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The evolution of Federal involvement with nuclear criticality
safety has traversed through the 1940's and early 1950's with the
Manhattan Engineering District, the 1950's and 1960's with the Atomic
Energy Commission, the early 1970's with the Energy Research and
Development Administration, and the late 1970's to date with the U.S.
Department of Energy. The importance of nuclear criticality safety has
been maintained throughout these periods; however, criticality safety has
received shifting emphases in research/applications, promulgations of
regulations/standards, origins of fiscal support and organization.

In June 1981 the Office of Nuclear Safety was established in
response to a Department of Energy study of the impact of the March 1979
Three Mile Island accident. The organizational structure of the ONS, its
program for establishing and maintaining a progressive nuclear criti-
cality safety program, and associated projects, and current history of
ONS's fiscal support of program projects is presented. With the esta
lishment of the ONS came concomitant missions to develop and maintain
nuclear safety policy and requirements, to provide independent assuran
that nuclear operations are performed safely, to provide resources and
management for DOE responses to nuclear accidents, and to provide techni-
cal support. In the past four years, ONS has developed and initiated a
continuing Department Nuclear Criticality Safety Program in such areas as
communications and information, physics of c-iticality, knowledge of factors
affecting criticality, and computational capability.
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OVERVIEW OF DOE/ONS CRITICALITY SAFETY PROJECTS

INTRODUCTION

Considering the scope of its operations, the U.S. Department of Energy
(DOE) collectively operates one of the largest and most diverse production and
research and development organizations in the world. Within the Department's
nearly 200 nonreactor nuclear facilities at 25 different sites, attention to
nuclear criticality safeLy is prerequisite to safe operations. The United
States Government "n is acknowledged this prerequisite throughout the war years
of the 40's, t .a technological build-up of the 50's and 60's and the desired
economic optimization between production improvements and safety in the 70's
and 80's. Througho .•; these periods, the importance of nuclear criticality
safety has beer, acknowledged but with shifting emphases in research/applica-
tions, promu",otior- of regulations/standards, and fiscal support and organi-
zation.

With the advent of a March 1981 DOE committee report and the June 1981
establishment of the DOE Office of Nuclear Safety (ONS), responsibilities for
environmental protection, safety, health protection and quality assurance
throughout its operations were reaffirmed but with a new emphasis. This new
emphasis requires active, generic administrative and technical support in
nuclear criticality safety as well as regulatory responsibilities to meet
legislative mandates and form Departmental policies.

It is recognized that developments and improvements in nuclear critical—
ity safety are needed if the Department is to meet its responsibility for the
safety of its workers and protection of its programs. A criticality accident
would have severe impact on DOE's expanding nuclear weapons and related acti-
vities and would indirectly impact the licensed industry. Between 1958 and
1962, the Department experienced five process related criticality accidents
with one fatality and some severe radiation exposures to workers. In response
to these accidents, criticality safety was Improved, more precise data to
guide the planning of operations were obtained, and better techniques for
criticality control were developed. The natural consequence was a better
safety record for a few years. However, a major criticality accident in 1978
shut down a key facility for 2 years even though there were no radiation
overexposures. Also, over the years very few improvements have been made,
many reference documents have not been updated to incorporate more accurate
data, and a coordinated approach to criticality safety technology did not
exist. In order to improve this situation, the Office of Nuclear Safety
started a nuclear criticality safety effort to establish and maintain an
improved nuclear criticality safety program in such areas as (1) physics of
criticality, (2) computational capability, (3) communications and information,
and (4) knowledge of factors affecting criticality.



DOE ORGANIZATION AND ONS MISSION

Figures 1 and 2 present the current organization of the Department of
Energy from the Secretary's Office through the Assistant Secretary to the
Office of Nuclear Safety. Figure 1 shows the relationship of the Assistant
Secretary for Environment, Safety and Health to the other Assistant Secretar-
ies and to the Secretary's Office. The organizational structure provides ONS
independent access to the Secretary's Office while permitting Department
coordination, program safety overview, development of safety policy and
requirements, and safety support and assistance.

Figure 3 shews the scope of the DOE nuclear operations. Nuclear opera-
tions are located at 25 sites with about 200 nonreactor nuclear facilities and
about 59 reactors and critical facilities. The operations are managed by 27
major contractors administered by 8 DOE Operations Offices and 11 Area
Offices. Figure 4 is a map showing the location of the DOE field facilities.

In June 1981, the Olfice of Nuclear Safety was established in response
to a Department of Energy study of the March 1979 Three Mile Island accident.
The ONS was established from other safety elements in the Department, with
missions to develop and maintain nuclear safety policy and requirements, to
provide independent assurance that nuclear operations are performed safely, to
provide emergency response to accidents, and to provide technical support and
assistance in such areas as reactor safety, health physics, nonreactor nuclear
facility safety, training, and criticality safety. Figure 5 summarizes the
ONS mission.

Figure 6 shows the DOE safety strategy - a policy of line responsibility for
safety with independent overview by a "tiered" system, as shown by Figure 7.

DOE/ONS NUCLEAR CRITICALITY SAFETY PROGRAM

BACKGROUND

In June 1983, the ONS initiated the Nuclear Criticality Technology and
Safety Project (NCTSP) at the Oak Ridge National Laboratory to assess the
status of criticality safety activities within the Department complex. The
NCTSP has identified issues, deficiencies, and needs in the DOE and DOE con-
tractor criticality safety con-.mraity. These findings have had a strong influ-
ence on CHS actions and project for the utilization of limited resources.

It is important to recognize that the actions and projects identified
are those necessary to improve and sustain the operational safety of DOE-owned
nuclear facilities. However, effective nuclear criticality safety cannot be
achieved solely with a concentrated, but limited emphasis on upgrading activi-
ties. Nuclear criticality safety needs continual emphasis. Accordingly, the
underlying premise of these projects is that the Department wist have a
strong, consistent commitment in terms of policy and management support for
acquisition and continued utilization of requisite resources. Also, improved
liaison and cooperation among Program Office funded criticality safety efforts
is required for a successful Program.



The Nuclear Criticality Safety Program of the Office of Nuclear Safety
(ONS) provides a focus for and central coordination to the nuclear criticality
safety activities of the Department of Energy (DOE) and its contractors.

The ONS Nuclear Criticality Safety Program provides identification and
support of those elements which are necessary for effective safety practices.
The elements provide the knowledge to assess and enhance the safety of the
Department's nuclear operations. The Program is designed to encourage an
improve understanding of neutron physics of criticality applied to nuclear
operations, the continuing acquisition of experimental data to confirm the
reliability of state-of-the-art calculational capabilities, and effective
communications among the safety personnel within the DOE Program Offices,
Field Offices, and contractors.

Tho objective of the Program is to establish and maintain a viable,
coherent, and balanced cooperative nuclear criticality safety effort within
the DOE. To accomplish this objective ONS supports generic projects which:

* assess/enhance safety of DOE's nuclear operations
* cove'*: generic nuclear safety problems
* support and develop general techniques relevant to nuclear safety
* address safety policy and/or support safety analysis and overview

PROGRAM ELEMENTS

The fundamental program elements to assure an effective, maintained,
balanced and integrated nuclear criticality safety program are:

* Communications
* Information and Reference Documents
* Computational Capability
* Factors Affecting Criticality
* Instrumentation
* Experimental Data
* Theory
* Other

DOE/ONS NUCLEAR CRITICALITY SAFETY PROGRAM PROJECTS OVERVIEW

The following overview is presented as categories of the project and
activity elements identified in the previous section.

COMMUNICATIONS

The Nuclear Criticality Technology and Safety Project (NCTSP), initiated
in June 1983 by ONS, responds to specific requests from ONS. It also con-
siders the status of criticality safe*y nationally and formulates proposed
actions and projects. Its findings and recommendations are submitted to ONS
for consideration, action, and referral to other branches of DOE as deemed
appropriate by ONS. The progress and value of this project is evidenced by
many of the subsequent projects described in this paper which evolved from
recommendations, suggestions or considerations offered by the Project to ONS.



Two national Nuclear Criticality Technology acd Safety Conferences
involving DOE and Contractor personnel have been conducted in the spring of
1984 and again in 1985. Another conference is planned for the spring of 1986.

Workshops will be organized by the NCTSP to assemble experts in parti-
cular aspects of criticality safety. The workshops will be held on an ad hoc
basis to address any relevant needs. The first such workshop took place
during the last week of August 1985 on Instrumentation for subcritical meas-
urements. Generally, the purpose of the workshops will be to assess and
document the present status of subjects important to criticality safety.

Work groups, endorsed by the ONS, have been organized and were formed at
the first national conference (March 1984) by the NCTSP. These work groups
identify deficiencies in criticality safety and propose possible resolutions
to ONS via the NCTSP. Work groups operating and their objectives are:

* Neutron Physics Theory - to examine the theory of the fission process
and related theory as utilized in nuclear criticality safety computa-
tional methods. The scope of this group is to review the discrepan-
cies between experiments and calculated results, identify deficien-
cies, recommend experimentation, and develop understanding of
subcritical states.

* Accident Analyses - to collect physical descriptions of intrinsic
shutdown mechanisms for various types of fissile assemblies, to
identify ihe important physical phenomena in each type of assembly,
and to assess the limitations of the physical models in computing the
consequences of postulated criticality accidents.

* Evaluation Techniques - to examine available methods for assessing
process operations to identify and codify common elements of contrac-
tor safety department practices. These will include defining accept-
able techniques and the criteria for and adequacy of subcritical
margins.

* Experiments - to identify deficiencies in critical experiments data and
needs in support of criticality safety activities within contractor
organizations. The group will examine critical experiments that are
programmatically supported and consider the feasibility of adjunct
experiments or extensions of the experiments to measure additional
neutron physics parameters.

* Parameter Studies - to characterize the neutron physics of fissile
materials in the typical forms encountered in operations. The group
will recommend studies of k-eff responses to parametric changes in
geometry, density, reflector conditions and neutron coupling between
subcritical components of fissile material.

* Physics Criteria for Benchmark Experiments - to identify and recommend
criteria for the acceptance of critical and subcritical experiments as
suitable benchmarks for evaluating analytic methods. The group will
also examine the criteria for checking external and internal consis-
tency of nuclear parameters used in analyses.



* Rules, Regulations, and Standards - to review applicable regulatory
requirements and reference material with the intent to resolve incon-
sistencies and clarify ambiguities, and provide timely evaluations of
those documents.

* Training - to improve nuclear criticality safety education and
training* The group reviews resources of training materials, methods,
and techniques*

INFORMATION AND REFERENCE DOCUMENTS

The Nuclear Criticality Information System (NCIS) ?.t the Lawrence Liver-
more National Laboratory provides computer data basis on criticality reports
and studies. It also is a means for widely distributed nuclear criticality
safety specialists to instantly communicate and work together on an as desired
basis - not possible in any other way. Unified via NCIS, these scattered
specialists provide a national resource, important for safe handling of
fissile material. In addition, NCIS provides a broad-based resource by
linking its users to the leading national and international information cen-
ters in science and technology. NCIS offers electronic communications,
interactive database management, and bibliographic, textual and numeric mani-
pulating resources to a growing community of users in the field of nuclear
criticality safety. In addition, publications derived from its computer
databases are distributed worldwide. Data bases and information resources
currently offered by NCIS include:

* Directory of Criticality Safety Personnel
* Experimental Bibliography
* ANS Transactions Bibliography
* News Database
* DOE/RECON
* NASA/RECON
* DARC
* CIS
* CESAR

More criticality safety databases are in implementation stages now. In
addition, NCIS Intends to resurrect the Criticality Data Center that was
operated at Oak Ridge until 1974. The purpose is to provide a publication
outlet for reports and studies useful to the nuclear safety community. These
reports will be issued in hard copy with abstracts and any other suitable
descriptive material on-line as well. This activity has not been initiated,
but is planned for the near future.

Revision of TID-7028, "Critical Dimensions of Systems Containing 235U,
239Pu, and 233U," is in progress to update this classic reference material to
take into proper account the interim advances of later experiments.

Revision of LA-3611, "A Review of Criticality Accidents," at Los Alamos
National Laboratory is to provide up-to-date criticality accident experience
since this report vas published in 1967.



It is the Intent to review other such reference materials for periodic
and appropriate revisions. The technical bases for most National Standards
dealing with the safety of handling fissionable materials outside reactors
originated within the DOE nuclear facilities* The ONS projects and activities
will contribute to impro ->.d National and International Standards.

COMPUTATIONAL CAPABILITY

The Computation Performance Assessment project at Oak Ridge National
Laboratory was supported to study and to resolve longstanding discrepancies
between calculations and experiments involving bare and reflected arrays of
fissile solution units. Room return was found to be sufficient to account for
the discrepancy of some bare arrays, but reflected arrays are still in disa-
greement, and the magnitude of the room return raises other unresolved issues.
The results of this study further support the need for experimental, and
subsequent computational, examination of these unresolved issues.

The Resource Center for Nuclear Crlticality Safety Analytical Methods
project at Oak Ridge National Laboratory develops and maintains state-of-the-
art computer computational methods for criticality safety. The Center also
provides training and consultation.

The Nuclear Criticality Safety Assessment Calculations (NCSAC) project
at Lawrence Livermore National Laboratory is developing a series of codes to
run on small personal computers. The subject of these codes are:

* Nuclear Criticality Accidents Dynamics
* Critical Mass Calculations for Arrays
* Critical Mass Calculations for Single Units
* Consequence Models for Nuclear Criticality Accidents

Computational capability in all these areas is available via large,
sophisticated codes running on mainframe machines. The advantages of the
above mentioned small codes able to run on small computers are: First, results
of more comprehensive calculations can be compared with NCASC results. Dis-
crepancies will suggest input errors which are common in the larger codes
because of the complexity of the input data. Second, survey and parametric
calculations are easy and inexpensive. Third, NCSAC will permit calculations
to be done on-the-spot in the field, or elsewhere.

Advances in computing machines will permit the expression of calcula—
tional methods in vector notation. It can be expected that the nuclear criti-
cality safety computational capability will be implemented on these machines.
This will require future support and may result in some economic advantage as
well as improvement in the reliability of calculations.

FACTORS AFFECTING CRITICALITY

The Criticality Parametric Research Studiei project at Oak Ridge
National Laboratory is to provide characterization and understanding of
differences between process conditions and the underlying experimental condi-
tions. These studies must be rigorous and complete. There is a need for the



review, analysis, and extension of experimental data used in nuclear criti-
cality safety assessments in operations* This should be followed by develop-
ment and evaluation of models and safety concepts used in assessments. The
studies will facilitate the generalization of information and, ultimately, the
expression of characteristic physics parameters in engineering terms. Present
studies concern:

* Influence of insulating and other typical container materials used in
transport on the criticality of arrays.

* Influence of low density hydrogenous moderators in storage arrays.

Additional proposed studies are:

* Characterization of the effects of various materials encountered in
process operations as diluents or reflectors.

* Development of criteria for reflector equivalence in a context appli-
cable to the operational environment.

INSTRUMENTATION

The Neutron Criticality Alarm System project at Lawrence Livermore
National Laboratory is nearing completion. In processes involving metallic
fissionable material, it is more appropriate to base criticality alarm systems
on the detection of neutrons, since far more of the escaping energy is carried
by the neutrons than by the gamma radiation. Also, since it appears that the
future generation of criticality alarm systems will be solid-state and micro-
processor based they can be expected to be much more versatile than before.
It is expected that they will be used in dosimetry and data-archiving applica-
tions.

The Instrumentation Proofing Support project at Los Alamos National
Laboratory is to document the capabilities of the Los Alamos Advanced Nuclear
Technology Group for characterizing and measuring nuclear radiation generation
from critical assemblies. reactors and accelerators at the Los Alamos Criti-
cal Assemblies facilities.

EXPERIMENTAL DATA

The Department's critical experiments facilities and their associated
experienced personnel are national resources. The ONS recognizes that while
the critical experiment capabilities are indispensable to a successful pro-
gram, continuation of these activities is dependent on support from Program
Offices. The capability is essential to the general support of nuclear
criticality safety In order to provide:

* experimental data for support of analytic methods,

* information for the resolution of discrepancies between experiments
and calculated results,



* information for specific programmatic requirements and design
problems, and

* unique training opportunities•

Programmatically funded experimental studies are the primary source of
information for nuclear criticality safety. These studies are for specific
goals and of limited duration. They are usually expensive. However, they do
provide the opportunity for additional diagnostic information identified as
useful to the nuclear community. The effect of room return on the measurement
of otherwise unreflected experiments, for example, continues to be unresolved.

The Expansion of Criticality Safety Experiments project at Los Alamos is
to provide for handling uranium solutions within KEVA-1 for experiments to
measure the effects of neutron room return, interstitial material interac-
tions, replicated unit arrays and nonreplicated unit arrays. These experi-
ments are planned in FY 1986 and should support the calculational examination
of these issues in the project "Computational Performance Assessment."

The Criticality Information Exchange with France project at Los Alamos
will provide for the U.S. to develop models and analyze data from the French
"SILENE" criticality machine and for the French to utilize their models to
analyze data from the U.S. SHEBA criticality machine.

THEORY

There are no current projects supported under this category other than
ONS's endorsement of the NCTSP Work Group efforts and the criticality informa-
tion with the French.

The current understanding of the neutron physics of criticality can be
characterized as that extant of the late 196O's» The computing capability, in
contrast, has progressed beyond the knowledge of neutron behavior in matter.
Experimental verification of many features of critical assemblies that are
revealed by calculations is lacking. The three areas of theory, experiment,
and calculation must be brought into agreement to achieve better reliability
in safety assessments of operations with fissile materials than is now evi-
denced .

Measurement techniques have improved substantially over early capabili-
ties. These should be applied to re-examination of fundamental experiments to
confirm understandings about the critical state and to develop understandings
of the subcritical states. ONS intends to encourage cooperation among the
people in the three areas and to assist in the coordination of their efforts.

OTHER

The Criticality Safety Training project provides 2- and 5-day nuclear
criticality safety courses which include lectures and student participation
in actual critical experiments. The opportunity to observe the manifestation
of criticality is recognized as an important training experience for people
affected by issues of nuclear criticality safety. This continuing long-term



project provides hands-on experience in the performance of critical experi-
ments and the basic physics of criticality, as well as discussions on the
philosophy and practice of nuclear criticality safety.

The Nuclear Criticality Safety Pilot Internship Program under the
auspices of the NCTSP, has organized a seven month training program in nuclear
criticality safety. Three months are spent at the Resource Center for Nuclear
Criticality Safety Analytical Methods, three months at the Los Alamos Critical
Assembly Facilities, and a seventh optional month visiting different sites or
participating in project work at a specific site within the complex. The
first intern has completed six months of the program and a second intern has
been identified. The 'program will be evaluated when the second intern has
completed his term and if successful, the program will be offered to DOE
contractors.

OVERVIEW OF DOE/ONS NUCLEAR CRITICALITY SAFETY
PROGRAM ADMINISTRATION AND FISCAL SUPPORT

Since the beginnings of the Office of Nuclear Safety in 1981, organiza-
tion, planning and support has been directed toward nuclear criticality
safety. This is evidenced by the active role ONS has taken in the promulga-
tion of DOE Orders, program planning and its activities in supporting and
establishing mechanisms for dialogs among ONS, other DOE Program Offices,
Field and Area Offices, and the contractor community of nuclear criticality
safety specialists. In addition to its active administrative role, ONS has
contributed to the fiscal health of its DOE-wide nuclear criticality safety
program.

ONS's fiscal support of its DOE-w.tde nuclear criticality safety program
has grown from $50,000 in 1981 ($0 in 1980) to a total expected expenditure of
2,170,000 in 1985. This fiscal growth is not inordinately large considering
the past protracted lack of fiscal support for a coordinated and balanced
national criticality safety program within the DOE.

Figure 8 provides the ciiticality safety funding history of the ONS
through 1985 and anticipated project extensions. Close examination of the
history, when related to the PROJECTS OVERVIEW, indicates the depth of view
the ONS has exercised:

* to establish a generic national program of criticality safety,
* to accelerate support of program elements in greatest need,
* to assure a continual review of program health, and
* to develop a balance of support to its nuclear criticality safety
program.



FIGURE 1

THE DEPARTMENT OF ENER3Y

Federal Energy
Regulatory Commission

O(flC«0f
Policy, Planning

A

Secretary
Deputy Secretary

Under Secretary

General
Counsel

Inspector
General

1
Assistant Secretary,

Nuclear Energy

1
Assistant Secretary,

Fossil Energy

1
Assistant Secretary,

Conservation &
Renewable Energy

1

Economic Regulatory

Administration

1

Energy Information

Administration

• Bonneville Power
Administration

• Western Area Power
Administration

Office of
Minority Economic Impact

Office of
Small and Disadvantage^

Business Utilization

Office of
Hearings and Appeals

Board of
Contract Appeals

•
Assistant Secretary,

Management and
Administration

•
Assistant Secretary,

Congressional,
Intergovernmental &

Public Affairs

Assistant Secretary,
Bivircnment,

Safety, & Health

1
Assistant Secretary,

Defense Programs

1
Office of

Energy Research

1
Assistant Sacrelary,

International Affairs &
Energy Emergencies

JL
Office of

Civilian Radioactive
Waste Management

1
Operations

• Albuquerque
• Chicago
• Idaho
o Nevada

Offices
• Oak Ridge
• Richland
• San Francisco
• Savannah River



Figure 2
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FIGURE 3

SCOPE OF DOE NUCLEAR OPERATIONS
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FIGURE 5

• DEVELOP AND MAINTAIN NUCLEAR SAFETY
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o PROVIDE TECHNICAL SUPPORT



FIGURE 6

DOE Safety Strategy
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FIGURE 7
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