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Action Items
a. Mike/John:  
Background: Accelerator Division has 75% of their SLEDs archived, but before arc flash calculations can be done on much of these circuits, they need to be powered off so that information can be collected such as transformer impedances, circuit breaker model, and cable gauge and length.  95% of the information on PPD buildings has been gathered and hand sketched on paper drawings. Transfer of SLED information from the hand sketched format on paper to AutoCad format is temporarily stopped until a replacement draftsman is found. The most recent PPD estimate of SLED completion in arc-flash-ready format is 30%.
By May31, 2012: AD & PPD create a list of the first set of circuit breakers on which to perform maintenance.  These will be based on the ones deemed most hazardous, so they can be either old, suspect breakers or those for which calculations yield the highest incident energy and/or would have a large impact on operations if they failed.
b. Mike:  Determine what PPDs plans are for getting someone to enter the SLEDs into AutoCad format.
c. Adam:  Send us an IR Survey report as a sample.  Done.
d. Adam:  Possibly put IR scan information into frESHTRK.  He will do.
e. Adam?:  Determine, by using AD’s IR camera, if Lab personnel can develop expertise and get similar results as the contractor on some of CD’s panels.
f. ESS: Create a document describing the SLED addition process; clear through the Engineering Policy Committee.
g. ESS: determine if it is viable to identify all panels and equipment and develop a comprehensive list. Then identify panels and equipment that represent high risk for safety or operations. This will allow the lab to single out the equipment that might be candidates for an exhaustive inventory during a scheduled outage, an IR survey, or breaker maintenance program. By identifying equipment through a graded approach (which factors risk and cost), the lab can also understand and document what is being excluded.
h. ESS: Look to see if there is a relatively easy method we could use to document the age of circuit breakers, starting at this point in time.  Perhaps FESS’s GIS?  Or just the above list on an accessible Sharepoint page?
i. ESS: Discuss automating the bookkeeping of the SLED addition and breaker maintenance processes, similar to the system that keeps track of FESHM chapters.  This would involve significant work, but would likely be quite effective.  If determined a good thing to pursue in the long run, let Nancy know and she will put it in the CD system.
j. FESS (who would this be?): FESS needs to have a plan with an end date for providing the D/S/Cs the range of available fault current and fault clearing times.


Executive Summary
Bruce and Nancy agreed that the top four recommendations of the ESS are to continue (see the attached recommendation document) as recommended.  We then discussed the remaining near term recommendations and the next few steps forward to determine a graded approach to addressing them (see Action Items).  Finally we discussed the Long Term Recommendations.  Most of these are hard to address in detail until we have a better idea of needs and costs.  As a result there are several actions items for the ESS to discuss.  We will meet again and further discuss the path forward once most of the action items have been addressed.  Mike will keep us abreast of progress.
  
Discussion of Current Status
We began by discussing current status of the Single Line electrical Drawings (SLEDs).  John said Accelerator Division has been able to obtain Tevatron SLED information since it is now shut down.  The information from these buildings is still necessary since some systems are still running in the service buildings and there are no plans to shut power down to them completely.  Gathering complete, calculation-ready SLED information for AD could take another two years because of the large number of panels coupled with the small percentage of time the panels could be powered down. Bruce said we should take advantage of the upcoming shutdown to get as much of this information as possible, concentrating on the high risk areas that are hard to get to.  In PPD, Dwight Featherston and Leon Beverly have gathered calculation-ready SLED information for over 95% of the systems.  The next step is to review the results for anything that looks like the wrong information, and double-check those items in the field.  The progress in entering these SLEDs into AutoCad format is temporarily halted until another data entry person is identified.

Discussion of Near Term Recommendations
Many of the circuit breakers on site have not had periodic maintenance done according to manufacturer’s instructions.  In some cases it is possible that the breakers will not open at specified current levels or within the specified trip times.  Adam said that Computing Division contracts out an annual Infrared survey for their panels.  The cost is about $13,000 for their 300 panels and includes detailed reports and recommendations.  The thought was to have similar surveys done at the rest of the Lab, and such surveillance could prevent programmatic interruptions by weeding out problems.  John said that AD has between 1400 and 1800 panels, and Mike said PPD’s panel count is just under 700.  Adam thought that making sensible readings from the IR survey probably requires a good deal of expertise.  Since the most recent survey was taken only about a month ago, Bruce would like someone to use AD’s IR meter on CD’s panels to see if we could get comparable results.  Since there are so many panels there was a suggestion to do the survey at greater intervals than one year, based on the risk and impact of an issue with a given panel.  Adam pointed out that trends are easier to identify with annual surveys.
Post Meeting from Adam:  To Bruce's point about IR scanning in-house. After thinking more about this, I do recall that taking images with the camera was not the real issue. It would probably be fairly easy for an untrained person to duplicate the images with the appropriate gear. It's the interpretation, recognition and categorization of deficiencies that we felt was better left to a professional firm. That's not to say that some at the lab could not perform the role, just that we don't currently have that person within Computing. The report generation is a large part of the effort for the overall project. "
So just summarizing...I did speak with my team after the meeting and they reminded me using the camera was not the challenge. We did perform IR scans in-house one year several years ago with mixed results which is why we outsourced the service. FESS also made limited IR surveys many years ago. We demonstrated it is possible to capture images, but it is the interpretation that is the challenge. Some images are obvious, others are less so. There can be a lot riding on the correct interpretation and categorization of an IR scan. So I would claim it's already been demonstrated that it is possible for a person to capture IR images with the proper equipment. I'd prefer not to remove electric panels covers in a production environment unless we deem there is valuable insight or information to be gained.
In fact, we do still leverage the camera and employee's training to help diagnose specific situations and to confirm actions we've taken remedied a problem noted during an IR survey.


Regarding the requirement for completed SLEDs as part of the “as-built” package during new construction, John mentioned that frequently there has been objection to the added cost to the project of doing this.  Bruce pointed out that there have been inaccurate SLEDs and/or arc flash calculations when this was done.  It is still advantageous to gather the SLEDs as part of the package, but these issues will have to be addressed.

It would be useful to identify all panels and equipment and develop a comprehensive list. Then identify panels and equipment that represent high risk for safety or operations. This will allow the lab to single out the equipment that might be candidates for an exhaustive inventory during a scheduled outage, an IR survey, or breaker maintenance program. By identifying equipment through a graded approach (which factors risk and cost), the lab can also understand and document what is being excluded.




Discussion of Long term Recommendations
During the drafting of these recommendations the ESS members often stressed to have a centralized group for doing the arc flash calculations and maintenance in order to provide expertise and consistency.  Bruce said that if such a centralized philosophy is adopted, there would still have to be close communication with the appropriate people, close to the work, in the D/S/Cs. 
Nancy suggested automating the bookkeeping of the SLED addition and breaker maintenance processes, similar to the system that keeps track of FESHM chapters.  This would involve significant work, but would likely be quite effective.   
FESS needs to have a plan with a date for providing the D/S/Cs the range of available fault current and fault clearing times.
We need to create a document for the SLED addition process and how this works and possibly clear this through the Engineering Policy Committee.  Bruce thought that the group central to the Lab could be comprised of Lab members throughout the D/S/Cs that “report” to FESS.
As we test or replace breakers, we’ll need to keep track of them.  Bruce pointed out the FESS GIS system might be able to help in doing this.  
Mike said he read an interesting IEEE paper, found by Jerry Grant, which helps single out high risk circuits by doing a standard arc flash calculation, then doing another calculation assuming the most downstream breaker fails to trip.  One then tests the breakers on those circuits where the incident energy increases the most.
Post Meeting from Mike:  Brookhaven National Lab uses a trailer outfitted with breaker testing and maintenance equipment.  They also have suitcase-sized equipment for in-situ breaker testing and maintenance.  We will explore the feasibility of this type of equipment for Fermilab.

k. 
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Recommendations for an Arc Flash Protection Program
for AC Systems

April 11, 2012
 In 2010 a review of Fermilab’s electrical work practices was conducted by DOE.  In the summary, the review team stated that there was not a formal path forward at the Laboratory for “managing and sustaining the effectiveness of the Laboratory-wide initiative for documenting single line electrical drawings (SLED), performing flash protection boundary calculations and providing labeling of electrical distribution equipment.”
The original Laboratory response was that the Single Line Electrical Drawings (SLEDs) were complete and that the Laboratory would continue to add information to the SLEDs with the goal of having all inputs necessary to perform arc flash calculations.  It would also send all these documents to FESS in AutoCad format for central storage.  The NFPA 70E Personal Protective Equipment (PPE) Tables would be used as a guideline to protect workers.  The Laboratory is following this course.
The Electrical Safety Subcommittee (ESS) of the Fermilab Environment, Safety, and Health Committee (FESHCom) revisited the issue in 2011, in light of the facts that: 
1) There is evidence from examples at other labs that there are likely to be some power distribution circuits at Fermilab for which the PPE tables in NFPA 70E 2009 are underprotective.
2) These PPE tables are accompanied by ‘notes’ which require a knowledge of the short circuit current available and the fault clearing time of the equipment  in order to properly follow the tables.  This is knowledge that in some cases the Laboratory doesn’t presently have. 
3) The Electrical Subgroup of the Energy Facilities Contractors Group (EFCOG) may recommend to the DOE that it adopt the 2009 or even 2012 edition of NFPA 70E where more conservative arc flash protective policies are required.
4) There is a distinct evolution of the other labs in the DOE complex to adopt safer arc flash protection programs; many already have programs in place.

This document is divided into three sections.  The first section gives the current status at the Lab.  The second section outlines action that is recommended for the near term.   The third section recommends long term action when resources for such a program are made available.  This may require several years to achieve.  

Current Status
Where are we now?  Fermilab has made good progress towards completing SLEDs and storing them in the FESS archives.  FESS already has the necessary information for the available short circuit current up to the secondary winding of each 13.8kV power transformer.  Computing Sector, FESS, BSS, WDRS, and TD have 99-100% of their SLEDs archived.  These were completed in the last few years.  Accelerator Division has 75% of their SLEDs archived, but before arc flash calculations can be done on much of these circuits, they need to be powered off so that information can be collected such as transformer impedances, circuit breaker model, and cable gauge and length.  In PPD, Leon Beverly and Dwight Featherston are gathering up to date SLED information.   95% of the information on PPD buildings has been gathered and hand sketched on paper drawings.  Transfer of SLED information from the hand sketched format on paper to AutoCad format is temporarily stopped until a replacement draftsman is found.  The most recent PPD estimate of SLED completion in arc-flash-ready format is 30%. 
Although the SLEDs are important and progress is being made, correct arc flash calculations depend on the circuit breaker interrupting the circuit according to their specifications.  Many of the circuit breakers on site have not had periodic maintenance done according to manufacturer’s instructions.  In some cases it is possible that the breakers will not open at specified current levels or within the specified trip times.
Recommendations for Near Term Arc Flash Hazard Management
The near term recommendations are intended to do what we think is possible to increase the level of safety without incurring the larger costs expected in the long-term goals.  Some of the efforts already underway are critical to the success of the program, and are included as the first four items in the list.  
· Continue verifying existing circuits and updating SLEDs with the goal of including all the information necessary to perform arc flash calculations.
· Continue to require permits for manipulative energized work. 
· Continue to install voltage indicator lights or other visual indicators such as windowed disconnects on panels and disconnect switches for new installations and retrofits where appropriate to improve worker safety.
· Continue to follow the NFPA 70E tables until better information is available from Arc-Flash calculations and the panels are labeled with the calculated Hazard Risk rating.  Engineering studies have found that the NFPA 70E tables in some cases will either over or under protect the worker when compared to detailed arc-flash calculations for a specific location in the distribution system.  This can result in requiring additional unnecessary bulky PPE for workers when the tables over protect the worker and not enough PPE when the tables under protect the worker.  
· Accelerator Division and PPD should select a sampling of key circuits and run arc flash calculations on those circuits.  This will start the process and give the D/S/Cs valuable insight on how to carry out the effort, determine the cost, etc.  If possible, circuits should be selected to include the most hazardous locations and those locations where it is suspected the calculations will suggest Hazard/Risk Categories other than those given by the tables. 
· Initial input into the power system software can be directly from the existing SLEDs.  Building the initial subset of placeholders in the software will allow more straightforward additions or changes to the calculations as information becomes available.  Conservative generic values might initially be used until actual manufacturer, model numbers, and time settings from the field are determined.  The alternate method is to do the arc flash calculations on a given circuit only after all necessary information is gathered on the SLED. 
· Each D/S/C should ensure that all new construction, major renovations, and modifications to the electrical distribution system should include SLEDs with all parameters necessary for arc flash calculations as part of the as-built package.  This is recommended for the near term because the ESS feels we do not want to fail to get this information at a time when it is most cost effective to obtain.
· Consider infrared survey and visual inspection of most electrical gear such as that performed by contract on Computing Division equipment.
Recommendations for Long Term Arc Flash Hazard Management
In the long term, an ideal arc flash protection program has labels on circuit breaker panels, switchgear, motor control centers, and other panels which show hazard/risk category based on up-to-date arc flash calculations, which in turn are based upon accurate SLEDs and maintained electrical distribution equipment.   Recommendations for the long term follow.
· FESS should prepare to be able to provide the range of available fault current and fault clearing times at the secondary of the 13.8kV transformers to the D/S/Cs.
· A strict policy whereby the D/S/C is responsible for SLED and Panel Legend documentation of any additions or modifications and these must be reflected in an updated SLED and panel label.  Laboratory management may elect to make this responsibility more centralized and include a centralized permit process before work is performed.  A centralized group may be more proficient and will provide consistency.
· A group central to the Laboratory, authorized to use ETAP, SKM, or similar software, for performing and verifying arc flash calculations and keeping records current.   Alternately, an outside contractor may be used for this purpose. 
· An electrical equipment maintenance program which includes documentation that devices such as overcurrent protection devices are maintained in accordance with the manufacturers’ instructions or industry consensus standards. 
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