
Screening Results for General Issues: Pre-GI-018,  
“High-Energy Arc Faults Involving Aluminum” 

 

Enclosure 1 

A generic issue (GI) is a well-defined, discrete technical safety or security issue for which the 
risk and/or safety significance can be adequately determined in a timely manner.  In accordance 
with Management Directive 6.4, “Generic Issues Program,” a proposed GI must meet all of the 
seven screening criteria listed below in order to proceed to the assessment stage.  This 
enclosure lists each criterion, followed by an explanation of whether the proposed GI meets 
each criterion. 

1. The issue affects public health and safety, the common defense and security, or 
the environment.  For issues that are not amenable to quantification using risk 
assessment, qualitative factors may be developed and applied as necessary to 
assess safety/risk significance. 

Based upon recent high energy arc fault (HEAF) test results, the Office of Nuclear Regulatory 
Research (RES) has identified a potential issue in existing nuclear power plants (NPPs) that 
have electrical equipment that includes components made of aluminum in areas where a high 
energy arc fault (HEAF) can occur.  The presence of aluminum can create a more energetic 
plasma arc, which can transport high energy gaseous particles and plasma farther than 
previously assumed, thereby causing larger damage scenarios to nearby electrical equipment. 
Recent testing demonstrated that the area damaged around the faulted equipment containing 
aluminum (referred to as the “zone of influence” (ZOI)) was larger than postulated in the current 
methodology for HEAF analysis.  Therefore, existing analytical models supporting plant specific 
fire safety analyses may be non-conservative for those plants having aluminum components 
where HEAFs are postulated to occur. 

Based on test results, the staff has concluded that plants having aluminum components in areas 
where HEAFs are postulated to occur could experience potentially larger damage areas than 
the currently analyzed ZOI.  The larger ZOI may include critical components needed to mitigate 
the consequences of an accident or safely shutdown the plant.  However, the staff does not 
currently have enough information to estimate the increase in the ZOI in which components will 
be damaged and lose their function.  Plant specific information regarding the components that 
are within the extended ZOI is necessary for the staff to accurately assess the safety 
significance of this issue, and to better estimate the increase in risk, e.g. core damage 
frequency (CDF). 

Based upon the results from these recent tests, the GIRP finds that there is sufficient evidence 
to substantiate a potential increase in risk for those plants having aluminum components in 
electrical equipment in areas where HEAFs are postulated to occur. 

• Therefore, the GIRP concludes the proposed GI meets screening criterion 1. 
 
 

2. The issue applies to two or more facilities and/or licensees/certificate holders, or 
holders of other regulatory approvals. 

RES staff conducted a literature search of nuclear facilities to determine if there are facilities 
using aluminum components in areas susceptible to HEAFs. The staff also received preliminary 
information from NEI that identified aluminum components in some plants (ML17165A140). 
Based on this information the RES staff identified instances in multiple plants where aluminum 
is being used as a material for bus duct enclosures and components within electrical switchgear 
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equipment 480 volts and above.  Based upon the number of facilities using aluminum, the GIRP 
finds it likely that aluminum can be found in areas susceptible to HEAF in more than one facility. 

• Therefore, the proposed GI meets screening criterion 2. 
 
 

3. The issue is not being addressed using other regulatory programs and processes, 
existing regulations, policies, or guidance. 

The NRC staff uses existing regulations and guidance to ensure nuclear facilities are 
adequately protected against fires and explosions.  NRC inspectors use these regulations and 
guidance to perform audits and inspections to ensure the licensees are in compliance with 
existing regulatory requirements, e.g., physical separation requirements described in 10 CFR 
50, Appendix R, “Fire Protection Program for Nuclear Power Facilities Operating Prior to 
January 1, 1979.”  

Currently, there are ongoing research activities involving the international nuclear community 
confirming the effects of HEAFs.  However, the new issue of HEAFs involving aluminum is not 
being addressed by any current programs or processes.  There are no staff activities associated 
with the modification of any existing fire protection guidance or regulations to address the 
potential effects of HEAFs involving aluminum components. 

• Therefore, the proposed GI meets screening criterion 3. 
 
 
4. The issue can be resolved by new or revised regulation, policy, or guidance. 

Because the presence of aluminum in and around electrical equipment, where HEAFs are 
postulated to occur, can increase the ZOI, the staff must review and possibly change existing 
regulations or guidance to ensure adequate safety is being maintained.  Possible resolutions for 
this issue could include the NRC requesting licensees to assess the location and amount of 
aluminum components currently installed in electrical equipment in areas of their plants 
susceptible to HEAFs, for licensees to reanalyze their existing plant configurations to determine 
whether there is additional risk due to the extended ZOI, and for licensees to take appropriate 
corrective actions. 

• Therefore, the proposed GI meets screening criterion 4. 
 
 

5. The issue’s risk or safety significance can be adequately determined in a timely 
manner (i.e., it does not involve phenomena or other uncertainties that would 
require long-term study and/or experimental research to establish the risk or 
safety significance). 

If a HEAF occurs in the presence of aluminum, significantly more energy is released, resulting in 
an increased ZOI compared to the ZOI assumed in the existing models.  How much the ZOI 
increases has not been adequately determined.  In addition, the staff has not determined 
whether the increase in the ZOI will adversely affect additional safety-related components or risk 
significant components in the vicinity of the HEAF.  Qualitatively, the staff concluded that the 
risk of a HEAF involving aluminum could potentially increase the plant's core damage frequency 
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(CDF) for some fire scenarios based on a larger damage footprint or ZOI.  However, any 
increase in risk will be highly scenario dependent and highly influenced by room configuration. 

The staff proposes a step-by-step process to evaluate the risk and safety significance.  The first 
step has two main activities: 1) determine the extent of condition in current plants with respect to 
the presence of aluminum in areas HEAFs are postulated to occur, and 2) estimate the increase 
in ZOI and potential risk due to the presence of aluminum.  Obtaining the necessary information 
will require some additional cooperation from the nuclear industry.  The staff has already 
received preliminary information from NEI that identified aluminum components in some plants. 
In addition, the NRC will need the subsequent change in core damage frequency/large early 
release frequency estimated using the licensee’s probabilistic risk assessment, which will 
include existing and modified HEAF models.   

With this detailed information, the staff and licensees should be able to assess if there is a 
change in risk that would be of concern.  The next step, should the GI need to proceed to this 
step, is to obtain more experimental data in order to confirm on how much the ZOI will increase 
with the presence of aluminum.   

Based upon this two-step approach, the staff should be able to adequately determine the risk 
and safety significance from the presence of aluminum in areas where HEAFs are postulated to 
occur. 

• Therefore, the proposed GI meets screening criterion 5. 
 
 

6. The issue is well defined, discrete, and technical. 

HEAF events are defined as highly energetic or explosive electrical faults, characterized by a 
rapid release of energy in the form of heat, light, and pressure due to high current arcs between 
energized electrical conductors or between energized electrical components and neutral or 
ground.  The high temperatures associated with the HEAF vaporize the aluminum particulates, 
causing a significantly larger release of energy and materials.  The pressure wave produced 
during HEAF events may cause ejection of plasma, vaporized metal, and projectiles from the 
electrical component of origin and cause additional fires and equipment damage, not only in the 
originating electrical equipment, but also in any nearby external exposed combustibles. 

Under a Nuclear Energy Agency program, recent HEAF testing was conducted by the NRC staff 
in collaboration with other countries and with the U.S. National Institute of Standards and 
Technology.  The results show that the ZOI for HEAFs involving components made of aluminum 
could be significantly greater than the ZOI specified in NUREG/CR–6850 (EPRI 1011989), 
“EPRI/NRC-RES Fire PRA Methodology for Nuclear Power Facilities, Volume 2: Detailed 
Methodology.”  Therefore, the current ZOI assumed for a HEAF may not be appropriate to use 
to ensure adequate safety in areas where aluminum components are present. 

The GIRP finds that the issue and the research related is well defined, discrete, and technical. 

• Therefore, the proposed GI meets screening criterion 6. 
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7. Resolution of the issue may involve review, analysis, or action by the affected 
licensees, certificate holders, or holders of other regulatory approvals. 

As specified above, the presence of aluminum in an area where a HEAF event may occur can 
cause a significant increase in the ZOI.  The NRC needs to know the location and amount of 
aluminum components being used in electrical equipment in existing nuclear facilities in order to 
assess whether a HEAF event with aluminum could adversely impact current plants.  Due to the 
increased ZOI, affected licensees would need to reevaluate their current plant configurations to 
determine if any additional critical components will be damaged during a HEAF event and the 
significance of this damage.  The NRC staff would need to review the licensee’s evaluations of 
any affected areas of the plants to ensure adequate safety margin is being maintained.  
Additionally, the NRC staff would evaluate whether changes to existing regulations and 
guidance are necessary. 

• Therefore, the proposed GI meets screening criterion 7. 


