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SECTION 26 05 70
ELECTRICAL SYSTEMS ANALYSIS

PART 1 GENERAL

1.01 REFERENCES

A. The following is a list of standards which may be referenced in this section:

1. American National Standards Institute (ANSI).
2. Institute of Electrical and Electronics Engineers, Inc. (IEEE):

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

b. 242, Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems.

c. 399, Recommended Practice for Industrial and Commercial Power
System Analysis.

d. 1584, Guide for Performing Arc Flash Hazard Calculations.
3. National Electrical Manufacturers Association (NEMA): Z535.4,

Product Safety Signs and Labels.
4. National Fire Protection Association (NFPA):

a. 70, National Electrical Code (NEC).
b. 70E, Standard for Electrical Safety in the Workplace.

5. Occupational Safety and Health Standards (OSHA): 29 CFR, Part 1910
Subpart S, Electrical.

1.02 SUBMITTALS

A. Action Submittals:

B. Action Submittals:

1. Initial Short Circuit Study.
2. Final Short Circuit Study.
3. Initial Protective Device Coordination Study.
4. Final Protective Device Coordination Study.
5. Arc Flash Study.
6. Arc flash warning labels.
7. Electronic files on USB flash drive of final studies including all

engineering software input files, output reports, and libraries.

1.03 QUALITY ASSURANCE

A. Short circuit and protective device coordination and arc flash studies shall be
prepared by manufacturer furnishing switchboards, switchgear, and panels or
a professional electrical engineer registered in the State of Arizona.
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B. Harmonic analysis shall be prepared by manufacturer furnishing
switchboards, switchgear, and panels to ensure compliance with IEEE 519 for
normal utility operation and for standby generator operation in accordance
with IEEE 3002.8-2018 and the IEEE Brown Book. Coordinate with
contractor to collect all necessary information to perform harmonic analysis.

1.04 SEQUENCING AND SCHEDULING

A. Preliminary complete short circuit study shall be submitted and reviewed
before Contracting Officer will review Shop Drawings for switchgear,
switchboards transfer switches, or motor control centers.

B. Preliminary complete protective device coordination and arc flash studies
shall be submitted within 90 days after approval of initial short circuit study.

C. Preliminary complete arc flash study shall be submitted and accepted prior to
energization of the electrical equipment.

D. Final short circuit, protective device coordination, and arc flash studies, and
arc flash labels shall be submitted 10 days before energizing electrical
equipment.

E. Final short circuit, protective device coordination, and arc flash studies shall
be completed prior to Project Substantial Completion. Final version of study
shall include as-installed equipment, materials, and parameter data or settings
entered into equipment based on study.

F. Submit final arc flash labels described herein and in compliance with
NEMA Z535.4 prior to Project Substantial Completion.

1.05 GENERAL STUDY REQUIREMENTS

A. Equipment and component titles used in the studies shall be identical to
equipment and component titles shown on the Drawings.

B. Perform studies using one of the following electrical engineering software
packages:

1. SKM Power Tools for Windows.
2. Or equal.

C. Perform complete fault calculations for each source combination: Source
combinations include present power company supply circuits or permanently-
installed generators.
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D. Utilize proposed load data for preliminary studies obtained from Contract
Documents. Utilize as-installed load data for final studies obtained from field
investigation of system configuration, wiring information, and equipment.

1.06 SHORT CIRCUIT STUDY

A. General:

1. Prepare in accordance with IEEE 399.
2. Use cable impedances based on copper conductors, except where

aluminum conductors are specified or shown.
3. Use bus impedances based on copper bus bars, except where aluminum

bus bars are specified or shown.
4. Use cable and bus resistances calculated at 25 degrees C.
5. Use medium-voltage cable reactances based on use of typical

dimensions of shielded cables with 133 percent insulation levels.
6. Use 600-volt cable reactances based on use of typical dimensions of

XHHW conductors.
7. Use transformer impedances 92.5 percent of “nominal” impedance

based on tolerances specified in IEEE C57.12.00.

B. Provide:

1. Calculation methods and assumptions.
2. Typical calculation.
3. Tabulations of calculated quantities.
4. Results, conclusions, and recommendations.
5. Selected base per unit quantities.
6. One-line diagrams.
7. Source impedance data, including electric utility system and motor fault

contribution characteristics.
8. Impedance diagrams.
9. Zero-sequence impedance diagrams.

C. Calculate short circuit interrupting and momentary (when applicable) duties
for an assumed three-phase bolted fault at each:

1. Electric utility’s supply termination point.
2. Low-voltage switchboards.
3. Transfer switches.
4. Motor control centers.
5. Standby generators.
6. Branch circuit panelboards.
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D. Verify:

1. Equipment and protective devices are applied within their ratings.
2. Adequacy of switchboards and motor control centers bus bars to

withstand short circuit stresses.

E. Tabulations:

1. General Data:
a. Short circuit reactances of rotating machines.
b. Cable and conduit material data.
c. Bus data.
d. Transformer data.
e. Circuit resistance and reactance values.

2. Short Circuit Data (for each source combination):
a. Fault impedances.
b. X to R ratios.
c. Asymmetry factors.
d. Motor contributions.
e. Short circuit kVA.
f. Symmetrical and asymmetrical fault currents.

3. Equipment Evaluation:
a. Equipment bus bracing, equipment short circuit rating,

transformer, cable, busway.
b. Maximum fault current available.

F. Written Summary:

1. Scope of studies performed.
2. Explanation of bus and branch numbering system.
3. Prevailing conditions.
4. Selected equipment deficiencies.
5. Results of short circuit study.
6. Comments or suggestions.

G. Suggest changes and additions to equipment rating and/or characteristics.

H. Notify Contracting Officer in writing of existing circuit protective devices
improperly rated for new fault conditions.

I. Revise data for “as-installed” condition.
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1.07 PROTECTIVE DEVICE COORDINATION STUDY

A. General:

1. Prepare in accordance with IEEE 242.
2. Proposed protective device coordination time-current curves for

distribution system, graphically displayed on conventional log-log curve
sheets.
a. Provide separate curve sheets for phase and ground fault

coordination for each scenario.
b. Each curve sheet to have title and one-line diagram that applies to

specific portion of system associated with time-current curves on
that sheet. Limit number of devices shown to four to six.

c. Identify device associated with each curve by manufacturer type,
function, and, if applicable, recommended tap, time delay,
instantaneous and other settings recommended.

d. Terminate device characteristic curves at a point reflecting
maximum symmetrical or asymmetrical fault current to which
device is exposed.

e. Apply motor protection methods that comply with NFPA 70.

B. Plot Characteristics on Curve Sheets:

1. Low-voltage equipment circuit breaker trip devices, including
manufacturers tolerance bands.

2. Pertinent transformer full-load currents at 100 percent.
3. Transformer magnetizing inrush currents.
4. Transformer damage curves; appropriate for system operation and

location.
5. ANSI transformer withstand parameters.
6. Significant symmetrical and asymmetrical fault currents.
7. Ground fault protective device settings.
8. Other system load protective devices for largest branch circuit and

feeder circuit breaker in each motor control center.

C. Tabulate Recommended Protective Device Settings:

1. Circuit Breakers:
a. Adjustable pickups.
b. Adjustable time-current characteristics.
c. Adjustable time delays.
d. Adjustable instantaneous pickups.
e. I2t In/Out.
f. Zone interlocking.
g. Electronic settings data file.
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D. Written Summary:

1. Scope of studies performed.
2. Summary of protective device coordination methodology.
3. Prevailing conditions.
4. Selected equipment deficiencies.
5. Results of coordination study.
6. Comments or suggestions.

1.08 ARC FLASH STUDY

A. Perform arc flash hazard study after short circuit and protective device
coordination study has been completed, reviewed and accepted.

B. Perform arc flash study in accordance with NFPA 70E and IEEE 1584.

C. Base Calculation:

1. For each major part of electrical power system, determine the following:
a. Flash hazard protection boundary.
b. Limited approach boundary.
c. Restricted approach boundary.
d. Incident energy level.
e. Glove class required.

D. Produce arc flash warning labels that list items in Paragraph Base Calculation
and the following additional items.

1. Bus name.
2. Bus voltage.

E. Produce bus detail sheets that list items in Paragraph Base Calculation and the
following additional items:

1. Bus name.
2. Upstream protective device name, type, and settings.
3. Bus line-to-line voltage.

F. Produce arc flash evaluation summary sheet listing the following additional
items:

1. Bus name.
2. Upstream protective device name, type, settings.
3. Bus line-to-line voltage.
4. Bus bolted fault.
5. Protective device bolted fault current.
6. Arcing fault current.
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7. Protective device trip/delay time.
8. Breaker opening time.
9. Solidly grounded column.
10. Equipment type.
11. Gap.
12. Arc flash boundary.
13. Working distance.
14. Incident energy.

G. Analyze short circuit, protective device coordination, and arc flash
calculations and highlight equipment that is determined to be underrated or
causes incident energy values greater than 8 cal/cm2. Propose approaches to
reduce energy levels.

H. Prepare report summarizing arc flash study with conclusions and
recommendations which may affect integrity of electric power distribution
system. As a minimum, include the following:

1. Equipment manufacturer’s information used to prepare study.
2. Assumptions made during study.
3. Reduced copy of one-line Drawing; 11 inches by 17 inches maximum.
4. Arc flash evaluations summary spreadsheet.
5. Bus detail sheets.
6. Arc flash warning labels printed in color on thermally bonded adhesive

backed UV and weather-resistant labels.

PART 2 PRODUCTS

2.01 ARC FLASH WARNING LABELS

A. Physical Characteristics: Arc flash warning labels printed in color on
thermally bonded adhesive backed, UV and weather-resistant stock.

B. Functional Characteristics: An example label is located following end of
section in Figure 1.

C. Performance Characteristics: None.

PART 3 EXECUTION

3.01 GENERAL

A. Adjust relay and protective device settings according to values established by
coordination study.

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



ELECTRICAL SYSTEMS ANALYSIS PW\JA\D3167666\4\42
26 05 70 - 8 JUNE 2025

GRCA 257282

C. Notify Contracting Officer in writing of required major equipment
modifications.

D. Provide laminated one-line diagrams (minimum size 11 inches by 17 inches)
to post on interior of electrical room doors.

E. Provide arc flash warning labels on equipment including:

1. Switchboards.
2. Motor control centers.
3. Enclosed circuit breakers.
4. Stand-alone enclosed drives.
5. Panelboards.
6. Mini power centers.
7. Uninterruptible power supplies.
8. Industrial control panels with any of the following:

a. Rated voltages in excess of 120V to ground.
b. Contactors or drives.

9. Manual transfer switches.
10. Automatic transfer switches.

3.02 SUPPLEMENT

A. The supplement listed below, following “End of Section,” is a part of this
specification:

1. Figure 1: Example Arc Flash Label.

END OF SECTION
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Figure 1
Example Arc Flash Label




