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FOREWORD 
 
The primary intent of this document is to provide stations and utilities with a set of 
engineering-oriented methods to anticipate, prevent, and catch most errors related to the 
work of engineers and other knowledge workers.  An additional intent is to establish a 
common understanding of the standards and conditions for effective application of the human 
performance tools listed herein.  This information will help stations and utilities align 
standards, expectations, and practices to achieve better engineering human performance. 
 
A secondary purpose of this document is to encourage the use of these human performance 
tools by all knowledge workers, not just engineers.  Knowledge workers have a high degree 
of expertise, education, or experience, and the primary purpose of their jobs involves the 
creation, distribution, or application of knowledge.1  When this document uses the term 
“engineer,” it refers to all knowledge workers in general. 
 
An industry working group compiled the detailed information for this document.  The 
content specific to engineering human performance reflects the experience of those members 
and the experience INPO personnel have gained from plant evaluations, assistance visits, 
operating experience, and benchmarking trips.  Feedback from the use of the tools since the 
issuance of the preliminary version of the good practice in 2005 has been incorporated into 
the final version.  Changes can be characterized as minor.  This good practice contains the 
elements considered fundamental to the effective use of engineering human performance 
tools, as well as features employed at a number of stations in the industry.  Station 
engineering organizations are encouraged to adapt the methods as they see fit to meet their 
specific needs. The principles and methods described in this document apply to all 
knowledge worker activities, with a few adjustments to accommodate unique situations. 
 
INPO members are encouraged to submit suggestions on the document content (usefulness of 
specific tools) and format and on any enhancements that would improve those described 
herein.  This information will serve as input to future revisions of this document.  Please 
direct comments to the following: 
 
Deputy Director, Organizational Systems 
Institute of Nuclear Power Operations 
700 Galleria Parkway, SE, Suite 100 
Atlanta, GA 30339-5957 
770-644-8313 
 
Or you may e-mail your comments to the deputy director, Organizational Systems, using the 
e-mail address available on the INPO Internet Web site. 

                                                 
1 Davenport, Thomas H. Thinking for a Living, How to Get Better Performance and Results from Knowledge 
Workers. Harvard Business School Press, Boston. 2005, p.10. 
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INTRODUCTION 
 

“Engineering is a human endeavor, and, thus, it is subject to error.” 
–Henry Petroski, To Engineer Is Human, 1992 

 
Why develop a separate toolbox for engineers that is different from that used by operators 
and craft personnel?  Errors by knowledge workers, especially engineers, potentially have the 
greatest adverse impact on station safety and economic performance.  “In-process” errors are 
more subtle than active errors committed by operators and craft personnel, in that latent 
errors can go undetected, resulting in hidden defects in plant equipment or supporting 
documentation.  Such errors may go unnoticed for long periods—in some cases, years to 
decades.  The latency characteristic of engineering errors limits feedback, awareness, and 
opportunities to prevent and catch them.  Furthermore, knowledge workers spend much of 
their time at desks, their work characterized as rule- or knowledge-based.  Consequently, a 
higher probability for error exists, and the human performance tools used by operators and 
craft personnel to avoid active errors do not provide the desired control for knowledge 
worker activities.  In the field, engineers or other knowledge workers may perform activities 
similar to those of front-line workers, at which time the hands-on human performance tools 
are better suited for those activities and should be used appropriately. 
 
The fundamental purpose of these human performance tools is to help the engineer or 
knowledge worker maintain positive control of a work situation, especially during critical 
tasks or activities—that is, what is intended to happen is what happens, and that is all that 
happens.  This is another way of saying, “Do the job right every time.”  Use of these tools 
affords the user the opportunity to avoid potential pitfalls and worst-case outcomes.  
Regardless of the venue, engineers are expected to perform their activities and actions 
without error.  Error is never acceptable, but it is tolerated by means of overlapping defenses, 
barriers, controls, and safeguards.  Every engineer intends to turn out a work product that is 
100 percent accurate, that is 100 percent complete, that meets 100 percent of the 
requirements, and that result in a defect-free product.  But, error is not a choice.  Regardless 
of one’s intention to do a job well, errors and defects can still occur, usually without one’s 
knowledge, because of the inherent fallibility of human beings.  Therefore, managers and 
supervisors incorporate defenses into work processes to help catch or minimize these latent 
errors. 
 
The Fundamental Tools section of this document describes those human performance tools 
that are used regularly for any work activity, regardless of the risk or complexity of the task, 
and without prompting.  These tools establish the foundation for excellent human 
performance by engineers.  The Conditional Tools section provides the engineer with error-
management methods that depend on the situation, the needs of the task or job, or the risk 
involved.  A Definitions section is included to clarify various terms and phrases used in this 
document, but there is no obligation to adopt these definitions.  Each tool is described using 
the following four attributes: 
 

• Bases – background information as to the purpose, the value added, and the 
potential limitations of the particular tool 
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• When to Use the Tool – general cues to use the tool 

• Behavior Standard – behaviors expected for the user to apply the tool effectively 

• At-Risk Practices to Avoid – behaviors, beliefs, attitudes, or situations that tend to 
diminish the effectiveness of the tool 

 
Managers can provide more explicit behavioral guidance for each tool for specific activities.  
In some cases, the behavior standard may be adapted to promote error-free performance 
under unique project or task constraints or circumstances.  Similarly, managers establish 
criteria on when to use certain tools to support the needs of the organization.  The at-risk 
practices listed for each tool should not be considered a complete list; managers are 
encouraged to tailor them to the work activities of the particular work group.  In some cases, 
management will want to prohibit certain at-risk practices that border on being unsafe. 
 
These tools are not intended to replace formal methods specified in procedures or codes, but 
they do provide the engineer with “off-the-shelf,” informal methods to help him or her 
anticipate, prevent, and catch errors before they become embedded in the physical 
configuration of plant equipment or documentation related to plant design, operation, or 
maintenance.  And, because these tools are informal, use of the appropriate tool for a given 
situation requires judgment by the user, which necessitates knowledge and understanding of 
the purpose and limitations of the tool. 
 
Most engineering work processes (including other knowledge work) involve the following 
phases:  the initiation of a task, planning, the execution and control of the plan, and the 
closeout and documentation of the project.  Opportunities for error exist in every phase of 
work.  Conditional human performance tools apply only to certain phases of knowledge 
work, while fundamental tools are useful in most or all phases.  Appendix A, An In-Process 
Perspective for Tool Applicability, contains a depiction of the general relevance of each tool 
to the various phases of project work. 
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FUNDAMENTAL TOOLS 
 
Engineers use fundamental tools regularly, whenever needed, without prompting; normally, 
these tools are not written as procedures.  If used thoughtfully and rigorously, they serve as a 
foundation for everyday successful performance.  Regardless of their perception of the risk, 
engineers apply these tools during all phases of all assigned work activities to help them 
maintain positive control.  Clearly, the engineer‘s mind-set toward project risk sets the stage 
for excellence.  These tools help the engineer form an accurate understanding of the project 
and the critical attributes important for success.  They foster an attitude of hazard awareness 
and point out the possible consequences of a mistake.  These basic tools help the engineer 
avoid or catch latent human errors, maximizing station resilience to events by means of 
robust defenses, barriers, controls, and safeguards. 
 
Technical Task Prejob Briefing 
 
Bases: Technical task prejob briefings involve the preparation and discussion 

of an engineering activity before it is performed.  They are used to 
assign personnel specific tasks; to clarify roles, responsibilities, 
methods, resources, and deliverables; and to identify risk factors, 
critical parameters, and compensating actions.  The discussion takes 
place between the supervisor and the individual(s) performing the 
activity.  The technical prejob briefing uses a graded approach:  simple 
briefings for less complicated, lower-risk tasks; and more detailed 
briefings for complex, higher-risk tasks.  The technical prejob briefing 
is fundamentally different than a briefing for a maintenance or 
operations activity, because technical/engineering tasks usually do not 
require hands-on performance on plant equipment. 
 

 The prejob briefing has three primary purposes:  1) to ensure the person 
is qualified to perform the assigned task; 2) to prepare an individual for 
what to accomplish; and 3) to sensitize the individual to what to avoid 
and to identify and compensate for error-likely situations that could 
lead to the product jeopardizing the plant or person.  The prejob 
briefing includes a discussion of human error and its possible 
consequences for critical attributes of the project, as well as the 
identification of additional controls or barriers needed.  Such thinking 
increases alertness to risk factors (task-related error precursors) and 
improves the effectiveness of error-prevention tools during critical 
segments of engineering activities. 
 
The engineering supervisor uses this tool to create a work situation that 
increases the chances of a defect-free product being produced.  
Remember, nothing is always as it seems, which should lead one to 
conclude that there really are no routine work activities. 
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 To enhance the effectiveness of a prejob briefing, the individual(s) is 
given time to preview the task before participating in the briefing, to 
identify critical attributes, potential error traps, possible consequences, 
and practical defenses and contingencies against error when performing 
critical activities.  “Reverse” briefings, in which the assigned engineer 
leads the dialogue, help the supervisor ascertain the lead engineer’s 
understanding of the project.  In addition, review of previous 
experience and past mistakes relevant to the task is part of the prejob 
briefing dialogue.  A dialogue on these topics is particularly important 
for risk-important activities and promotes understanding between the 
supervisor and the engineer regarding the task deliverables and 
expectations. 
 

When to Use 
the Tool: 

• for a new task assignment 

• prior to a peer review or verification 

• during turnover 

• prior to physical activities or interfaces with plant equipment (tests, 
walkdowns, inspections, and so forth)  

• after extended breaks (several days) in the activity 

• during vendor activities 
 

Behavior 
Standard: 

1. Assign a qualified individual to the technical task, considering 
the following factors: 

• risks, demands, and complexities of the task 

• relevant skills, qualifications, proficiency, experience, fitness, 
and attitude of the assigned individual 

• opportunity for assigned individuals to review the task-related 
processes and procedures before the prejob briefing 

 
2. Summarize the task accomplishments and risks, using the 

following: 

• scope of problem, the technical task(s) being addressed 

• personnel roles and responsibilities 

• critical attributes pertinent to this activity 

• critical parameters, interfaces, and operating conditions 

• proposed methods and tools to be used 

• applicable procedures, codes, and standards 
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• input data sources and how up-to-date they are 

• key interfaces (with other individuals and/or organizations) 
 

 3. Anticipate challenges to human performance for critical 
activities using SAFER, as follows: 

• Summarize critical activities/tasks related to critical attributes. 

• Anticipate specific errors or mistakes for each critical activity 
or phase, in light of task-specific risk factors (especially from 
previous experience with this activity). 

• Foresee credible as well as worst-case consequences on the 
plant, on personnel, and on the environment if error goes 
undetected. 

• Evaluate methods to prevent and catch errors and related 
compensatory actions to mitigate identified risk factors, as well 
as contingencies to prevent/mitigate adverse consequences. 

• Review previous experience (lessons learned) relevant to the 
specific technical task(s). 

 
 4. Ask the assigned individual(s) to verbally summarize, in his or 

her own words, the following: 

• task requirements and proposed methods 

• critical attributes/functions related to the product 

• credible consequences of an error or defective product 

• stop work or abort criteria 

• concerns he or she may have with the task, as planned and 
scheduled⎯Renegotiate deadlines if necessary. 

• personal preparedness to deliver a defect-free product 
 

At-Risk Practices 
to Avoid: 

• discussing generalities rather than specifics 

• omitting discussion of error-likely situations, risk factors, possible 
consequences, and needed defenses for critical activities 

• conducting the briefing as a monologue by the supervisor, with no 
active engagement by the person(s) assigned the task 

• not planning for the conduct of the prejob briefing 

• not allowing time for individuals to prepare 

• conducting separate briefings held for the principals involved 
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• not using lessons learned captured from previous activities to 
support the task at hand 

• displaying or expressing a lack of interest (ownership) in the 
task 

• assigning an engineer who lacks experience with the 
stakeholder’s systems 

• not acknowledging the learning curve of the assigned engineer 
 

Self-Checking 
 
Bases: Self-checking is an attention-management technique to help focus 

attention on the appropriate component, to think about the intended 
action (activity) and its expected outcome before performance, and to 
verify results after performance.  Self-checking helps prevent errors 
when physical equipment is touched.  It is particularly effective during 
skill-based tasks performed without much conscious thought.  If used 
correctly, self-checking boosts attention at important points in an 
activity before an important action is performed or before self-
determined information is used in a step that could cause an error or 
defect. 
 

 After focusing his or her attention, the individual takes a moment to 
reflect on the intended action and its expected outcome.  If uncertain, 
apparent questions are resolved before proceeding.  When physically 
and mentally prepared, the individual takes the action, followed by a 
review of the results of the action. 
 

When to Use 
the Tool: 

• during physical activities or interfaces with plant equipment (tests, 
walkdowns, inspections, and so forth) 

• during calculations 

• when performing critical tasks identified during prejob briefings 

• during time pressure (a hurried feeling), and following a task 
interruption 

• when reading a computer readout or other indicator related to any 
critical attribute 

• when recording data 
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Behavior 
Standard: 

1. Stop: 

• Pause before performing critical activities. 

• Eliminate distractions and focus on the activity. 
 
2. Think: 

• Understand what is to be done before performing actions. 

• Verify that conditions match those discussed during the prejob 
briefing. 

• Compare conditions to the controlling document. 

• Validate input data and sources. 

• Identify expected outputs/results. 

• Refer to Questioning Attitude (FACTS), if uncertain. 
 
3. Actions: 

• Follow relevant guidance (procedure, policy, and other 
engineering guidance). 

• Perform planned actions for the specific activity. 

• Use appropriate tools (for example, calculator, software 
program). 

 
4. Review: 

• Verify that outputs or results match expected outputs/results. 

• Notify the supervisor, as needed. 
 

At-Risk Practices 
to Avoid: 

• not identifying critical steps and activities in advance 

• not self-checking again when distracted after initially self-checking 
and losing visual or physical contact 

• talking on the telephone or conversing with another person while 
performing or continuing with the activity 

• self-checking without the guiding document 

• attempting to perform more than one action at a time or two 
unrelated activities concurrently 

• continuing the action when questions or discrepancies occur 

• looking at something other than the component to be manipulated 

• being tired, sleepy, or fatigued 
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Questioning Attitude 
 
Bases: A questioning attitude fosters awareness of uncertainty, assumptions, 

risk factors, and the significance of a decision or action before 
proceeding.  It helps a person make sure that planning, judgment, and 
decision-making are appropriate for the product in development.  
Questions, such as “If…, then?” “What if …?” and “Why is this okay?” 
help improve recognition of actual or possible mistakes.  A healthy 
questioning attitude will overcome the temptation to rationalize away a 
gut feeling that something is not right.  To avoid dependence on 
unsubstantiated assumptions or subjective opinions, a structured 
approach promotes the discovery of facts. 
 
A good prejob briefing enhances a person’s questioning attitude.  From 
information discussed during the briefing, engineers will know the 
potential hazards, critical activities (steps), risk-important parameters, 
and error-likely situations and their potential consequences before 
starting the work activity.  The prejob briefing sensitizes personnel to 
what should and should not be. 
 
Regular “cookbooking” of procedures and overreliance on thumb rules 
tend to promote an unthinking response to perceived simple problems 
and will eventually lead to rule-based errors.  A questioning attitude 
will help prevent such at-risk practices. 
 

When to Use 
the Tool: 

• when uncertain; a gut feeling that something is not right 

• when using previously approved evaluations, solutions, designs, or 
other approved guidance to address a current issue 

• when unexpected results are obtained or unfamiliar situations are 
encountered 

• when questions about vendor activities arise 

• when making a decision about an activity for which a mistake could 
have adverse consequences 

• during the initial phase of the performance of a critical activity, 
regardless of how often it occurs 

• when encountering unexpected information or instructions that 
conflict with other guidance or procedures 

• during engineering evaluations 

• during product review meetings 

• when preparing and reviewing calculations 
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• when revising drawings, design criteria, or system descriptions 

• when reviewing procurement documents 

• when uncertain that the product is in compliance with expectations, 
procedures, codes, or regulations 

• when the definition of success is uncertain 

• when approving an engineering product 

• during root cause analysis, apparent cause evaluations, and 
troubleshooting 

 
Behavior 
Standard: 

1. Foresee technical activities or tasks that involve one or more 
critical attributes. 

 
2. Ask open-ended questions. 

• inputs 

• method(s) 

• outputs 

• priorities 

• awareness of situations that “don’t seem right” 
 
3. Confirm knowns and unknowns (for critical activities). 

• Identify and verify critical facts (their source and validity) with 
current conditions. 

• Identify inconsistencies and unverified assumptions. 

• Summarize critical parameters. 

• Recognize work-related error precursors (risk factors). 
 
4. Test the current situation. 

• Anticipate possible consequences with the current situation. 

• Be receptive to the questions of others; use a devil’s advocate 
approach. 

• Ask another qualified individual to check and verify the 
information (peer review). 

• Compare the current situation with relevant plant 
documentation or engineering standards and codes. 

• Consider testing, alternate analysis, and calculation. 
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5. Stop when unsure. 

• Do not proceed in the face of uncertainty. 

• Inform the responsible supervisor. 
 

At-Risk Practices 
to Avoid: 

• dismissing contrary points of view 

• making assumptions 

• using unsuitable thumb rules 

• believing the source of information is absolutely reliable 

• following a procedure without critical thinking (cookbooking) 

• rationalizing an anomaly away 

• thinking the task is routine or simple 

• believing nothing bad can happen 

• ignoring subtle differences or weak signals 

• not asking for help 

• being unaware of critical attributes of the project or task 

• not questioning adverse impacts that could occur at later stages of 
the project, beyond the individual’s scope or responsibility 

• assuming a vendor is infallible 
 

Validate Assumptions 
 
Bases: 
 

Assumptions are a necessary part of engineering work so that a 
problem can be bounded.  For situations such as these, engineers 
devote additional effort to justify why the assumption is conservative, 
providing detailed evidence that supports it.  Engineers can 
inadvertently treat an assumption as fact or can forget that they made 
the assumption.  Engineering judgment is sometimes involved at this 
point. 
 

 Engineering judgment is applied and documented only when all 
uncertainties are bounded by the margins in the analysis and when 
inputs cannot be further substantiated.  All assumptions are 
documented, tracked, and verified, leading to their closure before the 
product is delivered to the customer or placed into service. 
 

 While performing a knowledge-based activity, engineers encounter 
another potential pitfall related to assumptions.  Assumptions tend to 
occur during knowledge-based work situations because they ease 
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mental effort, reducing the detail involved.  The lack of requisite 
knowledge also tends to promote erroneous assumptions that may lead 
to errors and defects.  In these cases, an assumption is a special mental 
shortcut, which becomes particularly tempting during stressful, anxious 
situations when time may be scarce.  Qualifying statements, such as “I 
think ...,” “We've always done it this way,” “I’m pretty sure that …,” 
“We didn’t have a problem last time,” or “I believe ...,” are hints that 
an assumption has been made.  Consequently, until the additional 
information is available, engineers are tempted to make assumptions to 
improve efficiency or to simply make progress with the task. 
 

When to Use 
the Tool: 

• during the conceptual phase of design 

• in product review meetings 

• prior to delivery of the product to the customer 

• during verification of output document 

• during calculations 

• during procurement 

• prior to use of preliminary or invalidated vendor data 

• when answering technical questions in support of operations 
 

Behavior 
Standard: 

1. Documentation – Write down the assumption, citing the following: 

• applicability to the engineering issue 

• critical attributes affected by the assumption 

• reasoning and logic 

• extent of condition and worst-case outcomes 

• level of certainty, consistency, and conservatism 
 

 2. Evidence – Is there objective evidence to support/justify the 
assumption? 

• past success(es) 

• operating experience 

• expert opinion 

• reference documents (such as prints, drawings, procedures) 

• alternative techniques or computer simulations 

• technical rational for accuracy of assumption 
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3. Field Walkdown – Were in-field factors considered?  Perform a 
hands-on/eyes-on review of the physical environment. 

 
4. Track and Close Out – Close out all unverified assumptions as 

valid or otherwise before delivering the product to the plant 
customer. 

 
At-Risk Practices 
to Avoid: 

• not verifying assumptions because of the perceived competence of 
the preparer/source 

• relying on assumptions as factual 

• not formally tracking closure of unverified assumptions 

• not recognizing that an assumption has been made 

• not recognizing conflicting input data in two or more design 
documents 

• not documenting an assumption 

• not verifying assumptions before delivering an engineering product 
to a customer 

• not documenting the basis of engineering judgment 

• not reconciling contradictory or disconfirming sources of information
• using past successes to justify current assumptions 
 

Signature 
 
Bases: Documentation of engineering products provides a record of the design 

of structures, systems, and components in the plant.  Engineering 
products typically make up the quality assurance record of the plant 
design bases.  Before engineering products are released to the next step 
in an engineering work process, the individual concludes the work by 
signing or affixing a seal to the document to signify that he or she 
performed the task completely and accurately in accordance with all 
standards, procedures, and code requirements. 
 
The purpose of this tool is to remind the user of what a signature or seal 
means on an engineering document.  It helps others in the related 
engineering process recognize the level of technical rigor applied to the 
engineering product at its present stage of development.  The signature 
implies the level of scrutiny an individual has applied to the 
functionality, accuracy, and safety of the product.  Because a personal 
signature (or initials) reflects one’s professionalism and character, it is 
important that personnel not give away their signatures. 
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When to Use 
the Tool: 

• when preparing, checking, reviewing, verifying, and approving 
products and services important to plant safety and reliability 

• before releasing the product to the next step in the related work 
process 

• during engineering evaluations in support of emergent issues 

• when approving purchase orders for new plant equipment 

• when procuring safety-related components 
 

Behavior 
Standard: 

The individual affirmatively acknowledges all of the following 
statements before releasing the product to the next step in the 
engineering process: 
 
1. Knowledge – The individual possesses the knowledge, expertise, 

qualifications, understanding, and authority to perform the task that 
has been completed or for the area the signature encompasses.  He 
or she knows the role or function being signed for, such as author, 
reviewer, peer reviewer, supervisor, or peer. 

 
2. Involvement – The individual prepared, reviewed, or supervised 

the product he or she is signing. 
 
3. Independent – The individual possesses the required level of 

“freedom of thought” from those earlier in the work process. 
 
4. Quality – The product satisfies the following criteria: 

• possesses appropriate factors of safety and design margin 

• satisfies all design basis requirements for the intended 
application; product resolves the problem 

• conforms to accepted standards and codes 

• is complete and correct in all respects 
 
5. Right and Proper – The individual believes the product is the right 

thing to do. 
 
6. No Doubt – The individual has no doubts or uncertainties with the 

product, as is, at this stage in its development.  He or she is willing 
to take ownership and accountability of its technical accuracy and 
completeness.  Otherwise, the individual stops and asks for help.  
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At-Risk Practices 
to Avoid: 

• signing a document for an area outside the individual’s area of 
expertise or qualifications 

• signing a document for work the individual did not perform 

• approving a document for work the individual did not oversee or 
manage 

• deferring to what management wants without critical thinking 

• relaxing design standards for expediency 

• assuming the previous person in the engineering process did a good 
job, especially if that person is perceived as expert or experienced 

• relying on one’s memory of codes or requirements without looking 
them up 

• accepting everything as fact 

• not verifying assumptions or justifying the basis for engineering 
judgment 

• being in a hurry 
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CONDITIONAL TOOLS 
 
The use of conditional human performance tools depends on the need and project situation.  
Need may be related to the risk of a task, its complexity, and the frequency of performance 
by the individual; the duration of an activity; and management’s need for feedback on the 
quality of work.  The human performance tools described in this section depend on 
situational factors relevant to the project, job, or task. 
 
Project Planning 
 
Bases: Project management fundamentals provide a structure for working on 

engineering tasks with discrete start and end dates, such as 
modifications and improvement/upgrade initiatives.  Usually guided 
by administrative instructions, project management tools help keep 
the scope, objectives, and deliverables aligned with the station 
business plan.  Additionally, a disciplined and structured approach 
prevents rework and minimizes assumptions and omissions by 
prompting engineers to carefully plan and scope the work.  Similarly, 
project management helps reduce stress and related time pressures by 
improving communication, foresight, and planning. 
 
Project management includes those activities (or tasks) concerned 
with achieving a set of goals (project) while optimizing the use of 
scarce resources (time, money, space, people, and so forth).  Such 
activities involve initiation, planning, controlling, and closure.  A 
project work plan (PWP), as described in the behavior standard 
below, usually documents such activities.  Applying a methodical 
approach to the management of any project will reduce the risk of 
human error. 
 
Effective project management also maintains a low risk of failure 
over the lifetime of the project.  The risk of failure arises primarily 
from the presence of uncertainty at all stages of a project.  One aspect 
of that uncertainty involves the potential for human error.  The 
human mind cannot reliably and consistently maintain awareness and 
recall all elements of a project, especially complex projects.  The 
planning, monitoring, and control of a project and the motivation of 
those involved in it help achieve project objectives on time, within 
budget, and without defect. 
 
Project management is often the province and responsibility of an 
individual project manager.  This individual seldom participates 
directly in the activities that produce the result, but rather strives to 
maintain the progress and productive mutual interaction of various 
parties in such a way as to reduce the overall risk of failure. 
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When to Use 
the Tool: 

• during design work 

• during work not otherwise guided by established administrative 
procedures 

• during work involving supplemental personnel 
 
(This tool is not typically used for work considered core business, 
program, and level-of-effort.  These types of work are guided by 
administrative procedures.) 
 

Behavior 
Standard: 

The project work plan (PWP) may address the following elements (as 
applicable), which may be listed, referenced, or attached: 
 
1. Initiate – Develop a charter that clearly defines the problem, 

opportunity, or challenge.  The following elements could be 
considered: 

• accountable project manager 

• team members 

• project purpose, objectives, and scope 

• design authority 

• customer and stakeholders 

• deliverables (definition of success) 
 

 2. Plan – Determine how to address the problem, opportunity, or 
challenge through use of the following: 

• project organization, roles and engineers, and responsibilities 
(accountabilities) 

• customer expectations and stakeholder involvement 

• organizational and technical interfaces 

• field walkdown (visual in-field inspection) 

• work activities schedule, including technical task prejob 
briefing(s) and postjob review 

• project controls to minimize errors during critical activities 

• resources, budget, and support (availability, location, special 
knowledge, and required skills) 

• workload management plan (base load versus emergent work) 

• principal design inputs and outputs required, including 
specifications, codes, standards, instructions, procedures, and 
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drawings to accomplish work activities 

• lessons learned from a review of operating experience  

• risk sources, adverse outcomes to avoid, related critical 
attributes, and corresponding risk management approach; 
including project-specific error-prevention/quality 
requirements and methods that address, as a minimum: 

− verification 

− peer review 

− validation 

• vendor (supplemental personnel) monitoring and control 
processes communication plan; information and data 
accessibility; stakeholder participation 

 
 3. Control – Implement and adhere to the plan and expectations, 

using several of the following means: 

• periodic tracking of tasks, especially for critical activities 

• process adherence (progress/performance measures and 
reports) 

• meaningful performance indicators 

• conflict management 

• client and stakeholder collaboration and relationships 

• human performance tool reinforcement 

• recognizing the impact of changes on the project 

• product review meeting schedule, internal/external 
communication procedures 

• vendor monitoring 

• document, data, and software control method(s), including 
control of electronic files and filing of records 

• rewards and celebrations (reinforcing in-process use of 
human performance tools) 

 
 4. Close – Hand off to the customer, which includes the following: 

• product quality evaluation 

• effectiveness measures (meeting objectives) 

• client satisfaction 
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• lessons learned 

• rewards and celebrations (reinforcing in-process use of 
human performance tools) 

 
At-Risk Practices 
to Avoid: 

• communicating infrequently or ineffectively 

• excluding stakeholders or customers from the planning process 

• lacking input from stakeholders or customers 

• not obtaining commitment/ownership of the project by the 
customer and key stakeholders 

• spreading responsibility for a project to two or more people 

• treating risk lightly in light of the project’s product 

• not identifying human performance controls during planning 

• not publishing a project plan 

• not documenting intermediate decisions 

• not updating team members on changes to the PWP 

• not resolving competing priorities with respect to resources 

• not sufficiently defining or documenting scope 

• changing project team members after starting 

• making commitments or promises with no definition 
 

Vendor Oversight 
 
Bases: According to INPO 03-002, Analysis of Events Involving Nonstation 

Personnel, supplemental personnel (vendors, contractors, and 
nonstation employees) are involved in roughly 50% of significant plant 
events.  Utility General Employee Training is often insufficient to 
compensate for vendor lack of plant experience, especially with respect 
to industrial safety, radiation protection, and human performance. 
 

Vendors need the same coaching and mentoring as station personnel 
when they supplement the station workforce.  Supplemental personnel 
must understand that their work practices, especially regarding human 
performance, must meet the same standards required of plant staff even 
when the work is performed at their home office. 
 

VENDOR is a mnemonic device (see Behavior Standard below) to aid 
the recall of those attributes, principles, and standards needed to 
effectively oversee the work of contractors/suppliers/vendors of station 
products and services.  Without the benefit of a formal process to 
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 govern interactions with vendors or contract personnel, use this 
technique.  For more insight toward improving vendor and 
supplemental personnel performance, refer to INPO AP-930, 
Supplemental Personnel Process Description. 
 

When to Use 
the Tool: 
 

• during the preparation of the contract for vendor services 

• when purchasing new equipment 

• when obtaining vendor services for on- or off-site work 

• following the award of the contract, but prior to the start of work 

• during actual vendor performance 

• when returning equipment to a vendor for repair, troubleshooting, or 
maintenance 

• prior to completing the contracted job 

• following job completion 

• when there is evidence, or suspicion, of improper execution or 
results 

• before using vendor-supplied information 
 

Behavior 
Standard: 
 

1. Validation of vendor-supplied data and assurances with objective 
evidence (trust but verify) 

 
2. Expectations related to product specifications, personnel training 

and qualifications, and station quality processes, especially 
industrial safety, radiological protections, and error prevention are 
clearly communicated⎯Be sensitive to areas of weakness revealed 
by operating experience. 

 
3. N-terdependency between vendor and customer/client; 

development of a close working relationship that generates a spirit 
of cooperation and an appreciation for nuclear safety 

 
4. Documentation, related to the product or service, that is clear, 

detailed, and understandable⎯Vendor problems are documented 
using the corrective action program. 

 
5. Oversight of office and in-field vendor activities; assignment of a 

responsible engineer to coach and mentor the vendor; development 
of a monitoring plan consistent with vendor’s risk-significant role 
and past performance—Oversight can be designated as continuous, 
intermittent, or none. 
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 6. Review and evaluation of vendor deliverables, documentation, and 
other products in light of critical attributes, using in-process 
reviews, inspections, vendor-specific operating experience, and 
postjob reviews 

 
At-Risk Practices 
to Avoid: 

• assuming the vendor is “expert” and will not make mistakes 

• assuming vendors have the same work standards as nuclear plant 
workers 

• insufficiently verifying or testing vendor-supplied designs 

• providing insufficient oversight of vendor in-process activities 

• assuming the vendor recognizes the effects of changes to his or her 
standard product 

 
Do Not Disturb Sign 
 
Bases: 
 
 

When engineers perform risk-important or safety-critical work, it is 
essential that they maintain their concentration and attention on the task 
at hand, especially if that task involves a review or a verification of the 
work product.  Managers of such personnel assigned these tasks must 
control access to these people to prevent them from being distracted 
from their primary tasks.  The “Do Not Disturb” sign provides a means 
to control this access.  The intent of the sign is to limit access and 
interruption of the responsible individual performing the work or 
review.  The need for sequestering or isolation depends on the 
significance and complexity of the product.  Otherwise, the activity can 
occur at the normal work location. 
 

When to Use 
the Tool: 

• during risk-important work or a review or verification of an 
engineering product 

• when a short turnaround time is requested/demanded for a complex 
or critical review 

• for any task, especially a repetitive task, for which interruptions 
could lead to more errors 

• whenever the preparer requests it to maintain focus on the task 
 

Behavior 
Standard: 

1. Post the Sign – Place an eye-catching sign at a conspicuous place 
at the entrance of the engineer’s work space, where the work or 
review will occur. 

 
2. Inform Others – The sign provides the following information: 

• that a review of a critical task is in progress 

 20



INPO 05-002 
Rev. 1 

• that the worker or reviewer is not to be interrupted 
• the name and telephone number of the individual’s supervisor 

 
At-Risk Practices 
to Avoid: 

• not using the “Do Not Disturb” sign for risk-important activities 

• posting the sign in an inconspicuous location (not noticeable) 

• ignoring the sign (by others) 

• not indicating the person’s supervisor and contact information on 
the sign 

• not obtaining supervisor concurrence before using the sign 
 

Peer Review 
 
Bases: A reviewer provides a defense to detect errors and defects prior to the 

completion of documents by reading and checking the quality of 
another’s work product.  The purpose of peer-review is to catch errors 
with a risk-important work product or to verify that a decision or plan 
of action is appropriate before proceeding.  A peer review takes 
advantage of a fresh set of eyes not trapped by the originator’s task-
focused mind-set.  The reviewer may see problems or flaws the 
responsible engineer did not see or consider.  However, the document 
preparer and the reviewer are equally accountable for the quality of the 
document. 
 
This tool provides an informal but structured method to help the 
reviewer identify errors that could lead to failure-likely situations with 
the product and to obtain assurance that a design-related document 
meets its intended purpose.  This method aids the reviewer in clarifying 
the purpose and scope of the review, identifying critical attributes of 
the document, and applying a questioning attitude to the review using 
the FACTS questioning attitude tool.  The 3D peer review is an 
informal technique and does not supplant procedurally required 
checklists.  The following practices will help reduce the occurrence of 
review errors: 
 

• Reduce the burden of the review. 

• Allow sufficient time. 

• Avoid an excessive number of reviewers (to avoid team errors). 

• Use review aids (checklists). 

• Use qualified reviewers. 
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 • Incorporate accountability into the process through periodic 
work product reviews by management/supervision. 

• Provide the reviewer with technical input documents. 
 

 To take advantage of these elements, a 3D peer review contains 
multiple readings, integrating the above features.  These separate 
readings (reviews) help the reviewer stay focused, minimizing the 
person’s mental workload during each reading while studying the 
documents associated with the product.  Depending on the purposes of 
each review, each may be done separately. 
 

 Depending on the complexity and risk significance of the product, the 
engineering organization may institute specific administrative 
standards for certain reviews, such as calculation reviews.  Also, for the 
review to be effective, the reviewer has the same level of qualifications 
as the preparer with respect to the product or project under review.  
Documenting the results of a review provides a learning opportunity.  
Errors with the product can be trended, and comment resolutions can 
benefit those assigned similar tasks in the future. 
 

When to Use 
the Tool: 

• for reviews of new documents with no predecessor products 

• for design documents 

• for 50.59 reviews 

• during engineering evaluations 

• for informal requests for a review from a coworker 

• when verifying a technical decision or plan of action 
 

Behavior 
Standard: 

1. Define the review.  Clarify the following attributes of the review: 

• qualified person assigned – who 

• purpose – why 

• scope – what 

• method – how 

• acceptance and rejection criteria – quality 

• time allotted for the review – when 
 

 2. Denote the critical attributes.  With the aid of operating 
experience and knowledge of the product’s risk importance, 
pinpoint the key aspects of the engineering product that could 
directly affect one or more critical attributes. 
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 3. Dig for facts.  Using a questioning attitude, take the following 

steps: 

• 1st reading – Develop a general overview that highlights critical 
attributes or conditions that could lead to failure. 

• 2nd reading – Verify data and technical accuracy, and validate 
assumptions related to the critical attributes of the product. 

• 3rd reading – Identify and document concerns and possible 
resolutions; using a questioning attitude (FACTS), validate 
conclusions and that the product addresses the stated problem. 

 
At-Risk Practices 
to Avoid: 

• involving the reviewer in document development or preparation 

• not adjusting the schedule to provide review time 

• shortcutting the review time because of schedule pressure 

• performing a concurrent task(s) 

• being interrupted and distracted 

• being in a hurry 

• not documenting the review 

• using the same person for reviews 

• using reviews to train less experienced personnel 

• checker not having a questioning attitude 
 

Problem-Solving 
 
Bases: Problem-solving is a classic knowledge-based performance situation.  

No apparent solution, pattern, rule, or skill is recognizable.  Problem-
solving involves chaining cause-and-effect relationships in a backward 
direction to determine why the problem exists.  Therefore, problems 
require systematic analysis to identify possible causes.  The better 
approaches to problem-solving are structured, simple, and memorable 
and complement popular data-collection and analysis tools.  The 
PACTS technique, described below, provides one such structure for 
problem-solving. 
 

 When confronted with a situation that creates a question, a person is in 
unfamiliar territory—a knowledge-based performance situation.  Given 
that the chances for error are particularly high in a knowledge-based 
situation (1 in 2 to 1 in 10), the best course of action, when unsure, is to 
pause the activity or task and get another person involved with the 
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problem.  An individual may initiate this tool after getting an 
unsatisfactory resolution using a questioning attitude (FACTS).  In 
addition to using a qualified peer, users and field personnel offer an 
additional wealth of information and insights that may be pertinent to 
the issue at hand. 
 

When to Use 
the Tool: 

• during troubleshooting 

• during conceptual design 

• during preparation of product review presentations 

• for root cause analysis 

• in knowledge-based performance situations for the individual 

• when a situation cannot be resolved using the FACTS questioning 
attitude tool 

 
Behavior 
Standard: 

1. Problem Statement – Write a problem statement that describes a 
gap between what is and what should be and that is agreed to by all 
stakeholders, especially those closest to the problem.  Breaking 
large problems into smaller issues may help. 

 
2. Analysis – Use structured, objective, repeatable, and approved 

methods that are consistent with the complexity and importance of 
the problem. 

 
3. Causes – Summarize the cause(s) that, if corrected, will prevent 

recurrence of the problem and that is consistent with the facts of the 
analysis and sensitive to supporting and refuting evidence. 

 
4. Testing – Corroborate the cause(s) using appropriate testing, 

independent review, and a questioning attitude, especially with 
those closest to the problem. 

 
5. Solution – Suggest corrective actions for each cause, assessing 

each solution’s risk, benefit, and cost. 
 

At-Risk Practices 
to Avoid: 

• defining the problem in terms of possible causes 

• attempting solutions or changes before defining the problem 

• not taking immediate corrective action to prevent recurrence of the 
situation before implementing long-term corrective actions 

• using subjective, unstructured methods, such as intuition, 
experience, and brainstorming, for a risk-important issue 
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• specifying a cause, if no direct cause can be determined 

• implementing a corrective action when uncertain of the cause 

• deciding without clearly understanding the risks ahead of time 

• ruling out potential causes without justification or facts 

• an individual in a group context dominating the problem-solving 
process with his or her ideas 

• avoiding controversy 

• not having all stakeholders involved, thereby limiting the suitability 
of the solution 

 
Decision-Making 
 
Bases: Decision-making is a forward-looking method used to anticipate the 

potential effects of a decision.  Personnel attempt to understand all 
possible effects of various alternatives and choose the one that best 
meets the needs within known constraints.  A professional who follows 
a methodical decision-making process guards against rule-based and 
knowledge-based errors. 
 

 Conservative decisions place the safety needs of the reactor core above 
the near-term production goals of the organization.  Most often, the 
choice to make is clear.  However, for purely knowledge-based 
situations, this may not be apparent.  A deliberate, methodical approach 
promotes better decision-making.  For all decisions, clarify the goal, 
identify options, include appropriate analysis of those options in 
accomplishing the goal, develop a plan to implement the selected 
solutions, and identify ways to measure the effectiveness of the plan. 
 

 Decision-making occurs in either a short-term or long-term context.  
Under some conditions people must make immediate decisions, while 
others have sufficient time for a more formal analysis.  Regardless of 
the time constraints, plant and personal safety require conservative 
decisions.  The following practices promote conservatism: 
 

• Stay within a safe operating envelope of the plant or equipment. 

• Use all available information, resisting the temptation to 
discount contradictory or disconfirming data. 

• Use all available people (expertise) who can provide additional 
insight; involve management in decision-making, taking 
advantage of front-line worker input (user stakeholders). 
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• Develop contingency actions. 

• Minimize as much uncertainty as possible; rely on facts and 
challenge assumptions. 

• Maintain safety despite production pressures. 

• Consider the cumulative risk (consequences) of the decision. 
 
Team or project leaders can assign a devil’s advocate role to promote 
conservative decision-making by the team and to monitor and 
challenge the team decision-making process.  A devil’s advocate keeps 
a watchful eye out for possible flaws and oversights, because most 
people focus on accomplishing the task rather than on what to avoid. 
 

When to Use 
the Tool: 

• when a mistake could have adverse consequences 

• during the initial or conceptual design phase of a critical activity 

• when developing project work plans 

• during product review meetings 

• when conducting troubleshooting activities 

• when preparing product review presentations 

• during engineering evaluations and operability determinations 

• during final phases of root cause analyses 

• when procuring unlike replacement components because like 
components are not available 

 
Behavior 
Standard: 

1. Goal – Write a brief statement that defines the desired future state 
and the critical attributes for success. 

 
2. Options – Develop several alternatives that will achieve the desired 

outcome, consistent with critical attributes for success. 
 
3. Analysis – Gather detailed information on each option to allow 

in-depth consideration of the following elements: 

• critical assumptions 
• potential effects on stakeholders/users 
• pros and cons of each option 
• short- and long-term risks, benefits, and costs of each 

alternative 
• operating experience relevant to the decision 
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4. Plan – Select options consistent with critical attributes to achieve 
the goal with the greatest benefit and lowest risk and cost, while 
considering the following elements: 

• action plan that identifies who, what, and by when 

• conservative with respect to critical attributes 

• contingencies for unintended consequences 

• abort or hold criteria 

• communication with and involvement of key stakeholders 
 
5. Review – Direct the relevant stakeholder(s) perform periodic 

effectiveness reviews; and conduct an independent review of the 
proposed decision. 

 
At-Risk Practices 
to Avoid: 

• making decisions before defining the goal 

• using subjective, unstructured methods, such as intuition, 
experience, and brainstorming, for a risk-important issue 

• implementing a decision without clearly understanding the risks 

• not taking immediate corrective action to prevent recurrence of a 
situation before implementing long-term corrective actions 

 
Turnover 
 
Bases: 
 

In its simplest form, a turnover is the systematic and orderly transfer of 
work-related information between two individuals and the subsequent 
relief of one individual by the other.  Turnover may involve a small 
work team or a crew.  Turnover can occur during major activities, such 
as watch or shift exchange of information, or for simple projects. 
 

 Turnovers differ in detail and form depending on the risk importance of 
the task and the nature of the work involved.  Yet all turnovers share a 
common purpose.  Information critical to the successful continuation of 
a project or activity passes from one group or individual to another in a 
manner that limits interruption of work and promotes safe and efficient 
work completion.  Turnover is often misunderstood and, in some cases, 
misused.  As with most processes, there are basic principles that apply 
to a good turnover. 
 

 
 
When to Use 
the Tool: 

• during shift changes 
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• for emergent work that extends beyond one shift 

• for completed modification packages that may not be implemented 
for one or more years 

• when performing critical or complex activities over multiple shifts 

• when changing responsibilities for tasks in progress 

• when transferring responsibilities between people 
 

Behavior 
Standard: 

1. Identify specific tasks the relieving individual will perform.  
Consider the following factors during the turnover: 

• objectives or tasks to be accomplished 

• schedule requirements 

• key contacts, stakeholders, and organizational interfaces 

• status of the job; what has been accomplished so far 

• procedures being used 

• problems or unusual situations that have been identified 

• error-likely situations with critical activities 

• location of resources associated with the tasks/activities 
 
2. Start a turnover log.  Document those items listed above.  An 

engineer log summarizing the key activities during a shift is also 
useful information for the relieving personnel. 

 
3. Over communicate.  The principals conduct a face-to-face 

turnover, using three-way communication on critical data and 
information.  Listen for and challenge assumptions, asking 
clarifying questions. 

 
At-Risk Practices 
to Avoid: 

• leaving out critical information or the bases for decisions 

• not having a face-to-face verbal explanation 

• not documenting activities in an engineer log as they occur during 
the shift 

• performing the turnover in a distracting environment 

• interrupting a turnover 

• conducting a turnover in a hurry; or allowing insufficient time for a 
turnover 
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Product Review Meeting 
 
Bases: Engineering is not an exact science.  Engineering involves judgment, 

uncertainty, and a degree of risk.  Because engineering is 
characteristically a human endeavor, checks, reviews, and verifications 
are necessary to achieve effective and safe designs.  To guide the 
development of the design or design changes, especially those 
associated with quality-related structures, systems, and components, a 
structured process is necessary.  A product review meeting uses a team 
approach to coordinate the review of the initial design and the 
development and review of design changes.  The meeting draws on the 
collective knowledge, skills, and experience of affected parties and 
stakeholders to improve ownership and quality in the resolution of the 
problem.  The design team clearly understands methods to be used, 
problems to overcome, and results to be achieved.  Diverse and critical 
opinions are valued, and critical thinking is demanded for all product 
reviews.  The project team will ultimately determine when the project 
is ready for implementation. 
 

 In general, meetings solve problems and aid decision-making that 
cannot or should not be handled individually.  Every meeting requires a 
responsible person to keep the meeting on task to address the issue and 
to promote teamwork among the participants.  An agenda, prepared for 
every meeting, specifies start and stop times and what to accomplish.  
Only people who have an important contribution to make participate.  
Preferably, meetings conclude with personnel knowing what is to be 
done, by whom, and by what date/time.  For continuity and historical 
purposes, the chairperson prepares and distributes meeting minutes to 
the participants.  Additionally, management can monitor the quality 
and attendance of these meetings through appropriate performance 
measures. 
 

 People can make errors during meetings.  Team errors can occur.  
Meetings involve communication among people who may possess 
inaccurate perceptions of the issues and who could promote potentially 
tragic misinterpretations of critical information.  Open communication 
is a key success factor for a product review meeting.  Any obstacle that 
hinders the free flow of communication, such as interpersonal conflicts, 
must be rooted out before personnel proceed with the task.  Processes 
to identify and conscientiously examine differing professional opinions 
are widely known and applied.  In some cases, the chairperson could 
designate a devil’s advocate to challenge decision-making, 
assumptions, and various statements of belief that could lead people 
astray. 
 

 29



INPO 05-002 
Rev. 1 

When to Use 
the Tool: 

• during meetings related to the initial design of or changes to 
safety-related structures, systems, and components subject to 
configuration control 

• before implementing any complex, temporary system modification 

• at multiple points in the design process, to ensure design bases are 
being met to prevent significant rework or error potential 

 
Behavior 
Standard: 

1. Membership – Identify the product review team members by name 
before convening the initial product review meeting. 

 
2. Agenda – Prepare and communicate an agenda for the respective 

product review meeting, along with the design documents, to the 
product review team members prior to the meeting. 

 
3. Responsibilities – All product review team members are expected 

to adhere to the following: 

• Attend and actively participate in all product review meetings. 

• Review the product-related documents prior to the respective 
meeting. 

• Prepare and submit comment sheets on the documents prior to 
the meeting. 

• Bring product-related documents and comment sheets to the 
meeting. 

• Communicate stakeholder concerns, and address limitations. 

• Identify commitments going forward, and assign owners. 

• Avoid scope changes after the midcourse review. 
 

At-Risk Practices 
to Avoid: 

• not scheduling product review meetings far enough in advance to 
allow team members and stakeholders to attend 

• not issuing an agenda or a generic agenda 

• stakeholder organizations not being involved in product review 
meetings until late in the project 

• unqualified representation from the stakeholder organizations 

• not being prepared for meetings, or not having required reviews 
completed prior to sending out meeting copy 

• inconsistent attendance by stakeholder organizations 
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 • required team members not being present at meetings 

• not following up on action items in meeting minutes 
 

Technical Task Postjob Review 
 
Bases: Feedback on the initiation, planning, execution, and control of work is 

highly important for management.  Errors that cause significant events 
are organizational failures.  Consequently, feedback is critical to 
overall station success, because most problems are the outcome of 
organizational flaws.  Postjob reviews provide an early opportunity to 
inform management about weaknesses in processes, programs, policies, 
and so forth that can adversely affect engineering activity defenses and 
barriers.  An effective postjob review can identify lessons learned to 
improve future task performance.   
 

 A postjob review is a routine self-assessment practice conducted after 
completion of an engineering task.  Postjob reviews provide engineers 
and supervisors with a forum to discuss what went well and to identify 
potential improvements to a particular task, project, or other risk-
important activity.  Postjob reviews emphasize identification of flawed 
defenses, error traps encountered, and consequences of problems 
encountered.  The responsible engineer(s) and supervisor perform the 
review as soon as practicable after the task or each high-risk phase.  
The meeting is brief and to the point. 
 

 To reinforce the effectiveness of postjob reviews, individuals who 
provide feedback are updated on the resolution of high-interest issues. 
 

When to Use 
the Tool: 

• as soon as practicable after completing project-level work 

• after each high-risk phase of a risk-important project 
• at the conclusion of emergent work 

Behavior 
Standard: 

1. Face-to-Face – Hold a face-to-face meeting of all active 
participants, led by the lead engineer. 

 
2. Pluses – Identify and document what went well. 
 
3. Deltas – Identify and document opportunities for improvement 

related to the critical activities. 
 
4. Follow-Up – Determine the method(s) to follow up problems and 

successes. 
 
5. Face-to-Face Again – Provide face-to-face feedback to individuals 
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on the resolution of a particular performance issue and on issues of 
high interest to the individual. 

 
At-Risk Practices 
to Avoid: 

• not performing a postjob review 

• not conducting a postjob review or a face-to-face follow-up 

• not allotting time for a postjob review, or conducting it hastily 

• not having responsible engineers present for the postjob review 

• not having a method of follow-up identified to address issues 

• not following up with engineers for high-interest issues 

• not documenting important issues for future prejob briefing 
reference 

 
Work Product Review 
 
Bases: 
 

Work product reviews provide accurate feedback to the originators 
regarding their performance for specific products.  Such reviews 
encourage face-to-face interaction between supervisors and engineers.  
Not only are areas for improvement identified on an individual basis, 
but also strengths are highlighted and communicated to others for 
emulation.  Supervisors can use the results of a review to communicate, 
coach, and reinforce expectations. 
 

 Engineering or other work products are selected randomly.  Some 
products, because of their risk importance, always receive a review.  
Managers can monitor the results of these reviews via the station 
observation process, to identify improvement opportunities and factor 
them into the related training programs.  Assigning a grade offers 
another way to track improvement. 

 
When to Use 
the Tool: 

 

• periodically by each manager or responsible person (as determined 
by management) 

• as required by administrative instructions 

• during apparent cause evaluations and root cause analyses 
 

Behavior 
Standard: 

1. Select Product – On a periodic basis, select a sample of products 
(after approval) for review from among those that affect one or 
more critical attributes. 

 
 
2. Review Product – Using a cross-functional team of knowledgeable 
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personnel to conduct the review, identify what went well (pluses) 
and opportunities for improvement (deltas) for the particular 
product.  Preferably, the review is guided by a checklist of 
important attributes, such as the following: 

• problem statement and/or solution(s) 

• project work plan content (if applicable) 

• potential outcomes related to critical attributes 

• methods and analytical techniques used 

• operating experience and lessons learned 

• risks, hazards, and user-centered design considerations 

• requirements, standards, and code compliance 

• implementation planning, oversight, and acceptance testing 
• input data and sources 

• assumptions 

• documentation and reference software used 

• margin management 

• technical accuracy and usability of procedures 

• reviews and approvals 

• program or procedural obstacles to desired performance 

• surprise situations; for example, unanticipated risk factors, 
schedule or scope changes, and organizational issues 

• human performance tool(s) applicable to product(s) or related 
activities 

 
 Note:  The above attributes are examples only and should not be 

considered complete. 

 3. Assess and Document Product Quality – Document and trend the 
results of the review.  A grade may be assigned, using objective 
criteria similar to the following:  

• Excellent:  no defects identified or errors found with the 
delivered product 

• Satisfactory:  errors with little or no impact on product quality 
or its conclusions 

• Unsatisfactory:  several errors found, or minor rework required 

• Unacceptable:  errors that require significant rework or changes 
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to product conclusions, invalidating the integrity of the product 
 

 4. Follow-Up – Follow up successes and opportunities for 
improvement (using methods such as recognition, condition report). 

 
5. Feedback to Responsible Person(s) – After the responsible 

person(s) reviews the written comments, provide face-to-face 
feedback on the resolution of a particular issue and those of high 
interest to the responsible person(s).  Provide specific feedback on 
“excellent,” “unsatisfactory,” and “unacceptable” grades. 

 
At-Risk Practices 
to Avoid: 

• performing a cursory review of the package 

• performing a review only to meet a requirement or quota; not 
carefully evaluating the quality of the work product 

• not gaining a cross-functional perspective on the product 

• not holding subordinate managers or supervisors accountable for 
performing work product reviews 

• not performing the work product reviews early enough to allow for 
feedback into the normal work cycle for repetitive tasks 
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DEFINITIONS 
 
The following definitions provide for a common understanding and consistency of terms 
used in this document or otherwise related to engineering human performance: 
 

• at-risk practice – a behavior, belief, assumption, or condition that tends to diminish 
the effectiveness of a human performance tool or that increases the chance of error 
during an action 

 
• configuration control – the management of plant operational configuration, physical 

configuration, design configuration, and design bases to ensure that owner and 
regulatory requirements are satisfied at all times and to ensure consistency among the 
design bases and design requirements, the physical plant, and facility configuration 
information  (See INPO AP-929 (Revision 1), Configuration Change Control Process 
Description.) 

 
• critical attributes – risk-related aspects of engineering activities that could directly 

affect the following: 
 

⎯ reduction in safety margins 

⎯ alignment of physical configuration and design requirements 

⎯ operability/functionality of risk-important systems and equipment, especially 
critical components (such as Maintenance Rule equipment) 

⎯ protection against single-point failure vulnerabilities 

⎯ control of human error by the user at critical steps of related activities 

⎯ protection of the environment 

⎯ prevention of regulatory concern 

⎯ adequacy of installation and constructability 

⎯ control of security, generation, and economic risks 

⎯ past success instead of failure used as a basis for design 

⎯ recognition of trip/downpower-sensitive equipment 

 
• critical activity/task – an engineering activity, an evolution, or a task that is vital to 

nuclear safety, industrial safety, environmental protection, regulatory compliance, or 
plant/system performance⎯This typically involves one or more critical attributes, 
such that undetected errors with these activities/tasks will result in intolerable 
consequences to the plant or to personnel.  (Vital means the engineering product can 
have a direct, and possibly immediate, adverse impact either during installation or 
testing or upon implementation of the product in question.) 
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• critical step – a procedure step, a series of steps, or an action that, if performed 
improperly, will cause irreversible harm to plant equipment or people or that will 
significantly affect plant operation 

 
• defect – an undesired result of an error committed earlier in the engineering 

process, which becomes embedded in either the physical plant or design bases 
documentation 

 
• defense – means or measures (controls, barriers, and safeguards) taken to prevent 

or catch human error; to protect people, plant, or property against the results of 
human error; and to mitigate the consequences of an error 

 
• engineering assumption – a hypothesis, theory, supposition, or premise that is 

accepted as true without supporting documentation; design criteria accepted as 
true or conservative in order to bound inputs—(Alternatively, an unverified 
assumption is an assumption that has not or cannot be validated or trusted as 
correct without additional data or testing.) 

 
• engineering judgment – the process of applying technical knowledge, 

experience, and professional intuition to make sound decisions; a decision that 
would meet the standard of acceptance when compared to a rigorous and 
analytical evaluation 

 
• error – human decisions or actions that unintentionally depart from some 

standard 
 

• error-likely situation – a work situation in which there is greater opportunity for 
error when a specified action or task is performed, because error precursors are 
present 

 
• error precursors – task-related conditions for a specific activity or task that 

provoke human error and increase the chance of a technical error or an adverse 
consequence; otherwise referred to as “risk factors”⎯Examples are time pressure, 
first-time activity, lack of knowledge or experience, and interruptions. 

 
• event – a consequence exceeding some criteria of significance, involving either 

an unwanted change in the health and well-being of employees, the environment, 
or safety margins or the ability of the plant to perform its designed functions 

 
• independent – freedom of thought between a performer and a verifier, created by 

separating the actions of each individual by physical distance and time, such that 
audible or visual cues of the performer are not detectable by the verifier before 
and during the work activity 
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• knowledge-based performance – behavior in response to a totally unfamiliar 
situation (no skill, rule, or pattern recognizable to the individual); a classic problem-
solving situation that relies on personal understanding and knowledge of the system, 
the present state of a system, and the scientific principles and fundamental theory 
related to the system; an activity performed with no preprogrammed instructions or 
rules 

 
• latent condition – undetected circumstances or situations such as equipment flaws, a 

willingness to sacrifice safety margin for immediate production goals, and various 
process, program, and procedure deficiencies that remain hidden until revealed by 
periodic testing, self-assessment processes, operating experience, or an event 

 
• latent error – an error, act, or decision that unknowingly creates an undesired 

condition(s) embedded in the engineering processes, culture, or plant configuration of 
plant systems, structures, or components or the design bases or that reduces 
equipment reliability that remains undetected until revealed by subsequent 
operational activities 

 
• positive control – an active measure(s) to ensure that what is intended to happen is 

what happens, and that is all that happens, when an action is performed 
 

• rule-based performance – behavior based on selection of stored rules derived from 
one’s recognition of the situation; follows IF (symptom X), THEN (situation Y) 
logic; an activity performed following stored rules accumulated through experience 
and training 

 
• skill-based performance – behavior associated with highly practiced actions in a 

familiar situation, usually executed from memory without significant conscious 
thought; an activity performed using stored patterns or preprogrammed instructions 

 
• team error – a breakdown of one or more members of a work group that allows other 

individual members of the same group to err because of either a mistaken perception 
of another’s abilities or the lack of accountability within the individual’s group 

 
• technical rigor – completeness and accuracy in both the process and the delivered 

product; cautiously accurate and meticulous; exhibiting strict precision during the 
performance of action 
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APPENDIX A 
AN IN-PROCESS PERSPECTIVE ON TOOL APPLICABILITY 
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APPENDIX B 
INDUSTRY WORKING GROUP MEMBERS 

 
Name Plant / Company Telephone / E-Mail Address 

Tom Basso Three Mile Island Nuclear Station 
Exelon 

(610) 765-5940  
thomas.basso@exeloncorp.com

George Bradley Pilgrim Nuclear Power Station 
Entergy Nuclear 

(508) 830-7737  
gbradl1@entergy.com

Tom Cannon Palo Verde Nuclear Generating Station 
Arizona Public Service Company 

(623) 393-5927 
tcanno01@apsc.com

Dick Church St. Lucie Nuclear Power Plant 
FPL Group, Inc. 

(772) 467-7590 
dick_church@fpl.com

Don Evans San Onofre Nuclear Generating Station 
Southern California Edison Company 

(949) 368-6587 
evansd@songs.sce.com

Mark Gake Black & Veatch (913) 458-7909  
gakema@bv.com

Bob Gambrill INPO (770) 644-8689  
gambrillra@inpo.org 

Beth Hannaford Cooper Nuclear Station 
Nebraska Public Power District 

(402) 825-5942  
bmhanna@nppd.com

Roger Heider Sargeant & Lundy (312) 269-7046 
roger.c.heider@sargentlundy.com

Ken Lua  Diablo Canyon Power Plant 
Pacific Gas and Electric Company 

(805) 545-4592 
kkl1@pge.com

Tony Muschara INPO (770) 644-8677 
muscharatm@inpo.org 

Ron Seidl Columbia Generating Station 
Energy Northwest 

(509) 377-2226  
rvseidl@energy-northwest.com 

Don Rickard Callaway Nuclear Plant 
 Union Electric Company 

(573) 676-880  
derickard@cal.ameren.com

Gaston (Mike) Riva Fort Calhoun Station 
Omaha Public Power District 

(402) 533-7357 
griva@oppd.com

Scott Soper Southern Company (205) 992-7045  
shsoper@southernco.com

Ken Thomas McGuire Nuclear Station 
Duke Energy Corporation 

(704) 875-5753 
kdthomas@duke-energy.com

Lee Windham Comanche Peak Steam Electric Station 
TXU Energy 

(254) 897-6357 
bwindha1@txu.com
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