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OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY
GENERAL
SUMMARY
Section includes short circuit, protective device coordination, and Arc-Flash studies for the Campus medium voltage (12.47 kV, 4.16 kV) systems and low voltage (480 V, 277 V, 208 V, and 120 V) systems represented on the project drawings.  The studies shall include portions of the electrical distribution system supplied by normal and alternate sources of power.  This includes switchgear, switchboards, panel boards, motor control centers, transformers, generators, and other required electrical equipment.  The analysis will include creation of Arc Flash Hazard Warning Labels, Figure 1.  These labels serve as a guide to assist University employees and others in the selection of proper Personal Protective Equipment when working around exposed and energized conductors.  The electrical contractor will install the labels.










	Figure 1 - Example of Arc Flash Warning Label
The Arc Flash Hazard Analysis shall include the electrical distribution system equipment shown on the one-line diagram drawings.  If existing up-to-date current short-circuit and protective device coordination studies are not available, perform short circuit and protective device coordination studies for the electrical distribution system before performing the Arc Flash Hazard Analysis.  The Arc Flash Hazard Analysis shall consider operation during normal conditions, alternate operations, emergency power conditions, and any other operations, which could result in maximum arc flash hazard, and as required.
DEFINITIONS
Retain terms that remain after this Section has been edited for a project.
Existing to Remain: Existing items of construction that are not to be removed and that are not otherwise indicated to be removed, removed and salvaged, or removed and reinstalled.
Field Adjusting Agency: An independent electrical testing agency with full-time employees and the capability to adjust devices and conduct testing indicated and that is a member company of NETA.
Power System Analysis Software Developer: An entity that commercially develops, maintains, and distributes computer software used for power system studies.
Power Systems Analysis Specialist: Professional engineer in charge of performing the study and documenting recommendations, licensed in the state where Project is located.
Protective Device: A device that senses when an abnormal current flow exists and then removes the affected portion from the system.
SCCR: Short-circuit current rating.
Service: The conductors and equipment for delivering electric energy from the serving utility to the wiring system of the premises served.
Single-Line Diagram: A diagram that shows, by means of single lines and graphic symbols, the course of an electric circuit or system of circuits and the component devices or parts used therein.
REFERENCES 
California Code of Regulations Title 24, Part 3, California Electrical Code (CEC)
IEEE Standard 141 – Electrical Power Distribution for Industrial Plants.
IEEE Standard 242 – Protection and Coordination of Industrial and Commercial Power Systems.
IEEE Standard 399 – Industrial and Commercial Power System Analysis.
IEEE 1584, Guide for Performing Arc Flash Hazard Analysis.
NFPA 70E – Standard for Electrical Safety in the Work Place.
Preinstallation Conference:  Conduct conference at Project site.
ACTION SUBMITTALS
Product Data: For computer software program to be used for studies.
Coordinate "Study Submittals" Paragraph below with qualification requirements retained in "Quality Assurance" Article.
Study Submittals: Submit the following submittals after the approval of system protective devices submittals. Submittals shall be in digital form:
Arc-flash study input data, including completed computer program input data sheets.
Requiring submittal of the following arc-flash analysis does not relieve Engineer
 from responsibility for a preliminary study to ensure that system overcurrent protection can withstand the fault current at its location to protect personnel and equipment. This submittal confirms that actual equipment in use, along with types and lengths of cables that will be installed, perform as system was designed.
Arc-flash study report; signed, dated, and sealed by Power Systems Analysis Specialist.
Submittal of the report prior to final approval of equipment requires some level of confidence that equipment will be approved, because the purpose of this study submittal is to confirm that coordination of exact equipment to be installed meets requirements. There is a balancing act of early submission of the study so equipment can be ordered, and the risk that equipment the study is based on will not be approved.
Submit study report for action prior to receiving final approval of distribution equipment submittals. If formal completion of studies will cause delay in equipment manufacturing, obtain approval from University’s Representative for preliminary submittal of sufficient study data to ensure that selection of devices and associated characteristics is satisfactory.
Submit short circuit study prior to purchase of the distribution equipment. 
Submit coordination study prior to completion of shop drawings.  
Equipment submittals will not be approved without the completion and review of the power systems studies.
Submit the Arc Flash Hazard Analysis and arc flash hazard warning labels at least thirty (30) days prior to energizing the electrical equipment.
INFORMATIONAL SUBMITTALS
Qualification Data:
For Power Systems Analysis Software Developer.
For Power System Analysis Specialist.
For Field Adjusting Agency.
Retain "Product Certificates" Paragraph below to require submittal of product certificates from manufacturers.
Product Certificates: For arc-flash hazard analysis software, certifying compliance with IEEE 1584 and NFPA 70E.
CLOSEOUT SUBMITTALS
Operation and Maintenance Data:
Provide maintenance procedures in equipment manuals according to requirements in NFPA 70E.
Operation and Maintenance Procedures: In addition to items specified in Section 01 7000 "Execution and Closeout Requirements," provide maintenance procedures for use by University's personnel that comply with requirements in NFPA 70E.
QUALITY ASSURANCE
The Contractor shall have the analysis prepared by qualified engineers of an independent consultant.  The consultant shall be a Registered Professional Engineer, licensed in California, who has at least ten (10) years of experience and specializes in performing electrical power system studies.
To be compatible with the existing University of California, Irvine Arc Flash analyses, to allow smooth integration of the new data with existing, and to ensure that information can be easily updated as system components change, the Engineer shall complete their analysis using the latest version of Power Tools for Windows (PTW) computer software by SKM Systems Analysis, Inc. designed for the purpose including DAPPER, CAPTOR and Arc-Flash software modules.  
Studies shall be based on the actual equipment and devices selected for the project.
PRODUCTS
SHORT CIRCUIT STUDY
Provide a current, up-to-date short circuit current study.  If one does not exist, then perform a short circuit study in accordance with IEEE 399 Standard (Brown Book), “IEEE Recommended Practice For Industrial and Commercial Power System Analysis,” based upon the positive and zero sequence source impedance supplied by the local energy provider.
PROTECTIVE DEVICE COORDINATION STUDY
Provide a current up-to-date protective device coordination study.  If one does not exist, then perform a protective device coordination study in accordance with IEEE 242 Standard (Buff Book), “IEEE Recommended Protection and Coordination of Industrial and Commercial Power Systems.”
ARC FLASH HAZARD ANALYSIS
Perform an Arc Flash Hazard Analysis after the short circuit and protective device coordination studies have been completed based upon IEEE 1584 Standard, “IEEE Guide for Performing Arc Flash Hazard Calculations.”
The analysis shall be calculated by means of the SKM Power Tools for Windows computer software package.  Pertinent data, rationale employed, and assumptions in developing the calculations shall be incorporated in the introductory remarks of the study.
The analysis shall be in accordance with applicable NFPA 70E, OSHA 29-CFR, Part 1910 Subpart S and IEEE 1584 Standards. 
Incident Energies and Hazard Categories must be calculated.  The use of the NFPA “table method” is prohibited.
Determine the following
Arc hazard boundary (inches)
Working distance (inches)
Arc flash incident energy at the working distance (calories/cm²)
PPE category and description including the glove rating
Voltage rating of the equipment
Limited approach distance (inches)
Restricted approach distance (inches)
Prohibited approach distance (inches)
Based on the results of the incident energy study, the selected vendor shall produce and install a warning label (Orange for less than 40 cal/cm²) or danger label (Red for equal to or greater than 40 cal/cm²) approximately 4 x 6-inch (Brady multi-color or equivalent) for every point in the system as shown on the one-line diagram.  Labels will be in accordance with ANSI Z535.4 listing items 2.03.E.1 through 2.03.E.8, herein.  Include the bus name, system operating voltage, and date of issue.  The label must be readable in both indoor and outdoor environments for at least 3 years.  See example Figure 1.
To maintain consistency of labeling throughout the Campus, other electrical panels identified as PPE Category 0 will be labeled with a similar type of warning label containing general electrical safety information.
Produce Bus Detail Sheets that lists the items 2.03.E.1 through 2.03.E.8, herein and the following additional items.
Bus Name
Upstream Protective Devices Names, Type and Settings
Bus Line-to-Line Voltage
Produce Arc Flash Evaluation Summary Sheets listing the following additional items.
Bus Name
Upstream Protective Device Names, Type and Settings
Bus Line-to-Line Voltage
Bus Bolted Fault
Protective Device Bolted Fault Current
Arcing Fault Current
Protective Device Trip / Delay Time
Breaker Opening Time
Solidly Grounded Column
Equipment Type
Gap
Arc Flash Boundary
Working Distance
Incident Energy
Required Protective Fire Rated Clothing Type and Class
EXECUTION
ANALYSIS
Analyze the short circuit, protective device coordination, and arc flash calculations and highlight any equipment that is determined to be underrated or causes an abnormally high incident energy calculation.
Propose methods to reduce the energy levels of Personal Protective Equipment (PPE) Hazard Category 3 and 4 or higher to Category 2 or less.  Proposed major corrective modifications will be taken under advisement by the University and the Contractor will be given further instructions.
WRITTEN REPORT
The results of the power system study shall be summarized in a final written report.  The report shall include the following sections:
Executive Summary - A synopsis of our overall findings, including but not limited to equipment locations with highest incident energy levels, total number of overcurrent protective devices with inadequate short-circuit current interrupting ratings, and identification of equipment protective boundary conflicts.
Introduction - A brief paragraph to explain the necessity of performing an Arc-Flash Hazard Analysis and the criteria used during the project
Methodology - A brief paragraph to explain the basis for the analyses performed for this project.
Assumptions - A list of valid engineering assumptions made and why they were made during the course of the project.
Discussion - A detailed discussion of each of the following power system analysis performed for this project:
Short Circuit Analysis Results
Protective Device Coordination Study Results.
Arc-Flash Hazard Analysis Results
Recommendations - Detailed recommendations to reduce existing incident energy levels of Hazard Category 3 or higher to Hazard Category 2 or less and to improve overall future maintenance & operation of the electrical system.
Bibliography - Industry references used to complete the arc-flash analysis for this system.
REPORT BINDER & COMPACT DISC
The Arc Flash Hazard Analysis report binder shall contain the written report above plus the additional following sections:
Short-Circuit Analysis Results
Equipment Evaluation Study Results
Time Current Curves Plotted In Color on Log-Log Graph Paper
Arc Flash Hazard Analysis Results in MS Excel Format
Electrical One-Line Input Data used In Computer Software Model
Electrical One-Line Diagram with Incident Energy, Flash Protection Boundary, and Pertinent Equipment and Component Ratings
Summarize the results of the power system study in three (3) copies of the bound final written report and one (1) CD for University records.  The CD should include SKM project libraries and input data necessary for maintaining up-to-date Campus system studies.
END OF SECTION
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/\ WARNING

Arc Flash and Shock Hazard
Appropriate PPE Required

Flash Hazard Boundary:150 inches 12000 VAC Shock Hazard when
4.8 callcm”2 Flash Hazard at 36 inches cover is removed
Category 2 PPE Requirements: 2 Glove Class

FR Shirt & Pants 60 inches  Limited Approach

26 inches  Restricted Approach

Hardhat + Polycarbonate Face Shield Tinches  Prohibited Approach

+ Safety Glasses + Hearing Protection

Equipment: FI-5
Posted Date: April 17, 2009

System changes affecting system and circuit voltage, impedance, short circuit current, or fault clearing time, will
invalidate values on this label and require reevaluation, calculation, and new labels for hazard levels.
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Appropriate PPE Required

Flash Hazard Boundary:150 inches 12000 VAC Shock Hazard when
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FR Shirt & Pants 60 inches Limited Approach

26 inches Restricted Approach

Hardhat + Polycarbonate Face Shield 7Tinches  Prohibited Approach
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System changes affecting system and circuit voltage, impedance, short circuit current, or fault clearing time, will
invalidate values on this label and require reevaluation, calculation, and new labels for hazard levels.






