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Abstract 
 
Becoming a High Reliability Organization (HRO) is of interest to many organizations, yet the tools or processes to 
obtain HRO status are unclear. Historically, organizations are studied in isolation, yet HROs exist due to the 
interactions of the organization on many levels. Observing how an organization transitioned to an HRO from a 
systemic perspective may give insight to scholars who normally look at organizations in isolation. The following 
paper is a case study on how the Department of Energy Pantex Plant became an HRO. The analysis describes the 
process from published documents on the policy and agency level; specifically, how HRO attributes emerged, and 
the relation between policy and organizational change. The results found the Pantex Plant HRO journey parallels the 
Air Traffic Control HRO journey wherein high reliability organizing grew and was reinforced both horizontally and 
vertically within the larger High Reliability System (HRS). This reinforces a previous study that found that HROs 
develop and the attributes are institutionalized through a cooperative and multi-directional relationship within a 
policy, agency, and industry HRS. 
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1. Introduction 
High Reliability Organizations (HROs) are those that operate relatively error-free in high risk environments for an 
extended period [1].  While the theory has become more “main stream” since the seminal work was performed and 
has expanded into virtually all the sixteen Critical Infrastructure sectors [2, 3], studying HROs in high risk industries 
offers insight on implementation.  The rigorous procedures and operational discipline required in high-risk 
operations makes it easier to operationalize and institutionalize HRO practices; therefore, replicating those methods 
is also more straightforward than copying the methods used in a low risk, non-proceduralized environment such as 
education.   The seminal work was performed on the Federal Aviation Administration’s (FAA) air traffic control 
(ATC) system, Pacific Gas and Electric Company’s participation in the western states power grid, and the United 
States Navy’s aircraft carrier operations [4] which are all highly regulated work environments with robust operating 
procedures as communication structures.  O’Neil [5] performed a longitudinal study of the ATC focusing on the 
greater policy operations structure and notes the FAA’s high reliability function evolved in the greater 
environmental system of policy and operations.  The same is true of power grid and aircraft carrier operations – they 
do not operate as single entities, but as part of a much larger system that includes laws, policies, and external 
oversight agencies.  All organizations are made up of complex, interconnected internal and external systems, and 
HROs are no exception.  This “systems view” of an HRO takes into consideration the internal and external operating 
environment where error-prone human actors operate [5] as well as the very complex organizational system design 
and its interaction with other systems within and external to the organization.  O’Neil notes that viewing HROs as 
part of a complex system occurs in high reliability literature but is not a dominant feature of the body of knowledge 
even though the literature makes continual reference to government oversight and influence of HROs and concludes 
that organizational reliability cannot be achieved and maintained long-term in the absence of an established and 
supportive policy mechanism.  In short, HROs are complex organizational systems that include everything from the 
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worker at the shop floor level interacting with internal procedures and programs to external policy systems that 
govern the industry.  While it is essential that internal system interactions are understood and managed, HROs also 
need to understand the external interaction within the industry to include policy development and implementation. 
 
O’Neil [5,6] proposed a three-level model consisting of policy, agency, and industry that influences, and in turn is 
influenced by, the ATC.  Policy influences ATC operations and the air transportation industry while innovation in 
ATC operations and in the air transportation industry also influence policy.  In fact, O’Neil postulates that HROs are 
not likely to form on their own in isolation, but evolve as part of a larger, more formal High Reliability System 
(HRS).  But how do they form?  Several authors have observed the dearth of guidelines for developing an HRO 
[e.g., 7-10].  O’Neil and Krane [11] notes that the literature provides considerable detail on the attributes of HROs 
but does not detail the evolution of these attributes into high reliability performance.  Nevertheless, the ATC seems 
to have evolved into an HRO through a combination of policy, innovation, and active pursuit of excellence.  
Specifically, he posited that the features of HROs take years to become institutionalized, so studied the ATC system 
over its entire history. 
 
The Pantex Plant can also be studied within the context of HRSs.  Using O’Neil’s [11] model and attributes of an 
HRO, this paper will use the Pantex Plant as a case study to affirm O’Neil’s conclusions that institutionalization of 
HRO attributes into an organization involves interaction between the policy, agency, and industry levels.   
 
2. Background 
The Pantex Plant is the nation’s primary facility for the final assembly, dismantlement, and maintenance of nuclear 
weapons.  Pantex Plant has several national security missions that provide a nuclear deterrent for the United States 
and its allies; reduce the total nuclear weapons in the stockpile, ensure the stockpile is strong, and support the 
stockpile through the High Explosives Center of Excellence.  This entails several high-risk activities: 

• Building and delivering nuclear weapons for the nation’s stockpile and replacing parts and components to 
extend the lives of these weapons. 

• Dismantles retired weapons and dispositions the various components and materials. 
• Develops, tests, and fabricates high explosive components [12]. 

 
While this work is clearly very hazardous, all work is carried out under three overarching priorities: the safety and 
health of workers and the public, the security of weapons and information, and the protection of the environment 
[12].   
 
Similar to the ATC, the Pantex Plant operates within a larger HRS.  The Pantex Plant is owned by the National 
Nuclear Security Administration (NNSA) within the Department of Energy (DOE) and daily operations are 
performed by a Managing and Operating (M&O) contractor.  Operations are overseen by NNSA employees as well 
as employees from the Defense Nuclear Facilities Safety Board (DNFSB).  The DNFSB is an independent 
organization within the executive branch of the United States (US) government chartered with providing 
recommendations and advice to the President and Secretary of Energy regarding public health and safety issues at 
DOE defense nuclear facilities [13].  The Pantex Plant operating contractor also collaborates with other M&O 
contractors through an organization known as the Energy Facilities Contractor’s Group (EFCOG).  Their stated 
purpose is to “promote excellence in all aspects of the operation, management, and integration of the DOE facilities 
in a safe, environmentally sound, efficient and cost-effective manner through the ongoing exchange of information 
and lessons learned [14].  EFCOG hosts multiple working groups, subgroups, and task groups, one of which is 
focused on safety culture and HROs.  These groups provide an opportunity for the M&O contractors to collaborate 
as well as provide feedback to NNSA.  In addition, the M&O contractors work with their peers within the weapons 
complex.  The HRS for the Pantex Plant is depicted using the O’Neil model [5] as shown in Figure 1. 
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Figure 1 Pantex Plant High Reliability System 
 
This paper presents a case study of the Pantex Plant’s road to high reliability operations that is strikingly similar to 
the ATC.  Both organizations evolved into an HRO within a similar HRS; both organizations interactively 
reinforced HRO principles within policy, agency, and industry systems; and both organizations found that operating 
as an HRO is a long-term journey – not a quick fix program.  Quantitative proof that high reliability operations at 
Pantex Plant is not presented, nor is it the focus of this paper.  The following case study reinforces the findings of 
O’Neil and supports the hypothesis that an HRO is not grown out of whole cloth; rather, it evolves within a larger 
HRS that must interact vertically and horizontally within policy, agency, and industry systems to synergize, learn, 
and reinforce successful practices and lessons learned. 
 
3. Case Study 
In 2007 the Pantex Plant operating contractor and NNSA jointly decided to embark on a journey to become an HRO.  
A firm foundation was already in place.  The nuclear work is executed under an agreement with DOE that is similar 
to a license and includes exhaustive safety analyses to ensure there is extremely low probability of an incident.  
These drive extremely specific procedures, work practices, tooling design, transportation, and handling of nuclear 
components to ensure an accident is extremely unlikely.  Similarly, the high explosives work undergoes exhaustive 
safety analysis and very strict operating protocols to ensure an accident is extremely unlikely.  All operations, 
including safety, security, quality, and routine business (e.g. finance, supply chain, etc.) are governed by DOE 
policies, orders, directives, and guides.   These documents, some of which require DNFSB review, govern accident 
investigations; occurrence reporting; technical standards; personnel selection; training, qualification and 
certification; maintenance management, nuclear explosives, nuclear material control and accountability, and the 
design basis threat just to highlight the comprehensiveness of these documents.  There are approximately 80 DOE 
Orders that apply to Pantex Plant operations.  Two of the most important ones are DOE Order 420.1C, Facility 
Safety and DOE Order 422.1, Conduct of Operations.  They provide very comprehensive requirements for 
rigorously managing safety and operations [15].  The M&O Contractors are required to translate DOE Policies, 
Directives, and Orders into local standards and procedures, which are then routinely assessed by internal and 
external agents from NNSA, DOE, and the DNFSB.   
 
A review of the policy and agency-level attributes of HROs found in ATC operations [6,11] reveal that all attributes 
are existing in Pantex Plant operations, as shown in Table 1.  Please note that each of these attributes have more 
detail in the source documents, but for brevity the highest level for each attribute was included.   
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Table 1 HRO Attributes Institutionalized at Pantex Plant 

Policy Level Attributes of HROs 
Government connection 
External oversight structure 
Resource allocation 
Safety prioritization 
Agency Attributes of Error Intolerance 
Regulatory structure 
Training 
Formal system improvement program 
Specialized personnel requirements 
Communication/decision structure 
Safety prioritization 
Technical competence standards 
Funding 

 
 
With respect to high reliability operations, DOE Order 450.2, Integrated Safety Management [16] requires DOE and 
NNSA operations to “systematically integrate safety into management and work practices at all levels, so that 
missions are accomplished efficiently while protecting the workers, the public, and the environment (p.1).”  This 
order is accompanied by a guide, DOE G 450.4-1C [17] that provides acceptable, non-mandatory means for meeting 
requirements.  While DOE Guides are not strict requirements, this document provides M&O contractors enormously 
helpful guidance to establish and maintain an Integrated Safety Management System (ISMS).  Notably, this guide 
uses the basic tenets of HROs to inform the guiding principles of an ISMS.  This forms the mechanism for 
institutionalizing HRO attributes in DOE facilities, and was the mechanism used by the Pantex Plant.   
 
Due to the high risk of working with explosives and nuclear weapons, the Pantex Plant management team decided to 
purposely pursue operating as an HRO [18].  The robust management, operation, oversight, and governance already 
in place formed a solid foundation, but they needed to operationalize the HRO tenets into an executable strategy.  A 
team was formed to research HRO theory and practice and a methodology to implement HRO at Pantex Plant was 
developed [18].  The implementation methodology was adapted from Deming’s Theory of Profound Knowledge 
[19] and the McKinsey 7 S Framework [20] due to the emphasis on managing complicated, integrated systems.  
Four fundamental HRO practices to operationalize HRO were developed, as shown in Table 2 [18, 21]. 
 

Table 2 System Approach to Operating as an HRO 
Theory of Profound 
Knowledge 

HRO Practice 
 

Operational Definition 

Knowledge of 
Systems 

Manage the System, 
Not the Parts 

Manage organizations as complex systems 
Master the systems to reduce complexity and variability 
Map systems to decrease surprises 
Understand system constraints 

Knowledge of 
Variation 

Reduce System 
Variability 

Use all available information and data 
Use feedback to understand causes of systems anomalies 
Communicate horizontally, vertically, and often 

Knowledge of 
Psychology 

Foster a Strong 
Culture of Reliability 

Create a culture of reliability 
Encourage questioning and anomaly reporting 
Be alert to deviations 
Maintain safe operations as a priority 

Knowledge of 
Knowledge 

Learn and Adapt as an 
Organization 

Create a learning organization 
Maintain a continuous flow of information 
Mine data for trends 
Decrease variation between work-as-planned and work-as-
performed 
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Tools were also developed to bring the HRO perspective to accident and incident investigations.  Specifically, a 
Causal Factors Analysis methodology was created to investigate low consequence, information rich events [22] 
based on the Break-the-Chain model [23] developed by the Pantex Plant.  These tools, frameworks, and 
methodologies were not only implemented and used at the Pantex Plant, they were also presented at academic 
conferences [e.g., 2, 3, 18, 22, 23], to high hazard industries, and within the nuclear weapons complex.  Notably, 
when the Pantex Plant HRO journey had matured, insight was used to inform the DOE ISM Guide and was shared 
within the EFCOG working group.  Like the ATC [6], it was found that when HRO practices were instituted at the 
Pantex Plant, there were measurable positive increases in safety, security, and quality measures while production 
throughput also increased [18]. 
 
Today, the journey continues.  DOE, NNSA, and the M&O Contractor focused on strengthening safety culture after 
the initial framework was in place, training was completed, and tools were developed.  Today, they focus on what is 
called a “Performance Culture,” which combines the principles of HRO based on the four HRO Practices listed in 
Table 2 with performance excellence based on continuous improvement principles [24].  The goal is to 
institutionalize the four HRO Practices and combine them with best business practices so they become the way 
business is conducted for nuclear and explosives operations irrespective of individual leaders [24, 25].  
 
4. Conclusions 
The Pantex Plant HRO journey parallels the ATC HRO journey wherein it grew and was reinforced both 
horizontally and vertically within the larger HRS system.  The M&O Contractor built on the firm foundation of 
policies, directives, and orders required from DOE and NNSA coupled with recommendations from the DNFSB to 
grow a more reliable organization.  They drew from the HRO literature to create an implementation framework and 
tools, which were then shared within the academic and industrial community, with other agencies within the nuclear 
weapons complex, and with oversight and governing organizations.  Ultimately, their experience and lessons learned 
informed DOE policy, which fostered institutionalization of HRO practices not only at the Pantex Plant, but also 
with the DOE.  This reinforces O’Neil’s [6] findings that HROs develop and the attributes are institutionalized 
through a cooperative and multi-directional relationship with a policy, agency, and industry HRS. 
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