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ELECTRICAL SAFETY IN DESIGN FINAL REPORT

Electrical mishaps have resulted in injury and death to Service members as well as DoD
Civilians and Contractors. Electrical installation and equipment fires have been the primary
contributor to property loss in deployed environments as well as in Civilian occupied buildings
CONUS. New technologies and applications, including solar photovoltaic power systems,
tactical microgrids, and electrical vehicles will increase exposure to electrical hazards to a
broader range and greater number of untrained workers and warfighters. Safe design is critical to
protect them, as well as our facilities and equipment. Using proven safe design strategies, the
DoD Electrical Safety Working Group (ESWG) developed safe design tools to guide design,
evaluation for acceptance, and acquisition for DoD’s equipment, facilities, ships, solar
photovoltaic systems, and electric vehicles to reduce the probability of failure. Work was
completed between November 2012 and September 2015.

An example of the impact of safe design is the ground fault circuit interrupter (GFCI); since the
technology has been integrated into portable tools and appliances in the USA, electrocutions
have decreased 70%. DoD’s new Electrical Safety in Design tools will have similar impact.
Formatted as checklists, each has been vetted by technical experts as well as contracting
organizations, and has been successfully tested on actual projects. Requirements which form the
basis of each checklist are based on Codes and Standards and DoD and Services guidance in
force in 2014. The checklists have been successfully integrated into specifications,
procurements, design evaluations, and acceptance testing, and are already in use by the Military
Services and Defense Agencies.

By assuring that electrical systems and equipment are designed to function effectively in
the environments of use, safety in design is an important contributor to the likelihood of
mission success. Members of the ESWG are grateful for the support and interest of the Defense
Safety Oversight Council and the DoD Personnel Readiness leadership that fostered the
development of the safe design products and enhanced electrical safety in DoD, the Military
Services, and Defense Agencies. The products include:

A: Equipment
e Appendix A-1: Electrical Safe Design of Equipment Checklist
e Appendix A-2: DoD and Services Requirements Specific to Electrical Safety in Design
for Equipment
e Appendix A-3: Electrically Safe Equipment Links -- Worldwide Listings Websites
e Appendix A-4: Safe Electrical Equipment Worldwide

B: Facility Electrical Systems
e Appendix B-1: Business Case for Electrically Safe Design of Facilities
e Appendix B-2: Technologies that Reduce Likelihood of Injury from Electrical Hazards
Including Shock, Arc Flash, and Fire
e Appendix B-3: Electrical Safe Design of Facilities Checklist
e Appendix B-4: Electrical Safe Facility Design, Reliability, and Maintainability Checklist
e Appendix B-5: Facility Electrical Systems Inspection Checklist
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Appendix B-6: Importance of Quality Assurance for Equipment and Systems Critical to
FElectrical Safety

C: Watercraft

Appendix C-1: Watercraft Electrical Safety Requirements, Policies, and Instructions
Appendix C-2: Watercraft Electrical Safety Design, Reliability, and Maintainability
Checklist

Appendix C-3: Design Options for Watercraft Electrical Systems to Reduce Electrical
Hazards and Improve Operability

Appendix C-4: Applying Lessons Learned from Land-Based Systems to Watercraft Safe
Electrical Design

Appendix C-5: Watercraft LED Lighting

D: Electric Vehicle (EV)

Appendix D-1: Electric Vehicle Safety Resources for Electrical Safety in Design
Appendix D-2: Electric Vehicle Safe Design Checklist

Appendix D-3: Electric Vehicle Battery Charger Safe Design Checklist
Appendix D-4: Safety Considerations for Electric Vehicles

E: Photovoltaic Arrays (Solar Farms)

Appendix E-1: Electrical Safety on Solar Farms
Appendix E-2: Solar Photovoltaic Electrical Safe Design Checklist
Appendix E-3: Solar Photovoltaic Electrical Hazard Evaluation Checklist

Along with the safe design products, the ESWG developed:

Electrical hazard awareness training for non-electrical workers — important because most
electrical fatalities occur to those who are not trained electricians.

An electrical mishap investigation form to guide collection of information needed to
identify the causes beyond human factors. The form is available at:
https://navalforms.documentservices.dla.mil/web/public/home.

Since its inception in 2009, ESWG members have also contributed to technical solutions for
important issues:

Assisted the Joint Staff in creating guidance for safe interface with low hanging electrical
distribution lines, and developed hazard specific electrical safety awareness training for
forces deployed in Afghanistan.

Refocused man pack radio research to include antenna insulation to prevent further
electrocutions to deployed forces.

Developed the Electrical Hazard Classification Mobile Application e-Tool, found at the
following link: http://apps.ctc.com/esafe-pro/, to allow identification of previously
unrecognized electrical hazards in equipment, weapon systems, and facilities, as well as
provide specific guidance for work control for both Civilian and Military applications.
Analyzed and identified cause of over 1,000 DoD electrical mishaps and developed
specific prevention strategies.
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e Reviewed technical content and requirements of 18 electrical safety military services
technical and policy documents, some of which were decade’s old, and provided
recommendations to document owners to reflect current requirements and effective
practices for safe electrical work.

e Identified deficiencies in Military Services’ and Defense Agencies’ programs for
technical training of electrical workers and electricians, and developed appropriate
training materials.

In addition to specific product development assignments, ESWG members met monthly via
teleconference to discuss mishaps and lessons learned related to existing as well as emerging
technologies, share best practices, and learn important electrical safety requirements and
practices. Nationally renowned experts participated, as well as guest speakers. Monthly topics
addressing emerging electrical safety issues and associated best practice solutions included:
Training; Electrical Safety in Design; Batteries; Personal Protective Equipment (PPE); Codes,
Regulations, and Guidelines; Mishap Reporting; Equipment; Facilities; Maritime; Photovoltaic
Systems; Microgrids; and Overhead Power Lines. Technical presentations and materials
presented between 2010-2014 have been archived on a SharePoint site maintained by Concurrent
Technologies Corporation (CTC). Access to the site is available by contacting the WG chairs:
Ms. Nancy Vyas, the U.S. Army Research Laboratory (ARL), Adelphi, MD,
(nancy.h.vyas.civ@mail.mil), or Ms. Joy Erdman, Naval Safety Center Pentagon Liaison Office,
Washington, D.C. (joy.erdman@navy.mil).

An active ESWG membership included representatives from Military Services and Defense
Agencies, other government agencies, industry, and experts from the private sector.
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ESWG Working Group Organizations

Army

e Army Forces Command, 11™ Signal Brigade,
Fort Hood, TX

e Army Logistics Readiness Center

e Army South

e Headquarters, Department of the Army
(HQDA)

e Mobile Electric Power Project: U.S. Army

e U.S. Army Armament Research, Development
and Engineering Center (ARDEC)

e U.S. Army Communications-Electronics
Command (CECOM)

e U.S. Army Communications-Electronics
Research Development and Engineering
Center (CERDEC)

e U.S. Army Corps of Engineers (USACE)

e U.S. Army Cyber Command
(USCYBERCOM)

e U.S. Army Installation Management
Command (IMCOM)

e U.S. Army Natick Soldier Research,
Development and Engineering Center
(NSRDEC)

e U.S. Army Network Enterprise Technology
Command (NETCOM)

e U.S. Army Prime Power School and deployed
military electricians

e U.S. Army Research, Development, and
Engineering Command (RDECOM)

e U.S. Army Research Laboratory (ARL)

e U.S. Army Safety Center

e U.S. Army Training and Doctrine Command
(TRADOC)

e U.S. Army Training Support Center (ATSC)

Marine Corps

e U.S. Marine Corps Base Camp Lejeune, NC

e U.S. Commandant, Marine Corps Headquarters
CMC Safety Division (CMC SDSAFETY)

e U.S. Marine Corps Installations East
(MCIEAST)

e U.S. Marine Corps Training and Education
Command (TECOM)

U.S. Navy

Naval Education and Training Command
(NETC)

Naval Facilities Engineering Command
(NAVFAC) (Headquarters, Southwest Region
and Public Works)

Naval Facilities Engineering and
Expeditionary Warfare Center, Port Hueneme,
CA

Naval Safety and Environmental Training Center
Naval Sea Systems Command (NAVSEA)
Naval Submarine Base (SUBASE), Kings Bay,
GA

Naval Surface Force Atlantic (SURFLANT)
Naval Surface Forces, U.S. Pacific Fleet
(SURFPAC)

Naval Surface Warfare Center (NSWC) Dahlgren
Division

U.S. Fleet Cyber Command (FCC)

Naval Construction Battalion Forces
(“SEABEES”)

Naval Fleet Readiness Center Southwest
Commander, Naval Air Force Atlantic
Military Sealift Command (MSC)

Naval Safety Center

Puget Sound Naval Shipyard and Intermediate
Maintenance Facility, Bremerton, WA

Air Force

U.S. Air Force Civil Engineering Support Agency
(AFCESA)

U.S. Air Force Institute of Technology (AFIT)
Civil Engineer School

U.S. Air Force Joint Base Charleston Support
Squadron Force Support Squadron (FSS) 628th
U.S. Air Force Reserve Command (AFRC) U.S.
Air Force Safety Center (AFSEC)

U.S. Air Force Vandenberg Air Force Base (AFB)

Electrical Safety In Design Final Report
September 2015






ESWG Working Group Organizations (continued)

DOD and Defense Agencies

Army and Air Force Exchange Service
(AAFES)

Assistant Secretary of Defense (OSD) for
Operational Energy Plans and Programs
Defense Commissary Agency (DeCA)
Defense Contract Management Agency
(DCMA)

Defense Information Systems Agency (DISA)
Defense Logistics Agency (DLA)

DoD Civilian Expeditionary Workforce, Task
Force POWER

DoD Fort Meade

DoD Washington HQ Services (WHS)

Office of the Under Secretary for Personnel
and Readiness

U.S. Army Logistics and Readiness Center
(LRC)

Other Organizations

Accident Prevention Services

AVO Training Institute

CapSchell Inc.

Concurrent Technologies Corporation (CTC)
Electric Vehicle Training and Operations
Services

Energy Facilities Contractors Group (EFCOGQG)
members

Electrical Safety Group, Inc.

Evans Safety Systems

Huntington Ingalls Industries

MG Energy Solutions LLC

National Electrical Contractors Association
Praxis Corporation

University of Alabama at Birmingham

Other Federal Agencies

Department of Energy (DOE) HQ

DOE Los Alamos National Laboratory (LANL)
General Services Administration (GSA)
National Institute for Occupational Safety and
Health (NIOSH)

National Institute of Standards and Technology
(NIST)

U.S. Department of Labor, Occupational Safety
and Health Administration (OSHA) National
Office

U.S. Department of Labor OSHA Training
Institute

United States Coast Guard (USCG)
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Appendix A-4
Safe Electrical Equipment Worldwide

*IMPORTANT USER NOTE: This document was created in 2014 and is based on information
and guidance in force in 2014. It provides an overview of the development of electrical equipment
safety. It also guides U.S. workers in the USA and abroad as to how best determine if locally obtained
electrical equipment is electrically safe for use.

BACKGROUND

DoD and the Services operate throughout the world, and there is often a need to purchase
equipment. The DoD Electrical Safety Working Group, with the assistance of nationally
recognized experts, conducted research to identify global electrical equipment safety
requirements, as well as processes that can be used to identify safe equipment in key
manufacturing countries and regions. Counterfeit equipment, an issue in many areas of the
world, is also addressed. Three major elements of electrical equipment safety are analyzed:
requirements of individual countries or regions, international standards, and testing and
certification and/or accreditation processes. Safe Electrical Equipment Inspection Programs and
Markings were identified for countries in several geographic regions:

e North America — USA, Canada, Mexico

e Central and South America — Argentina, Brazil, Chili, Venezuela

e Europe — Denmark, European Union (EU), France, Germany, Italy, Netherlands, Norway,
Russia, Spain, Sweden, Switzerland, United Kingdom

e Asia - China, Hong Kong, India, Israel, Japan, Korea, Malaysia, Saudi Arabia, Singapore,
Taiwan, Thailand

e Oceania — Australia, New Zealand

e Africa— Nigeria, South Africa

MAJOR ELEMENTS OF ELECTRICAL EQUIPMENT SAFETY

Electrical equipment safety applies to electrical consumer products, industrial electrical systems
and components, and power distribution and utilization. The safety of electrical equipment
depends on three key elements: national or regional (e.g., EU) requirements, standards, and
testing and certification.

There are literally thousands of standards worldwide dealing with various aspects of electrically
safe design and assembly requirements. The oldest requirements, standards organizations, and
testing laboratories date back over 100 years in a very few countries including the United States
(US), the United Kingdom, Germany, and Japan. From 1880 to about 1970, evolution of
equipment safety standards was localized by country and less than 15 countries had strong
programs. By the 1970s, an international effort for standardization in requirements, testing, and
approval methods began and accreditation of testing and certification laboratories was instituted.

Electrical equipment safety, as a universal requirement in the workplace of technologically
advanced countries, began around 1970 with the creation of government organizations focused
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on workplace safety such as the Occupational Safety and Health Administration (OSHA) in the
US. OSHA'’s Nationally Recognized Testing Laboratory (NRTL) program, started in 1970 and
formalized in 1981, selects and monitors NRTLs as third party inspectors. The EU mandate,
started in the 1980s, allows manufacturers to self-certify; the marking is CE. The EU is moving
toward third party testing by providing accreditation for testing labs. Countries in other regions
have developed safe equipment testing and certification programs as well. Less developed third
world countries have begun to implement electrical equipment standards in the last 10 or 20
years, mostly with the help of globally active testing and certification organizations such as UL
(USA), Intertek (UK), and TUV SUD (Germany).

Most electrical equipment standards and their enforcement has been focused on the workplace.
The USA requires that all equipment used in the workplace be safe. Safety is designated by
NRTL markings. DoD and Services purchasers must select NRTL-Listed equipment, even
though it may be more expensive, as its quality of design, assembly, and materials have been
tested to assure safety for the user. In most countries, few requirements to enforce the safety of
consumer electrical equipment have been promulgated. In the US, the Consumer Protection
Bureau, working with law enforcement partners, stop unfair and fraudulent business practices by
collecting complaints, conducting investigations, and suing or arresting companies or people that
break the law.

SAFETY MARKS FOR ELECTRICAL EQUIPMENT

The best insurance of safe equipment is: 1) purchase from a reputable and well established
manufacturer, 2) purchase of a safety certified device that bears a recognized safety logo, and 3)
use of the equipment as intended. ALL equipment that has been inspected and certified for
safety has a safe equipment logo or safety mark embedded on the equipment, generally on the
back.

Safety marks assure that equipment is safe for INTENDED use. For example, equipment which
is designed and evaluated to be used indoors in the US is not “guaranteed” to be safe for use
outdoors. A device evaluated and determined safe for use in the US may not be so in Europe.
Equipment use criteria, including location and environmental factors, is found on accompanying
manufacturer’s literature or technical manual.

There may be well over 100 safety marks for electrical equipment. Each country determines
which testing laboratories (and associated safety marks) are recognized. Often, countries
clustered geographically recognize each other’s safe equipment symbols. The US, Canada, and
Mexico are an example of a regional cooperation in recognition of safe equipment. A power tap
or strip manufactured for use in the US bearing a UL label can be assumed safe for Canada and
Mexico as well; the label does NOT assure it to be safe for use in Europe, Asia, or Africa.

There are several countries and regions in which the DoD and the Services have an active
presence; recognized testing laboratories and their safety marks by country are presented in
Appendix A: Testing Laboratories And Their Safety Marks By Country. Equipment bearing
markings shown in Appendix A can be considered safe for use as intended. As testing
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organizations are reviewed periodically, it is important to note that this report is accurate for
2014, and must be reviewed for accuracy after five years.

THE CE MARK

Starting in the late 1990s, the countries in and around Europe adopted the “CE Mark” as a means
to indicate that a product complies with the safety and consumer protection requirements of the
European Laws and Directives. This mark was intended to facilitate free trade within the
European Economic Area (EEA) countries. The CE mark is not a safety certification; it’s the
manufacturer’s “self-declaration” of compliance, and not an independent third party’s
certification. In the US and Canada, the CE mark by itself does not demonstrate compliance
with any safety standards. Therefore, in the US, electrical equipment purchased and used in the
workplace bearing the CE mark must also bear an additional and acceptable safety mark.

For equipment purchased outside the US, particularly in third world countries, the CE mark may
be the only safety mark on the equipment. An independent analysis by the DoD Electrical Safety
Working Group in 2014 showed it preferable to select equipment with the CE mark over that
with no equipment marking. However, that device must be inspected and approved by the
Authority Having Jurisdiction (AHJ) for intended use to assure its safety. (Refer to the
appropriate Service electrical safety program manual to learn more about the AHJ, who is
designated by the Commander.)

TESTING LABORATORIES WITH MAJOR WORLDWIDE COVERAGE
Testing laboratories with a significant international presence include:

e Intertek, the largest tester of consumer goods in the world, headquartered in the United
Kingdom, founded in 1888, with 38,000 employees, offices in 100 countries, more than
1000 facilities

e TUV SUD, headquartered in Germany, founded in 1866, with 19,000 employees, offices
in 47 countries, 800 facilities

e UL, headquartered in the US, founded in 1894, with 12,000 employees, offices in 39
countries, serves 104 countries, 230 facilities

A listing of countries with electrical equipment safety requirements and the testing laboratories
which each recognizes is found in Table 1, following. The list is not complete, but provides an
idea of the scope of product safety worldwide. For each country, the dominant recognized
testing laboratories are listed first, if any, followed by global product safety organizations.
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Table 1: Countries With Electrical Equipment Safety Requirements And Their Recognized Testing Laboratories

NORTH AMERICA

CENTRAL AMERICA CARIBBEAN SOUTH AMERICA EUROPE MIDDLE EAST AFRICA ASIA OCEANIA
United States Costa Rica Aruba Argentina European Union Bahrain Algeria Bangladesh Australia
UL Intertek Intertek Intertek CE Intertek Intertek Intertek CoA
CSA Guatemala The Bahamas UL CCA Eqgypt Angola TUV SUD CoC
FM Intertek Intertek Bolivia D TUV SUD Intertek UL RCM
MET Honduras Curacao Intertek EAC Georgia Benin Cambodia Intertek
NSF Intertek Intertek Brazil ENEC Intertek Intertek Intertek UL
WH Nicaragua Puerto Rico Inmetro Nemko Kuwait Cameroon China Guam
CS Intertek Intertek Intertek ECM Intertek Intertek CCC Intertek
Intertek Panama St. Eustatius TUV SUD Azergaijan Oman Cote d’lvoire CQC New Zealand
TUV SUD Intertek Intertek UL Intertek Intertek Intertek Intertek CoA
Canada Trinidad Chili Austria TUV SUD Djibouti TUV SUD CoC
CSA Intertek Intertek TUV SUD Qatar Intertek UL RCM
Intertek US Virgin Islands Colombia Belarus Intertek Equatorial Guinea Hong Kong Intertek
TUV SUD Intertek Intertek STB TUV SUD Intertek Intertek UL
UL Ecuador UL Saudi Arabia Eqgypt TUV SUD Papua New Guinea
Mexico Intertek Belgium Intertek Intertek UL Intertek
NOM Peru Intertek TUV SUD Gabon India
Intertek Intertek TUV SUD United Arab Emirates Intertek BIS/ISI
TUV SUD Uruguay Boshia/ Herzegovina Intertek Ghana STQC
UL Intertek TUV SUD TUV SUD Intertek Intertek
Venezuela Bulgaria UL Kenya TUV SUD
Intertek Intertek Uzbekistan Intertek UL
Croatia Intertek Liberia Indonesia
TUV SUD Intertek Intertek
TUV SUD
Czech Republic Libya
Intertek Intertek Japan
TUV SUD Malawi JISC
Denmark Intertek JET
Demko Mauritius JIS
Intertek Intertek PSE
TUV SUD Morocco VCCI
UL Intertek Cosmos
Finland Mozambigue Intertek
Fimko Intertek TUV SUD
Intertek Nigeria UL
France Intertek Kazakhstan
Intertek Senegal Intertek
TUV SUD Intertek Malaysia
UL South Africa Intertek
Germany Intertek TUV SUD

Appendix A-4: Electrical Safety in Design Final Report
Safe Electrical Equipment Worldwide

Version 1.0
July 2014

4






Table 1: Countries With Electrical Equipment Safety Requirements And Their Recognized Testing Laboratories (cont.)

NORTH AMERICA CENTRAL AMERICA CARIBBEAN SOUTH AMERICA EUROPE MIDDLE EAST AFRICA ASIA OCEANIA
TUV SUD TUV SUD Pakistan
GS Tanzania Intertek
VDE Intertek Philippines
Intertek Tunisia Intertek
UL Intertek TUV SUD
Greece Uganda Singapore
Intertek Intertek SAFETY
TUV SUD Intertek
Zambia
Hungary Intertek TUV SUD
Intertek UL
TUV SUD
South Korea
Italy KC
Intertek KETI
TUV SUD Intertek
UL TUV SUD
The Netherlands UL
Intertek Sri Lanka
TUV SUD Intertek
UL TUV SUD
Norway UL
Nemko Taiwan
Intertek RPC
Poland DoC
Intertek Intertek
TUV SUD TUV SUD
UL UL
Portugal Thailand
Intertek Intertek
Romania TUV SUD
Intertek Vietnam
TUV SUD Intertek
Russia TUV SUD
GOST-R
EAC
Intertek
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Table 1: Countries With Electrical Equipment Safety Requirements And Their Recognized Testing Laboratories (cont.)

NORTH AMERICA CENTRAL AMERICA CARIBBEAN SOUTH AMERICA EUROPE MIDDLE EAST AFRICA ASIA OCEANIA

TUV SUD
Serbia
TUV SUD
Slovakia
TUV SUD
Spain
Intertek
TUV SUD
UL
Sweden
Semko
Intertek
TUV SUD
UL
Switzerland
Intertek
TUV SUD
UL
Turkey
Intertek
TUV SUD
UL
Ukraine
Intertek
TUV SUD
United Kingdom
Intertek
Kitemark
TUV SUD
UL
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ACCREDITATION OF TESTING LABORATORIES

To be considered legitimate, a Testing Laboratory must be accredited. Accreditation is a formal,
independent verification that the laboratory meets established quality standards and is competent
to carry out specific conformity assessment tasks, including: testing, inspection, or certification.

The four primary international organizations that form a unified system for evaluating and
recognizing competent accreditation bodies worldwide are:

Asia Pacific Laboratory Accreditation Cooperation (APLAC)
International Laboratory Accreditation Cooperation (ILAC)
International Accreditation Forum (IAF)

Pacific Accreditation Cooperation (PAC)

Symbols for these organizations are shown following. These symbols do not represent safe
equipment markings.

These organizations are identified as “cooperations” because they have agreed to cooperate with
one another by adhering to a common set of accreditation criteria and to undergo periodic onsite
evaluation to determine ongoing compliance with ISO/IEC Standard 17011, General
Requirements for accreditation bodies accrediting conformity assessment bodies (CABS).

Other important accreditation services around the world include:

e United Kingdom Accreditation Service (UKAS)
e Japan National Laboratory Accreditation (JNLA)

There is a global movement to harmonize with the eventual goal of one certification standard to
identify safe equipment, but differences between standards still exist. As a result, multiple
certifications are still required. That’s one reason that equipment may bear many markings; it
indicates that the device is safe for use in many places. In some areas of the globe, particularly
those with active trade, there has been regional cooperative development of common standards,
accreditation processes, and equipment testing, approval, and certification processes. Examples
of regional cooperation include the EU (including the CE mark), the US and Canada, and Pacific
Rim organizations.

Internationally, electrical safety standards are predominately stewarded by the International
Electrotechnical Commission (IEC) and the International Organization for Standardization (1SO).
The IEC System of Conformity Assessment for Electrotechnical Equipment and Components
(IECEE) is the International Commission on the Rules for the Approval of Electrical Equipment
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and is a standardization body of the IEC. The IEC uses the name IECEE for the IEC System for
Conformity Testing and Certification of Electrical Equipment and Components, known as the
Certification Body (CB) Scheme.

The CB Scheme is an international network of product certification organizations in more than
50 countries around the world. Its purpose is to allow a common recognition of quality. The CB
Scheme identifies testing laboratories throughout the globe whose standards and practices assure
a common standard of quality and accuracy for testing and reporting. This is important for
organizations operating internationally, such as DoD, as it assures that those designated member
testing laboratories have processes and procedures to identify safe equipment. The CB Scheme
also benefits product manufacturers and distributors engaged in international trade by providing:

e A single point of product testing for efficient global market access

e Global acceptance of test reports leading to national certification in CB Scheme member
countries

e Unilateral acceptance of test reports in many developing countries that are not yet
participating in the CB Scheme

Each country that participates in the CB Scheme has one or more testing laboratories accepted by
the IECEE as a National Certification Body (NCB). Sixty five (65) National Certification
Bodies support the CB Scheme with 276 CB test labs. UL is one of the largest and most active
CB Scheme members, and operates four NCBs in different countries and over 50 CB Testing
Laboratories to provide local service with global coverage. The IECEE website
(http://www.iecee.org/) contains comprehensive information, and may assist in identification of
recognized testing laboratories and their safe equipment markings in 56 member countries:
Argentina, Australia, Austria, Bahrain, Belarus, Belgium, Brazil, Bulgaria, Canada, China,
Colombia, Croatia, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary,
India, Indonesia, Iran, Ireland, Israel, Italy, Japan, Kazakhstan, Kenya, Korea, Libya, Malaysia,
Mexico, Netherlands, New Zealand, Norway, Pakistan, Poland, Portugal, Romania, Russia,
Saudi Arabia, Serbia, Singapore, Slovakia, Slovenia, South Africa, Spain, Sweden, Switzerland,
Thailand, Turkey, Ukraine, United Arab Emirates, United Kingdom, USA, and Vietnam.

In Appendix A, Testing Laboratories And Their Safety Marks By Country, safe equipment
markings of several countries in the CB scheme are shown. The markings, which identify each
testing laboratory, assure the electrical safety of products which bear the marking IF the product
is used as intended.

COUNTERFEIT PRODUCTS

A vast and growing problem in ascertaining the safety of electrical equipment is counterfeit
electrical equipment. “Counterfeit” is something made in exact imitation of something valuable
or important with the intention to deceive or defraud. In the case of counterfeit electrical
equipment, it is the safety and certification process that is counterfeited.
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The gain to the producer of the counterfeit equipment is to produce the equipment at low cost
due to minimal or no safety features and no testing and certification, yet maintain a false
appearance of safety and certification.

Counterfeiting is an international problem. The primary targets are the UL and CE marks. There
are major efforts to fight counterfeiting both by UL in the US and by the EU for the CE mark.
Controlling products bearing CE markings is the responsibility of public authorities in the EU’s
Member States, in cooperation with the European Commission. Citizens may contact national
market surveillance authorities if the misuse of the CE marking is suspected or if a product's
safety is questioned. The procedures, measures, and sanctions applying to counterfeiting of the
CE marking vary according to the respective Member State's national administrative and penal
law. Depending on the seriousness of the crime, economic operators may be liable to a fine and
in some circumstances, imprisonment. However, if the product is not regarded as an imminent
safety risk, the manufacturer may be given an opportunity to ensure that the product is in
conformity to the applicable legislation before it is obliged to take the product off the market.

The first question any consumer asks when hearing about the potential for products bearing
counterfeit certification marks is, "How can | tell?" Both UL and the EU have mechanisms in
place to ensure that the UL and CE marking is put on products correctly and is valid. UL has
recently developed a hologram marking that can be identified as legitimate by viewing it through
a credit-card sized device provided by UL.

Fortunately, based on UL's experience, a very small percentage of goods have been discovered
bearing counterfeit UL marks. If it appears that a product may have a counterfeit UL mark, it is
prudent to contact UL immediately by e-mailing anticounterfeiting@us.ul.com or calling +1-
877-UL-HELPS (1-877-854-3577).

UL also recommends the following considerations purchasers should keep in mind to avoid
counterfeit products:

e Only shop with retailers you know and trust.

e Be wary of products found at deep discount stores that are packaged in boxes that don't
display the brand, product name, or a certification mark on the box or the product itself.

e Look for a reputable certification mark on the box and product, such as the UL mark, to
decrease your odds of buying potentially hazardous products. The mark should appear
valid.

e Do not purchase electrical products from flea markets or other temporary venues that do
not allow for product returns.

e If the price of the product is significantly lower than similar products, it may be because
substandard, cheap materials were used in its manufacture. Beware!
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APPENDIX A

TESTING LABORATORIES AND THEIR SAFETY MARKS BY COUNTRY
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Electrically Safe Equipment Markings
USA

Equipment bearing one of these labels has engineering controls assured by Nationally Recognized Testing Laboratory (NRTL) listing
NRTLs are third-party organizations Recognized by OSHA as having the capability to provide Product Safety Testing and Certification

services to manufacturers of a wide range of products for use in the American workplace.
The following are the NRTLs recognized by OSHA for electrical equipment available at: https://www.osha.gov/dts/otpca/nrtl/nrtimrk.html

[y

SBe @ @ @e o o s

gﬂ. g N%‘C H{(#) us cu@ us e ﬁ% =us

Canadian Standards . International Association of Plumbing and
Association (CSA) Curtis- Straus LLC (CSL) FM Approvals (FM)

Mechanical Officials EGS (IAPMO)

i @a Mark used through August2015
Wareck Brsey Wermack Hersey - Womock Hersey “MET: e ' ’
DODMEEE @ 6 e OD

Intertek Testing Services NA, Inc.

Wil ey .
SR original MET mark

MET laboratories, Inc. (MET) NEMKO-CCL (CCL) NSF International
(ITSNA) (NSF)
Old SGS Certification Mark
@a Used through August 2018
s e
P 7 SGS {?-i)tw R! B

QAI Laboratories, LTD(QAI) QPS Evaluation Services Inc.  SGS North America, Inc. Southwest Research Institute

T @"’«‘, A M M

LISTEDN LISTED

TUV Reinland of North America, Inc. TUV SUD America Inc. Underwriters Laboratories

TUV SUD Product
Services GmbH
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Uz

= lentela

Certified

In 2004, Entela, Inc. was acquired by the
parent company of Intertek (ITSNA).

i

Applied Research Laboratories, Inc. (ARL),
recognition was terminated, effective 1/2/2008,
supplemental information:
https://www.osha.gov/dts/otpca/nrtl/ONLRsup
pl-info.html.

R

) NRTL
g ismen

w?/

T

TUV Rheinland - NRTL previously used mark above
but ceased authorizing on or about January 2000.

Other U.S. Markings — Terminated

NRTL organizations which are no longer recognized by OSHA. Equipment inspected prior to the datenoted is considered safe.

..-
cti
NRTL

Electrical Reliability Services, Inc. (ERS) formerly Electro-Test, Inc.
(ETI), recognition was terminated, effective 6/23/2008.

Wyle Laboratories (WL), recognition was terminated, effective
8/24/2011

4y

National Technical Systems, Inc. (NTS) recognition
expired, effective 6/21/2012
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Electrically Safe Equipment Markings
Canada

Electrical equipment must bear evidence of either a mark or a label of a certification agency accredited by the Standards Council
of Canada: http://www.esasafe.com/assets/files/esasafe/pdf/Sample Bulletins/2-7-29.pdf

:
sp c APPROVED @ @ ‘

- ol yme
c el.b oV c - 1 ~ c(.“)
—_— c us Cartified %‘Nn e
Intertek

ENte

Nemko c®ug

[ELECTRICAL c_/—’_/—’_/

CERTIFIED

<
NEMKO-CCL (Communication
Certification Laboratory )

0 @o .09

cation SGS Electrical & Electronics ~ QPS Evaluation
Services Inc (QP¢

BEAB
Approved

Intertek
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Electrically Safe Equipment Markings
France, Spain, Italy, Germany and UK

Equipment bearing one of these labels has Engineering Controls assured by listing. Link to List of Recognized Certification Bodies
(RCBs) for Electrical Products: http://www.emsd.gov.hk/emsd/eng/pps/electricity reg rc.shtml#litaly

Intertek

@"’“""c

' Tw = S S
geprifie _.l G
| .'gn“nn‘ﬂh N Scnm\ it 1

@®®@ce

. Germany other EU  France, Germany
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Electrically Safe Equipment Markings
Russia

On February 15, 2013 the national Russian certification system GOST R and national Russian technical regulation “On Safety of Machinery
Equipment” was withdrawn. Equipment manufactured prior to that date can be considered safe. Simultaneously, the new Customs Union

Technical Regulation for most electrical products was enforced in Russia, Belarus and Kazakhstan.
Conformity Testing marks indicate acceptance of safe equipment tested by other laboratories .

O ERL

Russian Gost-r mark , also known as the Mark of Conformity Eurasian Conformity Mark (EAC) Mark of Conformity. The Mark is
GOST R certificates were valid until March 15, 2015. After that, analogous with the European Union’s CE mark for product safety.
the new EAC mark must be used.

€Y G\

Intertek

Ex

Mandatory for any electrical equipment

Intertek SGS Rostock Ltd TUV SUD Product Services

GmbH ; ) )
that is to be operated, or installed, in
hazardous areas and potentially
explosive atmospheres.
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Electrically Safe Equipment Markings
Australia

Australia with all the states/territories commenced the Electrical Equipment Safety System (EESS) on 01
March 2013. Conformity Testing marks indicate acceptance of safe equipment tested by other laboratories .

British Standards Institution UL International - Australia

€l

"L TED

Intertek

: Testing Services of Australia

tory Compliance Mark (RCM), the single compliance
1 Australia commenced on 1 March 2013.

A-6

Appendix A-4: Electrical Safety in Design Final Report
Safe Electrical Equipment Worldwide

Version 1.0

July 2014






Electrically Safe Equipment Markings
Japan, Singapore, Korea, Taiwan, and China (Asia)

Conformity Testing marks indicate acceptance of safe equipment tested by other laboratories

(<

Intertek
China Compulsory Intersect Testing Services, TUV SUD (Singapore & TUV Rhineland (China & Korea KC Mark
Certificate requires Singapore Japan) Japan) replaced the EK

testing at accredited Mark in 2009.

laboratories in China

SGS ’JET Q

)

BSMI Mark, Taiwan, MET Taiwan SGS Safety PSE Mark is mandatory for Japan under the Electrical Appliances
Electrical Testing Certification Service and Material Safety Law. Japan Electrical Safety and
Center Environment Technology (JET) Laboratory, refer to:

http://www.jet.or.jp/en/

= 2. |8

Certification of Photovoltaic Modules covered by the Certification of circuit breakers for residences, refer to:

Certification Scheme are c_rystalllne s_|||con and thin-film http://www.jet.or.ip/en/products/breaker/index.html
PV modules which are designed and intended to be

installed in terrestrial PV power generation systems.
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Electrically Safe Equipment Markings
Indonesia, Qatar and Turkey

Indonesian National Standard (abbreviated SNI) is nationally applicable in Indonesia, http://www.snicertificate.com/ and a CB
Scheme participating country. Turkey is an IECEE CB Scheme participating country. CB Scheme Conformity Testing marks indicate
acceptance of safe equipment tested by other laboratories The Qatar General Organization for Standards and Metrology (QGOSM)

recently issued rules regulating the import and sales of certain electrical appliances,
http://www.intertek.com/uploadedFiles/Intertek/Divisions/Oil _Chemical and Agri/Media/pdfs/Qatar-Exporter%20Guidelines-

English.pdf .
Intertek
TUV Rheinland Indonesia Intertie Indonesia Société Générale De Surveillance S.A., (SGS)
Indonesia

Intertek
SGS Turkey TUV Rheinland Turkey Intertek Turkey
Intertek
Intertie Qatar SGS Qatar TUV SUD Middle East, Qatar
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Electrically Safe Equipment Markings
Nigeria and South Africa

In January 2013, the Standards Organisation of Nigeria (SON) Conformity Assessment Program (SONCAP) officially released a new SONCAP
process with a completely revised conformity assessment structure, link: http://son.gov.ng/soncap/. In South Africa the regulator is the
South African Bureau of Standards (SABS), https://www.sabs.co.za/.

SGS €Ib

Intertek
SGS Inspection Services . . L
- Intertek Nigeria TUV Rheinland Nigeria
Nigeria
ses QP
Intertek South Africa
SGS South Africa Intertek South Africa TUV SUD South Africa TUV Rheinland South Africa
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Appendix A-1
Electrically Safe Design of Equipment Checklist

Purpose: This checklist identifies minimum safe design requirements for engineered controls
that mitigate exposure of users to electrical hazards which can result in equipment device
failure, fire, as well as injury or death by equipment users.

Requirements: Occupational Safety and Health Administration (OSHA) 29CFR 1910.303
through 1910.308, 1910.334 through 1910.335; and 1926.403 through 1926.408 for
construction; National Fire Protection Association (NFPA) 70, the National Electric Code
(NEC); MIL-HDBK-454 Rev. B or latest version, Department Of Defense Handbook: General
Guidelines For Electronic Equipment; DA Pam 385-26: The Army Electrical Safety Program.

Applicability: This checklist is a statement of requirements for use by acquisition
professionals as part of the request for proposal (RFP) and purchasing activity, by
equipment designers and fabricators during development, and by safety
professionals/evaluators evaluating equipment for acceptance. It is applicable to equipment
that uses or generates electrical current, including batteries.
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Electrically Safe Design of Equipment Checklist

Equipment Make and Model:

Date of Design Review:

Reviewer Name:

Job Title:

Email:

Phone #:

Requirement Review Criteria Mil Spec Legal Requirement
Review all Markings and Has all COTS electrical equipment been listed and certified to a MIL-HDBK-454B Guideline 1, 29 CFR 1910.303(a),
Documentation look for commercial standard by a Nationally Recognized Test Laboratory Safety Design Criteria- Approval and 29 CFR

o  Approvals for safety or
standards (worldwide)

(NRTL) (e.g., Underwriter's Laboratories (UL), Canadian Standards
Association (CSA), or TUV Rheinland (TUV))?

aNRTL?

Does COTS equipment which has any modifications been recertified by

Personnel Hazards, 4.1 COTS
equipment

1926.403(a); NFPA
70/National Electric Code
(NEC) Article 100, Definitions,
NEC Article 400, Flexible
cords and cables

e Review markings for power
requirements, operating
requirements and/or limitations

Have all guards, barriers, access doors, covers, or plates been marked
to indicate the hazard which may be present upon removal of such
devices?

Is marking located such that it is not removed when the barrier or
access door is removed?

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards, 4.8
Equipment safety markings.

1926.403(i)(2)(iii), Guarding
live parts; NEC Article 110,
Requirements for electrical
installations, working space
and guarding; 1910.303(e)(2),
Marking durability;
1910.305()(3)(iii), Appliances

Does the design provide positive means to prevent the inadvertent
reversing or mis-mating of fittings, couplings, fuel, oil, hydraulic, and
pneumatic lines, and mechanical linkage?

When prevention of mis-mating by design consideration is not feasible,

MIL-HDBK-454B Guideline 1,
4.7.1 Mechanical
interconnection.

NEC Article 314, Outlet,
device, pull and junction
boxes, conduit bodies, and
fittings; NEC Article 604,
Manufactured wiring systems;

1
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Requirement

Review Criteria

Mil Spec

Legal Requirement

is coding or marking employed when approved by the procuring
activity?

NOTE: “Coding and marking will not be approved as a substitute for
proper design or items involving explosive, emergency, or safety critical
systems.”

UL 508A, Industrial control
panels; 1926.403(b),
Examination, installation and
use of equipment

Review markings for hazards
within

Are hazards internal to a unit marked?
NOTE: Such a case would be a high voltage terminal in a group of low
voltage devices.

Are Danger, Warning or Caution, signs, labels, tags, and markings
used to warn of specific hazards such as voltage, current, thermal, or
physical?

Are the signs, labels, tags, and markings permanent as the normal life
expectancy of the equipment on which they are affixed?

Are guards, barriers, access doors, covers or plates marked to indicate
the hazard which may be present upon removal of such devices?

When possible, is marking located such that it is not removed when the
barrier or access door is removed?

Have additional, hazards internal to a unit been marked? (Such a case
would be a high voltage terminal in a group of low voltage devices.)

NOTE: MIL-STD-13231, 5.3.2 “High voltage notice,

“When AC or DC voltage of 500 volts or more (nominal value) is
exposed, including exposure by opening or removal of an access door
or cover, is the following notice marked on the article of equipment:
DANGER-HIGH VOLTAGE VOLTS”

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards, 4.8
Equipment safety markings

NEC Article 110,
Requirements for electrical
installations;
1910.303(e)(1)(ii), Marking
durability; 1926.405(b),
Cabinets, boxes and fittings;
1910.305(b)(2), Covers and
canopies; 1926.405(j),
Equipment for general use;
and 29 U.S.C. § 654, 5(a)1,
OSH Act General Duty
Clause

Special marks

Are physical hazards marked with color codes in accordance with
NEMA Z535.1 where applicable to electronic equipment?

NOTE: Refer to ANSI/NEMA Z535.1 (R2011) at:

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-Personnel

Hazards, 4.8 Equipment safety
markings

1910.335(b), Alerting
techniques; 1910.335(b)(1)
requires the use of safety
signs, safety symbols, or
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Requirement

Review Criteria

Mil Spec

Legal Requirement

http://www.nema.org/Standards/ComplimentaryDocuments/Z535-1-
Contents-and-Scope.pdf

For potentials between 70 and 500 volts, are warning signs, labels, or
tags in accordance with NEMA Z535.3, NEMA Z535.4, or NEMA
Z535.5 and contain the single word "WARNING”, and the maximum
voltage applicable (e.g., 110 Volts AC power)?

For potentials in excess of 500 volts, are warning signs, labels, or tags
in accordance with ANSI/NEMA Z535.3, NEMA Z535.4, or NEMA
Z535.5 and contain the single word "DANGER?”, the descriptive words
“High Voltage” and the maximum voltage applicable (e.g., High Voltage
550 Volts AC power)?

NOTE: Web links, NEMA: http://www.nema.org/Pages/default.aspx
ANSI/NEMA Z535.4 explanation:
http://expediter.com/natm%20pdf%20folder/B%20folder/B9%203%20A
NS1%20535-4.pdf

ANSI/NEMA Z7535.4-2011:
http://www.nema.org/Standards/ComplimentaryDocuments/Z535-4-
Contents-and-Scope.pdf

Review Markings and
Documentation
o Special marks (continued)

Are physical hazards marked with color codes in accordance with
ANSI/NEMA Z535.1, where applicable, to electronic equipment?

Is color coding for safety labels on equipment in accordance with
ANSI/NEMA Z535.4, “Product Safety Signs and Labels"?

MIL-HDBK-454B Guideline 1,
4.8, Equipment Safety Markings,
b.,c.&d.

accident prevention tags to
warn employees about
electrical hazards (e.g.,
electric-arc-flash hazards)
which may endanger them as
required by §1910.145,
Accident prevention signs and
tags; NEC Article 110.16, Arc
flash hazard warning, Article
110.24, Available fault current
field marking; and Article
110.22, Identification of
disconnecting means

Review Markings and

Documentation
e Model numbers and
descriptions

Does electric equipment markings placed on the equipment with the
manufacturer's name, trademark, or other descriptive marking by which
the organization responsible for the product may be identified; and
other markings giving voltage, current, wattage, or other ratings as
necessary?

OSHA 1910.303(e)(1)

1910.303(e)(1), Identification
and manufacturer ratings;
1926.403(g), Marking; NEC
Article 110.21, Markings

Review documentation (manual,

etc.)

e Look for: hazards in operating;
and hazards in opening

Does the design incorporate methods to protect personnel from
accidental contact with voltages in excess of 30 volts during normal
operation?

MIL-HDBK-454B, Guideline 1
Safety Design Criteria-Personnel
Hazards, 4.5.3 Accidental
contact

1910.303(g)(2), Guarding live
parts; 1926.403(i)(2), Working
space; 1926.405(b),
Examination, installation and
use of equipment; NEC
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Requirement

Review Criteria

Mil Spec

Legal Requirement

Article 110.27, Spaces about
electric equipment

Review documentation (manual, etc.), look for:

o Equip. listings and safety approvals; Quality and ease of use of manual; Equip. sufficient to use safely; Good for repair and maintenance? Are

there other hazards besides electrical?

1926.403(b), Electric
equipment general
requirements, NEC Article
110, Requirements for
electrical installations

Review Operational Requirements

o Who will use it?

e Do they need training to use it?

o Are the instructions and
markings sufficient?

o What hazards does the
equipment present to the user?

Are proper instructions given for electrical safety, accident prevention,
emergency procedures and first-aid procedures for all persons
engaged in electrical work to fully inform them of the hazards?

MIL-HDBK-454B Guideline 1, 5.2

Electrical

1926.408(a)(2)(iii),
Equipment isolating means;
1910.332(a-c), Training;
1910.269(a)(2), Training;
1910.269(b)(1), First aid
training and CPR

Are human factors considered when locating and maintaining
equipment?

NOTE: Web link for MIL-STD-1472, DoD Design Criteria Standard,
Human Engineering: http://www.everyspec.com/MIL-STD/MIL-STD-
1400-1499/MIL-STD-1472F 208/

MIL-HDBK-454B Guideline 62,

Human Engineering, 5.1 Human

engineering

NEC Article 110,
Requirements for electrical
installations

Where will they use it?
e Environmental considerations
o Outdoors/indoors,
temperature, humidity,
sand/dirt/moisture, etc.
o Duty cycle, how often?

Are un-mated connectors which may contain electrically "hot" circuits
while in environmentally hazardous areas covered with moisture proof
and vapor proof caps?

NOTE: Standards: MIL-STD-464, Electromagnetic Environmental
Effects, Requirements for Systems web link:
http://lwww.everyspec.com/MIL-STD/MIL-STD-0300-0499/MIL-STD-
464C _28312/; MIL-DTL-26518, Connectors, Electrical, Miniature, Rack
and Panel, Environment Resistant web link:
http://www.everyspec.com/MIL-SPECS/MIL-SPECS-MIL-DTL/MIL-DTL-
26518C_16049/; MIL-HDBK-411, Power and The Environment for
Sensitive DoD Electronic Equipment web link:
http://www.everyspec.com/MIL-HDBK/MIL-HDBK-0300-
0499/MIL_HDBK 411B_2135/

MIL-HDBK-454B Guideline 10,
Electrical Connectors, 4.12
Protective measures.

1910.305(e), Enclosures for
damp or wet locations; NEC
Article 504, Safe systems in
environmentally hazardous
areas; NEC 506.8 (A-J),
Acceptable protection
techniques for electrical and
electronic equipment in
hazardous (classified)
locations; ANSI/IEC Standard
60529, Degrees of Protection
Provided by Enclosures

Other Operational Requirements

Are high voltage circuits and capacitors with discharging devices,

MIL-HDBK-454B, Guideline 1,

NEC Article 460, Capacitors;
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Requirement

o Wil they need to repair or
maintain the device?

o What tools and training do they
need to maintain it?

o Wil they need to carry spare
parts?

e Isreliability an issue?

e How is it powered, local facility
power, generator, or battery, or
both?

Review Criteria Mil Spec Legal Requirement
unless they discharge to 30 volts or less, within two seconds after 4.5.5.1 Automatic discharge 29 CFR 1910.305(j)(6),
power removal? devices Capacitors
Does the design of all electronic equipment provide fail-safe features MIL-HDBK-454B Guideline 1, 4.2 | NEC Article 110,

for safety of personnel during the installation, operation, maintenance,
and repair or interchanging of a complete equipment assembly or
component parts thereof?

Fail-safe

Requirements for Electrical
installations; 1926.416(a),
Protection of employees

Are shorting rods provided with all transmitting equipment where
voltages exceed of 70 volts rms or DC?

MIL-HDBK-454B, Guideline 1,
4.5.5.2 Shorting rods

1910.269(j), Live line tools

External Visual Inspection -
Enclosure

e Are the hazards enclosed?

e Does the enclosure
adequately protect the user
from what'’s inside?

e Does the enclosure
adequately protect the
inside from the
environment?

e |s the enclosure robust?
and

o  Enough for the application
and environment?

Are enclosures designed in accordance with MIL-STD-108, table | for
the degree of enclosure best suited to the application?

NOTE: MIL-STD 108, Basic Requirements for Enclosures for Electronic
Equipment web link: http://www.everyspec.com/MIL-STD/MIL-STD-
0100-0299/MIL_STD_108E_1711/

Reference: MIL-HDBK-454B
Guideline 55, “Enclosures”
establishes criteria for the design
and construction of enclosures.

MIL-HDBK-454B Guideline 55,
4.2 Degree of enclosure.

NEC Article 110.73,
Equipment working space;
1926.403(i)(2), Guarding live
parts; 1910.305(e),
Enclosures for wet or damp
locations; 1910.305(d), Panel
board enclosures;
1910.303(e), Identification of
manufacturer and ratings;
1910.335(b), Alerting
techniques

Are internal clearance and equipment mounting holes of racks and
panels in accordance with EIA/ECA-310, Electronic Component
Association, Cabinets, Racks, Panels and Associated Equipment?

NOTE: Suitable protective measures” are found in MIL-HDBK-454B
Guideline 1, Table 1-II for guards and barriers, enclosures, marking,
interlocks, and discharge devices.

MIL-HDBK-454B Guideline 55,
4.4 Racks and panels.

NEC Article 110,
Requirements for electrical
installations; 29 U.S.C. § 654,
5(a)1, OSH Act General Duty
Clause

Are all contacts, terminals and like devices having voltages greater
than 30 volts rms or dc with respect to ground guarded from accidental
contact by personnel if such points are exposed to contact from
operation, inspection or maintenance?

Are guards or barriers provided with test probe holes where

MIL-HDBK-454B Guideline 1,
4.5.3.1 Guards and barriers.

29 CFR 1910.303(g)(2)
Guarding live parts; NEC
Article 110.27, Guarding live
parts; 1910.269(u)(4),
Guarding of rooms with
electrical supply equipment
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Requirement

Review Criteria

Mil Spec

Legal Requirement

maintenance testing is required?

Does the design incorporate methods to protect personnel from
accidental contact with voltages in excess of 30 volts rms or dc during
normal operation?

MIL-HDBK-454B Guideline 1
Safety Design Criteria-
Personnel Hazards 4.5.3
Accidental contact.

External Visual Inspection -
Grounding

Is there a hazardous shock
voltage inside?
Are there exposed metal parts
on the outside?
If yes to both, how is the user
protected from shock?

o Double insulated or

grounded

If needed, how is the system
grounded?

Does equipment leakage current exceed 3.5 milliamperes dc or rms?

When excessive leakage currents are required by design or operational
requirements, is redundant grounding or double insulation methods
incorporated?

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards 4.5.2.5

Leakage current.

Does the design and construction of equipment, excluding self-powered
equipment, ensure that all external parts, surfaces, and shields,
exclusive of antenna and transmission line terminals, are at ground
potential at all times during normal operation?

Does the design include consideration of ground currents and voltage
limits (possible arcing) established on a basis of hazardous location?

Are antenna and transmission line terminals at ground potential, except
for Radio Frequency (RF) energy on their external surfaces?

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards 4.5.2
Ground.

29 CFR 1926.404(b)(1),
Ground fault protection; UL
943, Ground Fault Circuit
Interruptors; NEC Article 430,
Motor branch circuit short
circuit and ground fault
protection; 1910.304(b)(3),
Ground fault protection;
NFPA 70B, Chapter 29,
Leakage Current Testing;
1910.304(g)(8) and (g)(9),
Methods of grounding fixed
equipment; NEC Article 250,
Bonding and Grounding

Do plugs for use with metal cased portable tools and equipment have
provisions for automatically grounding the metal frame or case of tools
and equipment when the plug is mated with receptacle; and does the
grounding pin make first and break last?

Are ground connections to shields, hinges and other mechanical parts
not used to complete electrical circuits?

Does any external or interconnecting cable, where a ground is part of
the circuit, carry a ground wire in the cable terminated at both ends in
the same manner as the other conductors?

NOTE: Plugs for use with metal cased portable tools and equipment
should have provisions for automatically grounding the metal frame or
case of tools and equipment when the plug is mated with receptacle.

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards, 4.5.2.2
Grounding methods.

1926.302(a)(1), Electric
power operated tools;
1910.242(a), Powered hand
tools - general requirements;
NEC Article 110.54, Bonding
and equipment grounding
conductors; NEC Article 250,
Bonding and Grounding;
|IEEE Standard 142,
Recommended Practice for
Grounding of Industrial and
Commercial Power Systems
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Requirement

Review Criteria

Mil Spec

Legal Requirement

Ground connections to shields, hinges, and other mechanical parts
should not be used to complete electrical circuits. Any external or
interconnecting cable, where a ground is part of the circuit, should carry
a ground wire in the cable terminated at both ends in the same manner
as the other conductors. In no case, except with coaxial cables, should
the shield be depended upon for a current-carrying ground connection.
Static and safety grounds should not be used to complete electrical
circuits.

Are hinges or slides not used for grounding paths?

Do panels and doors containing meters, switches, test points, etc.,
attach or hinged in such a manner as to ensure that they are at the
same ground potential as the equipment in which they are mounted,
whether in a closed or open position?

Does the electrical connection between the door, or panel, and the
system tie point exhibit a resistance of 0.1 ohm or less, and have
sufficient capacity to ensure the reliable and immediate tripping of
equipment overcurrent protection devices?

NOTE: A ground should be considered satisfactory if the electrical
connection between the door, or panel, and the system tie point
exhibits a resistance of 0.1 ohm or less, and has sufficient capacity to
ensure the reliable and immediate tripping of equipment overcurrent
protection devices.

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards, 4.5.2.3
Hinged or slide-mounted panels
and doors.

Except where a conflict with single-point shield grounding guidelines
would be created, is shielding on wire or cable grounded to the chassis
or frame?

Is the shielding secured to prevent it from contacting exposed current-
carrying parts or grounding to the chassis or frame at any point other
than the ground termination?

Does the shielding end at a sufficient distance from exposed
conductors to prevent shorting or arcing between the conductor and the
shielding?

MIL-HDBK-454B Guideline 1,
4.5.2.4 Shielding

Note: Shielding is a way of
isolating current. Shielding
involves electrical and magnetic
protection and insulation involves
physical protection. Shielding
has 0 potential because of
grounding leaving the primary
wire electrically isolated or
shielded.

NEC Article 250, Grounding
and bonding; ANSI/IEEE C2,
National Electrical Safety
Code
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Requirement

Review Criteria

Mil Spec

Legal Requirement

NOTE: MIL-HDBK-419 Grounding, Bonding and Shielding for
Electronic Equipment and Facilities, Volume 1 and 2 sets grounding,
bonding, and shielding applications for electronic equipment and facilities.

Is the ground connection to an electrically conductive chassis, or frame
mechanically secured by soldering to a spot welded terminal lug or to a
portion of the chassis, or frame that has been formed into a soldering
lug; or by use of a terminal on the ground wire and then securing the
terminal by a screw, nut, and lock-washer?

Does the screw fit in a tapped hole in the chassis, or frame; or is it held
in a through-hole by a nut?

When the chassis, or frame, is made of steel, is the metal around the
screw hole plated or tinned to provide a corrosion resistant connection?

When aluminum alloys are used, is the metal around the grounding
screw, or bolt-hole covered with a corrosion resistant surface film only if
the resistance through the film is not more than 0.002 ohm?

Is hardware used for mounting of meters, switches, test points, etc.
grounded whenever possible?

MIL-HDBK-454B Guideline 1,
5.2.3 Grounding to chassis.

1910.334(g), Grounding;
1910.305(b)(1), Conductors
entering boxes, cabinets or
fittings; NEC Article 250,
Grounding and bonding

s electronic equipment to be installed in areas where explosive or fire
hazards exist bonded in accordance with MIL-STD-464,
Electromagnetic Environmental Effects for aerospace systems, MIL-
STD-1310, Bonding, Grounding and Other Techniques for
Electromagnetic Compatibility for shipboard systems, and NFPA 70
(National Electric Code) for facilities, or as otherwise specified in the
equipment specification?

NOTE: MIL-STD 1310 weblink: http://www.everyspec.com/MIL-
STD/MIL-STD-1300-1399/MIL-STD-1310H 20136/

MIL-HDBK-454B Guideline 1, 4.3
Bonding in hazardous areas.

29 CFR 1910.307, Hazardous
(classified) locations;
1926.407, Electrical
equipment for hazardous
locations

External Visual Inspection -
Overcurrent Protection

s there overcurrent protection?

NOTE: MIL-HDBK-454B, Guideline 37, “Circuit Breakers” establishes criteria for the selection and
application of circuit breakers; MIL-HDBK-454B, Guideline 39, “Fuses and Fuse Holders” establishes
criteria for the selection and application of fuses, fuse-holders, and associated hardware.

Is current overload protection provided for primary circuits?

| MIL-HDBK-454B, Guideline 8,

NEC Article 240, Overcurrent
protection, 1926.404(e) and
1910.304(f), Overcurrent
protection; NEC Article 430,
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Requirement

Review Criteria

Mil Spec

Legal Requirement

(Fuse or breaker)
o [fso, is it adequately marked?

Are devices such as fuses, circuit breakers, time delays, cutouts, or
solid-state current-interruption devices used to open a circuit whenever
an overload condition occurs?

Are no overcurrent protective device connected in series with any
conductor which is grounded at the power source unless the device
simultaneously opens all load conductors in the circuit and no pole
operates independently, or as otherwise allowed by the National
Electrical Code, NFPA 707

Are protective devices wired-in equipment connected to the load side of
the equipment power switch (main circuit power disconnect?

For portable equipment, does a separable connector or the attachment
plug and receptacle serve as the main circuit power disconnect? (The
protective device may be on either the line side or the load side of the
equipment on-off switch.)

“Electrical Overload Protection,
4.1.1, Current overload

protection.

Is current overload protection for the equipment provided by fuses or
circuit breakers?

Are circuit breakers not used as switches unless such breakers have
been specifically designed and tested for that type service?

MIL-HDBK-454B, Guideline 8,
Electrical Overload Protection,
4.2.1 Current overload

protection.

Are circuit breakers capable of being manually operated to the ON and
OFF positions?

MIL-HDBK-454B, Guideline 32,
Circuit Breakers 4.2 Manual
operation.

Motors, motor circuits and
controllers

External Visual Inspection - Operation
o Are the controls, lights, readouts, etc. well-marked? Markings in a language that the use can read? Controls suitable for the environment and

application?

1926.403(g), Marking; NEC
Article 430, Marking on
motors and controllers

External Visual Inspection -

Mounting

e s the equipment stand alone?
To be mounted in a vehicle,
rack?

o |If stand alone, is it easy to

Is human engineering applied during development and acquisition of
equipment, and facilities which serves to achieve the effective
integration of personnel into the design of the system?

NOTE: The objective of a human engineering effort is to develop or
improve the crew/equipment/software interface and to achieve required

MIL-HDBK-454B Guideline 62,
Human Engineering, 5.1 Human
engineering

MIL-STD-1472 provides design
criteria which may be selectively
applied as guidance for human

NEC Article 110.13, Mounting
and cooling of equipment; 29
U.S.C. § 654, 5(a)1, OSH Act
General Duty Clause
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Requirement

Review Criteria

Mil Spec

Legal Requirement

move? Handles, lifts, etc.?

If mountable, are there
adequate mounting points? Do
they match the users
equipment?

effectiveness of human performance during system operation,
maintenance and control, and to make economical demands upon
personnel resources, skills, training, and costs.

engineering.

External Visual Inspection -
Environment

From the outside, does the
equipment look suitable for the
environment?

Moisture, temperature, shock
and vibration, etc.

At an ambient temperature of 25°C (77 degrees F), are the operating
temperature of control panels and operating controls no greater than
49°C (120 degrees F) and not less than 12°C (54 degrees F) ?

Does the temperature of other exposed parts subject to contact by
operating personnel not exceed 60°C (140 degrees F)?

Is the temperature of all other exposed surfaces not greater than 70°C
(158 degrees F)?

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards 4.4

Temperature

1910.303(b)(1), Examination,
installation and use of
equipment; NEC Article
455.11, Generator marking

Internal Visual Inspection

Can the equipment be opened?
Not sealed, potted, riveted, etc.
Does opening the equipment
damage it, negate the warranty,
or alter its operational
characteristics?

Does the design incorporate methods to protect personnel from
accidental contact with voltages in excess of 30 volts rms or dc during
normal operation?

MIL-HDBK-454B Guideline 1
Safety Design Criteria-
Personnel Hazards, 4.5.3
Accidental contact

Does the design incorporate methods to protect personnel from
inadvertent contact with voltages capable of producing shock hazards?

MIL-HDBK-454B Guideline 1, 4.5
Electrical

Are all contacts, terminals, and like devices having voltages greater
than 30 volts rms or dc with respect to ground guarded from accidental
contact by personnel if such points are exposed to contact during direct
support or operator maintenance?

Are guards or barriers provided with test probe holes where
maintenance testing is required?

MIL-HDBK-454B Guideline 1,
4.5.3.1 Guards and barriers

1910.303(g)(2),

Guarding live parts;
1910.303(h)(5), Working
space and guarding; NEC
Article 110.26, Clear working
space, NEC Articles 490.32-
33, Equipment over 1,000
volts, guarding energized
parts within a compartment;
490.35, Accessibility of
energized parts; 490.40,
Visual inspection windows

Inspect the internal grounding

How is the power source ground
landed? Adequate?

Are internal metal subsystems
adequately bonded together?

Does the design and construction of equipment, excluding self-powered
equipment, ensure that all external parts, surfaces, and shields,
exclusive of antenna and transmission line terminals, are at ground
potential at all times during normal operation?

Does the design include consideration of ground currents and voltage
limits (possible arcing) established on a basis of hazardous location?

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards 4.5.2
Ground.

1910.304(a)(3), Use of
grounding terminals and
devices; NEC Articles 490.37,
Grounding of devices; and
490.38, Door stops and cover
plates
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Requirement

Review Criteria

Mil Spec

Legal Requirement

Are antenna and transmission line terminals at ground potential, except
for Radio Frequency (RF) energy on their external surfaces?

Except with coaxial cables, is the shield depended upon for a current-
carrying ground connection?

Are static and safety grounds not used to complete electrical circuits?

Does a point on the electrically conductive chassis or equipment frame
serve as the common tie point for static and safety grounding?

Does a point on the electrically conductive chassis or equipment frame
serve as the common tie point for static and safety grounding?

s the path from the tie point to ground a) continuous and permanent?
b. Is there ample carrying capacity to conduct safely any fault currents
that may be expected by internally generated faults?

c. Is impedance sufficiently low to limit the potential above ground and
to facilitate the operation of the over-current devices in the circuits?
and;

d. Does sufficient mechanical strength of the material minimize the
possibility of ground disconnection?

MIL-HDBK-454B Guideline 1,
Safety Design Criteria 4.5.2.2
Grounding methods.

1926.404(f)(7), Supports,
enclosures and equipment to
be grounded (non-current
carrying metal parts);
1926.404(f)(1), Electrical
system grounds;
1910.305(a)(1), Wiring
methods, components and
equipment for general use

Inspect the internal power
management

Is the power source polarized?
If 50, is the polarity handled
correctly internally? i.e., fuse,
switch, etc.

Are the internal wire sizes
appropriate for the power cord
and overcurrent protection?

ls the power adequate for the
device wires, power supply,
etc.?

Are means provided so that power may be cut off while installing,
replacing, or interchanging a complete equipment, assembly, or part
thereof?

Is interface with electrical power sources in accordance with the
applicable regulations or requirements?

If a main power switch is provided, is it clearly labeled as such and cut
off all power to the complete equipment?

Does equipment that utilizes Uninterruptable Power Supplies (UPS)
have provisions to isolate the supply from the equipment?

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards 4.5.1 Power

1926.408(a)(2)(iii),
Interrupting and isolating
devices; NEC Articles 110.6
Field marking and, 110.8,
Working on or near electrical
conductors or circuit parts;
NEC Article 310, Conductors
for general wiring; 1910.333,
Selection and use of safe
work practices

Are by-passable interlocks required when voltages exceed of 30 volts
or are exposed as the result of an access door, cover, or plate being
opened?

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards 4.5.4.1

1910.333(c)(10), Interlocks;
NEC Article 490.42, Interlocks
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Requirement

Review Criteria

Mil Spec

Legal Requirement

Does the bypass device design such that closing the associated door,
cover or plate will automatically open the bypass device and leave the
interlock in position to function normally?

Are visual means provided to indicate when the interlock is by-passed?
Are non-by-passable interlocks required when any voltage is in excess

of 500 volts when exposed as a result of an access door, cover, or
plate being opened?

Interlocks.

Internal Visual Inspection -

Thermal management

o Are there heat producing
components inside, such as
large rectifiers?

o s the device adequately
cooled? Heat sinks, fans, etc.

Does the design and development electronic equipment provide fail-
safe features for safety of personnel during the installation, operation,
maintenance, and repair or interchanging of a complete equipment
assembly or component parts thereof?

MIL-HDBK-454B Guideline 1, 4.2

1910.304(f), Overcurrent
protection

Internal Visual Inspection -

Voltage separation

e Is there any high voltage?
Greater than 600 V?

o s the insulation on high voltage
adequate?

o s there adequate separation
between low voltage and high
voltage?

NOTE: Power sources capable of supplying high current can be
hazardous regardless of the voltage at which they operate because of
the arcing and heat generated if an accidental short circuit occurs.

Are all power buses supplying 25 amperes or over protected against
accidental short-circuiting by tools, jewelry or removable conductive
assemblies? Is this accomplished by one or more of the following: a.
Use of guards and barriers? b. Sufficient space separation to prevent
short circuits? c. Hazard warning - signs and labels?

MIL-HDBK-454B Guideline 1,
5.2.4.1 High current protection.

Do materials conform to Guideline 26, Table 26-I, “Arc Resistant
Materials™?

NOTE: The materials listed have passed the minimum guidelines of
115 seconds when subjected to the arc-resistance test of ASTM D 495
and are listed in approximate order of arc resistance.

MIL-HDBK-454B, Guideline 26,
Arc Resistant Materials
establishes criteria for the
selection and application of arc
resistant materials used for
insulation of electric power
circuits, 4.1 Materials

1910.333(a), Safe work
practices; 1910.333(c)(8),
Conductive apparel;
1910.303(e), Marking, NEC
Article 490, Equipment over
1,000 volts;

Internal Visual Inspection - Stored
energy
o Are there batteries inside?

Capacitors should be selected and applied in accordance with MIL-
HDBK-198.

MIL-HDBK-454B Guideline 2,
Capacitors 4.1 Selection.

NEC Article 460, Capacitors;
NEC Article 480, Storage
batteries
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Requirement

Review Criteria

Mil Spec

Legal Requirement

o Are there capacitors? If so,
determine voltage and energy.

MIL-HDBK-198, Selection and Use of Capacitors web link:
http://www.everyspec.com/MIL-HDBK/MIL-HDBK-0099-0199/MIL-
HDBK-198 21658/

Environment
o Is the equipment inside, suitable
for the environment?

At an ambient temperature of 25°C, is the operating temperature of
control panels and operating controls not greater than 49°C and not
less than 12°C?

Does the temperature of other exposed parts subject to contact by
operating personnel not exceed 60°C and the temperature of all other
exposed surfaces not greater than 70°C?

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards 4.4

Temperature.

NEC Article 110,
Requirements for electrical
installations

Power Source — Batteries

o Determine type of battery, e.g.,
lead-acid, Lithium-ion, etc.

o Are the batteries appropriate for
the environment and use?

o Are the batteries easily
replaceable?

e Are they primary (non -
rechargeable) or secondary
(rechargeable)?

o [f secondary, is the charger
appropriate for the battery
technology?

¢ What are the consequences of
a battery failure?

Do rechargeable batteries conform to MIL-PRF-8565, DOD-B-24541,
MILPRF-49450, DOD-STD-1578, W-B-133, or SAE J537?

Do non-rechargeable batteries should conform to MIL-B-29595, MIL-
PRF-49471, or ANSI C18.1M?

MIL-HDBK-454B, Guideline 27,
Batteries, “establishes the
criteria for the selection and
application of batteries, including
installation and marking criteria.”

MIL-HDBK-454B, Guideline 27,
Batteries , 4.2 Rechargeable
batteries

MIL-HDBK-454B, Guideline 27,
Batteries 4.3 Non-rechargeable
batteries

NEC Article 480, Storage
batteries

Are connections, polarity, minimum acceptable voltage for equipment
operation, nominal voltage, and type(s) of batteries required marked as
applicable in a prominent place on, or adjacent to, the battery
compartment?

MIL-HDBK-454B, Guideline 27,
Batteries 4.4 Installation

marking.

NEC Article 480, Storage
batteries

Power Source — External

(generator or facility power)

o s the power type appropriate?
(voltage, frequency, quality)

o Will power quality affect
equipment operation (voltage
variation, surges, EMI)?

e How is a ground established

Does the design incorporate methods to protect personnel from
inadvertent contact with voltages capable of producing shock hazards?

MIL-HDBK-454B Guideline 1, 4.5
“Electrical.

1910.303(e), NEC Article 445,
Generators

Does the design of the equipment provide personnel maximum access
and safety while installing, operating, and maintaining the equipment?

Does equipment design include provisions to prevent accidental pulling
out of drawers or rack mounted equipment components?

MIL-HDBK-454B Guideline 1, 4.7
Mechanical.

NEC Article 110,
Requirements for electrical
installations; 1910.303(g)(2),
Guarding live parts;
1910.303(b)(1), Equipment
examination; 1910.212,
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through the power source?

How do you hook up the
equipment to the power source?
s plug type, replacement,
adapters, etc., an issue?

Is suitable protection provided to prevent contact with moving
mechanical parts such as gears, fans, and belts when the equipment is
complete and operating?

Are sharp projections on cabinets, doors, and similar parts avoided?
Are doors or hinged covers rounded at the corners and provided with
stops to hold them open?

Machine guarding, general
requirements; NEC Article
250, Bonding and grounding

Is a means provided so that power may be cut off while installing,
replacing, or interchanging a complete equipment, assembly or part
thereof?

s the interface with electrical power sources in accordance with the
applicable regulations or requirements?

If a main power switch is provided, is it clearly labeled?

Does the main power switch cut off all power to the complete
equipment?

Does equipment that utilizes Uninterruptable Power Supplies (UPS)
have provisions to isolate the supply from the equipment?

Are electrical power guidelines for airborne and associated equipment
in accordance with MIL-HDBK-2084 for maintainability requirements
(Failure Mode and Criticality Analysis) for avionic electronics?

NOTE: MIL-HDBK 2084 establishes maintainability design
requirements in military specifications for avionic and electronic
systems and equipment; http://www.barringer1.com/mil_files/MIL-
HDBK-2084.pdf

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-

Personnel Hazards 4.5.1, Power.

MIL-HDBK-454B, Guideline 25,
Electrical Power, establishes
criteria for electrical power.

NEC Article 110,
Requirements for electrical
installations;1910.303(f)(2),
Labeling disconnects;
1910.333(b)(2), Lockout and

tagging

Are electrical power guidelines for shipboard and associated equipment
in accordance with type | or type Il of section 300 of MIL-STD-1399,
Military Standard for Shipboard Systems, Electric Power?

MIL-STD-1399: http://www.everyspec.com/MIL-STD/MIL-STD-1300-
1399/MIL_STD 1399 300A 647/

MIL-HDBK-454B, Guideline 25,
Electrical Power 4.2 Shipboard.

|EEE Standard 45, Standard
for Electrical Installations on
Ships

Is electrical power guidelines for military ground vehicles in accordance

MIL-HDBK-454B, Guideline 25, Electrical Power.3 Ground
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with MIL-STD-1275?

Web link for MIL-STD-1275, Characteristics of 28 Volt DC Electrical
Systems in Military Vehicles: http://www.everyspec.com/MIL-STD/MIL-

vehicles.

MIL-HDBK-454B, Guideline 25, Electrical Power 5.1 Critical fixed
communications and related automatic data processing facilities.

STD-1100-1299/MIL-STD-1275D_5431/

NOTE: MIL-HDBK-411, Power and Environment for Sensitive DoD
Electronic Equipment provides the electrical power guidelines for
critical communications and related automatic data processing
equipment.

Web link for MIL-HDBK-411: http://www.everyspec.com/MIL-
HDBK/MIL-HDBK-0300-0499/MIL_HDBK 411B 2135/

Performing Tests

Consider using an chmmeter to
perform ground continuity tests,
such as:

Plug ground pin to case;
Between internal metal
subassemblies;

Between various discontinuous
metal surfaces on the outside.
Do you need more “acceptance”
tests for the use?

Shock and vibration
Temperature

Overcurrent tests

Does equipment leakage current exceed 3.5 milliamperes dc or rms?
NOTE: When excessive leakage currents are required by design or
operational requirements, redundant grounding or double insulation
methods should be incorporated.

Is silver plated copper wire not used in applications involving Army
missile systems without certification by the wire manufacturer that it
passes the sodium polysulfide test in accordance with ASTM B 298,
Specification for Silver Coated or Soft or Annealed Copper Wire?
(Silver plated copper wire should not be used in conjunction with water-
soluble solder fluxes.)

MIL-HDBK-454B Guideline 1,
Safety Design Criteria-
Personnel Hazards 4.5.2.5

Leakage current.

Is wire stored and handled in such a way to minimize exposure to
moisture?

MIL-HDBK-454B, Guideline 20,
Electrical Hookup Wire 4.1.4
Silver plated copper wire.

NEC Article 250, Grounding
and bonding

s insulating material evaluated under the actual environmental
conditions which apply to the equipment?

NOTE: The breakdown voltage of a given insulating material is
dependent upon electrode size and shape, insulator thickness,
temperature, humidity, rate of voltage application, voltage waveform,
and voltage frequency.

MIL-HDBK-454B, Guideline 45,
Corona and Electrical
Breakdown Prevention 5.5,
Electrical breakdown testing

NEC Article 240, Overcurrent
protection

Tests other than electrical

Pressure, leakage, flow

MIL-STD-1686 provides guidelines for the establishment,
implementation, and monitoring of an ESD control program, including
identification of Electrostatic Discharge Sensitive (ESDS) items,

MIL-HDBK-454B, Guideline 75, Electrostatic Discharge Control

5.1 ESD control program
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Light output
Electric, magnetic, RF fields
X-ray

classification of ESD sensitivity levels, control program elements,
extent of program element applicability to each acquisition, protective
measures to be employed in equipment design, handling, storage, and
packaging of ESDS items, protected work areas, personnel training,
ESD audits and program reviews, and tailoring. Appendix A of MIL-
STD-1686 provides the criteria and procedure for classifying ESDS
parts by test. Appendix B of MIL-STD-1686 identifies and classifies
ESDS items. MIL-HDBK-263 provides guidance for the establishment
and implementation of an ESD control program in accordance with MIL-
STD-1686.

Web link for MIL-STD-1686: http://www.everyspec.com/MIL-STD/MIL-
STD-1600-1699/MIL-STD-1686C 5522/

Reference: MIL-STD-1310, Shipboard Bonding, Grounding, and Other
Techniques for Electromagnetic Compatibility and Safety for
electromagnetic interference problems to ship operation and
performance: http://www.everyspec.com/MIL-STD/MIL-STD-1300-
1399/MIL-STD-1310H 20136/

MIL-HDBK-454B, Guideline 29, “Electron Tubes” establishes
criteria to support the design and testing of electron tube devices

and their application equipment.

Are all electronic or electrical devices capable of producing X-radiation
designed, fabricated, shielded and operated to keep personnel
exposure as low as reasonably achievable?

MIL-HDBK-454B, Guideline 1,
4.6.2 X radiation

1910.1096, lonizing radiation

Notes:
Legal reference are derived from:

a) 29 CFR 1910 and 1926

b) NFPA 70 (National Electric Code (NEC)) & 70E (Standard for Electrical Safety in the Workplace)
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DoD And Services Requirements Specific To Electrical Safety In Design
For Equipment

Document Title

Purpose

UFC 3-560-01, Electrical Safety O&M, 1 May
2012:
http://www.wbdg.org/ccb/DOD/UFC/ufc 3 56

0_01.pdf

Safety requirements for electrical workers
working on electrical equipment or
facilities.

UFC 3-520-05, Stationery Battery Areas, 14
April, 2008:
http://www.wbdg.org/ccb/DOD/UFC/ufc_3 52
0_05.pdf

Design guidance for the design of stationary
battery installations.

MIL-HDBK-454B, 15 April 2007, Department
of Defense Handbook, General Guidelines for
Electronic Equipment,
http://www.everyspec.com/MIL-HDBK/MIL-
HDBK-0300-0499/MIL-HDBK-454B 9167/

Technical baseline for the design and
construction of electronic equipment for the
Department of Defense.

MIL-STD-1285 with Change 1, 10 November
2012, Marking of Electrical and Electronic
Parts
http://www.dscc.dla.mil/Downloads/MilSpec/
Docs/MIL-STD-1285/std1285.pdf

Uniform marking requirements for electrical
and electronic parts.

USACE Design Manual, March 2008,
http://www.hnc.usace.army.mil/Portals/65/doc
s/Directorates/ED/DesingManual/Locked%20
Mar%203%202008%20Design%20Manual.pdf

Design requirements for facility designs,
specifications, design analysis, cost
estimates, systems engineering plans and
associated standards for projects executed
by the Army Engineering and Support
Center

Army TB 385-4, Safety Requirements for
Maintenance of Electrical and Electronic
Equipment, 1 July 2008

Safety precautions for all personnel -
military, civilian, and contractor - who
maintain electrical and electronic equipment
in Army facilities. It specifically excludes
premises wiring and permanently installed
wiring as part of permanent structures. It
excludes power distribution wiring provided
by a utility to the premises.

MIL-STD-108, Basic Requirements for
Enclosures for Electrical and Electronic
Equipment
http://www.wbdg.org/cch/FEDMIL/std108e.pdf

Establishes definitions and basic
requirements for enclosures for
environmental protection of electrical and
electronic equipment
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Document Title

Purpose

UFC 3-501-01 Electrical Engineering, 3 Feb
2012:
http://www.wbdg.org/ccb/DOD/UFC/ufc_3 50

1_01.pdf

Technical requirements for general aspects
of facility electrical design.

UFC 3-560-01, Electrical Safety O&M, 1 May
2012:
http://www.wbdg.org/ccb/DOD/UFC/ufc 3 56

0_01.pdf

Electrical safety requirements applicable to
the installation and operation of electrical
systems.

UFC 3-520-01, Interior Electrical Systems, 1
July 2012 :
http://www.wbdg.org/ccb/DOD/UEFC/ufc_3 52

0 01.pdf

Design criteria for interior electrical systems.

UFC 2-100-01, 15 May 2012, Installation
Master Planning,:
http://www.wbdg.org/ccb/DOD/UFC/ufc_2_ 10

0_01.pdf

Minimum requirements for master planning
processes and products.

UFC 1-201-01, 1 January 2013, Non-
Permanent DoD Facilities in Support of
Military Operations:
http://www.wbdg.org/ccb/DOD/UEC/ufc_1 20

1 _01.pdf

Life safety and habitability-related design
requirements for non-permanent facilities
designed and constructed for use by
Department of Defense (DoD) personnel in
support of military operations.

AR 210-20, 16 May 2005, Real Property
Master Planning for Army Installations,:
http://www.rubiconplanning.com/uploads/AR-
210-20-Real-Property-Master-Planning-for-
Army-Installations.pdf

Defines the real property master planning
concept and requirement and establishes
policies and responsibilities for
implementing the real property master
planning process for Army communities.

MIL-HDBK-454B, 15 April 2007, Department
of Defense Handbook, General Guidelines for
Electronic Equipment,
http://www.everyspec.com/MIL-HDBK/MIL-
HDBK-0300-0499/MIL-HDBK-454B 9167/

Technical baseline for the design and
construction of electronic equipment for the
Department of Defense.

ATP 3-34.40/MCWP 3-17.7, General
Engineering, This publication supersedes FM
3-34.400, dated 9 December 2009

Doctrine for general engineering support, a
multi-service publication with the Marine
Corps.

Department of the Army Pamphlet 385-26,
Army Electrical Safety Program,
http://www.apd.army.mil/pdffiles/p385 26.pdf

Specified safeguarding against the hazards
associated with electrical energy.
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Document Title

Purpose

Introduction to Electrical Conductors, Wiring
Techniques, and Schematic Reading; Cable
Comparison, Guide, NAVSEA 0981-052-8090;
and Design Data Book, NAVSEA 0902-LP-006-
0000

Information on electrical cable used aboard
ship

Electronics Installation and
Maintenance Book (EIMB), General,
NAVSEA SE000-00-EIM-100

Manual for electronics maintenance and
installation. Safety precautions concerning
charging, handling, and storage of batteries.

Naval Electronics Systems Command’s
Electronic Safety Handbook, E0410-AAHBK-
010/00K ELEXSAFE.

Safety handbook for electronics

Navy Electricity and Electronics Training
Series, Module 19, The Technician’s
Handbook,
http://hnsa.org/doc/neets/mod19.pdf

Reference of commonly used general
information, such as electrical and electronic
formulas, color coding, and naval supply
system data.

Army Regulation 56-9, Watercraft, 17 March
2010.

Regulation contains rules affecting
watercraft operations and policies.

Naval Ships Technical Manual (NSTM),
Chapter 300

Chapter provides the necessary framework to
perform work on electrical equipment in a
safe manner.

MIL-E-917, Electric Power Equipment Basic
Requirements

Basic requirements applicable to the design,
materials and construction of Naval
shipboard electric power equipment
(exclusive of communication equipment, fire
control equipment, and electronic equipment,
other than that used in electric power
applications).

MIL-STD-1399-300, Electric Power —
Alternating Current, 24 April 2008
http://www.wbdg.org/cch/FEDMIL/std1399

300b.pdf

Establishes electrical interface characteristics
for shipboard equipment utilizing AC
electric power to ensure compatibility
between user equipment and the electric
power system.

MIL-DTL-16377, Fixtures, Lighting and
Associated Parts; Shipboard Use, General
Specifications for

Covers fluorescent, incandescent lighting
and solid state lighting and associated parts
for detail and general illumination on Naval
ships and submarines.
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Electrically Safe Equipment Links — Worldwide Listings Websites

Country Language Website

*Americas English http://www.canena.org

Argentina Spanish http://www.iram.com.ar

*Australia English http://www.standards.org.au/Pages/default.aspx

New Zealand http://www.austest.com.au

Tasmania http://www.erac.gov.au/rl_t.htm
http://workplacestandards.tas.gov.au/home
http://www.gas.com.au
http://www.standards.co.nz/default.htm

Austria Austrian http://www.ove.at

English http://www.tuev.at/start/browse/Webseiten/TUV%20Austria%20Holding
Belgium Belgian http://www.bec-ceb.be
English http://www.nbn.be

Bosnia ?2? http://www.bas.gov.ba

Herzegovina

Brazil Portuguese http://www.abnt.org.br/default.asp
http://www.abinee.org.br
http://www.cepel.br
http://www.ipt.br

*Canada English http://www.scc.ca

Chili Spanish http://www.inn.cl/portada/index.php
http://www.sec.cl/portal/page

*These host country websites detail their country’s procedures for evaluation of safety of electrical equipment. Equipment bearing
labels (testing lab label) displayed on the safe equipment websites of these countries can be considered comparable to US NRTL

listings and considered safe.
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China Chinese http://www.agsig.gov.cn
Some English http://www.ccc-cn.org/cccindex.htm
http://www.ceprei.org/english/index.html
http://www.cesi.cn/www/en/
http://www.cnca.gov.cn/cnca/
http://www.cgc.com.cn/chinese/index.htm
http://www.hk-si.com
http://www.sac.gov.cn
Columbia Spanish http://www.icontec.org.co/index.php?section=1
Croatia English http://www.hzn.hr/english/indexen.html
Czechoslovakia Czech http://www.cni.cz
Denmark Danish http://www.delta.dk
Some English http://www.ds.dk/en/
Estonia Estonian http://www.evs.ee
Europe English http://www.cbscheme.org/default.html
http://www.cen.eu/cen/pages/default.aspx
http://www.eepca.eu/dev/
http://www.eurolab.org
Finland Finish http://www.sgs.fi
http://www.sesko.fi/portal/fi/
http://www.tukes.fi
*France French http://www.afnor.org
http://www.apave.com/pages-speciales/404.html
http://www.ute-fr.com
*France French http://www.lcie.fr
*Germany German http://www.din.de/cmd?level=tpl-home&contextid=din
English http://www.lga.de
http://www.ptb.de
http://www.vde.com/de/Seiten/Homepage.aspx
Greece Greek http://www.elot.gr
Hungary Hungarian http://www.mszt.hu
Iceland Icelandic http://www.stadlar.is/forsida/
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http://www.hzn.hr/english/indexen.html

http://www.cni.cz/

http://www.delta.dk/

http://www.ds.dk/en/

http://www.evs.ee/

http://www.cbscheme.org/default.html

http://www.cen.eu/cen/pages/default.aspx

http://www.eepca.eu/dev/

http://www.eurolab.org/

http://www.sgs.fi/

http://www.sesko.fi/portal/fi/

http://www.tukes.fi/

http://www.afnor.org/

http://www.apave.com/pages-speciales/404.html

http://www.ute-fr.com/

http://www.lcie.fr/

http://www.din.de/cmd?level=tpl-home&contextid=din

http://www.lga.de/

http://www.ptb.de/

http://www.vde.com/de/Seiten/Homepage.aspx

http://www.elot.gr/

http://www.mszt.hu/

http://www.stadlar.is/forsida/



English

India English http://www.bis.org.in
Indonesia English http://www.bsn.or.id
Ireland English http://www.nsai.ie
Israel Hebrew http://www.sii.org.il/14-he/Sl1l.aspx
English
Italy Italian http://www.ceiuni.it
http://www.cesi.it/Pages/default.aspx
http://www.giordano.it
http://www.imq.it/it/index.html
http://www.unicei.it
*Japan Japanese http://www.safetyweb.co.jp
English http://www.jisc.go.jp
http://www.meti.go.jp/english/
Jordan English http://www.jism.gov.jo
Lithuania English http://www.lsd.It/en/index.html
Malaysia English http://www.sirim.my
Malta English http://www.mccaa.org.mt
Netherlands Dutch http://www.1kiwa.com
English http://www.keurmerk.nl/NL/Homepage-Keurmerkinstituut
http://www.nen.nl
Nigeria German? http://www.sononline-ng.org
English http://www.son.gov.ng
Norway Norwegian http://www.standard.no/elektro
http://www.standard.no
Poland Polish http://www.pcbc.gov.pl
http://www.predom.com.pl/firma.php
Portugal Portuguese http://www.certif.pt/noticias.asp
http://www1.ipg.pt/PT/Pages/Homepage.aspx
Romania English http://www.icpe.ro
*Russia Russian http://www.gost.ru/wps/portal/
English http://www.vniis.ru
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http://www.imq.it/it/index.html

http://www.unicei.it/
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http://www.keurmerk.nl/NL/Homepage-Keurmerkinstituut

http://www.nen.nl/

http://www.sononline-ng.org/

http://www.son.gov.ng/

http://www.standard.no/elektro

http://www.standard.no/

http://www.pcbc.gov.pl/

http://www.predom.com.pl/firma.php

http://www.certif.pt/noticias.asp

http://www1.ipq.pt/PT/Pages/Homepage.aspx
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Saudi Arabia Arabian http://www.saso.org.sa/Arabic/Pages/default.aspx

Seychelles English http://www.seychelles.net/sbsorg/
Singapore English http://www.spring.gov.sg/Pages/homepage.aspx
Slovakia Slovakian http://www.sutn.sk/default.aspx
Slovenia English http://www.mirs.gov.si/index.php?id=1383&L =1
Slovenian http://www.sist.si
South Africa Egnlish https://www.sabs.co.za
Spain Spanish http://www.aenor.es/aenor/inicio/home/home.asp#.UVQ7b6Wqgf8s
Sweden Swedish http://www.elstandard.se

http://www.sis.se
http://www.sp.se/en/Sidor/default.aspx

Switzerland Swiss https://www.electrosuisse.ch/de.html
http://www.snv.ch

Taiwan Chinese

Thailand Thai http://www.tisi.go.th

Turkey Turkish http://www.tse.org.tr

Trinidad English http://gottbs.com

Tobago

*UK English http://www.tuv-sud.co.uk/uk-en
http://www.baseefa.com
http://www.beab.co.uk
http://www.bsigroup.com
http://www.pat-testing.info/legal.htm

Venezuela Spanish http://www.fondonorma.org.ve
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Business Case For Electrically Safe Design Of Facilities

e Electrical hazards cause a workplace death almost every day.!

e Between 2003 and 2009, contact with electric current was the seventh leading cause for an
occupational fatality.?

e Although not in the top ten causes for workplace injuries costing industry $51.1 billion in
2010, electrical burns are the second most costly injury.3

e Medical and disability costs for electric injuries can be astronomical. For example, total costs
for one case were over $12M, and direct costs in the year of an electrical injury were
$150,000 to $370,000.*

e In afive year study, electrical injuries were <2% of total number of injuries in the electrical
worker population examined, but contributed between 26 - 52% (depending on which year)
of the total worker injury costs for the utility involved.®

e Washington State research showed about 10% of all serious burn injuries occurring at work
were caused by electric arc/blast explosion.®

e Specific research into savings is lacking for different electrical design options for reducing
workplace injuries. However, analogous information may be obtained from different
research involving injuries from electrical hazards, and cost savings from workplace safety
and occupational health programs.

e A survey of senior management showed the benefits of an effective workplace safety
program were to increase productivity 42.5% and reduce costs 28.3%, every $1 spent on
direct accident costs resulted in $3 to $5 of indirect costs, and for every $1 spent on safety,
savings were at least $3.”

! Electrical Safety Foundation International (ESFI): http://www.esfi.org/index.cfm/page/Electrical-
Safety-in-the-Workplace-Fact-Sheet/cdid/10619/pid/3003.

2 ESFI retrieved from: http://www.esfi.org/index.cfm/pid/10272/cdid/11512.

3 Refer to: Liberty Mutual Research Institute for Safety, 2012 Workplace Safety Index, and J Occup Environ
Hya. (2009), Etiology of Work Related Electrical Injuries:
http://www.ncbi.nlm.nih.gov/pubmed/19626529; Lanny Floyd 2013 IEEE presentation, Advances in the
Practice of Electrical Safety: http://sites.ieee.org/northern-canada-pesias/files/2013/04/Advancements-in-
the-Practice-of-Electrical-Safety-13-May-2013-rev-1.pdf ; and Thermal burn and electrical injuries
among electric utility workers, 1995-2004: http://www.ncbi.nlm.nih.gov/pubmed/17116371.

4 New York Academy of Sciences, Health Implications of Global Electrification (1999):
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-
6632.1999.tb07936.x/abstract?systemMessage=Wiley+Online+Library+will+be+disrupted+on+31+Augus
t+from+10%3A00-12%3A00+BST+%2805%3A00-
07%3A00+EDT%29+for+essential+maintenance&userlsAuthenticated=false&deniedAccessCustomisedM

essage.

® lbid
® Washington State Department of Labor and Industry Burn Injury Facts (April 2006) retrieved from:
http://www.Ini.wa.gov/Safety/Research/Files/ArcFlashHazardReport.pdf.

" ASSE Professional Safety (April 2009) Financial Decision Makers’ View on Safety:
http://www.asse.org/practicespecialties/bosc/docs/F2_Huangetal 0409.pdf.
1
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http://www.ncbi.nlm.nih.gov/pubmed/17116371
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http://onlinelibrary.wiley.com/doi/10.1111/j.1749-6632.1999.tb07936.x/abstract?systemMessage=Wiley+Online+Library+will+be+disrupted+on+31+August+from+10%3A00-12%3A00+BST+%2805%3A00-07%3A00+EDT%29+for+essential+maintenance&userIsAuthenticated=false&deniedAccessCustomisedMessage

http://www.lni.wa.gov/Safety/Research/Files/ArcFlashHazardReport.pdf

http://www.asse.org/practicespecialties/bosc/docs/F2_Huangetal_0409.pdf



e The OSHA Office of Regulatory Analysis estimated a return of $4 to $6 for every $1
invested in workplace safety and health.®

e The Consumer Product Safety Commission’s Directorate for Epidemiology reported an
average of 41,500 residential fires involving electrical distribution systems from 1990-1998.
Theygestimated the average total cost of electrical fires in the U.S. is about $2.36 billion a
year.

e Safe design includes energy conservation issues and power dependency such as the criticality
of power, work delays with power system repair or replacement, and back-up power
dependability.

e For all occupational injuries, the perceived average estimated ratio of direct costs to indirect
costs was 2.12 based on senior management survey results from a variety of companies with
100 or more employees.*°

e However, indirect costs for electrical injuries may be much greater. Direct costs were
multiplied by 8.25 in one study to obtain total cost of electric injuries in the electric
industry.!

e Using the 8.25 multiplier, $18.1M possible annual DoD savings per year.

DoD OWCP Chargeback Costs for Electricity Cases
Number of cases= 1264
Period Covered: 1994 — 2011

Toral Cha-gehar:l: Tozal h.h.ll'rIJ-EI of Average Chargeback
per Case

My 517,299 5094 526,524
Air Force 510,946,106 215 550,912
Army 5 7,420,641 312 523 784
DOD Agencies 5 1,680,529 81 520,747
Totals 537,446 870 1264

Chargeback amaounts includ e costs associared with death paym ents To sSurvivors,
com pensation, medical costs, periodic roll, and scheduled awards.

Indirect costs associated with DoD claims reported due to e lectricity are not
accounted for inthistable.

Notes:

a) The Office of Worker Compensation Program mishap cost data is only for DoD civilians, and
do not include costs for damaged equipment or mishap indirect costs such as per case disability
costs which can last for decades.

8 OSHA Safety and Health Management e-Tool retrieved from:
https://www.osha.gov/SLTC/etools/safetyhealth/helpfulstatistics.html and ASSE Position Statements
White Paper Addressing the Return on Investment for Safety, Health and Environment Management
Programs: http://www.asse.org/professionalaffairs_new/positions/roi.php.
° Consumer Product Safety Commission Memo dated March 10, 2003, Economic Considerations for
AFCI Replacements: http://www.cpsc.gov/PageFiles/102325/ecafci.pdf.
10 ASSE Professional Safety (April 2009) Financial Decision Makers’ View on Safety:
http://www.asse.org/practicespecialties/bosc/docs/F2_Huangetal 0409.pdf.
11 New York Academy of Sciences, Health Implications of Global Electrification (1999).
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b) No injury cost information is available for the military.

c) Based on data for injury costs from the utility industry, OWCP chargeback appear under-
reported and may not include all injuries, for example electric burns which may not be coded as
an electrical injury.?

Designs for Reducing the Likelihood of Injury from Electrical Hazards - Estimated Costs

1) Engineering design study for the coordination of relay and circuit breaker settings: estimate
is $75,000/facility.*

2) High resistance grounding is based on system requirements estimate is $125,000/ location.*

3) Covered or isolated bus: Costs could vary greatly depending on the electrical system
configuration and would generally require an electrical inspection.

4) Current limiting fuses and current limiting breakers: Costs vary and require engineering short
circuit analysis, coordination and incident energy study. Cost of analysis is estimated to be
between $20K and $200,000 per installation.™

5) Touch proof equipment.t® Costs depend on the need to perform energized work, the number
and location of exposed energized conductors, maintenance, inspection and troubleshooting.
IEC 60529 IP4X enclosure cost is $350 to $2,000.%

6) Remote operation of equipment.8

7) Arc resistant enclosures: Costs depend on voltage, incoming current, short-circuit
interrupting capacity, other installation-specific requirements (i.e., indoors, outdoors,
temperature conditions, etc.), and any dimensional restrictions. Price can vary greatly from
$20K up to millions.*

12 M. Capelli-Schellpfeffer, The Business Case for Electrical Safety, November 28, 2011.

13 Source: Quadrelec Engineering Corporation, Protective Device Coordination Studies:
http://www.quadrelec.com/pages/studies_protective.html

14 Source: Siemens Corp., retrieved from: http://w3.usa.siemens.com/us/internet-

dms/btlv/Electrical Apparatus/Switchboards/Switchboards/LV High Resistance Grounding.pdf

15 personal communication, August 23, 2013 with Chris Simonson, Emerson Electrical Reliability Services,

Atlanta.

16 Electrical Installation Equipment Manufacturers’ Association, A Guide to the IP Codes for Enclosures

Degree of Protection: http://www.cameuk.com/camenew/tech-

docs/08 Misc%20drawings%20and%20diagrams/IPCodes.pdf.

17 Reference Automation Direct:

http://www.automationdirect.com/adc/Shopping/Catalog/Enclosures/Non-Metal (NEMA 4X -a-
3R)/Control NEMA 4X (30_in. X 20 in. to 60 in. X 36_in.)#

BEATON Remotely operated switchgear:

http://www.eaton.com/Eaton/ProductsServices/Electrical/ThoughtLeadership/Safety/RemoteRackingan

dControl/index.htm; Schneider Electric remote racking, CBS Arc-Safe Remote Racking Systems:

http://www.cbsarcsafe.com/remote-racking-videos.htm.

1930 August 2013 personal communication with Edwin Vasan, AZZ Inc., Canada Sales Manager
EdwinVasan@azz.com, www.azz.com, manufacturer information:
http://www.azz.com/sites/default/files/documents/BSL%20Brochure 1.pdf
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8) Arc detection and suppression systems.2°

9) Withdrawable motor control center.?*

10) Ground Fault circuit interrupters cost is $25-$100/GFCI.

11) Arc fault circuit interrupters: Data from the National Fire Incident Reporting System and
the NFPA showed that electrical arcing caused about 48,800 fires annually in dwellings from
1994-1998. The use of AFCls in residences may significantly decrease the massive costs
these fires.?? The Consumer Product Safety Commission (CPSC) estimates that 50-75% of
electrical fires could be prevented by AFCI technology. CPSC estimated the total benefits of
arc fault circuit interrupters are almost double the expected costs.?

12) Smart motor control center is $12,500 in one case.?*

13) Inspection viewports: UL-approved device for closed-door inspections.?®

Electrical Safety at Risk DoD properties?

The DoD manages a worldwide real property portfolio that spans all 50 states, seven U.S.
territories, and 40 foreign countries. The majority of the foreign sites are located in Germany
(232 sites), Japan (109 sites), and South Korea (85 sites).

Total Number of DoD sites worldwide by Service:
Army: 2,214

Navy: 944

Air Force: 1,762

MC: 155

Washington HQ Services (WHS)/Agencies: 136

20 Arc Suppression Technologies, NOsparc™ devices: http://www.arcsuppressiontechnologies.com/.
Data sheet: http://www.onlinecomponents.com/datasheet/mmxac.aspx?p=43525846&Resource=1.
2LEATON:
http://www.eaton.com/EatonCom/ProductsServices/Holec/Products/LowVoltageFactoryAssembledSwitc
hboards/PowerXpertCX/PCT 252383.

22 Reference: National Association of State Fire Marshals Science Advisory Committee
Recommendations Regarding Arc-Fault Circuit Interruptors to Prevent Fires Originating in Electrical
Wiring: http://www.firemarshals.org/pdf/Doc.pdf.

23 Consumer Product Safety Commission Memo dated March 10, 2003, Economic Considerations for
AFCI Replacements: http://www.cpsc.gov/PageFiles/102325/ecafci.pdf.

24 Source Siemens:

http://www.myprocessexpo.com/sites/myprocessexpo.com/files/Kendall ARC and SMART MCC 090

811.pdf.
25 Mikran Infrared, Inc. Infrared Inspections of Electrical Cabinets:

http://www.geothermltd.co.uk/downloads/spyglassviewports.pdf.

26 FY2012 DoD Base Structure Report, Summary of DoD Real Property Inventory
http://www.acq.osd.mil/ie/download/bsr/BSR2012Baseline.pdf
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Total: 5,211 (4,451 in U.S.)
Total Buildings: 298,897 less 30,387 family housing units owned and 7,635 leased.

U.S. Number of large and medium sites:

Army: 72

Navy: 53

Air Force: 75

MC: 13

WHS: 1

Total CONUS large and medium size DoD installations: 214

Estimated costs for engineering design studies for the coordination of relay and circuit
breaker settings at large and medium size sites

U.S. DoD large and medium size sites

Army: 72 sites X $65,000/site = $4,680,000
Navy: 53 sites X $65,000/site = $3,445,000
Air Force: 75 sites X $65,000/site = $4,875,000
MC: 13 sites X $65,000/site = $4845,000
WHS: 1 site X $65,000/ site = $65,000

Total CONUS: $13,910,000

akrownE

US Territories Total: 4 sites
4 facilities x 75,000/facility = $300,000

Estimated costs for coordination studies overseas for DoD large and medium sites

Army: 13 sites X $75,000/site = $975,000
Navy: 7 sites X $75,000/site = $525,000

Air Force: 14 sites X $75,000/site = $1,050,000
MC: 5 sites X $75,000/site = $375,000

Total OCONUS: $2,925,000

©oo~No

Total coordination study worldwide for large and medium sites: $17,135,000

Total possible annual savings for electrical injury: $18.15M
($2.2M/year x 8.25, using 8.25 multiplier?’).

Fires
e 16,742 Electrical fires reported from NFIRS, 2005-2009.

27 Source: EPRI (1999), Health Implications of Global Electrification.
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e Total property damage information is unavailable.
e $10M property loss in 2007 from single overheated electrical motor fire.?8

Replacement Value Factors for Damage/Destruction by Fire

= Facility Quantity! X Construction Cost Factor? X Area Cost Factor® X Historical Records
Adjustment 4 X Planning and Design Factor® X Supervision, Inspection and Overhead® X
Contingency Factor’

Footnotes:

1: Quantity of assets from the real property inventory database.

2: Construction cost as published in the DoD Cost Factor Handbook

3: A geographic location adjustment for costs of labor, material, and equipment.

4: An adjustment to account for increased costs for replacement of historical facilities or for
construction in a historic district; the current value of the factor is 1.05.

5: A factor to account for the planning and design of a facility; the current value of this factor is
1.09 for all but medical facilities and 1.13 for medical facilities.

6: A factor to account for the supervision, inspection, and overhead activities associated with the
management of a construction project; the current value of the factor is 1.06 for facilities in the
continental US (CONUS) and 1.065 for facilities outside of the continental US (OCONUS).

7: A factor to account for construction contingencies; the current value of the factor is 1.05.2°

Comparison of fatal electrical mishap rates per 1 million inhabitants in select countries,
1978%

1. Australia 5.61
2. Hungary 5.25
3. ltaly 4.92
4, U.S. 451
5. Spain 441
6. Austria 3.20
7. New Zealand 3.17
8. France 3.11
9. Canada 2.90
10. Ireland 2.80

28 Capelli-Schellpfeffer, The Business Case for Electrical Safety, November 28, 2011.

2 FY2012 DoD Base Structure Report Summary of DoD Real Property Inventory
http://www.acg.osd.mil/ie/download/bsr/BSR2012Baseline.pdf

36 New York Academy of Sciences, Health Implications of Global Electrification (1999):
http://onlinelibrary.wiley.com/do0i/10.1111/j.1749-
6632.1999.tb07936.x/abstract?systemMessage=Wiley+Online+Library+will+be+disrupted+on+31+August+fr
om+10%3A00-12%3A00+BST+%2805%3A00-
07%3A00+EDT%29+for+essential+maintenance&userlsAuthenticated=false&deniedAccessCustomisedMessa
gg:
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TECHNOLOGIES THAT REDUCE LIKELIHOOD OF INJURY FROM ELECTRICAL
HAZARDS, INCLUDING SHOCK, ARC FLASH AND FIRE

The following are technologies that reduce the likelihood or limit the severity of electric shock, arc flash
and electrical fires. These technologies provide opportunities for application beyond the minimum
requirements of building codes and electrical design standards. Each technology may have some
disadvantages along with its advantages. As with any design, an engineering analysis must be performed
to determine the best type of equipment for the situation. This is a preliminary summary and may be
expanded. They are not ranked in any order.

1-Coordinati0n—Design and application of proper coordination of fuse selection and protective relay and
circuit breaker settings is the easiest and simplest method to reduce arc flash hazards and provide the
best protection to workers. Traditional application was limited to equipment protection. This technology
has expanded to include worker protection. Impacts arc flash hazards

CURRENT N AMPERES

Figure 1. lllustrating coordination of two protective devices
10 in an electric power system.

In this example, the tripping characteristics of a circuit
breaker depicted on the left are selected to coordinate with
1 the clearing characteristics of a fuse on the right. The
selection of trip settings and fuse characteristic are design
choices that impact arc flash energy exposures.

SONCIIE N BAIL

ECM_1icc Raf Voitage: 480 Curmentin Avps x 1

2.High resistance grounding (HRG)—HRG limits the amount of ground fault current during a phase-to-
ground fault to a low value. This reduces the risk of occurrence of phase-to-phase and 3-phase faults. A
control system is used to monitor an HRG system and sound an alarm when a phase-to-ground fault
occurs; thus, the fault can be taken off-line before it becomes a multiphase fault. Impacts arc flash
hazards. Typically applied to 480V power distribution systems, Impacts arc flash hazards

High resistance grounding is accomplished by installing a An example of a neutral ground resistor
resistor in the transformer neutral connection to ground (courtesy I-Gard)

Figure 2. lllustrating High Resistance Grounding

1
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3.Covered or isolated bus—The energy associated with a single-phase fault is less than the energy

associated with a multiphase fault. A covered or isolated bus keeps the single-phase fault from
becoming a multiphase fault. Consequently, there will be less energy available at the fault location. In
addition, the covered or isolated bus helps prevent a single-phase fault from occurring. Covered or
isolated bus is not designed to protect personnel from the energized bus. Impacts arc flash hazards.

An example of bare exposed bus bars An example of an insulated (covered) bus

Figure 3. lllustrating covered or isolated buss

4.Current-limiting fuses and current-limiting breakers—The greatest advantage of these devices is their

ability to clear faults in one-half cycle or less, when they operate in their current-limiting range, thus
reducing the amount of available energy. When acting in their current-limiting range, the devices also
introduce additional impedance into the circuit, reducing the current, which reduces the amount of
available energy. When they operate outside their current-limiting range, the amount of fault energy at
the arc may be significantly higher (i.e., greater than 10 times) than when they operate in their current-
limiting range. Impacts arc flash hazards

clearing time for non-

current limiting fuse
Can be greater than 1 full cycle

clearing time for
currentlimiting fuse is less
than % cycle

Figure 4. lllustrating the time-current characteristics of a current limiting fuse. The amount of thermal incident energy in an arc
flash event is proportional to the area under the curves. Current limiting fuses and circuit breakers clear a fault within ¥ cycle.
non-current limiting fuses and circuit breakers can take much longer. (adapted from Arc Flash Hazard Analysis and Mitigation,
J.C. Das, p236)
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5.Touch-proof equipment—Touch proof equipment prevents individuals from contacting energized
terminals directly or with equipment they are using. The touch proof equipment reduces the likelihood of
a person contacting an energized terminal and receiving an electric shock. This technology also limits
the ability of an individual to cause an arc flash due to an accidental phase-to-ground and/or phase-to-
phase contact. Specifying equipment meeting IEC 60529 IP2X ingress requirements is one method to
ensure the equipment is touch proof. Impacts electric shock and arc flash hazards

N
e e
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An example of a touch safe fuse holder An example of a non-touch safe fuse holder

Figure 5. The touch safe fuse holder on the left allows the fuse to be removed from an energized circuit without personnel
exposure to bare energized conductors. The fuse holder on the right requires the use of insulated tools and voltage rated gloves
to remove a fuse safely.

6.Remote operation of equipment—Operation of equipment from a remote location eliminates the
possibility of a person’s being exposed to an arc flash during equipment operation. Impacts arc flash
hazards. Examples include the following:
— Remotely operating medium voltage switchgear
— Installing motor controls away from the motor terminal box and MCC
— Use of ‘smart’ MCCs to reduce exposures to energized equipment; the worker can troubleshoot
remotely over the network

This remote switching device utilizes an actuator to operate This motor operated device allows the removal or

the control handle, allowing operating personnel to stand insertion of a draw-our circuit breaker. The person can

outside the boundary of the arc flash hazard. Without the stand outside the boundary of the arc flash hazard.

remote switching device, the person would be standing in Without the remote operator, the person would be

close proximity to the switchgear. kneeling in front of the switchgear using a manual
wrench.

Figure 6. lllustrating remote operating devices that move personnel outside the arc flash boundary
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7.Arc-resistant enclosures—Arc-resistant enclosures (e.g., arc-resistant switchgear) help to contain the
arc and the arc by-products (e.g., plasma and gas) and redirect them away from the worker. Impacts

arc flash hazards

Courtesy Schneider Electric

‘DuFont Coastal Training Technologies

Non-arc resistant equipment designs do not control Arc resistant designs direct thermal energy away from where
personnel would normally be positioned. In this example, the

direction of thermal energy released in an arc flash event.
In this illustration, the person is in the line of fire. energy is directed out of the top of the switchgear.

Figure 7. lllustrating the benefits of arc-resistant switchgear

8.Arc detection and suppression systems—These systems use light detection and current sensing to
detect an arc and initiate high-speed clearing of the circuit. Impacts arc flash hazards.

Arc Flash
Detected

4
= QO @
Trip
Overcurrent Breaker

Figure 9. Overcurrent detection is the most common method to detect an arc flash event. This illustration
shows how light detection can be used in addition to overcurrent detection. This can enable a much faster
tripping of the circuit breaker to limit arc flash incident energy. (lllustration courtesy Schweitzer Engineering

Laboratories)

9. Fully withdrawable MCC design—The fully withdrawable MCC design ensures physical access to
the inside of the unit can only be gained by removing the unit from the power bus. The unit may be
withdrawn or fully removed to accomplish this. Impacts electric shock and arc flash hazards.

Figure 10. A fully withdrawable motor control center design.
The motor starter is shown in the withdrawn (disconnected)

position.
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10. Ground fault circuit interrupters —This technology was introduced in the late 1960s and has
demonstrated significant results in preventing electrocution fatalities from defective tools and
appliances and when using tools and appliances in damp environments. Recent advancements has
expanded the application of this technology from 120V application to 600V. Impacts electric shock

=W

-

LI
L)

|

Adapter

240-600V

Wall outlet

R

Extension cord Circuit Breaker

Figure 11. lllustrating options in GFCI devices

11. Arc fault circuit interrupters— This technology addresses fire hazards from defective wiring and
appliances in residential and commercial buildings. Impacts fire prevention

Figure 12. Arc Fault Circuit Interrupter (AFCI) technology is available in outlets (left) and circuit breakers (right).
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12. “Smart” motor control centers and substations— This is an evolving group of technologies that
incorporates self diagnostic capability and data communications that enable remote trouble shooting,
adjustments, and failure recovery remotely, reducing need for a worker to be exposed to hazardous
energy. One example - The Coast Guard has recently installed technology that automatically
performs diagnostic testing on large motors and generators. This reduces need for worker to perform
these tests with potential exposure to lethal energy. Impacts electric shock and arc flash hazards

S5
-

Figure 13. The motor control center on the left has “smart” technology, including sensors and data highway that
enables the technician to perform troubleshooting and adjust protective device settings without opening enclosure
doors, avoiding exposure to unguarded energized components. The motor control center on the right does not have
the “smart” technology. Troubleshooting must be done using chock and arc flash PPE to protect the workers from

hazards from unguarded energized components.

13. Inspection viewports— These are devices that enable infrared and ultrasonic inspections of
switchgear and other power distribution equipment without opening doors or removing covers that
would expose workers to lethal energy. Impacts electric shock and arc flash hazards

Courtesy IRISS

Courtesy DuPont Courtesy IRISS h
Figure 14. The left illustration shows infrared inspection viewports installed in industrial switchgear. The center illustration

is a close-up of an infrared viewport. The right illustration shows an ultrasound testing port.

HHH
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Appendix B-3
Electrical Safe Design of Facilities Checklist

Purpose: This checklist identifies electrical design requirements for facility electrical
distribution systems. Safe design mitigates exposure of workers to electrical hazards which
can result in system failure, fire, as well as injury or death, and enhances reliability.

Requirements: Occupational Safety and Health Administration (OSHA) 29CFR 1910.303
through 1910.308, 1910.334 through 1910.335; and 1926.403 through 1926.408 for
construction; National Fire Protection Association (NFPA) 70, the National Electric Code
(NEC); NFPA 70E Electrical Safety in the Workplace; DA Pam 385-26: The Army Electrical
Safety Program.

Applicability: This checklist is a tool to aid the planner, designer, and safety professional to
maximize the quality of facility electrical distribution systems. The checklist should
incorporated by Contracting Officer's Representatives (CORs) as a statement of requirements
for facility electrical system design. It serves as a basis for review and acceptance of plans
and specifications for construction projects.
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Electrical Safe Design of Facilities Checklist

NFPA 70 NEC 2011

NEC or Other

Number ltem Reference Comments
Rough Underground Inspection Questions
What type of occupancy? NEC Articles 210, 220,
1 225, 240, 250, etc. NFPA
101, Ch. 6
2 What types of wiring methods are being used? NEC Chapter 3
3 Are the wiring methods suitable for the location? Chapter 3
4 Is the conduit fill expected to be within the Chapter 9
maximum allowable NEC Table 1, Chapter 9?
5 Does the number of bends in conduit exceed 360 | Articles 342 - 356
degrees?
6 Is the wiring method listed and are listed fittings
used? Chapter 3
7 Does the installation match that shown on the Local code - Authority
blueprints? Having Jurisdiction
8 Are there any special grounding and bonding Article 250
requirements (such as for patient care locations)?
9 Is the workmanship suitable and are the fittings Article 110
made up tight?
10 Is corrosion protection a concern for the wiring
method used? Chapter 3
11 Is a concrete-encased electrode present? Chapter 2, 250.52(A)(3)
12 Are suitable floor boxes, under-floor raceways 314.27(B)
installed properly?
Are burial depths for wiring methods in 300.5 and 300.50
13 accordance with the minimum required by Table
300.5 and 300.50?
Rough Underground Inspection Checklist
Determine which installations or portions of the 90.2(A) and (B)
14 installations are covered by NEC rules 90.2(A)
and (B).
Verify equipment is listed and installed in 90.7 and 110.3(A) and (B)
15 accordance with manufacturer’s installation
instructions.
16 Verify which wiring method is used and it is listed | 110.8, 110.3(A) and (B);
for the purpose. and Chapter 3, Article 300
17 Verify floor boxes are listed for the purpose. 314.27(B) and (C),
110.3(B).
18 Verify wiring method burial depths in accordance | Table 300.5 and Table
with Table 300.5 or Table 300.50. 300.50.
Check for maximum number of bends not to Applicable wiring method
exceed 360 degrees. (.26), Examples: Article
344, Rigid Metal Conduit
19 Type RMC, 344.26; Article

348, Flexible Metal
Conduit Type (FMC),
348.26; eftc.

1
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NEC or Other

Number | Item Reference Comments
Verify if concrete-encased electrode and other 250.50, and 250.52(A)(3)
20 electrodes are present either horizontal or
vertical.
Hand hole enclosures are designed and installed | 314.30
21 to withstand any loads likely to be imposed and
they shall be identified for use in underground
systems.
22 Check for corrosion protection of metal conduit or | 300.6, 110.11
boxes.
Verify feeder conduit sizes in accordance with 300.1(C), Chapter 9
23 single line drawings. Table 300.1(C), Chapter 9 Tables.
Tables.
24 Check any underground cable installed for 110.3, 300.5, and 300.50.
suitability.
o5 Check direct buried conductors or emerging 300.5(D)(1) through (D)(4)
cables are protected from physical damage.
Electrical Checklist General Requirements Questions
Is the electrical installation covered by the Article 90
26 National Electrical Code?
What are the required interrupting ratings for the Article 110
27 service and distribution equipment?
What are the supply system voltage(s) and phase | Article 430 for motors and
28 configurations? motor circuits
What are the electrical loads in the building or Article 220
29 structure?
30 Are the terminations in accordance with minimum | Chapter 2
requirements?
31 Are the minimum working spaces provided at 110.32- 110.34
electrical equipment?
32 Are all required labels and identification marks on | 110.16, arc flash, 110.21-
equipment? .22
33 Is installed equipment listed and suitable for the Article 110
use?
Are all working space personal doors (are any 110.26
personal doors within 25 ft of working space)
34 . .
equipped with simple pressure hardware and
open in the direction of egress?
General Requirements
35 Determine which installations or portions of the 90.2(A) and (B)
installations are covered by NEC rules.
Verify equipment is listed and installed in 90.7, 110.3(A) and (B),
36 accordance with manufacturer’s installation 110.20
instructions and suitable for the location.
37 Identify any special equipment or systems that 90.4, 90.7, 110.2, 110.3
require special approvals or evaluations.
Verify service and distribution equipment has 110.9, 110.10
38 sufficient interrupting ratings for AFC (available
fault current) and system is fully rated.
Is service and distribution equipment being 110.9, 110.10, 240.86
39 installed as a fully rated system or as a series

combination rated system?
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NEC or Other

Number | Item Reference Comments
Check for electrical enclosures and boxes with 110.12(A), 408.7
40 unused openings. Verify closure of raceway and
cable openings
a1 Verify equipment has not been contaminated by 110.12(B)
foreign materials or is not damaged.
Verify equipment is securely mounted and 110.13
42 adequate ventilation and space for the equipment
is provided
43 Check electrical splices and equipment
terminations. 110.14(A) and (B)
44 Check temperature ratings of terminations. 110.14(C)
45 Check for arc flash warning labels and locations
of labels. 110.16
Check for minimum working spaces at electrical 110.26(A), (B), (E),
46 equipment. Verify working space is not used for 110.32, 110.34(A)
storage.
Check the space above and below equipment for | 110.26(F)
47 no foreign equipment (Dedicated Equipment
Space).
Verify entrance and egress to work spaces. Any 110.26(C)(1), through
48 personal doors to or within 25 ft. of working space | 110.26(C)(3), 110.33
requires panic hardware and must open in the
direction of egress.
49 Verify illumination is provided for equipment. 110.26(D), 110.34(D)
50 Check for circuit directories, and identification of 110.22, 408.4(A) and (B)
disconnecting means and source of supply.
Rough Walls Inspections Questions
NEC Articles 210, 220,
51 225, 240, 250, etc. NFPA
What type of occupancy? 101, Ch. 6
52 What types of wiring methods are used? Chapter 3
53 Are the wiring methods secured and supported
and protected properly? Chapter 2 & Ch. 3
54 Conduit fill and conductor fill at boxes is not
exceeded? Chapter 3
55 Is the wiring method listed and are listed fittings
used? Chapter 3
56 Does the installation match that shown on the
blueprints? Local Code
57 Are there any special grounding and bonding Article 250
requirements (such as for patient care locations)?
Is the workmanship suitable and are the fittings Article 110
58 .
made up tight?
59 Is there a branch circuit identification
requirement? Chapter 2 and Chapter 3
60 Is wiring method protected from physical damage | Article 300
where needed or required?
Rough Wall Inspection Checklist
Verify the wiring method is suitable for the use Article 300 wiring methods
61 based on the uses permitted section of the

applicable article.
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NEC or Other

Number | Item Reference Comments
Verify equipment is listed and installed in 90.7 and 110.3(B), 110.20
62 accordance with manufacturer’s installation
instructions.
Check wiring methods (usually conduit and Chapter 3 and Article 300,
63 flexible metal conduit) for support and suitability 300.11
for the conditions.
64 Check box accessibility, mounting, and length of 314.29, 300.14
free conductors.
65 Check for proper box sizes, fill capacity, and 300.15, 314.16(A) and (B)
locations.
66 Verify ladequate conduit or tubing sizes for fill 300.17, Chapter 9 Tables
capacity.
67 Check for suitable box supports. 314.23, 300.11
Verify boxes are roughed in a manner that will 314.20, 314.19
68 .
result in flush outlet boxes to wall surfaces
69 Verify conductors entering boxes are protected 314.17
from abrasion.
70 Verify pull and junction box sizes for 4 AWG or 314.28
larger.
71 Verify metal boxes are grounded in accordance 314.4
with Article 250.
72 Verify that cables are secured to the cabinet, 312.5(C)
cutout box, or meter socket enclosure.
73 Verify that all unused openings are effectively 110.12(A), 314.17(A)
closed.
74 Check for proper physical protection for wiring 300.4
methods installed in framing members.
75 Verify all conductors of the circuit are routed with | 300.3(B)
each other.
76 Verify that wiring methods are continuous from 300.12, 300.18
outlet to cabinets, boxes, or other enclosures.
77 Verify mechanical and electrical continuity of 300.13(A) and (B)
conductors.
78 Verify continuity of metal raceways and 300.10
enclosures.
79 Check for required applicable fire rated caulking 300.21
and penetrations.
Check for proper boxes where barriers are 404.8(B), 406.4(G)
needed between 277-volt switches and
80 receptacles or other adjacent devices where
voltage between switch terminals exceeds 300
volts.
81 Verify applicable ADA switch, receptacle ANSI A117.1
mounting heights.
82 Verify mounting of flush panel boards, boxes and | 312.3, 314.20, 312.4
enclosures with no more than % in. gap.
83 Check conduct_or sizes for capacity and over 310.15, 310.16, 240.4
current protection.
84 Verify the installation matches the engineered Local Code

drawings if applicable

Rough Ceiling Electrical Inspections Questions

4
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85 What type of occupancy? NFPA 101, Ch. 6
NEC or Other
Number | Item Reference Comments
86 Are the wiring methods secured and supported
and protected from physical damage properly? Chapter 3
87 Conduit fill and conductor fill at boxes is not Chapter 3
exceeded?
88 Does the number of bends in conduit exceed 360 | Articles 342 - 356
degrees?
89 Is the wiring method listed and are listed fittings
used? Chapter 3
90 Does the installation match that shown on the
blueprints? Local Code
91 Are there any special grounding and bonding Chapter 2, Article 250
requirements (such as for patient care locations)?
92 Is the workmanship suitable and are the fittings Article 110
made up tight?
93 Is there a branch circuit identification
requirement? Chapter 2, Article 210
94 Are the luminaires and other equipment
supported properly? Article 410
95 Are the luminaires listed? Article 410
Wiring methods are installed in plenums, are Chapter 3
96 -
wiring methods properly rated for plenum use?
Are cables and raceways installed under roof Chapter 3
97 decking properly protected from physical
damage?
Rough Ceilings Electrical Inspections Checklist
Determine which installations or portions of the 90.2(A) and (B)
98 installations are covered by which NEC rules
(type of occupancy, etc.)
Verify equipment is listed and installed in 90.7 and 110.3(B)
99 accordance with manufacturer’s installation
instructions.
Check wiring methods (usually cable, conduit, or | Chapter 3 and Article 300,
100 flexible metal conduit) for support and suitability 300.11
for the conditions.
Verify the wiring method is suitable for the use Chapter 3 wiring methods
101 based on the uses permitted section of the
applicable article.
102 Check for proper box sizes and fill capacity and
locations. 300.15, 314.16(A) and (B)
103 Verify adequate conduit or tubing sizes for fill
capacity. 300.17, Chapter 9 Tables
104 Check for suitable box supports. 314.23, 300.11
105 Verify boxes are roughed in a manner that will
result in flush outlet boxes to wall surfaces. 314.20, 314.19
106 Verify conductors at entering boxes are protected
from abrasion. 314.17
107 Verify pull and junction box sizes for 4 AWG or
larger. 314.28
108 Verify metal boxes are grounded in accordance 314.4

with Article 250.

5

Appendix B-3 — Electrical Safety in Design Final Report: Electrical Safe Design of Facilities Checklist
Version 1.0
July 1, 2014






NEC or Other

Number | Item Reference Comments
Verify that cable entries into flush cabinets are 312.5(C)
109 .
effective and closed.
110 Verify that all unused openings are effectively 110.12(A), 314.17(A)
closed.
Check for proper physical protection for wiring 300.4
111 methods installed in framing members and other
locations.
112 Verify all conductors of the circuit are routed with
each other 300.3(B)
113 Verify that wiring methods are continuous from 300.12
outlet to enclosure.
114 Verify mechanical and electrical continuity of 300.13(A) and (B)
conductors.
115 Verify continuity of metal raceways and 300.10
enclosures.
116 Verify raceways are complete between 300.18
enclosures, boxes, etc.
117 Check for required applicable fire rated caulking 300.21
and penetrations.
118 Check conduct_or sizes for capacity and over 310.15, 310.16, 240.4
current protection
119 Verify the installation matches the engineered Local Code
drawings if applicable.
120 Verify luminaires are securely fastened to ceiling 410.36(C), 410.30
grid or structure.
Verify clearances from thermal insulation and 410.116
121 - .
combustible materials are adequate.
122 Verify all electrical boxes and enclosures are 314.25, 314.29
covered and accessible
Verify limited energy system cabling is securely 725.24,760.24, 770.24,
123 supported to the building structure in a 800.24, 820.24, 830.24
workmanlike manner
124 Verify local disconnecting means for indoor 410.130(G)
florescent luminaires.
Check to see that luminaires are listed (if installed | 410.6
125 on ceiling rough, typically not installed until final
inspection).
Verify cables and wiring methods in air handling 300.22, 725.154, 760.154,
126 spaces are suitable for the purpose and listed. 760.176, 770.154(A),
800.154(A), 820.154(A),
830.154(A)
Verify emergency system enclosures (junction
127 boxes are readily identified and in separate wiring
methods (if applicable). 700.7, 700.10(A)
128 Track lighting supported properly 410.151(D), 410.154
129 Verify disconnect means and locations for
equipment above suspended ceilings. 440.14, 430.102, 422.31
130 Check to be sure all temporary wiring is 590.3(D)
disconnected and removed.
131 Verify that no flexible cords are installed above 400.8

suspended ceiling.
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NEC or Other

Number | Item Reference Comments
Verify minimum 1% in. spacing between metal 300.4(E)
132 corrugated
sheet roof decking and conduits or cables.
Branch Circuit Electrical Inspections Questions
133 Do the branch circuits match what is shown on Local code
the plans and in the panel schedules?
134 What are the minimum sizes for the required Chapter 2, Article 210
branch circuits?
Is over current protection sized properly for the Chapter 2
135 o
branch circuits?
Are the branch circuit conductor sizes adequate Chapter 2
136
for the load?
Is over current protection properly coordinated Chapter 2
137 )
(series rated systems)?
What conduit types or wiring methods are used Chapter 2
138 for the branch circuits and are the sizes
adequate?
139 Are branch circuits installed in proper wiring Chapter 2
method based on the type of occupancy?
140 Are there any multi-wire branch circuits installed? | Chapter 2
Does more than one voltage electrical system Chapter 2
141 L o
exist in the building or structure?
142 Is there an electric sign and outline lighting Chapter 2
branch circuit provided?
143 Are there enough branch circuits to meet the Chapter 2
minimum loading requirements of 220.3?
144 Are there any branch circuits with added Chapter 2 and Chapter 3
reqguirements such as grounding provisions?
Are there any branch circuits installed on Chapter 3
145 rooftops, which are subject to specific derating of
conductor?
Branch Circuit Requirements Checklist
146 Verify type of occupancy and wiring methods are
suitable for that type of occupancy. Chapter(s) 3and 5
147 Check for proper sizes of branch circuits. 210.19, 310.16, 240.4(D)
Verify proper sizes for branch circuit over current | 210.20, 240.4, 408.30,
148 protection, over current device rating and 110.9, 110.10, 240.86
interrupting rating
149 C_hec_k for ?ndividual and multiple outlet branch 210.3, 210.23
circuits ratings
150 Verify the continuous loads and the non- 210.19, 210.20, 310.15
continuous loads and the circuit sizes.
Verify the branch circuit loads do not exceed the 220.10 thru 220.14,
151 ;
maximum loads allowed. 220.18
For motors and HVAC equipment verify the 240.14(C), 430.22,
152 branch circuits meet the requirements in Article 430.24, 440.31 thru
430 and 440. 440.35
153 Check that the loads on the circuit do not exceed | 210.23
the circuit rating.
154 Verify that the branch circuits are enough for the 210.11

load served and the load is evenly distributed.
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Check that the branch circuits for specific loads 210.2
155 . X -
meet the requirements of that particular article.
Verify multi-wire branch circuits for proper use 210.4, 210.5
156 ; e
and identification.
157 Verify simultaneous disconnects for all multi-wire | 210.4(B)
branch circuits.
Verify grouping of multiwire branch circuits in at 210.4(D)
158 4 L
least one location within the panel board.
159 Check for lighting and receptacles at mechanical | 210.63, 210.70(C)
equipment locations.
160 Check for required location of outlets at show 210.62, 600.5(A),
windows and signs. 220.14(G) and (F)
161 Verify that receptacles are provided for any cord- | 210.50, 400.7, 400.8
and plug-connected equipment.
Check for GFCI protection in bathrooms, kitchens, | 210.8(B)
162 .
rooftops, outdoors, and sinks.
163 Check for GFCI protection for pools, vending Article 680, 422.51,422.52
machines, and drinking fountains.
Check for disconnects in branch circuits supplying | Article 225, Part Il
164 -
other buildings or structures.
165 Check for outside branch circuits’ overhead 225.6, 225.18, 225.19
clearances and sizes.
Verify that proper identification is used for 200.6(A) and (B)
166
grounded (usually neutral) conductors.
Verify that different means of identification where | 200.6(D), 210.5(C)
more than one nominal voltage system is used
167
and the two systems occupy the same raceways
or enclosures.
Verify no over current device is inserted in any 240.22
168
grounded conductor.
Verify identification means for ungrounded branch | 210.5(C)
circuit conductors has been established and
169 s - :
posted where wiring system is supplied by more
than one nominal voltage system.
170 Verify that any branch circuit conductors installed | 310.15(B)(2)
on or above rooftops are derated for ampacity.
Equipment Bonding and Grounding Questions
171 What equipment is supplied by the service or Article 250
system?
172 Is the equipment required to be grounded or Article 250
bonded or both?
173 What type of equipment grounding conductor is Article 250
used?
174 What type of equipment bonding jumper(s) is Article 250
used?
What is the rating of the over current device Article 250
175 . L9 .
protecting the circuit and equipment?
176 What size circuit conductor are installed (is Article 250
voltage drop a concern)?
177 What type of equipment grounding conductor Article 250

connections is installed?

8

Appendix B-3 — Electrical Safety in Design Final Report: Electrical Safe Design of Facilities Checklist
Version 1.0
July 1, 2014






NEC or Other

Number | Item Reference Comments
Are equipment grounding conductor sizes Article 250
178
adequate?
179 Have equipment grounding conductors been Article 250
properly identified?
180 Are the intersystem bonding terminations installed | Article 250
properly at the service equipment location?
Equipment Bonding and Grounding Checklist
181 Verify which equipment is required to be 250.110, 250.112,
grounded. 250.114, 250.116
182 Check for appropriate grounding methods for 250.134, 250.136,
equipment. 250.118
183 Veri:;y types of equipment grounding conductors 250.118
used.
184 Check separate equipment grounding conductor 250.122
for proper sizing (voltage drop, etc.)
185 Check load side equipment bonding jumper sizes. | 250.102(D)
Verify proper identification of equipment 250.119
186 X .
grounding conductors (wires).
187 Verify equipment grounding conductor 250.8, 110.3(B), 250.146,
connections within boxes. 250.148
Verify proper bonding of grounding type 250.146, 250.8, 110.3(B),
188
receptacles. 250.146
189 Check for equipment grounding terminal bars in 408.40, 250.8
panel boards and equipment
190 Verify grounding and bonding methods at 250.32(B)
separate buildings or structures.
191 gheck method of grounding for ranges and 250.140, 250.142
ryers.
Verify proper connections of isolated, insulated 250.146(D), 250.4(A)(5),
192 equipment grounding conductors. 406.2(D), 408.40,
250.96(A) and (B)
193 Verify any auxiliary electrodes are not used as the | 250.54, 250.4(A)(5),
ground fault current return path. 250.4(B)(4)
Check metal sheath and raceway bonding for 250.97
194 circuits with a phase to ground voltage exceeding
250.
Verify any special occupancy grounding and 517.13, Article 550,
195 bonding requirements (health care facilities, etc.) | Articles 500 — 516, 517,
551, 547, etc.
Verify any special equipment grounding and 250.3, Articles 680, 600,
196 bonding requirements (swimming pools, 620, etc.
elevators, etc.)
197 Verify equipment grounding conductor qualifies 250.118
as an equipment grounding conductor
Verify isolated insulated equipment grounding 250.146(D), 406.2(D),
198 conductors are installed to meet the requirements | 408.40 Ex., 250.96,
250.4(A)(5), 250.54
199 Check any limited energy system bonding and 800.100, 810.21, 820.100,

grounding requirements.

830.100, 250.94
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200 Verify intersystem bonding termination at service | 250.94
equipment or separate building or structure.
Electrical Service Inspections Questions
Is there one service? If more than one, how many | Chapter 2, Article 230
201 .
and what are the locations?
202 Are the service conductors overhead or Chapter 2, Article 230
underground?
203 What is the required voltage and short circuit Chapter 2, Article 230
current rating for the service?
Are the service conductors sized per minimum Chapter 2, Article 230
204 requirements, and large enough to serve the
calculated load?
205 Whgt is the current rating of the service Chapter 2, Article 230
equipment?
206 Is the equipment suitable for the locations and Chapter 2, Article 230
protected?
207 How many buildings served by the service? Chapter 2, Article 230
208 How many service disconnects and what are the Chapter 2, Article 230
locations?
209 Are the service disconnecting means accessible? | Chapter 2, Article 230
210 Have the minimum height requirements for Chapter 2, Article 230
service disconnects been meet?
Electrical Service Inspections Checklist
211 Determine each building has one service or more | 230.2
as allowed by justified provisions.
212 Check that each service drop or lateral supplies 230.40
one set of service conductors.
Verify that the service conductors are sized per 230.23(B), 230.31(B),
213 minimum requirements, and large enough to 230.42
serve the calculated load.
214 Verify that service entrance conductors are listed | 310.8(C)
or marked as being sunlight resistant or covered.
215 Verify clearances for overhead service drop
conductors 230.24
216 Verify the point of attachment is adequate. 230.26, 230.27
Verify that if the service mast is used to support 230.28
the Verify that if the service mast is used to
217 support the drop, it only supports the electrical
service conductors and is adequate for this
purpose.
Verify depths for buried service lateral 230.32, 230.49, 300.5,
218
conductors. 300.50
219 Check wiring methods for the service conductors. | 230.43
Verify service weather head locations and 230.53, 230.54
220 raceways are suitable for wet locations and
arranged to drain.
291 Check that service equipment is suitable for the 230.66
use as service equipment and identified as such.
222 Check the size of the service conductors. 230.23, 230.31,
293 Verify that a service disconnect is provided, 230.70, 230.204, 230.205,

located properly and accessible.

240.24

10

Appendix B-3 — Electrical Safety in Design Final Report: Electrical Safe Design of Facilities Checklist
Version 1.0
July 1, 2014






NEC or Other

Number | Item Reference Comments
Verify over current devices are not located where | 240.24(D) and (F)
224 they are in the vicinity of easily ignitable materials
or over steps or stairways.
295 Check the over current protection at the load end | 230.90, 230.91, 230.208
of the service-entrance conductors
226 If multiple service disconnects are used, verify no | 230.71, 230.72, 230.204,
more than six and that they are grouped together. | 230.205
227 Generally, service equipment must be readily 240.24(A)
accessible and installed so that the center grip of
the operating handle, when in its highest position,
is not more than 2.0 m (6 ft 7 in.) above the floor
or working platform.
228 Check the service disconnect ratings. 230.79, 230.80, 230.205
229 Verify any equipment connected to the supply 230.82
side of the service disconnect is permitted on
supply side.
230 Verify service disconnect identification. 230.70(B) and (C)
231 Is equipment protected from physical damage? 110.27
232 Verify GFPE is provided where required for the 230.95
service
233 If GFPE is present in the service equipment, 230.95(C)
verify performance testing completed prior to
energizing
234 Are barriers provided that isolate the service bus | 408.3(A)(2), 408.3(D)
bars from inadvertent contact when reaching load
terminals?
235 Check for a neutral disconnecting means (neutral | 230.75
disconnect link).
Verify rejection features are installed in current 240.60(B)
236 L
limiting fuse holders.
Verify interrupting ratings of all over current 110.9, 110.10, 240.86,
devices and fully rated systems. Verify if series and manufacturers'
237 combination ratings are permitted using either a instructions
breaker to breaker system or a fuse to breaker
combination.
238 Verify field markings on equipment for series 110.22(C)
combination rated systems.
Verify selective coordination of elevator, 620.62, 700.27, 708.54,
239 emergency, and legally required standby system 517.30(B)(2)
supply side over current devices.
240 Verify only service entrance conductors are 230.7
installed in the service raceway.
Service Grounding and Bonding Questions
241 What size is the service? Article 250
What size is the largest service-entrance Article 250
242 conductor?
243 What is the voltage involved with the service? Article 250
244 What type of construction is the building? Article 250
245 What grounding electrode(s) are present on the Article 250

premises at the building or structure?
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Does the grounding electrode system and other Article 250
246 characteristics match the Code and engineered
drawings?
Are all four components of the grounding and Article 250
247 bonding scheme present at the service
disconnect?
248 Are the minimum size grounding electrode Article 250
conductor(s) and bonding jumper(s) installed?
249 Is the service supplied from a grounded system or | Article 250
an ungrounded system?
250 Is the grounded conductor (usually a neutral) Article 250
present in each service disconnect enclosure?
251 Is the grounded conductor bonded to the service Article 250
disconnecting means enclosure(s)?
Is the size of the grounded conductor adequate Article 250
252 (match plans, or meets load and minimum size
provisions?
253 Is the main bonding jumper connected at the Article 250
service disconnecting means?
254 Are the metal enclosures and raceway containing | Article 250
service conductors bonded properly?
Service Grounding and Bonding Checklist
255 Verify grounding requirements or specifications of | Local rule or regulation
any engineered drawings.
256 Verify the size of the service based on the plans Based on blueprints,
or by the equipment labels. 220.10, 230.42, 230.79
257 Determine all available grounding electrodes 250.50, 250.52(A)
based on the construction and plans.
258 Determine other electrodes required to be used 250.52(A)(4) through (7)
and bonded to the grounding electrode system.
259 Verify grounding electrode conductor(s) are
properly sized. 250.66, 250.64(F)
Verify that bonding jumpers connecting grounding
electrodes together to form the grounding
260
electrode
system are sized properly. 250.53(C)
261 Check that grounding electrode conductor(s) is
installed without a splice. 250.64(C), 250.64(F)
262 Verify grounding electrode conductor is securely
fastened and protected from physical damage. 250.64(B)
Verify metal enclosures or raceways for
263 grounding electrode conductors are bonded to the
grounding electrode conductor at both ends of
same. 250.64(E)
Check for correct size, installation, and types of 250.52, 250.53(G)
264 rod, pipe, or plate electrodes.
265 Verify accessibility of grounding electrode 250.68(A)
conductor connections.
266 Check grounding electrode conductor 250.70, 250.68,
connections including buried connections.
267 Verify metal water piping system(s) are bonded. 250.104(A)
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268 Verify metal building framing is bonded. 250.104(C)
269 Check sizes of water piping bonding jumpers. 250.66, 250.68(B),
250.104(A)
270 Verify other metal piping systems are bonded. 250.104(B)
271 Verify other metal piping system bonding jumper
sizes. 250.104(B), 250.122
279 Verify bonding jumpers installed around fittings
and water meters, etc. and proper size. 250.68(B), 250.66
273 Check the connection, size, and type of main 250.28,
bonding jumper in the service disconnect. 250.24(A)(4),250.24(B)
274 Verify enclosures and raceways containing 250.92(A), 250.92(B),
service entrance conductors are bonded properly. | 250.102, 250.190
275 C_heck supply side equipment bonding jumper 250.102(C)
sizes.
276 Verify service grounded conductor is sized 250.24(C), 220.61, 250.66
properly or by minimum requirements.
Feeder Questions
Do the feeders match what is shown on the single | Chapter 2
277 . . . X
line (engineered drawings) diagrams?
278 Are single line diagrams required? Chapter 2
Is over current protection sized properly for the Chapter 2
279
feeder?
Are the feeder conductor sizes adequate for the Chapter 2
280 load?
281 Is over current protection properly coordinated? Chapter 2
282 What conduit types or wiring methods are used Chapter 2
for the feeder and are the sizes adequate?
283 Are feeders installed using the provisions for tap Chapter 2
conductors (are tap rules applicable)?
Feeders Requirements Checklist
284 Are feeders sized to meet the loading 215.2, 215.5, 220.40,
requirements? 220.61
Verify panel schedules for panel board and 215.5,215.2
285 distribution equipment ratings based on single
line drawings.
286 Check feeder wiring methods for suitability. Chapter 3and 5
287 Verify any feeder GFPE requirements have been
met 215.10, 230.95, 240.13
288 Ch_ec_k for feeder disconnects at separate Article 225, Part Il, 225.32
buildings.
Verify separate building disconnects meet the Article 225, 225.34,
289 location and grouping provisions of Article 225 230.71, 230.72, 230.75
and 230.
Proper wiring methods used for outside feeders 225.10, 225.20 thru
290
225.22
291 Verify wiring methods for feeders are continuous 300.10
from enclosure to enclosure.
292 Verify size of feeder equipment grounding 250.122
conductors.
293 Check for feeders that are installed as taps for 240.21, 240.4(E) and (F)

meeting the restrictions for tap conductors.
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294 Verify feeder conductors in wet locations are 310.8(C), 110.3(B)
listed for wet location applications.
205 Verify proper over current device for feeders 240.86, 110.22, 110.3(B)
applied in series rated combination systems.
206 Verify panel boards suppligd by feeders have 408.36(A) and (B)
proper over current protection.
Check that over current protection devices protect | 240.4
the Check that over current protection devices
297 protect the
feeder conductors and the equipment at the load
end of the feeder.
Verify the identification means for feeder 200.6
298
grounded conductors
Verify that different means of identification for 215.12(A)
feeders where more than one nominal voltage
299 .
system is used and the two systems occupy the
same raceways or enclosures.
Verify that no over current device is inserted in a 240.22
300
feeder grounded conductor
Verify there are no grounding connections to a 250.24(A)(5), 250.142(B)
301 grounded conductor on the load side of the
service disconnecting means
Check for proper terminations of grounded 408.41
302 (neutral) conductors on neutral terminal bus in
panel board (only one per terminal).
Verify parallel conductor installations meet all of 310.4
303 .
the requirements for parallel conductors.
Verify any required GFPE equipment is installed 215.10, 240.13,
304 and has been performance tested prior to 230.95(C), 517.17
energizing.
Verify identification scheme for ungrounded 215.12(C)
feeder conductors has been established and
305 o ) .
posted where wiring system is supplied by more
than one nominal voltage system.
Transformer Inspection Questions
306 What wiring methods will be used, and are the Article 450
wiring methods suitable for the conditions?
Where is the transformer located and is it suitable | Article 450
307 ;
for the location?
308 What voltage rating will the transformer be Article 450
operating at?
309 What type of transformer(s) will be installed (dry- | Article 450
type, oil-insulated, etc.)
310 Is the transformer readily accessible or in a hollow | Article 450
space?
Is properly rated over current protection provided | Article 450
311
for the transformer?
312 Is the adequate separation from combustibles? Article 450
313 Are ventilation openings free from obstructions as | Article 450

required by the Code and the manufacturer?
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Is a transformer vault required and is it Article 450
314 - .
constructed to meet the minimum requirements?
Are conductor entries made in the correct Article 450
315 :
locations through the transformer enclosure?
Transformer Inspection Checklist
Check wiring methods (usually conduit and Chapter 3 and Article 300,
flexible metal conduit) for support and suitability 300.11
316 for the conditions.
Verify the transformer installation covered by
317 Article 450. 450.1, 450.2, 90.2
Verify over current protection for over 600 volt 450.3, 450.3(A) and notes,
318 transformers is in accordance with 450.3(A). Table 450.3(A)
Verify over current protection for transformers 600 | 450.3, 450.3(B),Table
volts 450.3(B)
319 or less is provided and properly sized.
Verify conductor sizes on the primary and 240.4, 310.15, 310.16
320 secondary.
Verify compliance with applicable secondary tap 240.21(B) and (C)
321 rules.
Check over current protection for protection of 240.4, 240.6, 240.21(B)
322 conductors. and (C), 240.100, 310.16
323 Verify clearances and working space around 450.9, 110.3(B), 110.26
transformer and specifically ventilating openings
in accordance with markings
324 Verify transformer is readily accessible or 450.13
complies with the hollow space or exposed
locations provisions.
325 Verify transformers installed indoors meet the 450.21
separation requirements or fire resistant room
requirements.
326 Verify weatherproof enclosures are installed on 110.3(B), 450.22
outdoor dry-type transformers.
327 Check for oil-filled transformer requirements such | 450.23 thru 450.28
as separations, oil containment, etc.
328 Verify transformer vaults meet all of the conditions | 450.41 thru 450.48
for construction of vaults
329 Verify metal parts and enclosures associated with | 450.10, 250.20, 250.30
transformers are grounded. If transformer is a
derived system, grounding in accordance with
250.30.
330 Verify any parallel conductors connected to Article 300, 310.4,
transformers meet the requirements in Chapter 3. | 250.122, 250.30(A)(5)
Separately Derived System Grounding and Bonding Questions
331 What size(s) is or are the separately derived Article 250
system(s)?
332 What size(s) is the largest derived phase Article 250
conductor?
333 What type of construction is the building relative Article 250
to electrode choices?
334 What grounding electrode(s) are available on the | Article 250

premises at the building or structure?
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Does the grounding electrode system and other Article 250

335 S . .
characteristics match the engineered drawings?

Are all four components of the grounding and Article 250

336 bonding scheme present at each separately
derived system?

337 Are the minimum size grounding electrode Article 250
conductor(s) and bonding jumper(s) installed?

338 Is the separately derived system a grounded Article 250
system or an ungrounded system?

What types of separately derived systems are Article 250

339 ,
installed?

340 If generators are installed, what type of transfer Article 250
equipment is used?

341 Is the size of the grounded conductor adequate? Article 250
Is the system bonding jumper connected at the Article 250

342 source enclosure or first system over current
device enclosure?

Are the metal enclosures and raceway containing | Article 250

343 :
derived phase conductors bonded properly?

Separately Derived System Grounding and Bonding

344 Verify grounding requirements or specifications of | Local rule or regulation
any engineered drawings.

345 Verify the size of the system based on the plans Based on blueprints or
or by the equipment labels. load served, 220.10

346 Determine all available grounding electrodes 250.50, 250.52(A)
based on the construction and plans.

347 Determine which electrode(s) required to be used | 250.30(A)(7)

(as near as practicable and in the same area.

348 Verify grounding electrode conductor(s) are 250.66,
properly sized. 250.30(A)(3)

349 Verify that system bonding jumper is connected 250.30(A)(1),
and sized properly. 250.28, 250.66
Check that grounding electrode conductor(s) is 250.64(C)

350 . : .
installed without a splice.

Verify grounding electrode conductor is securely 250.64(B)

351 .
fastened and protected from physical damage.

Verify Metal enclosures or raceways for 250.64(E)
grounding

352 electrode conductors are bonded to the grounding
electrode conductor at both ends of the enclosure
or
raceway.

Verify any installed equipment bonding jumpers 250.30(A)(2),

353 between source enclosure and first system over 250.35, 250.66,
current 250.102(C) and (D)
device enclosure sized properly.

354 Verify accessibility of grounding electrode 250.68(A)

conductor connections.
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Insure that a grounding conductor that provides 250.35
an effective ground-fault current path is installed
355 with the supply conductors from a permanently
installed generator(s) to the first disconnecting
mean(s)
356 Check grounding electrode conductor 250.70, 250.68, 110.3(B)
connections including buried connections.
357 Verify metal water piping system(s) are bonded. 250.104(A), 250.30(A)(7)
358 Verify metal building framing is bonded. 250.104(C), 250.30(A)(6)
359 Check sizes of water piping bonding jumpers. 250.66, 250.68(B),
250.104(A)
Check grounding and bonding connections in 250.8, 110.3(B), 250.90,
360 . X
source enclosures and first device enclosure. 250.96
361 V_erify other metal piping system bonding jumper 250.104(B), 250.122
sizes.
Check that the grounding electrode conductor 250.30(A)(1), 250.30(A)(3)
362 and bonding jumper connections for the system
are in the same location.
363 Check the connection, size, and type of system 250.30(A)(1), 250.28
bonding.
364 Verify enclosures and raceways containing (tap) 250.92(A) and (B)
derived phase conductors are bonded properly.
365 Check supply side equipment bonding jumper 250.30(A)(4)
sizes.
366 Verify system grounded conductor is sized 250.30(A)(8), 250.66,
properly or by minimum requirements. 220.61
Verify identification for grounded conductor at 200.6
367 source enclosure and first system over current
device enclosure.
Verify grounding and bonding connections are 110.12, 110.14, 250.8,
368 tight and made with equipment listed as 250.96
grounding and bonding equipment.
369 Verify the water piping in the area served by the 250.104(A), 250.30(A)(7)
derived system is bonded to the derived system.
Electric Motor Inspections Questions
370 What wiring methods will be used, and are the Article 430
wiring methods suitable for the conditions?
371 Whe_r(_a is the motor located and is it accessible for | Article 430
servicing?
What specific information is known about the Article 430
372 motor (voltage, phase, horsepower rating, service
factor, and full-load current, etc.)?
What are the conductor ampacities associated Article 430
373 . : )
with the motor installation?
374 Is properly rated motor short-circuit ground-fault Article 430
protection in place?
375 Is properly rated motor overload protection Article 430
provided if required?
376 Are the controllers and disconnects properly rated | Article 430

for FLA and LRA?
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Do motor control centers have proper ratings, Article 430
377 . ) X
locations, working space and dedicated spaces?
Are disconnects provided and located properly for | Article 430
378
the motor(s) and controllers(s)?
Are motor disconnects provided, and properly Article 430
379 .
located, or are the controller disconnects?
Motor Inspection Checklist
Check wiring methods (usually conduit and Article 300, 300.11
380 flexible metal conduit) for support and suitability
for the conditions.
Determine the FLA ratings of the motors from the | Article 430, Tables
381 Table values based on HP and voltage and 430.247 through 430.251
number of phases.
Verify branch circuit conductor sizes for single 430.22, 430.24
382 motors or multiple motors on the same circuit
(125% of Table values).
Verify feeder sizes where multiple motors are 430.24
383 .
installed on the feeder.
384 Verify short-circuit ground-fault protection for 430.52,
motor and motor branch circuit(s). Table 430.52
385 Verify short-circuit ground-fault ratings of motor 430.61 thru 430.63
feeders.
386 Verify motor control circuit over current protection. | 430.71 thru 74
387 Verify motor control circuit disconnect and proper | 430.74, 430.75
arrangement of control circuits is provided.
Verify the location of motor control centers and 430.92 thru 430.98,
388 .
ratings. 110.26
Check the rating of the motor overload protection | 430.6, 430.31, 430.32
389 and
compare to motor nameplate current values.
390 Verify the motor disconnecting means has proper | 430.109, 430.110
ratings and is a suitable type.
Verify location of motor controller disconnect(s) in | 430.102(A),
sight from and readily accessible from the 430.107, 110.26
391 : . .
controller location and verify adequate working
space is provided.
Verify motor disconnecting means is in sight from | 430.102(B),
the motor location and has adequate working 430.102(B) Ex
392 . . X
space or complies with the lockable disconnect
provisions.
Air Conditioning Equipment Inspections Questions
393 What wiring methods will be used, and are the Article 440
wiring methods suitable for the conditions?
394 Where is the equipment located and is it Article 440
accessible for servicing?
What are the conductor ampacities associated Article 440
395 : ; . '
with the equipment installation?
396 Is properly rated short-circuit ground-fault Article 440
protection in place?
397 Is properly rated overload protection provided if Article 440

required?
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398 Are the controllers and disconnects properly rated | Article 440
for FLA and LRA?
Do motor control centers have proper ratings, Article 440
399 : . X
locations, working space and dedicated spaces?
400 Are disconnects provided and located properly for | Article 440
the equipment controllers?
Are equipment disconnects provided, and Article 440
401 properly located, or are the controller
disconnects?
Air Conditioning Equipment Inspections Checklist
Check wiring methods (usually conduit and liquid | Article 300, 300.11
402 tight flexible metal conduit) for support and
suitability for the conditions.
Verify that Article 440 is applicable to the 440.1, 440.2
403 equipment (the equipment incorporates a
hermetic refrigerant motor compressor).
Verify there is applicable nameplate information 440.4
404 ; :
provided for the equipment.
405 Verify the branch circuit conductor sizes are 440.31 thru 440.35
proper.
406 Verify the conductors supplying multiple units are | 430.24, 430.25, 440.35
properly sized.
407 Verify branch circuit overload protection is 440.51 thru 440.55
provided and is sized properly.
Verify the size of the branch circuit short-circuit 440.21, 440.22
408 ground fault protection is properly sized
(nameplate).
Verify short-circuit ground-fault protection is 430.61 thru 430.63
409 provided for feeders if applicable and is sized
properly.
Verify controllers have proper ratings were not 440.41
410 supplied as an integral component of the
equipment.
411 Check the ratings of disconnecting means for 440.12, 440.13
LRA and RLA values that meet the requirements.
412 Verify disconnecting means locations and 440.14, 110.26
applicable working spaces are provided.
413 Vercijfy size and lengths of room air-conditioner 440.60 thru 440.64
cords.
Verify that room air-conditioners are factory 440.65
414 equipped with either LCDI or AFCI protection as
part of the supply cord.
415 Verify service receptacles and appropriate lighting | 210.63, 210.70
outlets and switches are provided.
416 Verify equipment is listed and installed properly. 90.7, 110.2, 110.3, 110.3,
110.3(B)
Emergency Electrical System Requirements Questions
417 What type of occupancy and what type of
emergency system is required? Article 700
418 What is required or permitted as the emergency
system source of power? Article 700
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419 What type of transfer equipment is installed and
where is it located? Article 700
420 What is the location of the emergency system
power source? Article 700
421 What are the wiring methods used for the
emergency feeders and branch circuits? Article 700
492 Are the appropriate separations between normal
circuits and emergency circuits provided? Article 700
423 Is there a fire pump, if so, what is the location and
what are the power sources? Article 700
424 What type of witness test is to be conducted prior
to acceptance? Article 700
425 Are emergency system enclosures properly
identified? Article 700
426 Is the equipment suitable for use on an
emergency system? Article 700
427 What is the egress path required by the
applicable building code? Article 700
498 Are fire rated assemblies required for emergency
feeder protection? Article 700
Emergency System Requirements Checklist
Applicable building code
429 Establish that Article 700 applies to the type of or local code and Article
occupancy and electrical system. 700
430 Review engineered drawings for specifications. Local Code(s) and 700.9©
431 Determine the emergency system source to be 700.12
used based the drawings and at a minimum:
432 Check equipment being used on emergency 700.3, 110.3(A) and (B)
system for suitability.
Verify connected emergency system load and 700.4, 220.10, 215.2
433 capacity
of the emergency system.
Verify capacity meets load demand or load 700.5
434 P :
shedding is provided.
If generator is the source, verify onsite fuel is 700.12(B)(2)
435 . o .
provided (for minimum 2-hours operation).
Power sources are suitable for minimum 1-1/2 700.12
436 hours of operation and transfer is within 10
seconds.
437 Verify unit equipment is connected to the proper 700.12(F)
lighting circuits.
Check for dimmer systems (listed for use in 700.23
438 emergency systems) and ability upon power
failure to illuminate selected emergency circuits.
439 Verify transfer equipment is suitable for the use 700.5
and is automatic type.
440 Transfer equipment supplies only emergency 700.5(C) and (D)
loads and is listed for emergency systems
a41 Determine if transfer switch creates a separately 250.20(D),250.30(A)

derived system.
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Emergency system branch circuit over current 700.25
442 : : ;
devices accessible to authorized persons only.
443 Check for emergency system signage at service 700.7
equipment (disconnecting means) location.
444 Check for feeder and branch circuit wiring 700.10(D)
separation from normal circuits.
445 Conduct a witness test of the system (loads 700.3, 701.3
connected).
446 Check all enclosures are identified as part of an 700.10(A)
emergency system
Verify proper separation of emergency, legally 700.10(B)(5)
447 required standby and optional standby systems at
first disconnecting means.
Verify required visible and audible emergency 700.7, 700.10(A), 700.26
448 system status signals are provided and the
locations.
Check for fire rated feeders in high-rise buildings | 700.10(D)
449 and
assembly occupancies over 1000 persons.
Verify emergency branch circuits supply only 700.15
450 emergency loads (See 517 for health care
facilities).
Verify re-strike capabilities or provided 700.16
451 illumination where HID lighting is used as the
normal lighting (done usually during witness test)
Check that areas in egress path will not be left in 700.16
452 total darkness with the failure of a single lighting
element.
453 Check any fire pump installations for compliance Article 695, NFPA 20
with Article 695 and NFPA 20.
454 Verify any switches located in emergency lighting | 700.20, 700.21
circuits are accessible only to authorized persons.
Final Electrical Inspections Questions
Are the circuit directories and disconnecting Article 110
455 . e
means identification in place?
Are all covers installed on electrical switchboards, | Article 110
456
panel boards, and other enclosures?
457 Are unused openings in any enclosure effectively | Article 110
closed?
458 Are the properly rated devices installed and Article 110
device cover plates installed?
459 Are the required fire penetrations sealed
properly? Chapter 3
460 Is the emergency system completed and
identified? Chapter 7
261 Has the emergency system been tested under
withess? Chapter 7
462 Is all mechanical equipment disconnecting means
in place? Article 430
463 Are all required GFCI circuits and receptacles Articles 110, 230, 250,

installed?

430, etc.
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Are the service receptacles for heating and air- Article 440
464 conditioning equipment located within 25 feet of
equipment?
465 Are all luminaries (lighting fixtures) installed? Article 410
466 Have GFP equipment test results been provided Various
(if applicable)?
Have any and all revisions or deviations from the | Authority Having
467 original engineering design been documented in Jurisdiction
writing?
468 Are required arc flash warning labels in place? 110.16
Final Electrical Inspection Checklist
Determine which installations or portions of the 90.2(A) and (B)
469 ; )
installations are covered by NEC rules.
Verify equipment is listed and installed in 90.7 and 110.3(B)
470 accordance with manufacturer’s installation
instructions.
Verify circuit directories and disconnecting means | 110.22, 408.4
471 : A .
identification is provided.
472 Verify GFCI protection at required locations. 210.8(B), 422.51, 422.52
473 Verify all covers installed and unused openings 110.12(A)
are closed
474 Verify all properly rated devices (switches and 210.21, 404.14, 406.2
receptacles) are installed.
475 Check to see that all luminaires are listed. 410.6
476 Verify weatherproof receptacle covers in place in | 406.8(A) and (B)
damp and wet locations.
477 Verify weather-resistant type receptacles are 406.8(A), 406.8(B)
installed outdoors in damp and wet locations.
Check for GFPE test results (if applicable) 230.95(C), 517.17(C)
478 Healthcare facilities (hospitals) require six-cycle
separation.
479 Check for arc flash warning labels on applicable 110.16
equipment enclosures.
Check for required service receptacle within 25 210.63
480 feet and on the same level as the equipment
location
Verify emergency system identification and 700.3, 700.10(A), 701.3
481 witness
testing is completed.
482 Verify locations of HVAC equipment 440.14
disconnecting means.
483 Verify locations of motor disconnecting means. 430.102
Verify correction factors have been applied to 310.15(B)(2)(c),
484 conductors installed on or above rooftops 310.15(A)(2) Exception
exposed to direct sunlight.
Verify field markings on equipment for series 110.22(C)
485 o
combination rated systems.
Verify identification of circuit conductors 200.6(D), 210.5(C),
486 permanently posted at each branch circuit panel 215.12(C)

board or other distribution equipment with building
is supplied by more than one nominal voltage
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Appendix B-4

Electrical Safe Facility Design, Reliability, and Maintainability
Checklist

Purpose: This checklist identifies conditions which, when assured by design, enhance
facility reliability and maintainability, and provide a work environment which limits the
exposure of workers to electrical hazards which can result in device failure, fire, as well
as injury or death. It’s use is appropriate for new construction, demolition, or renovation
of existing buildings. It checklist identifies the most common omissions and
discrepancies in facility designs.

Topics addressed include life safety, considerations for the location of electrical
equipment, design technologies which reduce the risk of electrocution and arc flash or
fires, training, interior electrical systems and ground fault protection, transformers,
insulated power circuits, emergency electrical systems, working space about electrical
equipment, caution and warning signs, arc-fault hazard analyses, equipment marking,
overcurrent protective devices, electric motors, switchgear, overhead power lines and
cables, and underground distribution systems.

Requirement: Occupational Safety and Health Administration (OSHA) 29CFR
Occupational Safety and Health Administration (OSHA) 29 CFR 1910 Subpart S;
National Fire Protection Association (NFPA) 70, the National Electric Code (NEC);
NFPA 70E Electrical Safety in the Workplace; International Electrical Testing
Association (NETA),Acceptance Testing Standard (ATS); International Electrical Testing
Association (NETA), Maintenance Testing Standard (MTS);UFC 3-501-01, Electrical
Engineering, July 1, 2012; UFC 3-560-01, Electrical Safety O&M, May 1, 2012;

DA Pam 385-26: The Army Electrical Safety Program; Department of the Air Force,
Headquarters Air Force Civil Engineer Support Agency, Engineering Technical Letter
(ETL) 01-1: Reliability and Maintainability (R&M) Design Checklist, October 11, 2001;

Applicability: This checklist is a tool to aid the planner, designer, and maintainer to focus
on materials, methods, and system components to improve O&M throughout the life
cycle of DoD Facilities. It is appropriate for use by DoD Agencies, the Services, and
DoD contractors.
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FACILITY CHECKLIST

Electrical Safe Facility Design, Reliability, and Maintainability Checklist

Number ltem | Y/N/NA

General Provisions For New or Renovation of Buildings, Installation of Electrical Systems

Before commissioning a new building electrical system, or renovation of a building or electrical
system check the following design items related to construction:

Check legal building code and electrical code requirements for buildings, switchgear rooms,

1 ) ) L
transformer rooms, elevator machine rooms, electrical closets, telecommunications rooms, etc.
2 Electrical metering for buildings, as required.
3 Are electric distribution design specifications available?
4 Are UL listed or equivalent water proof fixtures provided in rooms containing moisture (e.g.,
dishwashing rooms)?
5 Electrical superintendent has reviewed drawings and his comments considered?

Has sensitive electronic equipment been installed in accordance with Federal Information Processing
6 Standard (FIPS) Publication 195, Federal Building Grounding and Bonding Requirements for
Telecommunications

In critical operations power systems, does the risk assessment identify hazards, the likelihood of their
7 occurrence, and the vulnerability of the electrical system to those hazards? Refer to NEC 708,
Critical Operations Power Systems (COPS).

Has a risk assessment been done which developed a strategy for providing physical security for

8 critical operations power systems?

9 Are the O&M Manuals a requirement in the project plans and specifications?

10 Have the O&M Manuals been turned over to O&M?

11 Has the Electrical Superintendent or other appropriate O&M Personnel reviewed the design

drawings?

Arc Flash Reduction Modes Switches (ARMS) shall be used on all equipment where possible. The
12 associated OCPD shall be tested in accordance with the settings based on the engineering
coordination and arc flash studies.

13 Arc flash hazard analysis with incident energy calculations shall be completed.

Load flow study is completed showing direction and amount of power flowing to each load shall be

14 completed.

15 Short circuit and coordination study is completed and one-line diagrams are available.

2
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16 Requirements for essential electric system distribution follow National Electric Code (NEC) wiring and
protection, wiring methods and materials, and equipment requirements.
17 Coordinate drawings with other technical disciplines.
Means of Egress
18 Dual means of egress from transformer vaults, switchgear rooms, switchboard (over 1200 amps)
rooms and generator rooms or buildings.
Provide doors that open under simple pressure leading from the switchgear rooms, electrical rooms,
19 transformer vaults, generator rooms and elevator machine rooms. The doors shall swing in the
direction of exit travel.
Location of Electric Equipment
20 Stack electrical closets and telecommunications rooms vertically.
21 Show quantity of electrical closets on a floor: Maximum distance of the farthest branch circuit to the
nearest closet shall not exceed 75 ft.
22 All closets shall be free of columns inside.
All electrical rooms, transformer vaults and closets shall not be located directly below showers,
23 laboratories, kitchens, dish washing areas, roof drain leaders, cooling towers or other areas where
water service is provided. Pipe containing liquids or gases shall not pass through these rooms.
24 All wiring shall be installed in raceways.
25 All underground raceways shall be encased in concrete.
Design Technologies/Features Which Reduce the Risk of Electrocution, Shock, Arc Flash or Fires
26 High resistance grounding with associated control system to monitor phase to ground faults.
27 Covered or isolated bus design for circuits.
28 Current limiting fuses and current limiting breakers shall be used.
29 Touch-proof equipment shall be used where needed.
30 Remote operation of equipment must be used.
31 "Smart" motor control centers shall be used where required.
32 Arc-resistant enclosures shall be used.
33 Fully extractable motor control center design.
34 Ground-fault circuit interrupters shall be used.
35 Arc fault interrupter circuit breakers shall be used.
36 Motor controls are located away from the motor control terminal box or motor control center
37 Use of "smart" motor control centers?
38 Arc resistance motor control center?

3
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39

Inspection infra-red (IR) viewports shall be installed on all equipment requiring IR scanning.

40

Arc resistant medium voltage or low voltage enclosures used?

Training

41

Has all affected been trained in the correct operation of the equipment or systems?

42

Is training a requirement in the project plans and specifications?

Interior Electrical Systems, Ground Fault Protection

43

Is surge lightning and transient protection installed on service entrances, solid-state uninterruptible
power supplies, and isolation transformers?

44

Is there ground-fault protection on equipment for all 480V circuits above 1000 amps on a solidly
grounded wye system?

Note

National Electrical Code [NEC] requires ground fault protection on grounded Wye services of 150
volts or more to ground, and 1000 amperes or more. Ground-fault protection of equipment (GFPE) is
defined in Article 100 as “a system intended to provide protection of equipment from damaging line-
to-ground-fault currents by operating to cause a disconnecting means to open all ungrounded
conductors of the faulted circuit. This protection is provided at current levels less than those required
to protect conductors from damage through the operation of a supply circuit over current protection
device.” Section 230.95 requires solidly grounded Wye electrical services with main disconnecting
means rated at 1,000A or more to be provided with GFPE where the voltage is more than 150V to
ground but does not exceed 600V phase-to-phase. The setting of the GFPE must not be greater than
1,200A and the maximum time delay before operation shall not exceed one second (60 cycles) for
ground-fault currents of 3,000A or greater. In determining the setting for the ground-fault protection
system, it is necessary to determine the permissible amount of damage to the electrical system. The
higher the Ampere setting of the ground-fault device or the longer the ground fault is permitted to
continue, the more damage to the system. Source: http://www.ecmag.com/section/systems/ground-
fault-protection-systems-services

45

Ground Fault Protection for Equipment (GFPE) installed on service entrance feeders?

46

GFPE installed on all feeder circuits to ensure electrical coordination?

Note

Where ground-fault circuit-interrupter protection for personnel is provided, the voltage shall be
permitted to be greater than 30 but not more than 80 volts. Exception: In circumstances where are all
conditions of NEC 427.74 are met; output voltage shall be not greater than 132 volts ac to ground.

47

Has the maximum phase-to-phase fault current that is available at the main disconnect for the service
been determined?

Note

Either check with the local utility company for their fault values or figure an approximate value in
accordance with engineering calculations.

4
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“This standard, by adoption of ANSI/TIA/EIA-607- 1994, Commercial Building Grounding and Bonding
Requirements for Telecommunications, specifies the requirements for a uniform telecommunications

Note grounding and bonding infrastructure for Federal buildings where telecommunications equipment is
installed” (Reference Federal Register, August 15, 1995, NIST, “Approval of Federal Information
Processing Standards Publication 195, Federal Building Grounding and Bonding Requirements for
Telecommunications.” FIPS Publication 195 is available at: http://www.itl.nist.gov/fipspubs/fip195.htm

Note NEC-2011 Article 250 covers bonding and grounding.

48 Grounding systems in compliance with NEC? (No separate grounds for computers are permitted.)

Transformers

49 Isolation transformers grounded in accordance with NEC for separately derived sources?

50 Is isolation transformer with a grounded shield between the primary and secondary windings used to
isolate the distribution system from the heating system? (Refer to NEC-2011 426.31)
Does the secondary winding of the isolation transformer connected to the impedance heating

51 elements not have an output voltage greater than 30 volts ac, unless protected by a ground fault
circuit interrupter protection for personnel? (Refer to NEC-2011, 426.32)
An isolation transformer is a transformer of the multiple winding type, with the primary and secondary

Note windings physically separated, which inductively couples its secondary winding(s) to circuit
conductors connected to its primary winding(s). [Refer to NEC 517.2(2011) (Definitions)]

52 Are spare stub-up provided at pad-mounted transformers?

53 Electrical equipment room with dry transformers ventilated for maximum temperature of 32 °C (90
°F)?

Insulated Power Circuits

54 Is each isolated power circuit controlled by a switch or circuit breaker that has a disconnecting pole in
each isolated circuit conductor to simultaneously disconnect all power?
Such isolation shall be accomplished by means of one or more isolation transformers, by means of
generator sets, or by means of electrically isolated batteries. Conductors of isolated power circuits

Note . . .
shall not be installed in cables, raceways, or other enclosures containing conductors of another
system. [Refer to NEC-2011, 517.160(A)(1)]

Emergency Electrical Systems
55 Are maintenance-free gel cell-type batteries used in all emergency lights, except fluorescent lights

(where NiCad is acceptable)?
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Note

NEC Definitions 700.2, Emergency Systems: Those systems legally required and classed as
emergency by municipal, state, federal, or other codes, or by any governmental agency having
jurisdiction. These systems are intended to automatically supply illumination, power, or both, to
designated areas and equipment in the event of failure of the normal supply or in the event of
accident to elements of a system intended to supply, distribute, and control power and illumination
essential for safety to human life.

56

Is there a means for testing all emergency lighting and power systems during maximum anticipated
load conditions?

Note

Refer to 700.16 for emergency illumination. Refer to NEC 700.17 for branch circuits for emergency
lightning

Note

For testing and maintenance procedures of emergency power supply systems see NFPA 110-2010,
Standard for Emergency and Standby Power Systems.

57

Is the emergency system equipment suitable for the maximum available fault current at its terminals?
(Refer to NEC-2011 700.4)

58

Is a sign posted at the service-entrance equipment, indicating type and location of on-site emergency
power sources? (Refer to NEC-2011 700.7)

Note

Where removal of a grounding or bonding connection in normal power source equipment interrupts
the grounding electrode conductor connection to the alternate power source(s) grounded conductor, a
warning sign shall be installed at the normal power source equipment stating: WARNING SHOCK
HAZARD EXISTS IF GROUNDING ELECTRODE CONDUCTOR OR BONDING JUMPER
CONNECTION IN THIS EQUIPMENT IS REMOVED WHILE ALTERNATE SOURCE(S) IS
ENERGIZED. NEC 700.7(2011)

59

Are emergency system maintenance procedures available according to NEC-2011 700.3?

60

Do storage batteries used as a source of power for emergency systems of suitable rating and capacity
to supply and maintain the total load for a minimum period of 112 hours, without the voltage applied
to the load falling below 8712 percent of normal?

61

Is a portable or temporary alternate source available for whenever the emergency generator is out of
service for major maintenance or repair?

62

Are all boxes and enclosures (including transfer switches, generators, and power panels) for
emergency circuits permanently marked so they will be readily identified as a component of an
emergency circuit or system? (Refer to NEC-2001 700.10)

63

Is wiring from an emergency source or emergency source distribution over current protection to
emergency loads kept entirely independent of all other wiring and equipment, unless otherwise
permitted in NEC-2011 700.10(B) (1) through (5)?

64

Is transfer equipment designed and installed according to NEC 700.5 to prevent the inadvertent
interconnection of normal and emergency sources of supply in any operation of the transfer
equipment? Transfer equipment and electric power production systems installed to permit operation
in parallel with the normal source shall meet the requirements of Article 705.

65

Are emergency system signals provided in accordance with NEC-2011 700.6 for derangement,
carrying load, not functioning, and ground fault?

66

Do emergency systems sources of power comply with NEC-2011 700.12?

67

Do uninterruptible power supplies used to provide power for emergency systems comply with the
applicable provisions of NEC 700.12(A) and (B)?

6

Appendix B-4 — Electrical Safety in Design Final Report: Electrical Safe Facility Design, Reliability, and Maintainability Checklist
Version 1.0
July 1, 2014






Number Iltem Y/N/NA
68 Do emergency system circuits, for lighting and power comply with NEC-2011 700.15-700.18?
Do emergency system lighting circuits comply with switch requirements in NEC-2011 700.20 and
69 : .
700.21 for switch location?
70 Is the branch-circuit over current devices in emergency circuits accessible to authorized persons
only? (Referto NEC-2011 700.25)
71 Does ground fault emergency system equipment protection comply with NEC-2011 700.26?
72 Are emergency system(s) over current devices selectively coordinated with all supply side over
current protective devices? (Refer to NEC-2011 700.27)
73 Are any legally required standby systems identified according to NEC-2011 701.2?
Working Space about Electrical Equipment
74 Is adequate workspace designed around equipment?
The depth of the working space in the direction of access to live parts may not be less than indicated
Note in 29 CFR 1910.303(g)(1), Table S-1. Distances shall be measured from the live parts if they are
exposed or from the enclosure front or opening if they are enclosed.
75 Is there a minimum working space of 30 in (762 cm) width in front of electrical equipment operating at
600 volts or less? (29 CFR 1910.303(g)(1)
76 Is a minimum headroom clearance of 6-1/2 ft (2 m) maintained from the floor or platform up to the
luminaire or any overhead obstruction?
Note Refer to NEC 110.26 for working space about electrical equipment.
77 Is there at least one entrance of sufficient area provided to give access to the working space about
electric equipment?
Note Refer to OSHA 1910.303(g) for working space safety requirements
29 CFR 1926.403(i)(1) covers working space. Table K 1 of this standard shows minimum dimension
Note of the working space in the direction of access to live parts operating at 600 volts or less and likely to
require examination, adjustment, servicing, or maintenance.
78 Are all live parts guarded against accidental contact?
Depth of Working Space, NEC 110.26 (2011): The depth of the working space in the direction of live
parts shall not be less than that specified in Table 110.26(A)(1) unless the requirements of NEC
110.26(A)(1)(a), (A)(1)(b), or (A)(1)(c) are met. Distances shall be measured from the exposed live
Note parts or from the enclosure or opening if the live parts are enclosed. The width of the working space in
front of the electrical equipment shall be the width of the equipment or 762 mm (30 in.), whichever is
greater. In all cases, the work space shall permit at least a 90 degree opening of equipment doors or
hinged panels. The work space shall be clear and extend from the grade, floor, or platform to a height
of 2.0 m (612 ft) or the height of the equipment, whichever is greater. Referto NEC 110.26.
79 Are all indoor electrical installations that are accessible to unqualified persons made with metal-
enclosed equipment?
Caution and Warning Signs
80 Are metal-enclosed switchgear, unit substations, transformers, pull boxes, connection boxes, and

other similar associated equipment marked with appropriate caution signs?
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Arc Fault Hazard Analyses

81

Has a computerized short circuit analysis and coordination study been performed for large or complex
systems?

82

Is the surge protective device marked with a short circuit current rating and not installed at a point on
the system where the available fault current is in excess of that rating? (Refer to NEC-2011 285.6)

83

An industrial control panel shall not be installed where the available fault current exceeds its short-
circuit current rating as marked in accordance with NEC 409.110(4). (Refer to NEC-2011 409.22)

Equipment Marking

84

Are industrial control panels supplied by more than one power source such that more than one
disconnecting means is required to disconnect all power within the control panel marked to indicate
that more than one disconnecting means is required to de-energize the equipment? (Refer to NEC-
2011 409.110)

85

Are industrial control panel (s) marked with the following information that is plainly visible after
installation: (1) Manufacturer's name, trademark, or other descriptive marking by which the
organization responsible for the product can be identified (2) supply voltage, number of phases,
frequency, and full load current for each incoming supply circuit; and(3) short-circuit current rating.
(Refer to NEC-2011 409.110)

86

Is electrical equipment in facilities such as switchboards, panel boards, industrial control panels,
meter socket enclosures, and motor control centers that are in other than dwelling units, and are likely
to require examination, adjustment, servicing, or maintenance while energized field, marked to warn
qualified persons of potential electric arc flash hazards? (Refer to NEC-2011 110.16)

87

Are enclosures (other than surrounding fences or walls) of switchboards, panel boards, industrial
control panels, motor control centers, meter sockets, enclosed switches, transfer switches, power
outlets, circuit breakers, adjustable-speed drive systems, pullout switches, portable power distribution
equipment, termination boxes, general-purpose transformers, fire pump controllers, fire pump motors,
and motor controllers, rated not over 600 volts nominal and intended for such locations, marked with
an enclosure-type number as shown NEC-2011 Table 110.28.

Overcurrent Protective Devices (OCPDs): Fuses and Circuit Breakers

88

Breaker and fuse interrupter ratings are adequate according to findings of the short circuit analysis?

89

Are short circuit and ground fault protective devices for motors, motor circuits and controllers in
accordance with NEC-2011 Article 4307?

90

Overcurrent Protective Devices (OCPDs) shall be tested in accordance with the settings based on
engineering coordination.

91

Do motor control centers have draw out breakers, where applicable? (Fused disconnects should be
avoided, since breakers provide greater R&M.)

92

Is alternate feed to facility required to provide increased reliability? (Hospitals and mission-essential
facilities may benefit from dual feeders.)

8
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93

Are circuit breakers used instead of fuses? (Use of circuit breakers increases Reliability and
Maintainability (R&M), as spare fuses do not need to be kept in storage and circuit restoration is not
dependent on the availability of a fuse.)

Note

NEC Article 240 of the (NEC) provides the basic requirements for over current (i.e., overload, short-
circuit, and/or ground fault) protection.

Note

NEC 430.31 (2011), General, Part Il specifies overload devices intended to protect motors, motor-
control apparatus, and motor branch circuit conductors against excessive heating due to motor
overloads and failure to start.

Note

NEC-2011 490.46, Circuit Breaker Locking: Circuit breakers shall be capable of being locked in the
open position or, if they are installed in a draw out mechanism, that mechanism shall be capable of
being locked in such a position that the mechanism cannot be moved into the connected position. In
either case, the provision for locking shall remain in place with or without the lock.

Note

NEC-2011 110.24(A) requires service equipment in other than dwelling units to be legibly marked in
the field with the maximum available fault current. The field marking(s) shall include the date the fault
current calculation was performed and be of sufficient durability to withstand the environment
involved. NEC 110.24(B): When modifications to the electrical installation occur that affect the
maximum available fault current at the service, the maximum available fault current shall be verified
or recalculated as necessary to ensure the service equipment ratings are sufficient for the maximum
available fault current at the line terminals of the equipment. The required field marking(s) in
110.24(A) shall be adjusted to reflect the new level of maximum available fault current. Exception:
The field marking requirements in 110.24(A) and 110.24(B) shall not be required in industrial
installations where conditions of maintenance and supervision ensure that only qualified persons
service the equipment.

Cables versus Bus Ducts

94

Is bus duct use considered, rather than cabling, for circuits of 600 amperes or greater? (It is difficult
for electricians to work with such a circuit, as it requires a conductor greater than 500 Thousand
Circular Mils (MCM) (thousand circular mils) [or 500 MCM in parallel].)

Electric Motors

95

Motor size and application warrant use of under voltage motor protection? (History of motor failures at
the base should be a factor.)

Note

The result of a motor under voltage condition is an increase in current, motor heating and a reduction
in motor performance. The under voltage motor protection is a backup for the thermal overload. In
some cases, it is desirable to trip the motor faster than thermal overload element. Reference:
http://www.|-3.com/private/ieee/Motor%20Protection%20Principles.pdf

Note

Motor control center has adequate workspace to ensure maintainability?

96

Correct overloads specified for motors? (Overloads should be no larger than specified by the NEC-
2011 430.31-430.32

Switchgear

97

Switchgear has:

98

Draw out breakers?

9
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99 Lifting brackets for breaker maintenance?

100 Easy accessibility for maintenance?

101 Cable trenches?

102 Emergency lighting?

Overhead Lines and Cables

103 Appropriate places on overhead lines specified to have stirrups? (Use of stirrups prevents damage to
conductor when a connection is made.)

104 A provision is made for the avoidance of contact with power lines.
Reference: Distribution System Design Manual for Fort Richardson, Fort Greely, and Fort Wainwright

Note Electric Distribution Systems says “New distribution lines will be designed to meet NESC Grade “B”
construction to the greatest extent possible.” retrieved from: http://doyonutilities.com/wp-
content/uploads/DU-Electrical-Distribution-System-Design-Manual.pdf

Underground Distribution Lines

Underground primary cables are cross-linked polyethylene (XLPE) or ethylene propylene rubber

105 (EPR), with 133% insulation level with outer jacket? (Outer jacket is only necessary to protect
concentric neutral from corrosion.)

Note Refer to NEC 310.104 for conductor specifications; Insulated conductors shall comply with the
applicable provisions of Table 310.104(A) through Table 310.104(E)-2011.

106 Is direct-buried cable or conduit or other raceways installed to meet the minimum cover requirements
of NEC-2011 Table 300.5? Refer to NEC 300.5C for exception.
The interior of enclosures or raceways installed underground shall be considered to be a wet location.

Note Insulated conductors and cables installed in these enclosures or raceways in underground
installations shall be listed for use in wet locations and shall comply with 310.10(C). [Refer to NEC
300.5(B)]

107 Underground switches are oil-less, with dead fronts? (Vacuum or SF6 switches are preferred.)

108 Fault indicators on underground switches? (Fault indicators are essential for quickly locating faults on
underground circuits. Fault locators should automatically reset.)
Concrete cable markers required at each change of direction and at approximately 69.9-meter (200-

109 . o .
foot) intervals to indicate location of underground cables?

110 Cable warning tapes required above all underground cables? (See AFJMAN 32-1080, Electrical
Power Supply and Distribution).

111 Underground cable ampacity designed for future growth? (Cable size should take into account any
derating requirements, such as multi-cable ducts.)

Manholes — Confined and Enclosed Spaces

112 Sufficient working space for two people?

Note Refer to OSHA 29 CFR 1910.269 proposed/final rule requirements for enclosed spaces and other
requirements.

113 Have all enclosed spaces been identified and classified as a permit required confined space, as
appropriate?

114 Are there provisions for the atmosphere in enclosed spaces evaluated for oxygen, hydrogen sulfide

and combustible gases?

10
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115 Procedures for all hazards in enclosed spaces identified and evaluated?
116 Is ventilation available or designed to provide positive pressure ventilation for entering enclosed
spaces?
117 Has a job briefing been completed and documented for all persons entering enclosed work spaces?
Sump holes (sealed sump holes in high-water areas) and pulling irons opposite all duct entrances,
118 plus one on center of floor? (Consider reinforcing duct entrances to reduce shearing. Specify sealed
duct ends to prevent rodent intrusion.)
119 Duct line markers used to locate duct routes and turns?
Underground Cable Splices
120 Prohibited, or allowed only where necessary?
121 Employ maintenance-free methods and materials (e.g., heat shrink, resin casting)?
Refer to NEC 300.5 for underground installation requirements for minimum cover, wet locations,
Note cables under buildings, protection from damage, splices and taps, backfill, raceway seals, bushing,
conductors of the same circuit, earth movement and directional boring.
Substations
122 Adequate bypass capability so breakers can be serviced?
123 Substation locations:
124 Located away from base perimeter fences and heavy-traffic roads?
125 Access roads able to accommodate line maintenance vehicles?
126 Two sets of multi-ratio current transformers (one set each for instruments and relays)?
127 Low-maintenance breakers (e.g., vacuum, SF6, air)?
128 Any special maintenance tools included as part of facility?
129 Two power transformers, each capable of carrying the load, considered for reliability and ease of
maintenance?
130 Permanent schematics specified to be installed?
Note Refer to NEC 225.70 for substation requirements for warning signs.
AIRFIELD LIGHTING
Airfield Lighting Vault
131 Designed with 480-volt overhead bus duct distribution system?
132 Designed with devices and equipment to facilitate removal and replacement of regulators, such as an
overhead crane?
133 Heat loading considered? (Vault may require air conditioning.)
134 Adequate work space, storage area, and a latrine?
Isolation transformers installed in cans, not directly buried? (Consider installing transformers 15.2 meters
135 ; X
(50 feet) from the edge of the runway to allow maintenance during runway use.)
136 All elevated visual navigational aids incorporate frangible, low impact resistant or semi-frangible design
principles in accordance with AFMAN 32-1076, Design Standards For Visual Air Navigation Facilities?
137 All foundations designed to be flush with grade?

11
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138

All hand holes and manholes within apron, taxiway, tow way, runway, and overrun shoulder areas
designed for a 34,000-kilogram (75-kip) wheel load?

Note

FAA publishes airfield lighting design guidelines. For example the design, installation and maintenance of
in-pavement lighting is available at:
http://www.faa.gov/airports/engineering/airport_lighting/media/schai_airport_lighting.pdf.

FAA Series 150 Advisory circulars for airfield lighting:
http://www.faa.gov/airports/resources/advisory_circulars/index.cfm/go/document.list/parentTopiclD/63,
150/5340-30G, Design and Installation Details for Airport Visual Aids

Note

“The Air Force generally follows FAA standards which are primarily published as advisory circulars,
handbooks, and specifications. However, when they are in conflict with the Air Force AFMAN 32-1076 a
requirement, this manual takes precedence.” Source: http://webapp1.dlib.indiana.edu/cgi-
bin/virtcdlib/index.cgi/821003/FID2/pubs/af/32/afman32-1076/afman32-1076.pdf

139

LIST ANY ADDITIONAL LOCALLY-UNIQUE R&M DESIGN FEATURES TO BE CONSIDERED

12
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Facility Electrical Systems
Inspection Checklist

SECTIONGENERAL PROVISIONS
1.0 PURPOSE

This document is used for annual inspections of electrical facility
electrical distribution systems. Itisthe intent of this document to identify
the relationship and expectation of the process of electrical inspections. The
Electrical Inspection (EI) function is intended to support and enhance the
Project Managers ability to deliver a safe product on time and on budget aswell
as provide electrical code review, surveillance,and compliance supportto all
Department of Defense (DoD) Offices, Branches, and Sections. Electrical
Inspectors will collaborate with project managers to provide seamless and
transparent support to the project optimizing both cost and schedule. In the
event of a violation of the National Electrical Code (NEC) or a condition that
compromises safety, life, or property, the Electrical Inspector shall make an
assessment to stop operations. The Electrical Inspector will work expeditiously
with Project Management to remedy the condition.

This document promotes the protection of the health, safety, and welfare of the
personnel and occupants of the spaces at the Department of Defense by
implementing reasonable safeguards and establishing specific requirements for
the inspection, installation, and repair of electrical systems and equipment. This
document is specific to the DoD and will be known as the EI Standard
Operating Procedure for the Department of Defense.

2.0 ADOPTION OF STANDARDS

El will enforce compliance to standards set forth by National Fire Protection
Association, IEEE, and DoD in that order of increasing authority on DoD
installations. The applicable standards shall be those revisions that were current
at the time of project award, unless contracted otherwise. The National
Electrical Safety Code as adopted by the Institute of Electrical and Electronics
Engineers is made a part of this document. The NEC, including all annexes, as
adopted by the National Fire Protection Association as NFPA 70, is
incorporated by reference into, and is made a part of, this document. All
electrical installations at the DoD will meet the standards and requirements set
forth. as promulgated by the DoD and adopted by EI.
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3.0 APPLICABILITY

No person may inspect, install, replace, or erect any kind of electrical wiring,
raceway , conduits, or wiring to or repair of electrical elements or circuits of
machinery and fixed or stationary appliances, motors, fixtures, signs,
electrically operated heating equipment, elevators, or any other electrically
operated apparatus or device in, on or about any premises at the DoD without
having obtained a permit as required by DoD or having otherwise complied
with these requirements, except:

Any electric light or power company, railway company, telegraph or
telephone company, or cable television company; or any persons performing
electrical work for any such company when such work is a part of the plant
or services used by the company in rendering its authorized services to the
DOD or to businesses regulated by the Public Service Commission.

4.0 DEFINITIONS

Chief of Electrical Inspection Services - The Chief of the Department issuing
electrical inspection permits and whose organization perform inspections. The Chief
of Electrical Inspection Services' authority may be designated, in the Chief of
Electrical Inspection Services' absence.

Code - The National Electrical Code (NEC), NFPA 70E, and any amendments
pursuant to this chapter.

Cut In Card - The written authorization from an authorized Electrical Inspector to the
Electrical Services Branch inorder to connect power to an electrical system or to
turn on the power distribution circuit.

Electrical Power Team - The body of electrical professionals consisting of the
Chief of Electrical Inspections, Chief of Electrical Services, Electrical Technical
Director | Chief Electrical Engineer, Division Chief of 0 & M, Division Chief of
Project Execution or their designates who act in place of and on behalf of the
Authority Having Jurisdiction (AHJ).

Electrical Work — Inspection, installation, replacement, alteration, addition.
demolition, or erection of all or part of any electrical wiring, fixture, appliance,
apparatus, raceway or conduit that generates, transmits, transforms or utilizes
electrical energy for light, heat, power, or communications. Inspection isan
implicit constituent of electrical work.

Master Electrician Unlimited - A person licensed by the State of Maryland to install,
repair and maintain a particular appliance, apparatus, device or fixture in accordance
with the NEC, including but not limited to electrical raceways, conductors, fixtures,
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signs, motors, switchgears and distribution systems, fixed electrical heating/cooling
systems or any other fixed electrical equipment or apparatus which conducts or
consumes electricity.

Master Electrician Limited - A person licensed by the State of Maryland to install,
repair and maintain a particular appliance, apparatus, device or fixture in accordance
with the NEC, limited to branch wiring for automatic heating furnaces whose
principal operation is derived from fuel oil, gas, steam or coal; refrigeration and air
conditioning equipment; illuminated signs; elevators; x-ray machines and similar
specialties.

Shelved Master Electrician — A person licensed by the State of Maryland to
maintain an inactive Master Electrician license.

Inspection - A process by which a review of the installed electrical work occurs by
an Inspector after an authorized permit has been issued by El to an electrical
contractor

Inspection Certificate - The certificate of inspection issued by the inspector
indicating that the installation is in conformity with the NEC. Copies of the
certificate are required to be forwarded to the DOD Project Manager and the
contractor or their agent prior to use or occupancy of the structure.

Inspector - An individual employed by the government who is authorized or
recognized through the EIl and has been approved by the Chief of El and the
Electrical Power Team (AHJ) to perform electrical inspections. An inspector may
also be an individual who is hired by the Government who meets the requirements of
the specific job description for the purpose of performing inspections with a single
focus or who is limited to a specific project or projects.

Permit - An application to do electrical work at the DOD that has been filed with
and approved by EI.

Standard Operating Procedure -Department of Defense implementation
of the abbreviation SOP.

5.0 CODE

All electrical work shall be guided by safety, including the National Fire Protection
Association electrical safety code, NFPA 70E. The NEC is adopted by the DOD
for the purpose of establishing rules and regulations for the installation, renewal,
extension and reception of electrical wiring and electrical apparatus in existing
buildings, structures or outdoor electrical displays and signs, or in the construction,
reconstruction alteration or repair of buildings, structures or outdoor electrical displays
or signs, that certain code known as the "National Electrical Code", as recommended
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by the National Fire Protection Association, being particularly the current edition
thereof and the whole thereof, herein after referred to as the NEC, and the same is
recognized and used by the DOD and from the date on which the NEC takes
effect. The provisions thereof and all amendments thereto will be controlling for all
existing and future electrical wiring and apparatus in buildings, structures or outdoor
electrical displays or signs within the control of the DOD.

6 through 10 Reserved

SECTION IH-AUTHORITY HAVING JURISDICTION

11 through 15Reserved

16.0

17.0

JUDGMENTS

All installed inspections shall be performed by the NEC and the approved project
documentation. The hierarchy of installed inspection judgments rising authority shall
be the person(s) responsible for performing the work, the inspector, the Government's
project electrical engineer, the Government project management, and then Chief of

El. The judgment is in force, unless it is revised by AHJ.

APPEALS

Any person affected by any decision made in connection with the enforcement of
any judgment provision may request and may be granted a hearing before the AHJ
and the Chief of El or his designee.

The appellant shall apply for a hearing on any order, notice or decision from which
they are affected or which they feel was unreasonable. The appellant in any matter
shall have the burden of proof and shall also be responsible for any cost incurred.

18 through 19 Reserved

SECTION I1II-ADMINISTRATION

20.0 PERMIT REQUIRED

A) In the case of any electrical installation for which a permit is required under
this chapter, it will be considered as non-compliance for any person to
maintain or allow to be maintained such installation if it was installed
without a permit and/or does not conform to the requirements of this chapter.
The circuit may be subject to being deenergized or the circuit(s) may not be
energized until compliance is satisfied or another remedy is agreed upon,
except:
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No permit will be required to repair portable electrical equipment, or
lighting

fixtures. lo repair or replace sockets, receptacles or snap switches, or
make other minor repairs al existing outlets, or to replace motors with
motors of the same horsepower rating. The motor-for-motor replacement
will be like-for-like replacement.

B) Any person permitted to install electrical work must first secure a permit to
do so from EI before starting any such work. Upon notification to El, jn cases
of emergency they may proceed without permits, inspections and approval
but will acquire all such approvals within a reasonable time.

C) In the case of any existing electrical installations, it will be required for these
installations to be maintained in a safe condition and where hazards exist the
condition must be presented to the Government and it is the responsibility of
the Contractor to gain or amend the necessary permits to correct such
hazardous and DoD conditions in accordance with the NEC.

D) Where the master electrician who was originally issued a permit is removed
from the work by the owner and is being replaced by another master
electrician, the owner will notify the Government Project Manager, in writing
of the proposed change. A new permit may be issued and at this time the
new master electrician shall be required to sign documentation assuming
responsibility for the work for the entire project.

21.0 PERMITTING

A) Deenergized circuits shall comply with Lock Out / Tag Out (LOTO)
procedure, thus the person who implemented the LOTO must be present
at the Inspection.

B) El shall approve, store, maintain, and close the Inspection permits.

C) The electrical contractor shall display a copy of the Inspection permit, during
electrical installation.

22.0 LICENSING
A) There are three classes of Master Electrician licenses as defined in Section 4
of this chapter:
1) Unlimited
2) Limited
3) Shelved
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B)

No contractor or person may install or erect any kind of electrical wiring,
raceway, conduits, or wiring to or repair of electrical elements or circuits
of machinery and fixed or stationary appliances, motors, fixtures, signs,
electrically operated heating/cooling equipment, elevators, or other
electrically operated apparatus or device in, on or about any premises of
the DOD without possessing or being under the supervision of one who
possess, an active State of Maryland Master Electrician license and
obtained a permit as required by the DOD, except:

1) Utility company regulated by the Public Service Commission of
Maryland when working on the line side of a meter.

2) Radio and television transmitting stations licensed and
commissioned by the Federal Communications Commission
regulations.

23.0 INSPECTIONS AND APPROVALS

A)

B)

C)

D)

Upon the completion of any installation of electrical equipment that has
been made under a permit, it shall be the duty of the person, firm, or
corporation making the installation to notify the Government Project
Manager who will notify EI | Inspector, which will inspect the work
dated in the schedule or agreed to with the Government Project Manager.

Certification of the electrical installations is required within 15 days after
completion, and each such installation will be certified by El/ Inspector.

When any portion of an electrical installation within the jurisdiction is to
be hidden from view by the permanent placement of parts of the building,
the person, firm or corporation installing such equipment shall notify EI /
Inspector, and such equipment shall not be concealed until it has been
inspected. Where the concealment of equipment proceeds continuously,
the person, firm or corporation installing the equipment shall give EI |
Inspector due notice in advance and inspections shall be made periodically
during the progress of the work.

Any concealment of electrical work or proceeding without the proper
inspections may result in the stoppage of work and/or opening or exposing
the work for inspection at the direction of the Government Project
Manager or the Contracting Officer. The removal of such parts of a
building to inspect the work properly will be required to perform the
proper inspections. All costs and schedule delays incurred by the
Government, Government's agent, construction contractor, or construction
subcontractor shall be the expense of the party responsible for the
concealment or order to proceed.
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E)

F)

G)

H)

Upon inspection if any installation is found not in conformity with the
applicable electrical codes and any other rules, regulations or ordinances.
The Inspector making the inspection will at once forward to the project
manager, person, firm or corporation making the installation a written notice
stating the defects that have been found to exist. The contractor will upon
receipt of notification immediately make the repairs and correct the violations.

At any stage of approval or denial of the installation (rough, final, etc.,), the
Inspector will place/post in a conspicuous location on the property or
structure a sticker or similar indicator that the job has been either approved or
disapproved.

Where the Inspector finds the installation to be in conformity with all
applicable local ordinances and all rules and regulations, the Inspector will
issue to the project manager, person, firm or corporation making the
installation a certificate of approval, with a duplicate copy for delivery to the
owner, authorizing the connection to the supply of electricity and will send
written notice of such authorization to the Electrical Services Branch.

When a temporary approval is issued authorizing connection of an
installation, the certificate of approval will be issued to expire at a time to
be determined therein and will be revocable by the Inspector with the approval
of the Chief of EI for just cause.

24.0 EMERGENCY INSPECTIONS

Whenever in the judgment of the Government, OHESS (Occupational Health,
Environmental, and Safety Services), Local Fire Chief or Incident Commander or
their designee, there exists a potential situation which requires the inspection by the
El or an Inspector; an inspector will be called from the list of Inspectors posted by El.

25.0 INSPECTORS

This SOP requires an individual to obtain written approval from the Chief of El,
to be an Inspector. An Inspector shall be required to demonstrate knowledge and
experience in the codes and standards that are applicable to the electrical work
being inspected.

26 through 27 Reserved

28.0 CUT-IN CERTIFICATES

No electrical power will be provided to circuits or equipment unless it was installed
under the supervision of a Master Electrician licensed by the State of Maryland and
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29.0

30.0

31.0

32.0

until a temporary or permanent cut-in certificate has been issued by the EI or an
Inspector and sent to the Electrical Services Branch to turn on power to the circuit.
Any temporary or permanent cut-in certificate may be revoked by the AHJ upon
presentation to the A HJ of sufficient evidence that continued use of electrical
energy will or could result in risk to life, persons, or property.

RIGHT OF ENTRY

When it is necessary to make an inspection to enforce the provisions of the NEC, or
where the Inspector has reasonable cause to believe that there exists in a structure or
upon a premises a condition which is contrary to or in violation of this code which
makes the structure or premises DoD, dangerous or hazardous, the Inspector is
authorized to enter the area at reasonable times to inspect or perform the duties
imposed by this SOP.

VIOLATIONS AND COMPLAINTS

A) Where any equipment is determined by the Inspector to be an immediate
threat to the safety of persons or property, the Inspector upon consulting
with the Chief of El and the Government Project Manager will have the
authority to render the electrical equipment safe or to be disconnected
immediately without prior notice to the Contractor.

B) When a violation occurs or a complaint is received, such complaint/violation
will generate a report, which is forwarded to the Chief of EI or his designee.
Upon receipt of the complaint/violation report, the Chief or his designee will
contact one of the Inspectors and request that an investigation be performed.

C) Whenever the Inspector determines that there has been a violation of the
NEC or has reasonable grounds to believe that a violation has occurred, a
copy of the violation will be forwarded to the Chief of EI or his designee
who will take the appropriate action necessary to resolve the complaint /
violation.

D) Notice will be given to the Contractor and party responsible providing
specific information and code criteria in regards to the violation and will give
a specific time in which the said violation will be resolved.

PENALTIES

Reserved

DENIAL, RESCISSION, WITHDRAWAL AND OR SUSPENSION OF
PERMITS

A) At any time that the Inspector determines that an electrical contractor has
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B)

C)

installed. repaired maintained or erected any kind of electrical wiring, raceway,
conduits, or wiring to or repair of electrical elements or circuits of machinery
and fixed or stationary appliances, motors, fixtures, signs, electrically

operated heating/cooling equipment, elevators, or other electrically operated
apparatus or device in, on or about any premises at the DOD in violation of
the NEC, notice will be sent to Project Manager advising them of the
violation.

For the purposes of this section, “electrical contractor" will be defined to
mean the party to whom the electrical permit for the building/installation not
in compliance was issued and will also include any party actually performing
the work of construction/installation upon the building/project. The electrical
contractor will also include any officer of any corporation, any partner of any
partnership or any related corporation, partnership, limited liability company
or limited liability partnership owned inwhole or in part by any
aforementioned party.

While any violation is in effect and has not been rectified to the satisfaction
of the Chief of Electrical Inspections, his designee, or the Inspector, all permits
related to the project for which the violation exists also may be suspended,
denied, withdrawn or rescinded.
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Electrical Inspector -Work Role
1. Summary

The Electrical Inspector will be able to conduct technical inspections of work to
ensure compliance with local ordinances and National Electrical Code (NEC)
articles covering the installation and operation of electrical systems and equipment.
Employee will normally work independently on field inspections, making decisions
requiring the use of technical judgment and discretion. Employee will consult with
the Chief of Electrical Inspection Services on unusual cases. Performance
evaluation is based on review of reports and spot inspections.

2. Specialized Tasks
The work of the Electrical Inspector may consist of, but is not limited to, the following:

Conduct inspections of new electrical installations in business, public, and/or industrial
buildings for conformance with safety standards, local ordinances, and NEC
requirements.

l. Review daily inspection work schedules and prepare work assignments and
overtime authorization.

2. Conducts plan review prior to construction. Resolves non-compliance with
approved plans and specifications; works with design professionals and
trades people to resolve issues.

3. Conduct pre-construction meetings with design professionals and trades people;
resolve issues that may conflict with other agencies and/or offices.

4. Conduct inspections of existing wiring installations of vacated
buildings prior to reconnection to the main power circuit.

5. Audits licensure and qualifications of electricians working at DoD meet
requirements as determined by Authority Having Jurisdiction (AHJ).

6. Conduct field inspections to audit contractor's workmanship and quality of

construction;
Coordinate installation and/or relocation of utilities with local utility provider.
Conduct investigations of handles complaints on projects which are under DoD
inspection and determines resolution of complaints.
9. Inspect generating equipment for safety compliance.
10.  Prepares reports and maintains records of work performance.
11.  Performs the functions of the Chief of Electrical Inspection Services
during that individual's temporary absence.
12.  Conducts final inspections for assigned projects.

o~

3. Specialized Competencies:

The Electrical Inspector shall demonstrate a thorough knowledge of the
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following:

1. Methods and practices involved in constructing, installing, maintaining and
operating electrical installations and equipment.

2. Possible defects and flaws in electrical wiring and equipment.

3. Standard testing devices and of effective corrective measures.

4. NEC (and other pertinent) standards relating to complex electrical
installations and equipment.

5. Ability to detect and locate defective electrical wiring and construction
when defects are easily accessible and remedied.

6. Ability to understand and work from construction and wiring drawings and
diagrams.

7. Ability to establish and maintain effective working relationships with
building owners, contractors, and craftsmen.

8. Ability to enforce ordinances and other regulations with firmness, tact and
impartiality.

9. Ability to train inspectors with less experience in the objectives and

techniques of electrical inspections.
10.  Applicable safety codes: 29CFR1910.300-399, 29 CFR 1910269, NFP
70E, NETA ATS,and NETA MTS.

4, General Competencies
The Electrical Inspector shall

l. Possess a high school diploma, vocational-technical school diploma, or GED
certificate.

2. Have completed an Electrical Apprenticeship Program recognized by the
applicable State or licensing authority.

5. Licenses:

The Electrical Inspector shall possess a Journeyman Electrician license
and a Master Electrician's License recognized by the applicable State or
licensing authority.

6. Certificates

N/A

7. Physical Requirements

The Electrical Inspector shall be able to comply with the following physical
requirements:
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Rapid mental and muscular coordination simultaneously;
Climbing, legs only and legs and rums (hours);
Crawling (hours);

Depth perception;

Hearing (aid permitted);

kneeling (hours);

Moderate carrying 15-44 pounds;

Reaching above shoulder;

Standing (hours)

Use of fingers;

Walking (hours);

Repeated bending

Specific visual acuity

8. Environmental Factors

The following environmental factors may be encountered:

Constant and/or excessive noise

Degraded air quality (dust, fumes, smoke, gasses)
Electrical and/or radiant energy

Temperature extremes

Slippery and/or uneven walking surfaces

Working around machinery with moving parts
Working around moving objects or vehicles

Working below ground

Working on ladders, scaffolding, or elevated surfaces

9. Required Safety Equipment:

The electrical inspector shall require Safety glasses, a hard hat, protective
clothing, a respirator; safety shoes, and hearing protection that are rated for
electrical environments. An employee in this work role must meet the
requirements of an Electrical Qualified Person asdefined by:

CFR 1926.32(1), which states: "Qualified" "means one who, by possession of a
recognized degree, certification, or professional standing, or who by extensive
knowledge, training and experience, has successfully demonstrated his (her)
ability to solve or resolve problems relating to the subject matter, the work, or the
project”,

CFR 1910.33I(a) "those who have training in avoiding the electrical hazards
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of working on or near exposed energized parts”,
NFPA 70E Article 100. In compliance with OSHA 29 CFR 1910.331-335

Electrical safe work practices for qualified persons. This applies to employees

working on electrical work where electrical hazards exist on systems
<600VAC/DC and >600VAC/DC.

10. Work Role Minimum Qualifications

10.1. Entry Level

Entry is 5 years experience as a Master electrician.

10.2. Full Performance

Entry is 10 years experience as a Master electrician

10.3. Senior

Entry is 15 years experience as a Master electrician
Licensed by applicable State or licensing authority as Electrical Inspector.

10.4. Expert

Entry is 20 years experience as a Master electrician
Licensed by applicable State or licensing authority as Electrical Inspector.

Associate's degree in Electrical Technology, Electronics Technology,
Associate of Applied Science in Electrical Engineering, or related field

10.5.  Supervisor

Ability to meet Senior qualifications.
Management experience.
Working knowledge of MS Office.
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Electrical Permit Application

JOB INFORMATION

ISUITEI

BUILDING FLOOR
PTN PROJECT MANAGER
WORK DESCIPTION
CONTACT INFORMATION
CUSTOMER CONTRACTOR
NAME NAME
PHONE PHONE
BUILDING LICENSE
FLOOR
SUITE
ITEMS INSTALLED REQUIRING INPECTION
DESCRIPTION | QTY RATING DESCRIPTION | QTY RATING
SERVICEENT. PUMP
SERVICEENT. PUMP
SERVICEENT. PUMP
SERVICE ENT. FAN
SUBFEED FAN
SUBFEED FURNACE
SUB FEED BOILER
SUB FEED HEAT PMP
SUBFEED NC
SUB FEED MOTORS
CONTR. SER MOTORS
MANHOLE MOTORS
RGH. SWITCH MOTORS
RGH. RECPT. ELEVATOR
FIXT. INCAND. XFMER
FIXT. FLOUR. XFMER
FIXT. HID. XFMER
FIXT. LED. XFMER
RANGE LS GEN.
OVE LS GEN.
OVEN SBGEN.
COOK TOP SB GEN.
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Electrical Permit Application

COOKTOP AIRCOMPR.
DRYER AIRCOMPR.
DRYER AIR HANDR.
WTR.HTR. AIR HANDR.
WTR .HTR. AIR HANDR.
DISH WSHR. REFRG EQUIP.
DISH WSHR.
DISPOSAL UNDERFLR
POLE BASES

INSPECTION LOG AND COMMENTS
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Importance of Quality Assurance

FOR EQUIPMENT AND SYSTEMS CRITICAL TO ELECTRICAL SAFETY

This discussion addresses the importance of
routine maintenance, i.e. the importance of
having a robust process for quality assurance of
functionality of equipment and systems critical to
electrical safety of personnel. There is a subset of
the total electrical installation that is critical to
electrical ~ safety. Installation deficiencies and
failures of this subset can exist as hidden
failures, with no apparent shortcoming in
functionality until an event with serious injury
potential occurs. Examples of electrical safety critical
equipment and systems include the mechanical
integrity of covers, doors and barriers that
prevent people from contacting hazardous
voltage during normal operations; the functional
performance of circuit protective devices that protect

people from arc flash and blast during
fault  conditions; and  the integrity  of
grounding and bonding systems that enable

operation of overcurrent protective devices, prevent
arcing and sparking in the fault return path, and
prevent presence of hazardous voltage on
cabinets, enclosures, and structures, during
paroRlaglkrid@rard Mitigation

In recent years, the increasing knowledge and
understanding of the arc flash hazard has
significantly ~ changed the requirements for
overcurrent protective devices. The arc flash hazard
analysis and the selection of thermal personal
protective equipment are completely dependent on
the protective devices to function exactly as
designed. The equipment and systems that provide
overcurrent protection relative to arc flash hazard
mitigation are critical to the safety of personnel who
interact with the electric power equipment. Circuit
breakers must function as new. Overcurrent devices
must operate at the designed and documented pick up
and time settings. If circuit breakers or protective
devices are dependent on an external power supply,
the tripping power system (usually batteries and
battery charger) must be functioning as designed. If
the protective device is a fuse, the installed fuse must
meet the design specifications and be the type, class
and rating of the one documented in the arc flash
analysis. There should be a robust quality assurance
process to assure no deviation from this expectation.
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Case History #1: Maintenance Erosion

A manufacturer of medical diagnostic instruments
applied Prevention through Design concepts to
reduce arc flash incident energy in its industrial
power distribution systems by retrofitting fast-acting
current limiting (Class RK-1) fuses. This class of fuse
has the benefit of significantly lowering thermal
incident energy during an arc flash event, thus
reducing and sometimes eliminating need for arc
rated personal protective equipment. Five years after
the 100% retrofit, an audit found that 20% of the
installed fuses were no longer RK-1 fuses. This
meant that in some cases, potential incident energy
exposure was an order of magnitude greater than was
anticipated, the PPE used for those situations was
now underrated, and serious injury could be suffered
by workers who thought were properly protected. In
this case, communications had broken down between
facility management and contracted electrical
services on the expectation that only class RK-1 fuses
were to be used in the facility. Over time, the 100%
class RK-1 fuse redesign had eroded due to
misunderstanding and lack of an effective quality
assurance process. Fig. 1 illustrates a hidden failure
in the Feeder Circuit Breaker that impacts worker
protection at the Switch. In this case, a failure
impacting functionality of the Feeder Circuit Breaker
was not apparent to operations personnel until an arc
flash event occurred at the Switch.

A hidden failure & a catastrophic failure

iij A hidden failure in the
. g-l feader circuit breaker
« =t impacts the enargy
| released in the arc flash
at the switch

il

T .
) ) P

“circuit breaker -
[ E I o Fesder —
! [) '

e

A falure with arc flash injury.
equipment damage and disruption

Fig. 1 A hidden failure in the Feeder Circuit Breaker overcurrent
protection can result in order of magnitude greater incident energy
at the Switch





In this illustration, the Main Circuit Breaker serves as
backup protection to the Feeder Circuit Breaker.

Shock Hazard Mitigation

Fundamental to shock protection is bonding &
grounding of conductive enclosures, housings and
covers of electrical equipment and tools, as well as
conductive components of buildings, structures and
mobile equipment. The metallic non-current
conducting parts of machinery, tools, appliances,
buildings and structures can present lethal exposure
to electric shock hazards if 1) the metallic part comes
in contact with an electrical energy source, and 2) the
metallic part is not adequately bonded and grounded.
In the U.S., contact with lethal electrical energy
during routine interaction with machines and
handling of portable tools and appliances is the 3rd
leading cause of electrocution fatality in the
workplace.  All personal have exposure to this
electric shock scenario, both on and off the job.
Preventing this exposure is the primary purpose of
equipment grounding and bonding and the
application of ground fault circuit interrupters
(GFCls).

Case History #2: Installation Defect

The administrative office building of an industrial
petrochemical plant included a medical services
facility. During a spot inspection of the 120V
receptacle outlets in the medical facility, it was
discovered that the equipment grounding conductor
was not connected at each 120V outlet. The
grounding conductor was neatly coiled and pushed to
the back of each outlet box. Due to misunderstanding
of design requirements for the medical equipment
that would be plugged into these outlets, the
installation contractor had intentionally not connected
the equipment grounding conductor. The outlets
were functional in the sense that power was delivered
to plugged-in equipment.  However, there was
potential for serious electric shock and possible
electrocution if a failure in any of the connected
equipment resulted in voltage on equipment case or
enclosures.
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Fig. 2 Left: Grounding conductors at a main substation.
Center: A conductive cabinet that could become energized
if there is a wiring insulation failure and the enclosure is not
bonded to the grounding conductor.
Right: A worker using an electrically powered tool depends
on bonding and grounding to prevent a potentially fatal
electric shock.

In the examples shown in Fig 2, a design, installation
or maintenance defect impacting the effectiveness of
the bonding and grounding system can produce a
hidden failure that will not be apparent until a shock
incident occurs.

In Summary

This article is intended to bring attention to the need
to have an effective and robust process in place to
help assure the quality of engineering controls critical
to electrical safety for personnel. The common
failure modes for this subset of electrical equipment
are typically hidden failures. The quality assurance
process should address design, installation,
commissioning and maintenance of equipment and
systems that serve to mitigate arc flash and shock
exposures.

Reference

Cawley, J.C and Brenner, B.C., “Occupational
Electrical Injuries in the U.S., 2003-2009”, IEEE
Industry Applications Magazine, May/June 2013, pp
16-20.










Watercraft Electrical Safety Requirements, Policies, and Instructions (2014)

Background: The checklists in this watercraft section (Appendices C-1 through C-5) were developed to assist in the design of
watercraft from an electrical safety perspective. Electrical safety information for watercraft and ships is found in several documents,
listed below. These documents are routinely updated; therefore, it is important that the user verifies that they are using the most
current version of the document at the time of use.

1) The Naval Ships Technical Manual (NSTM) provides technical information to personnel engaged in the supervision, operation, or
maintenance of Navy ships. The chapters and volumes of the NSTM contain detailed administrative and technical instructions
that amplify Navy regulations and other authoritative documents. These instructions are designed to assist afloat personnel in
the management of ships and shipboard machinery and equipment in order to achieve optimum performance (not necessarily
“safety”) throughout each ship’s life cycle and to ensure readiness for all assigned missions.

2) Precautions for electrical hazards are addressed in OPNAVINST 5100.19 (series). Navy Safety and Health Program Manual for
Forces Afloat, Chapter B-7.

3) NFPA 70E, Standard for Electrical Safety in the Workplace is the benchmark for electrical safety. Although NFPA 70E does not
cover safety related practices for watercraft and was developed for land-based systems, Informative Annex O includes guidance
for safety related design requirements that enhances electrical safety, such as (a) zone-selective interlocking; (b) differential
relaying; and (c) energy-reducing maintenance switching with a local status indicator.

4) The Institute of Electrical and Electronics Engineers (IEEE) has developed a standard for safety considerations in ships, IEEE
45,5 - 2014, Recommended Practice for Electrical Installations on Shipboard -- Safety Considerations. This standard covers
electrical safety considerations for shipboard electrical systems and equipment including a review of fundamental concepts
pertaining to electrical safety and establishing electrical safety programs and work practices associated with the operation and
maintenance of shipboard electrical power distribution systems.

The following table lists the existing watercraft lockout requirements for Army, Navy, and Coast Guard.
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Watercraft Lockout Requirements for Army, Navy,and Coast Guard (2014)

Entity

Policy Instruction

Purpose

Application

Program Contents

Army

Army Watercraft Safety, FM
4-01.502 (FM 55-502) May
2008

Provides guidance and
technical information relevant
to safety and survival
systems used by US Army
watercraft.

Army personnel engaged in
the supervision, operation, or
maintenance of US Army
watercraft. FM 55-502, 6-57:
“The use of tags or other
labels is not a substitute for
other safety measures such as
chaining or locking valves.”

Chapter 6, starting at 6-56 contains
a section on the control of
hazardous energy sources.
http://armypubs.army.mil/doctrine/D
R pubs/dr _a/pdf/ffm4 01x502.pdf

Coast Guard
(Department of
Homeland
Security)

33 CFR 150.615 requires
compliance with 29 CFR
1910.147, and 150.616 are
requirements for lockout

Note: Coast Guard follows
OSHA 29 CFR 1910.147
requirements; or 29 CFR
1910.331-1910.335 for the
control of hazardous
electrical energy:

In the shipyard and the
shipyard has control of the
vessel, 29 CFR 1915.89,
“Control of hazardous
energy (lockout/tags-plus”)

apply.

1910.147 compliance is
required for the control of
hazardous mechanical
energy, e.g., moving parts,
rotating shafts, and
equipment subject to falling
due to gravity. The provisions
of 1910.333 covers safety-
related work practices to
prevent electric shock or
other injuries resulting from
either direct or indirect
electrical contacts, when work
is performed near or on
equipment or circuits which
are or may be energized.

All Coast Guard and contractor
personnel. “Live parts to which
an employee may be exposed
shall be de-energized before
the employee works on or near
them, unless the employer can
demonstrate that de-
energizing introduces
additional or increased
hazards or is infeasible due to
equipment design or
operational limitations. Live
parts that operate at less than
50 volts to ground need not be
de-energized if there will be no
increased exposure to
electrical burns or to explosion
due to electric arcs.”

Refer to 1910.333(c) for working on
or near exposed energized parts.

Refer to Base Los Angeles Long
Beach Instruction 5100.48:
http://www.uscg.mil/baseLALB/Instr
uctions/BASELALBINST 5100.48 -
CONTROL OF HAZARDOUS EN

ERGY (LOCKOUT-
TAGOUT) PROGRAM.pdf
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Watercraft Lockout Requirements for Army, Navy,and Coast Guard (2014)

Entity Policy Instruction Purpose Application Program Contents
Military Sealift MSC Safety Management | Establishes procedures for All Civil Service Mariners Work methods and procedures
Fleet Support Procedures Manual, 2.1- locking out and/or tagging out | (CIVMARS) and Military required for all installation,
Command 004-ALL Lockout/Tagout equipment, machinery, or Personnel on all USNS and USS | maintenance, repair, alteration, or
(MSC) (LO/TO) program, 8 July systems to safeguard workers | vessels shall follow this service performed on shipboard
2009 from the unexpected procedure except: Military equipment, machinery or systems.
energizing or release of stored | personnel aboard the AS-Class | Requires identification of systems
energy. Submarine Tenders in the NSF requiring lockout of machinery or
and aboard USS MOUNT systems routinely serviced at or
WHITNEY (LCC-Class) in the near its energy source. NOTE:
communication spaces shall LO/TO of ship equipment and
maintain a separate Navy tagout | systems under the control of MSC,
program to include a tagout log | for work to be accomplished by
and follow Navy Tag Out contractors, is the responsibility of
procedures; Embarked sponsors | MSC.
on the T-ARC and T-AGM Class
may have a separate LO/TO Not available via internet.
program to ONLY waork on their
equipment.
Navy — CNO OPNAVINST 5100.19E, 30 | Occupational Safety and Primary afloat safety reference Complete safety manual including
(OPNAV) May 2007 Health Program Manual for and provides specific guidance multiple chapters for mishap
Forces Afloat for implementing NAVOSH prevention, Volume lIll, Chapter D5
Program elements unique to an | is electrical and electronic safety
afloat environment. and tagout precautions. “Tagging
out of electrical or electronic energy
sources shall be conducted in
accordance with NAVSEA S0400-
AD-URM-010, Tag-Out Users
Manual (TUM)”
http://doni.daps.dla.mil/Directives/05000
%20General%20Management%20Secu
rity%20and%20Safety%20Services/05-
100%20Safety%20and%200ccupationa
1%20Health%20Services/5100.19E%20
-%20Volume%201%20Part%20!1.pdf
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Watercraft Lockout Requirements for Army, Navy,and Coast Guard (2014)

Entity

Policy Instruction

Purpose

Application

Program Contents

Navy Diving and
Salvage Training
Center,

NAVDIVESALVTRACEN
INSTRUCTION 5101.1E,
Equipment Lockout/Tagout

Establishes
NAVDIVESALTRACEN policy
and minimum procedures for

All NAVDIVESALTRACEN
personnel

Specific procedures are described
for lockout, or when locking devices
are not feasible. Lockout procedures

(NAVDIVESALV | Procedures, 11 January locking out and/or tagging out shall be used for all corrective and
TRACEN) 2001 the sources of energy to preventive maintenance including
equipment or systems under work done by repair activities or
the requirements OPNAVINST contractors.
5100.23G, Chapter 24, Energy
Control Program, Lockout/Tag Unavailable to public.
out, and OPNAVINST
3120.32, Section 630.17,
Equipment Lockout/Tagout
procedures are described for
lockout, or when locking
devices are not feasible.
Naval Sea Tagout Users Manual, 5 Provides standard tag-out Navy over-arching afloat policy NAVSEA tagout policy.
System November 2009 with procedures for control of for controlling hazardous Requirements apply to equipment
Command changes from 24 October hazardous energy when a energy. Requirements of this tag-outs and labels on all systems
(NAVSEA) 2011 “Advance Change component, equipment, manual apply to equipment tag- | and components on naval ships and

Notice”

system or portion of a ship’s
system is isolated or in an
abnormal condition; prevent
improper operation when a
freeze seal is applied to a
system or when other safety
devices such as blank flanges
are installed for testing,
maintenance, or casualty
isolation; and provide a
procedure for use when an
instrument is unreliable or not
in its normal operating
condition.

outs and instrument labels on all
systems and components on
naval ships and craft when
manned by Ship’s Force.

craft when manned by Ship’s Force.
Web link for policy.

http://www.navsea.navy.mil/Organiz
ation/NAVSEA%?20Instructions.aspx
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NOTES:

1) On May 2, 2011, the Occupational Safety and Health Administration (OSHA) published Subpart F of 29 CFR 1915 (General
working conditions in shipyard employment), which included section 1915.89, Control of hazardous energy (lockout/tags-plus) for
shipyards. NAVSEA Tagout Users Manual was revised in 2011 to reflect the new OSHA shipyard Lockout/Tags plus
requirements. The OSHA maritime rule contains several notes that allow certain exceptions from §1915.89 when shipyard
employees service vessels owned and operated by the U.S. Navy. For any servicing operations performed solely by uniformed
military personnel, OSHA does not have jurisdiction. The U.S. Navy is responsible for ensuring protection of its uniformed military
personnel.

2) NAVSEA 04R, Occupational Safety and Health Office has published guidance for LO/Tags plus, NAVSEA Occupational Safety,
Health and Environment Manual for Naval Shipyards available at:
http://www.navsea.navy.mil/shipyards/norfolk/Shared%20Documents/Chapter%20250.pdf. This Manual provides hazardous
energy controls for employees when servicing machinery, equipment, or systems that employees use in the course of shipyard
employment work conducted a) in any landside facility that performs shipyard employment work; and b) on any vessel or vessel
section.

3) When tags are used for the control of hazardous energy, an additional safety measure is required to provide as much protection
as that received by using a lock. The additional safety measure is a component of the “tags-plus” system that provides an
impediment (in addition to the energy isolating device) to the release of energy or the energization or start-up of the machinery,
equipment, or system being serviced. Examples of additional safety measures include, but are not limited to, removing an
isolating circuit element; blocking a controlling switch; blocking, blanking, or bleeding lines; removing a valve handle or wiring it in
place; and opening or guarding an extra disconnecting device.

4) On shore, tagout alone is not acceptable unless energy control devices (switches, valves, etc.) will not accept a lock or lockout
device.

5) OSHA and Coast Guard require energy control devices on equipment WHENEVER the equipment or control devices are
replaced.
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Appendix C-3
Design Options for Watercraft Electrical Systems to Reduce
Electrical Hazards and Improve Operability

*IMPORTANT USER NOTE: This document was created in 2014 by the DOD Electrical Safety Working
Group (ESWG) and is based on Codes and Standards in force in 2014. To use this document properly,
the user must refer to the code in force at the date of use.

Design of safe systems and the use of equipment systems with fewer potential hazards is the
most effective way to enhance personnel safety, reduce mishaps and enhance system and
equipment reliability and operability. Electrical hazards are anticipated and controlled before the
equipment becomes operational so that hazards that could impact electrical systems and workers
are removed or minimized. Electrical safety becomes an integral part of designs integral to
functionality, rather than an after-thought to meet on-going regulations, or as a mitigation
measure after a serious mishap.

SAFE DESIGN REQUIREMENTS

The European Union has established legal requirements for inherently safe design. Several EN
and ISO standards address electrical safety in design. 1ISO 13849-1:2006, “Safety of Machinery —
Safety Related Parts Of Control Systems” provides instructions to designers to make machines
safe. These instructions include recommendations for system design, integration and validation,
as well as special requirements for safety-related parts that have programmable electronic
systems. EN 62061: 2005, “Safety of Machinery — Functional Safety Of Safety Related
Electrical, Electronic And Programmable Electronic Control Systems” is a machinery safety-
related standard within the International Electrotechnical Commission (IEC) 61508 (2007),
“Functional Safety” framework. IEC/EN 62061 is the standard for designing electrical safety
systems. It includes recommendations for the design, integration and validation of safety-related
electrical, electronic and programmable electronic control systems for machinery.

In the United States, the legal requirements for a safe land-based workplaces are established in
29CFR 1910 for general industry 1926 for construction and 1915 for maritime. IEEE Standard
45-2002, or more recent edition, “Recommended Practice for Electrical Installations on Ships” is
incorporated by reference into 46 CFR 110.10-1 (Coast Guard) and provides electrically safe
design recommendations for AC power systems, DC power systems, emergency power systems,
shore power, power quality and harmonics, electric propulsion and maneuvering systems, motors
and drives, thrusters, and steering systems. The standard provides a consensus of recommended
practices for systems engineering in marine electrical engineering as applied specifically to
ships, shipboard systems and equipment. It provides recommendations for systems engineering,
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design and integration of electric systems from concept design through the establishment of the
design baseline. IEEE P45.1, “Recommended Practice for Electrical Installations on Shipboard
— Design” is an extension of the baseline technology and methods covered in IEEE Standard 45
and provides a consensus of recommended practices for design in marine electrical engineering
for shipboard systems, and equipment.

DESIGN AND EQUIPMENT SELECTION OPTIONS WHICH CAN ENHANCE
OPERATION AND SAFETY

System design and equipment selection, as well as proper maintenance, are integral to reliable
system function. Several options appropriate for shipboard use are described in the following
discussion.

High Resistance Grounding System

High Resistance Grounding (HRG) systems limit the fault current when one phase of the system
shorts or arcs to ground. HRG reduces arcing current and arc-flash hazards associated with
phase-to-ground arcing; prevents operation of overcurrent devices until the fault can be located;
requires a ground fault detection system to provide notification that a ground fault condition has
occurred; and may be utilized on low voltage systems or medium voltage systems up to 5kV.

Covered or Isolated Bus

The energy associated with a single phase is less than the energy associated with a multi-phase
fault. A covered or isolated bus prevents a single phase fault from becoming a multi-phase fault.
In addition, the covered or isolated bus helps prevent the single-phase fault from occurring.

Covering or isolation is not designed to protect personnel from the energized bus.

Touch-Proof Equipment

Touch-proof equipment prevents workers from contacting energized terminals directly or with
equipment they are using. The touch- proof equipment reduces the likelihood that a worker will
come in contact with energized circuits or conductors. This protection prevents an arc flash due
to accidental phase-to-ground and/or phase-to-phase contact. ANSI/IEC Standard 60529-2004,
Degrees of Protection Provided by Enclosures (IP Code), is a consensus standard that describes a
system for classifying protection provided by enclosures of electrical equipment for two
conditions: 1) the protection of workers against access to hazardous parts (i.e., touch-proof), and
protection of equipment against the ingress of solid foreign objects; and 2) the ingress of water.
The Standard can be viewed at:
https://www.nema.org/Standards/ComplimentaryDocuments/ANSI-IEC-60529.pdf. The degree
of protection is designated by an IP Code. One method to ensure worker protection is to specify
and use enclosures with IP ratings for the intended environment.
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Arc Resistance Enclosures

Arc resistant enclosures (e.g., arc resistant switchgear) help contain the arc and the arc
byproducts and redirect the arc energy away from the worker.

Arc Suppression Systems
Arc suppression products actively look for the occurrence of an arc fault. When detected
suppression circuitry extinguishes the arc.

Fully Withdrawable Motor Control Centers

The fully withdrawable motor control center design ensures physical access to the inside of the
unit can only be gained by removing the unit from the power bus. This reduces the potential for
inadvertent contact with energized parts.

Ground-Fault Circuit Interrupters
Ground-Fault Circuit Interrupters (GFCIs) protect devices and persons from shock by

continuously monitoring the current and tripping when current leakage is detected.

Viewports To Allow Thermographic & Ultrasonic Inspection Without Removing Covers
Inspection viewports are devices that enable infrared and ultrasonic inspections of switchgear

and other power distribution equipment without opening doors or removing covers that would

expose workers to lethal energy. Thermographic monitoring is used to monitor temperature rises
so that preventive measures can be taken.

Luminaires Selection

The National Electrical Code (2014) Article 410 covers Luminaire requirements. Fluorescent
luminaires that utilize double-ended lamps and contain ballast(s) that can be serviced in place
shall have a disconnecting means either internal or external to each luminaire. A disconnecting
means enables personnel to de-energize a luminaire easily without disabling the power at its
source. Quick disconnects reduce the hazard of contacting energized circuits. Using these quick

disconnects prevents the possibility of electrocution during maintenance, repairs and
replacement.

Electrical Shore Connectivity

Connecting to an improperly wired shore-power system can create potentially harmful conditions
for personnel as well as causing damaging galvanic currents. In 120-volt single-phase power
distribution, one of the conductors is designated the "hot" wire (the black wire in North America)
and the other, the neutral (the white wire). Keeping track of which wire is the neutral is

necessary in order to prevent potentially dangerous wiring. In a properly wired AC system, there
should be no significant voltage difference between the neutral wire and the safety ground wire.
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An incorrect connection may be detected by sensing a current flow between the neutral wire
from the shore-power system and the electrical system’s safety ground. Visible indicators can
prevent reverse polarity conditions. Reverse polarity indicating devices and reverse polarity trip
coils provide continuous visible and/or audible signals or service trip, and respond to the reversal
of the ungrounded and the grounded conductors.

Arc Resistant Switchgear

Arc faults within switchgear can be caused by a number of factors, such as loss of insulating
properties resulting from elevated or extreme temperatures. Also, the presence of dust,
contamination, or moisture on insulating surfaces leads to tracking across insulating surfaces,
providing a path for conduction between two different potentials. Arc resistant switchgear
directs the energy released during an arc fault in ways that minimize the potential for injury to
personnel and damage to equipment. The most commonly referenced standard for arc-resistance
is ANSI/IEEE C37.20.7-2007, “IEEE guide for testing metal-enclosed switchgear rated up to 38
kV for internal arcing faults”. The types defined in ANSI/IEEE C37.20.7 are Type 1: Arc-
resistant functionality at the front of the equipment only, and Type 2: Arc-resistant functionality
at the front, rear and sides of the equipment.

Arc Fault Circuit Interrupters
Arc fault circuit interrupters rapidly detect potentially dangerous arcs and disconnect power in
the circuit before a fire can start.

Remote Racking
Remote racking devices permit the insertion and removal of electrical devices while the operator

is outside the flash protection boundary. Electrically operated devices, such as motor control and
switchgear, can be opened and closed from a remote location which removes the operator from
the arc flash protection boundary. A remote switch operator control unit and appropriate switch
actuator allow servicing of equipment to operate, trip and close circuit breakers from a safe
distance outside the arc flash boundary.

Remote Switching
Remote switching allows the worker to be removed from the arc flash boundary while

performing required work. Different remote switches are available for different switching
operations such as remote operation of a power circuit breaker, remote operation of a control
switch, or remote racking of a circuit breaker. Electrical workers can rack a breaker for example,
for electrical panels from a safe distance without the need to be in sight of the breaker.
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Covers, Doors and Barriers

Mechanical integrity of covers, doors, and barriers affects the electrical safety risk analysis. The
safety of equipment is determined in part by the mechanical strength and durability, including
parts designed to enclose and protect equipment; the adequacy of the protection provided; and by
other factors that contribute to the practical safeguarding of persons using, or likely to come in
contact with the equipment.

NEW TECHNOLOGIES

As new technologies prove reliable, equipment is being developed for integration into electrical
systems.

Microprocessor Based “Intelligent Controllers”, or “Smart” Motor Control Centers

Smart motor control centers and substations incorporate self-diagnostic capability and data
communications enable remote trouble-shooting, adjustments, and failure recovery, reducing the
need for a worker to be exposed to hazardous energy.

Fast overcurrent Detection and Arc Flash Detection

The best and most direct way to reduce arc flash hazards is to reduce fault-clearing times
including using fast overcurrent and arc flash detection technologies. Arc-flash light detection
to reduce the risk of an arc flash in low- and medium-voltage panels and switchgear equipment is
a growth area of electrical safety research. Fast overcurrent detection and arc-flash detection
sensors provide a way to reduce arc-flash incidents. Arc flash detection methods may include
light or current detection. These systems use light detection and current sensing to detect an arc
and initiate high speed clearing of the circuit. By quickly detecting a ground fault and initiating

the response, ground fault relays improve electrical safety and minimize damage to equipment
due to electrical faults.

Protective Relays Reducing Incident Energies

Protective relays are an effective method for reducing the energy of an arc flash. Combining arc-
flash detection and high-speed overcurrent with a protective relay provides fast tripping and
security, using both instantaneous overcurrent and light from the arc flash. “When conductors
with good insulation are exposed to fault initiators such as moisture, dust, chemicals, persistent

overloading, vibration or just normal deterioration, the insulation will start to slowly deteriorate.
Such small changes will not be immediately obvious until the damage is severe enough to cause
an electrical fault. Relays can detect that a problem is developing by identifying slight

deviations in current, voltage, resistance, or temperature. Due to the small magnitude in change,

5
Appendix C-3: Design Options for Watercraft Electrical Systems to Reduce Electrical Hazards and Improve
Operability
Electrical Safety in Design Final Report
Version 1.0

July 2014





only a sophisticated device such as a sensitive protection relay or a monitor can detect these
conditions and indicate that a problem may be developing, before further damage has occurred.””*

Zone selective Interlocking Systems

Fault-clearing times are reduced at locations where solid-state trip units are using zone
interlocking features. This feature adds communication between the main, tie, and feeder
breakers. If a fault occurs the overcurrent protective device will then trip at a very low time
delay which can immediately put an end to the arc flash event.

Advanced Electric Power Systems
Research is ongoing to advance the field of power systems technology. This research can lead to
novel and new methods for protecting equipment and electrical systems from adverse outcomes.

ENHANCING SAFE OPERATION OF EXISTING WATERCRAFT ELECTRICAL
POWER SYSTEMS

While Safe Design is the best solution to reduce risk, there is a well-established process to
identify and reduce hazards in existing systems. A power system study is an extremely important
tool to both enhance operation and reduce risk by reducing energy disruptions while ensuring the
safe operation, integrity and operability of electrical systems. The study, which can be performed
both before electrical systems become operational, or at any time thereafter, includes:
e Short circuit studies
e Coordination studies
— Design and application of proper coordination of relay and circuit breaker settings
— Opvercurrent clearing time engineering evaluation
— Direction and amount of power flowing from available source to every load
e Shock risk assessment
e Arc flash risk assessment
— Incident energy exposure at working distance
— Arc flash boundary

A Short Circuit Study identifies the maximum available fault current at all locations in the power
system. The maximum available fault current is then compared with the ratings of the individual
power system components to determine if the equipment is adequately rated to safely withstand

! Littlefuse, “How do Protection Relays Work?” Retrieved from:
http://www.littelfuse.com/products/relays-controls-and-systems/protection-relays/protection-
relay-pages/how-do-protection-relays-work.aspx
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or interrupt the fault current. The results of the short circuit study are also used in both the
coordination study and the arc-flash study.

A Coordination Study is identifies impacts of short circuits and equipment failures. It determines
these effects on operations which can improve power system reliability. A protective device
coordination study analyzes the impacts of short circuits and equipment failures within a facility
and determines the effects on system operation. An overcurrent clearing time protective device
coordination study is used to provide a basis for selecting and setting protective devices to isolate
and clear faulting circuits as quickly and safely as possible, while all other protective devices
remain closed, continuing power to the entire un-faulted part of the system. The study should be
performed prior to initial operation in order to select, or to verify the selection of, power fuse
ratings, protective-relay characteristics and settings, ratios, and characteristics of associated
voltage and current transformers and low-voltage breaker trip characteristics and settings.

Proper coordination of relay and circuit breakers settings is the easiest and simplest method to
reduce arc flash hazards and provide the best protection to workers.

A Shock Risk Assessment identifies the shock protection boundaries and associated protective
equipment requirements. These boundaries are applicable where personnel approach energized
electrical components or conductors and personnel are directly exposed to contacting these
energized electrical conductors and circuit parts. The protection boundaries are dependent on
nominal system voltages and apply both to direct current (DC) and alternating current (AC).

An Arc Flash Risk Assessment identifies incident energy at a prescribed working distance. It is
used to determine the arc flash boundary as well as appropriate arc-rated personal protective
equipment required in the arc flash boundary. This risk assessment determines appropriate arc-
rated protective clothing and other insulated protective equipment (such as insulated blankets)
required within the arc flash boundary. The importance of arc flash risk assessment is to
evaluate electrical arc hazards which provide the necessary information to a qualified electrical
worker for safe work practices. Safe work practices can be followed if the worker has to work
on electrical equipment not in an electrically safe working condition. The available short circuit
current and the total clearing time at each designated piece of electrical equipment is needed to
perform an arc flash hazard analysis. IEEE 1584-2002, “Guide for Performing Arc-Flash Hazard
Calculations” provides suggested calculation methods. The arc flash risk assessment should be
repeated if there are changes that occur that affect the arc flash, such as changes in the available
short circuit or in the overcurrent protective devices.
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CONCLUSION

Reliable design and technologies are available to protect electrical systems. “Designing out”
hazardous exposures to electrical energy reduce risks from fires, equipment failure and damage,
and personnel injuries or death.
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Appendix C-4
Applying Lessons Learned from Land-Based Systems
to Watercraft Safe Electrical Design

*IMPORTANT USER NOTE: This document was created in 2014 by the DoD Electrical Safety Working
Group (ESWG) and is based on Codes and Standards in force in 2014. To use this document properly,
the user must refer to the code in force at the date of use.

INTRODUCTION

Electrocutions onboard watercraft is a hazard not only to electricians, but also to any other
person who comes in contact with electrical energy during maintenance, painting, or other
routine work activities. Electrical fires can cause vital equipment to malfunction or become
disabled and disrupt operation or readiness.

Electricity is a hazard on watercraft and in shipyards. The electrical power onboard is made up
of power generation equipment, an electrical distribution system, and the many utilizing devices.
Electricity is used for the motor drive of many auxiliaries and also for deck machinery, lighting,
ventilation and air conditioning equipment. “The potential for electrical shock hazards is great in
shipbuilding and repair because workers stand on metal decks and often work in a wet
environment. Work on or around energized electrical equipment can expose workers to
electrocution, burns, or electrical shock” (Shipbuilders Council of America, 2008).

Design technologies are evolving for the control of electrical hazards that reduce the likelihood
of injury including shock, arc flash, and damage and injuries which occur from electrical fires.
Land-based electrical safe design technologies can reduce the risk of electrocutions and arc flash
while enhancing productivity. Technologies currently exist that also limit the severity of
electrical shock or arc flash and electrical fires. These technologies may be able to be used in
watercraft and for future research. Each design technology should be considered during
acquisition and concept.

DESIGN TECHNOLOGIES FOR REDUCING ELECTRICAL HAZARDS AND
BUSINESS CASE

The following is a summary of design technologies which can be used and designed early on
during the ship construction process to reduce the likelihood of electrocutions or serious personal
injuries from an arc flash or explosion and electrical fires. Each technology has its disadvantages
along with its advantages. An engineering analysis must be performed to determine the best type
of equipment for the situation (Floyd, 2013).
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1) National Electrical Manufacturers Association (NEMA)/International Electrotechnical
Commission (IEC) Approved Enclosures: Enclosures provide protection from wet
environments, corrosion, rust and other adverse environmental conditions. IEC standard
60529 defines Ingress Protection for enclosures containing equipment which can cause
electrocutions. Refer to the appropriate sections of IEC 60529 for complete information
regarding applications, features, and design tests for protection against inadvertent physical
contact with energized conductors or circuit parts, protection against dust and splashing
water, ice, and rust resistance. Table 1 and Figure 1(CableOrganizer.com) depict samples of

enclosure ratings.

Table 1. Sample Enclosure Ratings

Rating Protects Against

NEMA 1 Prevents accidental contact of worker with the enclosed equipment

NEMA 3R Windblown dust, vertical rain, severe external corrosion

NEMA4X Dust, watertight, splashing rain, hose directed water, ice, corrosion resistant
NEMA 7 Hazardous/explosion proof (classified) locations

FoaicZs

NEMA 4

——

Figure 1. Sample Enclosure Ratings

2) Touch Proof Equipment: Prevents individuals from contacting energized terminals directly
or with equipment they are using. For dry conditions and free of dusts, specifying equipment
meeting IEC 60529 IP2X ingress requirements is one method to ensure the equipment is

touch proof.
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3) Arc Resistant Enclosures: The severity of injury from an arc fault is significantly reduced

because the high energy plasma and harmful gases are redirected away from the worker. It
also can reduce damage to equipment in the surrounding environment. In Figure 2, arc
resistant designs direct thermal energy away from where the worker would normally be
positioned. In this example, the energy is directed out of the top of the switchgear.

Courtesy Schneider Electric

Figure 2. Example Arc Resistant Enclosure

ANSI/IEEE C37.20.7- 2007, IEEE Guide for Testing Metal Enclosed Switchgear Rated up to 38
kV for Internal Arcing Faults defines switchgear arc resistance in two basic categories:

4)

5)

e ANSI type 1: Arc resistance from the front of gear only
e ANSI type 2: Arc resistance provided from the front, sides and rear (EATON Corp.)

Ground Fault Detection Among Ungrounded Shipboard Systems: Electrocution hazards
are significantly reduced with ground fault detection and suppression capability (Bender,
Inc.). The Navy is exploring “Innovative Approaches to Automatically Detect Ground Faults
in Shipboard Control System” which could lead to advances in equipment and worker
protection (NAVSEA, 2011).

Design And Application Of Proper Coordination Of Relay And Circuit Breaker
Settings: Proper operation and coordination of circuit breakers with an arc flash hazard
analysis minimizes the likelihood for severe injury during an arc fault incident and provides
equipment protection. It is often one of the easiest and least costly methods to reduce arc
flash hazards. In Figure 3, time-current characteristic curve the tripping characteristics of a
circuit breaker depicted on the left are selected to coordinate with the clearing characteristics
of a fuse on the right. The selection of trip settings and fuse characteristic are design choices
that impact arc flash energy exposures (Floyd, 2013).
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Figure 3. Coordination of Two Protective Devices in an Electric Power System

6) Inspection View Ports: Allow infrared and ultrasonic inspections of switchgear and other
power distribution equipment without opening doors or removing covers that would expose
persons to lethal energy. The likelihood for an arc flash is reduced and inspection ports
prevent opening of cabinets with exposures to lethal electric current. Figure 4 shows infrared
inspection viewpoints installed in industrial switchgear (Floyd, 2013). Figure 5 is a close up
of an infrared viewpoint, and Figure 6 shows an ultrasound testing port (Floyd, 2013).

Courtesy DuPont

Figure 4. Infrared Inspection Viewports
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Courtesy IRISS

Figure 5. Infrared Viewport - Closeup

Courtesy IRISS
I

Figure 6. Ultrasound Testing Port

7) Smart Motor Control Centers: Incorporate self-diagnostic capability and data
communications to enable remote troubleshooting. This reduces the need for workers to be
exposed to hazardous energy. The motor control center in Figure 7 has “smart” technology,
including sensors and data highway that enables the technician to perform troubleshooting
and adjust protective device settings without opening enclosure doors, avoiding exposure to
unguarded energized components (Floyd, 2013). In Figure 8, the motor control center does
not have “smart” technology. Troubleshooting must be done using chock and arc flash PPE
to protect the workers from hazards form unguarded energized components (Floyd, 2013).
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Figure 8. Motor Control Center — Without “Smart” Technology

8) Arc Fault Circuit Interrupters (AFCI): AFCIs reduce the risk of electrical fire and protect
property by detecting an unintended electrical arc and disconnecting the power before the arc
causes a fire. The Consumer Product Safety Commission (CPSC) estimates that 50-75% of
residential electrical fires could be prevented by use of AFCI technology, and estimates that
total benefits exceed cost. Arc Fault Circuit Interrupter (AFCI) is available in outlets (Figure
9) and circuit breakers (Figure 10) (Floyd, 2013).
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Figure 9. Outlets

Figure 10. Circuit Breakers

9) High Resistance Grounding: High resistance grounding helps reduce the flow of
unintended current or ground fault. The energy released from the ground fault can lead to
process interruptions, equipment damage, as well as present a fire and explosion risk. A
monitoring system sounds an alarm when a phase to ground fault occurs so that the system
may be taken offline before the fault can become multi-phase.

10) Covered Or Isolated Bus: The purpose of a covered or isolated bus is to keep a single-
phase fault from becoming a multiphase fault. Consequently, there is less available energy at
the fault location.

11) Current Limiting Fuses And Breakers: By reducing the energy available for a fault,
current limiting fuses and breakers reduce the probability and severity of an arc fault thus
reducing both worker injuries and equipment damage. Figure 11 shows the time-current
characteristics of a current limiting fuse. The amount of thermal incident energy in an arc
flash event is proportional to the area under the curves. Current limiting fuses and circuit
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breakers clear a fault with ¥ cycle. Non-current limiting fuses and circuit breakers can take
longer (Floyd, 2013).

clearing time for non-

current limiting fuse
Can be greater than 1 full cycle

.
&=
v

current :

clearing time for
current limiting fuse is less
than % cycle

Figure 11. Time-Current Characteristics Of A Current Limiting Fuse.

12) Remote Operation Of Equipment: Remote operation of equipment separates electrical
hazards from the worker. Examples include: remotely operating medium voltage switchgear,
installing a motor control system away from the motor terminal box or motor control center
(MCC), and use of “smart” MCCs which allows workers to troubleshoot remotely over the
network. Figure 12 provides an example of remote racking and Figure 13 shows an example
of remote switching.

Figure 12. Remote Racking
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Figure 13. Remote Switching

13) Fully Withdrawable Motor Control Center: Design ensures physical access to the inside
of the unit can only be gained by removing the unit from the power bus (EATON).
Withdrawable motor control centers provide the highest level of worker protection from arc
flash during maintenance and with work involving possible contact with energized
conductors or circuit parts. Figure 14 illustrates a fully withdrawable motor control center.

Figure 14. Fully Withdrawable Motor Control Center

14) Arc Detection And Suppression Systems: These systems reduce the risk of arc flash injury
by detecting and responding to an arc flash condition. For example, arc suppression
technology, NOsparc™ devices (Arc Suppression Technologies, 2013). Figure 15 illustrates
how light detection can be used in addition to overcurrent detection. Overcurrent detection is
the most common method to detect an arc flash event. This can enable a much faster tripping
of the circuit breaker to limit arc flash incident energy (Floyd, 2013).
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Figure 15. Overcurrent Detection

CONCLUSION

These technologies have been developed and proven for shore-based use and should be
considered for adaptation for use where appropriate on watercraft.
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APPENDIX C-5

Watercraft LED Lighting

This appendix summarizes the movement toward LED lighting on watercraft, including the

contribution LEDs will make to improve safety.
Introduction

The continuing improvement in light sources to Light
Emitting Diode (LED) technology has made LED light
sources affordable, reliable, durable, long life and cost
efficient when associated with the maintenance of traditional
light sources. LEDs are a Solid State Lighting (SSL) system
from a semiconductor source of illumination rather than
electrical filaments. There are many performance features
which also make LEDs safer. Navy shipboard incident
reports indicate that luminaire maintenance (e.g., changing
bulbs) is a significant cause of electrical shocks. Under the
right circumstances, these electrical shocks can result in an
electrocution or after repeated shocks, long-term adverse
health effects. SSL designs provide significant safety
advantages compared to incandescent or fluorescent systems.
Some of the many advantages over incandescent and
fluorescent light systems include lower energy consumption,
longer life, improved physical robustness, smaller size and
faster switching. Modern LED lighting on military ships
improves visibility, saves time and energy, reduces
maintenance and safety risks.

Discussion

Picture of naval ship retrofitted with LED
lighting. Photo from:
http://navylive.dodlive.mil/2014/10/02/see
ing-the-light-shipboard-leds/

The physical design of SSL systems provides a greater resistance to shock and vibration,
significantly increasing the luminaires rated life. LED systems are smaller, lighter, use less
energy, generate less heat and are more efficient than other lighting systems. This combination
means that there are less maintenance opportunities for both bulb replacement and fixture
maintenance, and less wear and tear on the entire distribution system. These characteristics all
add up to a significant reduction in possible shocks hazards especially from a reduction in total

system maintenance.
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Military Specification MIL-DTL-16377J, dated 30 June 2014 covers fluorescent, incandescent
and solid state lighting luminaires and associated parts for legacy replacement and new luminaire
development fixtures (lights) and associated parts, used for detail and general illumination on
naval ships and submarines. Unified Facilities Criteria (UFC) 3-530-01 revised in 2015
(Reference 7) provides detailed information for SSL, and more specifically, “requirements for
the design of interior and exterior lighting systems and controls based on the Illuminating
Engineering Society of North America’s (IES) Lighting Handbook Reference and Application,
10th Edition.”

LEDs have many advantages:

1. Efficient - LEDs are capable of 135 lumens (a measure of light output) per watt (a measure
of energy consumption).

Long Lifetime - 50,000 hours or more.

Rugged - LEDs are called “Solid State Lighting” (SSL) because they are made of solid
material with no filament or tube or bulb to break.

No warm-up period - LED’s light instantly, in nanoseconds.

Not affected by cold temperatures - LEDs will startup even in subzero weather.
Directional - LEDs direct the light where it is needed.

Controllable - LED’s can be controlled for brightness and color.

Environmental Disposal Considerations — LEDs contain no hazardous mercury.

Safe — LEDs don’t present a hazardous chemical problem if broken and last longer than
fluorescents and incandescents, thus reducing the potential for injuries from shocks or falls
when replacing expired bulbs.

wmn

©ooNo O s

LED Lighting, A Business Case Analysis

LED lighting provides a much longer useful lifespan, better efficacy (energy efficiency) and
LED are inherently rugged and shock-resistant; a major benefit for most military lighting
applications. LED lighting implementation can contribute to the reduction of fossil fuel
requirements. The primary disadvantage is cost, with higher upfront investment compared to
other lighting options. Heat generation is another area where LED offer benefits. Incandescent
bulbs produce light by passing an electrical current through a metal filament until it glows. They
emit 90% of their energy as heat. In fluorescent bulbs, an electrical current is passed through
gases, generating ultraviolet light which is converted to visible light by the phosphor coating on
the inside of the tube. Approximately 80% of the energy emitted from a fluorescent tube is in
the form of heat. LED produce light much more efficiently. Additionally, LEDs generate light
in a specific direction, while fluorescent and incandescent bulbs emit light and heat in all
directions. LED are clearly better because of lower life cycle costs and energy savings, as well as
providing all-around better lighting levels. Also, Fleet service life extensions, beyond thirty

2
Appendix C-5 — Electrical Safety in Design Final Report
Version 1.0
July 2014





years are becoming increasingly common. Today’s newest watercraft will see more than forty
years of service, increasing the payback opportunity for cost saving innovations such as LED
lighting.

An LED is a semiconductor device which converts electricity into light. Each diode is about 1/4
inch in diameter and uses about ten milliamps to operate at about a tenth of a watt. LED are
small in size, but can be grouped together for higher intensity applications. LED fixtures require
a driver which is analogous to the ballast in fluorescent fixtures. The efficacy (efficiency of the
bulb to convert electricity into light) of a typical LED is approximately 20 lumens per watt
(LPW), though efficacies of up to 100 LPW have been created in the laboratory. For
comparison, incandescent bulbs have an efficacy of about 15 LPW and compact fluorescents are
about 60 LPW, depending on the wattage and lamp type.

LED Safety Discussion

LEDs have three main safety advantages:
(1) They are not regulated as hazardous materials or hazardous waste,
(2) There is less maintenance and chance for electric shock/electrocution, and
(3) They use a lower voltage/power, reducing the risk for mishaps.

Let’s look at each of these advantages in more detail.

(1) LEDs are not regulated as hazardous materials or hazardous waste:

Watercraft must dedicate storage space for fluorescent tubes which must be handled and
stored as hazardous waste until proper licensed hazardous waste disposal facilities are utilized.
LED are not considered hazardous waste and can be handled and stored as regular waste. There
is no need for special storage and handling procedures for LED as hazardous waste.

(2) There is less maintenance and chance for mishaps:

Current incandescent and fluorescent fixtures are considered maintenance intensive and are a
high maintenance item for watercraft. A typical fluorescent fixture has three points of failure—
the bulb, ballast, and starter. These components increase the maintenance requirements for
fluorescent fixtures. There is a high prevalence of shocks when changing light bulbs on
watercraft. Environmental conditions are more hazardous because of humid environment and
general weather and working conditions. With a decrease in the need to change out bulbs, there
will be less of a risk for shock or electrocution. A key safety benefit of the LED long lifespan is
that maintenance is not required over the next 10 years, compared to fluorescent lamps which
need to be replaced approximately every two years and incandescent which need to be replaced
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even more often. Watercraft maintenance requirements are reduced and space savings are
achieved with a corresponding decrease in spare parts.

(3) LEDs use a lower voltage/power, reducing the risk for mishaps:

LEDs also offer increased illumination levels which would improve general safety and
possibly reduce slip, trip and fall hazards and improved quality of lighting throughout a
watercraft’s life cycle at lower power consumption. Because of this lower power consumption,
there is less wear and tear on the generation and distribution systems onboard. This lower wear
and tear relates directly to fewer maintenance evolutions, thus resulting in less chances of
electrical mishaps or shocks and less chance of system degradation leading to system failures.

Summary of LED Advantages:

e Current lifetimes of LED-based luminaires are predicted to be 50,000 hours compared to
9,000 hours for typical fluorescent luminaires and 1,000 hours for incandescent

e LED-based lighting systems will also save energy: 70+% for incandescent replacement,
40+% for white fluorescent replacement

e Potential to reduce size and weight of numerous fixture designs with correctly designed
LED-based luminaires

e No hazardous waste.

e Less maintenance and exposures to shock hazards.

e More light per watt than incandescent bulbs (useful in battery powered or energy saving
devices).

e Can emit light of an intended color without the use of color filters that traditional lighting
methods require. This is more efficient and can lower initial costs.

e Can be designed to focus its light. Incandescent and fluorescent sources often require an
external reflector to collect light and direct it in a usable manner.

e When used in applications where dimming is required, LEDs do not change their color tint as
the current passing through them is lowered, unlike incandescent lamps, which turn yellow.

e Ideal for use in applications that are subject to frequent on-off cycling, unlike fluorescent
lamps that burn out more quickly when cycled frequently, or HID lamps that require a long
time before restarting.

e Difficult to damage with external shock. Fluorescent and incandescent bulbs are easily
broken if subjected to external shock.

4
Appendix C-5 — Electrical Safety in Design Final Report
Version 1.0

July 2014





COMPARISON OF LIGHTING

Incandescent | Fluorescent | LED | Interpretation
Efficacy (See Note 1) | 12-15 50-100 60 More efficient bulbs
(lumens/watt) provide more light
using less energy.
Lifespan (hours) 1,000 10,000— 50,000 | More hours results in
20,000 less maintenance and
possible exposure to
electric current
Cost (residential $15 $35 $80 Up front costs only.
lighting Life cycle costs are
not quantified.

Note 1: Efficacy is the efficiency of the bulb to convert electricity into light.

Source: Reference 2.

The following figure shows graphically the increasing performance of LED lights, as compared
to traditional sources. LED performance has been increasing ten-fold per decade since the mid

1960s, and currently meets or exceeds that of most other existing lighting products.

Luminous Efficiency (Im/W)

200

Evolution of Lighting

100

+

Eleétfical

‘ Discharge Lamps ,‘J

%1c]

High-Preswere
Sodiue

Metal Halide

50

Fluorescent

l|'
I

!

’

1

* 4 Light Emitting
| _ . ,' Diodes

',ﬂ'-{v ',.,‘.‘
e 2 2
] e
TesgsgnHalogen 99
Incandescents J—rs
IO:|: L e Corfs enticeal Incundescent

1920

1540

1960
Year

1980

Source: Reference 2.

Examples of Watercraft that are using LEDs:

e In Oct 2014, Rear Admiral Slates, Director, Chief of Naval Operations for Energy and

Environmental Readiness, wrote an article on Shipboard LEDs, noting that the USS Chafee
(DDG 90), USS Preble (DDG 88), and USS Independence (LCS2) were retrofitted with

LEDs. (reference 10).
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In April, 2015, Secretary of the Navy Ray Mabus
“directed that brighter, longer-lasting and more energy-
efficient lighting be installed in U.S. Navy ships under
construction as part of a strategy designed to help
increase these ships' time on-station, decrease time spent
on maintenance, and prevent shipboard injuries.'”
(reference 11).

The first ship with complete LED installation will be
DDG 117, USS Paul Ignatius, scheduled for completion
and commissioning in 2018. This Arleigh Burke class
guided-missile destroyer currently being built with four
basic LED designs: 1) 2-foot LED lamps; 2) globes in
large and small sizes to install in high-traffic areas such
as cargo holds and cargo elevators; 3) explosion-proof

Picture of the USS Jason Dunham,
DDG109, a current Arleigh Burke class
guided-missile destroyer commissioned in
2009 and prior to movement to LEDs.
Photo from:
http://en.wikipedia.org/wiki/USS_Paul_Ign
atius

globes as needed; and 4) bunk lights, complete with their own fixture.

Conclusion

LED illumination is clearly better than the alternatives.

References for further information

1. Naval Sea Systems Command (NAVSEA) MIL DTL 16377J(SH) 30 June 2014, “Detail
Specification: Fixtures, Lighting; and Associated Parts; Shipboard Use, General
Specification for”: http://everyspec.com/MIL-SPECS/MIL-SPECS-MIL-
DTL/download.php?spec=MIL-DTL-16377J.051312.pdf.

2. Naval Postgraduate School, Monterey, CA, Thesis, “Shipboard LED Lighting: A
Business Case Analysis” by Christopher Cizek, December 2009:
http://calhoun.nps.edu/bitstream/handle/10945/4468/09Dec_Cizek.pdf?sequence=1.

3. Naval Postgraduate School, Monterey, CA, Thesis, “Shipboard LED Lighting: A
Comparative Analysis” by Aaron Troy Freymiller, December 2009:

https://www.hsdl.org/?view&did=29397.

4. lluminating Engineering Society website: http://www.ies.org/.

5. Illuminating Engineering Society Standard IESNA LM-79-08, “IES Approved Method
for the Electrical and Photometric Measurements of Solid State Lighting Products”,
ANSI Standards Store: http://webstore.ansi.org/RecordDetail.aspx?sku=IESNA%20L M-

79-08&source=google&adgroup=iesna&qclid=CPDIw9aecisUCFYVFaQodulsADA.
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http://everyspec.com/MIL-SPECS/MIL-SPECS-MIL-DTL/download.php?spec=MIL-DTL-16377J.051312.pdf

http://calhoun.nps.edu/bitstream/handle/10945/4468/09Dec_Cizek.pdf?sequence=1
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http://webstore.ansi.org/RecordDetail.aspx?sku=IESNA%20LM-79-08&source=google&adgroup=iesna&gclid=CPDIw9aeisUCFYVFaQodulsADA



6. Rensselaer Polytechnic Institute Lighting Research Center, numerous LED publications,
related programs, projects, and education programs:
http://www.Irc.rpi.edu/researchareas/leds.asp.

7. Department of Energy (DOE) Energy Star, “Solid State Lighting (SSL) Luminaires”
Program Requirements:
http://www.energystar.gov/index.cfm?c=new_specs.ssl_luminaires.

8. Unified Facilities Criteria (UFC) 3-530-0, “Interior and Exterior Lighting Systems and
Controls”, 1 April 2015: http://www.wbdg.org/cch/DOD/UFC/ufc_3 530 _01.pdf.

9. National Institute of Building Sciences, Whole Building Design Guide, NAVFAC ITG
2010-03 — “Application of Solid State Lighting (SSL)/Light Emitting Diode (LED) for
Exterior Lighting”, 2 September 2010:
http://www.wbdg.org/ccb/browse_cat.php?0=30&c=212.

10. Army Program Executive Office, Product Director Army Watercraft Systems:
http://www.peocscss.army.mil/PADAWS.html.

11. “Seeing the Light: Shipboard LEDs", by Rear Admiral Kevin Slates:
http://navylive.dodlive.mil/2014/10/02/seeing-the-light-shipboard-leds/.

12. Navy News Service, Secretary of the Navy Public Affairs, “SECNAYV Directs Navy to
Expand Use of LEDs”, 13 Apr 2015:
http://www.navy.mil/submit/display.asp?story_id=86532.

13. Defense News, “LED Lighting Making a Mark on US Navy Ships”, by Christopher
Cavas, 1 Sept 2014: http://mobile.defensenews.com/article/309010014/.
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Appendix C-2
Watercraft Electrical Safe Design, Reliability, and Maintainability Checklist
Design Options that Reduce the Likelihood of Injury from Electrical Hazards
including Shock, Arc Flash and Fire

Purpose: This checklist identifies available design technologies which can
reduce the likelihood or limit the severity of electric shock, arc flash and
electrical fires aboard watercraft including ships, submarines, and other marine
vessels. These technologies provide opportunities for application beyond the
minimum requirements and electrical design standards. Each technology must
be assessed for its intended application and may have some disadvantages
along with advantages. As with any design, an engineering analysis should be
performed to determine the best type of equipment for the situation.

Requirements: OSHA 29 CFR 1915.181 which apply to ship repair and ship
building, 46 CFR Chapter I, Subchapter J, Electrical Engineering (US Coast
Guard), National Fire Protection Association (NFPA) 70, the National Electric
Code (NEC) for docks and shore-based electrical systems, Naval Ships’
Technical Manual (NSTM) 300, Electrical Plant - General, NSTM 302, Electric
Motors and Controllers, MIL-HDBK-454 Rev. B or latest version, Department Of
Defense Handbook: General Guidelines For Electronic Equipment; DA Pam
385-26: The Army Electrical Safety Program.

Applicability: This checklist is a tool to aid the planner, designer, and safety
professional to maximize the quality of watercraft electrical safe designs. Itis
intended for use by DoD services, agencies, and contractors involved with
watercraft.
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Watercraft Electrical Safe Design, Reliability, and Maintainability Checklist

Design Options that Reduce the Likelihood of Injury from Electrical Hazards including

Date of Inspection:
Inspector Name:
Reviewer Position:

Email:
Phone #:

Shock, Arc Flash and Fire

The following technologies can reduce the likelihood or limit the severity of electric shock, arc
flash and electrical fires aboard vessels. An engineering analysis should determine the best
type of equipment for the situation.

Number

Item

Y/N/NA

Design and application of coordination of relay and circuit breaker settings; and
engineered proper circuit breaker sizing and selection

1 High resistance grounding.
2 Covered or isolated bus.
3 Current-limiting fuses and current limiting breakers.
4 Touch-proof equipment.
5 Arc-resistant enclosures and arc resistant switchgear.
6 Remote operation of equipment and use of “Smart” control centers.
7 Arc detection and suppression systems.
8 Ground fault detection.
9 Arc fault circuit interrupters.
10 Inspection ports for switchgear and power distribution equipment.
11 Isolation transformers for shore power circuits.
12 Arc flash reduction maintenance system.
NOTE Isolation transformers prevent galvanic corrosion and the hazard of

electric shock caused by reverse polarity dockside.
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alterations or modifications occur that deviate from approved plans or
repairs, and any alternations or modifications that affect the electrical
systems of the vessel.

Number Item Y/N/NA
General Provisions For New Vessels - Inspections

Initial written record of inspection certification completed during
construction of the vessel which includes a complete inspection of the

13 electric installation and electric equipment or apparatus. The inspection
is to determine that the arrangement, materials, and their installations
meet the approved plans.

14 Periodic inspections to determine mechanical and electrical condition
and performance.
Have there been any circuits added or modified after the original

15 : e )
issuance of the Certificate of Inspection?

NOTE The Officer in Charge of marine inspection must be notified before

Arrangement of Equipment, Equipment Design, Protection, Access and Spacing

16

Electric equipment arranged to prevent mechanical damage to the
equipment from the accumulation of dust, oil mists or vapors, steam, or
dripping liquids.

17

Apparatus that may arc are ventilated or are in ventilated compartments
in which flammable gases, acid fumes, and oil vapors cannot
accumulate.

18

Bilge area arranged or constructed so the following cannot be damaged
by bilge water: (a) Generators. (b) Motors. (c) Electric coupling. (d)
Electric cable.

19

Design and arrangement of all electric apparatus is accessible to
facilitate inspection, adjustment, maintenance, or replacement.

20

The spacing between energized components (or between an energized
component and ground) within an enclosure meet the appropriate
industry standard for the voltage and current utilized in the circuit.

21

Spacing within enclosure(s) sufficient to facilitate servicing.

NOTE

The width of the working space must be a minimum of 30 inches. Refer
to National Electric Code Article 110.26 for working space around
enclosures and equipment. Also, see:
http://www.usbr.gov/ssle/safety/RSHS/sec12.pdf.
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Number

Item

Y/N/NA

22

All electrical enclosures are according to NEMA 250 or IEC 60529, both
incorporated by reference (see 46 CFR 110.10-1) to provide protection
against environmental conditions.

NOTE 1

The word “should,” when used in material incorporated by reference is
to be construed the same as the words “must” or “shall”. Web link for 46
CFR 110.10-1:

http://cfr.regstoday.com/46cfr110.aspx#46 CFR 110pSUBPART 110p
10.

NOTE 2

NEMA Type 2 enclosures are constructed to provide a degree of
protection to personnel against access to hazardous parts; to provide a
degree of protection of the equipment inside the enclosure against
ingress of solid foreign objects (falling dirt); and to provide a degree of
protection with respect to harmful effects on the equipment due to the
ingress of water (dripping and light splashing). NEMA Type 4
enclosures provide protection from windblown rain, splashing water and
are undamaged from the formation of ice on the enclosure. Type 4X
also provides protection against corrosion.

23

Electrical equipment in locations requiring exceptional degrees of
protection meet at least the minimum degrees of protection in ABS Steel
Vessel Rules section 4-8-3, Table 2, or appropriate NEMA 250 type for
the service intended

24

Each enclosure is designed so that the total rated temperature of the
equipment inside the enclosure is not exceeded.

25

Central control consoles and similar control enclosures are
manufactured to at least NEMA 250 Type 2 or IEC 60529 IP 22 degree
of protection regardless of location.

26

Equipment for interior locations not requiring exceptional degrees of
protection is manufactured to at least NEMA 250 Type 1 with drip-shield
or IEC 60529 IP 11 as specified in IEC 60529.

27

Each enclosure and part of electric equipment that can be damaged by
corrosion is be made of corrosion-resistant materials or of materials
having a corrosion resistant finish.
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Number

Item

Y/N/NA

Equipment Operation and Installation

28

The assumed ambient temperature of the space plus the equipment's
actual temperature rise at its de-rated load does not exceed the
equipment's total rated temperature (equipment's rated ambient
temperature plus its rated temperature rise).

29

Electrical equipment functions at variations of at least +5 percent of
rated frequency and 6 percent to 10 percent of rated voltage. This
limitation does not address transient conditions.

30

All electrical equipment is designed and installed to operate for the
particular location and environment in which it is to be used.

31

Electric apparatus is designed, constructed and installed with guarding
to prevent any person from accidentally contacting energized parts.

32

Any exposed, noncurrent-carrying metal parts of fixed equipment that
may become energized because of any condition is grounded.

Grounding Design

33

Exposed, noncurrent-carrying metal parts of portable equipment are
grounded through a conductor in the supply cable to the grounding pole
in the receptacle.

34

For the installation of the electrical equipment which does not ensure a
positive ground to the metal hull or equivalent conducting body, the
apparatus is grounded to the hull with a grounding conductor.

35

When installed, the metallic armor or sheath meets the installation
requirements of Section 25 of IEEE 45.

NOTE

IEEE 45 has eight sections which are recommendations for the
minimally acceptable guidelines for the design, selection, and
installation of systems and equipment aboard marine vessels applying
electrical apparatus for power, propulsion, steering, navigation, lighting,
and communications.

36

A vessel's hull does not carry current as a conductor except for the
following systems: (1) Impressed current cathodic protection systems.
(2) Limited and locally grounded systems, such as a battery system for
engine starting that has a one-wire system and the ground lead
connected to the engine. (3) Insulation level monitoring devices if the
circulation current does not exceed 30 milli-amperes under the most
unfavorable conditions. (4) Welding systems with hull return except
vessels subject to 46 CFR Subchapter D.
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Number

Item

YIN/NA

NOTE

46 CFR Subchapter D only applies to tank vessels which carry
flammable or combustible liquids in bulk.

37

Each grounded system has only one point of connection to ground
regardless of the number of power sources operating in parallel in the
system.

38

Each propulsion, power, lighting, or distribution system having a neutral
bus or conductor has the neutral grounded.

39

The neutral of a dual-voltage system is solidly grounded at the
generator switchboard.

40

The neutral of each grounded generation and distribution system is
grounded at the generator switchboard, except the neutral of an
emergency power generation system which must be grounded with no
direct ground connection at the emergency switchboard

41

The neutral of each grounded generation and distribution system is
grounded at the generator switchboard, except the neutral of an
emergency power generation system which must be grounded with: No
switch, circuit breaker, or fuse in the neutral conductor of the bus-tie
feeder connecting the emergency switchboard to the main switchboard;
and have the ground connection accessible for checking the insulation
resistance of the generator to ground before the generator is connected
to the bus.

42

If the voltage of a distribution system is less than 1,000 volts, line to line,
a tank vessel has a grounded distribution system.

43

If the voltage of a distribution system on a tank vessel is 1,000 volts or
greater, line to line, and the distribution system is grounded (including
high-impedance grounding), any resulting current must not flow through
a hazardous (classified) location.

44

There is ground detection for: 1) Electric propulsion system; 2) Vessel's
service power system; 3) Lighting system; and 4) Power or lighting
distribution system that is isolated from the vessel's service power and
lighting system by transformers, motor generator sets or other devices.

45

Ground indicators are readily accessible.
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Number

Item

YIN/NA

46

Ground indicators are provided (at the distribution switchboard or at
another location, such as a centralized monitoring position for the circuit
affected) for each feeder circuit that is isolated from the main source by
a transformer or other device.

47

Each ungrounded system is provided with a suitably sensitive ground
detection system located at the respective switchboard which provides
continuous indication of circuit status to ground with a provision to
momentarily remove the indicating device from the reference ground.

48

Grounded neutral and high-impedance grounded neutral alternating
current systems has a suitably sensitive ground detection system which
indicates current in the ground connection, is able to withstand the
maximum available fault current without damage, and provides
continuous indication of circuit status to ground.

49

Provision is included to compare indications under fault conditions with
those under normal conditions.

50

Each dual voltage direct current system has a suitably sensitive ground
detection system which indicates current in the ground connection, has
a range of at least 150 percent of neutral current rating and indicates
the polarity of the fault

51

A conductor for grounding a direct-current system is the larger of the
largest conductor supplying the system; or No. 8 AWG (8.4mm2).

52

A conductor for grounding the neutral of an alternating-current system
meets 46 CFR Table 111.05-31(b).

NOTE

Web link for 46 CFR Ch. |, Table 111.05-31(b):
http://www.gpo.gov/fdsys/pkg/CFR-2009-title46-vol4/pdf/CFR-2009-
title46-vol4-sec111-05-23.pdf

53

Each equipment-grounding conductor (other than a system-grounding
conductor) of a cable must be permanently identified as a grounding
conductor in accordance with the requirements of the NEC Section
250.119.

54

A permanently grounded conductor must not have an overcurrent
device unless the overcurrent device simultaneously opens each
ungrounded conductor of the circuit.

55

The neutral conductor of the emergency-main switchboard bus-tie must
not have a switch or circuit breaker.
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Number

Item

YIN/NA

NOTE

Service loads mean electrical equipment for all auxiliary services
necessary for maintaining the vessel in a normal, operational and
habitable condition. Ship's service loads include, but are not limited to,
all safety, lighting, ventilation, navigational, communications,
habitability, and propulsion auxiliary loads.

Vessel Power Supply Design and Operation

56

Each self-propelled vessel has at least two electric generating sources.

57

The aggregate capacity of the electric vessel's service generating
sources is sufficient for the vessel's service loads.

58

Failure of any single generating set energy source such as a boiler,
diesel, gas turbine, or steam turbine does not cause all to be inoperable
generating sets.

59

If the emergency generator is used for part or all of the electric power
necessary to start the main propulsion plant from a dead ship condition,
the emergency generator is capable of providing power to all
emergency lighting, emergency internal communications systems, and
fire detection and alarm systems in addition to the power utilized for
starting the main propulsion plant.

60

Each generator prime mover must have an overspeed device that is
independent of the normal operating governor and adjusted so that the
speed cannot exceed the maximum rated speed by more than 15
percent.

61

Each prime mover must shut down automatically upon loss of
lubricating pressure to the generator bearings if the generator is directly
coupled to the engine. If the generator is operating from a power take-
off, such as a shaft driven generator on a main propulsion engine, the
generator (must) automatically declutch (disconnect) from the prime
mover upon loss of lubricating pressure to generator bearings.

62

Each generator meets the applicable requirements for construction and
testing in section 4-8-3 of the ABS Steel Vessel incorporated by
reference; see 46 CFR Rules 110.10-1.

63

For AC systems compliance with sections 4-2-3/7.5.2, 4-2-4/7.5.2, 4-8-
3/3.13.2, and 4-8-3/3.13.3 of the ABS Steel Vessel Rules.

64

For DC systems: section 4-8-3/3.13.3(c) of the ABS Steel Vessel Rules,
and IEC 60092-202: System Design — Protection Part 202; and IEC
60092-301: Electrical Installations in Ships, Part 301, Equipment —
Generators and Motors.

65

The current-carrying capacity of generator cables is not less than 115
percent of the continuous generator rating; or Less than 115 percent of
the overload for a machine with a 2 hour or greater overload rating.
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66

Generator cables are not in the bilges.

Number

Item

YIN/NA

67

Each vessel's service generator and emergency generator is protected
by an individual, trip-free, air circuit breaker whose tripping
characteristics can be set or adjusted to closely match the generator
capabilities.

68

A circuit breaker for a generator opens upon the shutting down of the
prime mover.

69

A circuit breaker for a generator has longtime overcurrent trips or relays
set as necessary to coordinate with the trip settings of the feeder circuit
breakers.

70

A circuit breaker for a generator does not have an instantaneous trip
with the exception that an instantaneous trip is required if three or more
alternating-current generators can be paralleled; or the circuit breaker is
for a direct current generator.

71

The pickup setting of the longtime overcurrent trip of a generator circuit
breaker is not larger than 115 percent of the generator rating for a
continuous rated machine.

72

The pickup setting of the longtime overcurrent trip of a generator circuit
breaker is not larger than 115 percent of the overload rating for a
machine with a 2-hour or greater overload rating.

73

The instantaneous trip of a generator circuit breaker is set above, but as
close as practicable to, the maximum asymmetrical short circuit
available from any one of the generators that can be paralleled.

74

Each generator arranged for parallel operation has reverse-power or
reverse-current trips.

75

A vessel's service generator overcurrent protective device is on the
vessel's service generator switchboard.

76

The generator and its switchboard are in the same space.

77

There is separate circuit breaker poles for the positive and negative
leads, and, unless the main poles provide protection, for each equalizer
lead. If there are equalizer poles for a three-wire generator, each
overload trip is of the “Algebraic” type.

78

If there is a neutral pole in the generator circuit breaker, there is not an
overload trip element for the neutral pole. In this case, there must be a
neutral overcurrent relay and alarm system that is set to function at a
current value not more than the neutral rating.
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Number

Item

YIN/NA

79

For each three-wire generator, the circuit breaker protects against a
short circuit on the equalizer bus.

80

Generator circuit breakers do not automatically close after tripping.

Battery Design and Installation

81

A battery cell, when inclined at 40 degrees from the vertical, does not
spill electrolyte.

82

Each fully charged lead-acid battery has a specific gravity that meets
Section 22 of IEEE 45.

83

Batteries do not evolve hydrogen at a rate exceeding that of a similar
size lead-acid battery under similar charging condition.

84

Battery location and type take into account the environmental conditions
of a marine installation, including temperature, vibration, and shock.

85

Each large battery installation is in a room that is only for batteries or a
box on deck. Installed electrical equipment must meet the hazardous
location requirements.

86

Each moderate battery installation is in a battery room, in a box on
deck, or in a box or locker in another space such as an engine room,
storeroom, or similar space, except if a moderate battery installation is
in a ventilated compartment such as the engine room and is protected
from falling objects, a box or locker is not required.

87

A moderate battery installation is not in a sleeping space. An engine
cranking battery for one or more engines is as close as possible to the
engine or engines.

88

Small size battery installations are not located in poorly-ventilated
spaces, such as closets, or in living spaces, such as staterooms.

NOTE 1

A small battery installation is one connected to a battery charger that
has an output of less than 0.2 kw computed from the highest possible
charging current and the rated voltage of the battery installation.

NOTE 2

A moderate battery installation is one connected to a battery charger
that has an output of between 0.2 kw and 2 kw computed from the
highest possible charging current and the rated voltage of the battery
installation.
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Number

Item

YIN/NA

NOTE 3

A large battery installation is one connected to a battery charger that
has an output of more than 2 kw computed from the highest possible
charging current and the rated voltage of the battery installation.

89

Each battery tray is chocked with wood strips or their equivalent to
prevent movement, and each tray must has non-absorbent insulating
supports on the bottom and similar spacer blocks at the sides, or
equivalent provisions for air circulation space all around each tray.

90

Each battery tray provides adequate accessibility for installation,
maintenance and removal of the batteries.

91

Each room, locker and box for storage batteries is arranged or
ventilated to prevent accumulation of flammable hydrogen gas.

92

If power ventilation is required, the following must be met: The power
ventilation system must be separate from ventilation systems for other
spaces. Electric motors must be outside the duct and compartment and
have an explosion-proof motor for a Class I, Division 1, Group B
location; or at least 10 ft. (3 m) from the exhaust end of the duct.

93

Each blower for battery location ventilation has a non-sparking fan.

94

The power ventilation system is interlocked with the battery charger so
that the battery cannot be charged without adequate ventilation.

95

Each battery room for large battery installations has a power exhaust
ventilation system and openings for intake air near the floor that allow
the passage of the quantity of air that must be expelled.

96

The quantity of the air expelled is at least q =3.89(i)(n); where q is the
quantity of expelled air in cubic feet per hour; i is the maximum charging
current, or one-fourth of the maximum obtainable charging current of
the charging facility, whichever is greater; and n = number of cells.

97

Each box for a small battery installation has openings near the top to
allow the escape of gas. If the installation is in a non-environmentally-
controlled location, the installation prevents the ingress of water.

98

Each battery room or battery locker for moderate or small battery
installations have louvers near the bottom of the room or locker for air
with forced air ventilation.

99

Except for a deck box for a small battery installation, each deck box has
a duct from the top of the box to at least 4 ft. (1.2 m) above the box
ending in a gooseneck or mushroom head that prevents entrance of
water. Holes for air must be on at least two parallel sides of each box.
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100

Each deck box is weather-tight.

101

Each box for a small battery installation must have openings near the
top to allow escape of gas. If the installation is in a non-environmentally-
controlled location, the installation must prevent the ingress of water.

102

Each conductor penetration to a battery room is watertight.

103

The termination of each cable is sealed to prevent the entrance of
electrolyte by spray or infiltration.

104

Each connecting cable has sufficient capacity to carry the maximum
charging current or maximum discharge current, whichever is greater,
while maintaining the proper voltage at the load end.

105

An overload protective device must be in each battery conductor,
except conductors of engine cranking batteries and batteries with a
nominal potential of 6 volts or less.

106

For large storage battery installations, the overcurrent protective
devices must be next to, but outside of, the battery room.

107

Except when a rectifier is used, the charging equipment for all batteries
with a nominal voltage more than 20 percent of line voltage must protect
automatically against reversal of current.

108

Each battery charger is suitable for the size and type of battery
installation that it serves. Chargers incorporating grounded
autotransformers must not be used. Except for rectifiers, chargers with
a voltage exceeding 20 percent of the line voltage must be provided
with automatic protection against reversal of current.

Transformer Construction, Installation and Protection

109

Each transformer winding is resistant to moisture, sea atmosphere and
oil vapor, unless special precautions are taken such as enclosing the
winding in an enclosure with a high degree of ingress protection.

110

Transformer temperature rise, based on an ambient temperature of 40
degrees C, must not exceed 55 degrees C for Class A insulation; for
Class B insulation, 80 degrees C; for Class F insulation, 115 degrees C;
for Class H insulation, 150 degrees C.

NOTE

Electrical insulation systems for wires used in transformers (electric
motors and generators) are rated by NEMA classifications to maximum
allowable operating temperatures.
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111

An autotransformer must not supply feeders or branch circuits.

112

Transformer has protection against overcurrent that meets Article 450 of
the NEC or IEC 60092-303, Electrical Installations in Ships —
Transformers for Power and Lighting.

NOTE

NEC Article 450 provides requirements for transformers and
transformer vaults.

Electric Motors

113

Each motor has a marking or nameplate that meets either NEC Section
430.7 or clause 16 of IEC 60092-301, Equipment - Generators and
Motors.

114

Each motor is rated for continuous duty, except a motor for an
application listed in 46 CFR Chapter I, Subpart J, Table 111.25-15 or a
similar duty must meet the minimum short-time rating stated in the
table.

NOTE

From IEEE 45-2002: Generators and motors should successfully pass
the following tests at the place of manufacture. The following tests
should be conducted in accordance with IEC60034, or IEEE Std 112,
IEEE Std 115, or ANSI/NEMA MG 1-1998, as applicable: a)
Temperature rise under rated load or rated current conditions; b)
Dielectric strength of insulation; ¢) Overload capacity.

Switchboard Installation and Design

115

Each switchboard meets the location and installation requirements in
section 8.2 of IEEE 45 or IEC 60092-302.

116

Each component and bus bar connection on a switchboard that is not
accessible from the rear, except a bus bar connection for a draw-out
type circuit breaker is within 0.5 m (20 in.) of the front of the
switchboard.

117

Circuit breakers, when installed on generator or distribution
switchboards, are mounted or arranged in such a manner that the circuit
breaker may be removed from the front without unbolting bus or cable
connections or de-energizing the supply, unless the switchboard is
divided into sections, such that each section is capable of providing
power to maintain the vessel in a navigable condition.

118

All low voltage switchboards meet either section 8.3 of IEEE 45 or IEC
60092-302.
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Medium voltages meet either section 8.4 of IEEE 45 or IEC 60092-503:

119 Electrical Installations in Ships, Part 503.
Non-conducting deck coverings, such as non-conducting mats or
gratings, suitable for the specific switchboard voltage are installed for
120 personnel protection at the front and rear of the switchboard and extend
the entire length of, and be of sufficient width to suit the operating
space.
121 Each switchboard device has a nameplate showing its function.
Each nameplate for a circuit breaker shows the electrical load served
122 - L
and the setting of the circuit breaker.
123 Each circuit that supplies a device on a switchboard has overcurrent
protection except as indicated in the four below:
1) A circuit that supplies a device on a switchboard does not have
124 overload protection if it supplies an electric propulsion control.
2) A circuit that supplies a device on a switchboard does not have
125 overload protection if it supplies a voltage regulator.
3) A circuit that supplies a device on a switchboard does not have
126 overload protection if it supplies a ship's service generator circuit
breaker tripping control.
4) A circuit that supplies a device on a switchboard does not have
127 overload protection if the device creates a hazard to the vessel if
de-energized.
128 If short circuit protection is used in any of the circuits, it is set at not less
than 500% of the expected current.
A secondary circuit of a current transformer is not be fused, and the
129 circuit from a current transformer to a device that is not in the
switchboard has a high voltage protector to short the transformer during
an open circuit.
Each bus meets the requirements of section 7.10 of IEEE 45; or (clause
130 7), IEC 60092-302: Low Voltage Switchgear and Control Gear
Assemblies.
NOTE The most recent edition of IEEE 45 should be consulted for
requirements.
131 Instrumentation and control wiring is suitable for installation within in a

switchboard enclosure and be rated at 90 °C or higher.
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132

Stranded copper is No. 14 AWG (2.10 mm 2) or similar conductor size
cable recommended for use in low-power instrumentation, monitoring,
or control circuits recommended by the equipment manufacturer.

133

Stranded copper is flame-retardant meeting test VW-1 of UL 1581 or
IEC 332-1.

134

Stranded copper is extra flexible, if used on a hinged panel.

135

When the total installed electric power of the vessel's service generation
system is more than 3000 kW, the switchboard has at least two sections
of the main bus that are connected by a hon-automatic circuit breaker; a
disconnect switch; or removable links.

136

As far as practicable, the connection of generators and duplicated
equipment is equalized between the sections of the main bus.

137

For alternating-current ship's service, each switchboard has a
disconnect switch or link for each generator conductor, except a
switchboard having a draw-out or plug-in type generator circuit breaker
that disconnects each generator conductor; or if there is a switch in the
generator neutral, each ungrounded conductor.

138

For each connected generator, each switchboard has a pilot lamp
connected between the generator and the circuit breaker.

139

For each connected generator, each switchboard has an ammeter with
a selector switch that connects the ammeter to show the current in each
phase.

140

For each connected generator, each switchboard has a voltmeter with a
selector switch that connects the voltmeter to show the generator
voltage of each phase; and bus voltage of one phase.

141

For each connected generator, each switchboard has a voltage
regulator and voltage regulator functional cut-out switch.

142

For each generator that is not excited from a variable voltage or rotary
amplifier that is controlled by a voltage regulator unit acting on the
exciter field, each switchboard has a generator field rheostat; a double-
pole field switch; discharge clips; and a discharge resistor.

143

If generators are arranged for parallel operation, each switchboard has
a speed control for the prime mover of each generator; an indicating
wattmeter for each generator; and a synchroscope and synchronizing
lamp that have a selector switch to show synchronization for paralleling
generators.
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144

Each switchboard has ground detection for the vessel's service power
system; normal lighting system; and emergency lighting system.

145

Each switchboard has a frequency meter with a selector switch to
connect the meter to each generator.

146

Each switchboard has an exciter field rheostat.

147

For each shore power connection each switchboard has a circuit
breaker or fused switch; a pilot light connected to the shore side of the
circuit breaker or fused switch; and one of the voltmeters connected to
show the voltage of each phase of the shore power connection

148

The equipment, except the circuit breakers and disconnect switch or link
for each generator conductor is on the vessel’s service switchboard, or
on a central control console that is in the same control area as the main
vessel's service switchboard; or can remotely control the vessel service
generator circuit breaker.

149

Equipment, except the circuit breakers and disconnect switch or link for
each generator conductor is on the ship's service switchboard, or on a
central control console that has a generator section that has only
generator functions; has the generator section segregated from each
other console section by a fire-resistant barrier; and has cabling from
the main switchboard to the generator section of the console that has
only generator control and generator instrumentation circuits; and is
protected from mechanical damage.

150

Direct current ship's service: For each connected generator, each
switchboard has a circuit breaker disconnect switch or link for each
generator conductor, except a switchboard having a draw-out or plug-in
type generator circuit breaker that disconnects each conductor; or if
there is a switch in the generator neutral, each ungrounded conductor.

151

For each connected generator, each switchboard has a field rheostat
and a pilot lamp connected between the generator and circuit breaker.

152

For each two-wire generator, each switchboard must have an ammeter;
and A voltmeter with a selector switch that connects the voltmeter to
show: Generator voltage; and bus voltage.

153

For each three-wire generator, each switchboard has an ammeter for
the positive lead; and the negative lead; a center zero type ammeter for
the neutral ground connection; a voltmeter with a selector switch that
connects the voltmeter to show generator and bus voltage: positive to
negative; positive to neutral; and neutral to negative.
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154

Each switchboard has ground detection for the: main power system;
main lighting system; and emergency lighting system.

155

For each shore power connection, each switchboard has a circuit
breaker or fused switch; and a pilot light connected to the shore side.

156

One of the voltmeters is connected to show for each two-wire system,
shore connection voltage; and for each three-wire system, shore
connection voltage: positive to negative; positive to neutral; and neutral
to negative.

157

Each emergency generator must have an emergency switchboard.

158

There is a test switch at the emergency switchboard to simulate a
failure of the normal power source and cause the emergency loads to
be supplied from the emergency power source.

159

The emergency switchboard is as near as practicable to the emergency
power source, but not in the same space as a battery emergency power
source.

160

Each alternating-current emergency switchboard: For each connected
emergency generator, each emergency switchboard has a circuit
breaker and a disconnect switch or link for each emergency generator
conductor, except for a switchboard with a draw out or plug-in type
generator circuit breaker that disconnects each generator conductor;
and if there is a switch in the generator neutral, each ungrounded
conductor; and a pilot lamp connected between the generator and
circuit breaker.

161

For each emergency generator that is not excited from a variable
voltage or rotary amplifier exciter that is controlled by a voltage
regulator unit acting on the exciter field, each emergency switchboard
has a generator field rheostat; a double pole field switch; discharge
clips; and a discharge resistor.

162

Each emergency switchboard has the following: an ammeter with a
selector switch that connects the ammeter to show the current for each
phase; A voltmeter with a selector switch that connects the voltmeter to
show: generator voltage of each phase; and bus voltage of one phase;
Ground detection for the emergency lighting system; A frequency meter;
An exciter field rheostat; A voltage regulator and a voltage regulator
functional cut-out switch.
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163

Each direct-current emergency switchboard has ground detection for
the emergency lighting system.

Emergency Lighting and Power Systems

164

The power from the vessel's service generating plant for the emergency
loads is supplied to the emergency switchboard through automatic
transfer switches.

165

If there is a reduction of potential of the normal source by 15 to 40
percent the loads are automatically supplied from the temporary
emergency power source.

166

For systems in which a reduction of frequency of the normal source or
final emergency power source adversely affects the emergency system
and emergency loads, there is a means to transfer the loads to the
temporary emergency power source upon a reduction in the frequency
of the normal source or final emergency power source.

167

Simultaneously with the operation of the transfer means the diesel
engine or gas turbine driving the final emergency power source start
automatically with no load on the final emergency power source.

168

When the potential of the final emergency power source reaches 85 to
95 percent of normal value, the emergency loads transfer automatically
to the final emergency power source. This transfer should be
accomplished in no more than 45 seconds after failure of the normal
source of power.

169

When the potential from the normal source has been restored, the
emergency loads are manually or automatically transferred to the
normal source, and the final emergency power source is manually or
automatically stopped.

170

If the potential of the final emergency power source is less than 75 to 85
percent of normal value while supplying the emergency loads, the
temporary emergency loads transfers automatically to the temporary
emergency power source.

171

Each temporary source of emergency power must consist of a storage
battery of sufficient capacity to supply the temporary emergency loads
for not less than one-half hour.
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172

Installations requiring alternating current for the operation of
communication equipment or other apparatus essential under
temporary emergency conditions must be provided with the necessary
conversion equipment. If the conversion equipment operates both under
normal conditions and under temporary emergency conditions, the
conversion equipment must be provided in duplicate.

173

An emergency lighting system does not have a switch, except: In a
distribution panel; or in a circuit that serves a hazardous space such as
a paint room or cargo handling room if the switch is located outside of
the hazardous location.

174

There are visible indicators in the machinery space showing when an
emergency battery is discharging; and when the automatically
controlled emergency power source is supplying the emergency loads.

175

Each storage battery installation for emergency lighting and power, and
starting batteries for an emergency diesel or gas turbine driven
generator set, have apparatus to automatically maintain the battery fully
charged.

176

When the vessel’s service generating plant is available, the battery has
a continuous trickle charge, except that after discharge the battery must
be charged automatically at a higher rate.

177

Charging operations do not cause an absence of battery power.

178

There are instruments to show the rate of charge.

179

Cable runs between the fire alarm annunciator and fire detecting or fire
alarm zones must be as direct as practicable and, where practicable,
are not be in staterooms, lockers, or other enclosed spaces in order to
reduce the risk of dam Communications and alarm equipment: Each
connection box is constructed in accordance with Type 4 or 4X of
NEMA 250; or IP 56 of IEC 60529. age by a localized fire or other
cause.

180

Communications and alarm equipment: Each connection box is
constructed in accordance with Type 4 or 4X of NEMA 250; or IP 56 of
IEC 60529.

181

There are at least two sources of power for the electrical equipment of
each fire detecting and alarm system.

182

The capacity of each branch circuit providing power to a fire detection or
alarm system is not be less than 125 percent of the maximum load.
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183

The emergency power source for the general emergency alarm system
meets the requirements of IMO SOLAS 74 Regulation 11-1/42 or 11-1/43,
as applicable.

184

If the general emergency alarm system is the only load supplied by the
general emergency alarm system battery or batteries, the battery or
batteries must have an enclosed fused switch or circuit breaker that has
a means of locking.

185

The fused switched or circuit breaker must be outside of, and next to
the battery room or battery locker, and the capacity of the fuses or
circuit breaker must be at least 200 percent of the connected load.

186

If the general emergency alarm system is supplied from an emergency
or interior communication switchboard, or if duplicate general alarm
batteries supply other loads, there is a fused switch or circuit breaker
supplying the general emergency alarm system that has a means of
locking.

187

Where the general emergency alarm signal cannot be heard over the
background noise, there is a red-flashing light or rotating beacon, in
addition to the general emergency alarm signal.

188

Each contact maker has normally open contacts and constructed in
accordance with Type 4 or 4X of NEMA 250 or IP 56 of IEC 60529.

189

Each general emergency alarm signal is electrically-operated bell,
klaxon, or other warning device capable of producing a signal or tone
distinct from any other audible signal on the vessel sound level of not
less than 80 dB(A) measured at 10 feet on the axis; and at least 10
dB(A) measured at 10 feet on the axis, above the background noise
level when the vessel is underway in moderate weather unless flashing
red lights are used.

190

Each cable entrance to an emergency alarm signal or distribution fitting
must be made watertight by a terminal or stuffing tube.

191

Each distribution panel must: watertight and need a tool to be opened.

192

Each overcurrent protection device causes as wide a differential as
possible between the rating of the branch circuit overcurrent protection
device and that of the feeder overcurrent protection device.

Overcurrent Protection

193

The capacity of the feeder overcurrent device must be as near
practicable to 200 percent of the load supplied. The capacity of a
branch circuit overcurrent device must not be higher than 50 percent of
the capacity of the feeder overcurrent device.
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Marking Equipment

Each general emergency alarm system fused switch and distribution
panel has a fixed nameplate on the outside of its cover that has a

194 _ . . . .
description of its function. The rating of fuses is also shown on the
outside of the cover of a fused switch.

195 Each general alarm contact maker is be marked “GENERAL ALARM” in
red letters on a corrosion-resistant plate or on a sign.
A contact maker that operates only the general emergency alarm signal

196 in crew quarters, machinery spaces, and work spaces are marked
“CREW ALARM”.
Each general emergency alarm system distribution panel has a

197 directory attached to the inside of its cover giving the designation of

each circuit, the area supplied by each circuit, and the rating of each
circuit fuse.
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Electric Vehicle Safety Resources for Electrical Safety in Design

*IMPORTANT USER NOTE: This document was created in 2014 by the DoD Electrical Safety Working
Group (ESWG)and is based on Codes and Standards in force in 2014. To use this document properly, the
user must refer to the code in force at the date of use.

Resource

Summary

Fire Protection Research Foundation report:
Electrical Vehicle Charging and NFPA Electrical
Safety Codes and Standards

Link: http://www.nfpa.org/research/fire-protection-
research-foundation/reports-and-
proceedings/electrical-safety/new-technologies-and-
electrical-safety/electrical-vehicle-charging-and-
nfpa-electrical-safety-codes

The National Fire Protection Association (NFPA) and the
SAE International released a summary report from the co-
hosted U.S. National Electric Vehicle Safety Standards
Summit held in October 2011 that focused on how current
codes and standards address safety and electrical
infrastructure concerns related to electric vehicles.

The summary report prepared by the Fire Protection
Research Foundation, an affiliate of NFPA, focused on
fundamental codes and standards as they pertain to electric
vehicles.

NFPA Electric Vehicle Safety Training

Link:
http://www.evsafetytraining.org/resources/research.a
Spx

NFPA’s Electric Vehicle Safety Training project is a
nationwide program to help firefighters and other
emergency responders prepare for the growing number of
electric vehicles on the road in the United States.

1SO 6469-3: 2011

Electric Road Vehicles — Safety Specifications Part
3. Protection of Persons against Electrical Hazards
Link:
http://www.iso.org/iso/catalogue_detail?csnumber=4
5479

Establishes that persons should be protected by a minimum
insulation resistance of 100 ohms/volt in vehicles with
direct current (DC) voltages greater than 60 volts but less
than or equal to 1500 volts.

Specifies requirements for the protection of persons against
electrical hazards on battery-powered electric vehicles
(passenger cars and light commercial vehicles) when the
vehicles are not connected to an external power supply.
Applicable only if the maximum working voltage of an on-
board electrical circuit is lower than 1000 volts AC or 1500
volts DC or lower.

Specifies voltage classes of electric circuits, protection
against electrical hazards, and protection against water
effects.

IEC TS 60479-1: 2005-07 o
Effects of Current on Human Beings and Livestock —
Part 1. General Aspects

Link: Available from ANSI by payment:
http://webstore.ansi.org/RecordDetail.aspx?sku=1EC
%2FTS%2060479-
1%20Ed.%204.0%20b:2005&source=google&adgro
up=iec-ts&qgclid=CPH6897xyMQCFY -
EaQod1W4AVQ

IEC 60479 Standard consists of four parts under the general
title Effects of current on human beings and livestock:

o Part 1: General aspects

o Part 2: Special aspects

o Part 3: Effects of currents passing through the bodies of
livestock

Part 4: Effects of lightning strokes on human beings
and livestock

Part 1:

o Examines the effects of electric current through the
human body by development of experimental
impedance values composed of resistive and capacitive
components.
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Resource

Summary

o Proposes criterion/technical specifications for the
admissible limit of touch voltage (the product of the
current through the body called touch current and the
body impedance) as a function of time.

SAE J2344, June 1998, revised 2010
Guidelines for Electrical Vehicle Safety
Link: http://standards.sae.org/j2344 201003/

Note: The architecture, size and chemistry of the
electric vehicle’s high voltage source have
significantly changed since 1998 when this Society
of Automotive Engineers’ Information Report was
first issued. Refer to the most recent guideline
revision.

o First attempt to formalize a list of important safety
guidelines during normal operation and charging that
should be considered when designing electric vehicles for
use on public roadways.

e Forms the basis for a later document, SAE J2578 January
2009. SAE J2344 June 1998 states that a value of greater
than or equal to 500 ohms/volt can be considered
electrically isolated.

e A means should be provided to detect degraded electrical
isolation and that electrical isolation should be monitored
continuously. Although no method is given for performing
either task, the groundwork was laid for future documents
to expand on these concepts.

SAE J1766 April 2005, revised 2014
Recommended Practice for Electric and Hybrid
Electric Vehicle Battery Systems Crash Integrity
Testing

Link: http://standards.sae.org/j1766_ 201401/

Note: SAE J1766, 2014 revision is a significant
update to the April 2005 version.

o Voltage levels greater than 60 volts DC are defined as high
voltage.

e A vehicle can satisfy the electrical isolation requirements
of SAE J1766 even if no hydrogen is onboard.

e Passing criteria for electrical isolation are at least 100
ohms/volt for a DC high-voltage bus that is not connected
to an external power source and is monitored continuously
during operation.

o Fuel cells are expected to maintain an electrical isolation of
at least 125 ohms/volt.

I1SO 23273-3 2006

Fuel Cell Road Vehicles — Safety Specifications Part
3: Protection of Persons against Electric Shock
Link:
http://www.iso.org/iso/catalogue_detail.htm?csnumb
er=41417

Note 1: 1SO 23273-1:2006, Fuel cell road vehicles -
- Safety specifications -- Part 1: Vehicle functional
safety specifies the essential requirements for the
functional safety of fuel cell (FCV) with respect to
hazards to persons and the environment inside and
outside of the vehicles caused by the operational
characteristics of the fuel cell power system.

Note 2: 1SO 23273-2:2006, Protection against
hydrogen hazards for vehicles fuelled with
compressed hydrogen specifies the essential
requirements for fuel cell vehicles (FCV) with
respect to the protection of persons and the
environment inside and outside the vehicle against

o Applies only to on-board electrical circuits with working
voltages between 25 V AC and 1000 V DC or 60 VV DC and
1500 V DC respectively.

e The isolation resistance must be at least 100 ohms/volt or
10 mA for each class B circuit.

e Lists points to be taken into account if measuring electrical
isolation. This list includes disconnecting some circuits,
measuring all parts of the system, disconnecting cables, and
leaving various piping connected for the measurements.

o IS0 23273-3:2006, Fuel cell road vehicles -- Safety
specifications -- Part 3, Protection of persons against
electric shock specifies the essential requirements of fuel
cell vehicles (FCV) for the protection of persons and the
environment inside and outside the vehicles against electric
shock.

e The first edition of ISO 23273:2013 cancels and replaces
ISO 23273-2: 2006 and specifies the essential requirements
for fuel cell vehicles (FCV) with respect to the protection of
persons and the environment inside and outside the vehicle
against hydrogen-related hazards. Please refer to:
https://www.iso0.org/obp/ui/#iso:std:is0:23273:ed-1:v1:en
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Resource Summary

hydrogen related hazards.

FMVSS 305: Sept 11, 2007, NHTSA-2007-28517 .
Notice of Proposed Rulemaking (NPRM)
Electric-Powered Vehicles: Electrolyte Spillage and
Electrical Shock Protection

Link: http://www.gpo.gov/fdsys/pkg/FR-2007-10-
09/html/E7-19735.htm .

National Highway Traffic Safety Administration, 49 CFR
571 2007 proposal to amend the electrical safety
requirements of Federal Motor Vehicle Safety Standard
(FMVSS) No. 305, Electric-powered vehicles: electrolyte
spillage and electrical shock protection.

Requires electrical isolation as the basis for defining
electrical safety and for establishing a criterion for the
prevention of electrical shock.

Enhancement is required to address electrical safety of
hydrogen vehicles, particularly when testing without
hydrogen onboard the vehicle.

Specifies performance requirements for limitation of
electrolyte spillage, retention of propulsion batteries, and
electrical isolation of the chassis from the high-voltage
system during the crash event.

Electrical isolation is the electrical resistance between the
vehicle high-voltage source and any vehicle conductive
structure.

A high-voltage source is an electrical power-generating
device or an energy storage device that produced levels
equal to or greater than 60 volts DC.

At least 125 ohms/volt isolation is required for DC high-
voltage systems to pass the electrical isolation test after a
crash.

Geared to insuring public safety with respect to EVs,
HEVs, and FCVs. As such, the information in this
proposed regulation is crucial to this report.

Electrical isolation is the electrical resistance between the
vehicle high-voltage source and any vehicle conductive
structure.

A high-voltage source is an electrical power-generating
device or an energy storage device that produced levels
equal to or greater than 60 volts DC.

At least 125 ohms/volt isolation is required for DC high-
voltage systems to pass the electrical isolation test after a
crash.

NHTSA TP-305-01: Sept 11, 2008 .
Laboratory Test Procedure for FMVSS 305, Electric-
Powered Vehicles: Electrolyte Spillage and

Electrical Shock Protection .
Link:
http://www.nhtsa.gov/Vehicle+Safety/Test+Procedur | o
es

Guidelines for uniform testing data and information
recording and suggestions for the use of specific equipment
and procedures for contracted testing laboratories.

Uses an active onboard high-voltage power system to
determine the electrical safety of the vehicle.

Written specifically to require full engagement of the test
vehicle’s propulsion system before the crash test.

Provides the test procedure for FMVSS 305, but does not
apply directly to HFCVs without hydrogen onboard.
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Resource Summary
e However, does provide both pre-crash and post-crash test
procedures.
SAE J2578 January 2009 e Provides considerable pertinent information for the test

Recommended Practice for General Fuel Cell
Vehicle Safety
Link: http://standards.sae.orqg/j2578 201408/

procedure.

Electrical disconnects will actuate in a crash and can be
used for ensuring electrical isolation.

The electrical system can be tested without fuel onboard.
Isolation tests should be conducted through a range of
environmental conditions.

Isolation measurements should be conducted downstream
of an enclosed isolation device and on both sides of an
external isolation device.

Any onboard energy storage device can be disconnected for
the test.

Fuel cell system can be shut down for the test.

All electrical circuits that are not under test or that can be
damaged can be removed from the circuit.

Test voltage can be an externally applied DC voltage at
least equal to the maximum open circuit voltage of the fuel
cell.

Note: Department of Transportation, National Highway Traffic Safety Administration (NHTSA), 49
CFR Part 571 is applicable to passenger cars, multipurpose passenger vehicles, trucks and buses with
a gross vehicle weight rating (GVWR) of 4536 kg or less that use more than 48 nominal volts of
electricity as propulsion power and whose speed, attainable in 1.6 km on a paved level surface, is

more than 40 km/h.!

! Federal Motor Vehicle Safety Standards; Electric-Powered Vehicles; Electrolyte Spillage and Electrical
Shock Protection: http://www.gpo.gov/fdsys/pkg/FR-2011-07-29/html/2011-19216.htm
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Appendix D-2
Electric Vehicle Safe Design Checklist

*IMPORTANT USER NOTE: This document was created in 2014 by the DoD Electrical Safety Working
Group (ESWG) and is based on Codes and Standards in force in 2014. To use this checklist properly, the
user must refer to the code in force at the date of use.

Purpose: This checklist may be used to evaluate integration of safe design
parameters for electrical systems and equipment in electric vehicles. It also
includes important standard vehicle safety equipment considerations found lacking
in some early models of electric vehicles. This checklist is appropriate for use with
plug-in electric vehicles; plug-in hybrids, extended-range electric vehicles, and
battery electric vehicles. Battery electric vehicles have no gasoline engine and run
exclusively on the energy stored in the on-board batteries.

Requirements: Applicable Codes and Standards related to electrical safety have
been developed by the National Fire Protection Association (NFPA), the Institute
for Electrical and Electronics Engineering (IEEE), Underwriter’s Laboratory (UL),
and SAE International.

Applicability: This checklist is a tool to aid in safe design of electrical vehicles as
well as in evaluation of commercially available products to assure considerations
have been made for safety.
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Electric Vehicle Safe Design Checklist

Vehicle Make and Model:
Battery Pack Type:

Date of Design Review:
Reviewer Name:

Job Title:

Email:

Phone #:

Number Item Y/N/NA Comments

1 Describe the battery pack location on the vehicle.

2 Who is responsible for the vehicle maintenance i.e., government,
manufacturer or other? Do training and competency requirements
include knowledge of electrical systems and safety
commensurate with the vehicle’s electrical system?

3 Is the vehicle battery pack mounted in a suitable enclosure (steel
or other suitable material) and protected from weather, dirt,
impacts and punctures? Describe.

4 Does the vehicle have signage to be easily identified as an
“electric” vehicle? Describe.

5 Does the vehicle have an emergency battery “Kill Switch” other
than turning the vehicle off at the ignition? If so, where is it or are
they located? There could be (2+) locations.
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Electric Vehicle Safe Design Checklist

Number Item Y/N/NA Comments

6 Does the vehicle have a high voltage crash sensor for automatic
high voltage disconnect?

7 Does the vehicle have a rollover sensor for high voltage
disconnect?

8 Are all voltage cables in protected casings and color coded
(specifically high voltage cables identified in orange) to prevent
high voltage electrical shock? If not, describe.

9 Are electrical circuits fuse protected from high voltage? Especially
safety critical systems such as braking and steering.
10 Is the vehicle equipped with a battery management system to

monitor battery modules (integrity) while charging and
discharging to protect the batteries from damage, prolong life and
maintain the battery state and functionality requirements?

11 Does the battery pack require equalization? If so, who will do that
other than the driver?
12 If a battery pack needs replacement/removal from the vehicle,

what is the weight of the battery pack and how will it be lifted from
the vehicle? Describe.

13 Is the vehicle equipped with an onboard system that monitors and
transmits the vehicle’s vital statistics by general packet radio
service (GPRS) to a central server, allowing remote vehicle
monitoring, diagnostics and reporting?
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Electric Vehicle Safe Design Checklist

Number Item Y/N/NA Comments

14 Is there a charging breaker on the vehicle to prevent overcurrent
from the charging station?

15 Does the vehicle have driver emergency audible or visible
“alerts”? If so, list all of them.

16 Does the battery pack have containment compartments in case of
leaks? If so, describe?

17 Have any Government modifications been made to the vehicle’s
engine, truck bed, wheels, axles, transmission or other? If so,
please describe. If so, was the modification approved by the
manufacturer?

18 Have any new gauges been added to the vehicle by the
government, such as heater, fan, reporting or tracking
instruments or other? If so, please describe.

19 If so, were both the new gauge and its install placement approved
by the manufacturer?

20 Does the vehicle make “noise” so pedestrians can “hear” the
vehicle when in drive? If yes, describe.

21 Is the vehicle equipped with airbags? List the locations. i.e.
Front, side or other

22 In the event of an accident, are the vehicle bumpers crash-
worthy? If not, describe.

23 Are the ignition switches solidly built?
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Electric Vehicle Safe Design Checklist

Number Item Y/N/NA Comments

24 Are there unusual starting or stopping procedures? i.e. several
switches needed before start

25 Does the steering track back to center?

26 Is vehicle equipped with speed controller via speed limiter or
governor?

27 Is vehicle equipped with adequate mirrors? i.e. blind spots side,
front lower and back

28 Is vehicle equipped with seat and lap belts?

29 Are operational controls reachable by driver? i.e. no controls on
passenger side

30 Is the seat adjustable? i.e. up and down, front and back

31 Is the steering wheel adjustable for shorter people and larger
people?

32 Are pedals standard and easy to reach?

33 Can the vehicle be towed in case of inoperable vehicle?
Describe type: (flat tow automatic or manual is typically required
to not damage the battery pack and tow dollies are typically never
allowed)

34 Is the trunk and hood equipped with safety mechanism to hold the
hood and trunk up in a safe manner, to allow maintenance, usage
or other? i.e. rod and hook, latch or other Describe.
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Electric Vehicle Safe Design Checklist

Number Item Y/N/NA Comments

35 Are there any special procedures when a tire rotation or change
is required on the vehicle? If so, describe.

36 If cargo truck, are restraints provided/installed to restrain the
transported items safely? Describe.

37 Do the Operator and Maintenance Manuals have the warnings
and cautions adequately marked?

38 Is an emergency road side kit provided and located in the
vehicle? If so, where is it located?

39 Have critical functional failure modes been identified and
detection methods incorporated?

40 In the event of a battery pack or electrical fire, what procedures
are in place to extinguish the fire?

41 NHTSA-FMVSS-SAE-UL Standards and Exemptions: Are
there any active exemptions on the vehicle of interest? If so,
please list exemption # and title, date of petition/granted and a
brief description of status of exemptions. Also, SAE has listed
“Recommended” standards such as J1766 and J1797. Please
advise if the vehicle of interest meet or work is in progress to
meet any “recommended” standards of this nature
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Additional Codes and Standards Related to Electrical Safe Design of Hybrid Electric Vehicles (EVs and HEVS)
Promulgated Through 2015

Note: the EV Checklist was developed in 2013. These additional requirements should be incorporated into EV s developed or
manufactured after date of promulgation.

Code/Standard Number and Edition Year Code/Standard Title and Summary

National Electrical Code (NEC)®

NFPA 70, 2014 Article 625, Electric Vehicle Charging System

Standard for Electric Vehicle Supply Equipment

Covers conductive EV supply equipment with a primary source voltage
of 600 V AC or less, with a frequency of 60 Hz, and intended to provide
AC power to an electric vehicle with an on-board charging unit. This
Standard covers electric vehicle supply equipment intended for use
where ventilation is not required.

UL 2594, 2013

Test Procedure for Battery Flame Retardant Venting Systems

Details procedures for testing lead-acid EV batteries to determine the
SAE J1495, 2013 effectiveness of the battery venting system to retard the propagation of
an externally ignited flame of hydrogen battery gas into the interior of the
battery where an explosive mixture is usually present.

Hybrid Electric Vehicle (HEV)and Electric Vehicle Terminology

Contains definitions for HEV and EV terminology. It is intended that this
document be a resource for those writing other HEV and EV documents,
specifications, standards, or recommended practices.

SAE J-1715, 2014
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

SAE J-1766, 2014

Recommended Practice for Electric Fuel Cell and Hybrid Electric
Vehicle Crash Integrity Testing

This SAE Recommended Practice is applicable to Electric, Fuel Cell and
Hybrid vehicle designs that are comprised of at least one vehicle
propulsion voltage bus with a nominal operating voltage greater than 60
and less than 1,500 VDC, or greater than 30 and less than 1,000 VAC.
Adequate barriers between occupants and the high voltage systems are
necessary to provide protection from potentially harmful electric current
and materials within the high voltage system that can cause injury to
occupants of the vehicle during and after a crash. This Recommended
Practice addresses post-crash electrical safety, retention of electrical
propulsion components and electrolyte spillage.

SAE J-2289, 2008

Electric-Drive Battery Pack System: Functional Guidelines

This SAE Information Report describes common practices for design of
battery systems for vehicles that utilize a rechargeable battery to provide
or recover all or some traction energy for an electric drive system. It
includes product description, physical requirements, electrical
requirements, environmental requirements, safety requirements, storage
and shipment characteristics, and labeling requirements.

SAE J-2344, 2010

Guidelines for Electric Vehicle Safety

Identifies and defines the preferred technical guidelines relating to safety
for vehicles that contain High Voltage (HV), such as Electric Vehicles
(EV), Hybrid Electric Vehicles (HEV), Plug-In Hybrid Electric Vehicle
(PHEV), fuel Cell Vehicles (FCV) and Plug-In fuel Cell Vehicles (PFCV)
during normal operation and charging,
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

SAE J-2380, 2013

Vibration Testing of Electric Vehicle Batteries

Describes the vibration durability testing of a single battery consisting of
either an electric vehicle battery module or an electric vehicle battery
pack.

SAE J-2464, 2009

Electric and Hybrid Electric Vehicle Rechargeable Energy Storage
System (RESS) Safety and Abuse Testing

Intended as a guide toward standard practice and is subject to change
to keep pace with experience and technical advances. It describes a
body of tests which may be used as needed for abuse testing of electric
or hybrid electric vehicle Rechargeable Energy Storage Systems
(RESS) to determine the response of such electrical energy storage and
control systems to conditions or events which are beyond their normal
operating range.

SAE J-2836-1, 2010

Use Cases for Communication Between Plug-in Vehicles and the Utility
Grid

Establishes use cases for communication between plug-in electric
vehicles and the electric power grid, for energy transfer and other
applications.

SAE J-2894-2, 2015

Power Quality Test Procedures for Plug-In Electric Vehicle Chargers
Addresses automatic charger restarts after a sustained power outage,
as well as the ability to ride through momentary outage.
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

SAE J-2929, 2013

Electric and Hybrid Vehicle Propulsion Battery System Safety Standard
— Lithium-based Rechargeable Cells

Defines a minimum set of acceptable safety criteria for a lithium-based
rechargeable battery system to be considered for use in a vehicle
propulsion application as an energy storage system connected to a high
voltage power train. While the objective is a safe battery system when
installed into a vehicle application, this Standard is primarily focused,
wherever possible, on conditions which can be evaluated utilizing the
battery system alone.

SAE J-2931-1, 2014

Digital Communications for Plug-in Electric Vehicles

Establishes the requirements for digital communication between Plug-In
Electric Vehicles (PEV), the Electric Vehicle Supply Equipment (EVSE)
and the utility or service provider, Energy Services Interface (ESI),
Advanced Metering Infrastructure (AMI) and Home Area Network (HAN).

SAE J-2953-1, 2013

Plug-In Electric Vehicle (PEV) Interoperability with Electric Vehicle
Supply Equipment (EVSE)

Establishes requirements and specification by which a specific Plug-In
Electric Vehicle (PEV) and Electric Vehicle Supply Equipment (EVSE)
pair can be considered interoperable.
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Appendix D-3
Electric Vehicle Battery Charger Safe Design Checklist

*IMPORTANT USER NOTE: This document was created in 2014 by the DoD Electrical Safety Working

Group (ESWG) and is based on Codes and Standards in force in 2014. To use this checklist properly, the
user must refer to the code in force at the date of use.

Purpose: Battery charging may present both electrical and fire hazards. This plug-in
electric powered vehicle battery charger checklist provides safe design guidance for

identifying methods for reducing the risk of injury or fires via incorporation of safe design
features.

Requirements: Battery and charger requirements are defined by UL, SAE, and NFPA.

Applicability: Requirement apply to battery chargers used for electrical vehicle charging.
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Charger Make and Model:
Date of Inspection:
Inspector Name:

Electric Vehicle Battery Charger Safe Design Checklist

Contact Email

Phone #:

Number Item Y/N/NA Comments

1 Does the charging system have electric vehicle signage for
identification including visible Caution/Warning Symbols and
explanation?

2 Is the charging system wall mount or located on a pedestal?

3 Is the charging system installed outside?

4 Is the charging system exterior adequate for location? Is interior
sealed, with no openings that allow insects, dust, or moisture? Is
coating material resistant to temperature, UV, and other ambient
environmental conditions? If not, describe.

5 Has the charging electrical system been inspected and approved by

government or local electrical inspector to confirm code compliance,
l.e., are the electrical system and components compliant to the
Code in force ate the time of installation, as well as adequate for the
charger level being installed? If not, describe.
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Electric Vehicle Battery Charger Safe Design Checklist

Number

ltem

YIN/NA

Comments

6

Has the charging system been inspected, tested and approved for
usage according to manufacturer installation guidelines? *See
Installation and Operations Manual. Is inspection documentation
affixed to the charging station?

Does the charging system have a Ground Fault protection with Self-
Testing and Auto-Reclosure feature? If a problem occurs that
interrupts charging, the unit should automatically clear all error
indications after 5 minutes, and attempt to begin charging again. If
the problem is immediately sensed a second time, it will wait
another 5 minutes and try again. This process will repeat several
times, at which point power will be removed and no further attempt
will be made.

Does the charging system have a Ground Monitoring Circuit which
constantly checks for the presence of a Safety Ground connection?

Has a structurally adequate guard been installed, i.e. safety poles,
curbing or other equipment guard, to prevent vehicle impact to the
charging system? If so, please describe the type.

10

Does the charging system have a retractable cord or other device to
prevent a tripping hazard from the cord?
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Electric Vehicle Battery Charger Safe Design Checklist

Number Item Y/N/NA Comments

11 Is the cord fully connected (intact) to the charging system and in
good condition? Is cord strain relief provided? If not, please
describe.

12 Does the charging cord properly reach the vehicle for charging with
strain? If not, please describe.

13 Does the charging system have an on/off button or switch and
power on lights located on the charger?

14 Does the charging system have a main power/emergency cut switch
other than on the charger? If so, where is it located and how do you
get to it? i.e. breaker box, pole or other. Isi it prominently marked in
Code complaint signage?

15 Has adequate lighting been installed around the charging system for
nighttime use? If not, describe needs.

16 Does the charger have a labeled lock out switch to remove any
voltage/current when someone is performing maintenance on the
charger?

17 Does the charging system have vandalism safety features on
specified charger? Describe.

18 Can the charger enclosure be opened while the power is still on?

3
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Electric Vehicle Battery Charger Safe Design Checklist

Number Item Y/N/NA Comments
19 Are there manufacturer manual warnings regarding charging in
wet/rain/snow weather?
20 Does the charging system have electrical storm safety features?
Describe.
21 Have charger to vehicle connections been verified that they cannot
be incorrectly connected or interchanged? Describe.
22 Have critical functional failure modes been identified and detection
methods incorporated? Describe.
23 NHTSA-SAE-UL Standards, Exemptions or Recommendations: Are

there any active exemptions on the charger of interest? If so,
please list exemption # and title, date of petition/granted and a brief
description of status of exemptions. Also, SAE has listed
“Recommended” standards such as J1772. Please advise if the
vehicle of interest meet or work is in progress to meet any

“recommended” standards of this nature.

Is a written operating manual available?
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Additional Codes and Standards Related to Electrical Safe Design of Hybrid Electric Vehicles (EVs and HEVS)
Promulgated Through 2015

Note: These requirements were not included in the EV Checklist as it was developed in 2013, but should be incorporated into EV s
developed or purchased after date of promulgation.

Code/Standard Number and Edition Year Code/Standard Title and Summary

National Electrical Code (NEC)®

NFPA 70, 2014 Article 625, Electric Vehicle Charging System

Standard for Electric Vehicle Supply Equipment

Covers conductive EV supply equipment with a primary source voltage
of 600 V AC or less, with a frequency of 60 Hz, and intended to provide
AC power to an electric vehicle with an on-board charging unit. This
Standard covers electric vehicle supply equipment intended for use
where ventilation is not required.

UL 2594, 2013

Test Procedure for Battery Flame Retardant Venting Systems

Details procedures for testing lead-acid EV batteries to determine the
SAE J1495, 2013 effectiveness of the battery venting system to retard the propagation of
an externally ignited flame of hydrogen battery gas into the interior of the
battery where an explosive mixture is usually present.

Hybrid Electric Vehicle (HEV)and Electric Vehicle Terminology

Contains definitions for HEV and EV terminology. It is intended that this
document be a resource for those writing other HEV and EV documents,
specifications, standards, or recommended practices.

SAE J-1715, 2014
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

SAE J-1766, 2014

Recommended Practice for Electric Fuel Cell and Hybrid Electric
Vehicle Crash Integrity Testing

This SAE Recommended Practice is applicable to Electric, Fuel Cell and
Hybrid vehicle designs that are comprised of at least one vehicle
propulsion voltage bus with a nominal operating voltage greater than 60
and less than 1,500 VDC, or greater than 30 and less than 1,000 VAC.
Adequate barriers between occupants and the high voltage systems are
necessary to provide protection from potentially harmful electric current
and materials within the high voltage system that can cause injury to
occupants of the vehicle during and after a crash. This Recommended
Practice addresses post-crash electrical safety, retention of electrical
propulsion components and electrolyte spillage.

SAE J-2289, 2008

Electric-Drive Battery Pack System: Functional Guidelines

This SAE Information Report describes common practices for design of
battery systems for vehicles that utilize a rechargeable battery to provide
or recover all or some traction energy for an electric drive system. It
includes product description, physical requirements, electrical
requirements, environmental requirements, safety requirements, storage
and shipment characteristics, and labeling requirements.

SAE J-2344, 2010

Guidelines for Electric Vehicle Safety

Identifies and defines the preferred technical guidelines relating to safety
for vehicles that contain High Voltage (HV), such as Electric Vehicles
(EV), Hybrid Electric Vehicles (HEV), Plug-In Hybrid Electric Vehicle
(PHEV), fuel Cell Vehicles (FCV) and Plug-In fule Cell Vehicles (PFCV)
during normal operation and charging,
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

SAE J-2380, 2013

Vibration Testing of Electric Vehicle Batteries

Describes the vibration durability testing of a single battery consisting of
either an electric vehicle battery module or an electric vehicle battery
pack.

SAE J-2464, 2009

Electric and Hybrid Electric Vehicle Rechargeable Energy Storage
System (RESS) Safety and Abuse Testing

Intended as a guide toward standard practice and is subject to change
to keep pace with experience and technical advances. It describes a
body of tests which may be used as needed for abuse testing of electric
or hybrid electric vehicle Rechargeable Energy Storage Systems
(RESS) to determine the response of such electrical energy storage and
control systems to conditions or events which are beyond their normal
operating range.

SAE J-2836-1, 2010

Use Cases for Communication Between Plug-in Vehicles and the Utility
Grid

Establishes use cases for communication between plug-in electric
vehicles and the electric power grid, for energy transfer and other
applications.

SAE J-2894-2, 2015

Power Quality Test Procedures for Plug-In Electric Vehicle Chargers
Addresses automatic charger restarts after a sustained power outage,
as well as the ability to ride through momentary outage.
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

SAE J-2929, 2013

Electric and Hybrid Vehicle Propulsion Battery System Safety Standard
— Lithium-based Rechargeable Cells

Defines a minimum set of acceptable safety criteria for a lithium-based
rechargeable battery system to be considered for use in a vehicle
propulsion application as an energy storage system connected to a high
voltage power train. While the objective is a safe battery system when
installed into a vehicle application, this Standard is primarily focused,
wherever possible, on conditions which can be evaluated utilizing the
battery system alone. .

SAE J-2931-1, 2014

Digital Communications for Plug-in Electric Vehicles

Establishes the requirements for digital communication between Plug-In
Electric Vehicles (PEV), the Electric Vehicle Supply Equipment (EVSE)
and the utility or service provider, Energy Services Interface (ESI),
Advanced Metering Infrastructure (AMI) and Home Area Network (HAN).

SAE J-2953-1, 2013

Plug-In Electric Vehicle (PEV) Interoperability with Electric Vehicle
Supply Equipment (EVSE)

Establishes requirements and specification by which a specific Plug-In
Electric Vehicle (PEV) and Electric Vehicle Supply Equipment (EVSE)
pair can be considered interoperable.
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Safety Considerations for Electric Vehicles

What Safety Professionals, Electric Vehicle (EV) Drivers,
Emergency Responders, EV Maintenance Personnel, and
Other Affected People Need to Know

*IMPORTANT USER NOTE: This document was created in 2014 by the
DoD Electrical Safety Working Group (ESWG) and is based on Codes
and Standards in force in 2014. To use this document properly, the

user must refer to the code in force at the date of use.
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DoD Vehicle-To-Grid (V2G) Pilot Program

Objective is to replace general purpose fleet vehicles with plug-in electric vehicles
(PEVSs), including fully-electric, plug-in hybrid electric, and extended-range electric
vehicles. The PEVs will be power grid-integrated to generate value through grid
ancillary services, such as frequency regulation and peak shaving.

Project Scope
> Initiate large-scale testing and evaluation program for PEVs on 6

installations (DOD-wide) in four regions, with the following features:
« 100-500 PEVs with V2G capability
LD pick-up trucks
LD cargo/passenger vans MD/HD trucks
and vans Buses
* One V2G-capable charging station per PEV
« Specialized software to manage PEV fleet with V2G capability
« Training for multiple DOD constituencies
« Sustainment for PEVs, infrastructure, and software
« Program management and systems integration
» Demonstrate financial and operational benefits of a V2G fleet
» Option to expand up to 1,500 PEVs on up to 30 installations
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DoD Vehicle-To-Grid (V2G) Pilot Program and
Southern California Edison

Southern Cal Edison is working with the DoD to perform V2G testing
and safety evaluations on plug in electric vehicles and chargers before
deployment to identified bases.

Items in review will include but are not limited to...
* Vehicle and Charger Performance
- Battery
 Range
« Energy consumption
* Ground fault
e Temperature
« Drive away protection (vehicle disable)
« Grid events

Appendix D-4 Electrical Safety in Design Final Report
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PEV-V2G Pilot Locations

« USAFK Army, Navy,
Marines, and Joint
Base installations

« Different electrical JB MDL
grid territories B Ay
+ Different base NAWS China Andrews
sizes ¢ Lake
(]
- Different climates LAAFB
 Different vehicle
requirement
equIrements & MCcB Kaneohe Ft Hood
..  Bay -
‘.
Y
\-
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Plug In Electric Vehicle (PEV), Plug In Hybrid Electric

Vehicle (PHEV) and Internal Combustion Engine (ICE)

APEV is a vehicle powered
by an electric battery, which is
plugged into a charging
station or wall socket.

PHEV IS vehlcle with an internal combustion engine (ICE) with an electric motor
which is plugged into a charging station or wall socket.

*The DoD V2G Project is focused on battery powered plug in electric vehicles. 7





Medium- and Heavy-Duty Trucks -
Examples






About PEVs and PHEVs

Dependability and Limitations
Charging the Vehicle
Battery Packs
Maintenance
Towing





About the Vehicle...

* Dependability of a PEV
« They're just as dependable as gas-powered venhicles.
Electric motors have fewer moving parts therefore, fewer
points of failure. Charge it up and go!

« Limitations: Range
« Limited charging stations
« Time to charge
* Vehicle type...Car vs. truck
- Battery type...Lithium-lon
* Added weight...None vs. freight/materials
- State of charge...Full-charge vs. half-charge
« Environment...Flat terrain vs. hills and inclines
* Driver...Mindful of how the vehicle operations

In Addition: PEVs and PHEVs are showing up in Forbes reports, Kelly Blue
Book and the NHTSA reports with top ratings for safety and dependability.
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About the Vehicle Continued...

. Charglng the vehicle

Appendix D-4 Electrical Safety in Design Final Report

Just plug it in!

Each base has a designated charging site.

The charging system will have a V2G software management
system for grid, charger and vehicle reporting.

Vehicle may be equipped with a portable charger.

PEVs require a period of time for charging. It depends on the
charger type i1.e., commercial vs. portable and state of charge.
Charge will auto cut off when either disconnected, timer

set is complete or when the state of charge is complete

Pack is in a protected casing and can with stand various terrain
conditions. So don’t worry about the pot holes and water submersion.
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About the vehicle continued... =

« Maintenance
« Routine tire rotation, windshield wiper and brake fluid fills.
« Software upgrades are maintained by the mfr unless otherwise instructed and other
personnel are approved and have been trained by the mfr.
* No longer needed!!

« Emergency Responders (NFPA Training is Recommended)
« See NFPAs Emergency Field Guide

« Tow Operators
* Follow manufacturer guidelines for proper towing. Flat tow

Oil changes

Belt replacements
Various “engine” repairs
Fewer brake changes due to regenerative braking system = : :
Coolants, fuel filters, etc. etc EmeErIgeecrE::I; l\!i%'I‘('icguide

automatic or manual is typically required to not damage the &, ...

vehicle or battery pack and tow dollies are typically never

allowed.
- BE AWARE.... Electric vehicles are very quiet! Be conscious
as a driver and as a pedestrian.

Appendix D-4 Electrical Safety in Design Final Report
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Industrial Charging Systems -
Examples

evr-green™

Residential & Commercial
Electric Vehicle Supply
Equipment

CHARGING STA

SAE J1772-2009 electric vehicle ¢

Type
Automotive power connector

Pedestal

13
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Electric Vehicle Safety

EV Design Safety Features
(Crash Worthiness, High Voltage Cables, Battery Packs and Fires)

EV Charger Safety Features
(Weather, Damaged, Power Surge, and Fires)

Driver and Fleet Maintenance

Tow Operators and Emergency Responders

13





(Crash Worthiness, High Woltage Cables, Battery Packs and Fires)

« Electric Vehicles are built to meet all NHTSA (FMVSS) requirements and have
certified crash testing rating.

« ALL high-voltage cables are identified in a protective orange casing and meet
SAE Standards. There is virtually no way for an individual to come in contact
with these cables unless improperly cutting the cables.

- Battery packs are comprised of multiple compartments and are encased in a
protective structure for pack protection from environmental leaks, individual
safety and driving conditions and various road hazards. Pack “kill switches”
are installed on the vehicle. The packs have also been tested and meet
SAE standards.

* Fires are highly unlikely. There are no fuels in a PEV, other than brake fluid
and windshield wiper fluid. Remember no engine.

Note: PEVs and PHEVs may vary in battery type, kill switch location and they # they have. READ
the vehicle manual for the vehicle you are in contact with, NEVER make the assumption they are all “exactly”
the same.

Appendix D-4 Electrical Safety in Design Final Report 14
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Battery Pack Safety

« High-voltage and low-voltage lines are separated for electrical safety and arg™
identified in :
« Built to attain complete electrical isolation of the battery pack from the
vehicle. An HVIL (High Voltage Interlock System) is used to prevent
exposure of occupants to high voltages
«  BMS (battery management system) carries out critical safety functions such
as charging and health management
= Opens the contactors when voltage, current and temperature limits critical
from safety points of view are violated.

Protective Pack Casing Modules Located In The Pack

Be sure to review the Vehicle Battery Materials Safety Data Sheet (MSDS)

for chemical makeup and precautions 15
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EV Charger Safety Features

Electric Vehicle Standardization efforts cover all aspects of
the charger infrastructure, battery, vehicle, safety, testing,
validation, manufacturing, service, recovery and recycling.

Outdoor rated and is safe to charge in the rain

Ground fault protection

Safety features are in place for the charger breakers to trip if the
charger is compromised i.e., hit by the vehicle or vandalism
Surge Protection

Vehicle Battery Management System (BMS), no over
charging/heating of the pack

Manual Emergency Main On/OFF power switch

Appendix D-4 Electrical Safety in Design Final Report 16
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One Kill Switch is located at the
back of the console and requires a
tool to remove a bolt for access.

) ]
1 Main kill switch is located on the console for easy access to the driver.
There are also two manual kill switches located on both sides of the truck
behind the cab. 3 Total Switches
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Driver and Fleet Maintenance

Drivers

* Approved by DoD

» Follow DoD vehicle usage policy and procedures

* Review vehicle manual for PEV specifics

« Know what type of battery pack the vehicle uses

« Identify all vehicle “kill switches”

« Do NOT tamper with voltage cables. Electrocution is possible if
the vehicle is powered on.

Fleet Maintenance Personal

« Approved by DoD and trained by the manufacturer for services or
repairs performed on a PEV.

* Do Not work on a PEV or HEV without approval and training.

 Virtually no maintenance outside of tire rotation and balancing

« Electrocution is possible if manufacturer procedures are not
followed.
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ow Operators

Interim Guidance for Electric and Hybrid-Electric Vehicles
Equipped With High Voltage Batteries
(Towing and Recovery Operators and Vehicle Storage Facilities)

Electric and Hybrid-Electric Vehicle Considerations

In the ewvant of damage or fire involving an electric wahicls (EV) or hybrid-slactric vehicls (HEW):
= Always assuma thae high wvoltage (HV) battery and associated components are enargized and fully chargad.

* Exposed elactrical components, wires, and HV batteries prasent potential HV shock hazards.
N HTSA = Vantingaff-gassing HV battery vapors ame potentially toxdc and flammabla.

= Physical damage to the wehicle or HV battery may result in immediate or delayed release of towic andsor
US Department of G ’ =

Transportation Interim-Guide
Wehicle Shutdown and High Voltage System Disabling

IDENTIFY VEHICLE

# Daterming if the wahicle is an aleetric or hybrid-akctric wehick, and if it is, advize your Digpatch and all other
rasponders that an electric or hybrid-electric wehicle is invohed.

= [fyou detact kaking fluide, sparks, smoke, flamees, incraased temparature, gurgling, popping or hizsing noisas from the
HV battery compartment, wertiate the passanger araa (i.e., roll down windows or open doors) and cal 941,
= Bo alert. Thare iz a potential for dekayad fire with damaged Rhium-ion battarias.

RECOVERING/TRANSPORTING VEHICLE

= Call an authorized service conter or vehicle manufacturar representative, if nocossary, to detormine
additional steps that you should take to safely recover or transport the wehicle.

= Ahways appoach wehicle from the sides to stay out of potantial travel path. I may be difficult to determine if the
wahicle is nnning due to lack of engine noise.

#= Place vehicle into Park, sat the parking brake, tum off the wehicle, activate hazard lights, and remove keys to a distance
at least 16 feat from the wehide unti kbading the vehide for transport.

Refar to wehicle manual/recovery guide to locate proper attachment/connaction points and transport method.
= Awoid contact with orange high voltage cabling and areas identifiad as high woltage risk by warning labals.
STORING VEHICLE

= Notify an authorized sarvice canter or vehicle manufacturer represantative as soon as possible as thera may

b additional steps necossary you or they can take to secure and, discharge, handle, and store the HY battory
and vehicla.

= [onot store a severady damagad wehicla with a lithivm-ion battery inzide a structura or within 50 feat of any structura
or wehicle.

Ensure that passenger and cargo compartments remain verrtikted.

Prior to placing and while located in storage area'tow Iot, continue to inspect wehide for leaking fluids, sparks, smoka,
flamas, gurgling or bubbling sounds from the HV battery and call 941 if any of thase are detected.

= Maintain clear acooss to stored wehides for monitoring and emergency esponza if neadad.

—

0S0OC
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Immobilization

VEHICLE INFORMATION

WMOBLZE VENELE

How to Determine if
Vehicle is ON / OFF

Primary Disabling Procedure

Alternate Disabling Procedures

Disabling Procedure
Supporting Diagrams

WARNINGS

Vehicle Photo

Manufacturer Badge

Model Year Range

Vehicle Badging

Make and Model Tab

System Diagrams (High Voltage,
Airbags, SRS—if Available)

roject of the National Fire Protection Association

Electric Vehicle
Emergency Field Guide

§ 2011 EDITION

A TS

s chassevou Vehicle Make:
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In the news:

Expensive Tesla Electric Vehicle Crashes in Murfreesboro, Driver
Charged with DUI

Defense Safety Oversight Council

The vehicle in this crash was probably the only one of its kind
in Murfreesboro and possibly in the state. It was a current
2012 Tesla Model S, all electric vehicle. The young female
driver possibly survived because this car has a 5-star safety
rating for front, side or rollover crashes. In checking the Tesla
website, they note the high-strength steel and aluminum
frame contribute to its crash performance. It appeared that
possibly all 8 airbags had opened, plus this is not a

lightweight car--it weighs a little less than 5,000 pounds.

Before police could release the electric vehicle to be loaded onto the flatbed wrecker, they had to secure information
on how to turn off the Tesla Model S. Officials received technical instructions, and the all electric 4-door car was shut
down. 23





Accident Investigation
PEV and PHEV
« Always assume the high voltage battery and associated components are energized and fully charged.
* Exposed electrical components, wires, and batteries present potential shock hazards.
« Venting/off-gassing battery vapors are potentially toxic and flammabile.
* Physical damage to the vehicle or battery may result in immediate or delayed release of toxic and/or
flammable gases and fire.
EMERGENCIES
CRASH: A crash or impact significant enough to require an emergency response for conventional vehicles
would also require the same response for electric or hybrid-electric vehicles.
If possible
* Move your car to a safe, nearby location and remain on the scene.
* Roll down windows before shutting the vehicle off.
* Place the vehicle in Park, set the parking brake, turn off the vehicle, activate hazard lights, and move keys
at least 16 feet away from the vehicle.
Always
« Call 911 if assistance is needed and advise that an electric or hybrid-electric vehicle is involved.
« Do not touch exposed electrical components or the engine compartment, as a shock hazard may exist.
* Avoid contact with leaking fluids and gases, and remain out of the way of oncoming traffic until
emergency responders arrive.
* When emergency responders arrive, tell them that the vehicle involved is an EV or HEV.
FIRE:
As with any vehicle, call 911 immediately if you see sparks, smoke, or flames coming from the vehicle.
Exit the vehicle immediately.
Advise 911 that an electric or hybrid-electric vehicle is involved.
As with any vehicle fire, do not inhale smoke, vapors, or gas from the vehicle, as they may be hazardous.
Remain a safe distance upwind and uphill from the vehicle fire.
Stay out of the roadway and stay out of the way of any oncoming traffic while awaiting the arrival of emergency
recsponders 24





Accident Investigation Cont’d

POST-INCIDENT

Do not store a severely damaged vehicle with a lithium-ion battery inside a structure or within
50 feet of any structure or vehicle.

Ensure that passenger and cargo compartment remain ventilated, i.e., open a window, door or
trunk.

Notify an authorized service center or vehicle manufacturer representative as soon as possible
as there may be other steps they can take to secure and discharge the PHV battery.

Call 911 if you observe leaking fluids, sparks, smoke, flames, or hear gurgling or bubbling from
the PHV battery.

VEHICLE INFORMATION

Know the make and model of your vehicle.

Review the owner’s manual and become familiar with your vehicle’s safety information and
recommended safety practices.

Do not attempt to repair damaged electric or plug in hybrid-electric vehicles yourself.
Contact an authorized service center or vehicle manufacturer representative for service.
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Resources

« The National Highway Traffic Safety Administration is dedicated to achieving the highest standards of excellence in motor
vehicle and highway safety. NHTSA provides the public with facts on vehicle safety, driving safety, and research.
(www.nhtsa.gov) (www.safecar.gov) (www.ems.gov)

» Electric Vehicle Safety Training is a nationwide program through the National Fire Protection Association to help firefighters
and other first responders effectively deal with emergency situations involving electric and hybrid-electric vehicles. The Web
site hosts an EV blog, calendar of events, training videos, emergency field guides from 19 auto manufacturers, research
reports, as well as an online training course for the Chevy Volt. (www.evsafetytraining.org)

» SAE International is a resource for vehicle safety codes and standards. It has recently developed and revised safety
standards for electric vehicles. (www.sae.org/standards)

» The Electric Drive Transportation Association is a resource for learning about different types of hybrid-electric and electric
vehicles. It also has a fact sheet that details the numbers of hybrid vehicles on the road now and how many we can expect in
the future. (www.electricdrive.orq)

» The Alternative Fuels and Advanced Vehicles Data Center provides information, data, and tools to help fleets and other
transportation decision-makers find ways to reduce petroleum consumption through the use of alternative and renewable fuels,
advanced vehicles, and other fuel-saving measures. (www.afdc.energy.gov/afdc)

» HybridCars has detailed resources on every hybrid model on the road today. Its research section also provides studies and
surveys about hybrid and electric vehicles in relation to technology, the environment, culture, and law._(www.hybridcars.com)

» The National Alternative Fuels Training Consortium promotes programs and activities that lead to energy independence, and
encourages the greater use of cleaner transportation. (www.naftc.wvu.edu)

Appendix D-4 Electrical Safety in Design Final Report
July 1, 2014; Version 1.0 26



http://www.nhtsa.gov/

http://www.safecar.gov/

http://www.ems.gov/

http://www.evsafetytraining.org/

http://www.sae.org/standards

http://www.electricdrive.org/

http://www.afdc.energy.gov/afdc

http://www.hybridcars.com/

http://www.naftc.wvu.edu/




ELECTRICAL SAFETY
On
Solar Farms
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Shock Hazards

 The AC-side shock hazards are
the same as any other AC
application...

e The DC-side presents significant
shock hazards on the Grounding
and Bonding system

» Certain types of faults may not be
sensed and can energize the
metal support structures

e Ground Fault protection helps
but is not 100% effective...

\ppendix E-1 - Electrical Safety in"Design Final Repo ’
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Arc Flash/Arc Blast Hazards

* The AC-side has Significant Arc
Flash hazards!

— Use of secondary-side circuit breakers is
recommended

e The DC-side has very low Arc BLAST ' & M| i o
hazards. In this case, workers really Severe arc-blasts on AC- Side
can move away from the arc...

e The DC-side has very low Short
Circuit Current & arcs can burn for
MINUTES...

pendix E-1 — Electrical Safety in
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The DC Faults Just Keep On Going...

Electrical Safety on Solar Farms
July 2014






Padmounted Transformers

e = Two circuits of

34,500 volts 342 volts

XFMR Fuses
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Secondary-sideCircuit Breakers
Make a Difference!

cal/cm?

cal/cm?

17.35 (100%)
14.75 (85%)
17.35

17.5
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Without Secondary-side
Breakers...

e

, R = Whatever you have here...

Iu

| You have here too...

! g ety in D
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Recommendations

e Wear proper PPE 100% of the time when
troubleshooting faults on the PV arrays!

e Test before you touch!
e Use Secondary-side circuit breakers in transformers
« Use Ground Fault sensing systems

o Take advantage of the “scheduled outage” you get
every night...

o We’ll talk more about this at another time...
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Appendix E-2
Solar Photovoltaic Electrical Safe Design Checklist

*IMPORTANT USER NOTE: This document was created in 2014 and is based on Codes and
Standards in force in 2014. To use this document properly, the user must refer to the code in force at
the date of use.

Purpose: This checklist provides guidance in design of safe, functional, reliable, and maintainable solar
photovoltaic facilities. It is also a guide for design review to assure that safe design techniques and strategies are
included in all new solar photovoltaic systems as well as the tie lines that connect them to the Utility Power
Systems. Also identified are common omissions and discrepancies in facility designs.

Reqguirements: Requirements listed in this checklist are based upon DoD and Services guidance provided at the
end of the checklist, as well as:

Unified Facilities Criteria (UFC)3-501-01, Electrical Engineering, July 1, 2012.
http://www.wbdg.org/ccb/DOD/UEC/ufc 3 501 01.pdf

Unified Facilities Criteria (UFC) 3-506-01, Electrical Safety O&M, May 1, 2012

US Department of Labor:
0 Occupational Safety and Health Administration (OSHA)
29 CFR 1910 Subpart S
0 Occupational Safety and Health Administration (OSHA)
29 CFR 1910.269 Electric Power Generation, Transmission and Distribution standard

National Consensus Standards:

0 Federal Information Processing Standard (FIPS) Publication 195 Federal Building Grounding and Bonding
Requirements for Telecommunications

o Institute of Electrical & Electronics Engineers (IEEE) Standard 142, IEEE Recommended Practice for
Grounding of Industrial and Commercial Power Systems

o Institute of Electrical & Electronics Engineers (IEEE) Standard C2-2012 , National Electrical Safety Code

o NFPA 70-2011, National Electric Code

0 NFPA 70E-2012, Standard for Electrical Safety in the Work Place

DoD Requirements:

o Department of the Air Force, Headquarters Air Force Civil Engineer Support Agency

o0 Engineering Technical Letter (ETL) 01-1: Reliability and Maintainability (R&M) Design Checklist, October

11, 2001

U.S. Department of Veterans Affairs

Office of Construction and Facilities Management Technical Information Library

Design Manuals, PG -18 -10, Electrical

Design Manual, December, 2010 http://www.cfm.va.gov/til/ldManual/dmELhosp.pdf

Unified Facilities Criteria (UFC):

0 UFC 3-501-01, Electrical Engineering, July 1, 2012. http://www.wbdg.org/cch/DOD/UFC/ufc 3 501 01.pdf

0 UFC 3-506-01, Electrical Safety O&M, May 1, 2012

US Department of Labor:

Occupational Safety and Health Administration (OSHA)

0 29 CFR 1910 Subpart S

Occupational Safety and Health Administration (OSHA)

0 29 CFR 1910.269 Electric Power Generation, Transmission and Distribution Standard

(elelolNel

Applicability: This checklist should be used for all new construction as well as major rehabilitation, alteration, and
repair of existing DoD, Services, and Agencies solar photovoltaic systems and the tie lines that connect them to
the Utility Power Systems, designed and built in-house or by Contractors.
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Solar Photovoltaic Electrical Safe Design Checklist

Number Iltem Y/N/NA
Interconnection with Utility

1 Is there a solid blade disconnect between the solar farm substation and the utility substation that can
create a Visual Open in the circuit?
Is the solid blade disconnect in #1 lockable? (NOTE: for Motor Operated Air Break (MOAB) switches,

2 it is permissible to have a point to “de-couple” the drive mechanism and apply lock out tag out (LOTO)
there.
Are there grounding nodes on the utility-side of the main circuit breakers that feed the solar

3 photovoltaic system where Personal Protective Grounds can be installed? This can include “ball
studs” or a bus bar assembly.

Transmission Substation

1 Are all Overcurrent Protective Devices (OCDP) sized such that they will not be subjected to more than
75% of their Duty ratings? (Duty= short circuit current (SCC) Interrupting rating)

2 Are the Protective Relays set as indicated in the site arc flash hazard analysis (AFHA)?
Are there lockable solid blade disconnects on High-side and the Low-side of the main power

3 transformer?
Note: High-side is the High Voltage side of a transformer; low-side is the Low Voltage side of a
transformer

4 Are there grounding nodes on both sides of the main power transformer?

5 Are there grounding nodes on the substation buswork?

6 Is there a means to effectively isolate and lock out tag out (LOTO) the Station Power Transformer(s)
in the substation?

7 Are the High Voltage circuit breakers rackable or can they otherwise create a Visual Open in the
circuit?
Are the Visible Opens in the circuit lockable? (Racking a breaker & locking it in the “out” position

8 satisfies this requirement).
Note: Visible Open are a physical opening between contacts on a switch
Note: Racking is Separating a circuit breaker from the bus via a screw-gear.

9 Are there lockable disconnecting means to isolate the Bus Potential Transformer(s) on both the
Transmission bus and the solar photovoltaic system buses?
Ensure that there are no Reclosing relays (ANSI #79) associated with any part of this installation. If

10 Reclosing relays are present, they MUST be disabled.
Note: Reclosers are circuit breakers that automatically reset in a predetermined sequence

11 Are there Equipotential mats properly connected to every hand-operated switch at ground level?

12 Is EVERY metal object that stands on the floor of the substation (lattice towers, circuit breaker
support, etc.) must be effectively GROUNDED to the substation grounding grid.
If metal-enclosed switchgear (i.e. Pad Mounted equipment or switchgear similar to equipment as

13 manufactured by S&C are in use, are these switches configured such that they can be operated
remotely?

14 Are Safety Interlocks in place AND functional, such that they prevent workers from closing Normal
Opens between parallel buses or performing other switching that could affect System Protection?
If Grounding transformers are in use, are they lockable in addition to having the “pentahead” bolts in

15 use? Are they locked with a company-approved lock (this should NOT be a lock out tag out (LOTO)
lock.

16 If capacitor banks or reactor banks are in use, have site personnel received additional training

regarding switching, working clearances and installing Personal Protective Grounds?

2
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Solar Photovoltaic Electrical Safe Design Checklist

Number Iltem Y/N/NA

17 Are the High Voltage cables sized such that they can minimize the effects of “thermal cycling” on
splices and terminations?

18 Are there enough properly-sized Protective Ground sets available to ground any portion of the
substation while maintaining an isolated line segment?

19 Are the Protective Ground sets equipped with the proper heads to attach to the substation
components?

Solar Photovoltaic System Substation

1 Are all Overcurrent Protective Devices sized such that they will not be subjected to more than 75% of
their Duty ratings? (Duty= short circuit current (SCC) Interrupting rating)

2 Are the Protective Relays set as indicated in the site arc flash hazard analysis

3 Are the High Voltage cables sized such that they can minimize the effects of “thermal cycling” on
splices and terminations?

4 Are there grounding nodes installed on the Utility-side of the Main circuit breakers?

5 Are there grounding nodes installed on the Solar Farm side of the Main Circuit breakers?

6 Are there grounding nodes on each Feeder circuit?

7 Are the padmounted switches able to be operated with the enclosure doors closed & latched?

8 Can the protective relays be accessed, programmed or serviced without exposing energized parts?
Are there panel-mounted Ammeters & Voltmeters that can sense voltage and current on all 3 phases,

9 the Neutral system and the Equipment Grounding system? (I, Ig, Ic, In, 1)
Note: Ammeter is a device or meter that shows the amount of current flowing through a circuit

10 Are there enough properly-sized Protective Ground sets available to ground any portion of the
substation?

11 Are the Protective Ground sets equipped with the proper heads to attach to the substation
components?

Padmounted Transformers

1 Do the transformers have both Current Limiting & Expulsion fuses protecting the unit?

> Is there a Load Break Automatic Recloser (LBOR) switch on the High Voltage side of the transformer
to de-energize/re-energize it using a shotgun stick?

3 Does the transformer have Low Voltage Power Circuit Breakers (LVPCB) on the Secondary-side that
protects the Inverters?

4 Are the pickups on the circuit breaker relays set as indicated in the site arc flash hazard analysis?

5 Are the Secondary-side circuit breakers rated to withstand the “thermal cycling” to which they will be
subjected?

6 Are the Low Voltage Power Circuit Breakers (LVPCB) sized such that they will not be subjected to
more than 75% of their Duty ratings? (Duty= Short Circuit Current Interrupting rating)

7 Are the Low Voltage Power Circuit Breakers (LVPCB) able to be operated with the doors closed and
latched?

8 Are there grounding nodes on the Secondary-side of the transformer for Personal Protective
Grounding?

9 Are there enough properly-sized Protective Ground sets available to ground the High Voltage and
Low Voltage sides of the unit?

10 Are the Protective Ground sets equipped with the proper heads to attach to the transformer
components?

11 Are there Pressure Relief Valves for the transformer tank?

12 Is there a working Oil Level gauge in the Secondary-side compartment?
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Solar Photovoltaic Electrical Safe Design Checklist

Number

ltem

| YININA

Inverters

Are the inverters designed to “effectively isolate” the Power circuits from the Control circuits? (This
means workers can access the Control circuitry without being exposed to energized parts)

Are the Main circuit breakers able to be operated with the enclosure doors closed and latched?

Are the Main circuit breakers designed to be lockable for lock out tag out (LOTO) purposes?

A | W|IN|

Are the pickups on the circuit breaker relays set as indicated in the site Arc Flash Hazard Analysis
study?

Are there voltage test ports on the inverter, such that voltage checks can be made without having to
expose energized parts?

Are all Overcurrent Protective Devices sized such that they will not be subjected to more than 75% of
their Duty ratings? (Duty= Actual short circuit current divided by the unit’s Interrupting rating)

Are all energized surfaces shielded from accidental contact via Lexan sheeting?

Can the Ground Fault relays be accessed without being exposed to parts energized to 50 volts or
more?

If the array is designed to have one pole grounded, is grounding on the array properly installed and
functional?

10

If the array is designed to be Floated (intentionally NOT grounded), is the array effectively isolated
from ground?

Combiner Boxes

Are the doors on the Combiner Box interlocked such that they must be de-energized to open the
door?

Are the circuit breakers designed to be operated with the doors closed and latched?

Are there fuse holders for both the fuses on both positive and negative conductors?

Are the metal supports and cable trays effectively grounded?

OB [WIN]| =

Are the energized connections shielded with Lexan covers to prevent accidental contact?

Photovoltaic Modules

*NOTE: This section is not yet completed. However, it is required that users of the checklist proceed
with identification and control of hazards.
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Additional Codes and Standards Related to Electrical Safe Design of Solar Photovoltaic (PV) Systems
Promulgated Through 2015 Not Included in the PV Checklist

Note: These standards and requirements were promulgated AFTER the development of the PV checklist; they must be confirmed as
included to assure a PV System’s electrically safe design.

Code/Standard Number and Edition Year

Code/Standard Title and Summary

NFPA 70, 2014

National Electrical Code (NEC)®

Article 690, “Solar Electric Systems” (A summary of changes are found at the
end of this document.)

Article 705, “Interconnected Electric Power Production Sources”

NFPA 1, 2015

Fire Code

Requirements cover the full range of fire and life safety issues from fire
protection systems and equipment and occupant safety in new and existing
buildings to hazardous materials, flammable and combustible liquids, LP-Gas,
and more.

NFPA 101, 2015

Life Safety Code

The most widely used source for strategies to protect people based on
building construction, protection, and occupancy features that minimize the
effects of fire and related hazards.

NFPA 90B, 2015

Standard for the Installation of Warm Air Heating and Air Conditioning
Systems

Requirements that cover the construction, installation, operation, and
maintenance of systems for warm air heating and air conditioning, including
filters, ducts, and related equipment to protect life and property from fire,
smoke, and gases resulting from fire or from conditions having manifestations
similar to fire.

NFPA 5000, 2015

Building Construction and Safety Code
Design criteria regulate and control the permitting; design; construction,
alteration, and repair; quality of materials; equipment and systems; use and
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

occupancy; demolition; location; and maintenance of all types of buildings and
structures.

NFPA 850, 2015

Recommended Practice for Fire Protection for Electric Generating Plants and
High Voltage Direct Current Converter Stations

Recommended practice outlines fire safety recommendations for gas, oil, coal,
and alternative fuel electric generating plants, including high voltage direct
current converter stations and combustion turbine units used for electric
generation.

NFPA 111, 2013

Standard on Stored Electrical Energy Emergency and Stand-by Power
Systems

Covers performance requirements for stored electrical energy systems
providing an alternate source of electrical power in buildings and facilities in
the event that the normal electrical power source fails. Systems include power
sources, transfer equipment, controls, supervisory equipment, and accessory
equipment needed to supply electrical power to the selected circuits.

NFPA 70A, 2005

National Electric Code Requirements for One and Two Family Dwellings
Created for electrical installers, contractors, electricians, inspectors, and
builders who specialize in residential wiring, this document is a compilation of
electrical provisions for one- and two-family dwellings that have been
excerpted from the National Electrical Code®.

NFPA, 2013

Fire and Life Safety Inspection Manual

The Fire Protection Research Foundation,
2013

Fire Fighter Safety and Emergency Response for Solar Power Systems Final
Report, revised October 2013

This report assembles and disseminates best practice information for fire
fighters and fireground incident commanders to assist in their decision making
process for handling fire incidents in buildings equipped with solar power
systems or in the systems themselves.
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

The Fire Protection Research Foundation,
2014

Commercial Roof-Mounted Photovoltaic System Installation Best Practices
Review and All Hazard Assessment, Feb. 2014

Compilation of information on electrical, fire, structural, and weather-related
hazards and damage potential created by the installation of photovoltaic
systems on commercial roof structures.

The Fire Protection Research Foundation,
2012

Fire Safety Challenges of Green Buildings, November 2012

Develops a baseline of information on the intersection of “green building”
design and fire safety and to identify gaps and specific research needs
associated with understanding and addressing fire risk and hazards with
green building design including PV systems.

IEEE 1547, 2003

Standard for Interconnecting Distributed Resources (e.g., photovoltaic
systems) with Electric Power Systems (8 parts)

Establishes criteria and requirements for interconnection of distributed
resources with electric power systems.

IEEE 929, 2000

IEEE Recommended Practice for Utility Interface of Photovoltaic (PV)
Systems

Guidance regarding equipment and functions necessary to ensure compatible
operation of photovoltaic (PV) systems that are connected in parallel with the
electric utility which includes factors relating to personnel safety, equipment
protection, power quality, and utility system operation.

IEEE 937, 2007

IEEE Recommended Practice for Installation and Maintenance of Lead-Acid
Batteries for Photovoltaic Systems

Design considerations and procedures for storage, location, mounting,
ventilation, assembly, and maintenance of lead-acid secondary batteries for
photovoltaic (PV) power systems are provided.

IEEE 1013, 2007

IEEE Recommended Practice for Sizing Lead-Acid Batteries for Stand-Alone
Photovoltaic Systems
A method for determining the energy-capacity requirements (sizing) of both
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

vented and valve-regulated lead-acid batteries used in terrestrial stand-alone
photovoltaic (PV) systems is described.

IEEE 1361, 2003

IEEE Guide for Selecting, Charging, Testing and Evaluating Lead-Acid
Batteries Used in Stand-Alone Photovoltaic (PV) Systems

Stand-alone photovoltaic (PV) system parameters and operating conditions
are discussed in relation to battery characteristics and expected system
performance.

IEEE 1526, 2003

IEEE Recommended Practice for Testing the Performance of Stand Alone
Photovoltaic Systems

Tests to determine the performance of stand-alone photovoltaic (PV) systems
and for verifying PV system design are presented in this recommended
practice.

IEEE 1561, 2007

IEEE Guide for Optimizing the Performance and Life of Lead-Acid Batteries in
Remote Hybrid Power Systems

Applicable to lead-acid batteries that are used as the energy storage
component in remote hybrid power supplies.

IEEE 1562, 2007

IEEE Guide for Array and Battery Sizing in Stand-Alone Photovoltaic Systems
A method for properly sizing the PV array and battery for stand-alone PV
systems where PV is the only charging source is recommended (in
conjunction with IEEE Std 1013TM).

IEEE 1661, 2007

IEEE Guide for Test and Evaluation of Lead-Acid Batteries Used in
Photovoltaic (PV) Hybrid Power Systems

Specifically prepared for a PV/engine generator hybrid power system, but may
also be applicable to all hybrid power systems where there is at least one
renewable power source, such as PV, and a dispatchable power source, such
as an engine generator.

IEEE 2030, 2011

IEEE Guide for Smart Grid Interoperability of Energy Technology and
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

Information Technology Operation with the Electric Power System (EPS), and
End-Use Applications and Loads

Provides alternative approaches and best practices for achieving smart grid
interoperability.

IEC 62446, 2009

Grid connected photovoltaic systems — Minimum requirements for system
documentation, commissioning tests, and inspection

Defines the minimal information and documentation required to be handed
over to a customer following the installation of a grid connected PV system.
Also describes the minimum commissioning tests, inspection criteria and
documentation expected to verify the safe installation and correct operation of
the system.

IEC 62253, 2011

Photovoltaic pumping systems — Design quantification and performance
measurements

Defines the requirements for design, qualification and performance
measurements of photovoltaic (PV) pumping systems in stand-alone
operation. The outlined measurements are applicable for either indoor tests
with PV generator simulator or outdoor tests using a real PV generator.

IEC 62548, 2011

Photovoltaic (PV) arrays — Design Requirements

Sets out design requirements for photovoltaic (PV) arrays including d.c. array
wiring, electrical protection devices, switching and earthing provisions. The
scope includes all parts of the PV array up to but not including energy storage
devices, power conversion equipment or loads.

IEC 62109-1, 2010

Safety of power converters for use in photovoltaic power systems -- Part 1.
General requirements

Applies to the power conversion equipment (PCE) for use in photovoltaic
systems where a uniform technical level with respect to safety is necessary.
Defines the minimum requirements for the design and manufacture of PCE for
protection against electric shock, energy, fire, mechanical and other hazards.
Provides general requirements applicable to all types of PV PCE.
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Code/Standard Number and Edition Year Code/Standard Title and Summary

Safety of power converters for use in photovoltaic power systems, Part 2.
Particular requirements for inverters

Covers the particular safety requirements relevant to d.c. to a.c. inverter
products as well as products that have or perform inverter functions in addition
to other functions, where the inverter is intended for use in photovoltaic power
systems.

IEC 62109-2, 2011

*Institute for Electrical and Electronics Engineering (IEEE) PV Standards: http://www.solarabcs.org/codes-standards/IEEE/index.html

**International Electrotechnical Commission (IEC), IEC Technical Committee (TC) 82 has written nearly eighty standards that pertain to
photovoltaic: http://solarabcs.org/codes-standards/IEC/index.html
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Appendix E-3
Solar Photovoltaic Electrical Hazard Evaluation Checklist

*IMPORTANT USER NOTE: This document was created in 2014 and is based on Codes and
Standards in force in 2014. To use this document properly, the user must refer to the code in
force at the date of use.

Purpose: This checklist for solar photovoltaic arrays identifies safe design
requirements to protect against electrical hazards. There may be significant other
hazards which are not addressed in this checklist. For example falls from rooftop
systems is a common hazard. Integration of safe design is critical, as systems
cannot be deenergized.

Requirements: Codes and standards for photovoltaic systems are rapidly evolving.
Those promulgated after completion of the checklist and therefore not incorporated,
are listed.

Applicability: This checklist is a tool to aid designers as well as those who maintain
solar photovoltaic systems.
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Solar Photovoltaic Electrical Hazard Evaluation Checklist

Number | Item

| YININA

Electrical Hazards During Operations

Troubleshooting Hazards

1 Are the workers doing troubleshooting certified as qualified electrical workers for the equipment
involved?
2 Are workers wearing PPE, including appropriately-rated dielectric gloves, during troubleshooting?
Equipment Failures
3 Has the equipment that was subjected to SCC been inspected?
4 Have records been updated for the equipment that was subjected to SCC?
Exposures During Routine Maintenance
5 Have shock and arc flash hazards been assessed prior to commencement of routine maintenance
procedures?
1
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Solar Photovoltaic Electrical Hazard Evaluation Checklist

Number ltem Y/N/NA
Electrical Hazards During Commissioning Operations
Troubleshooting Hazards
1 Are th_e workers doing troubleshooting certified as Qualified Electrical Workers for the equipment and
potential hazards?
2 Are workers wearing appropriate dielectric gloves during troubleshooting?
Equipment Failures
3 Has the equipment that was subjected to short circuit current been inspected?
4 Have records been updated for the equipment that was subjected to SCC?
Exposures During Routine Maintenance
5 Have shock and arc flash hazards been assessed prior to routine maintenance procedures?

2
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Solar Photovoltaic Electrical Hazard Evaluation Checklist

Number Iltem Y/N/NA
Electrical Hazards During Construction Operations
Use of Temporary Generators
Are there direct-contact electrocution hazards?
Are “quick connect” connectors being used?
3 Have all backfeed sources been identified and LOTO, including:
3a Substation power transformers
3b Padmounted transformers
3c Station Power transformers
3d Instrument transformers
4 Are grounding and bonding properly installed?
5 Does the generator in use require a separately-derived ground?
6 Are there any floated neutrals?
7 Are equipment grounds effectively applied?
8 Are there incident energy levels in excess of 10 cal/CM2?
Use of Temporary Wiring
9 Are temporary extension cords in use?
9a Is so, are GFCI being used?
% Are (_extension cords properly rated for the load, NRTL-listed, and in good condition (coating intact and
repaired)?
Handling High Voltage Cables
10 Are high voltage cables being used or worked on?
10a If so, are they effectively grounded ?
10b Are there situations were a XFMR backfeed could energize the high voltage cables?
Handling Photovoltaic Cells
11 Are workers installing or connecting strings of PV cells?
12 Does the DC circuit voltage exceed 800 volts?
13 Are the workers wearing properly rated dielectric gloves?

3
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Additional Codes and Standards Related to Electrical Safe Design of Solar Photovoltaic (PV) Systems
Promulgated Through 2015 Not Included in the PV Checklist

Note: These standards and requirements were promulgated AFTER the development of the PV checklist; they must be confirmed as
included to assure a PV System’s electrically safe design.

Code/Standard Number and Edition Year

Code/Standard Title and Summary

NFPA 70, 2014

National Electrical Code (NEC)®

Article 690, “Solar Electric Systems” (A summary of changes are found at
the end of this document.)

Article 705, “Interconnected Electric Power Production Sources”

NFPA 1, 2015

Fire Code

Requirements cover the full range of fire and life safety issues from fire
protection systems and equipment and occupant safety in new and existing
buildings to hazardous materials, flammable and combustible liquids, LP-
Gas, and more.

NFPA 101, 2015

Life Safety Code

The most widely used source for strategies to protect people based on
building construction, protection, and occupancy features that minimize the
effects of fire and related hazards.

NFPA 90B, 2015

Standard for the Installation of Warm Air Heating and Air Conditioning
Systems

Requirements that cover the construction, installation, operation, and
maintenance of systems for warm air heating and air conditioning, including
filters, ducts, and related equipment to protect life and property from fire,
smoke, and gases resulting from fire or from conditions having
manifestations similar to fire.
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

NFPA 5000, 2015

Building Construction and Safety Code

Design criteria regulate and control the permitting; design; construction,
alteration, and repair; quality of materials; equipment and systems; use and
occupancy; demolition; location; and maintenance of all types of buildings
and structures.

NFPA 850, 2015

Recommended Practice for Fire Protection for Electric Generating Plants
and High Voltage Direct Current Converter Stations

Recommended practice outlines fire safety recommendations for gas, oil,
coal, and alternative fuel electric generating plants, including high voltage
direct current converter stations and combustion turbine units used for
electric generation.

NFPA 111, 2013

Standard on Stored Electrical Energy Emergency and Stand-by Power
Systems

Covers performance requirements for stored electrical energy systems
providing an alternate source of electrical power in buildings and facilities in
the event that the normal electrical power source fails. Systems include
power sources, transfer equipment, controls, supervisory equipment, and
accessory equipment needed to supply electrical power to the selected
circuits.

NFPA 70A, 2005

National Electric Code Requirements for One and Two Family Dwellings
Created for electrical installers, contractors, electricians, inspectors, and
builders who specialize in residential wiring, this document is a compilation
of electrical provisions for one- and two-family dwellings that have been
excerpted from the National Electrical Code®.

NFPA, 2013

Fire and Life Safety Inspection Manual
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

The Fire Protection Research Foundation, 2013

Fire Fighter Safety and Emergency Response for Solar Power Systems
Final Report, revised October 2013

This report assembles and disseminates best practice information for fire
fighters and fireground incident commanders to assist in their decision
making process for handling fire incidents in buildings equipped with solar
power systems or in the systems themselves.

The Fire Protection Research Foundation, 2014

Commercial Roof-Mounted Photovoltaic System Installation Best Practices
Review and All Hazard Assessment, Feb. 2014

Compilation of information on electrical, fire, structural, and weather-related
hazards and damage potential created by the installation of photovoltaic
systems on commercial roof structures.

The Fire Protection Research Foundation, 2012

Fire Safety Challenges of Green Buildings, November 2012

Develops a baseline of information on the intersection of “green building”
design and fire safety and to identify gaps and specific research needs
associated with understanding and addressing fire risk and hazards with
green building design including PV systems.

IEEE 1547, 2003

Standard for Interconnecting Distributed Resources (e.g., photovoltaic
systems) with Electric Power Systems (8 parts)

Establishes criteria and requirements for interconnection of distributed
resources with electric power systems.

IEEE 929, 2000

IEEE Recommended Practice for Utility Interface of Photovoltaic (PV)
Systems

Guidance regarding equipment and functions necessary to ensure
compatible operation of photovoltaic (PV) systems that are connected in
parallel with the electric utility which includes factors relating to personnel
safety, equipment protection, power quality, and utility system operation.
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

IEEE 937, 2007

IEEE Recommended Practice for Installation and Maintenance of Lead-Acid
Batteries for Photovoltaic Systems

Design considerations and procedures for storage, location, mounting,
ventilation, assembly, and maintenance of lead-acid secondary batteries for
photovoltaic (PV) power systems are provided.

IEEE 1013, 2007

IEEE Recommended Practice for Sizing Lead-Acid Batteries for Stand-Alone
Photovoltaic Systems

A method for determining the energy-capacity requirements (sizing) of both
vented and valve-regulated lead-acid batteries used in terrestrial stand-alone
photovoltaic (PV) systems is described.

IEEE 1361, 2003

IEEE Guide for Selecting, Charging, Testing and Evaluating Lead-Acid
Batteries Used in Stand-Alone Photovoltaic (PV) Systems

Stand-alone photovoltaic (PV) system parameters and operating conditions
are discussed in relation to battery characteristics and expected system
performance.

IEEE 1526, 2003

IEEE Recommended Practice for Testing the Performance of Stand Alone
Photovoltaic Systems

Tests to determine the performance of stand-alone photovoltaic (PV)
systems and for verifying PV system design are presented in this
recommended practice.

IEEE 1561, 2007

IEEE Guide for Optimizing the Performance and Life of Lead-Acid Batteries
in Remote Hybrid Power Systems

Applicable to lead-acid batteries that are used as the energy storage
component in remote hybrid power supplies.
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

IEEE 1562, 2007

IEEE Guide for Array and Battery Sizing in Stand-Alone Photovoltaic
Systems

A method for properly sizing the PV array and battery for stand-alone PV
systems where PV is the only charging source is recommended (in
conjunction with IEEE Std 1013TM).

IEEE 1661, 2007

IEEE Guide for Test and Evaluation of Lead-Acid Batteries Used in
Photovoltaic (PV) Hybrid Power Systems

Specifically prepared for a PV/engine generator hybrid power system, but
may also be applicable to all hybrid power systems where there is at least
one renewable power source, such as PV, and a dispatchable power source,
such as an engine generator.

IEEE 2030, 2011

IEEE Guide for Smart Grid Interoperability of Energy Technology and
Information Technology Operation with the Electric Power System (EPS),
and End-Use Applications and Loads

Provides alternative approaches and best practices for achieving smart grid
interoperability.

IEC 62446, 2009

Grid connected photovoltaic systems — Minimum requirements for system
documentation, commissioning tests, and inspection

Defines the minimal information and documentation required to be handed
over to a customer following the installation of a grid connected PV system.
Also describes the minimum commissioning tests, inspection criteria and
documentation expected to verify the safe installation and correct operation
of the system.

IEC 62253, 2011

Photovoltaic pumping systems — Design quantification and performance
measurements

Defines the requirements for design, qualification and performance
measurements of photovoltaic (PV) pumping systems in stand-alone
operation. The outlined measurements are applicable for either indoor tests
with PV generator simulator or outdoor tests using a real PV generator.
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Code/Standard Number and Edition Year

Code/Standard Title and Summary

IEC 62548, 2011

Photovoltaic (PV) arrays — Design Requirements

Sets out design requirements for photovoltaic (PV) arrays including d.c.
array wiring, electrical protection devices, switching and earthing provisions.
The scope includes all parts of the PV array up to but not including energy
storage devices, power conversion equipment or loads.

IEC 62109-1, 2010

Safety of power converters for use in photovoltaic power systems -- Part 1.
General requirements

Applies to the power conversion equipment (PCE) for use in photovoltaic
systems where a uniform technical level with respect to safety is necessary.
Defines the minimum requirements for the design and manufacture of PCE
for protection against electric shock, energy, fire, mechanical and other
hazards. Provides general requirements applicable to all types of PV PCE.

IEC 62109-2, 2011

Safety of power converters for use in photovoltaic power systems, Part 2.
Particular requirements for inverters

Covers the particular safety requirements relevant to d.c. to a.c. inverter
products as well as products that have or perform inverter functions in
addition to other functions, where the inverter is intended for use in
photovoltaic power systems.

*Institute for Electrical and Electronics Engineering (IEEE) PV Standards: http://www.solarabcs.org/codes-standards/IEEE/index.html

**International Electrotechnical Commission (IEC), IEC Technical Committee (TC) 82 has written nearly eighty standards that pertain to
photovoltaic: http://solarabcs.org/codes-standards/IEC/index.html
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