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May 23, 2006

Roy Lebel

Quality Management Office
Brookhaven National Laboratory


Subject:
Fisher Improvement Technologies Human Performance Assessment Report for Arc-Flash Event 
Dear Roy,

In an effort to support the Human Performance evaluation efforts we previously discussed, Fisher Improvement Technologies provided the following services:

· Provided on-site and off-site support to provide insights into the human performance related failures associated with the event,
· Lead and performed as a member of a team to assess the human performance characteristics of the recent event,
· Reviewed most current data related to the event, and utilized BNL personnel to obtain any additional data needed for analysis, and

· Met with appropriate management to discuss draft findings.

The only element outstanding is the report of the team’s observations. Attached please find this report. The report provides the team’s findings related to the human performance characteristics to be used at BNL discretion in any incident reports being developed by the Lab or DOE.
I hope the team and the report help BNL in your pursuit of excellent performance. The team would once again like to thank your staff, the management and staff at Collider-Accelerator, and the BNL staff in general for their openness, assistance, and willingness to participate in the assessment.
Please feel free to contact me at 802-233-0760 or via email at Rob@fisherit.com if you have any questions or concerns, or need further assistance. Thanks for thinking of Fisher Improvement Technologies for your needs.

Sincerely, 
Rob Fisher, President


Fisher Improvement Technologies

Brookhaven National Laboratory

Arc-Flash Event

Human Performance Assessment

Report

Team Members:

Bill Brown, BNL EENS

Keven Butler, INL Office of Human Performance

Team Lead – Rob Fisher, President – Fisher Improvement Technologies LLC
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Abstract

The team was requested to provide an independent assessment of the human performance related issues that may have existed surrounding the arc-flash event at Collider-Accelerator (C-A) Department on April 14, 2006. The specific elements of the event being assessed by this team were the injuries received by a Brookhaven National Laboratory (BNL) employee. A DOE Type-B investigation is in progress to determine the root and contributing causes of the arc-flash.
During a one-week assessment the team was able to assess individual and group performance related to the event in question, but could only look for signs of programmatic or organizational issues associated with the event. For this reason, this report should not be considered a ‘cause report’.  Using the results of the assessment BNL may investigate areas of observation further to ascertain whether or not these were causal.
The team used human performance evaluation tools and comparison to human performance best-practices to identify areas where this event may have had human performance related contributors.  The team conducted interviews, reviewed documents, consulted with the DOE Type-B team, and reviewed issues with management and involved personnel in a close-out briefing held on May 12, 2006.

Methods

Using human performance evaluation tools the team assessed the performance of the individuals involved against C-A and BNL standards and expectations. This was in an effort to establish if any inappropriate actions occurred. If inappropriate actions are discovered, they are used to start the questioning of ‘why’ to determine what, if any, programmatic, process, procedure, environmental or organizational drivers existed that either allowed the action to occur, or drove it to occur.
The team conducted over twenty interviews and meetings with BNL personnel to determine conditions associated with this specific event, and general organizational and programmatic conditions related to safety. In addition, the team reviewed 19 related documents including BNL standards, previous event analyses, Operational Manuals, and event response related documents.
The team created an Event & Causal Factors Chart (E&CF) based on the documents reviewed and interviews conducted. Several personnel close to the event were requested to validate the E&CF.  An E&CF is used to diagram an event and to help in communicating the time line relationships of potential event contributors. The E&CF can be viewed in Attachment 1.
Human Performance Fundamentals Background

The assessment was guided by three tenets related to human performance that are irrefutable. These tenets are:
· The conditions that cause the small events are the same as the conditions that cause the big events;

· 85% - 90% of significant events have their roots in something OTHER than just the individual; and

· Errors and Events are different things.

Once these three tenets are understood, the assessment begins at what the individual was doing, thinking and feeling at the time of the event, and why they were doing, thinking and feeling those things. Human Performance assessment looks at the individuals, environment, situation, barriers, procedures, processes, rules, organizational impacts and other possible contributing or influencing factors. If we believe that people come to work to do a good job every day, then we have to also believe that there were reasons individuals did what they did when they did it. 

The evaluation of errors or inappropriate actions start the investigation process, they are rarely at the bottom of the process.

Human Performance Definitions

Error Traps (Error Precursors) – An unfavorable condition at the job site or a characteristic of the task or an individual that increases the probability for error during a specific action. Error traps include:
· Time Pressure 

· Distractive Environment 

· High Workload 

· First Time Evolution 

· First Working Days After Days Off 

· One-Half Hour After Wake-up or Meal

· Vague or Incorrect Guidance

· Overconfidence

· Imprecise Communications

· Work Stress

· Fatigue

· Peer Pressure

· Multi-tasking

· Off-normal Conditions

Error-Likely Situation – A task-related predicament in which there is a greater opportunity for error when performing a specific action or task due to error precursors.  An error-likely situation typically exists when task-related factors exceed the capability of the individual (mismatch) at the point of ‘touching’ the physical components or the paper that describes the physical components (procedures, diagrams, calculations, etc.). Error-likely situations are described using the WITH model as follows:
Work Environment – General influences on task performance related to workplace, organizational, and cultural conditions.

Individual Capabilities – Unique mental, physical, and emotional capabilities of a particular person with respect to a particular task.
Task Demands – Specific mental, physical, or team requirements of a task or evolution.

Human Nature – Generic characteristics of every human being that make individuals vulnerable to error under certain conditions.
Latent Organizational Weakness – Undetected deficiencies in the management control processes (e.g., strategy, policies, work control, training and resource allocation) or values (shared beliefs, attitudes, norms and assumptions) creating workplace conditions that can provoke errors (precursors) and degrade the integrity of defenses (flawed defenses).

Deviation Potential – The propensity that any individual (or group) will deviate from any expectation, requirement or standard, based on elements related to the task or expectation. Two types of deviations considered:
· Conscious violation – an individual consciously and intentionally violates an expectation or requirement after consideration of the elements of the decision.

· Unconscious deviation – an individual does not make a conscious effort or decision to violate, however the actions of the individual result in a deviation from an expectation or standard.

Analysis Results
Error Precursors
The following error precursors were identified to be present at the time of the event:

· Time Pressure – The engineer was attempting to help the technicians complete troubleshooting and get the Accelerator back on line. The Accelerator had been down for some time due to a power dip and subsequent system anomalies.
· Distractive Environment – The environment that work was performed in is very loud and requires hearing protection. The workers had to communicate using hand signals because the area is too loud for vocal commands and responses.
· High Workload – Both the engineer and the technicians had other things to do after they completed this task. Since this task had gone longer than anticipated, the other work could possibly have suffered.
· Vague or Incorrect Guidance – The OPM procedures in use at the time did not contain descriptions of hazards or descriptions of required personal protective equipment (PPE). The posted PPE signs implied that personnel should know what PPE to wear.
· Overconfidence – All of the personnel involved were very experienced and had worked on similar tasks together multiple times in the past. 
· Imprecise Communications – The noisy and tight environment drove off-normal communications techniques to be used, allowing for imprecise communications. The workers used hand signals and could only discuss the job outside of the room the task was being performed in.
· Multi-tasking – there were several parts of the task being done simultaneously. The procedure implies that these steps are done sequentially. This had no bearing on the event.
· Off-normal Conditions – The condition being addressed by the engineer being in the field was an off-normal condition related to a power dip and system anomalies.
Based on finding seven error precursors, the team concluded that there may be issues outside of just the individuals that contributed to the event.
Error-Likely Situations
Work Environment – The work environment was very noisy and in fairly tight spaces. The only PPE required to enter the space was hearing protection. PPE requirements were prescribed for the action only, not for the task or the location.
Individual Capabilities – This job is usually performed by technicians, however the engineer performed the manipulation of the switch this time in an effort to help the technicians. The engineer is qualified to perform operations on this equipment by title and by virtue of being the engineer and subject matter expert, as opposed to being qualified as the technicians are.
Task Demands – The procedure specifically described the required actions however personal protective equipment requirements are not in the procedure. Individuals are responsible for verifying and obtaining the appropriate personal protective equipment with few pointers as to where this information exists. Multiple layers of information exist between the workers and the information of required PPE. There were no PPE requirements other than hearing protection required for the task until the switch was manipulated.
Human Nature – The engineer was helping the technicians troubleshoot the system. The engineer did not recognize when he shifted from troubleshooting to manipulating components that may require personal protective equipment. The task is considered routine for both the technicians and the engineer.
There were several identified error-likely situations that could have contributed to the event. The personnel involved were not well versed in the human performance related aspects of work, and did not recognize these ‘traps’ as they occurred. 
Latent Weaknesses

The worker has to ‘go get’ things to effectively do the job instead of the organization providing them at the worker’s fingertips. The things that a worker must obtain in the assessed task were:

· PPE requirements

· JRA Results

· Procedures

· Procedure references

· Skill-of-the-worker requirements

· Work planning requirements

The organizational weakness is not providing what the workers need, when they need it and relying on the worker’s memory for many of the requirements. These elements are also considered during the Deviation Potential analysis.

Deviation Potential
The potential for personnel to deviate from some of the task requirements for this task were judged to be very high based on the following model:

The individual that performed the switch manipulation did not go to the scene intending to manipulate switches using the procedures. He was going there to assist in troubleshooting. In addition, the engineer had been trained on arc-flash events over a year earlier, and the training focused on work performed in open and energized breakers and switches, not enclosed switches that needed normal manipulations.

The individual did not recognize when he moved from troubleshooting into procedural manipulations, and missed the PPE requirements because he wasn’t thinking about them at that moment. There were no visual or procedural triggers to remind the individual about the PPE requirements. 
Had the individual been wearing the prescribed PPE, he still would have been burned in almost the same places, as those places are not covered by the prescribed PPE as described in NFPA70E.  Had one of the technicians performed the switch manipulation instead of the engineer, they too would probably have been burned at least as badly as the engineer who preformed the manipulation.

Often, as tasks proceed, elements of the task may change to be different from the planned the task or the perceived task. When this occurs, workers have to be able to recognize it, and adjust performance.  The individuals involved had not been adequately educated as to these elements of human performance to reasonably see this task drift out of the planned and expected task limits. Typically pre-job briefings, supervisor presence in the field, and additional hazard mitigation in procedures are used to strengthen performance when tasks routinely ‘drift’ from the way they were planned.
Interview Summaries

Technicians and engineer – The technicians and the engineer who was burned gave consistent synopses of the event (i.e. what was going on, how did things happen, etc.).  In addition they confirmed that the engineer was not called out to operate the system, but to help troubleshoot. He operated the system to help the technicians get back on line. The technicians were engaged in closing in the 13.8 kv part of the system and did not see the engineer manipulating the 480v switches. The engineer showed the interviewer how he was physically standing when the flash occurred. Each of the individuals stated it would be very difficult to operate the switch from the prescribed position off to the side. Technicians stated that they learned things about the systems from watching the engineers work and asking them questions.
Supervisors – These individuals stated that there was little or no supervision required for this task that had been assessed as a low hazard. There was no requirement for a supervisor to be present from either C-AS or the Engineering group. The technicians often call the engineers directly to help with problems. There is no standard for troubleshooting or documentation of troubleshooting. The supervisors stressed that the engineer that was burned is very safety conscious and gave examples of safety issues the individual had identified and helped to correct.

Several Lab personnel were concerned that BNL, as a result of the event, will take an overly conservative approach to manipulating these and similar switches. The team viewed the actual switch that failed and a bench-top test model with one of the electrical safety personnel. 
Integrated Safety Management Analysis

	ISMS Component
	Evaluation

	Define the scope of work

	The scope of the task did not appear to include the engineer being one of the people manipulating switches.  This would be similar to “calling the play at the line of scrimmage”, with low job planning or limits or boundaries established on the work activity. 

	Evaluate the hazards
	A Job Risk Analysis was performed on the Shutdown task but not on the start-up. The team was informed that the risks for startup and shutdown were determined to be symmetrical.  It was not identified if the hazards were the same.  It is not clear who is made aware of the identified hazards and compensatory measures. 

	Develop controls for the hazards

	The identified hazard controls were not carried into a work control document.  The controls were not specific and clearly presented to remove all interpretation by the employees.  No specific prompting such as a posting on the cabinet stating the exact PPE required were available.  The controls were not clearly and accurately presented to all employees (sleeves and collar buttoned and shirt tucked in, safety glasses with side shields). 

	Perform the work within the controls
	The work was not performed within the controls established by management.  The engineer was not wearing a long sleeve shirt buttoned at the collar or safety glasses.  There was no pre-job briefing to remind employees of the required controls. No work control appears to have been established for the troubleshooting.  Authorization to operate the switch by the system engineer was not directly established.  

	Feedback mechanism
	A feedback mechanism was not observed for this task.  No formal process appeared to exist to convey concerns or problems.  There was no identified expectation to have the employees report back concerns and problems to management.  Management presence is not evident in the work place.  Coaching and mentoring of safety matters did not appear to be a policy.  There is no observation process.


Assessment Observations

The team made the following assessment observations (AO) during the assessment. These observations resulted directly from the human performance assessment of the task and the individual being burned.

AO1 – The individual injured was hurt because of the switch failure and resultant arc-flash, NOT because of a human error. 

· The only human error identified was the failure of the engineer to be wearing the prescribed PPE at the time of switch operation, and this error had little or no impact on his injuries. 

· There were no visual ‘triggers’ for the individual to follow to remind him during this routine task that he may need to stop and put on PPE.

· Had this individual not operated the switch, and someone in the prescribed PPE operated the switch, they would have been injured in similar or possibly far more serious ways.

AO2 – The other individuals in the room could not have reasonably prevented the error from occurring because:

· There were no PPE requirements for the task, and none in the procedure.

· The first time in several hours that PPE would be required is at the instant the switch was operated.

· The switch was operated while the other personnel were engaged in a different task and did not know switch manipulation was occurring

AO3 – The BNL SLAC Arc-Flash event lessons learned implementation does not accurately describe standing / operation location.  Based on the damage to the switch box, an individual standing the way the lessons learned training described may have been injured far worse than the injured individual.

· For many of the higher rated switches, an individual cannot physically stand as recommended and still effectively operate the breaker. People who routinely perform this task have known this for over a year – very few management personnel the team talked to knew this.

· Work on open, energized panels is not routine, and the majority of slides were devoted to this situation.

· Two of the recommendations from the SLAC training pertained to activities that would not typically be performed by the field personnel. It is not a great leap to see how the third element could be missed.

AO4 – The proposed labels to be placed on switches to describe dangers and PPE requirements after flash calculations have been performed do not match NFPA70E PPE categories or current BNL PPE requirement descriptions.
AO5 – Application of the Arc-Flash calculations and use of NFPA70E does not appear to be consistent across BNL.

AO6 – There was little recognition of the shift between performing troubleshooting and performing ‘work’ (placing a system in service, operating a system, etc.). 

· Troubleshooting does not appear to be well documented

· Engineering performed operations versus remaining in an oversight or troubleshooting role
· Operations were performed using hand signals in a noisy area as the primary communication method – this is apparently done routinely.

AO7 – Understanding of the level to which PPE protects people is not consistently understood across the facility. PPE is described as the elements to be worn or used, as opposed to how things are worn or used. PPE usage across the site appears to be inconsistent.
· BNL Engineers are not required to have or wear PPE when responding to the field, but expected to put on the right gear at the instant it is needed.
· Technicians were provided PPE but Engineers were only provided PPE upon their request.
· The PPE requirements were communicated to the work force over a year ago.  

· The requirements are in a PPE handbook that some personnel were unfamiliar with and was not readily available.  

· The requirements are not in the work control document.  

· The postings do not provide specific PPE requirements. 

· PPE is not typically available at the locations at which it is needed (e.g. safety glasses in storage boxes at the entrance to each building, Lab coats in each area where electrical switching is performed.)  
· Areas or zones requiring a specific level of PPE are not routinely established. 

· The PPE prescribed by the NFPA 70E standard is not intended to protect the employee to a level of no injury.  This concept was not well understood by the employees or management prior to this event.  The same injuries would have likely occurred even if the employee had been wearing the prescribed PPE.

AO8 – Although mangers, supervisors, and workers have been exposed to human performance fundamentals, this has not been translated into a capability to internalize human performance fundamentals and the capability to recognize the impact of individuals, processes, organizations and the environment on field performance.
Considerations for Action by BNL
· Consolidate requirements as close to the worker as possible – don’t make people go get them, or expect them to know them off the top of their head.
· Educate personnel on recognizing the differences between research, troubleshooting, and ‘work’ and how to manage these differences safely.
· Develop expectations related to the differences between control of systems by Engineers and operation / removal / restoration of systems by technicians and how to manage these differences safely and educate people on the capability to recognize these differences.
· Develop and roll out a method to consistently apply PPE rules by area or location versus by action or activity. As an alternative, provide appropriate PPE at the locations needed.
· Educate personnel (managers, supervisors, and workers) on recognition of error traps, error likely situations and latent organizational weaknesses and the impact they have on performance.
· Develop education to improve workers capability to recognize when a task begins to deviate from the expected path, and the expected actions needed at that time.
Consider specifically how recommendations might be put into practice Lab-wide when communicating lessons learned from significant events.
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