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SECTION 260573 - ELECTRICAL SYSTEM STUDIES
PART 1 -  GENERAL

1.1 SUMMARY

A. The [Responsible Design Professional (RDP)][Subcontractor] shall perform and submit for the University’s review and approval the following calculations.  The latest version of SKM Systems Analysis, Inc. PowerTools suite of software shall be used, no substitutes.
1. Short circuit and equipment evaluation.

2. Protective device evaluation and coordination.

3. Arc flash evaluation.  (Note:  incident energy levels above 40 cal/cm2 are unacceptable.)

4. Load Flow and Voltage Drop Analysis.
5. Power Factor Correction Bank.
6. Harmonic Analysis.
7. Electrical Grounding Analysis.
8. Connected and operating electrical load estimate including future projected load.
B. The study shall present an organized time-current analysis of each protective device from the main primary feeders down to the largest protective device in each lighting and branch circuit 277/480V panels, 120/208V panels, motor control centers and disconnecting means for large equipment.
C. The [RDP][Subcontractor] shall ensure that this study is fully performed, including:
1. Obtaining the latest available fault current information from the University.

2. Obtaining HP and nameplate rating of motors to be actually installed under this project from other trades.

3. Obtaining applicable information from other trades on variable frequency drives.

4. Obtaining all necessary information to complete this study from equipment manufacturers.
D. The electrical studies shall be done in two parts:
1. A preliminary study shall be made and approved by the University prior to fabrication of switchgear, panelboards, etc.; three (3) hard copies, wet stamped and signed by a professional electrical engineer (PE) registered in the state of California, and one (1) CD of the study shall be submitted for approval.  All protective devices shall be sized in accordance with the findings of this preliminary study.  Any devices that have to be replaced as a result of error or omissions revealed by the final coordination study shall be replaced at no additional cost to the University.

2. A final study shall be made to verify the results of the preliminary study, and incorporate any necessary changes and/or measures to achieve incident energy levels as indicated in Table 1 in Subsection 2.4.F, this Section.  In all cases, arc flash incident energy reduction or mitigation techniques shall use listed components and equipment, and coordination shall be fully maintained; i.e. proper device coordination cannot be sacrificed for arc-flash reduction.  In addition, energy-reducing maintenance switching with a local status indicator shall be incorporated for all equipment where available.  This study shall be completed and all changes accomplished prior to energizing the electrical system.  Submit four (4) hard copies, wet stamped and signed by a professional electrical engineer (PE) registered in the state of California, and one (1) CD of the study, including the SKM project files, to the University for approval.
E. The [RDP][Subcontractor] shall adjust all field protective device settings to conform to the recommendations of the approved study.

F. The [RDP][Subcontractor] shall provide and apply arc flash warning labels as recommended by the approved study.

G. Coordinate with Facilities Division Utility Group Electrical Engineer for the final settings of the main/feeder circuit breaker relays at the medium voltage switchgear.
1.2 Submittals
A. Submit under provisions of Division 26, Section 260500, Common Work Results for Electrical, “Submittals"; and Division 01, Section 010000, General Requirements.
B. Shop Drawings:  The Subcontractor shall submit for approval Shop Drawings prepared in accordance with Division 01, Section 010000, General Requirements, “Submittals”, and as required by other sections of the Specifications.
C. All submittals and shop drawings shall be reviewed and approved by the LBNL Utility Group Electrical Engineer before procurement or fabrication of material and equipment.
D. Submit protective equipment shop drawings simultaneously with or after the protective device study.

E. Certification:  Two weeks prior to final inspection, deliver to the University six (6) copies of the following certifications:
1. Certification by the [RDP][Subcontractor] that protective devices have been tested, calibrated, adjusted and set in accordance with the approved protective device study.  Include six (6) bound copies of the study, including the following sections:

a. Description, purpose and scope of the study and a one-line diagram of that portion of the power system which is included within the scope of the study.

b. Tabulations of equipment and protective device ratings versus calculated short circuit duties.

c. Protective device time current coordination curves.
d. Recommended protective device settings in table formats for all adjustable relays, circuit breakers, fuse selection, etc.

e. Fault current calculations including a definition of terms and guide for interpretation of computer printout.

f. Tabulations of arc flash evaluation study results.
F. Provide a project backup electronic file of the final approved study on a CD in addition to hard copy reports.

G. Submit typical arc flash warning labels for each hazard risk category for review and approval.

1.3 QUALITY ASSURANCE

A. The [RDP][Subcontractor] shall have the coordination study prepared by a professional electrical engineer (PE) with a valid and current registration in the state of California from the power distribution equipment manufacturer or a recognized independent firm.  The [RDP][Subcontractor] is responsible for providing all pertinent information by the preparers to complete the study.

B. The study shall be performed using the latest version of SKM Systems Analysis, Inc. PowerTools software suite.

C. Comply with IEEE 399 for general study procedures.

D. Comply with IEEE 242 for short circuit currents and coordination time intervals.

E. Comply with latest IEEE and ANSI standards, including IEEE 80, 81, 519, etc., as applicable.

F. Comply with NFPA-70E “Standard for Electrical Safety in the Workplace” and IEEE 1584, “Guide for Performing Arc Flash Hazard Calculations” for determining the available arc flash incident energy at each piece of electrical distribution equipment including, but not limited to, the following:
1. Substations

2. Main Switchgear

3. Main Switchboard

4. Distribution Switchboards

5. Distribution Panelboards

6. Panelboards

7. Motor Control Centers

8. Automatic Transfer Switches

9. Industrial Control Centers

10. Disconnecting means for large equipment
G. Comply with NEC Article 110.16 "Flash Protection."
PART 2 -  EXECUTION

2.1 One-Line Diagram
A. Show on the one line diagram all electrical equipment and wiring to be protected by the feeder overcurrent devices installed under this project.  Clearly show, on the one line, the schematic wiring of the electrical distribution equipment.
1. Calculated fault impedance X/R ratios, and short circuit values at each bus.

2. Breaker and fuse ratings.

3. Transformer kVA and voltage ratings, percent impedance, X/R ratios, and wiring connections.

4. Voltage at each bus.

5. Identification of each bus.

6. Conduit materials, feeder sizes, length, and X/R ratios.

7. Let-thru current of current limiting fuses.
2.2 Short Circuit and Protective Device Evaluation
A. The short circuit shall be performed with SKM Systems Analysis, Inc. PowerTools software suite and shall be in accordance with the latest applicable IEEE and ANSI standards.  Pertinent data and the rationale employed in developing the calculations shall be incorporated in the introductory remarks of the study.

B. The study input data shall include the maximum available short circuit contribution, resistance and reactance components of the branch impedance, the X/R ratios, base quantities selected and other source impedance.

C. Short circuit close and latch duty values and interrupting duty values shall be calculated on the basis of maximum available current at each bus.  The short circuit tabulations shall include asymmetrical fault currents, symmetrical fault currents and X/R ratios.  For each fault location, the total duty on the bus, as well as the individual contribution from each connected branch, shall be listed with its respective X/R ratio.

D. A protective device evaluation study shall be performed to determine the adequacy of circuit breakers, switches, automatic transfer switches, and fuses by tabulating and comparing the short circuit ratings of these devices with the calculated fault currents.  Appropriate multiplying factors based on system X/R ratios and protective device rating standards shall be applied.  Any problem areas or inadequacies in the equipment due to short circuit currents shall be promptly brought to the University’s attention.

E. Present the data determined by the short circuit study in a table format.  Include the following:
1. Device identification.

2. Operating voltages.

3. Protective device.

4. Device interrupting capability rating.

5. Calculated short circuit current.
F. Analyze the short circuit calculations and highlight any device that is determined to be underrated as specified.  Propose suggested approaches to protect effectively those devices.
2.3 Protective Device Coordination Study
A. Prepare the coordination curves to determine the required settings of protective devices to assure selective coordination.  Graphically illustrate on log-log paper that adequate time separation exists between series devices including the University’s upstream device.

B. If available, obtain from the University the latest value of available short circuit at the service transformer secondary side and primary over current device.

C. Plot the specific time-current characteristics of each protective device in such a manner that all upstream devices shall be clearly depicted on one sheet.  There shall be a maximum of six (6) protective devices per plot.

D. The following specific information shall also be shown on the coordination curves:

1. Device identification and representative one-line diagrams.

2. Associated electric utility relays or fuse characteristics.

3. Transformer damage curves and inrush points.

4. Cable damage curves.

5. No-damage, melting, and clearing curves for fuses.

6. Maximum short circuit cutoff point.

7. Significant motor starting characteristics.

E. Develop a table to summarize the settings selected for the protective devices.  Include in the table the following:

1. Device identification.

2. Circuit breaker sensor rating, long-time, short-time, ground fault and instantaneous settings, and time bands.

3. Fuse rating and type.

4. Protective relay settings and associated current transformer ratios.
F. After developing the coordination curves, areas lacking coordination shall be highlighted.  Technical evaluation of the reason for the lack of coordination shall be presented, and logical alternatives shall be discussed

2.4 AC & DC Arc Flash Hazard Analysis
A. Supply the University with results of Arc Flash Hazard Analysis in latest current revision of SKM Systems Analysis, Inc. PowerTools software suite.
B. The study shall be in accordance with applicable NFPA 70E, NEC 110.16, OSHA 29-CFP, Part 1910 Sub part S and IEEE 1584 Standards.

C. Determine the following:
1. Arc Flash Boundary

2. Limited Approach Boundary

3. Restricted Boundary

4. Working Distance
5. Incident Energy Level

D. Provide arc flash hazard warning labels listing items 1-5 above.  Also include the bus name and voltage.  Labels shall be printed in color and be printed on glossy polyester material such as Brady THTEL-161-483-1-WA and THTEL-161-483-1-DA Labels or equivalent with size of 4"x4".  Incident energy levels shall be expressed in ranges as follows:

1. 0 – 1.2 cal/cm2
2. >1.2 – 4 cal/cm2
3. >4 – 8 cal/cm2
4. >8 – 12 cal/cm2
5. >12 – 25 cal/cm2
6. >25 – 40 cal/cm2
7. >40 cal/cm2
E. Produce an Arc Flash Evaluation Summary Sheet listing the following additional items:
1. Bus Name

2. Upstream Protective Device Name, Type and Settings

3. Bus Line to Line Voltage

4. Bus Bolted Fault

5. Protective Device Bolted Fault Current

6. Arcing Fault Current

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

15. Required Protective Fire Rated Clothing Type and Class
F. The Electrical Power Distribution system, including new systems and modifications to existing systems, shall meet the following requirements for limiting arc flash incident energy.  Two Methods (A and B), are provided to meet these requirements.  Method A requires that the final as-built incident energy level is below the Maximum Incident Energy listed in Table 1.  Where arc flash incident energy cannot be reduced below the limits in Table 1, then Method B requires other arc flash incident energy mitigation techniques to limit the effect of an arc flash, and to reduce arc flash incident energy levels as much as possible.  The selection of Method B instead of Method A is subject to approval by the University.

1. Method A – Arc Flash Incident Energy Reduction

a. The Subcontractor shall design the Power Distribution System such that the Maximum Incident Energy listed in Table 1 is not exceeded in the final as-built condition, regardless of the status of energy-reducing maintenance switching (ERMS).
b. Subject to review and approval by the University, the Subcontractor may use engineering methods including, but not limited to (see NFPA 70E, Annex O, Safety-Related Design Requirements, for additional information):

1) Zone Selective Interlocking

2) Differential Relaying

3) Energy-Reducing Active Arc Flash Mitigation System

4) Arc Flash Relaying

5) Current Limiting Devices

6) Equivalent methods, subject to approval

2. Method B – Arc Flash Incident Energy Mitigation

a. Where the limits in Method A cannot be achieved, and subject to approval by the University, Method B may be applied.
b. Using Method B, the incident energy shall be reduced to “As Low As Reasonably Achievable” (ALARA).  Consideration shall be given to modifications to existing installations (e.g., tenant remodels, equipment retrofits and replacements) in evaluating what is achievable.
c. The Subcontractor may be required by the University to utilize arc-resistant switchgear or MCCs where applicable, listed to IEEE Std C37.20.7, to minimize the impact of an arc flash event, in which case the installation shall be such that venting of the blast is directed to a safe area outside of a building.

3. The following requirements shall apply in all cases, regardless of whether Method A or Method B is selected:

a. The arc flash mitigation design techniques shall use listed components and equipment.

b. Energy-reducing maintenance switching (ERMS) shall be included where available.
c. Selective coordination shall be maintained.

d. In no case shall the arc flash incident energy be allowed to exceed 40 cal/cm2 without express written approval from the University.

Table 1:  Maximum Incident Energy
	Nominal Voltage
	Equipment Type
	Equipment
Location
	Maximum
Incident Energy
	Working
Distance

	115 kV – 12.47kV
	Open Air Switches, Breakers, and Busbar
	Grizzly Peak Substation
	12 cal/cm2
	60 inches

	12.47 kV
	Metal Clad or Enclosed Switchgear, Transformer Disconnect Switches, Gas Switches
	Electrical Rooms or outdoor fenced areas accessible to Qualified Electrical Workers
	12 cal/cm2
	36 inches

	480-208 V
	Unit Substations, between the secondary terminals of the transformer and the Unit Substation Main Breaker
	Electrical Rooms or outdoor fenced areas  accessible to Qualified Electrical Workers
	25 cal/cm2
	24 inches

	480-208 V
	Unit Switchgear downstream of Unit Substation Main Breaker

MCCs, switchboards, panelboards, switches
	Electrical Rooms or outdoor fenced areas  accessible to Qualified Electrical Workers
	12 cal/cm2
	24 inches

18 inches

	480-208 V
	MCCs, switchboards, panelboards, switches
	Mechanical rooms  accessible to QEW and non-QEW facilities workers
	4 cal/cm2
	18 inches

	480-208 V
	End user utilization equipment, local disconnect switches, industrial control panels, and programmatic (R&D) equipment
	Hallways, office spaces, laboratory spaces, technical spaces, or areas accessible to general public or non-QEW laboratory staff
	1.2 cal/cm2
	18 inches


2.5 PROTECTIVE DEVICE TESTING, ADJUSTMENT, AND MODIFICATION
A. The [RDP][Subcontractor] shall provide the services of a qualified field Engineer and necessary tools and equipment to test, and adjust the protective devices as recommended by the approved study, prior to energization of electrical equipment including but not limited to switchgears, switchboards, panelboards, and motor control centers.
B. Necessary minor modification, for conformance with the study, shall be accomplished without additional cost to the University.  (Examples of minor modifications would be trip sizes within the same frame, the time curve characteristics of relays, current transformer ranges, larger size circuit breaker frames, etc.)
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