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Introduction

The suspension of nuclear weapons testing requires alternative means to certify the continued
reliability of nuclear weapons and to provide information to model the performance of nuclear
weapons components. The Science-Based Stockpile Stewardship Program, now under way, is
based upon the conduct of experiments using special nuclear material (SNM) in combination
with high explosives (HE) to develop information needed for longer-term computational
modeling. The Subcritical Experiments (SCE) Program was initiated to support these
programmatic needs. It was determined that SCE would be conducted in the U1a Complex at the
Nevada Test Site (NTS). The underground U1a Complex was selected for its ability to contain
the debris from the experiments, convenience of location at the NTS, ease of modification to
support the varying types of SCE, and lower cost of operation in comparison with other
underground experimental areas at the NTS.

Guidance for conducting SCE was provided in the form of a directive from DP-1 (Vic Reis). The
guidance emphasized three major safety components: (1) an experiment (criticality “zero yield”)
review, (2) a containment review, and (3) an independent safety evaluation. DOE Nevada
Operations Office (DOE/NV) provided further guidance to the Directors of Los Alamos and
Lawrence Livermore national laboratories (LANL and LLNL, respectively). The DOE 5480
series nuclear safety orders were determined to be the most appropriate set of criteria to apply to
the initial experiments, utilizing a graded approach to DOE 5480.23 for a “safety” analysis.

At the same time, DOE was finalizing the revised nuclear explosive safety orders to, amongst
other items, incorporate the criteria of the 5480 series orders, as a result of DNFSB
Recommendation 93-1. Vic Stello (DP-2) asked DOE/NV to review these draft orders to
evaluate how the process for conducting the first LANL experiment, Rebound 1, met the criteria
of these orders. DOE/NV formalized a white paper (DOE Nevada Operations Office, Rebound 1
Safety Basis Rationale and Attachment: DOE Order 452.2 Elements, dated November 5, 1996),
which demonstrated that LANL had programs that met these 5480 requirements. Meanwhile,
DOE/NV had drafted a Subcritical Experiment Safety Program Order on the basis of the nuclear
explosive safety (NES) process but elected not to pursue the process at that time.

Although each SCE is a one-time event conducted at a unique location, safety analysis reports
(SAR) are structured and formatted to address permanent or long-term activities. A tailored SAR



approach was employed by LANL for the Rebound 1 experiment and by LLNL for the HOLOG
experiment, with the labs consulting with each other on the process. The resulting LANL
Rebound 1 document was unwieldy. It could have served as a more effective tool for reviewers
and managers to make decisions regarding the safe conduct of the Rebound 1 experiment than it
did. Specifically, LANL could not cleanly tailor existing SAR requirements appropriately for the
work and hazards associated with SCE. We learned from the LANL Rebound 1 experience, and
the LLNL Hazards Assessment for its first SCE, HOLOG, more closely approached the concept
of an integrated safety management system (ISMS) process.

Recognizing the need for a coherent, overall program to coordinate the existing programs and
initiatives related to safety, an ad hoc committee was created with participation from LLNL,
LANL, Bechtel Nevada (BN), and DOE/NV to determine the best process to safely conduct
SCE. Although activities performed at the NTS were excluded from the original 10 priority
facilities delineated by the DNFSB and DOE, this group developed a process that paralleled the
integrated safety management system (ISMS) philosophy delineated in the DOE Implementation
Plan for DNFSB Recommendation 95-2. It was determined that this process best served the
needs of the SCE approval process and supporting documentation. This group developed the
Integrated Safety Management Systems Plan for Subcritical Experiments at the Nevada Test Site,
and DOE/NV published this plan in February 1997 (Appendix 1).

This plan calls for the development of two distinct DOE/NV orders to support the development
and review of safety documentation for the SCE and defines the content of the hazards and safety
documentation needed for the approval process. The objectives of the DOE/NV orders are to
integrate existing NTS safety and operations programs for SCE at the NTS and to assure
compliance with existing environmental regulations. The guiding principle of ISMS is that line
management is responsible for safety. Line management responsibilities are clearly defined
through the authorization basis.

The ISMS Plan for SCE

There are no contracts between the design laboratories (LANL and LLNL) and DOE/NV.
However, the design laboratories have contracts with the Albuquerque (DOE/AL) and Oakland
(DOE/OAK) DOE offices. These contracts require adherence to DOE orders and safety
programs. Long-standing management agreements between DOE/NV and the DOE/AL and
DOE/OAK offices delegate authority to the DOE/NV Manager to assure that the design
laboratories comply with DOE orders, DOE/NV orders, and other requirements for work
performed at the NTS.

Authorization Agreement

The authorization agreement to conduct SCE is a letter from the DOE/NV Manager to the design
Laboratory Director that delegates authority and assigns responsibilities for conducting SCE. The
letter designates the Laboratory Test Director as a direct agent of DOE/NV in the conduct of the
SCE, as is normal procedure in nuclear testing. This delegation includes authority for safety
coordination of specific operations, areas, and facilities as assigned by DOE/NV. Acceptance of
the requirements is considered concurrence.

Authorization Basis



The authorization basis for SCE has three components: an experiment (criticality k effective
<0.9) review, a containment review, and an independent safety evaluation. DOE/NV is preparing
(has prepared) two orders to define these three components. One order addresses operations
protocol and the elements of the safety review process. Criteria for successful preparation of the
three authorization basis components are contained within the orders. The objectives of the
DOE/NV orders are to integrate existing NTS safety programs within the SCE complex at NTS
and to assure compliance with existing environmental regulations. The operational order assigns
responsibilities and authorities to DOE/NV and design laboratory personnel for safely
conducting SCE. The safety order governs those SCE activities that fall under the five core
safety management functions. The safety order provides for oversight to assure that work is
performed safely as defined in the authorization basis documents. Post-experiment safety
reviews will provide feedback on the adequacy of controls and continuous improvement in
defining and planning work.

The purpose of the experiment review is to verify that the SCE will have a k-effective of less
than 0.9. The review is performed by an independent panel of experts from across the DOE
complex. The review consists of a laboratory presentation of the criticality evaluation to the
DOE/NV experiment review panel, an independent review performed by the other design
laboratory, followed by a review and vote by the panel. The panel may elect to impose additional
criticality controls.

The purpose of the containment review is to assure that the SCE will be contained within the
experiment room of the U1a Complex. This review is also performed by an independent panel of
experts in a format similar to that of the experiment review.

A hazards assessment (HA) is prepared by the design laboratory responsible for the experiment
and submitted to the panel performing the independent safety evaluation. The hazards analysis
combines “classic” hazards analysis information with a description of how several separate
safety programs, cultures, organizations, and systems are integrated at the NTS for the
performance of SCE. The hazards analysis, an interactive process between the project team, U1a
Complex staff, and health and safety professionals, will identify potential hazards associated
with the experiments and hazards controls to prevent or mitigate these hazards. Preparation and
maintenance of the HA is integrated into the experiment development and fielding process.

The design laboratory set of experiment input documents is presented to the independent safety
evaluation panel for its review and concurrence. After completion of its evaluation, the panel will
prepare a report to the DOE/NV Manager, detailing the panel’s deliberations, recommendations,
and conclusions. The panel is authorized to recommend additional safety rules for each SCE. A
process is provided for the identification and resolution of minority opinions.

Conclusion

The ISMS Program tailored for SCE will develop clear understanding of SCE, associated
hazards, and the controls necessary to assure safe conduct of the experiments. We at the NTS
have come to realize, in recent times, that we have always had a good safety program. Safe
operation has always been integrated in the planning for any test event or experiment that has
ever been conducted at the NTS. Our safety record attests to this.



Where we are now with the new SCE and NES programs will enhance the safety of the program
for everyone and will also document the preparation and execution to a higher standard. This
process is sensible and provides a value-added service to the SCE review and approval process.
This tailored approach also serves as a model illustrating the continued value of the application
of ISMS for DOE operations.



Appendix 1

DOE NEVADA OPERATIONS OFFICE (DOE/NV)INTEGRATED SAFETY
MANAGEMENT SYSTEMS PLAN FOR SUBCRITICAL EXPERIMENTS AT THE

NEVADA TEST SITE (NTS)

1.0 INTRODUCTION

The Science-Based Stockpile Stewardship Program requires the conduct of subcritical
experiments at the NTS in order to maintain the current nuclear weapons stockpile. These
experiments will be conducted with a regimen of safety commensurate with the program and
requirements of the DOE Implementation Plan for Integrated Safety Management, to assure
environment, safety, and health (ES&H) objectives are achieved. DOE/NV is developing two
Orders (XX and YY) for conducting subcritical experiments at the NTS. NV Order XX is an
operational Order designated as SUBCRITICAL EXPERIMENTS. NV Order YY is a safety
Order designated as SUBCRITICAL EXPERIMENTS SAFETY PROGRAM. These Orders
apply to the conduct of subcritical experiments beyond REBOUND and HOLOG. They     do not
   include construction activities    for the complex in which the experiment is conducted.

2.0 SAFETY MANAGEMENT SYSTEMS

The three key elements of the DOE Safety Management System are discussed in the following
subsections:

2.1 Contracts

Current contracts between the two design laboratories and DOE/AL and DOE/OAK require
adherence to DOE Orders and safety programs. Management agreements that DOE/NV has with
DOE/AL and DOE/OAK delegate authority to the DOE/NV Manager to take such actions
necessary to assure compliance by the design laboratories with DOE Orders and DOE/NV
implementation of ES&H and safeguards and security requirements for work done at the NTS.

2.2 Authorization Basis

The authorization basis is the information which establishes the safety envelope for the
subcritical experiment activities and defines requirements to assure safety of operations.

The authorization basis for conducting subcritical experiments includes three basic components
as required in the TWX, Reis to Assistant Manager for Operations, dated May 26, 1995. They
are:

• Experiment (criticality) Review
• Containment Review
• Independent Safety Evaluation, including Hazard Analysis

The authorization basis is further defined in NV Orders XX, SUBCRITICAL EXPERIMENTS,
and YY, SUBCRITICAL EXPERIMENTS SAFETY PROGRAM.

DOE/NV will assure that subcritical experiment operations are conducted safely through
compliance with these Orders.



2.3 Authorization Agreement

The Authorization Agreement will be in the form of a letter from the DOE/NV Manager to the
design laboratory directors that delegates authority and assigns the responsibilities for
conducting the subcritical experiments.

The letter will designate the Test Director as a direct agent of DOE in the conduct of subcritical
experiments and require that the individual named to this position be approved by the DOE/NV
Manager. This delegation includes responsibility for safety coordination of specific operations,
areas, and facilities as assigned by DOE/NV. The design laboratories will be authorized to
provide technical direction to the NTS support contractor during operations.

3.0 DOE/NV ORDERS FOR SUBCRITICAL EXPERIMENTS

3.1 Objectives

Subcritical experiment requirements as defined in the two NV Orders will assure the necessary
ES&H goals, and provide for protection of the public, environment, and worker. The objectives
of the subcritical experiment requirements are, but not limited to:

• Integration of existing NTS safety programs within the subcritical experiment complex.
• Compliance with existing environmental regulations required by state and federal

agencies.

3.2 Operational Order

NV Order XX, governing operational conduct of the experiment, will require, but not be limited
to:

• Assignment of responsibility and authority to DOE/NV and design laboratory personnel,
as a subcritical experiment organization, for safely conducting the Subcritical
Experiment Program.

• Development of operations and security plans governing operational activities.
• Conduct of a Criticality Review by recognized experts.
• Conduct of a Containment Evaluation by recognized experts.

3.3 Safety Order

NV Order YY will govern the safety of the experiment. The five core safety management
functions described in the DOE Implementation Plan for an Integrated Safety Management
Program are included in NV Order YY. They are:

• Scope of work (define)
• Hazards analysis associated with the work
• Hazard controls implementation
• Perform work plan within hazard controls
• Performance assurance and improvement

The conduct of operations and activities that involve radioactive and other hazardous materials
shall be subject to management plans “tailored” according to the risk associated with the
operation. A hazard analysis will be prepared, covering activities from after receipt of the special



nuclear material at the NTS until its expenditure, including concurrent operations and work in
progress that could impact safety of the experiment. The Subcritical Experiment Safety Order
will provide for oversight to assure that work is performed safely as defined in the authorization
basis documents. Post-experiment safety reviews will provide feedback on adequacy of controls
and continuous improvement in defining and planning work.

The safety Order will require an independent safety evaluation and report to the DOE/NV
Manager by a panel of experts with     no     operational responsibilities for the subject experiment.
The evaluation will include, but not be limited to:

• Operational descriptions, including criticality risks.
• Design laboratory subcritical experiment hazard analysis.
• Design safety features.
• Facilities, equipment, and procedures.
• Interactions of existing NTS safety programs with the Subcritical Experiment Program.
• Arming, timing and firing systems.

The input document to the Safety Evaluation Panel will describe the subcritical experiment
operations, engineering and administrative controls, and preventors and mitigators for credible
hazards identified. In addition, the input document will identify the applicable DOE standards,
occupational safety & health, and radiation protection requirements. Each design laboratory shall
provide information, data, and analysis as required by the subcritical experiment Safety
Evaluation Panel. The hazard analysis shall be based on DOE guidelines contained in NV Order
YY, which allows tailoring to specific needs and as approved by DOE/NV.

NV Safety Order YY will contain safety standards and subcritical experiment safety rules. If
necessary, the Safety Evaluation Panel Report will recommend additional safety rules for each
subcritical experiment. The Panel will prepare a report to the DOE/NV Manager, detailing their
deliberations, recommendations, and conclusions.

In the event that Panel member(s) do not agree on the report's content, a minority opinion shall
be appended to the report, along with a majority rebuttal, to be adjudicated by the DOE/NV
Manager.

The Subcritical Experiment Safety Management System, as presented in this plan, will assure
that ES&H objectives are achieved. The NV Orders, in concert with this plan, support the safety
management functions.

"This work was performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under Contract No. W-7405-Eng-48."  This statement must
appear on any publication leaving the Laboratory.
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