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SECTION 16350A  

SHORT-CIRCUIT/COORDINATION/ARC FLASH STUDY 

PART 1 - GENERAL 

1.1 RELATED WORK 

A. Section 16010 - General Electrical Requirements 

B. Section 16025 – Electrical Systems 

C. Section 16050 – Basic Materials and Methods 

D. Section 16100 – Motor Control 

E. Section 16312 – Load Center Unit Substation- Double Ended 

F. Section 16316 – Medium Voltage Metal Clad Switchgear 

G. Section16318 - Medium Voltage Metal Enclosed Switchgear 

H. Section 16320 – Power Transformer 

I. Section 16400 – Distribution Equipment 

1.2 REFERENCE 

A. The Work under this Section is subject to requirements of the Contract Documents including the 
General Conditions, Supplementary Conditions, and sections under Division 1 General 
Requirements. 

1.3 DESCRIPTION OF WORK 

Short circuit, protective device coordination, and arc flash studies have been performed for 
equipment utilizing SKM System Analysis Power Tools for Windows software. In general, 
equipment and protective devices have been selected and analyzed to minimize arc flash incident 
energies. Protective device setting tables and single line diagrams with arc flash results are 
included at the end of this section. Additional report information and electronic files are available for 
Contractor’s use.  

A. The study has been performed using acceptable manufacturers from individual specification 
sections. Equipment and protective device settings have been selected to reduce arc flash energies 
below 8 cal./cm2 whenever possible. 

B. Alternate approved manufacturers are acceptable. Equipment will be evaluated during shop 
drawing submission and review. Equipment which would cause arc flash energies to increase 
above 8 cal./cm2 will be cause for rejection. 

C. Equipment suppliers may perform independent studies to verify performance of proposed devices. 
Studies must be performed using "SKM System Analysis, Inc.," Power Tools Electrical Engineering 
Software. 

D. Contractor must submit as-built system data for inclusion in a final study report prior to equipment 
startup. 

E. Contractor shall install arc flash PPE labels prior to startup. BNL standard labels will be provided for 
Contractor’s use. 
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1.4 REFERENCE STANDARDS 

A. BNL SBMS Subject Area: Electrical Safety (Section 5, Design and Installation of Electrical 
Equipment) 

B. IEEE 141 - Recommended Practice for Electric Power Distribution and coordination of Industrial 
and Commercial Power Systems. 

C. IEEE 241 - Recommended Practice for Electric Power Systems in Commercial Buildings. 

D. IEEE 242 - Recommended Practice for Protection and Coordination of Industrial and Commercial 
Power Systems. 

E. IEEE 399 - Recommended Practice for Industrial and Commercial Power System Analysis. 

F. IEEE 1015 - Recommended Practice for Applying Low-Voltage Circuit Breakers Used in Industrial 
and Commercial Power Systems. 

G. ANSI C37.13 - Standard for Low-Voltage AC Power Circuit Breakers Used in Enclosures. 

H. ANSI C57.12.00 - Standard General Requirements for Liquid-Immersed Distribution, Power, and 
Regulating Transformers. 

I. NFPA-70E – Standard for Electrical Safety in the Workplace 

J. IEEE 1584 – Guide for Performing Arc Flash Hazard Calculations  

1.5 SUBMITTALS 

A. Submit equipment data in accordance with referenced specification sections. Owner will evaluate 
proposed submissions utilizing the SKM computer model. 

B. If elected, submit independent SKM model of proposed equipment for Owner’s approval. 

C. Preliminary short-circuit and protective device coordination studies are required to evaluate the 
submission of distribution equipment shop drawings. 

1. The drawings and specifications indicate the general requirements for the electrical 
equipment being provided.  Upgrade and modification to equipment characteristics and 
ratings will be finalized by the results of the short circuit and protective device coordination 
studies at no additional cost to the owner.  Field settings of devices and adjustments to the 
new equipment to accomplish conformance with the accepted short circuit and protective 
device coordination studies shall be carried out by the contractor at no additional cost to the 
owner.  Any proposed deviations from the system indicated on drawings and in specifications 
shall include demonstration of short circuit and breaker coordination.  

2. Short circuit study shall be approved prior to manufacture of equipment. 

3. Coordination and arc flash studies shall be approved prior to energizing equipment. 

4. Arc flash labeling shall be installed prior to energizing equipment. 

D. Submit as built one line diagrams to reflect approved shop drawings, actual cable lengths, breaker 
settings, and any other approved field changes. 

E. Final short-circuit, protective device coordination studies, and arc flash analysis shall be issued after 
equipment is installed but before it is energized. 

F. Final report shall include: 
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1. One-line diagram. 
2. Descriptions and scope of the study. 
3. Tabulations of circuit breaker fuse and other protective device ratings versus calculated short 

circuit duties. 
4. Time versus current coordination curves, tabulations of circuit breaker trip unit settings and 

fuse selection. 
5. Fault current calculations. 
6. Recommendations. 
7. Three phase arcing current ratings for each piece of electrical equipment indicated on one-

line diagram. 
8. Required PPE (Personal Protective Equipment) level labels for each piece of electrical 

equipment (medium voltage switches, substations, switchboards, switchgear, motor control 
centers, distribution panels, panelboards, UPS and downstream panels, Inverters and down 
stream panels, remote motor controllers, enclosed switches, etc.) 

G. If Contractor has prepared all studies, submit all electronic files associated with short circuit, 
coordination and arc flash studies to allow review and future use of the files.  Provide (2) copies on 
CD and (2) hard copies in binders. Files shall be complete to allow exact regeneration of all studies. 

H. If Owner completes studies, Contractor will be provided with (1) hard copy of the one line drawing 
containing all final arc flash results. 

1.6 QUALIFICATIONS 

A. Electrical analysis has been performed by Owner or his designated representative. 

B. If elected, short circuit, coordination studies, and arc flash analysis may be conducted by the 
Contractor under the supervision and approval of a Registered Professional Electrical Engineer.  

 

PART 2 - PRODUCTS 

2.1 (Not applicable) 

PART 3 - EXECUTION 

3.1 SHORT CIRCUIT STUDY 

A. Entire electrical system including lighting and appliance panelboards and all upstream equipment 
(automatic transfer switches, remote motor controllers, enclosed switches, etc.) shall be modeled to 
facilitate the arc flash study as required below. 

B. Use typical conductor impedances. 

C. Transformer design impedances shall be used when test impedances are not available. 

D. Provide: 
1. Calculation methods and assumptions. 
2. Selected base per unit quantities. 
3. One-line diagram. 
4. Source impedance data, including utility system and motor fault contribution characteristics. 
5. Typical calculations. 
6. Tabulations of calculated quantities. 
7. Results, conclusions, and recommendations. 
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E. Calculate short circuit momentary and interrupting duties for a three phase bolted fault at: 
1. Utility's supply termination point. 
2. Branch circuit panelboards, if above 10,000 AIC. 
3. Enclosed Switches 

F. Protective Device Evaluation: 
1. Evaluate equipment and protective devices and compare to short circuit ratings. 

3.2 PROTECTIVE DEVICE COORDINATION STUDY 

A. Entire electrical system including lighting and appliance panelboards and all upstream equipment 
(automatic transfer switches, remote motor controllers, enclosed switches, etc.) shall be modeled to 
facilitate the arc flash study as required below. 

B. Time-current curves shall be displayed on log-log scale paper. 

C. Include on each curve sheet a title and legend, identifying portion of the system covered. 

D. Identify device by manufacturer type, function and tap, time delay, and instantaneous settings 
recommended. 

E. Selective Coordination 
1. All circuit breakers associated with the fire pump, elevator, and emergency lighting shall be 

selectively coordinated per the National Electric Code NEC 2005. 

F. Plot characteristics where applicable: 
1. Electric utility's protective device. 
2. Low voltage fuses including minimum melt, total clearing and damage bands. 
3. Low voltage circuit breaker trip devices. 
4. Transformer full-load current, magnetizing inrush current, and ANSI transformer withstand 

parameters. 
5. Conductor damage curves. 
6. Ground fault protective devices. 
7. Motor starting characteristics and motor damage points. 
8. Generator short circuit decrement curve and generator damage point. 
9. All CT ratios. 

3.3 ARC FLASH POTENTIAL STUDY 

A. Arc flash potential study shall be performed after short circuit and protective device coordination 
studies have been completed. 

B. Three phase arcing currents for each piece of electrical equipment shall be indicated on a one line 
diagram of the entire electrical system including 208Y/120V panelboards and all upstream 
equipment. 

C. Calculations shall be performed using an iterative process.   

1. Study shall include calculations for minimum flash protection boundary (measured in meters 
and feet), incident energy at working distance of 18” (measured in cal/cm2), required PPE 
level, limited approach, restricted approach and prohibited approach boundaries (measured 
in meters and feet). 

2. Calculations shall be performed using both NFPA 70E and IEEE 1584 methods for each 
piece of equipment.  Worst case calculation for each piece of equipment shall be used for 
report. 
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a. Minimum Flash Protection Boundary shall be 4’-0” even if calculated to be less. 
b. Assume maximum arc duration to be 2 seconds. 
c. Do not exclude equipment below 240V fed from transformers rated 125kVA or below.  

BNL requirements exceed those outlined in NFPA 70E and IEEE 1584 
3. Pieces of equipment that will require PPE greater than level 1 shall be investigated.   

a. Investigation shall include adjustment of upstream breaker settings to determine if 
required PPE level can be reduced with minimal compromise to breaker coordination 
with other upstream breakers. 

b. Investigation shall continue until lowest PPE level for each piece of electrical 
equipment can be reached with minimal impact to breaker coordination. 

c. Compromises to breaker coordination as a result of lowering the required PPE level 
shall be listed and documented for review by Architect/Engineer. 

3.4 FINAL REPORTS 

A. One Line Diagram 

B. Input Data: 
1. Cable and conduit materials. 
2. Transformers. 
3. Circuit resistance and reactive values. 

C. Short Circuit Data: 
1. Source fault impedance. 
2. Generator contributions. 
3. X to R ratios. 
4. Asymmetry factors. 
5. Motor contributions. 
6. Short circuit kVA. 
7. Symmetrical and asymmetrical fault currents. 

D. Recommended Protective Device Settings: 
1. Circuit Breakers: 

a. Adjustable pickups and time delays (long time, short time, ground). 
b. Adjustable time-current characteristic. 
c. Adjustable instantaneous pickup. 

2. Phase and Ground Relays: 
a. Current setting. 
b. Time setting. 
c. Instantaneous setting. 
d. Specialty non-overcurrent device settings (ex. Relay 27/47, 81 O/U, 25, etc.). 

3. Fuses: 
a. Types 
b. Rating 

E. Arc Flash Potential Study Data 

1. Calculated three phase arcing currents for all electrical equipment. 
2. PPE rating for all electrical equipment. 
3. BNL standard PPE labels will be provided by BNL and installed by Contractor.  
4. Compromises to breaker coordination resulting from lowering of PPE value at a particular 

piece of electrical equipment. 
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3.5 FIELD ADJUSTMENT 

A. Adjust relay and protective device settings according to the recommended settings table provided 
by the coordination study. 

B. Make minor modifications to equipment as required to accomplish conformance with short circuit 
and protective device coordination studies. 

C. Notify Owner in writing of any required major equipment modifications. 

3.6 INSTALLATION 

A. Install BNL standard PPE labels on each piece of equipment prior to energizing equipment. 

B. PPE label shall be clearly visible upon approach to equipment. 

C. For large pieces of equipment, label shall be placed near main overcurrent device or incoming 
feeder to equipment. 

D. Label shall be mounted at a minimum of 42” to bottom and maximum of 66” to top above finished 
floor. 

E. Laminate final one line diagram and mount within the facility where directed by Owner. 

END OF SECTION 
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