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March 5, 2001

The Honorable Spencer Abraham \
Secretary of Energy

1000 Independence Avenue, SW

Washington, DC 20585-1000

Dear Secretary Abraham:

During the past year, the staff of the Defense Nuclear Facilities Safety Board (Board)
performed reviews of criticality safety programs at four Department of Energy (DOE) sites:
Savannah River Site, Oak Ridge Y-12 Plant, Rocky Flats Environmental Technology Site, and
the Hanford Reservation. The Board’s staff reviews followed, and were complementary to a
similar series of reviews sponsored by the DOE Deputy Assistant Secretary for Oversight
(EH-2). Observations from the Board’s staff reviews are documented in the enclosed technical
report.

Several good practices were noted throughout the complex, including the unique marking
of procedural steps related to criticality. Additionally, initiatives to establish liaison positions
between criticality safety and operations were identified. These will serve to improve the
development and implementation of criticality controls. The Board acknowledges these efforts
and encourages their continuation.

Several areas for improvement were also noted. The most significant of which include:
augmenting the rigor and formality of DOE field office criticality oversight, maintaining the
integrity and reliability of design features credited for protection against inadvertent criticality,
increasing the presence of criticality engineers on the process floor, achieving consistent
infraction reporting, addressing the current overreliance on procedural controls, and clarifying
the proper relationship between criticality controls and Safety Analysis Report and the Technical
Safety Requirements. Many of these improvement areas were similarly identified by the DOE
EH-2 review team. Suggested approaches for addressing these areas are provided in the
enclosed technical report for your consideration.
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The Board believes both sustaining the recent initiatives for improving criticality safety,
and addressing the areas for improvement identified in the enclosed technical report are of
primary importance to ensuring adequate protection from inadvertent nuclear criticality in the
defense nuclear complex. Therefore, pursuant to 42 U.S.C. § 2286b(d), the Board requests DOE
to provide a report within 60 days of receipt of this letter detailing the DOE-Headquarters’ path
forward for addressing the observations outlined in the enclosed technical report.

Sincerely,

e

John T. Conw,
Chairman

Enclosure

¢: Mr. Mark B. Whitaker, Jr.
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EXECUTIVE SUMMARY

The god of any nucleer criticaity safety program isto prevent inadvertent nuclear criticality.
To thisend, there are severa fundamentd areas such a program must address: the analysis of criticality
hazards and the development of adequate controls for those hazards, implementation of the criticdity
controls in facility processes, and feedback and improvement including the maintenance of controlsto
ensure ther integrity and religbility over time.

The American Nationad Standards Ingtitute/American Nuclear Society 8.x series of nationd
consensus sandards and relevant Department of Energy (DOE) directives outline in detail the
expectations and suggested methods for developing and implementing criticdity controls. The guidance
provided with respect to maintaining the controls, however, isincomplete. Thisincomplete guidance
has resulted in some divergence of opinion within the DOE complex asto what leve of gpprova and
sewardship is appropriate for criticaity controls and how they should relate to afacility’ s Safety
Anaysis Report (SAR) and Technicd Safety Requirements (TSRS). Thisissueistreated a length in
this report, and a suggested approach is outlined.

To better understand the processes being used in the field to develop, implement, and maintain
criticdity contrals, the staff of the Defense Nuclear Facilities Safety Board recently conducted a series
of reviews throughout the DOE complex. Also in recent months, DOE performed a series of criticaity
safety reviews under the sponsorship of the Deputy Assistant Secretary for Oversight. The high-level
DOE reviews were amed a identifying potentid vulnerabilities within the DOE complex smilar to those
that led to the criticality in Tokaimura, Japan, in September 1999. Neither of these reviews reveded
imminent criticality safety hazards in the complex. Both, however, identified severd areasfor
improvemen.

One of the most important areas needing improvement is oversight of contractors' criticality
safety programs by DOE field offices. More formaized and robust reviews by DOE are necessary to
ensure that the contractor criticality safety programs are meeting the requirements of the nationa
consensus standards and applicable DOE directives. A second important area for improvement isthe
maintenance of the integrity and religbility of design features credited for protection againgt inadvertent
criticdity. A formdized surveillance, maintenance and configuration management process for these
design features should be implemented; however, extant guidance in this regard isincomplete. A third
areafor improvement isthe need for greater presence of criticdity safety engineers on the process
floor. Criticaity safety engineers must continue to increase the time they spend on the process floor
with operationa personnel to gain greater familiarity with the processes, and to obtain operator input
that is essentia to the development of successful Strategies for preventing inadvertent criticdity. Fourth,
some degree of consstency in the criteria for infraction reporting between stesiswarranted. Fifth, the
present overreliance on procedura adminigtrative controls should be reevauated, and opportunities for
replacing these controls with design features should be explored. Findly, DOE' s expectations with
regard to the proper relationship between criticaity controls and the SAR and TSR should be clarified.



By addressing these areas for improvement, as well as others discussed further in the body of
this report, DOE will strengthen criticdity safety programs complex-wide and increase the overal safety
of operaionswith fissile materid.
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1. INTRODUCTION

During the past severd years, the Defense Nuclear Facilities Safety Board (Board) and its staff
have monitored the Department of Energy’s (DOE) criticdlity safety programs with growing interest and
concern. A number of sgnificant events at defense nuclear facilities during this period have prompted
actions by the Board. Examplesinclude the following:

I Thedeclining capacity for criticdity research, which led the Board to issue its
Recommendation 93-2 (Defense Nuclear Facilities Safety Board, 1993).

Nuclear criticdity safety problems at the Oak Ridge Y-12 Plant in September 1994, which
led to the Board' s Recommendation 94-4 (Defense Nuclear Facilities Safety Board,
1994).

Safety violations at Hanford's Plutonium Finishing Plant in 1996 involving nudleer criticdity
and conduct of operations, which resulted in severd reviews and letters from the Board and
amoratorium on operations a the facility for more than ayear.

The need, again, to strengthen experimenta research in criticality safety and to bolster the
technical cgpability of contractor and DOE personnel in the field of criticdlity safety, which
prompted the Board to issue its Recommendation 97-2 (Defense Nuclear Fecilities Safety
Board, 1997).

DOE has taken action to address many of the Board's concernsin response to
Recommendation 97-2 (Defense Nuclear Facilities Safety Board, 1997). However, the Board and its
daff believe DOE mug strengthen its actions aimed &t furthering the technical cagpability of itsline
management employees reative to criticaity safety, and ensuring that an experimental cgpability remains
viable within the complex.

The recent criticdlity accident in Tokaimura, Japan, in September 1999, prompted DOE to
reassess its own criticality safety programs to confirm that they contained no significant wesknesses that
could lead to asimilar accident. To this end, ateam sponsored by the DOE Deputy Assstant
Secretary for Oversight (EH-2) and led by Dr. Jerry McKamy completed reviews at five Stesin late
1999 and early 2000. Although the team found no imminent criticdity safety hazards in the complex, it
did make savera recommendations for improvement.

Also in recent months, the Board' s saff has conducted a series of reviews, the results of which
are documented in this report. These reviews were prompted by severa observations made by the
g&ff, induding the following:

I A growing rate of criticaity safety infractions at severa sites throughout the DOE complex;



Apparent sructurd differences among the nuclear criticdity safety programs at various
Stes, and

Divergent postions developing within the complex with regard to the proper relationship
between criticadity controls and authorization bases.

Having made these observations, the Board' s saff sought to understand more completely the
detailed structure of criticdity safety programs at Sites throughout the complex, aswell asthe genesis of
the controversy over the correct relationship between criticaity controls and authorization bases. To
this end, the staff visited four stes during the period February—July 2000. The staff also conducted
“verticd dice’ reviewsto trace criticdity safety requirements from identification and andysis of hazards,
through development of controls, through implementation of those controlsin criticaity postings and
operating procedures, and finaly to maintenance of the established controls over time.

The Board' s gaff found, as did the EH-2 review team, that there are no imminent criticaity
safety hazards a the Stesreviewed. However, excessve rdiance on administrative controls at some
fadilities for the handling of large volumes of enriched uranium solutions may, in time, lead to such a
gtuation. Severa aspects of the criticality safety programs at DOE stes could be improved, most
notably with regard to (1) augmenting oversight by DOE field offices of contractors criticality safety
programs, (2) maintaining criticality controls over time such that they can continue to be relied upon to
perform their intended functions, (3) increasing the presence of criticdity safety engineers on the
process floor, (4) improving consistency between different Sites’ infraction reporting criteria, (5)
reducing the over-reliance on administrative controls versus engineered or design controls, and (6)
carifying DOE'’ s expectations with repect to the relationship between criticdity controls and SAR and
TSRs.

Thisreport is organized asfollows Section 2 reviews existing requirements and guidance for
nuclear criticality safety programs, while Section 3 summarizes recent reviews and pertinent information
with regard to criticality safety at defense nuclear Stes. Section 4 addresses the issue of the rdationship
between criticdity controls and authorization bases. Section 5 outlines areas for improvement in
nuclear criticaity safety programs across the DOE complex. Findly, Section 6 presents conclusions.
Appendices A, B, and C include citations from DOE Orders and national standards that address
development, implementation, and maintenance of controls, respectively.

We have observed that introducing and maintaining an adequate program in criticaity safety
offers an excdlent example of gpplication of Integrated Safety Management (ISM). That process
begins with andyzing the hazard and proceeds through the classic ISM stepsto a stage of feedback
and improvement, thus completing the circle. The Report is therefore organized interndly aong these
lines of ISM.
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2. REQUIREMENTSAND GUIDANCE FOR NUCLEAR CRITICALITY
SAFETY PROGRAM S

This chapter summarizes the requirements and guidance promulgated by nationd consensus
standards and DOE policies and orders pertaining to nuclear criticality safety. In many cases, “shdl”
and “must” statements are repeated here to emphasize the required structure of an acceptable nuclear
criticality safety program. The requirements discussed in the following are listed with cross references
to their sourcesin the Appendices.

The god of anuclear criticdity safety program isto prevent inadvertent nuclear criticaity during
operations with fissile materia. To achieve this god, anucleer criticality safety program must perform
severd functions consistent with the framework of Integrated Safety Management (Define the Work,
Identify and Analyze the Hazards, Develop and Implement Controls, Perform the Work, Provide
Feedback and Improvement). Within this framework, three of the functions are most essentid to a
successful criticaity safety program, but, due to the desired and commonly used format of NCSES, the
functions are grouped in adightly different manner:

I Analyze the hazards and devel op controls—Anayze operations with fissile materid, and
develop an adequate set of controls for preventing inadvertent criticality.

I Implement controls—Implement the identified controlsin operations.

1 Feedback and improvement including maintaining controls—Ensure that the adequacy
and applicability of identified controls are maintained over time.

As dated in the Introduction to this Report, the following discusson is developed dong these
linesof ISM. The requirements and recommendations of DOE Order 420.1, Facility Safety (U.S.
Department of Energy, 1995), its implementation guides, and the American National Standards
Ingtitute/American Nuclear Society (ANSI/ANS) 8.x series of nationa consensus standards provide
the foundation for any acceptable nuclear criticaity safety program. They support the development and
implementation of controls by providing guidance on the structure of such a program, establishing
criteriafor the adequacy of controls, and outlining requirements for written procedures. However, they
contain incomplete guidance on how the integrity and reliability of controls should be maintained over
time. The resulting ambiguity has led to some divergence of opinion throughout the complex on how
best to maintain criticdity controls.

DOE Order 420.1 (U.S. Department of Energy, 1995) requires contractors that store, handle,
or process fissle materid to establish anudear criticdity safety program and document al limits and
controls relied upon for criticaity safety in nuclear criticaity safety evauations (NCSES). Controls can
be either adminidtrative, such as postings and procedures, or design features, such as drains, pecidly
designed containers, raschig rings, interlocks, and darms. The necessary e ements of an acceptable
criticaity safety program and the associated requirements are specified primarily by reference to the
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ANSI/ANS 8.x series, except where DOE Order 420.1 (U.S. Department of Energy, 1995) makes
some additiona recommendations. An acceptable

format for NCSEsis outlined in DOE-STD-3007-93, Guidelines for Preparing Criticality Safety
Evaluations at Department of Energy Non-Reactor Nuclear Facilities (U.S. Department of
Energy, 1993).

DOE Order 420.1 (U.S. Department of Energy, 1995) vests field elements of DOE with
responsbility for ensuring that contractors nuclear criticaity safety programs meet the above
requirements. The Order and its implementation guides, however, are not particularly clear on what
level of involvement by DOE is gppropriate to discharge this respongbility—whether high-leve reviews
of the structure and function of a contractor’s program are sufficient, or detailed review and approva of
al NCSEs and the controls therein are necessary. To date, most of DOE'’ s field lementsin the
complex have interpreted their respongbility as being more in line with the former.

Thus the most common paradigm for indituting criticaity safety in the DOE complex isto
require the contractor to establish and maintain a criticality safety program by specifying such a program
in the Adminigrative Controls section of the Technicd Safety Requirements. DOE then provides high-
level oversight to ensure that the contractor’s criticdity safety program meets the requirements of the
standards in the ANSI/ANS 8.x series, asinvoked and modified by Order 420.1 (U.S. Department of
Energy, 1995) and the contract between DOE and the contractor.

More detailed discussion of the requirements and guidance relating to each of the fundamenta
functions of a nuclear criticdity safety program—anayze the hazards and develop controls, implement
controls, and feedback and improvement including maintenance of controls—is provided in the
following sections.

2.1 ANALYZE THE HAZARDS AND DEVELOP CONTROLS

The nationd consensus standards in the ANSI/ANS 8.x series support the analysis of hazards
and development of controlsin detail. They provide an outline for the structure, roles, and
respongbilities for an effective nuclear criticdity safety program. Additiondly, they establish accepted
practices for performing anayses and define the criteriafor adequacy of controls. As noted, DOE
Order 420.1 (U.S. Department of Energy, 1995) invokesthe ANSI/ANS 8.x series of standards by
reference with afew modifications. To facilitate quality and consstency, DOE-STD-3007-93 (U.S.
Department of Energy, 1993) provides guidance on the proper format for documentation of criticality
safety andyses. Guidance on training and qudification of contractors criticdity safety engineersis
documented in DOE-STD-1135-99, Guidance for Nuclear Criticality Engineer Training and
Qualification (U.S. Department of Energy, 1999).

In addition, DOE’ s Office of Environment, Safety and Health Workshop Handbook, Your
Mission... and Nuclear Criticality Safety (U.S. Department of Energy, 1999), outlines the oversight
respongbilities of DOE' s line management with respect to criticality safety, as derived from DOE-P-
450.5, Line Environment, Safety and Health Oversight (U.S. Department of Energy, 1997). The
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handbook also provides a detailed model for salf-assessments by the contractor’ s management.
Robust oversight by the management of both DOE and contractors isimperative for ensuring that
criticaity safety programs are capable of developing acceptable sets of controls that will preclude
inadvertent criticality. Explicit citations from these supporting standards are provided in Appendix A
and summarized below.

2.1.1 Program Structure, Roles, and Responsibilities

If agte'snuclear criticdity safety program isto be successful, the activities of the various
groups involved—the criticdity safety group in DOE' s field office, the contractor’ s management, the
line operations component of the contractor, and the contractor’ s nuclear criticdity safety group—must
be well coordinated.

The criticdity safety group in DOE' s fidld office works with the contractor’ s management to
establish expectations and performance measures for the contractor’s programs. Additiondly, this
group isrespongble for performing oversight, in the form of periodic reviews, to ensure that the
contractor’ s criticality safety program is meeting the established expectations. The schedule and
content of DOE’ s oversight reviews should be formdized and robust.

The contractor’ s management is responsible for promulgating nucleer criticality safety policy to
al employeesinvolved in operations with fissile materia, and establishing the criteria to be satisfied by
the nuclear criticdity controls. The contractor’s management is aso respongble for establishing and
daffing anuclear criticdity safety group to support operations with fissle materid.

The contractor’ s line operations component is responsible for performing work in accordance
with gpplicable criticdlity limits and controls provided by the contractor’ s nuclear criticality safety group,
and for developing written procedures and postings that implement process criticdity controls. This
component also assists the contractor’ s nucleer criticality safety group in the development of controls
by providing operationd information on manufacturing processes.

The contractor’ s nuclear criticaity safety group is responsible for providing technica support to
operations personnel on criticality matters related to the design and operation of equipment and
processes, and for developing criticdity controls. This group should be staffed with nuclear criticdity
safety engineers familiar with the physics of nuclear criticadity and associated safety practices. Further,
the contractor’ s nuclear criticality safety group should be familiar with operations and should, to the
extent practicable, be adminigratively independent of the line operations organization. It isthe
respongbility of the nuclear criticdity safety engineers who form this group to maintain familiarity with al
operations that require nuclear criticality safety controls and to ensure that written procedures and
postings properly implement the gpplicable controls. They must dso maintain familiarity with current
developments in standards, guides, and codes for nuclear criticdity, and are encouraged to solicit the
assistance of knowledgeable outside experts when necessary.

2.1.2 Process Analyses



Before any new operation with fissle materids s initiated, the determination should be made
that the process will remain subcritical under both norma and credible abnormal conditions. Credible
abnorma conditions that could result in the maximum multiplication factor should be determined.

The analyses performed to establish the subcriticdity of operations with fissile materid are to be
documented in an NCSE. The NCSE should follow the format outlined in DOE-STD-3007-93 (U.S.
Department of Energy, 1993), explicitly identifying al controlled parameters and associated limits that
serve as the basis for the conclusion that operations will remain subcritica. The NCSE should be
documented clearly and with appropriate detail to dlow independent review and evauation of the
results.

Where applicable data are available, subcritica limits should be established on bases derived
from experiments, with adequate alowance for uncertaintiesin the data. In the absence of directly
gpplicable experimenta measurements, the limits may be derived from vaidated caculations. The
vdidity of any cdculationa method employed in the andyses should have been established by
comparison with experimentd data, and the range of its applicability shown to be appropriate for the
process being andyzed. A bound on the bias of a method used should be determined and accounted
for through an adequate margin of subcriticdity. If the calculaiona method involves a computer
program, awritten validation report should be prepared.

The NCSE andysisfor an operation must be independently assessed for adequacy before the
operation commences.

The ANSI/ANS 8.x series standards and the DOE Orders are not clear about the relationship
between the NCSE and the facility SAR and TSRs. Thisissue is discussed further in Chapter 4 of this

report.

2.1.3 Adequacy Criteriafor Controls

A criterion for the adequacy of a safety margin is established by answering, either directly or
indirectly, the question, “How good is good enough?’ The nationd consensus standards in the
ANSI/ANS 8.x series set forth two requirements that must be met to consider controls adequate:

1 The process must remain subcritica for al norma and credible abnorma conditions.

I Process designs should exhibit defense in depth by meeting the double contingency
principle, which requires that sufficient factors of safety be incorporated such that at least
two independent, unlikely, and concurrent events are necessary before a criticdity is

possble:

| ndependent—T he two events must be independent and not subject to common mode
falure that is, the occurrence of one should not result in the occurrence of the other. This
objective is best achieved by controlling two different parameters. Reading of the results of
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an assay of asolution by two operators would not be considered independent because the

common mode of failure would be an error in the results of the assay.

— Unlikdy—The two events should be unlikely to occur during the life of the operation.
Errors by operators are expected to happen. Too much reliance on adminidrative
controls leaves the operations vulnerable to incidents.

—  Concurrent—The two events must occur smultaneoudy before a criticdity accident is
possible.

The importance of ensuring appropriate defense in depth for criticaity safety controls cannot be
overstated. It istherefore imperative that the additiona step be taken, once the controls have been
identified, of assessng their independence and their likelihood of failure. Thisdoesnot needto bea
detalled common-mode failure or probabiligic andyss, but a quditative analyss performed to identify
the two controls that satisfy the double contingency principle.

Additiondly, the national consensus standards encourage the use of design features over
adminigtrative controls wherever practical. This preferenceis echoed in the guidance of
DOE Order 420.1 (U.S. Department of Energy, 1995).

Order 420.1 (U.S. Department of Energy, 1995) is more prescriptive than the national
gandards in its treetment of the double contingency principle by specifying what shal conditute
“aufficient factors of safety.” The Order states that double contingency protection shall be provided by
ether control of two independent process parameters or multiple controls on a single process
parameter. A preference for multiparameter controlsis made clear. However, with single-parameter
controls being deemed acceptable, it has become commonplace for control setsto meet only these
minimum expectations. Further, the find report of the recently completed DOE EH-2 complex-wide
review of criticdity safety recommends that DOE Orders and guidance be brought into closer dignment
with the nationa consensus standards to rectify the Situation.

2.2 IMPLEMENTATION OF CONTROLS

The nationd consensus standards in the ANSI/ANS 8.x series adso support the implementation
of controls. The respongibilities for implementing nucleer criticdity safety controls are outlined,
expectations of operating procedures are presented, and operator training and emergency
preparedness are discussed. DOE Order 420.1 (U.S. Department of Energy, 1995) invokes these
gandards by reference, with no significant modifications pertaining to implementation of controls.
Explicit citations from the supporting standards are provided in Appendix B and summarized below.

A nuclear criticdity safety program is required to implement the limitsidentified by the NCSEs.
To this end, management should assign responsihility for criticdity safety and delegate commensurate
authority to execute measures necessary for criticality control. Further, it is the respongbility of



management to indtill in dl individuds aredization that nuclear criticdity safety in their work aressis
ultimately their respongbility by adhering to the appropriate procedures.

Line supervisors must be knowledgesble in those aspects of nucleer criticaity safety under their
control, and must ensure that the personnd they supervise understand procedures and nuclear criticdity
safety consderations. To achieve these ends, supervisors should attend, and make available to
operators, training related to nuclear criticality safety. Records of training activities should be
maintained. The nuclear criticaity safety group should support thistraining. ANSI/ANS-8.20-1991,
Nuclear Criticality Safety Training (American National Standards Institute/American Nuclear
Society, 1991), provides detailed guidance on the proper training of operators.

Operations to which nuclear criticdity safety is pertinent must be performed using approved
written procedures. Line supervisors should develop or participate in the development of written
procedures gpplicable to operations under their control. The purpose of the written operating
procedures is to facilitate the safe and effective conduct of the operations. All persons participating in
these operations, including criticality safety engineers, should understand and be familiar with the
procedures. The procedures should specify all parameters to be controlled, be organized and
presented for convenient use by operators, and be free of extraneous materid. Further, no single,
inadvertent departure from a procedure should lead to a criticaity accident. Procedures should be
supplemented by posted nuclear criticality safety limits. Augmentation and revison of procedures, as
improvements are identified, should be facilitated, and any new or revised procedures should be
reviewed by the nuclear criticdity safety group. Before any new or modified equipment is put in use,
compliance with nuclear criticality safety pecifications should be verified.

Appropriate labding of materials and pogting of areas must be maintained, identifying materias
and the limits and parameters subject to procedura control. Controls on the movement of fissle
materids and access to areas used for handling, processng, or sorage of these materials must dso be
executed.

Deviations from procedures and unforseen dterations in process conditions that affect nuclear
criticaity safety must be documented, reported to management, and investigated promptly. Actions
must be taken to prevent a recurrence.

Emergency procedures must be prepared and approved by management. Potential conditions
with nuclear criticdity safety implications should be communicated to appropriate on- and off-ste
emergency reponse organizations and assistance provided to these organizations in development of
their emergency response plans.

2.3 FEEDBACK AND IMPROVEMENT - MAINTAIN CONTROLS

Ensuring that criticdity controls maintain their integrity over time and can be relied on to provide
their credited protection is an important matter. For design features, this assurance should be achieved
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through surveillance and preventive maintenance. For administrative controls, assurance should be
achieved through periodic training of operators on the nuclear criticality safety agpects of their jobs and
proper conduct of operations. Unfortunately, as noted earlier, the supporting requirements and
guidancein the ANSI/ANS 8.x series of standards are incomplete with regard to the maintenance of
criticaity controls. Operator training is adequately addressed; however, surveillance, maintenance, and
configuration management of design features are not. DOE Order 420.1 (U.S. Department of Energy,
1995) and its implementation guides provide little additiona support. For al criticality controls, a
robust system for reporting infractions also needs to be in place to ensure that the feedback loop is
closed. Citations from the supporting standards are provided in Appendix C and summarized below.

The contractor’ s management personnd are assigned respongibility for the overdl safety of
operations and are expected to remain vigilant in thisregard. Facility line managers are responsible for
conducting routine pre-job briefings and job hazards andyses that review the engineered and
adminigrative controls that should bein place to ensure safe work. These reviews are epecialy
important for short-term, non-routine or highly variable activities. In addition, contractor management is
charged with initiating periodic reviews (at least annually) of more routine processes to ascertain that
procedures are being followed and that processes have not changed to the extent that the existing
controls are no longer appropriate. These reviews are to be supported by the nuclear criticality safety
group. While these reviews fulfill auseful function, in practice they are often too generd in nature to
ensure that the integrity of controlsis not degraded.

For two specific design features—favorable geometry and neutron absorbers—the nationa
consensus sandards do explicitly require that the integrity of these controls be maintained. Thereisno
further discussion on appropriate measures for ensuring geometry control. However, thereis explicit
guidance for maintaining neutron absorbers in both ANSI/ANS 8.5-1996, Use of Borosilicate-Glass
Raschig Rings as a Neutron Absorber in Solutions of Fissile Material (American Nationa
Standards Institute/American Nuclear Society, 1996), and ANSI/ANS 8.21-1995, Use of Fixed
Neutron Absorbersin Nuclear Facilities Outside Reactors (American Nationd Standards
Institutef American Nuclear Society, 1995). It should be noted that contractors often avoid using
neutron absorber controls so as not to be burdened by the need for periodic verification of their
integrity. Thisis unfortunate because neutron absorbers provide a powerful means of protection against
criticdity incidents.

Thelack of dear requirements for maintaining the integrity and rdiability of criticaity controls
has led to a divergence of opinion throughout the DOE complex on how best to perform this important
function. Section 5 of this report provides some suggested gpproaches that may help fecilitate
resolution of thisissue.



3. RECENT REVIEWSAND PERTINENT OBSERVATIONS

In the past year, members of the Board staff and, separately, members of the staff of the EH-2
have conducted independent reviews of the criticaity safety programs at several DOE Sites (see Table
3-1). Aspart of DOE s criticality safety initiative in response to the recent Japanese criticaity accident,
the EH-2 team conducted generd reviews amed at assessng whether the programmatic elements
necessary for effective nuclear criticaity safety programs were in place across the DOE complex. The
reviews by the Board's saff were focused more specificdly on the development and implementation of
criticality safety controls and how those controls are captured in the facility’ s safety documentation for
subsequent maintenance.

Table 3-1. Criticality Safety Program Reviews

Review Team Dates Sites Visited
DOE, EH-2 November 1999 — January |+ Oak Ridge: Y-12 Plant
2000 « LosAlamos Nationa Laboratory:

Technica Area55, Plutonium Facility-4

« Savannah River Ste (SRS):
FB-Line, H-Area Outside Fecilities

» Hanford: Plutonium Finishing Plant (PFP)

« Rocky Hats Environmental Technology Ste
(RFETS): Bldg. 371

Boad's staff February 2000 - « SRS F-Canyon, H-Area Outside Facilities
July 2000 « Oak Ridge: Y-12, Bldg. 9215

« RFETS: Bldg. 371, Bldg. 707

« Hanford: PFP, 233-S

Overdl, the Board' s staff concurs with EH-2's conclusion that “. . . there are no imminent
criticdity safety hazards at the DOE facilities reviewed.”* However, asaresult of differing
interpretations of DOE Orders and national consensus stlandards, varying approachesto criticality
safety have been observed throughout the complex, and severa areas for improvement of the criticdity
safety programs have been identified. Furthermore, it is noted that the continuing existence of large
volumes of solutions containing highly enriched uranium at SRS and the excessive reliance on
adminigrative controls for criticaity safety may eventudly pose ared criticdity problem.

! U.S. Department of Energy, Report to the Secretary of Energy on the Review of Nuclear Criticality Safety at Key
Department of Energy Facilities, Office of Oversight Environment, Safety, and Health, Washington, D.C., March
2000.



3.1 ANALYZE THE HAZARDS AND DEVELOP CONTROLS

In generd, the Board' s staff observed the use of two primary gpproaches to andyzing criticaity
safety hazards and developing controls to address those hazards. The first focuses on ensuring that
normal and credible anorma conditions will remain safely subcritica by incorporating sufficient factors
of safety such that two independent, unlikely, and concurrent events are required for criticaity to be
possible. This gpproach is consstent with the vison of the ANSI/ANS 8.x series of standards (see
Section 2.1.3). The second approach focuses on precluding initiating events that could leed to a
criticdity, and is generdly conggtent with the more prescriptive modifications of the double contingency
principle as presented in DOE Order 420.1 (U.S. Department of Energy, 1995).

Approach 1—Focus on credible abnormal conditions. In this approach, used at Oak Ridge,
RFETS, and the Hanford Site, criticality engineersfirst establish the norma and credible abnormal
conditions of the operating process. It should be noted that there may be numerous initiating events that
could lead to a given anorma operating condition. This approach does not attempt to identify and
preclude dl of the possible initiating events, but rather focuses on ensuring thet criticality would not
result from the abnorma operating conditions. To thisend, aset of controls for the parameters
affecting criticality (e.g., mass, moderation, and interaction) is developed. There is no intent to populate
the control set with a gpecified number of controls. Instead, the god isto ensure that operations under
al norma and credible abnorma conditions are subcritical and that two unlikely, independent, and
concurrent events (contingencies) must occur before a criticaity accident is possble. The controls are
viewed as ameans of making events unlikely, independent or both. The number of controls necessary
is dependent on their quaity and on the operationd vulnerabilitiesto criticdity.

This gpproach has the advantage of relieving the criticality engineers of the onerous task of
identifying dl possible initiating events and accident scenarios that could result in acriticdity. Thereis
a0 less of aburden to develop and implement alarge array of criticdity safety controls that
correspond to al possible accident scenarios. Instead, the criticdity safety engineers can focuson a
more manageable sat of controls that ensure subcriticality of the ultimate upset conditions. However, if
specific criticaity scenarios have not been identified, it may not be clear to supervisors and operators
just what levd of safety margin remains when a process error or control failure occurs. Fecility
operations organizations handle this uncertainty by suspending al operations when one contral islost.
With the assstance of the criticality safety engineers, they then assess the Stuation to determine what
controls, if any, remain and how best to recover. This gpproach tends to lead to underreporting of
criticaity safety infractions because of the ambiguity of the remaining sefety margins.

Approach 2—Focus on initiating events that could lead to a criticality. In this approach,
which predominates at SRS, criticality engineersfirg establish norma operating conditions and then
attempt to identify all accident scenarios with probabilities greater than 1 x 10°%/yr that could lead to a
criticality. Accidentsthat are consdered beyond extremely unlikely
(<1 x 10°®%yr) may be identified, but not necessarily considered further. The focusin this gpproach is
on precluding these accident scenarios from manifesting by developing two controls for each scenario.



These controls provide protection by either (1) controlling two independent process parameters
(preferred) or (2) providing two controls on asingle process parameter.

The advantage of this approach isthat each criticality scenario is carefully described and
documented such that dl plant personnd can clearly understand the criticdity risk. For each scenario,
two controls are explicitly identified. The contingent failure of both of these controls becomes
necessary before a criticality is possble. Under this approach, when aprocess error or control failure
occurs, thereislittle anbiguity with regard to remaining safety margin. The disadvantages are that
additional care must be taken to ensure that dl credible criticality scenarios have in fact been identified.
Further, because there is alarge number of criticality scenarios, the identification of at least two controls
for every scenario can be difficult. The result isthat criticaity safety engineers often use
nonindependent controls or rely excessively on adminidrative controls. An additiona weeknessin this
gpproach stems from the determination of accident frequencies. Andysts must use subjective,
engineering judgment about the probabilities of eventsin an accident sequence, and thisintroduces a
factor of uncertainty into the approach.

Many contractor organizations have made or are making improvements in the development of
criticality safety controls. Both the EH-2 review team and the Board' s staff found an improving level of
maturity in the development of NCSEs. In many cases, the NCSEs present a thorough trestment of
potentia criticality accidents and propose controls that should serve to prevent a criticaity. However,
there are ill too many instances in which the control sets identified do not adequately meet the double
contingency principle. Additiondly, it was noted in some instances that a clear link does not exist and
needs to be established between criticality controls and the anormal conditions for which they provide
protection.

The EH-2 review team aso noted alack of operator involvement in the devel opment of
criticaity controls. The Board' s staff observed efforts at some of the Sites to address thisissue through
more frequent interactions between the criticality safety and line operations organizations.

The Board' s staff noted some aspects of the development of criticdity controls that need
improvement:

1 Atdl of the Sitesreviewed, there is an overreliance on administrative controls instead of
passive design features or engineered controls. However, this overrdliance is particularly
prominent a SRS. This Stuation gems, in part, from the age of the facilities and equipment,
but aso from the process used to devel op criticality controls at the Site. Since the approach
a SRSistoidentify al credible criticality accident scenarios and then provide at least two
controls for each scenario, alarge number of controls must be identified, and many of these
turn out to be procedura in nature. The contractor, Westinghouse Savannah River
Company (WSRC), istaking some action to address thisissue, including modification of the
process used to andyze the hazards and develop controls.



I The documentation of criticdity safety evauations at the Oak Ridge Y-12 Plant could be
improved. The connection between upset conditions and the associated controlsis not
awaysclear. Thiscan lead to operator confuson and increased risk. The EH-2 review
team made a Smilar observation.

3.2 IMPLEMENTATION OF CONTROLS

During its reviews, the Board' s Saff looked at a“vertica dice’ of criticality safety controls for
specific activities, tracing them down to the facility procedures and observing actud operations using
these procedures. In al operations with fissile materia reviewed by the aff, work was governed by
written operating procedures. A good practice of uniquely marking procedural steps related to
criticaity safety was in effect at most Stes, and operators were aware of the significance of these
markings. In some cases, the bases for procedura steps related to criticdity were not clear. This
could lead to confusion among the operators and increase the likelihood that a procedura control
would be breached. This deficiency was dso noted by the EH-2 review team.

Similarly, there were instances in which procedural controls were awkward for the operatorsto
perform and pogtings were overly complex, thusincreasing the likelihood of failure. 1t should be noted
that the root cause of the recent criticality accident in Japan was attributed to the complexity of the
procedures the operators were required to follow. This Stuation is symptomatic of alack of interaction
between criticality engineers and operators during the development of controls. Aswas noted earlier,
most sites reviewed have recognized this problem and appear to be making progress on corrective
actions.

At SRS, implementation of adminigtrative controls was aso observed to be problematic at
times. In one case, operators were directed to perform a subjective visud ingpection of aliquid sample
to determine whether solids were present. This does not appear to be the most effective way of
implementing a contral for solidsin solution.

3.3 FEEDBACK AND IMPROVEMENT - MAINTAIN CONTROLS

As discussed previoudy, there isincomplete guidance in the ANSI/ANS 8.x series of standards
and in DOE Order 420.1 (U.S. Department of Energy, 1995) with regard to feedback and
improvement and maintaining the integrity of design festures credited for criticaity control over time.
Since these sandards form the foundation for contractors' criticality safety programs, it is not surprisng
that those contractor programs generdly do not provide a complete maintenance function for criticdity
controls. Though the contractor programs normally include provisonsfor periodic criticaity safety
training for operators, which is necessary to maintain confidence in the efficacy of procedura controls,
they rarely address periodic surveillance of design features, either engineered or passive, as necessary
to ensure thelr integrity over time.



Unlike controls for other hazards that are treasted under the standard safety analys's process,
criticality controls are generdly not functiondly classified and captured in facility authorization bases by
explicit identification in the Technicd Safety Requirements (TSR). Rather, they are usudly blanketed
under a programmatic adminigtrative control in the adminigtrative controls section of the facility’s TSRs,
which requires the contractor to maintain a criticdity safety program compliant with national consensus
standards in the ANSI/ANS 8.x series, as modified by DOE Order 420.1 (U.S. Department of
Energy, 1995). Aswas Stated earlier, the programmatic elements of the ANSI/ANS 8.x series of
standards and DOE Order 420.1 (U.S. Department of Energy, 1995) do not adequately address the
maintenance of controls. Therefore, most design features for preventing or mitigeting criticdity are not
required to be adequately maintained under the contractor’s nuclear criticality safety program, nor are
they required to be captured in the Limiting Conditions for Operation (LCO) surveillance requirements
or authorization basi's configuration management programs.

Mogt sites have recognized that their nuclear criticality safety programs do not provide
adequate maintenance of design features and have captured, to varying degrees, explicit structures,
systems, and components (SSCs) credited for criticaity control under LCO surveillance requirements
or authorization bas's configuration management programs. At RFETS, only afew key systems, such
asthe criticdity darm system, the building structure, and the ventilation system, are classified as safety-
ggnificant and captured under authorization bass surveillance and configuration management. At SRS
there is variability from facility to facility on site, but most SSCsthat are credited in the criticdity safety
evauations are classfied as safety-sgnificant and cagptured under authorization basis surveillance and
configuration management. For new stabilization processes at the PFP facility, al equipment that
affects criticaity safety is classfied as safety-ggnificant. It should be noted that evating controls into
authorization basis space, though useful from a control maintenance viewpoint, invokes a requirement
for DOE review and gpprova, and should be consdered carefully to avoid overly congtraining the
operation.

A robust system for reporting infractionsis another important aspect of feedback and
improvement, and needs to be in place to ensure that the feedback loop is closed. Although the
reporting requirements for criticdity safety infractions are clearly set forth in DOE
Order 232.1A, Occurrence Reporting and Processing of Operations Information (U.S.
Department of Energy, 1997), and its associated manud, the Board' s staff observed significant
variability in occurrence reporting from gte to Ste:

I At SRS, the process for development of controls leads to a very large set of criticdity
controls, the mgority of which are adminigrative in nature. Further, process limits are
generdly imposed on operations to enhance conservatism; these are often more stringent
than the actud criticality safety limits. The locd procedures established by WSRC at SRS
require an off-normal occurrence report when even process limits related to criticdity are
breached. Given the heavy reliance on adminigrative controls and the conservatism
associated with the process limits, the approach used by WSRC can lead to excessive
reporting of infractions, aswell as to desengitization of supervisors and operators to serious
violations of criticdity safety controls.

3-5



1 At the other extreme, Lockheed Martin Energy Systems (LMES) at the Oak Ridge
Y-12 Plant reported no off-norma or unusud criticality occurrences during the period
February 1998-January 2000. They did, however, document 287 criticdity “deficiencies’
during the same period. The Board's saff believes the nature and organization of the
criticaity safety controls developed by LMES do not support rigorous reporting of
violaions. At the Y-12 Plant, the violation of one criticaity safety control done would not
typicaly be reported under the occurrence reporting system, while at most other sites this
Stuation would prompt an off-normal occurrence report.

At dl stesvigted, DOE is not saffed or is Sgnificantly undergaffed to provide oversight of
contractors criticality safety programs. Since the EH-2 review team noted this problem in its reviews,
DOE field offices have taken some corrective action. The Board's saff observed that DOE istaking
gepsto hire or reassign personnel to asss in the oversight of criticdity safety. However, the formdity
and rigor of most overdgght by DOE' s fidld dements are ill deficient, and significant improvement
remains to be achieved.



4. CRITICALITY SAFETY AND THE AUTHORIZATION BASIS

The nuclear criticdity accident was among the first and the most lethal hazard identified by the
pioneersin the nuclear industry. Consequently, significant resources and energy were dedicated to this
hazard to ensure that its probability of occurrence is reduced to an acceptable level and operations
could be conducted safely. This resulted in a comprehensive set of ANSI/ANS standards that have
been used for dmost haf a century, and modified as lessons are learned and technology has devel oped.
A smilar effort to identify the safety standards and the necessary controls for most other operationa
hazards however, was initiated later with the issuance of DOE directives and the Defense Nuclear
Fecilities Safety Board' s Recommendation 95-2 (Defense Nuclear Facilities Safety Board, 1995).
Consequently, a nonuniformity may have been created in the way that criticality and other hazards are
addressed in the authorization basis documents.

Criticdlity safety engineers follow the path outlined by the national consensus andardsin the
ANSI/ANS 8.x series, using the double contingency principle to ensure adequate defense in depth.
This gpproach is generdly consstent with the intent of Integrated Safety Management (1SM) as
advocated by the Board and implemented at the mgority of defense nuclear facilities. However, the
approach is lacking with regard to recent expectations concerning the formality of commitments and
authorization leve for activities performed by DOE’ s contractors at defense nucleer facilities. This
formality, as described in DNFSB/TECH-16, Integrated Safety Management (Defense Nuclear
Fecilities Safety Board, 1997), and the DOE Order 5480 series, is established to clarify the
contractors commitments to perform work safely. Through this formaized process, DOE reserves the
right to review and approve certain safety aspects of its facilities and del egates the remainder of that
function to the contractor. Delegation however, does not relieve DOE of its own respongbility.

Recently, there has been debate with regard to whether criticality controls should be considered
safety aspectsthat are reviewed and approved by DOE or whether contractor stewardship is
gopropriate. Some have interpreted the DOE directives asindicating that al criticdity controls should
be explicitly listed as TSRs and reviewed and gpproved by DOE. Othersbelieveit is appropriate to
delegate stewardship of criticality controls to the contractor by invoking a programmatic TSR requiring
the contractor to implement a nuclear criticdity safety program that is compliant with DOE Order 420.1
(U.S. Department of Energy, 1995) and the ANSI/ANS 8.x series of national consensus standards.

The Board proposed a graded approach, commensurate with the hazards, for identifying the
safety aspects of the activities that should be reviewed and gpproved by DOE. DOE contractors
analyses of hazards to workers and the protective measures developed to prevent or abate them are
conducted at both a macro and micro levels asillustrated in Figures 10 and 11 of DNFSB/TECH-16
(Defense Nuclear Facilities Safety Board, 1997). The macro levd is that represented by the Safety
Analysis Reports or tailored equivalent processes such as Basis for Interim Operations or Judtification
for Continued Operations. In particular the Board states that:



These andyses and the control sets derived from them vary in depth and detall, largely asa
function of hazard rating. The subset of worker protection controls established by the macro
processes are typicaly amixture of design features and administrative redtrictions. They are
directed at protecting workers from fatal or mgor disabling injuries. Nuclear criticaity and
chemica explosons are typica of the potential accidentd events consdered. 1n the context of
these macro processes, workers include not only those doing hazardous work, but aso those
collocated within the same facility or nearby in the same complex. Both the analyss and the
resultant controls developed at the macro level are generaly subject to critica reviews by
DOE.

DOE-STD-3009-94 (U.S. Department of Energy, 1994) provides some clarification of DOE’'s
expectations with regard to what should be included in TSRs as summarized below:

I |tisimportant to develop TSRsjudicioudy. TSRsshould not be used as avehicle to
ensure implementation of the many procedural and programmeatic controls inherent in any
operation. Excessive use of TSR limits to manage operations will result in ditortion of the
regulatory structure DOE is attempting to develop and dilute the intended emphasis on the
mogt critica controls.

TSRs assigned for defense in depth or safety-significant SSCs (i.e., not related to meeting
evauation guidelines) do not have safety limits and are not required to use operating limits
(i.e, limiting control settings or limiting conditions for operations). They should, however,
recelve coverage in the adminigtrative controls section of the TSRs a aminimum.
Judgment should be exercised in determining which controls warrant the use of operationa
limits

Beyond safety-significant SSCs designated for worker safety, additiona worker safety
issues should be addressed in the adminigtrative controls section of the TSRs by invoking
safety management programs.

On April 12, 2000, DOE issued a clarifying memorandum (Englehart, 2000) on expectations
for authorization bases with regard to criticality controls. This memorandum States thet:

A Safety Andyss Report (SAR) must treet dl hazards, including inadvertent
criticdity, and TSRs must include the gppropriate controls. The criticdity safety
evauation (CSE) supportsthe SAR. It, including its resulting required controls,
can be summarized and referenced in the SAR. A SAR adso consders
scenarios that may not be included in a CSE such as common cause failures,
and additiona controls might be identified as necessary. The TSR includes
controls so identified, including a commitment to a Criticaity Safety Program . .
.. TSR levd controls should be identified on a case by case basis and should
be graded according to the guidance in DOE-STD-3009-94 with regard to the
classfication of contrals.



These passages clearly indicate that it isnot DOE' s intent to have dl criticaity controls listed
explicitly asindividua TSRs. However, it isaso clear that some criticdity controls are expected to be
captured as explicit TSRs. After condderation of the complexity of an operation, the available
shidding, and other pertinent safety attributes, the engineering judgment of the criticdity safety engineers
and safety andysts will determine which subset of criticdity controls warrant elevation to explicit TSRs.
Prudence appears to dictate that design features, or SSCs, should be explicitly captured in the TSRS,
gnce the associated surveillance and maintenance regimen will help ensure that the integrity of these
controlsis maintained over time. Conversely, most procedura administrative controls should be
addressed under the programmetic TSR requiring the contractor to maintain a nuclear criticadity safety
program consistent with DOE Order 420.1 (U.S. Department of Energy, 1995) and the ANSI/ANS-
8.x series of nationa consensus sandards, and should not require explicit liging inthe TSRs. 1t should
be noted that the hierarchy of controls establishes a strong preference for design features over
procedurd administrative controls. Excessive use of procedura controls for the primary purpose of
minimizing the number of explicit TSRsis unacceptable.



5. SUGGESTED IMPROVEMENTS

The recent complex-wide reviews of criticdity safety performed by DOE and the Board' s Saff
have reveaed the need for improvement in certain areas of the current programmetic gpproach to
criticaity safety used by DOE' s contractors. Some have argued for a complete shift in paradigm under
which dl criticdity controls would be explicitly captured in the TSRs. The Board' s S&ff believes aless
onerous gpproach is appropriate, under which the weak elements of the contractors' criticality safety
programs would be strengthened and augmented. The following sections outline suggested
improvements that would revitaize wesk dements of criticdity safety programs and fill gaps that have
to date been inadequately addressed.

5.1 ANALYZE THE HAZARDS AND DEVELOP CONTROLS

Just asdl environmenta, safety and hedth groups must have competent people, criticdity
safety groups need to be staffed with highly competent, qudified nuclear criticdity safety
engineers. This statement is not intended as an indictment of the competency of current
criticality safety engineers. Rather it is meant to focus attention on the uniquely important
role of these engineersin ensuring nuclear criticaity safety, and to chalenge sites throughout
the complex to maintain a

high-cdiber group of specidiststo perform this central function.

Criticdity safety engineers need to continue to increase the time they spend on the floor
with operationa personnd. Time spent on the floor improves the criticaity engineers
familiarity with the process systems for which they will be developing controls, and
facilitates the gathering of operator input that is essentid to the development of successful
drategies for preventing criticdity. Furthermore, once the criticality engineers have
completed a NCSE for a process and controls have been implemented, increased time on
the process floor makesit more likely that previoudy unanticipated criticdity hazards, which
often arise once operations have begun, will be detected and resolved expeditioudy.

The present overreliance on procedura adminigtrative controls for criticality safety needsto
be reevauated and, where gppropriate, design feature replacements should be identified.
The preference for engineered controls is clearly stated in the supporting standards and
guidance for criticdity safety; however, this preferenceis not reflected in the makeup of the
control sets extant in much of the complex. It isrecognized that for some of the older
facilitiesin the complex, retrofitting of engineered festures may not aways be practical.
However, the degree of rdiance on adminigtrative controls still appears extreme. In new
fadilities, retrofitting is not an issue, and criticality safety should be emphasized early in the
design process to ensure that engineered features are incorporated to the maximum extent
practicable.



1 Therelaionship between criticdity controls developed in NCSEs and facility SARs and
TSRsdiffers greatly from dte to Ste, and in some cases from facility to facility within the
same dte. Some groups within the criticaity community have suggested thet dl criticality
controls should be captured in the TSRs while others maintain that none of the criticality
controls should be included in the TSRs. DOE would be well served to promulgate
guidance to the complex clarifying the expectations for the relationship between criticdity
controls and these safety documents.

5.2 IMPLEMENTATION OF CONTROLS

A robust process needs to be established for verticaly tracing the criticaity controlsidentified in
the NCSEs to the procedures, postings, design drawings, and survelllance requirements in which they
areimplemented. Further, this process should be able to cross-reference criticality controls from a
given NCSE to dl other NCSEs where they are dso credited. Thiswill ensure consstency and
integration of criticaity controls.

5.3 FEEDBACK AND IMPROVEMENT - MAINTAIN CONTROLS

I DOE'soversght of contractors criticaity safety programs needs to be improved. DOE
and the contractor’ s management should develop performance dementsfor criticality safety
programs that, when met, will provide assurance that the contractor’s criticdity safety
program will provide adequate protection from inadvertent criticadity. These performance
elements should be captured in the programmatic TSR adminigtrative control that calls for
edtablishment of the contractor’s criticdity safety program. DOE' s Office of Environmernt,
Health and Safety Workshop Handbook, Your Mission... and Nuclear Criticality Safety
(U.S. Department of Energy, 1999), presents examples of acceptable performance
elements. DOE’ s oversght plans need to be formalized and to be of sufficient rigor to
ensure that the agreed-upon performance dements are being met. The importance of
robust oversght on the part of DOE in ensuring the proper functiondity of a contractor’'s
criticaity safety program cannot be overstated.

Operators should continue to recelve periodic training in the nuclear criticdity safety
aspects of their jobs and in proper conduct of operations, and procedural steps with
criticality safety sgnificance should continue to be uniquely marked. Thiswill ensure thet
the maximum religbility of procedurd adminidrative controlsis mantaned.

Periodic salf-assessments by contractors need to be formalized, with sufficient rigor and
frequency to ensure that the program remains capable of developing adequate criticality
controls and that any programmatic deficiencies are identified and corrected in atimely
manner.



Design features (e.g., Structures, systems, and components) credited in the NCSEs as
providing protection from inadvertent criticaity need to be subject to periodic survelllance
and configuration management to ensure that they do not degrade to the point that they can
no longer be depended upon to perform their intended function. Criticality consequences
are generdly defined in DOE’s Ordersto be serious injuries or fatdities to workers. Itis
true that if the double contingency requirement is met, no single failure of an SSC should
lead to a criticdity. Still, prudence dictates that maintenance of the design features relied on
for criticaity control be accomplished by functiondly classfying this equipment as sefety-
sgnificant and invoking the gppropriate authorization bases (TSR) mechanisms for
surveillance and configuration management. Active engineered features should be covered
under TSRs and LCO, while passve design features should be captured in the authorization
bases as design features credited for safety. In determining the frequencies for surveillance,
the likely failure modes and time frames of the specific SSCs should be considered.
Conversdy, the benefits of functiondly classifying procedurd adminigtrative criticaity
controls and subsequently capturing them explicitly in the authorization bases (TSRS) are
minimd, provided these controls are uniquely marked and double contingency is met.

Thus, procedurd adminidirative criticaity controls do not need to be explicitly captured in
the authorization bases (TSRs) unless they are the only control for a singly contingent
abnormal operating condition.

A robust and consistent process for reporting infractions needs to be developed. Reporting
criteria should be neither overly sensitive so that they might lead to numerous reports of
low-concern events, nor too insendtive such that important events are not reported
externaly. A dear link in the NCSEs between criticdlity controls and the abnormal
operating conditions for which they provide protection would facilitate a more consstent
and graightforward process for reporting infractions.



6. CONCLUSIONS

Based on areview of both criticality safety requirements as outlined in the nationa consensus
gtandards and relevant DOE directives, and current practices for developing, implementing, and
maintaining criticaity controls, the Defense Nuclear Facilities Safety Board' s Saff has formulated the
following conclusions which reflect the views as to the most important changes that can be made:

No imminent criticality hazards were identified in the DOE complex. During the
course of the gaff’ s reviews, no imminent criticality safety hazards were found, though
severd issueswere noted. A specific issue that warrants increased attention isthe large
accumulation of enriched uranium solutions in the H-Area outside storage tanks at the
Savannah River Site.

A properly structured programmatic approach to criticality safety can provide
adequate protection for operations with fissile material. The programmatic approach
commonly taken can provide acceptable protection from inadvertent criticality in operations
with fissle materia, and need not be supplanted by a more redtrictive paradigm.
Nevertheless, severa aspects of that approach need to be strengthened, including oversight
by DOE Fied Offices, maintenance of design feature controls, presence of criticdity
engineers on the process floor, infraction reporting, and the extent of reliance on procedura
controls.

More formalized and robust oversight of contractors’ criticality safety programs by
DOE Field Officesis necessary. DOE'’ s performance expectations for those programs
need to be clearly articulated, and effective oversight programs indtituted to ensure that
these expectations are being met. A strong DOE oversight function is essentid to the
success of the programmatic approach to criticality safety.

Extant guidance on maintaining the integrity and reliability of criticality-related
design featuresisincomplete The nationa consensus sandards for criticdity safety and
relevant DOE directives address the development and implementation of criticaity controls
in detall. Such complete trestment is not provided for maintenance of the integrity of design
feature criticality contrals.

Criticality-related design features need to be covered by a formalized maintenance
and configuration management program. Both passive and active engineered design
features credited for preventing or mitigating inadvertent criticaity should be subject to a
formalized maintenance and configuration management program. Capturing these design
features explicitly in the Technicd Safety Requirements with concomitant surveillance and
mai ntenance requirements is gppropriate for ensuring that these controls do not degrade
such that they can no longer be relied upon to perform their intended function.

Consistent criteria for reporting of criticality infractions need to be established.
Thereis sgnificant variability throughout the complex with regard to such criteria Because



this feedback information is quite useful for catching potentia problems early, it is
imperative that the thresholds for reporting be neither oversensitive nor too insenstive.

Criticality engineers must continue to increase their presence on the process floor.
Time spent on the floor makes criticality safety engineers more familiar with the relevant
fisdle materia processes, facilitates operator input with regard to criticdity control
drategies, which ultimately trandates into safer operations, and makesit more likely that a
criticality safety engineer will identify potentid problems at an early sage.

The current overreliance on procedural administrative controls for criticality safety
needs to be addressed. Both national consensus standards and relevant DOE directives
clearly communicate a preference for design feature controls over procedura administrative
controls. This preference isrooted in the fact that the human dement associated with
procedura controls makes them much more vulnerable to failure than design features.
Unfortunatdy, this preference is not reflected in the criticdity control sets extant in much of
the complex. Opportunities for replacing procedura controls with more robust design
features should therefore be explored.

DOE needs to clarify its expectations for the relationship between the criticality
controls and the SAR and TSRs. Currently, there is confusion regarding the relationship
between the criticdity controls and facility safety documents. DOE should issue guidance
to thefidd that clarifies the expectation for which criticdity contrals, if any, are most
gopropriately captured in thefacility SAR and TSRs.



APPENDIX A

ANALYZE THE HAZARDS AND DEVELOP CONTROLS: REQUIREMENTSAND

GUIDANCE

A.1 PROGRAM STRUCTURE, ROLES, AND RESPONSIBILITIES

Management shdl provide personnd skilled in the interpretation of data pertinent to nuclear
criticality safety and familiar with operations to serve as advisors to supervison. These
specidists should be, to the extent practicable, administratively independent of process
supervison. (Section 4.1.1 92, American Nationd Standards I nstitute/American Nuclear
Society-8.1-1983)

Management shdl provide personnd familiar with the physics of nuclear criticdity and with
associated safety practices to furnish technical guidance appropriate to the scope of
operations. This function should, to the extent practicable, be adminigtratively independent
of operations. (Section 4.4, American Nationad Standards Ingtitute/American Nuclear
Soci ety-8.19-1996)

Management shdl establish the criteriato be satisfied by nuclear criticdity safety controls.
(Section 4.1.1 113, American Nationa Standards Ingtitute/ American Nuclear Society -8.1-
1983)

Management shdl formulate anuclear criticdity safety policy and make it known to dl
employeesinvolved in operations with fissle materid. (Section 4.2, American Nationa
Standards Ingtitute/ American Nuclear Society-8.19-1996)

The nuclear criticdity safety aff shal provide technica guidance for the design of
equipment and processes and for the devel opment of operating procedures. (Section 6.1,
American National Standards Institute/American Nuclear Society-8.19-1996)

The gaff shdl maintain familiarity with the current developments in nuclear criticaity safety
standards, guides, and codes. Knowledge of current nuclear criticaity information should
be maintained. (Section 6.2, American Nationd Standards Ingtitute/ American Nuclear
Society-8.19-1996)

The gtaff should consult with knowledgeable individuals to obtain technicd assstance as

needed . (Section 6.3, American Nationd Standards Ingtitute/American Nuclear Society-
8.19-1996)
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The gaff shdl maintain familiarity with al operations within the organization requiring nudear
criticaity safety contrals. (Section 6.4, American Nationa Standards Ingtitute/American
Nuclear Society-8.19-1996)

A.2 PROCESSANALYSES

The nucleer criticdity safety program . .. shdl include: Nuclear Criticdity Safety
Evduations for norma and credible abnorma conditions that document the parameters,
limits, and controls required to ensure that the andyzed conditions are subcritical (Section
4.3.212[i], DOE Order 420.1). (U.S. Department of Energy, 1995)

Before a new operation with fissonable materidsis begun or before an existing operation is
changed, it shall be determined that the entire process will be subcritical under both normal
and credible abnormal conditions. Care shall be exercised to determine those conditions
that result in the maximum effective multiplication factor (kg). (Section 4.1.2, American
Nationa Standards Institute/American Nuclear Society-8.1-1983)

Before garting a new operation with fissile materials or before an existing operation is
changed, it shall be determined that the entire process will be subcritical under both normal
and credible abnormd conditions. (Section 8.1, American National Standards

I nstitute/American Nuclear Society-8.19-1996)

The nudear criticaity safety evauation shdl determine and explicitly identify the controlled
parameters and their associated limits upon which nuclear criticdity safety depends.
(Section 8.2, American National Standards I nstitute/American Nuclear Society-8.19-
1996)

The nuclear criticdity safety evauation shdl be documented with sufficient detail, clarity,
and lack of ambiguity to alow independent judgment of results. (Section 8.3, American
Nationa Standards Institute/American Nuclear Society-8.19-1996)

Where applicable data are available, subcritical limits shal be established on bases derived
from experiments, with adequate alowance for uncertaintiesin the data. In the absence of
directly applicable experimental measurements, the limits may be derived from cdculations
shown by comparison with experimental datato bevalid. (Section 4.2.5, American
Nationa Standards Institute/American Nuclear Society-8.1-1983)

There are many caculational methods suitable for determining the kg of a system or for

deriving subcriticd limits. The methods vary widely in bass and form, and each hasits
place in the broad spectrum of problems encountered in the nuclear criticdity safety fied.
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However, the genera procedure to be followed in establishing vdidity is common to dl.
(Section 4.3, American Nationa Standards Institute/American Nuclear Society-8.1-1983)

Bias[of acaculaiona method] shal be established by corrdating the results of criticaity
experiments with the results obtained for these same systems by the method being
vadidated. Commonly the correlation is expressed in terms of the values of kg caculated
for the experimenta systems, in which case the bias is the deviation of the calculated vaues
of kg from unity. However, other parameters may be used. The bias servesto normdize a
method over its arex(s) of gpplicability so that it will predict critica conditions within the
limits of the uncertainty in the bias. Generdly, neither bias nor uncertainty is constant; both
should be expected to be functions of composition and other variables. (Section 4.3.1,
American National Standards Institute/American Nuclear Society-8.1-19383)

The area(s) of applicability of acaculational method may be extended beyond the range of
experimental conditions over which the bias is established by making use of the trends in the
bias. Where the extension islarge, the method should be supplemented by other
caculationd methods to provide a better estimate of the biasin the extended arex(s).
(Section 4.3.2, American Nationd Standards Ingtitute/American Nuclear Society-8.1-
1983)

A margin in the corrdating parameter, which margin may be a function of compostion and
other variables, shal be prescribed that is sufficient to ensure subcriticality. This margin of
subcriticdlity shdl include dlowances for the uncertainty in the bias and for uncertainties due
to any extensions of the area(s) of applicability. (Section 4.3.3, American Nationa
Standards I ngtitute/American Nuclear Society-8.1-1983)

If the method involves acomputer program, checks shdl be performed to confirm that the
mathematica operations are performed as intended. Any changes to the computer program
shdl be followed by reconfirmation that the mathematical operations are performed as
intended. (Section 4.3.4, American National Standards Ingtitute/American Nuclear
Society-8.1-1983)

Nuclear properties such as cross-sections should be congstent with experimenta
measurements of these properties. (Section 4.3.5, American National Standards
| nstitute/American Nuclear Society-8.1-1983)

A written report of the validation shal be prepared. Thisreport shdl: (1) describe the
method with sufficient detail, darity, and lack of ambiguity to alow independent duplication
of results; (2) state computer programs used, the options, recipes for choosing mesh points
where gpplicable, the cross-section sets, and any numerica parameters necessary to
describe the input; (3) identify experimenta data and list the parameters derived therefrom
for usein the vaidation of the method; (4) Sate the area(s) of applicability; and (5) sate the
bias and the prescribed margin of subcriticaity over the are(s) of applicability. State the

A-3



basisfor the margin. (Section 4.3.6, American Nationd Standards Ingtitute/American
Nuclear Society-8.1-1983)

Before the start of operation, there shall be an independent assessment that confirms the
adequacy of the nuclear criticaity safety evauation. (Section 8.4, American Nationa
Standards Ingtitute/ American Nuclear Society-8.1-1983)

DOE-STD-3007-93, Guidelines for Preparing Criticality Safety Evaluations at
Department of Energy Non-Reactor Nuclear Facilities (U.S. Department of Energy,
1993). This document provides specific guidance on acceptable formats for nuclear
criticdity safety evaudions.

DOE-STD-1135-99, Guidance for Nuclear Criticality Engineer Training and
Qualification (U.S. Department of Energy, 1999). This document provides specific
guidance on the acceptable structure and content of training programs for qualification of
contractor nuclear criticality safety engineers.

A.3 ADEQUACY CRITERIA FOR CONTROLS

Nuclear criticadity safety is achieved by controlling one or more parameters of the system
within subcritica limits. Control may be exercised adminigratively through procedures, by
physicd regraints, through the use of instrumentation, by chemica means, by relying on the
natura or credible course of events, or by other means. All controlled parameters and their
limits shdl be specified. (Section 4.2.1 2, American Nationad Standards

I nstitute/American Nuclear Society-8.1-1983)

Process design should, in generd, incorporate sufficient factors of safety to require at least
two unlikely, independent, and concurrent changes in process conditions before a criticaity
accident is possible. (Section 4.2.2, American National Standards Ingtitute/ American
Nuclear Society-8.1-1983)

Process designs shdl incorporate sufficient factors of safety to require at leest two unlikely,
independent, and concurrent changes in process conditions before a criticality accident is
possible. Protection shal be provided by ether (1) the control of two independent process
parameters (which is the preferred approach, when practica, to prevent common-mode
falure), or (2) a systlem of multiple controls on asingle process parameter. The number of
controls required on asingle controlled process parameter shall be based upon control
reliability and any features that mitigate the consequences of acontrol fallure. Indl cases,
no single credible event or failure shdl result in the potentia for a criticality accident . . . .
(Section

4.3.3d [1], DOE Order 420.1). (U.S. Department of Energy, 1995)
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Where practicable, reliance should be placed on equipment design in which dimensions are
limited rather than on adminigrative controls. Full advantage may be taken of any nuclear
characterigtics of the process materias and equipment. (Section 4.2.3, American Nationa
Standards Ingtitute/ American Nuclear Society-8.1-1983)

Where a significant quantity of fissonable materid is being processed and criticdity safety is
aconcern, passive engineered controls such as geometry control shal be consdered asa
preferred control method. Where passive engineered control is not feasible, the preferred
order of controlsis. active engineered controls, followed by adminigrative controls. The
double contingency andyss shdl judtify the chosen controls. Full advantage may be taken
of any nuclear characteristics of the process materials and equipment (Section 4.3.3d (2),
DOE Order 420.1). (U.S. Department of Energy, 1995)

Reiance may be placed on neutron-absorbing materias, such as cadmium or boron, that

are incorporated in process materias or equipment, or both. (Section 4.2.4, American
National Standards Institute/American Nuclear Society-8.1-1983)
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APPENDIX B

IMPLEMENTATION OF CONTROLS: REQUIREMENTSAND GUIDANCE

B.1 RESPONSIBILITIES

The nudear criticdity safety program . . . shdl indude: Implementation of limits and
controls identified by the nuclear criticdity safety evaluations (Section 4.3.2 12 [ii], DOE
Order 420.1). (U.S. Department of Energy, 1995)

Management shall assgn responsbility and delegate commensurate authority to implement
edtablished policy. Responshility for nuclear criticdlity safety should be assgnedina
manner compatible with that for other safety disciplines. (Section 4.3, American Nationa
Standards Ingtitute/ American Nuclear Society-8.19-1996)

Management shd| clearly establish responsibility for nuclear criticdity safety. Supervision
should be made as responsible for nuclear criticality safety as for production, development,
research or other functions. Each individua regardless of pogition, shal be made avare
that nucdlear criticaity safety in hiswork arealis ultimately hisrespongbility. Thismay be
accomplished through training and periodic retraining of al operating and maintenance
personnd. Nudear criticaity safety differsin no intringc way from indudtrid safety, and
good manageria practices apply to both. (Section 4.1.1, American Nationa Standards

I nstitute/American Nuclear Society-8.1-1983)

Each supervisor shdl accept respongbility for the safety of operations under his control.
Management shal assign responsbility and delegate commensurate authority to implement
edtablished policy. Responshility for nucleer criticaity safety should be assgned ina
manner compatible with that for other safety disciplines. (Section 5.1, American Nationa
Standards Ingtitute/ American Nuclear Society-8.19-1996)

Each supervisor shal be knowledgesble in those aspects of nuclear criticdity safety revant
to operaions under his control. Training and assistance should be obtained from the
criticality safety gaff. Management shall assign responsibility and delegate commensurate
authority to implement established policy. Responghility for nudear criticaity safety should
be assgned in amanner compatible with that for other safety disciplines. (Section 5.2,
American Nationa Standards Ingtitute/American Nuclear Society-8.19-1996)

Each supervisor shdl provide training and shdl require that the personnd under his
supervison have an understanding of procedures and safety considerations such that they
may be expected to perform their functions without undue risk. Records of training
activities and verification of personnel understanding shal be maintained. (Section 5.3,
American Nationa Standards Ingtitute/American Nuclear Society-8.19-1996)



The [Nudlear criticdity safety] staff shall assst supervison, on reques, in training personnel.
(Section 6.5, American National Standards Institute/American Nuclear Society-8.19-
1996)

Thisindustry consensus standard provides detailed guidance on appropriate criticaity
safety training for operators. (American Nationd Standards Ingtitute/ American Nuclear
Society 8.20-1991)

Supervisors shdl develop or participate in the development of written procedures
gpplicable to operations under their control. (Section 5.4, American National Standards
I nstitute/American Nuclear Society-8.19-1996)

Supervisors shdl verify compliance with nuclear criticaity safety specifications for new or
modified equipment beforeitsuse. Verification may be based on inspection reports or
other features of the quality control system. (Section 5.5, American Nationd Standards
I nstitute/American Nuclear Society-8.19-1996)

Each supervisor shdl require conformance with good safety practices including
unambiguous identification of fissle materid and good housekeeping. (Section 5.6,
American National Standards I nstitute/American Nuclear Society-8.19-1996)

The [Nuclear criticdity safety] staff shal examine reports of procedurd violations and other
deficiencies for possible improvement of safety practices and procedura requirements, and
shall report findings to management . (Section 6.7, American National Standards

I nstitute/American Nuclear Society-8.19-1996)

B.2 OPERATING PROCEDURES

Operationsto which nuclear criticality safety is pertinent shal be governed by written
procedures. All persons participating in these operations shall understand and be familiar
with the procedures. The procedures shdl specify al parameters they are intended to
control. They should be such that no single, inadvertent departure from a procedure can
cause acriticaity accident. (Section 4.1.3, American Nationd Standards

| nstitute/American Nuclear Society-8.1-1983)

The purpose of operating proceduresisto facilitate the safe and efficient conduct of the
operation. Procedures should be organized and presented for convenient use by operators
and be conveniently avallable. They should be free of extraneous materid. (Section 7.1,
American National Standards I nstitute/American Nuclear Society-8.19-1996)
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Procedures shdl include those controls and limits sgnificant to the nuclear criticality safety
of the operation. (Section 7.2, American Nationd Standards Ingtitute/American Nuclear
Society-8.19-1996)

Supplementing and revising procedures as improvements become desirable shall be
fecilitated. (Section 7.3, American National Standards Institute/American Nuclear Society-
8.19-1996)

New or revised procedures that have an impact upon nuclear criticdity safety shdl be
reviewed by the nuclear criticdity safety staff. (Section 7.5, American Nationa Standards
I nstitute/American Nuclear Society-8.19-1996)

Procedures should be supplemented by posted nuclear criticdity safety limits or limits
incorporated in operating check lists or flow sheets on automatic inventory control systems.
(Section 7.6, American National Standards I nstitute/American Nuclear Society-8.19-
1996)

Deviations from operating procedures and unforseen aterationsin process conditions that
affect nuclear criticaity safety shall be documented, reported to management, and
investigated promptly, corrected as appropriate, and documented. Action shal be taken to
prevent arecurrence. (Section 7.7, American National Standards Ingtitute/American
Nuclear Society-8.19-1996)

Deviations from procedures and unforseen aterations in process conditions that affect
nuclear criticaity safety shdl be reported to management and shdl be investigated
promptly. Action shdl be taken to prevent arecurrence. (Section 4.1.5, American
Nationa Standards Institute/American Nuclear Society -8.1-1983)

The movement of fissonable materids shal be controlled. Appropriate materias labeling
and area pogting shdl be maintained specifying materid identification and dl limits on
parameters that are subjected to procedural control. (Section 4.1.4, American Nationa
Standards Ingtitute/ American Nuclear Society-8.1-1983)

The movement of fissle materids shal be controlled as specified in documented
procedures. (Section 9.1, American National Standards Institute/ American Nuclear
Soci ety-8.19-1996)

Appropriate materia labeling and area pogting shal be maintained specifying materia
identification and dl limits and parameters that are subject to procedurd criticality control.
(Section 9.2, American National Standards Institute/American Nuclear Society-8.19-
1996).

B-3


https://Society-8.19
https://Society-8.19

Access to areas where fissle materid is handled, processed, or stored shdl be controlled.
(Section 9.4, American National Standards I nstitute/American Nuclear Society-8.19-
1996)

Control of gpacing, mass, dengity, and geometry of fissle materid shdl be maintained to
assure subcriticdity under dl norma and credible abnormal conditions. (Section 9.5,
American Nationa Standards Ingtitute/American Nuclear Society-8.19-1996)

Emergency procedures shall be prepared and approved by management. Organizations,
locd and offsite, that are expected to respond to emergencies shdl be made aware of
conditions that might be encountered, and they should be assisted in preparing suitable
procedures governing their responses. (Section 4.1.7, American Nationa Standards

| nstitute/American Nuclear Society-8.1-1983)

Emergency procedures shall be prepared and approved by management. Organizations, on
and off-gte, that are expected to provide assistance during emergencies shdl be informed
of conditions that might be encountered. They should be asssted in preparing suitable
emergency response procedures. (Section 10.2, American National Standards

I nstitute/American Nuclear Society -8.19-1996)
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APPENDIX C

FEEDBACK AND IMPROVEMENT - MAINTAIN CONTROLS: REQUIREMENTS

AND GUIDANCE

The nuclear criticality safety program . . . shdll include: Reviews of operaionsto ascertain
that limits and controls are being followed and that process conditions have not been dtered
such that the gpplicability of the nudear criticdity safety evauation has been compromised
(Section 4.3.2 12 [iii], DOE Order 420.1). (U.S. Department of Energy, 1995)

Management shdl accept overal responsbility for safety of operations. Continuing interest
in safety should be evident. (Section 4.1, American Nationd Standards Ingtitute/American
Nuclear Society-8.19-1996)

Management shal establish away to monitor the nuclear criticality safety program.
(Section 4.5, American National Standards I nstitute/American Nuclear Society-8.19-
1996)

Operations shdl be reviewed frequently (at least annualy) to ascertain that procedures are
being followed and that process conditions have not been atered so as to affect the nuclear
criticality safety evaluation. These reviews shdl be conducted, in consultation with
operating personnd, by individuas who are knowledgegble in nuclear criticdity safety and
who, to the extent practicable, are not immediately responsible for the operation. (Section
4.1.6, American Nationa Standards Institute/American Nuclear Society-8.1-1983)

Operations shdl be reviewed frequently (at least annualy) to ascertain that procedures are

being followed and that process conditions have not been atered so as to affect the nuclear
criticdity safety evaduation. (Section 7.8, American National Standards I nstitute/American

Nuclear Society-8.19-1996)

Active procedures shal be reviewed periodically by supervison. (Section 7.4, American
Nationa Standards Institute/American Nuclear Society -8.19-1996)

Management shdl periodicdly participate in auditing the overal effectiveness of the nuclear
criticality safety program (ANSI/ANS). (Section 4.6, American Nationa Standards
I nstitute/American Nuclear Society-8.19-1996)

The [nuclear criticality safety] staff shal conduct or participate in audits of criticdity safety
practices and compliance with procedures as directed by management. (Section 6.6,
American Nationa Standards Ingtitute/American Nuclear Society-8.19-1996)
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[Ingtilling respong bility and good conduct of operationg] . . . may be accomplished through
training and periodic retraining of al operating and maintenance

personnd . ... (Section 4.1.1 1, American Nationd Standards Ingtitute/American
Nuclear Society-8.1-1983, 1983)

Maintenance of these procedures to reflect changes in operations shdl be a continuing
supervisory respongbility. (Section 5.4, American National Standards Ingtitute/American
Nuclear Society-8.19-1996)

[For geometry controlg] All dimensions and nuclear properties on which reliance is placed
shdl be verified prior to beginning operations, and control shal be exercised in maintaining
them. (Section 4.2.3, American Nationd Standards I ngtitute/American Nuclear Society-
8.1-1983)

[For neutron absorber controls] Control shal be exercised to maintain their continued
presence with the intended distributions and concentrations. Extraordinary care should be
taken with solutions of absorbers because of the difficulty of exercisng such control.
(Section 4.2.4, American National Standards Ingtitute/American Nuclear Society-8.1-
1983)

If reliance for criticdity control is placed on neutron absorbing materiasthat are
incorporated into process materials or equipment, procedura control shall be exercised to
maintain their continued presence with the intended distributions and concentrations.
(Section 9.3, American National Standards I nstitute/American Nuclear Society-8.19-
1996)

Subsequent to initid use, periodic verification shal assure that required physicd and
chemicd properties of the Rashig rings are maintained. (Section 3(3), American Nationd
Standards I ngtitute/American Nuclear Society-8.5-1996)

The extent and frequency of the verification of physical and chemicd properties[of Rashig
rings] may be determined from a documented history of trendsin these properties of Rashig
rings in the particular environment in which they are used. Otherwise the frequencies
specified in [Section] 7.4, Ingpection Intervals, shal apply at al times. (Section 3[4],
American Nationa Standards Ingtitute/American Nuclear Society-8.5-1996)

The top surface of the Rashig rings within avessdl shall be inspected periodically to detect
ettling through time and use. (Section 5.3, American Nationa Standards
| nstitute/American Nuclear Society-8.5-1996)

Rashig rings shal be ingpected periodicaly to demondrate their continued criticaity control

properties. These tests shdl include ring settling, solids accumulation, and physica
properties of the glass. Theinterva for ingpection of rings shal not exceed: () 13 months
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for rings not subjected to agitation; or (b) 7 months for rings subjected to agitation.
(Section 7.4, American Nationa Standards Institute/American Nuclear Society-8.5-1996)

After the ingdlation [of the neutron absorbers], there shal be verification to ensure that the
neutron absorber system isin place asintended. The extent and frequency of verification
shall be dictated by the impact on the environment in which the absorbers are placed, on
the absorber material properties, and on the configuration. (Section

4 911, American National Standards Institute/American Nuclear Society-8.21-1995)

The operation of the neutron absorber system and its maintenance shall be verified to
conform to the safety evauation requirements. (Section 5.3.2.4, American Nationa
Standards Ingtitute/American Nuclear Society-8.21-1995)

DOE-P-450.5, Line Environment, Safety and Health Oversight (U.S. Department of
Energy, 1997). This palicy obligates the DOE fieddd dement line management, in
coordination with contractor line management, to develop performance objectives for safety
(including criticality safety), incorporate these objectivesinto the contract, and provide
oversight to assure that these objectives are being met.

DOE Department-wide Functional Area Qudification Standard, Criticality Safety. This
document provides specific guidance on the acceptable structure and content of training
programs for qudification of DOE nuclear criticdity safety Staff.



GLOSSARY OF ACRONYMS

Abbreviation Definition

ANS American Nuclear Society

ANS| American Nationd Standards Ingtitute
Board Defense Nuclear Facilities Safety Board
CSE Criticdity Safety Evauation

DOE Department of Energy

EH-2 Department of Energy Deputy Assistant Secretary for Oversight
ISM Integrated Safety Management

Kt Effective Multiplication Factor

LCO Limiting Condition for Operation

LMES Lockheed Martin Energy Systems

NCSE Nuclear Criticdity Safety Evauation

PFP Flutonium Fnishing Plant

RFETS Rocky Flats Environmental Technology Site
SAR Safety Analysis Report

SRS Savannah River Ste

SSCs Structures, Systems, and Components
TSR Technica Safety Requirement

WSRC Westinghouse Savannah River Company
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