June 14, 2000

The Honorable Bill Richardson
Secretary of Energy

1000 Independence Avenue, SW
Washington, DC 20585-1000

Dear Secretary Richardson:

In the past few years, improved and more detailed safety analyses for defense nuclear facilities
have demondtrated that fire remains one of the main sources of risk to the public and workers. The
tremendous energy afire can generate resultsin ahigh potentia to disperse radioactive and toxic
materids into the aimosphere and thus create risk to the public. It isfor thisreason that fire is often the
dominant public-risk accident at the Department of Energy’s (DOE) nuclear facilities. Moreover, fires
areamgor source of risk to workers and can quickly lead to fatdlities, as occurred in 1997 at afacility
undergoing decommissioning. As more DOE facilities are decommissioned, many hazardous activities
will be undertaken that will increase therisk of fire.

The Defense Nuclear Fecilities Safety Board (Board) has closely monitored devel opment and
implementation of DOE’ sfire protection standards and requirements a new or exiging facilities. While
DOE has had a good record on fire safety, the Board notes instances during the past severd yearsin
which fire protection standards and practices at defense nuclear facilities have falen below acceptable
levels. These instances have been made known to DOE through letters from the Board that are cited
in the enclosed report, as well asin aMarch 29, 2000 letter to Generd Gioconda on the fire protection
program at Pantex.

The enclosed report prepared by the Board' s aff reviews technica concepts and principles
important to maintaining the quaity of DOE' s fire protection program. The Board and its staff will
continue to closaly monitor fire protection program standards and implementation at defense nuclear
facilities usng the principles and good practices identified therein. The Board invites comments by
DOE and its contractorsin the interest of improving fire protection practices a defense nuclear
fadilities

Sincerdy,
John T. Conway
Chairman

c. Mr. Mark B. Whitaker, Jr.
Enclosure
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EXECUTIVE SUMMARY

Since its inception, the Defense Nuclear Facilities Safety Board (Board) has closdly monitored
the Department of Energy’s (DOE) fire protection program. It is now established that at many nuclear
fadilities, fires are the dominant source of risk to workers and the public. Thisis especidly true a aging
facilities and at facilities undergoing decommissioning. In past decades, severd mgor fires have
occurred at defense nuclear facilities. While no such fires have occurred in more recent times, this
experience should not lead to complacency. A single mgor fire could result in serious damage to the
DOE nuclear program and in the worst case, cause harm to workers or the public.

This report reviews technica concepts and principles important to maintaining the quality of
DOE sfire protection program. The following topics are covered:

SAfety andyss, fire hazards analys's, and safety controls
SAfety system classification and defense in depth
Emergency planning

Criticaity

Configuration management

Performance criteria and reporting

Assessment and ingpection findings

Professona gaff

Fire departments

Research on fire phenomena

DOE and its predecessor agencies have had a good record on fire safety. This performance
record must be continued into the indefinite future by rededication to the principles set forth in this

report.
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1. INTRODUCTION

Prevention, detection, control, and mitigation of fires are important elements of safety at all
defense nuclear facilities. Uncontrolled firesin facilities pose hazards to the hedlth and safety of the
public and workers, particularly should arelease of radioactive materid occur. Since its inception,
therefore, the Defense Nuclear Fecilities Safety Board (Board) has closaly monitored development and
implementation of the Department of Energy’ s (DOE) fire protection standards and requirements at
new and exiding facilities

In the past few years, improved and more detailed safety analyses for defense nuclear facilities
have demondtrated that fire remains one of the main sources of risk to the public and workers. The
tremendous energy afire can generate results in a high potentid to disperse radioactive and toxic
materids into the aimosphere and thus create risk to the public. It isfor thisreason that fire is often the
dominant public-risk accident at DOE nuclear facilities. Moreover, fires are amgor source of risk to
workers and can quickly lead to fatdities, as occurred in 1997 a afacility undergoing
decommissioning. As more DOE facilities are decommissioned, many hazardous activities will be
undertaken that will increase therisk of fire. For example, additiona combustibles may be brought into
abuilding at the same time that cutting and welding are taking place. Older but vita facilitieswill be
kept in operation, and in these facilities, maintenance and control of combustibles may be critica
measures to ensure fire safety.

DOE and its predecessor agencies have had a good record on fire safety. Fire losses have
been kept to a minimum during the past 30 years. This performance record must be continued into the
indefinite future. Fires at defense nuclear facilities must be prevented, or controlled once started, to
ensure the safety of the public and workers.

This report reviews technica concepts and principles important to maintaining the quality of

DOE sfire protection program. The Board invites comments on this report by DOE and others having
an interest in fire protection at defense nuclear facilities.
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2. SAFETY REQUIREMENTSAND STANDARDS

The cornerstone of any safety program is an adequate set of safety requirements and standards.
This principle gpplies fully to fire protection, a safety discipline with along empirica history and an
extengve array of consensus standards. Nuclear facilities present specid hazards, however, that may
cdl for the gpplication of different or more stringent requirements than might gpply to atypicd indudtrid
fadlity.

The necessity for gpecid fire protection features for nuclear facilities has long been recognized,
first by the Atomic Energy Commisson (AEC) and later by the Nuclear Regulatory Commission
(NRC) and DOE. AEC began a program to upgrade fire protection at contractor-operated
government facilities following a damaging fire at Rocky Hatsin 1969. NRC followed suit with much
more stringent fire protection requirements for reactors to prevent a recurrence of the Browns Ferry fire
of 1975. The Nationd Fire Protection Association (NFPA) has supported such government efforts by
devel oping three codes specific to nuclear facilities—NFPA 801, 802, and 803.

DOE hasin place a comprehensve set of fire protection criteriafor nucleer facilities. This set
indudes the following:

1 DOE Order 420.1, Facility Safety (U.S. Depatment of Energy, 1995)

1 DOE Order 440.1A, Worker Protection Management for DOE Federal and
Contractor Employees, (U.S. Department of Energy, 1998)

DOE Implementation Guide for use with DOE Orders 420.1 and 440.1, Fire Safety
Program (U.S. Department of Energy, 1995)

DOE C 420.1, Contractor Requirements Document, Facility Safety, (U.S. Department
of Energy, 1995)

DOE-STD 1066-99, Fire Protection Design Criteria (U.S. Department of Energy,
1999)

DOE-STD-1088-95, Fire Protection for Relocatable Sructures (U.S. Department of
Energy, 1995)

DOE-HDBK-1062-96, DOE Fire Protection Handbook (U.S. Department of Energy,
1996)

DOE Fire Protection Qualification Standard Competencies (U.S. Department of
Energy, 1995)
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Incorporated in DOE Order 420.1 (U.S. Department of Energy, 1995), is the critically
important requirement that the NFPA codes and applicable building codes be met a al DOE facilities.
DOE has dso issued numerous guidance documents on topics such as quality assurance for fire
protection systems, contents of fire hazards analyses (FHAS), and medica standards for firefighters.
As gtated in DOE Order 420.1, Section 4.2(3) (U.S. Department of Energy, 1995), this set of
gandards isintended to achieve “alevd of fire protection that is sufficient to fulfill the requirements of
the best-protected class of industrid risks (‘Highly Protected Risk’ or ‘Improved Risk’).” DOE
facilities, Stes, and activities are to be provided this level of protection "to achieve defense-in-depth.”

Asnoted in Section 1, throughout its history the Board has remained fully involved in DOE's
development of fire protection requirements and guidance. The Board has found DOE' sfire protection
criteria, if diligently and rigoroudly applied, to be adequate to protect public hedth and safety, workers,
and the environment.

A limited number of DOE dSites and facilities have chosen to use the Work Smart Standards
(WSS) approach to the selection of requirements and standards. This approach can result in the
adoption of adequate requirements and guidance for fire protection programs at defense nuclear
facilities. In severd recent instances, however, the Board' s staff has observed departures from
established DOE requirements that have resulted in an unacceptable standards set. In aletter to the
Acting Assstant Secretary for Defense Programs dated September 22, 1999, the Board noted with
regard to fire protection at the Los Alamos National Laboratory (LANL):

The Board expects that the WSS for safety-rdated systems will comply with the safety
system requirements in DOE Order 420.1. In particular, if aprogram feature is made
mandatory by an Order or requirement, it is disgppointing if it only appears as guidance
in WSS,

In another case, inadequate contract requirements may have contributed to a potential safety
problem. The Board observed in an October 5, 1999, |etter to the Director of DOE' s Office of
Science with regard to Oak Ridge Nationa Laboratory (ORNL):

In the area of program requirements, the staff observed that a recent change to the
ORNL WSS redressed a deficiency created severd years ago when DOE Order
5480.7A, Fire Protection (U.S. Department of Energy, 1995), was deleted from the
contract.

The Board found that ORNL’ s fire department was insufficiently staffed:
The gtaff found that a prompt review of ORNL fire department staffing is needed to

enaure the availability of sufficient shift complements. Based on the latest DOE Basdine
Needs Assessment, insufficient fire department personnel are available on the backshift.

2-2



DOFE' s exigting fire protection requirements and guidance for nuclear facilities are based on
many years of AEC and DOE experience. Whileit is possible to congtruct an aternative set of
requirements and guidance using the WSS gpproach, the following principles need to be followed:

The WSS st is demonsirably equivalent to the requirements contained in DOE Orders
420.1 and 440.1, and DOE Implementation Guide for use with DOE Orders 420.1 and
440.1 Fire Safety Program (U.S. Department of Energy, 1995).

Thereis no retreat from the principles of highly protected risk and defense in depth.

The NFPA codes and applicable building codes are adopted as contract requirements.

Fire protection design criteria equivaent to DOE-STD 1066-99 (U.S. Department of
Energy, 1999), are adopted as guidance.
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3. ROLE OF FIRE PROTECTION IN OVERALL SAFETY APPROACH

The activities a defense nucdleer facilitiesinvolve al the ingredients needed for initiation of afire.
In fact, there are many fires at these facilities every year that are controlled and prevented from
propagating and expanding into magor fires. Fire losses are kept to aminimum by an established
program to (1) identify ignition sources and combustible materids; (2) provide and maintain fire control
features, both active and passve; and (3) ensure fire extinguishment through fire atack preplans and
drills

The FHA isthe main tool used to identify systematicaly and comprehensively the sources of
fire and the need for related controls. The types of controls and their location, adequacy, and
functiondity are determined in the FHA, which can then be used in support of the facility's authorization
basis. The ste emergency management organization and fire department, however, play amgor rolein
the control of fire and overal emergency response. In the following subsections, the interdependencies
of these activities and the need for their integration are discussed in more detall.

3.1 SAFETY ANALYSISAND FIRE HAZARDSANALYSIS

The safety andysis and FHA for afacility should be closely related. DOE Order 420.1,
Paragraph 4.2.1(5), states:

The conclusions of the FHA shall be incorporated in the Safety Analysis Report (SAR)
Accident Andyss and shdl be integrated into design basis and beyond design basis
accident conditions.

Paragraph 4.16 of the Implementation Guide for this Order is to the same effect:

When both an FHA and a SAR are developed for afacility, the developmentd effort
should be coordinated to the maximum extent possible to avoid duplication of effort. . .
. the FHA and its conclusions should be addressed in the facility SAR in such amanner
asto reflect dl relevant fire safety objectives. . . .

SAfety andyss systematicdly and methodicaly identifies the hazards at afacility and determines
their potential impact. It aso devises controls for the hazards that will protect the public, workers, the
environment, and government property.

Fire and exploson are two of the most energetic means by which radioactive materid, and any
other hazardous materias involved, can be dispersed to the outside environment. The FHA identifies
the sources of fire, the potentia for the spread of fire, and festures that might mitigate afire. The SAR
classfies the mitigating features and assesses their adequacy for meeting the operationd requirements of
the design of the facility with regard to dose consequences. The fire protection features rdied uponin
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the SAR to maintain the authorization basis of the facility are covered by Technicd Safety Requirements
(TSR9) to ensure availability and religbility.

3.2 SAFETY CONTROLS

The gpplication of requirements and standards to hazards at a specific nuclear facility leadsto
the identification of safety controlsin the form of TSRS, administrative controls, procedures (e.g.,
prefire plans), and manuals. These controls are based on safety documents such asthe FHA, the SAR,
and the Basdline Needs Assessment for the fire department. Some of these controls become part of
the authorization basis, aforma set of documents submitted to DOE by its contractor, designed to
ensure safe operation of the facility.

Certain principles must be observed when sdlecting fire protection controls:

I A consarvative approach should be taken that ensures marginin dl caculations of safety
adequacy.

Risk assessment techniques should be used to identify and rank sources of fire hazards, but
should not be used to circumvent safety requirements such as NFPA codes or to weaken
defense in depth.

Engineering and design controls should be favored over adminidrative controls, especidly
in the design of new facilities.

3.3 SAFETY SYSTEM CLASSIFICATION AND DEFENSE IN DEPTH

The SAR should classfy the fire protection festures and adminigrative programs and determine
which of these should be identified in the TSR document. Designation of safety-class or safety-
sgnificant structures, systems, and components (SSCs), adminigtrative controls, and engineered design
featuresis determined through a prescribed methodology (DOE-STD-3009-94 [U.S. Department of
Energy, 1994] and DOE G 420.1-2 [U.S. Department of Energy, 2000]), that reliesto alarge extent
on the engineering judgment of the sefety andysts and designers. Overdl, the objective isto prevent a
fire, or to control and confine afire should one occur. Methods of accomplishing this objective are set
forth in NFPA codes that have been a requirement of the DOE program for decades. It is essentid
that decisions concerning the application of these codes and the sdlection of features and controls be
made by quaified and experienced fire protection engineers. In generd, the following measures are
among the mogt effective in ensuring that fires do not harm workers or the public.

Reducing or Eliminating Ignition Sources. The FHA and the process hazard andysis

prepared in support of the SAR are the best tools for identifying processes and activities that contribute
to firerisk and controls to reduce that risk. These controls, such as providing an inert atmosphere or
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using sparkless tools, represent the firdt line of defense againgt fire. As such, they may need to be
designated as safety-significant SSCsto provide protection for close-proximity workers.

Egtablishing the design requirements and safety classification of systems and equipment that
come into direct contact with hazardous materias is most important for the design of new facilities.
Identification of hazards at this stage sgnificantly reduces the probability of amgor fire or explosion.
For example, design of afurnace to the gppropriate NFPA requirements for the specific gpplication,
based on a hazard analys's, may obviate the need for safety systems to prevent or mitigate some fire
scenarios. Similarly, adetailed process hazard analysis of the ectivities performed in a glovebox may
reduce the potentia for samdl fires. The recent lithium hydride fire in Building 9204-2 & the Oak Ridge
Y-12 Flant is agood example of the consequences of failing to perform a detailed process hazard
andysis closest to the source of the hazard. In this case, hot metd chips from adrilling activity in the
glovebox ignited lithium hydride that was stored nearby inside the same glovebox.

FireBarriers. Animportant fegture for fire protection of abuilding is compartmentdization of
the activitieswithin the facility and their separation by fire-resstant barriers. Such barriershave a
proven record of limiting the spread of fire, improving the chances for prompt extinguishment by manua
firefighting, and reducing the amount of hazardous materia that may be involved in afire. These
barriers should be identified as engineering design features and maintained according to their design
requirements.

A recent FHA for Building 9204-2E at the Y-12 Plant identified many fire barriers that had
been credited in the authorization basis, but had not been maintained to their specific design
requirements (L etter, Conway to Gioconda, November 3, 1999). The FHA recommended repair or
replacement of these fire barriers to comply with their design requirements and enable them to perform
their intended function.

Enhanced Capabilitiesto Control Fire. Prevention of smal firesis not entirdy possble;
there isdways a potentid for afireto start. Smal fires occur a defense nuclear facilities on aroutine
bass and are effectively controlled. Thuswhat isimportant is the capability to extinguish afire beforeiit
propagates and becomes more hazardous. This capability can be provided by controls ranging from
portable fire extinguishers to extensve fire darm and sprinkler sysems. Fire sprinkler sysems relied
upon for worker safety and public protection should be classified as safety-class or safety-sgnificant
SSCs because they provide the most effective, automated, and quick response to afire.

Westinghouse Savannah River Company (WSRC) recognized the importance of an effective
fire suppresson system in its hazard andysis for the Consolidated Tritium Fecilities a the Savannah
River Site (SRS) and classified them as safety-class SSC (L etter, Conway to Moniz, March 18, 1999).
WSRC ds0 launched an ingpection and maintenance program to ensure the functiond rdiability of the
system. Inasmilar activity, LANL identified the fire sprinkler system in the Chemistry and Metdlurgy
Research (CMR) Facility asavitd system and began an effort to inspect and test the system for
functiond performance.
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Minimizing of Transent Combustibles. Thisadministrative control, both a preventive and
mitigative measure, is among the most cost-effective means of limiting fire hazards. Good housekeeping
and minimizing of the combustible loading on operating floors can prevent incipient fires from
propagating and increase the probability of extinguishing afire before it becomes amgor hazard.

Recent implementation of adminigrative controls on the combustible materid loading at the
CMR Fecility resulted in remova of more than 10 tons of combustible materids. By contrast, Building
9206 at the Y-12 Plant houses huge quantities of trangent combustible materias in the office spaces
directly below storage areas containing sgnificant amounts of uranium in solution and uranium solidsin
the form of fine particles (Letter, Conway to Glauthier, October 6, 1999). Implementation of a
program for reduction of combustible materids would sgnificantly reduce the potentid for afire event
a the fadility.

Confinement of Release and Filtering of Plumes. Fires generate plumes that are toxic by
nature, and additiondly may be contaminated with radioactive materid or other toxic gases. The
heeting, ventilation, and air-conditioning (HVAC) systems at most defense nuclear facilities are
equipped with high-efficiency particulate ar (HEPA) filters that can sgnificantly reduce the radioactive
material content of plumes and thus reduce the consequences to collocated workers and the public.
For this system to be effective, however, the plumes should be directed to pass through intact HEPA
filters that have adequate margin to absorb the additiona strain caused by the fire. To thisend, the
building confinement must be maintained and tested, the HV AC system must operate according to
gpecific procedures, and the HEPA filters must be qualified to withstand the abnorma environment
generated by thefire. The HEPA filters are expected to have a specific service life for a given facility.
In generd, however, HEPA filters are not qudified to withstand high-temperature plumes for long
periods or significant amounts of fire-generated particles. Therefore, they can be relied upon only for
relativey smal fires. Thislimited cgpability places an additiona burden on the building fire sprinkler
Ssystem.

DOE Order 420.1, Facility Safety (U.S. Department of Energy, 1995), requires that the
design of new nonreactor nuclear facilities be based on confinement of hazards. The Board has
supported this requirement and noted further that the confinement systems should be safety-class or
safety-significant (Letter, Conway to Glauthier, July 8, 1999). The HVAC systems and HEPA filters
may be consdered part of afacility’s confinement sysem. For existing facilities, consderation should
be given to classfying these features as safety-sgnificant for the defense-in-depth purpose of backup to
fire suppression systems, if they have not aready been identified as safety systems for other reasons.

Other Features. Other systems and components that are more facility- or activity-specific
may provide the capabilities discussed above. Such features should adso be andyzed for their intended
operability and function, and classified accordingly. In so doing, it is necessary to keep in mind that one
layer of protection is not adequate, and that a smple control will be more effective than detailed
probabiligtic caculaionsin reducing risk. Preference should be given as follows.

1 Passive design features should be preferred to active systems.
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1 Active systems should be preferred to administrative controls.
1 Preventive adminigtrative controls should be preferred to mitigetive ones.

For conservatism, emergency planning and preparedness activities should not be credited as a
safety control for protection agains fire when the controls are devised. Rather, these activities should
be viewed as the last defense-in-depth layer for protection of workers and the public.

34 FIRE PROTECTION AND EMERGENCY PLANNING

DOE Order 5480.23, Nuclear Safety Analysis Report (U.S. Department of Energy, 1992),
requiresthat a section of a SAR be dedicated to discussion and commitments regarding emergency
planning and preparedness. DOE Order 151.1, Comprehensive Emergency Management System
(U.S. Department of Energy, 1995), requires DOE Sites and facilities to develop and participate in an
integrated and comprehensive emergency management system to ensure that appropriate response
measures are taken to protect workers, the public, the environment, and the national security. The
Order dates that implementation of a comprehensive emergency management program should be
commensurate with the hazards involved, and that each DOE gte or facility with Sgnificant quantities of
hazardous materid, radiologica or nonradiologica, should develop and maintain a quantitetive hazard
assessment. Quantitative hazard assessments should be used for event classfication and for
determination of the Sze of the Emergency Planning Zone. The results of the anadlys's should adso be
used to indicate the potentia for an dert, Ste area emergency, or genera emergency using Protective
Action Guides as defined by the Order.

The hazard analyses supporting the SAR and the emergency management system have to be
consstent and integrated with the FHA and Basdline Needs Assessment to identify a complete set of
fire scenarios that may require controls and assistance from the emergency management organization
and the fire department. Consstent assumptions and methodol ogies should be used in these analyses, if
they al refer to the same set of circumstances. More specificdly, theinitia conditions, the event
progression, and the systems response should be consistent for dl of these andyses to achieve the
planned god of controlling the fire as quickly as possible, rescuing personnd, and conducting
evacuations as needed.

The most important emergency response assumptions for afire scenario in the SAR are (1) the
fire department’ s response time and its ability to contral the fire upon arriva, and (2) the Emergency
Operations Center’s (EOC) response time to shelter or evacuate on-dte or off-site people in response
to afire. Although these assumptions are very important in evauating the risk from afire, the related
gatementsin the SAR or other authorization basis documents are often optimistic and unsupported.
This Stuation can be attributed primarily to the lack of familiarity of the SAR hazard andysts with the
redl-time operations of the EOC and the fire department. For example, the SAR may assume that
collocated workers are evacuated from the ste within 30 minutes from the initiation of an event, or that
off-gte individuas are evacuated within 2 hours after initiation. A more redistic vaue would be the
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redl-time periods experienced at the Ste during the last emergency exercise. Taking the latter gpproach
will ensure consstency between the emergency management activities and the assumptions made in the
SAR. Exercises dso sarveto identify response deficiencies whose remediation will improve overdl
safety and preserve the authorization basis.

3.5 FIRE PROTECTION AND CRITICALITY

Another hazard that is often overlooked in the FHA isthe threat of accidentd criticality resulting
from use of water to extinguish afire. Specid precautions may need to be taken by the fire department
fighting afirein afaclity containing fissle materid. These precautions should be identified in procedures
prepared by ajoint effort between fire protection and criticaity safety engineers. The requirements for
this activity are identified in DOE Order 420.1, Facility Safety (U.S. Department of Energy, 1995),
Section 4.3.3(K):

The fire protection program . . . shdl establish guidelines for fire fighting within, or adjacent to,
moderation controlled areas. These guiddines shal be based on comparisons of risks and
consequences of a criticdity accident with the risks and consequences of postulated fires for the
respective areas(s). Risk and consequence comparisons may be aquditative evauation. The
basis for the guiddines shdl be documented.

Additiond guidance on thisimportant topic can be found in paragraph 5-1.8, “ Accident
Involving Fissonable Materids” in NFPA 801, Standard for Fire Protection for Facilities
Handling Radioactive Materials (1998). Evauation of thisissue must include effects of the actuation
of automatic sprinkler and deluge systems (in fire or inadvertent), gpplication of hose sprays, and
accumulation of water from either of these sources. Inadvertent actuation leading to a criticdity in
seigmic eventsis addressed in Section 7.3 of the recent revision to
DOE-STD-1066-99, Fire Protection Design Criteria (U.S. Department of Energy, 1999).
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4. MAINTAINING THE QUALITY OF FIRE PROTECTION PROGRAMS

4.1 CONFIGURATION MANAGEMENT

The safety envelope of anuclear facility is defined by its SAR. Andyses presented in the SAR
are based on the design requirements of certain SSCswithin the facility. If the as-built facility does not
reflect these design requirements, the safety envelope is compromised.  Configuration management
maintains fiddity between design requirements and the as-built facility.

Fire protection systems and equipment must be maintained under a configuration management
program to ensure that system performance remains as designed and that inadvertent degradation does
not occur. Configuration management involves the verification of sdected equipment, computer
software, and documents to ensure that they conform to current design requirements. Since
modifications to anuclear facility occur on afrequent basis, an effective configuration management
program should be an ongoing effort to monitor and control change for the life of the facility.

Initsfirs Recommendation, 90-1, Savannah River Ste Operator Training (Defense Nuclear
Facilities Safety Board, 1990), the Board recognized the importance of an effective configuration
management program in providing awel-documented understanding of a nuclear facility’s configuration
and in supplementing operator training. If anudlear facility's physical conditions, such as equipment
aignment, availability, or conformance to design requirements, are unknown, operators may take
actions on the bass of improper information. Doing so could put the facility in aworse Stuation, such
as occurred at one of the Three Mile Idand nuclear reactors and at the Union Carbide pegticide plant in
Bhopd, India  An effective configuration management program can reduce or diminate Stuationsin
which the plant’s physical conditions and its conformance to design requirements are unknown to the
operators.

Review of occurrences during the past 4 years at DOE nuclear facilities reved s instances of
inadequacies related to configuration management in fire protection systems. For example, ddinquent
ingpections of the fire protection system in the FB Line facility & SRS were identified (Occurrence
Report No. SR--WSRC-FBLINE-1999-0013). The SRS fire protection program was found to have
programmatic deficiencies that precluded the timely completion of testing and ingpection of facility fire
gystems. In response, WSRC initiated an assessment of SRSs overdl fire protection program. The
assessment team identified various repeated deficiencies that included the inadequate configuration
management of fire protection systems. In another example, potentia issues associated with
configuration management of the auxiliary/stlandby power generators were identified at the Oak Ridge
Y-12 Plant (Occurrence Report No.

ORO--LMES-Y 12SI TE-1998-0017). The direct cause was determined to be inadequate flowdown
of procedured/directives from NFPA 110, Standard for Emergency and Standby Power Systems
(1999), to ste-leve procedures.
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DOE-STD-1073-93, Guide for Operational Configuration Management Program (U.S.
Department of Energy, 1993), addresses configuration management programs as well as the adjunct
programs of design recongtitution and materid condition and aging management. This standard,
gpplicable to DOE nuclear facilities in the operationa phase, presents the program criteria and
implementation guidance for an operationa configuration management program for DOE facilities. A
configuration management program should aso include the following dements.

A basdline configuration management process for existing systems, including wakdowns of
fire protection systems.

Review of the status of drawings and the effectiveness of drawing wakdowns and
procedures by cognizant engineers and operators to verify conformance to design
requirements, system dignment, operability, proper component identification, and
sequencing of steps.

Inspection of labels on system components, such asfire pands, vaves, insruments, and
other components.

A change process that encompasses devel opment of new drawings and changesto
operating and maintenance procedures and maintenance changes.

Note: Maintenance activities can be amgor contributor to changesin the plant, and
therefore, maintenance management and personnd should be sengtive to the need for
proper technical review of any changes to plant systems or equipment. Replacement with
like kind is probably the most prevaent type of maintenance change. Procurement of
replacement parts that differ from the origind item should be identified for technica review.
Any difference, including a so-called manufacturer’ s equivaent, needs to be formaly
evauated and documented by the design engineering organization to ensure that safety and
reliability have not been degraded and that conformance to the design requirementsis
maintained.

Operator training based on changes.
Vdidation of the process for the flow of configuration information.

Evauation of the effectiveness of DOE field offices with respect to configuration
management.

Useful guidance on configuration management can aso be found in Report on Configuration
Management in the Nuclear Utility Industry (Institute of Nuclear Power Operations, 1987) .

4.2 PERFORMANCE CRITERIA AND REPORTING
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Performance measures are needed to track overal fire safety performance complex-wide. (It
should be noted that tracking of overdl performance is broader than tracking of fire losses, which DOE
has performed for many years.) Diligent monitoring of performance will enable DOE to identify
negative trends at one or more Stes and take action before a damaging event occurs. The need for
performance measures to ensure safety was emphasized in a Secretarial Memorandumon Fire
Safety Programs (Moler, 1998):

An adequate fire safety program . . . assures performance feedback through
routine DOE oversght and contractor self-assessments, including the collection
and analysis of complete and accurate fire protection program data and
datigtics, and an effective issues management system that demondrates
vaidation and closure of corrective measures.

Thus, fire protection performance measures and an associated complex-wide reporting system serve
the dual purpose of ensuring contractor performance in the area of environment, safety, and hedlth
(ES&H) and enabling DOE to follow trends and take action as needed to strengthen fire safety
programs.

DOE isworking on changes to DOE Order 231.1, Environment, Safety and Health
Reporting (U.S. Department of Energy, 1996), and the associated manual. These changes would
require each DOE dgteto file an Annud Fire Protection Program Summary. The information contained
in these annual summaries should dlow DOE’s ES& H organization to monitor complex-wide fire safety
performance.

4.3 RESOLUTION OF ASSESSMENT AND SURVEILLANCE FINDINGS

Consgtent with the Board’ s Recommendation 98-1, I ntegrated Safety Management and the
Department of Energy (DOE) Facilities (Defense Nuclear Facilities Safety Board, 1998), findings
from assessments of fire protection programs, including deficiencies, must be addressed promptly and
timely corrective actions taken to ensure safety. A robust fire protection program includes aggressve
efforts to identify, prioritize, and monitor the status of findings and recommendations resulting from such
assessments, inspections and survelllances, until resolution has been achieved. Resolution can be
achieved in avariety of ways, including modification of the plant design, changes to procedures, fire
safety equivdency, or exemption.

DOE Order 420.1, Facility Safety (U.S. Department of Energy, 1995), requires that DOE
and its contractors develop, implement, and maintain an acceptable fire protection program that
includes the following dements.

I A comprehensive, documented self-assessment program for fire protection that includes all
aspects (program and facility) of the fire protection program. Assessments should be
performed on aregular basis a a frequency established by DOE guidance.
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1 A program to identify, prioritize, and monitor the status of the findings and
recommendations of fire protection-related assessments and surveillances until fina
resolution has been achieved.

1 Whenfind resolution will be significantly delayed, implementation of gppropriate interim
compensatory measures to minimize the firerisk.
These requirements are explained in greater detail in Section 7.0, DOE Implementation Guide for use
with DOE Orders 420.1 and 440.1 (U.S. Department of Energy, 1995). Whether or not afacility is
contractualy bound by this Order, the fundamental concepts, objectives, and features of the assessment
program described in this guide should be followed at nuclear facilities.

Although DOE Orders and guidance describe an adequate program for the resolution of
assessment and ingpection findings, it isimportant for top-level line managersto prioritize the resolution
of those findings to focus on issues related to the safety of the public and workers.

Fire protection modifications required for closure of findings should be prioritized asfollows:

! Fire protection features relied upon to maintain the safety envelope of the facility.

Fire protection features relied upon to provide defense in depth.

Fire protection features relied upon to protect property.

44 FIRE PROTECTION STAFF

In Recommendation 93-2, The Need for Critical Experiment Capability (Defense Nuclear
Facilities Safety Board, 1993), the Board stated:

Effective functioning of any organization, whether in the private sector or
government, is highly dependent upon the capabilities of people and the way
they are guided and deployed. Nowhere is this dependency more crucid than
in the Department of Energy’s (DOE) defense nuclear complex, where the
potentia hazards inherent in nuclear materias production, processing, and
manufacturing require high qudity technica expertise to assure public and
worker safety.

The Secretarial Memorandum on Fire Safety Programs (Moler, 1998), noted above attributes
equa importance to this same principle:

Our commitment [to fire safety] warrants afocused effort designed to evauate .
.. the adequacy of gaffing of qudified fire protection professionds.
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Because fire protection remains a critical safety program for defense nuclear facilities, it is
essentia that DOE maintain a strong professiond gaff in this area, both at Headquarters and in the field.
Each DOE program office and fied office managing defense nuclear facilities should have on gaff & a
minimum one experienced fire protection engineer (or equivaent). Determination of whether one such
individud is sufficient to meet the need should be based on DOE' s responsibility for program direction,
not on budgetary consderations.

DOE sfire protection community, comprising safety professonas from DOE and its
contractors, is a unique group that has worked together to achieve a strong record of fire safety. The
annua DOE Fire Protection Conference (which incorporates training courses) and the activities of the
Fire Safety Committee are vehicles for the sharing of fire safety knowledge and experience anong
many stes and programs, leading to greater safety and cost savings.

4.5 SUPPORT FOR FIRE DEPARTMENTS

At many defense nuclear fadilities, fire safety hinges on ahighly trained and dedicated on-Site
fire department or an off-gte fire department trained and equipped to respond on DOE premises. The
fire department is the primary responder not only for fires, but dso for worker injuries and health
emergencies, hazardous materias accidents, and vehicle accidents. Y et the remoteness of many sites
and the unique hazards of the facilities make reliance on off-gte assstance impossble or at best
untimely. For these reasons, adequate resources must be devoted to maintaining staffing levels, limiting
reliance on overtime, and providing adequate training and equipment.

Section 2, DOE Order 420.1, Facility Safety (U.S. Department of Energy, 1995), requires
that an acceptable fire safety program include both “access to a qualified and trained fire protection
gaff, incduding afire protection engineer(s), technicians, and fire fighting personnd,” and a“basdline
needs assessment that establishes the minimum required capabilities of Ste fire fighting forces” The
Secretarial Memorandum on Fire Safety Programs (Moler, 1998), reiterates the importance of this
requirement by affirming that an “adequate fire safety program . . . defines minimum response
capabilitiesto ste fire emergencies (‘Basdline Needs).” Asdiscussed in Section 3.4 above, fire
department response is an important eement in planning for fire emergencies.

For these reasons, it remains critical for DOE to provide strong support for al fire departments
protecting defense nuclear facilities, whether on or off ste. Asthe Board has often observed, in many
cases decommissioning activities may be even more hazardous, especidly to workers, than were
previous production operations. Wherever radioactive materids are present, firefighters face specia
hazards and must accept greater risk to protect the public and workers. Thisrisk is minimized by
adequate shift gaffing, training, prefire plans, off-gte assstance agreements, and procedures. The
Board's staff will continue to monitor the atus of fire departments at dl facilities under the Board's
jurisdiction to ensure that the fire departments are supported at alevel that provides adequate
protection to workers, the public, and the firefighters themsalves.
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4.6 FUNDING OF RESEARCH ON FIRE PHENOMENA

Research often helps reduce future program costs and fire losses by leading to increased
understanding of the causes of fires and their effects on safety systems and equipment. Higtoricdly,
DOE and its predecessor agencies have supported research aimed at characterizing or understanding
fire phenomena unique to DOE facilities. Thisfire safety research program has contributed substantialy
to the very good fire damage record associated with defense nuclear fecilities.

In Recommendation 93-2, The Need for Critical Experiment Capability (Defense Nuclear
Facilities Safety Board, 1993), the Board made the following observation with respect to criticality
research:

For dl the above reasons, the Board believes that continuation of an
experimenta program of genera purpose critica experimentsis necessary for
continued safety in handling and storing fissonable materid. It is needed to
improve the basis for the methodology. It is needed as part of the process of
properly educating criticdity control engineers. It is needed to ensure the
cgpability of answering criticdity questions with new and previoudy
unresearched features.

These same principles apply to fire protection. DOE is responsible for the control of firerisk at
awide variety of facilities, old and new, processing and storage, operating or being dismantled. While
many of the fire protection chalenges may be suitably mitigated by use of existing codes and standards,
there are instances in which more data are needed to quantify risk and identify cogt-effective solutions.

At the time of the Board' s inception a decade ago, DOE conducted a modest but important fire
phenomena research program managed by the ES& H organization. That program was gradualy
reduced, and afew years ago ceased to exist. Although program offices and sites occasondly fund
project-related experiments, it gppears that no funds are currently available for generic fire safety
research.

This stuation should be reexamined. Carefully focused research could yield important indgghts
into fire risk based on tests rather than anayds, identify new vulnerabilities, and suggest the need for
additiona standards and guidance to control fire hazards. Strategic partnerships between DOE and
other Federd agencies or non-profit organizations may be one method to increase available funding.
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Abbreviation

AEC

Board

CMR

DOE

EOC

ES&H

FHA

HEPA

HVAC

LANL

NFPA

NRC

ORNL

SRS

SSCs

TSR

WSRC

WSS

GLOSSARY OF ACRONYMSAND TERMS

Definition

Atomic Energy Commission

Defense Nuclear Fecilities Safety Board
Chemistry and Metalurgy Research
U.S. Department of Energy

Emergency Operations Center
environment, safety and hedlth

fire hazards andyss

high-efficiency particulate air

heating, ventilation, and ar conditioning
Los Alamos Nationa Laboratory
Nationa Fire Protection Association
Nuclear Regulatory Commission

Oak Ridge National Laboratory

Safety Analysis Report

Savannah River Site

structures, systems and components
Technicd Safety Requirement
Westinghouse Savannah River Company

Work Smart Standards
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