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Abstract 

 
In the past 5 years at the Los Alamos National Laboratory (LANL), the process for conducting hazard 
analyses has become considerably more formalized and mature.  In that time, more than 20 major safety 
analyses have been conducted for various nuclear facilities.  With more than 200 LANL employees and 
subcontractors performing safety and related analyses, it is incumbent upon management at LANL and the 
Department of Energy to provide uniform and consistent guidance for the required safety-basis analyses.  
That guidance is in place at LANL. 
 
This paper will define terms, identify requirements, describe a LANL procedure for conducting hazard 
analyses, identify hazard analysis steps, walk through a typical analysis, discuss results, and cite some of 
the lessons learned in the performance of hazard analyses.  In addition to discussing the identification of 
hazards, there will be emphasis placed on the hazard evaluation process to include the unmitigated hazard 
evaluation and the identification of reasonable potential controls.  Such information will assist a system 
safety practitioner in the designation of design-basis and other facility bounding accidents for further 
analysis. 
 
The conclusions of this effort include the importance of early and focused data compilation and a clear 
understanding and acceptance of the specific hazard analysis process between management and the 
regulator. 
 

Introduction 
 
Background. In the past 5 years at the Los Alamos National Laboratory (LANL), the process for 
conducting hazard analyses has considerably matured and become formalized.  In that time, more than 20 
major safety analyses have been conducted for various nuclear facilities.  This evolution has been prompted 
somewhat by a new government regulation [10 CFR 830, Nuclear Safety Management (Ref. 1.)], which 
codifies the requirements for Department of Energy (DOE) contractor work that affects, or may affect, the 
safety of DOE nuclear facilities.  With more than 200 LANL employees and subcontractors performing 
safety and related analyses, it is incumbent upon management at LANL and the Department of Energy 
(DOE) to provide uniform and consistent guidance for the required safety-basis analyses.  That guidance is 
in place at LANL. 
 
Is this formalized nuclear facility hazard analysis effort and federal regulation mandate important to the 
DOE and our nation?  As William Lowrance stated, “The potential consequences (of ‘monstrous’ hazards 
such as radiation, vessel explosion, theft, sabotage, and waste disposal) are unprecedentedly widespread 
and terrible, indifferent to political boundaries.  Some of these consequences may prove to be reversible 
only with great difficulty, with decades or even centuries having to pass before the mishap can be undone.  
We are now adopting many innovations for widespread use faster than we can even hope to learn about 
their consequences, thus tragically outsmarting ourselves.” (Ref. 2)  Yes, it is very important.  The facilities 
analyzed have the potential for significant radiological consequences. 
 
LANL Overview.  The birthplace of nuclear weaponry has continued a weapons-related mission at LANL 
since the Manhattan Project in World War II.  The Laboratory now has a diverse focus dealing with basic 
research and engineering at a national and international level.  It is a multi-program national laboratory of 
the DOE that is operated by the University of California and consists of a large central administrative area 
and many outlying research sites scattered across several northern New Mexican mesas. 

  



 
LANL’s vision and mission are spelled out on their website as follows. 
 

Vision: "We serve the nation by applying the best science and 
technology to make the world a better and safer place." 
 
Mission: “Ensure the safety and reliability of the U.S. Nuclear 
deterrent. 
 
Reduce the global threat of weapons of mass destruction. 
 
Solve national problems in energy, environment, infrastructure and 
health security.” 
 

The purpose of this paper is not only to describe and inform about the method used for hazard identification 
and evaluation at Los Alamos but also to pass on some lessons that have been learned in the conduct of 
hazard analyses so that future analyses can be improved.  The combination of that identification and 
evaluation in the DOE context is hazard analysis, and before proceeding, it may be appropriate to define 
several other terms that are important (per 10 CFR 830).  
 
The Safety Basis is the documented safety analysis and hazard controls that provide reasonable assurance 
that a DOE nuclear facility can be operated safely in a manner that adequately protects workers, the public, 
and the environment. 
 
A Nuclear Facility is defined as those facilities, activities, or operations that involve, or will involve, 
radioactive and/or fissionable materials.  Key here is that facilities also include processes that involve 
radioactive and/or fissionable materials. 
 
A Hazard is a source of danger (material, energy source, or operation) with the potential to cause illness, 
injury, or death to a person or damage to a facility or to the environment (without regard to the likelihood 
or credibility of accident scenarios or consequence mitigation).  Without the clarifications in parenthesis, 
the definition is almost identical to that in MIL-STD-882D (Ref. 3). 
 
Hazard Analysis includes both hazard identification and hazard evaluation to determine a set of potential 
controls and bounding accidents for further analysis. 
 
Although the provisions of 10 CFR 830 are relatively new, the DOE has been performing safety analyses of 
its nuclear facilities since the inception of the department and its predecessors, including the Atomic 
Energy Commission and the Manhattan Project.  And although there are many ways to assure the safety of 
facilities and processes, the associated hazard analysis is key to all of the methods used.  This analysis 
consists of hazard identification and evaluation performed to derive those safety controls needed to ensure 
an acceptable level of safety. 
 
Some activities conducted at LANL do not require complex, detailed hazard analyses. However, for nuclear 
operations that could lead to the scatter of radioactive materials, much more detailed hazard analyses are 
performed.  A full documented safety analyses for a large facility or operation might take a half-dozen 
analysts working for more than a year and result in a report that is much more than 1000 pages (i.e., the 
Plutonium, Criticality Test, Weapons Effects Test, and other facilities). 
 

Requirements 
 
The latest DOE requirement, 10 CFR 830 (Ref. 1), began with a Federal Register notice of intent in 1991, 
went through several subsequent comment drafts also published in the Federal Register, and evolved into 
its present form in January 2001.  The current DOE requirements for hazard analysis and safety-basis 
determinations (Refs. 1,4, and 5) for nonreactor nuclear facilities are fairly high-level documents that 

  



provide excellent general guidance but usually cannot be used by themselves to adequately prepare for and 
develop an acceptable hazard analysis.  There are two types of requirements. 
 
Part A – QA Requirements.  The DOE requires contractors operating nuclear facilities to have a strong 
quality assurance (QA) program that includes all of the provisions for nuclear power facilities.  Such 
programs ensure that quality is introduced early and is designed and built into facilities and operations 
continuously through decommissioning—just like the safety basis. 

 
Part B – Safety-Basis Requirements.  The contractor for a nuclear facility must define the scope of the work 
performed, identify and analyze the hazards associated with the work; categorize the facility hazards based 
on the level of radioactive or other hazardous materials that could be harmful; prepare a documented safety 
analysis for the facility; establish the hazard controls needed to protect workers, the public, and the 
environment; establish a process to assess changes before they are implemented; and review the safety 
basis annually.  In this paper, we discuss the hazard analysis portion of the overall process, but an 
understanding of the DOE’s overall approach to system safety is appropriate.  Table 1 describes the 
individual sections of the rule and the strong linkage to QA. 
 
 

Table 1 - Nuclear Safety Management Requirements 
 

DOE 10 CFR 830 
Nuclear Safety Management Requirements 
Applicable to DOE nuclear and radiological facilities as specified. Radiological facilities need only 

conform with Part A (the QA section) requirements.  
Subpart A Quality Assurance 
830.120 Scope applies to contractors conducting activities, including providing items or services that 

affect, or may affect, nuclear safety at DOE nuclear facilities. 
830.121 QA Program requirements. This section provides the requirement for a formal QA program. 
830.122 QA Criteria – the 10 QA criteria or areas that have been required within the DOE for many 

years. 
Subpart B – Safety-Basis Requirements 
Applicable to Hazard Category 1, 2, and 3 DOE nuclear facilities. Definitions are based in the 

unmitigated radiation activity at the site boundary for a worst-case accident. 
830.201 Performance of work by the contractor is required so that there is adequate protection to the 

worker, the public and the environment. 
830.202 Safety Basis. The contractor prepares and maintains the safety basis for the Category 1, 2, or 3 

DOE nuclear facility. 
830.203 Unreviewed Safety Question (USQ) process.  The requirements for submitting the USQ 

procedure for DOE approval.  The USQ process provides a system for the review of proposed 
changes to determine if they are outside the safety envelope and if so, to develop compensatory 
measures to ensure that an acceptable overall level of safety continues. 

830.204 Documented Safety Analysis (DSA) requirements to include approval of methodology by the 
DOE and the analysis appropriate for the complexity and hazards of the facility. 

830.205 Technical Safety Requirements are the formal controls that are derived from the DSA.  The 
safety significant controls that are derived from the analysis of those bounding accidents that form the 
safety envelope. 

830.206 Provisions for new construction.  Similar to 830.204.  Safety basis approval required from DOE 
before procurement of materials or start of construction. 

830.207 DOE approval of the safety basis is a prerequisite to work being done or continued after a major 
modification. 

 
 
DOE also requires that the detail to which the safety-basis work is conducted be graded or tailored with 
respect to specified factors: importance to safety, hazards magnitude or importance, life-cycle stage, 

  



programmatic mission, facility characteristics, or any other relevant factor.  Grading must be identified and 
justified in the safety analysis document. 
 

LANL Safety-Basis Process 
 
The process used at LANL to develop and document the safety basis of a new program or operation is 
shown in Figure 1, which shows the progress from 0–100% completion.  It is a process that may take a year 
or more to complete. 
 

 
 

Figure 1 – Authorization Basis Process 
 
 
Scoping. At 0%, there is a kick-off meeting in which the program purpose, organization, plan, schedule, 
analysis methods, and review process are delineated so that there is mutual understanding by all affected 
participants.  This is a critical milestone in the overall process and key to the “buy-in” of all involved.  The 
participants include the DOE and contractor facility manager, safety-basis personnel, and program 
management. 
 
Hazard Analysis.  The hazard analysis includes the hazard identification and evaluation processes and is 
discussed in more detail in the next section.  This process should be completed at the 30% stage of safety-
basis development. 
 
At each major milestone, there is a formal review before DOE review by an internal independent review 
panel of about six experts who spend a week or more using a prescribed review plan to comments on the 
finished work.  Only after the comments are resolved is the milestone report submitted to DOE. 
 
Accident Analysis.  This step of the documented safety-basis process provides a detailed assessment of 
each of the suggested accidents from the hazard analysis.  The analyses usually include the quantitative 
identification of the hazardous material source, a model of transport, and the unmitigated receptor effect.  
Those closest to the source are most likely to be affected, but the effects on the public and the environment 
also are studied carefully.  There are many well-validated plume models in use, including Hot Spot, Archie, 
and other codes.  The results from the modeling and associated computations are tabulated in the final 
accident analysis.  Accident analysis is complete by the 70% milestone. 
 
Remaining Document Portions.  In accordance with the 10 CFR 830 provisions, after the accident analysis, 
there is a derivation of technical safety requirements and agreement on the other controls that complete the 
safety-basis document.  Technical safety requirements are those formally derived limits, controls, and 
related actions that establish the specific parameters and requisite actions for the safe operation of a nuclear 
facility (Ref. 1).  In addition to a documented safety analysis chapter devoted to the technical safety 
requirements derivation, chapters are provided to address program requirements related to safety such as 
QA, maintenance, configuration management, emergency preparedness, and the procedure for unreviewed 
safety question determination as noted in Table 1.  When the remaining portions are completed and review 

  



comments are resolved, the document is submitted for DOE review and approval. Approval is granted 
either unconditionally or with stated conditions. 
 

Hazard Analysis Preparation 
 
When we discuss hazard analysis (HA) preparation, we are actually talking about a process that includes 
training, implementation of several procedures, report preparation, and formal reviews at specific 
milestones.  The LANL requirements (Refs. 7–10) provide detailed guidance of what is required to be 
determined in the identification and evaluation of hazards for a particular safety-basis determination.   
 
Preparation. The major preparation activities are listed below.   
 

• Identify the analysis team. 
• Prepare a statement of the mission and scope of work. 
• Provide team training and orientation. 
• Visit the site/facility. 
• Collect data. 

 
Although individual analysts are selected based on their special areas of safety-related expertise, the 
analysis team needs to be brought up to a level of understanding consistent with the work that must be 
accomplished.  The orientation and training are done about the time of project kick-off. For this 
orientation/training, the team leader needs to develop a statement of the task and ensure that it is 
understood by the hazard analysis team.  That task statement should specify the requirements, the scope of 
the analysis, the documentation available, and the boundaries of concern.  The documentation available 
might include the office library (such as Refs. 11–20). If the analysis begins with delivery of test materials, 
for example, to the door of the assembly facility, that should be specified in the scope and be the starting 
point of the analysis.   
 
Data Collection.  With all the training and requirements in mind, the task now is to gather the needed 
documentation and data and proceed with the hazard analysis, which follows the following steps. 
 

• Collect needed data and documentation. This includes current safety-related documents specific to 
the hazard analysis, lessons learned in the past, the process-flow graphic, facility descriptions 
(including design drawings), maintenance and QA history, incident reports, and operational and 
training documentation (see Figure 2). 

• Identify the hazard sources using a hazard environments checklist.  Checklists of this type appear 
in Refs. 11 and 13. 

• Agree on the environments and operations.  This agreement is essential at an early stage and 
before the hazard evaluation taking place.  Such environments (or modes) of normal, start-up, 
shutdown, natural phenomena, external factors, and human factors often are considered. 

• Develop the analysis format.  The overall format includes a hazard identification and a hazard 
evaluation (or risk analysis) section as shown previously (Figure 1). 

• Meet with the HA team to review progress and seek constructive comments. 
• Match the operations and environments with the products/tests and enter the hazard analysis into 

the format.  It is mandatory that a knowledgeable operator be a part of the team. 
• Coordinate the process and progress with the customer.  Although listed last, this is required from 

the project kick-off until the report is completed and approved. 
 
 

  



 
 

Figure 2 – Process Information to Support the Hazard Analyses 
 
 

Hazard Identification and Evaluation Method 
 
The hazard analysis summary is shown in Figure 3 and provides the steps used for hazard identification, a 
“What-if” (or equivalent) analysis, and the hazard evaluation to include risk determination.  The final result 
of the process is the development of a set of potential worst-case accidents that are presented for further 
study and to develop the safety envelope associated with the program.  It is this procedure that provides the 
foundation for the accident analyses and further actions, and it tends to be the most crucial of the steps to be 
taken in the documented safety-basis process.  Therefore, focus on this portion of the process is important. 
 
Hazard Identification.  Hazard identification is preceded by information gathering and is similar to the 
process described in both Ref. 12. (p. 3-85) and Ref. 14.  Identification comes from a detailed 
understanding of the facility, the planned operations, and the work associated with the program.  A typical 
hazard identification listing page is shown in Figure 4.  There may be 10 or more pages in the final listing, 
and it feeds into the next step. 
 
Hazard Evaluation.  This is a several-step process of developing a “what-if” or equivalent analysis to 
explore the interface of the facility and its associated operations with the program activity being addressed.  
The results of the what–if analysis are a series of potential worst-case scenarios and possible controls that 
are candidates for further development.  A what-if page is shown in Figure 5 and is completed for both 
normal and abnormal environments.   
 

  



 
H az ard  Id en tif ic a t io n
 
 NPH & External Events
 Process Hazards

  Hazards
  Energetic
   Potential & Kinetic
   Thermal
   Electrical
  Hazardous Material
   Chemical
   Toxicological
   Radiological
  

W h at If  A n a ly s is

 Activity
 
 Hazard Type
 
 What If Statement
 
 Potential Consequences
 
 Control Set

H az ard  E v a lu a t io n

 Scenario Description
 
 Safety Control Identification

 Risk Assessment
  Uncontrolled/mitigated
   Likelihood
   Consequence
  Controlled/ Mitigated
   Likelihood
   Consequence Recommended 

Bounding Accidents

 
 

Figure 3 – Hazard Identification and Evaluation Flow 
 
 
 

Hazard 
Energy 

Sources and 
Materials 

 
Present 
Y = Yes 
N = No 

 
 
 

Type/Name 

 
 
 

Quantity 

 
 
 

Form 

Location 
(High Bay, 
Main Bay, 

Vault) 

 
What If 
Table 

Linkage 
COMBUSTIBLES 
Combustible 
Materials 

Yes  < 3 lbs/ft2  High Bay, 
Main Bay 

 

Combustible 
Materials 

Yes  < 2 lbs/ft2  Vault  

Paper/Wood 
Products 
(including trash) 

Yes Procedures, plans, 
mandatory documents 

< 20 lbs  All  

Petroleum 
Based Products 

Yes Isopropyl, potting 
materials, tapes, release 

agent, solvents 

< 20 lbs  All  

Plastics Yes Bottles, tape, shims, 
personal items 

< 50 lbs  All  

Uncontrolled 
Chemical 
Reactions 

No      

Hoist/Crane 
Hose 

Yes  < 50 lbs  High Bay, 
Vault 

 

Flooring 
Material 

Yes  < 150 ft2  Vault  

 

 

Figure 4 – Typical Hazard List  
 

 

 



Location Activity Hazard
Type What If Conseq Potential Controls HA

Lightning

Electrical

RF

ESD

Rad

Chem/Tox

Thermal

Drop

Impact

Unload the AN-Cans 
with the HE manually 
from transport vehicle.

High Bay

 
 

Figure 5 – Typical What-If Table Sheet 
 
 
Typically, hazards are screened to remove the standard industrial hazards because these are controlled on 
the basis of Occupational Safety and Health Administration (OSHA) and related safety requirements.  It is 
important to include knowledgeable operators and safety analysts in the what-if analysis development.  The 
operators know the workings of the process and often have positive contributions. 
 
After identification and agreement on the what-if table results, selected bounding what-if scenarios are 
evaluated further by developing the hazard analysis table such as one shown in Figure 6.  Note that in the 
figure, the first row is an explanation of the content of each column.  This is fairly straightforward and self-
explanatory except perhaps in the risk analysis section.  Some clarification may be helpful.  For each 
hazard in the section, both unmitigated (uncontrolled) and controlled likelihoods of hazard occurrence and 
consequence to the public (and the environment) and to workers are described.  In addition, within the 
“Controlled” section is a proposed suite of controls that specifies (in the case of the illustration) a reduction 
in likelihood by indicated orders of magnitude.  The number presented reflects the order-of-magnitude 
reduction expected by each control functioning independently. 
 
The hazard evaluation process then proceeds from the identification of hazards and potential controls to a 
risk analysis stating the consequence and likelihood of a deleterious event both before and after a suite of 
potential controls is applied.  These are generally qualitative determinations.  The other product of the 
hazard evaluation process is the recommendation of a set of bounding accident scenarios that is studied 
further during the accident analysis.  More detailed and quantitative determinations take place at that time. 
 
It should be understood that the hazard identification and evaluation process is iterative and is updated with 
newly emerging knowledge of the program’s definition and detailed operation sequence.  As an example, 
for a test program that is several years from taking place, one may not know the exact details of how a 
particular test will be accomplished and may not know the exact composition of the materials associated 
with the test. 
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Figure 6 – Hazard Analysis Table Excerpt with Columns Defined 

 
 
A criticism by the Defense Nuclear Facilities Safety Board (an independent government oversight agency) 
(Ref. 6) identifies a lack of integration of existing guidance and the need for additional DOE guidance.  
That integration and DOE-approved guidance are now available within LANL’s safety-basis program. 
 
Reporting.  The specified LANL report stages (0–100%) were identified in Figure 1.  These are the 
milestone times for formal review by the DOE customer.  However, if there is considerable effort being 
expended and it is focused in an inappropriate direction, there may be need for redirection.  To avoid taking 
a wrong turn, early and more frequent coordination of plans with the internal LANL customer is 
appropriate.  This coordination should continue until each formal milestone is met.  Such progress reporting 
is vital to success. 
 

Lessons/Conclusions 
 
Lessons.  The philosophy of continuous improvement, of which QA is a key segment, is built into LANL 
integrated safety management.  In part, continuous improvement can be achieved by learning from those 
who have done similar work in the past and recording the lessons they learned.  Such LANL lessons from 
hazard analysis activities include the following. 

 
• Have a plan and use it.  Planning ahead is always required, but too often, the plan “gathers dust” 

until just before a major due date.  Setting intermediate goals helps to divide up the tasks for 
major deliverables.  

• Compile reference material early.  The sooner all of the pertinent data and documents are 
assembled, the sooner a meaningful evaluation can be conducted.  If there are delays in securing 
key materials, there is the danger of having a “false start.” 

• Coordinate on the method.  Ensure that the customer, and the customer’s customer, agree on the 
evaluation methods to be used and the method of presenting results to be used.  There should be a 

  



clear understanding and acceptance of the specific hazard analysis process with management and 
the regulator.  Again, this helps to ensure that the effort is coordinated and approved ahead of 
time. 

• Provide continuous update.  Ensure that those in the management chain are provided frequent 
status reports to include any concerns for the future. 

• Ensure attention to detail.  Usually, if the details are all addressed, the big issues take care of 
themselves.  Especially when, in some cases, there are more reviewers than analysts performing 
the work.  This is a well-learned lesson. 

• Focus on the factual not the subjective. In some instances, factual results can seem 
counterintuitive, but it is factual material that supports good evaluation.  

  
Conclusion. The identification and evaluation of hazards and the recommendation of hazard controls is a 
process within the safety discipline that has reached maturity at LANL. The lessons learned in the process 
at LANL can be applied to other DOE sites and outside the DOE as well. 
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