Review and Approval of Electrical Equipment 
and Installations


The goal of the program for review and approval of electrical equipment and installations is to ensure that approved equipment is free from reasonably foreseeable risk due to electrical hazards. This program applies to all equipment built, acquired, or brought onto the Brookhaven National Laboratory (BNL) site by workers, guests and contractors, when the equipment will be connected to a source of electrical power. 

Introduction
Electrical equipment and installations are acceptable at BNL only if approved, that is, acceptable to the Authority Having Jurisdiction (AHJ). The AHJ for electrical matters at BNL is the Laboratory Electrical Safety Committee (LESC), represented in the field by the Laboratory Electrical Safety Officer (LESO). The LESC has designated a group of Electrical Equipment Inspectors (EEIs), and given them the authority to review and approve electrical equipment and installations within the Laboratory on their behalf. While electrical equipment includes any physical device connected to a source of electrical power, devices connected to electrical sources below 50 volts are generally exempt from detailed review. 

Approval is straightforward for equipment bearing the seal of a Nationally Recognized Testing Laboratory (NRTL), such as Underwriters Laboratories, Inc. (UL) or the Canadian Standards Association (CSA). Go to the Nationally Recognized Testing Laboratory (NRTL) Web site for a list of acceptable NRTLs. Please note that the generic CE mark is a European self-certification applied to a product by a manufacturer or vendor who declares that their product complies with European standards. The CE mark does not represent a third-party product evaluation and is not comparable with the NRTL listing. 

OSHA requires that NRTL-labeled equipment must be acquired whenever labeled equipment is available, even if similar unlabeled equipment can be used. OSHA allows for approval of custom-made equipment or related installations, if equipment is determined to be safe for its intended use by its manufacturer, on the basis of test data, which the employer [BNL] keeps and makes available for inspection. 

There are cases where the above pathway cannot be followed. These include cases where BNL manufactures equipment or causes the equipment to be manufactured in accordance with a specification, non-listed or foreign equipment is acquired to perform a unique experimental function in support of the Laboratory’s scientific mission, and continued use of legacy equipment - some from vendors long out of business. The LESC deals with such issues through NEC Article 90.4, which allows the authority having jurisdiction (AHJ) to waive specific requirements in this Code or permit alternate methods that ensure equivalent objectives can be achieved by establishing and maintaining effective safety. The alternate method lies in a graded approach to approval of all electrical equipment and installations by the EEIs who devote increased attention to review of non-NRTL equipment. 

Electrical Equipment Inspector Qualifications
The process to become an EEI is straightforward. The qualification for becoming an EEI is a minimum of ten years combined schooling/experience with electrical/electronic system design and/or electrical system construction/ installation/inspection/safety. In addition, proposed EEI’s attend an overview training presentation and are evaluated in the field while being accompanied by approved EEI’s during inspections. The EEI’s qualifications and completion of necessary training is reviewed by the Laboratory Electrical Safety Committee (LESC) and if appropriate, final approval is given by the LESC for the EEI to begin inspections without being accompanied by another approved EEI. Another path to be qualified to become an EEI is to become an LESC approved Local Inspectors or Chief Electrical Inspector working under the Electrical Materials and Equipment Installation Inspection program.
Review by Electrical Equipment Inspectors
The desired result of an AHJ electrical equipment inspection is that the approved equipment is free from reasonably foreseeable risks due to electrical hazards. The EEI process has inherent limitations since inspections are limited in scope, they are relatively brief, and there is no significant device testing – certainly not to destruction. EEI review concentrates on determining that equipment is appropriately enclosed so personnel are not exposed to energized parts, that metal parts of the enclosure are bonded and grounded, and that the equipment is afforded adequate overcurrent protection. EEI approval does not indicate total conformance with all applicable standards, nor does it indicate quality, reliability or functionality. EEI approval indicates that the equipment appears to meet minimum safety criteria; the equipment should not cause a shock, burn, or fire if used properly; the equipment is examined to the extent indicated on the inspection form; and the equipment is permitted to be connected to the BNL electrical system. Note that the equipment review by the EEI applies to a final configuration, and does not apply when personnel gain access to the equipment for maintenance or troubleshooting, or when equipment is relocated or modified. EEIs are allowed to approve modifications to NRTL equipment if the modification has been approved by the Department Manager/designee and, in their opinion, the modification does not diminish the safety of the equipment. 

Under the BNL electrical equipment approval program, trained and qualified EEIs use a checklist (see the BNL Checklist for Review and Approval of Electrical Equipment) to guide and document their review. The checklist used during the review process is an outline. The actual scope of the EEI review may be more extensive, at the discretion of the EEI. Such expansion of activity, while providing minimum documentation, is recognized in electrical codes, as in NEC Article 90-1(c) which states, “This Code is not intended as a design specification nor an instruction manual for untrained persons.” An EEI must apply professional judgment to performing a standards-based inspection or hazard-based inspection, as appropriate. In a standards-based inspection, usually applied to new equipment, there is verification that 

· The product conforms to an applicable standard; 

· There is enforced consistency among all products; and 

· The inspection criteria are determined by the standard. 

A hazard-based inspection 

· Allows making judgments about the safety of a product even though it may not totally conform to a standard; 

· Allows for a realistic analysis within the confines of a given location or equipment situation; 

· Follows criteria determined and documented by the EEI, and can be applied to existing in-service equipment. 

EEI review must be independent, like that of an NRTL, and credible when viewed by a third party. Any appearance of conflict of interest must be avoided. There is no requirement that an EEI provide a design solution; the burden of conformity with accepted standards is on the equipment owner, not the EEI. Regarding standards, there is no need to justify the content of the NEC or any other standard, just a requirement to follow the provisions of the standard. Issues involving any dispute can be referred to the LESO for resolution. Also, EEIs must be aware that even though an item is a recognized component, it does not mean that it is automatically acceptable for any use, and relatively standard items are used in unique ways in research projects. Technical assistance is available to any EEI having questions regarding equipment approval. The EEI should include as much subject matter expert input as deemed necessary, and certain equipment approvals may require guidance by members of the Laboratory’s scientific community. 

Following the Process 
Equipment Reference Number. Apply permanent individually numbered bar code stickers to all electrical items used within the Laboratory. The labels include the two-letter designation of the organization performing the review and a unique identification number.

Equipment Name. Electrical equipment may be items of commercial or industrial equipment, and may be contained in a chassis, rack, panel, console, cage, room, or building. Identify the equipment by name and use. The equipment may be a commercial product used on a benchtop or in a rack, or the equipment may consist of a rack or room full of power supplies, capacitors, or triggered-discharge electronics that can be reviewed and approved as an entity.

Equipment Origin. Identify the origin of the equipment. The inspected item(s) may be commercial off-the-shelf (COTS), commercial catalog items constructed when ordered, items constructed according to BNL specification, equipment built in-house by BNL workers, or devices brought to the Laboratory by scientists or others. The equipment may be of domestic or foreign origin. 

Equipment ID Number. All equipment must bear an identification label. Commercial equipment must have an identifying product and/or serial number. 

Cognizant Group. There is some person or group that is responsible for each item of equipment at BNL. This cognizant group “owns” the equipment, is responsible for obtaining equipment approval from the EEI before operating new equipment, and is responsible for informing the EEI upon any changed equipment configuration. 

Equipment Inspection Checklist. The written EEI checklist is relatively brief. Items to be considered by the EEI performing the inspection are explained, in part, in notes attached to the review form. Electrical equipment that is energized at BNL 50 volts ranges B and above 

· Must be enclosed to protect workers from the hazards of electrical shock and arc flash, and to contain fire or pieces that could be violently expelled; 

· Must have exposed metal parts of the enclosure bonded and grounded; and 

· Must have overcurrent protection as appropriate. 

Other equipment inspection guidance may be used at the discretion of the EEI. 

Actions Following Equipment Review. Following the equipment review, the EEI enters a summary of the inspection results in the “comments” section of the review form, briefly describing the installation and noting any restrictions on use or operational limitations of the equipment. The EEI should especially note deficiencies that support rejecting the equipment. (Note that equipment approval by an EEI applies to a finished, enclosed, grounded, item or installation with appropriate overcurrent protection, ready for its intended use. The EEI is not the owner of the equipment, is not responsible when equipment is disassembled for maintenance or troubleshooting, and is not responsible when equipment is relocated or used for another purpose.)

The EEI next applies a colored sticker in addition to the equipment reference number to indicate equipment approval status. The stickers are initialed by the EEI and indicate the following status: 

	Green
	Approved

	Yellow
	Conditional Approval (as documented on the review form)

	Blue
	NRTL (for items which have been approved by an NRTL

	Blue
	DNA/NIS (does not apply/not in system)

	Red
	Rejected 



A copy of the checklist should be provided to the user of the equipment. The user should be informed that unauthorized modifications to the equipment after the approval are not permitted and that the colored sticker on approved equipment, which is no longer used for its intended purpose, should be removed. 

Reports of the equipment and installation review by an EEI is entered into a computer database that is permanently filed and managed within the EEI’s organization. A copy of the approval checklist is forwarded to the LESO for review and possible challenge. The organization files must be continually accessible to the LESO for purposes of review and possible use in satisfying reporting requirements. 



Additional Comments on Areas for EEI Review 
General Instructions
1. All equipment at BNL must be approved, that is, acceptable to the AHJ. Approval is straightforward for equipment bearing the seal of an NRTL. OSHA requires that equipment listed or labeled by a Nationally-Recognized Testing Laboratory (NRTL) be acquired whenever labeled equipment is available, even if similar unlabeled equipment can be used. NRTLs include Underwriters Laboratories (UL), Canadian Standards Association (CSA), and Factory Mutual (FM). A list of NRTLs may be found at the Nationally Recognized Testing Laboratory (NRTL) Web site.

2. Section 1910.303, General Requirements, allows for approval of custom-made equipment, if equipment is determined to be safe for its intended use by its manufacturer on the basis of test data that the employer [BNL] keeps and makes available for inspection by the Assistant Secretary of Labor and his authorized representatives. 

3. Other equipment may be determined to be acceptable for use at BNL through the process of review and approval by Electrical Equipment Inspectors (EEI). It is suggested that equipment approvals involving complex issues be reviewed by the Laboratory Electrical Safety Officer (LESO). 

4. For multiple units by a reputable vendor, one item will be inspected and the remaining database entries will reference the initial items. Some items, i.e., those constructed in-house by a variety of technicians over an extended time period, will be individually inspected


The additional comments below are a partial list meant to assist a qualified EEI in the equipment approval process. 
Equipment Must Be Enclosed
Equipment enclosure is the first barrier to personnel contact with energized parts, or to the effect of an internal failure. The enclosure can be a small box, a chassis, a rack, or a room. The enclosure must be complete and not damaged, of appropriate design and construction, made with appropriate material, have no open knockouts, and it should not be possible to insert the UL 508 “finger” and come into contact with energized parts. Covers must remain in place during normal use and during routine maintenance, and be removable only through use by a tool or removing a lock. The equipment should have an electrically "dead" front panel with no parts accessible energized over 50 volts and with 5 mA or 10 J (instantaneous) available. Enclosures that are accessible without using tools must have interlocks that remove power to accessible parts. 

Additional items for EEI consideration include

· Equipment design that includes consideration of the available short circuit and ground fault current. 

· Intended use of the enclosure: indoors or outdoors, dry or wet environment, etc. 

· Enclosure of parts to contain the effects of arcing, heating, and explosion. 

· Separation is provided between wiring and components operating at different voltages. 

· Conductors (and insulation) are protected from damage by inadequate bending radius, over crowding, and location near moving parts within equipment and at termination points. 

· Workmanship, integrity of electrical equipment and connections. 

· Any condition that would adversely affect the safe operation or mechanical strength of the equipment, such as damaged, corroded, or overheated parts. 

Exposed Metal Parts Must Be Bonded and Grounded
All noncurrent-carrying metal must be properly bonded, with bonding wires securely terminated. Bonding and grounding wires must be properly sized in accordance with Article 250 of the National Electrical Code. The equipment grounding conductor must be run with the circuit conductors.

Overcurrent Protection Must Be Appropriate for Intended Use
Properly sized and installed overcurrent protection, appropriate for the configuration of the circuit and equipment. 

Additional Considerations
1. NRTL equipment that has been modified may no longer be acceptable. The user should consult with the EEI prior to the modification to determine whether additional examination is required. Modifications that "void the listing" are those that may have safety consequences, for example, alterations to the enclosure, the addition of special wiring or custom-made accessories, or substitution of original parts during equipment repair. 

2. The equipment or the installation must provide means for implementing lockout/tagout. For equipment containing components capable of storing energy, consider devices arranged to automatically remove the stored energy upon equipment shutdown. Consider adding front-panel indication of the presence of input voltage above 50 volts ac, to allow simplification of zero-voltage verification during lockout/tagout. Also associated with lockout/tagout, consider possible effects from other sources of power (pneumatic, etc.) upon loss of electrical energy to the equipment. 

3. Nameplates applied to electrical equipment can be helpful in identifying the equipment name, manufacturer, voltage, and current (or power) ratings. The information might also include drawing number references for non-commercial equipment, operational restrictions and limitations, and identification of any significant hazards. 
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