x (fire events), 6.3

4.5.2 Chemical, Corrosive Agents, and Other
Special Hazards

3.3.2, 3.4.2.x (fire events)

4.5.3 Off-site Impact

3.4.2.x (fire events)

4.6 Runoff/Containment of Fluids

3.4.2.x (fire events), 4.3.x

5.0 FIRE PROTECTION

5.1 Water Supply and Distribution System 2.8,29,11.44
5.2 Fire Suppression

5.2.1 Sprinkler Systems 3.3.2.3.2,4.4
5.2.2 Standpipe Systems 3.3.232,4.4
5.2.3 Portable Fire Extinguishers 3.3.2.3.2,114.4
5.3 Protective Signaling Systems 3.3.2.3.2,44
5.3.1 Fire Detection Systems 3.3.2.3.2,44
5.3.2 Manual Alarm System 3.3.2.3.2,44
5.3.3 Notification Systems 3.3.2.3.2,44
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Table A - 2 — FHA (DOE Model) material that should be coordinated with the DSA

FHA Section (Based on DOE Model FHA)

DOE-STD-3009 Section providing input
information (see Table A — 1 for Section
titles)

5.4 Fire Department/Fire Brigade Response

11.4.4,11.4.5,154

6.0 FACILITY EQUIPMENT AND
PROGRAM PRESERVATION

6.1 Protection of Essential Safety Class
Systems

4.3

6.2 Critical and Vital Programs

6.2.1 Identification of Vital Programs Impacted
and Recovery Potential

6.2.2 Identification and Protection of Critical
Process Equipment

6.3 Identification and Protection of High Dollar
Equipment

6.4 Facility Damage Potential

6.4.1 Maximum Credible Fire Loss (MCFL)

3.4.2.x (fire events)

6.4.2 Maximum Possible Fire Loss (MPFL)

3.4.2.x (fire events)

6.5 Emergency Planning 15.1-15.4
6.6 Security Coordination 15.4.1
7.0 CONCLUSION

8.0 RECOMMENDATIONS

9.0 REFERENCES

Appendix A: Floor Plans and Site Plan
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Table A — 3 — FHA (SCD-10) material that should be coordinated with the DSA

FHA Section (Based on SCD-10)

DOE-STD-3009 Section providing input
information (see Table A — 1 for Section
titles)

COVER SHEET

APPROVAL SHEET

1 Executive Summary

ii Table of Contents

iii List of Tables/Figures

iv Revision Summary

1.0 INTRODUCTION

8.2,11.2

2.0 FACILITY DESCRIPTION

(per subsections)

2.1 General Description and Location

E2,E3,E4,2.2-2.4,2.6-2.9

2.2 Facility Operations and Processes

(per subsections)

2.2.1 Process Description

E4,2.5,94

2.2.2 Critical Process Equipment and High
Value Property

2.5-2.9

2.2.3 Safety Class Equipment

3.4.2.x.2 (fire events), 4.3, 10.4, 10.5

2.3 Facility Assumptions and Constraints

3.0 FIRE PROTECTION ANALYSIS

E4,3.3,114.1

3.1 Fire Area Definition

3.3.2.3.1,3.3.2.3.2, 3.4.2.x.5 (fire events)

3.2 Fire Area Analysis

3.3.2.1,3.3.2.3.5,3.4, 3.4.2.x (fire events),
43,53,114.1,114.3,11.44

3.3 Life Safety Analysis

3.3.2.3.3,154.5,154.7,17.3.1-3

3.4 Water Supply and Manual Fire Attack

(summarize from subsections)

3.4.1 Water Supply Analysis

11.4.4

3.4.2 Manual Attack and Emergency Response

E.2,6.5.2,11.44,11.4.5,15.4.1-15.4.7,
17.3.1-17.3.3

3.5 Fire Exposure Analysis

3.4.2.x (for fire events), 5.3

3.6 Natural Phenomena Hazards (NPH) Fire
Impacts

1.5, 3.4.2.x (wildland fire event)

3.7 Fire Protection Program Analysis

E.2,11.4.2,11.4.5,15.4.1-15.4.7,17.3.1-3

3.8 Fire Loss Analysis

3.4.2.x.5 (fire events)

3.9 Hazardous Material Release Analysis

3.4.2.x.3 (fire events)

3.10 Review of Existing Fire Protection
Findings

4.0 ANALYSIS RESULTS AND
CONCLUSIONS

4.1 Summary of Analysis Results

4.2 Tabulation of Deficiencies

4.3 Deminimus Deficiencies

4.3 Conclusions
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5.0 REFERENCES

6.0 APPENDICES

Appendix A — FHA Figures
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Appendix B

Sample Problems
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