
3. Phase relation and polarity tests at rated voltage connections. 
4. No load losses, and excitation current and rated voltage at rated voltage connections. 
5. Impedance and load losses at rated current and rated frequency at rated voltage 

connections. 
6. Applied and induced tensile tests. 
7. Regulation and efficiency at rated load and voltage. 
8. Insulation-Resistance Tests: 

a. High-voltage to ground. 
b. Low-voltage to ground. 
c. High-voltage to low-voltage. 

9. Temperature tests. 

B. Factory Sound-Level Tests: Conduct prototype sound-level tests on production-line products. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine conditions for compliance with enclosure- and ambient-temperature requirements for 
each transformer. 

B. Verify that field measurements are as needed to maintain working clearances required by 
NFPA 70 and manufacturer's written instructions. 

C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where 
transformers will be installed. 

D. Verify that ground connections are in place and requirements in Section 260526 "Grounding and 
Bonding for Electrical Systems" have been met. Maximum ground resistance shall be 5 ohms at 
location oftransformer. 

E. Environment: Enclosures shall be rated for the environment in which they are located. Covers for 
NEMA 250, Type 4X enclosures shall not cause accessibility problems. 

F. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install transformers level and plumb on a concrete base with vibration-dampening supports. 
Locate transformers away from corners and not parallel to adjacent wall surface. 

B. Construct concrete bases according to project plans and anchor floor-mounted transformers 
according to manufacturer's written instructionsand requirements in Section 260529 "Hangers 
and Supports for Electrical Systems." 
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1. Coordinate size and location of concrete bases with actual transformer provided. Cast 
anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are 
specified with concrete. 

C. Secure transformer to concrete base according to manufacturer's written instructions. 

D. Secure covers to enclosure and tighten all bolts to manufacturer-recommended torques to reduce 
noise generation. 

E. Remove shipping bolts, blocking, and wedges. 

3.3 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems." 

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables." 

C. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in 
UL 486A-486B. 

D. Provide flexible connections at all conduit and conductor terminations and supports to eliminate 
sound and vibration transmission to the building structure. 

3.4 FIELD QUALITY CONTROL 

A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections. 

B. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

D. Perform tests and inspections. 

E. Small (Up to 167-kVA Single-Phase or 500-k-VA Three-Phase) Dry-Type Transformer Field 
Tests: 

1. Visual and Mechanical Inspection. 

a. Inspect physical and mechanical condition. 
b. Inspect anchorage, alignment, and grounding. 
c. Verify that resilient mounts are free and that any shipping brackets have been 

removed. 
d. Verify the unit is clean. 
e. Perform specific inspections and mechanical tests recommended by manufacturer. 
f. Verify that as-left tap connections are as specified. 
g. Verify the presence of surge arresters and that their ratings are as specified. 

LOW-VOLTAGE DISTRIBUTION TRANSFORMERS 262213 - 6 



2. Electrical Tests: 

a. Measure resistance at each winding, tap, and bolted connection. 
b. Perform insulation-resistance tests winding-to-winding and each winding-to-

ground. Apply voltage according to manufacturer's published data. In the absence of 
manufacturer's published data, comply with NETA ATS, Table 100.5. Calculate 
polarization index: the value ofthe index shall not be less than 1.0. 

c. Perform turns-ratio tests at all tap positions. Test results shall not deviate by more 
than one-half percent from either the adjacent coils or the calculated ratio. If test 
fails, replace the transformer. 

d. Verify correct secondary voltage, phase-to-phase and phase-to-neutral, after 
energization and prior to loading. 

F. Large (Larger Than 167-kVA Single Phase or 500-kVA Three Phase) Dry-Type Transformer 
Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Inspect anchorage, alignment, and grounding. 
c. Verify that resilient mounts are free and that any shipping brackets have been 

removed. 
d. Verify the unit is clean. 
e. Perform specific inspections and mechanical tests recommended by manufacturer. 
f. Verify that as-left tap connections are as specified. 
g. Verify the presence of surge arresters and that their ratings are as specified. 

2. Electrical Tests: 

a. Measure resistance at each winding, tap, and bolted connection. 
b. Perform insulation-resistance tests winding-to-winding and each winding-to-

ground. Apply voltage according to manufacturer's published data. In the absence of 
manufacturer's published data, comply with NETA ATS, Table 100.5. Calculate 
polarization index: the value ofthe index shall not be less than 1.0. 

c. Perform power-factor or dissipation-factor tests on all windings. 
d. Perform turns-ratio tests at all tap positions. Test results shall not deviate by more 

than one-half percent from either the adjacent coils or the calculated ratio. If test 
fails, replace the transformer. 

e. Perform an excitation-current test on each phase. 
f. Perform an applied voltage test on all high- and low-voltage windings to ground. 

See IEEE C57.12.91, Sections 10.2 and 10.9. 
g. Verify correct secondary voltage, phase-to-phase and phase-to-neutral, after 

energization and prior to loading. 

G. Remove and replace units that do not pass tests or inspections and retest as specified above. 

H. Infrared Scanning: Two months after Substantial Completion, perform an infrared scan of 
transformer connections. 

1. Use an infrared-scanning device designed to measure temperature or detect significant 
deviations from normal values. Provide documentation of device calibration. 

LOW-VOLTAGE DISTRIBUTION TRANSFORMERS 262213 - 7 



2. Perform two follow-up infrared scans oftransformers, one at four months and the other at 
11 months after Substantial Completion. 

3. Prepare a certified report identifying transformer checked and describing results of 
scanning. Include notation of deficiencies detected, remedial action taken, and scanning 
observations after remedial action. 

I. Test Labeling: On completion of satisfactory testing of each unit, attach a dated and signed 
"Satisfactory Test" label to tested component. 

3.5 ADJUSTING 

A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy 
period. Adjust transformer taps to provide optimum voltage conditions at secondary terminals. 
Optimum is defined as not exceeding nameplate voltage plus 5 percent and not being lower than 
nameplate voltage minus 3 percent at maximum load conditions. Submit recording and tap 
settings as test results. 

B. Output Settings Report: Prepare a written report recording output voltages and tap settings. 

3.6 CLEANING 

A. Vacuum dirt and debris; do not use compressed air to assist in cleaning. 

END OF SECTION 262213 
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SECTION 262313 - PARALLELING LOW-VOLTAGE SWITCHGEAR 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: Metal-enclosed, low-voltage, circuit-breaker switchgear rated 600 V and less, 
and associated monitoring and control systems for paralleling standby generators on an isolated 
bus and for distributing electrical power. 

B. As applied to the TBPPs this switchgear is to be used when aggregating together two or more 
TBPPs to arrive at a given kW output. This aggregation will be for paralleling two or three TBPPs 
to the same emergency supply bus. 

C. Related Requirements: 

1. Section 263213.16 "Gaseous Emergency Engine Generators" 
2. Section 263373 "BESS" 

1.3 

A. 

B. 

C. 

DEFINITIONS 

ATS: Acceptance Testing Specification. 

DDC: Direct digital control. 

Legally Required: As used in this Section, it shall have the same meaning as used in NFPA 70. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of paralleling low-voltage switchgear. 

1. Include technical data on features, performance, electrical characteristics, ratings, and 
finishes for programmable logic controllers, instrumentation, control devices, monitoring 
devices, SCADA interface devices, Ethernet interface, and display components. 

2. Include rated capacities, operating characteristics, furnished specialties, factory settings, 
and accessories for individual circuit breakers. 

3. Include time-current characteristic curves for overcurrent protective devices. 

B. Shop Drawings: For each type of paralleling low-voltage switchgear. 
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1. Include dimensioned plans, elevations, sections, details, shipping sections, weights ofeach 
assembled section, and required clearances and service space around equipment. 

2. Include tabulation of installed devices with features and ratings. 
3. Include enclosure types and details. 
4. Detail locations for anchor bolts and leveling channels. 
5. Show bus configuration with current rating, size, and number of conductors in each bus 

run, including phase, neutral, and ground conductors ofmain and branch buses. 
6. Indicate short-time and short-circuit current rating of switchgear assembly. 
7. Include features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components. 
8. Detail nameplate legends. 
9. Include mimic-bus diagram. 
10. Include three-line power wiring diagrams for paralleling low-voltage switchgear, 

generators, and related equipment showing device terminal numbers. 
11. Include point-to-point schematic control, monitoring, and alarm wiring diagrams showing 

internal component terminal numbers. 
12. Include point-to point schematic control, monitoring, and alarm wiring diagrams for 

external components indicating terminal numbers for the following: 

a. Engine generators. 
b. Transfer switches. 
c. Other load-control devices. 
d. Elevator controller in each elevator bank. 
e. DDC system for HVAC controller. 
f. SCADA remote terminal unit. 

C. Samples: Representative portion ofmimic bus with specified finish. Manufacturer's color charts 
showing colors available for mimic bus. 

D. Delegated-Design Submittal: For paralleling low-voltage switchgear. 

1. Include design calculations, signed and sealed by a qualified professional engineer, for 
selecting seismic restraints and for structural analysis of outdoor enclosures, including 
wind loading. 

E. Sequence of Operation: Description of sequence ofoperation forparalleling controls in automatic, 
manual, system test, and peak-shaving modes. 

1. Include the following in the description ofthe automatic-mode sequence of operation: 

a. Programmed sequence of initial generator starting and connection of generators to 
the isolated paralleling bus, including a description of how the proposed design 
complies with the requirements for redundancy. 

b. Programmed sequence oftransferring loads to the isolated paralleling bus based on 
operator-adjustable preset priorities and preset loads. Include initial load settings. 

c. Programmed sequence of starting and stopping generators based on actual real-time 
measured loads. 

d. Programmed sequence of sending a load-shed signal to transfer switches[, and to 
other devicesl when the generator frequency does not return to the normal 
frequency within the adjustable time period. 
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e. Programmed sequence of stopping generators based on no transfer switch or other 
device sending a start signal. 

2. Include the following in the description ofthe system testing mode sequence of operation: 

a. Load. 
b. No load. 

3. Include in the description, the manual-mode sequence of operation showing that the manual 
mode fulfills the requirement to permit the operator at the paralleling low-voltage 
switchgear to accomplish all automatic, system test, and peak-shaving functions. 

4. Paralleling Low-Voltage Switchgear Redundancy: Identify any single points of failure. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: 

1. Floor plans showing dimensioned layout, required working clearances, and required area 
above and around paralleling low-voltage switchgear where pipe and ducts are prohibited. 

2. Switchgear layout and relationships between components and adjacent structural and 
mechanical elements. 

3. Support locations, type of support, and weight on each support. Indicate field 
measurements. 

B. Qualification Data: For testing agency. 

C. Source quality-control reports. 

D. Field quality-control reports. 

E. Sample Warranty: For manufacturer's special warranty. 

1.6 CLOSEOUT SUBMITTALS 

A. Updated mimic bus diagram reflecting field changes after final switchgear load connections have 
been made, for record. 

B. Operation and Maintenance Data: For paralleling low-voltage switchgear and components to 
include in emergency, operation, and maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 

a. Manufacturer's written instructions for sequence of operation. 
b. Manufacturer's system checklists, maintenance schedule, and maintenance log 

sheets complying with NFPA 110. 
c. Manufacturer's written instructions for testing and adjusting relays. 
d. Time-current curves, including selectable ranges for each type of overcurrent 

protective device. 
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1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Control Power Fuses: Six of each type and rating used. Include spares for the following: 

a. Potential transformers. 
b. Control power circuits. 

2. Indicating Lights: Six of each type installed. 
3. Draw-out Circuit Breakers: One of each type and rating used for circuit breaker in the 

paralleling low-voltage switchgear. 

B. Maintenance Tools: Furnish tools and miscellaneous items required for paralleling low-voltage 
switchgear test, inspection, maintenance, and operation. Include the following: 

1. Floor-running transport or dockable dolly with manual lifting mechanism and all 
other items necessary to remove circuit breaker from housing and transport it to remote 
location. 

2. Racking handle to move circuit breaker manually between connected and disconnected 
positions. 

1.8 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company ofNETA or an NRTL. 

1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site 
testing. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Deliver paralleling low-voltage switchgear in sections of lengths that can be moved past 
obstructions in delivery path. 

B. Store paralleling low-voltage switchgear indoors in clean dry space with uniform temperature to 
prevent condensation. 

1.10 FIELD CONDITIONS 

A. Installation Pathway: Remove and replace building components and structures to provide 
pathway for moving paralleling low-voltage switchgear into place. 

B. Interruption ofExisting Electrical Service: Do not interrupt electrical service to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after arranging 
to provide temporary electrical service according to requirements indicated: 

1. Notify Construction Manager and Owner no fewerthan five days in advance ofproposed 
interruption of electrical service. 
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2. Do not proceed with interruption of electrical service without Construction Manager's 
and Owner's written permission. 

C. Environmental Limitations: Rate equipment for continuous operation at indicated ampere ratings 
for the following conditions: 

1. Ambient temperature not exceeding 122 deg F (50 deg C). 
2. Altitude of 6600 feet above sea level. 

1.11 WARRANTY-

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace paralleling equipment that 
fails in materials or workmanship within specified warranty period. 

1. Warranty Period: Two year(s) from date of Substantial Completion. 

PART 2-PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for paralleling 
low-voltage switchgear, including clearances between paralleling switchgear and adjacent 
surfaces and other items. Comply with indicated maximum dimensions. 

C. The multiple-generator paralleling monitoring and control panel in the paralleling low-voltage 
switchgear shall monitor and control the following standby power system components: 

1. Paralleling low-voltage switchgear. 
2. Engine generators. 
3. Transfer switches. 
4. Other load-control devices. 
5. Distribution circuit breakers in paralleling low-voltage switchgear. 

D. Sequence of Operation for Normal Conditions: 

1. Paralleling low-voltage switchgear, including controlled generators, controlled circuit 
breakers, and transfer switches, shall be in the automatic position and ready to operate on 
loss of power or other designated initiation conditions. 

2. Each single-generator monitoring and control system has not received a "start" signal from 
the following: 

a. Transfer switch. 
b. Multiple-generator paralleling monitoring and control system. 
c. Aggregation switchboard shall be energized through grid forming BESS systems 

from the aggregated TBPPs. All BESS systems shall be prior synchronized to form 
an aggregated output equal to the rating ofthe aggregated TBPPs. 
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E. Sequence of Operation for Loss of Normal Power Conditions: 

1. System ATS shall transfer to already energized aggregation switchboard. 

2. ATS shall send start signal to each engine generator in the aggregated TBPP. 

3. On receiving a start signal, each single-generator monitoring and control system shall start 
engine generators and achieve rated voltage and frequency. 

4. Black-Start Control: Prevent out-of-phase paralleling. After selecting the first generator to 
achieve 90 percent rated voltage and frequency, inhibit the connection of generator-
controlled circuit breakers to the isolated paralleling bus, then close the circuit breaker 
connecting the first generator to the isolated paralleling bus. 

a. Comply with requirements in Section 263213 "Engine Generators" for selection of 
the first engine generator to connect to the isolated paralleling bus. 

5. Each single-generator paralleling monitoring and control system synchronizes its 
associated engine generator and allows closure of respective generator paralleling low-
voltage circuit breakers to the isolated paralleling bus. On closure to isolated paralleling 
bus, each engine generator assumes its proportional share oftotal load. 

6. Failure of an Engine Generator to Synchronize: If engine generator fails to synchronize, 
sound an alarm after a preset time delay, but continue to attempt to synchronize the engine 
generator until signaled to stop by manual operation. 

F. Load-Demand Sequence of Operation: 

1. With load-demand sequence of operation activated, controller continuously monitors total 
isolated paralleling bus load. 

2. If isolated paralleling bus load is below preset limits and after a preset time delay, demand 
controller shuts down engine generators in predetermined order until minimum number of 
sets are operating. Set preset limits, predetermined order, and preset time delay, as well as 
choose manual operation, from human-machine interface. 

3. On sensing available isolated paralleling bus capacity diminished to set point, controller 
starts and closes engine generators to isolated paralleling bus to accommodate load. 

G. Individual Transfer Switch Return to Normal Condition Sequence of Operation: Enable 
individual transfer switches to return to normal power when normal power is available at the 
transfer switch. 
1. When transfer is complete ATS sends stop signal to all generators. 
2. BESS to remain energized and on isolated emergency bus. 

H. System Test Sequence of Operation: 

1. Configure tests to comply with NFPA 110, Level 1 testing requirements for each generator. 
Automatically generate NFPA 110, Level 1 reports. 

2. Single-generator test. 
3. Multiple-generator test. 
4. Start generators manually, by generator exerciser on user-defined schedule. 
5. Engine generator(s) start and achieve rated voltage and frequency. 
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6. Failure of Engine Generator to Start: After expiration of overcrank time delay, engine 
generator shuts down and alarm is initiated. 

7. Black-Start Control: Prevent out-of-phase paralleling. After selecting first generator to 
achieve 90 percent rated voltage and frequency, inhibit connection of generator-controlled 
circuit breakers to isolated paralleling bus, then close circuit breaker connecting first 
generator to isolated paralleling bus. Each single-generator paralleling monitoring and 
control system synchronizes its associated engine generator and allows closure of 
respective generator paralleling low-voltage circuit breakers to the isolated paralleling bus. 
On closure to isolated paralleling bus, each engine generator assumes its proportional share 
oftotal load. 

8. Failure ofEngine Generatorto Synchronize: Ifengine generator fails to synchronize, sound 
alarm after preset time delay, but continue to attempt to synchronize engine generator until 
signaled to stop by manual operation. 

9. Manually select or automatically preselect whether test is a load or no-load test. Iftest is a 
load test, manually select or automatically preselect loads to be transferred according to 
schedule or by adjustable time delays at transfer switches. After generators are connected 
to isolated paralleling bus, transfer loads by sending signal to load-add relay that is 
connected to input for "remote transfer to generator source" oftransfer switch controller or 
to other devices. 

10. After adjustable period of time the system, allow engine generators to optimize down to 
only the required number to be online to avoid wet stacking. Set stopping and starting 
sequences through human-machine interface panel device and allow settings based on 
manual priorities or by engine run time. 

11. On sensing available bus capacity diminished to set point, controller starts and closes 
engine generators to the isolated paralleling bus to accommodate load. 

12. After system test is completed, transfer loads back to normal power with transfer switches. 
Shut down system using sequence in automatic mode. 

13. If there is an outage during this mode of operation, automatically change to requirements 
specified in " Sequence of Operation for Loss of Normal Power Conditions" Paragraph, 
send load-shed signals to lower-priority loads until load is below generator capacity, signal 
any engine generator that is not currently operating to start, and cancel system test. 

I. Comply with NFPA 110 for the following: 

1. Emergency: EPSS Level 1, Type 10. 
2. Legally Required Standby: EPSS Level 1, Type 60. 
3. Optional Standby: EPSS [Level 1] [Level 2], [Type 10] [Type 60] [Type 120] [Manuall. 

J. Comply with NFPA 99 for healthcare applications. 

2.2 MULTIPLE-GENERATOR PARALLELING MONITORING AND CONTROL SYSTEM 

A. Source Limitations: Obtain paralleling low-voltage switchgear from same manufacturer as 
required transfer switches and engine generators. 

B. Components and Devices: Factory mounted in a metal-enclosed, paralleling low-voltage 
switchgear. 

1. Paralleling Low-Voltage Switchgear Door-Mounted Control Devices: Industrial, oil-type 
devices. 

PARALLELING LOW-VOLTAGE SWITCHGEAR 262313 - 7 



2. Indicator Lamps: High-intensity digital display. 

C. Control Power for Multiple-Generator Monitoring and Control System: Supplied from 24-V dc 
starting batteries of engine generators. 

1. Isolate each battery bank to prevent failure of one battery from disabling entire system. 
2. Include, if necessary, separate control power battery system rated 24-V dc for equipment 

unable to accept voltage drop that occurs during engine cranking. 

D. Multiple-generator monitoring and control system auto/manual selector switch. 

E. Full-Color, Touch-Screen, Human-Machine Interface Device: 

1. Minimum viewing area of 60 sq. in. (387 sq. cm) shall be configurable in either U.S. 
standard or SI (metric) units. 

2. Main Menu: Include date, time, and system status messages. Configure screens so that no 
screen is more than three touches from any other screen. 

a. Individual engine generator data shall be accessed at the paralleling low-voltage 
switchgear from the main menu and each single-generator paralleling 
monitoring and control system. 

3. One-Line Diagram: Depicting system configuration and system status by screen animation, 
screen colors, text messages, or pop-up indicators. 

a. Conditions for Engine Generators, Buses, and Paralleling Circuit Breakers: 
Energized or de-energized. 

b. Engine Generator Modes: 

1) Auto. 
2) Lockout 
3) Reset. 
4) Off. 
5) Cool down. 
6) Test offline. 
7) Test on load. 

c. Engine Generator Status: Normal, warning, shutdown, or load-demand stop. 
d. Paralleling Circuit-Breaker Status: Open, closed, or tripped. 
e. Bus Conditions: Energized or de-energized. 
f. Percent load. 

4. AC metering screen for isolated paralleling bus shall display the following: 

a. Phase, volts, and amperes. 
b. Kilowatts. 
c. Kilovolt amperes. 
d. Kilovolt-ampere rating. 
e. Power factor. 
f. Frequency. 
g. Kilowatt hour. 
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h. Kilowatt demand. 
i. Real-time trend chart for system kilowatts and volts updated on not less than one-

second intervals. 
j. A minimum of one historical trend chart for total system loads with intervals no 

shorter than five minutes and a minimum duration offour hours. 
k. Percent of available capacity of the engine generators that are operating in parallel 

on the bus. 

5. Engine Generator Monitoring and Control Screen: 

a. Control: 

1) Engine generator manual start/stop control (functional only when the 
paralleling low-voltage switchgear mounted control switch is in "Auto" 
position). 

2) Engine generator alarm reset. 
3) Manual paralleling and circuit-breaker enable/inhibit controls. 
4) Engine function and timer settings. 
5) System function, testing, and timer settings. 
6) Engine generator optimization settings: automatically determine the priority 

ofthe engine generators based on engine run time and number of engine starts 
or manually assign engine priorities. 

b. Status and Alarms: 

1) Power Metering: Watts, volt-ampere reactive, power factor, frequency, 
amperes, and voltage. 

2) Engine run hours. 
3) Engine status. 
4) Number ofgenerator circuit-breaker operations. 
5) Replicate status and alarms from each single-generator paralleling monitoring 

and control panel. 

6. Dual, Three-Phase, Metering Screen: Graphical analog (270 electrical degree) metering 
representation with digital display. Display two generators at the same time or one 
generator and the isolated paralleling bus at the same time. Display graphical synchroscope 
when one generator and the isolated paralleling bus are selected. 

a. True mls, three-phase voltage, amperes, kilowatts, kilovolt amperes, kilovolt-
ampere reactive, power factor, and frequency parameters. 

b. Engine battery voltage display. 

7. Password-Protected System Control Screen: 

a. System Test Modes: Test with load/test without load/normal/retransfer time-delay 
ovenide. 

b. Test with Load: Starts and synchronizes engine generators on isolated paralleling 
bus; allloads are transferred to the isolated paralleling bus. 

c. Test without Load: Starts and synchronizes engine generators on isolated paralleling 
bus but does not transfer loads to the isolated paralleling bus. 
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d. Time adjustments for retransfer time delay, transfer time delay, system time delay 
on stopping, and system time delay on starting. 

8. Load-Demand Control Screen: Monitors total load on the isolated paralleling bus and 
controls number of engine generators running so that capacity tracks load demand. 

a. Load-Demand Control: Enable/disable. 
b. Set engine generator shutdown sequence. 
c. Load-Demand Pickup Set Point: Adjustable from 90 to 40 percent in 5 percent 

increments. 
d. Load-Demand Dropout Set Point: Adjustable from 20 to 70 percent in 5 percent 

increments. 

9. Alarm Summary and Run Report Screen: 

a. Lists most recent alarm conditions and status changes. 
b. Lists a minimum of the most recent 32 alarm conditions by name and time/date; 

acknowledges alarm conditions with time/date. 
c. For each start signal, lists start time and date, stop time and date, maximum kilowatt 

and ampere load on system during run time, and start and stop times of individual 
engine generators. 

d. Lists generator circuit position and status. 
e. Access to trend all monitored automatic transfer switches. 
f. 16-gigabyte hard-disk space for storing the database file for multiple-generator 

paralleling monitoring and control panel trending and event logging. Trend and log 
data at a resolution of one second. If hard drive is full, overwrite in a first-in-first-
out procedure. 

1) Trend up to eight monitored points simultaneously. 

10. Load Status and Control Screen: Displays status of automatic transfer switches connected 
to the system for 6 transfer switches, and other controlled devices. 

a. Automatic transfer switch connected to normal. 
b. Automatic transfer switch connected to emergency. 
c. Engine start indication. 
d. Transfer Switch Power Metering Function: Total kilowatt, three-phase current, and 

three-phase voltage. 
e. Automatic Transfer Switch Load Priority: Ability to change priorities of automatic 

transfer switches (password protected). 
f. Display name, status, and priority of each load block (whether on or off) and the 

total load ofthat block. 

11. Automated email messages shall be transmitted when shutdowns occur and shall include 
time and date of alarm. 

12. Based on either the number operations or the time since the last maintenance, suggest 
maintenance period for generator (run hours), controlled circuit breaker (number of 
operations), and transfer switches (number oftransfers). 

13. Status and Alarm Screen: 
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a. Visual alarm status indicator and alarm horn with silence and acknowledge push 
button. 

b. Status, Light Only: 

1) "SYSTEM NOT IN AUTO" (red). 
2) Running Status: Display engine generator number and running-status light 

(green). 
3) Load-demand mode (green). 
4) System test (green). 
5) Remote system start (red). 
6) Monitoring of Each Transfer Switch: 

a) Normal source available for each (green). 
b) Connected to normal (green). 
c) Generator source available (green). 
d) Connected to generator source (green). 

c. Status Light and Alarm: 

1) Isolated paralleling bus under frequency (red). 
2) Isolated paralleling bus over frequency (red). 
3) Auxiliary power failure (red). 
4) Emergency start signal power failure (red). 
5) Load-Shed Level Status: Displays load number and red load-shed, status light. 
6) Generator Alarm Status: Displays generator number and red "Check 

Generator" status light. 
7) Controller malfunction (red). 
8) Check station battery (red). 
9) Isolated paralleling bus overload (red). 
10) System not in auto (red). 
11) Main tank, low fuel (amber) 
12) Main tank, high fuel (amber). 
13) Main tank, fuel leak (red). 

F. Remote Monitoring: Replicate human-machine interface monitoring functions at remote 
computer terminal. 

G. Remote Monitoring of Status and Alarms: Replicate human-machine interface status and alarms 
at DDC system for HVAC via isolated contacts. 

2.3 METAL-ENCLOSED, CIRCUIT-BREAKER SWITCHGEAR (600 V AND LESS) 

A. Source Limitations: Obtain paralleling low-voltage switchgear from same manufacturer as 
required for transfer switches and engine generators. 

B. Description: Factory assembled and tested, and complying with IEEE C37.20.1 and UL 1558. 

C. Ratings: Suitable for application in three-phase, 60-bIz, solidly grounded neutral system. 

D. Nominal System Voltage: Per project plans wire, 60 Hz. 
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E. Isolated Paralleling Bus: Per project plans. 

1. Phase-, Neutral-, and Ground-Bus Materials: 

a. Phase and Neutral Bus: Copper, tin plated. 
b. Ground Bus: Copper, tin plated; minimum size 1/4 by 2 inches (6 by 50 mm). 

2. Bus bars connect between vertical sections and between compartments. Cable connections 
are not permitted. 

a. Uniform capacity for horizontal and vertical bus. 
b. Neutral Bus: 100 percent of phase-bus ampacity, except as indicated 
c. Supports and Bracing for Buses: Adequate strength for indicated short-circuit 

currents. 

F. Short-Circuit Current: Match rating of highest-rated circuit breaker in switchgear assembly. 

G. Switchgear Fabrication: 

1. Bus isolation barriers shall be arranged to isolate line bus from load bus at each main and 
tie circuit breaker. 

2. Circuit-breaker compartments shall be equipped to house drawout-type circuit breakers and 
shall be fitted with hinged outer doors. 

3. Auxiliary Compartments: Match and align with basic switchgear assembly. 

a. Bus transition sections. 
b. Pull sections. 
c. Hinged front panels for access to accessory and blank compartments. 
d. Pull box on top of switchgear for extra room for pulling cable, with removable top, 

front, and side covers; and ventilation provisions adequate to maintain air 
temperature in pull box within same limits as switchgear. 

1) Set pull box back from front to clear circuit-breaker lifting mechanism. 
2) Bottom: Insulating, fire-resistive material with separate holes for cable drops 

into switchgear. 
3) Cable Supports: Arranged to ease cabling and adequate to support cables 

indicated, including those for future installation. 

e. Neutral Disconnect Link: Bolted, uninsulated, 1/4-by-2-inch (6-by-50-mm) copper 
bus, arranged to connect neutral bus to ground bus. 

f. Provide for future extensions from either end ofmain phase, neutral, and ground bus 
by means of predrilled bolt-holes and connecting links. 

g. Bus-Bar Insulation: Individual bus bars wrapped with factory-applied, flame-
retardant tape or spray-applied, flame-retardant insulation. 

1) Sprayed Insulation Thickness: 3 mils (0.08 mm), minimum. 
2) Bolted Bus Joints: Insulate with secure joint covers that can easily be removed 

and reinstalled. 
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4. Circuit-Breaker Terminals for Cable Connections: Silver-plated copper bus extensions 
equipped with pressure connectors for conductors. 

H. Circuit Breakers: Comply with IEEE C37.13, IEEE C37.16, and IEEE C37.17. 

1. Ratings: As indicated on project plans for continuous, interrupting, and short-time current 
ratings for each circuit breaker; voltage and frequency ratings same as switchgear. 

2. Operating Mechanism: Mechanically and electrically trip-free, stored-energy operating 
mechanism with the following features: 

a. Normal Closing Speed: Independent ofboth control and operator. 
b. Slow Closing Speed: Optional with operator for inspection and adjustment. 

3. Stored-Energy Mechanism: Electrically charged, with optional manual charging and 
operation counter. 

4. Trip Devices: 

a. Solid-state, overcurrent trip-device system consisting of one or two current 
transformers or sensors per phase, and a release mechanism. 

b. Functions: Long-time-delay, short-time-delay, and instantaneous-trip functions, 
independent of each other in both action and adjustment. 

c. Temperature Compensation: Ensures accuracy and calibration stability from minus 
5 to plus 40 deg C. 

d. Time-Current Characteristics: Field adjustable. 
e. Current Adjustability: Dial settings and rating plugs ontrip units or sensors on circuit 

breakers, or a combination ofthese methods. 
f. Long-Time- and Short-Time-Delay Functions: Three bands, minimum; marked 

"minimum," "intermediate," and "maximum." 
g. Pickup Points: Five minimum, for long-time- and short-time-trip functions. Equip 

short-time-trip function for switchable I-squared-t operation. 
h. Pickup Points: Five minimum, for instantaneous-trip functions. 
i. Ground-fault protection with at least three short-time-delay settings and three trip-

time-delay bands; adjustable current pickup. Arrange to provide protection for the 
following: 

1) Three-wire circuit or system. 
2) Four-wire circuit or system. 
3) Four-wire, double-ended substation. 

j. Trip Indication: Labeled, battery-powered lights or mechanical targets on trip device 
to indicate type of fault. 

5. Auxiliary Contacts: For interlocking or remote indication of circuit-breaker position, with 
spare auxiliary switches and other auxiliary switches required for normal circuit-breaker 
operation, quantity as indicated. Each consists of two Type "a" and two Type "b" stages 
(contacts) wired through secondary disconnect devices to a terminal block in stationary 
housing. 

6. Drawout Features: Circuit-breakermounting assembly equipped with a racking mechanism 
to position circuit breaker and hold it rigidly in connected, test, and disconnected positions. 
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a. Interlocks: Prevent movement ofcircuit breaker to or from connected position when 
it is closed. 

b. Circuit-Breaker Positioning: 

1) An open circuit breaker may be racked to or from connected, test, and 
disconnected positions only with the associated compartment door closed, 
unless live parts are covered by a full dead-front shield. 

2) An open circuit breaker may be manually withdrawn to a position for removal 
from the structure with the door open. 

3) Status for connection devices for different positions includes the following: 

a) Test Position: Primary disconnect devices disengaged, and secondary 
disconnect devices and ground contact engaged. 

b) Disconnected Position: Primary and secondary devices and ground 
contact disengaged. 

7. Arc Chutes: Readily removable from associated circuit breaker when it is in disconnected 
position; arranged to permit inspection of contacts without removing circuit breaker from 
switchgear. 

8. Padlocking Provisions: For installing at least three padlocks on each circuit breaker to 
secure its enclosure and prevent movement of drawout mechanism. 

9. Operating Handle: One for each circuit breaker capable of manual operation. 

a. Generator Paralleling Circuit Breakers: Interlocked with system control so that 
circuit breaker does not close unless mode selector switch is in "Auto" position and 
engine generator is synchronized with the isolated paralleling bus. 

10. Electric Close Button: One for each electrically operated circuit breaker. 

a. Generator Paralleling Circuit Breakers: Interlocked with system control so that 
circuit breaker does not close unless mode selector switch is in "Auto" position and 
engine generator is synchronized with the isolated paralleling bus. 

11. Mechanical Interlocking of Circuit Breakers: Uses a mechanical tripping lever or 
equivalent design and electrical interlocks. 

12. Key Interlocks: Arranged so keys are attached at devices indicated. Mountings and 
hardware are included where future installation ofkey-interlock devices is indicated. 

13. Undervoltage Trip Devices: Instantaneous, with adjustable pickup voltage. 
14. Undervoltage Trip Devices: Adjustable time-delay and pickup voltage. 
15. Shunt-Trip Devices: 

a. 24-V dc for generator paralleling circuit breakers and for distribution paralleling 
switchgear circuit breakers. 

b. Where indicated. 

16. Indicating Lights: To indicate circuit breaker is open or closed, for main and bus tie circuit 
breakers interlocked either with each other or with external devices. 

I. Metering: 

1. Type and Locations: 
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a. Isolated Paralleling Bus: Multifunction digital-metering monitor; on door of 
separate metering compartment. 

b. TBPP Circuit Breakers: Multifunction digital-metering monitor; on circuit-
breaker door. 

2. Instrument Transformers: 

a. Comply with IEEE C57.13. 
b. Potential Transformers: Secondary-voltage rating of 120 V and NEMA accuracy 

class of 0.3 with burdens ofW, X, and Y. 
c. Current Transformers: 

1) Burden and accuracy class suitable for connected relays, meters, and 
instruments. 

2) Size for the maximum momentary current amperage based on calculation or 
the momentary rating ofthe circuit breaker protecting the conductor. 

3) Include shorting-type terminal blocks. 

3. Multifunction Digital-Metering Monitor: 

a. Microprocessor-based unit suitable for three- or four-wire systems. 
b. Inputs from sensors or 5-A current-transformer secondaries, and potential terminals 

rated to 600 V. 
c. Switch-selectable digital display with the following features: 

1) Phase Currents, Each Phase: Plus or minus 1 percent. 
2) Phase-to-Phase Voltages, Three Phase: Plus or minus 1 percent. 
3) Phase-to-Neutral Voltages, Three Phase: Plus or minus 1 percent. 
4) Three-Phase Real Power: Plus or minus 2 percent. 
5) Three-Phase Reactive Power: Plus or minus 2 percent. 
6) Power Factor: Plus or minus 2 percent. 
7) Frequency: Plus or minus 0.5 percent. 
8) Integrated Demand, with Demand Interval Selectable from 5 to 60 Minutes: 

Plus or minus 2 percent. 
9) Accumulated energy, in megawatt hours (joules), plus or minus 2 percent; 

stored values unaffected by power outages for up to 72 hours. 

d. Communications module suitable for remote monitoring of meter quantities and 
functions. 

e. Mounting: Display and control unit that is flush or semi-recessed mounted in 
instrument compartment door. 

J. Relays: Comply with IEEE C37.90, integrated digital type; with test blocks and plugs. 

1. Functions: <Insert functions>. 
2. Characteristics: <Insert characteristics> 

K. Door-Mounted Control Components: Industrial-type oiltight devices and digital-display indicator 
lamps. 

L. Control Power Supply: 
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1. Control powertransformer shall supply 120-V ac control circuits from the generator source 
through secondary disconnect devices. 

2. Include a control power transformer for each generator paralleling switchgear circuit 
breaker connected to the generator side ofthe circuit breaker. 

3. Include a control power transformer for each distribution paralleling switchgear circuit 
breaker. 

4. Dry-type transformers shall be in separate compartments for units larger than 3 kVA, 
including primary and secondary fuses. 

5. Two control power transformers in separate compartments with necessary interlocking 
relays; each transformer shall be connected to line side of associated main circuit breaker. 

a. Secondary windings shall be connected through relay(s) to control bus to effect an 
automatic transfer scheme. 

b. Secondary windings shall be connected through an internal automatic transfer switch 
to paralleling switchgear control power bus. 

6. Control Power Fuses: Primary and secondary fuses shall provide current-limiting and 
overload protection. 

M. Control Wiring: 

1. Factory installed, complete with bundling, lacing, and protection. 
2. Provide flexible conductors for No. 8 AWG and smaller, for conductors across hinges and 

for conductors for interconnections between shipping units. 
3. Conductors shall be sized according to NFPA 70 for duty required. 

N. Provision for Future Devices: Equip compartments with rails, mounting brackets, supports, 
necessary appurtenances, and bus connections. 

O. Identification: Comply with requirements in Section 260553 "Identification for Electrical 
Systems" for electrical identification devices and installation. 

1. Identify units, devices, controls, and wiring. 
2. Mimic Bus: Continuous mimic bus, applied to front of paralleling low-voltage switchgear, 

arranged in one-line diagram format, using symbols and lettered designations consistent 
with approved mimic-bus diagram. 

a. Mimic-bus segments coordinated with devices in paralleling low-voltage switchgear 
sections to which applied, to produce a concise visual presentation of principal 
paralleling switchgear components and connections. 

b. Medium: Painted graphics, as selected by Architect. 
c. Color: Contrasting with factory-finish background; as selected by Architect from 

manufacturer's full range. 

P. Outdoor Enclosure Fabrication Requirements: Galvanized steel, weatherproof; integral 
structural-steel base frame with factory-applied asphaltic undercoating. 

1. Features for Each Compartment or Group of Compartments: 
a. Space heater operating at one-half or less of rated voltage, sized to prevent 

condensation. 
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b. Louvers equipped with insect and rodent screen and filter; arranged to permit air 
circulation while excluding insects, rodents, and exterior dust. 

c. Hinged front door with locking provisions. 
d. Interior light with switch. 
e. Weatherproof ground-fault circuit-interrupter duplex receptacle. 
f. Power for air conditioning, heaters, lights, and receptacles to be provided from 

control power transformer. 

Q. Access: Fabricate enclosure with hinged, rear cover panels to allow access to rear interior of 
paralleling low-voltage switchgear. 

R. Finish: Manufacturer's standard gray finish over a rust-inhibiting primer on phosphatizing-treated 
metal surfaces. 

S. Accessories: 

1. Tools for circuit-breaker and switchgear tests, inspections, maintenance, and operation. 
2. Racking handle to manually move circuit breaker between connected and disconnected 

positions. 
3. Portable test set for testing all functions of circuit-breaker, solid-state trip devices without 

removal from switchgear. 
4. Relay and meter test plugs suitable for testing switchgear meters and switchgear class 

relays. 

T. Circuit-Breaker Removal Apparatus: Portable, floor-supported, roller-base, elevating carriage 
arranged for moving circuit breakers in and out of compartments. 

U. Spare-Fuse Cabinet: Identified and compartmented steel box or cabinet with lockable door. 

V. Storage for Manual: Rack or holder, near the operating instructions, for a copy of maintenance 
manual. 

2.4 SOURCE QUALITY CONTROL 

A. Verification of Performance: Rate paralleling low-voltage switchgear, with generators and 
transfer switches, according to operation of functions and features specified. 

B. Paralleling low-voltage switchgear, with generators and transfer switches, will be considered 
defective if it does not pass tests and inspections. 

C. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions, with Installer present, where paralleling low-voltage switchgear 
will be installed for compliance with installation tolerances, required clearances, and other 
conditions affecting performance ofthe Work. 
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B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Comply with applicable portions in NECA 400. 

B. Equipment Mounting: 

1. Install paralleling low-voltage switchgear on cast-in-place concrete equipment base(s). 
Comply with requirements for equipment bases and foundations as specified on the project 
plans. 

C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, brackets, and temporary 
blocking ofmoving parts from paralleling low-voltage switchgear units and components. 

3.3 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 
signs as specified in Section 260553 "Identification for Electrical Systems." 

B. Diagrams and Instructions: 

1. Frame and mount under clear acrylic plastic on front of paralleling low-voltage switchgear. 

a. Operating Instructions: Printed basic instructions for paralleling low-voltage 
switchgear, including control and key-interlock sequences and emergency 
procedures. 

b. System Power Riser Diagrams: Depict power sources, feeders, distribution 
components, and major loads. 

2. Storage for Maintenance: Include a rack or holder, near the operating instructions, for a 
copy of maintenance manual. 

3.4 CONNECTIONS 

A. Comply with grounding and bonding requirements in Section 260526 "Grounding and Bonding 
for Electrical Systems." 

B. Comply with wire and cable requirements in Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." 

3.5 FIELD QUALITY CONTROL 

A. Prepare for acceptance tests as follows: 

1. Test insulation resistance for each switchgear bus, component, connecting supply, feeder, 
and control circuit. 

2. Test continuity of each circuit. 
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3. Inspect paralleling switchgear installation, including wiring, components, connections, and 
equipment. Test and adjust components and equipment. 

4. Verify that electrical control wiring installation complies with manufacturer's submittal by 
means of point-to-point continuity testing. 

5. Complete installation and startup checks according to manufacturer's written instructions. 

B. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections. 

C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

D. Perform the following tests and inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS. 
Certify compliance with test parameters. Perform NETA tests and inspections for each of 
the following NETA categories: 

a. AC generators and emergency systems. 
b. Switchgear. 
c. Circuit breakers. 
d. Instrument transformers. 
e. Metering and instrumentation. 
f. Ground-fault systems. 

2. Perform NFPA 100 tests for Type 1 essential power systems. 

E. Paralleling low-voltage switchgear will be considered defective if it does not pass tests and 
inspections. 

F. Prepare test and inspection reports. 

G. Infrared Scanning: After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each switchgear. Remove front and rear panels so joints 
and connections are accessible to portable scanner. 

1. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each 
switchgear 1 1 months after date of Substantial Completion. 

2. Instrument: Use an infrared scanning device designed to measure temperature or to detect 
significant deviations from normal values. Provide calibration record for device. 

3. Record of Infrared Scanning: Prepare a certified report that identifies switchgear checked 
and that describes scanning results. Include notation of deficiencies detected, remedial 
action taken, and observations after remedial action. 

H. Test sequence of operation step by step for each mode. 

3.6 ADJUSTING 

A. Set field-adjustable, electronic circuit-breaker trip characteristics according to results specified in 
Section 260573 "Overcurrent Protective Device Coordination Study." 
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B. Set field-adjustable, electronic circuit-breaker trip characteristics. 

3.7 CLEANING 

A. On completion of installation, inspect interior and exterior ofparalleling low-voltage switchgear. 
Vacuum dirt and debris; do not use compressed air to assist in cleaning. Repair damaged finishes. 

3.8 PROTECTION 

A. Temporary Heating: Apply temporary heat to paralleling low-voltage switchgear, according to 
manufacturer's written instructions, throughout periods when paralleling switchgear environment 
is not controlled for temperature and humidity within manufacturer's stipulated service 
conditions. 

3.9 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel 
to adjust, operate, and maintain paralleling low-voltage switchgear. 

END OF SECTION 262313 
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SECTION 262413 - SWITCHBOARDS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Service and distribution switchboards rated 600 V and less. 
2. Surge protection devices. 
3. Disconnecting and overcurrent protective devices. 
4. Instrumentation. 
5. Control power. 
6. Accessory components and features. 
7. Identification. 
8. Mimic bus. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each switchboard, overcurrent protective device, surge protection device, 
ground-fault protector, accessory, and component. 

1. Include dimensions and manufacturers' technical data on features, performance, electrical 
characteristics, ratings, accessories, and finishes. 

B. Shop Drawings: For each switchboard and related equipment. 

1. Include dimensioned plans, elevations, sections, and details, including required clearances 
and service space around equipment. Show tabulations of installed devices, equipment 
features, and ratings. 

2. Detail enclosure types for types other than NEMA 250, Type 1. 
3. Detail bus configuration, current, and voltage ratings. 
4. Detail short-circuit current rating of switchboards and overcurrent protective devices. 
5. Include descriptive documentation of optional barriers specified for electrical insulation 

and isolation. 
6. Detail utility company's metering provisions with indication of approval by utility 

company. 
7. Include evidence ofNRTL listing for series rating ofinstalled devices. 
8. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components. 
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9. Include time-current coordination curves for each type and rating of overcurrent protective 
device included in switchboards. Submit on translucent log-log graft paper; include 
selectable ranges for each type of overcurrent protective device. 

10. Include diagram and details ofproposed mimic bus. 
11. Include schematic and wiring diagrams for power, signal, and control wiring. 

C. Samples: Representative portion of mimic bus with specified material and finish, for color 
selection. 

1.4 

A. 

B. 

INFORMATIONAL SUBMITTALS 

Qualification Data: For Installer and testing agency. 

Seismic Qualification Data: Certificates, for switchboards, overcurrent protective devices, 
accessories, and components, from manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 
and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements. 

C. Field Quality-Control Reports: 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For switchboards and components to include in emergency, 
operation, and maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 

a. Routine maintenance requirements for switchboards and all installed components. 
b. Manufacturer's written instructions for testing and adjusting overcurrent protective 

devices. 
c. Time-current coordination curves for each type and rating of overcurrent protective 

device included in switchboards. Submit on translucent log-log graft paper; include 
selectable ranges for each type of overcurrent protective device. 

1.6 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 
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1. Potential Transformer Fuses: Equal to 10 percent of quantity installed for each size and 
type but no fewer than two of each size and type. 

2. Control-Power Fuses: Equal to 10 percent of quantity installed for each size and type, but 
no fewer than two of each size and type. 

3. Fuses and Fusible Devices for Fused Circuit Breakers: Equal to 10 percent of quantity 
installed for each size and type but no fewer than three of each size and type. 

4. Fuses for Fused Switches: Equal to 10 percent of quantity installed for each size and type 
but no fewer than three of each size and type. 

5. Fuses for Fused Power-Circuit Devices: Equal to 10 percent of quantity installed for each 
size and type but no fewer than three of each size and type. 

6. Indicating Lights: Equal to 10 percent of quantity installed for each size and type but no 
less than one of each size and type. 

1.7 QUALITY ASSURANCE 

A. Installer Qualifications: An employer of workers qualified as defined in NEMA PB 2.1 and 
trained in electrical safety as required by NFPA 70E. 

B. Testing Agency Qualifications: Member company ofNETA or an NRTL. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Deliver switchboards in sections or lengths that can be moved past obstructions in delivery path. 

B. Remove loose packing and flammable materials from inside switchboards and connect factory-
installed space heaters to temporary electrical service to prevent condensation. 

C. Handle and prepare switchboards for installation according to NEMA PB 2.1. 

1.9 FIELD CONDITIONS 

A. Installation Pathway: Remove and replace access fencing, doors, lift-out panels, and structures to 
provide pathway for moving switchboards into place. 

B. Environmental Limitations (interior locations): 

1. Do not deliver or install switchboards until spaces are enclosed and weathertight, wet work 
in spaces is complete and dry, work above switchboards is complete, and temporary 
HVAC system is operating and maintaining ambient temperature and humidity conditions 
at occupancy levels during the remainder ofthe construction period. 

2. Rate equipment for continuous operation under the following conditions unless otherwise 
indicated: 

a. Ambient Temperature: Not exceeding 104 deg F (40 deg C). 
b. Altitude: Not exceeding 6600 feet (2000 m). 

C. Unusual Service Conditions - All: NEMA PB 2, as follows: 
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1. Ambient temperatures within limits specified. 
2. Altitude not exceeding 6600 feet (2000 m). 

D. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after arranging 
to provide temporary electric service according to requirements indicated: 

1. Notify Construction Manager and Owner no fewer than seven days in advance of 
proposed interruption of electric service. 

2. Indicate method of providing temporary electric service. 
3. Do not proceed with interruption of electric service without Construction Manager's and 

Owner's written permission. 
4. Comply with NFPA 70E. 

1.10 COORDINATION 

A. Coordinate layout and installation of switchboards and components with other construction that 
penetrates walls or is supported by them, including electrical and other types of equipment, 
raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. 
Maintain required workspace clearances and required clearances for equipment access doors and 
panels. 

B. Coordinate sizes and locations of concrete bases with actual equipment provided. Cast anchor-
bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified with 
concrete. 

1.11 WARRANTY-

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace switchboard enclosures, 
buswork, overcurrent protective devices, accessories, and factory installed interconnection wiring 
that fail in materials or workmanship within specified warranty period. 

1. Warranty Period: Three years from date of Substantial Completion. 

B. Manufacturer's Warranty: Manufacturer's agrees to repair or replace surge protection devices that 
fail in materials or workmanship within specified warranty period. 

1. Warranty Period: Five years from date of Substantial Completion. 

PART 2-PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Switchboards shall withstand the effects ofearthquake motions determined 
according to ASCE/SEI 7. 
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1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. Shake-table testing shall comply with ICC-
ES AC156. 

2. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified and the unit will be fully 
operational after the seismic event." 

2.2 SWITCHBOARDS 

A. Source Limitations: Obtain switchboards, overcurrent protective devices, components, and 
accessories from single source from single manufacturer. 

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for 
switchboards including clearances between switchboards and adjacent surfaces and other items. 
Comply with indicated maximum dimensions. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

D. Comply with NEMA PB 2. 

E. Comply with NFPA 70. 

F. Comply with UL 891. 

G. Front-Connected, Front-Accessible Switchboards: 

1. Main Devices: [Fixed, individually mounted. 
2. Branch Devices: Panel mounted. 
3. Sections front and rear aligned. 

H. Front- and Side-Accessible Switchboards: 

1. Main Devices: Fixed, individually mounted. 
2. Branch Devices: Panel mounted. 
3. Section Alignment: Front aligned. 

I. Front- and Rear-Accessible Switchboards: 

1. Main Devices: Fixed, individually mounted. 
2. Branch Devices: Panel and fixed, individually mounted. 
3. Sections front and rear aligned. 

J. Nominal System Voltage: Verify service voltage - 480Y/277 V or 208Y/120 V. 

K. Main-Bus Continuous: 1200 A. 
1. Aggregation switchboard shall be as noted on the project plans. 

L. Seismic Requirements: Fabricate and test switchboards according to IEEE 344 to withstand 
seismic forces defined in Section 260548.16 "Seismic Controls for Electrical Systems." 
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1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. Shake-table testing shall comply with ICC-
ES AC156. 

a. The term "withstand" means "the unit will remain in place without separation of any 
parts from the device when subjected to the seismic forces specified." 

b. The term "withstand" means "the unit will remain in place without separation of any 
parts from the device when subjected to the seismic forces specified and the unit will 
be fully operational after the seismic event." 

M. Indoor Enclosures: Steel, NEMA 250, [Type 1] [Type 2]. 

N. Enclosure Finish for Indoor Units: Factory-applied finish in manufacturer's standard gray finish 
over a rust-inhibiting primer on treated metal surface. 

O. Outdoor Enclosures: Type 3R. 

1. Finish: Factory-applied finish in manufacturer's standard color; undersurfaces treated with 
corrosion-resistant undercoating. 

2. Enclosure: Downward, rearward sloping roof; bolt-on rear covers for each section, with 
provisions for padlocking. 

P. Barriers: Between adjacent switchboard sections. 

Q. Insulation and isolation for[ main bus of main section andl main and vertical buses of feeder 
sections. 

R. Space Heaters: Factory-installed electric space heaters of sufficient wattage in each vertical 
section to maintain enclosure temperature above expected dew point. 

1. Space-Heater Control: [Thermostats to maintain temperature of each section above 
expected dew point] [Manual switching of branch-circuit protective device]. 

2. Space-Heater Power Source: [Transformer, factory installed in switchboard] [120-V 
external branch circuit]. 

S. Customer Metering Compartment: A separate customer metering compartment and section with 
front hinged door, for indicated metering, and current transformers for each meter. Current 
transformer secondary wiring shall be terminated on shorting-type terminal blocks. Include 
potential transformers having primary and secondary fuses with disconnecting means and 
secondary wiring terminated on terminal blocks. 

T. Bus Transition and Incoming Pull Sections: Matched and aligned with basic switchboard. 

U. Removable, Hinged Rear Doors and Compartment Covers: Secured by standard bolts, for access 
to rear interior of switchboard. 

V. Hinged Front Panels: Allow access to circuit breaker, metering, accessory, and blank 
compartments. 

W. Pull Box on Top of Switchboard: 
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1. Adequate ventilation to maintain temperature in pull box within same limits as 
switchboard. 

2. Set back from front to clear circuit-breaker removal mechanism. 
3. Removable covers shall form top, front, and sides. Top covers at rear shall be easily 

removable for drilling and cutting. 
4. Bottom shall be insulating, fire-resistive material with separate holes for cable drops into 

switchboard. 
5. Cable supports shall be arranged to facilitate cabling and adequate to support cables 

indicated, including those for future installation. 

X. Buses and Connections: Three phase, four wire unless otherwise indicated. 

1. Provide phase bus arrangement A, B, C from front to back, top to bottom, and left to right 
when viewed from the front ofthe switchboard. 

2. Phase- and Neutral-Bus Material: Hard-drawn copper of 98 percent conductivity, silver-
plated. 

3. Phase- and Neutral-Bus Material: Tin-plated, high-strength, electrical-grade aluminum 
alloy with tin-plated aluminum circuit-breaker line connections. 

4. Copper feeder circuit-breaker line connections. 
5. Tin-plated aluminum feeder circuit-breaker line connections. 
6. Load Terminals: Insulated, rigidly braced, runback bus extensions, of same material as 

through buses, equipped with [mechanicall [compressionl connectors for outgoing circuit 
conductors. Provide load terminals for future circuit-breaker positions at full-ampere rating 
of circuit-breaker position. 

7. Ground Bus: Minimum-size required by UL 891, hard-drawn copper of 98 percent 
conductivity, equipped with mechanical connectors for feeder and branch-circuit ground 
conductors. 

8. Main-Phase Buses and Equipment-Ground Buses: Uniform capacity for entire length of 
switchboard's main and distribution sections. Provide for future extensions from both ends. 

9. Disconnect Links: 

a. Isolate neutral bus from incoming neutral conductors. 
b. Bond neutral bus to equipment-ground bus for switchboards utilized as service 

equipment or separately derived systems. 

10. Neutral Buses: 50 percent of the ampacity of phase buses unless otherwise indicated, 
equipped with mechanical connectors for outgoing circuit neutral cables. Brace bus 
extensions for busway feeder neutral bus. 

11. Neutral Buses: 100 percent of the ampacity of phase buses unless otherwise indicated, 
equipped with mechanical connectors for outgoing circuit neutral cables. Brace bus 
extensions for busway feeder neutral bus. 

12. Isolation Barrier Access Provisions: Permit checking of bus-bolt tightness. 

Y. Future Devices: Equip compartments with mounting brackets, supports, bus connections, and 
appurtenances at full rating of circuit-breaker compartment. 

Z. Bus-Bar Insulation: Factory-applied, flame-retardant, tape wrapping of individual bus bars or 
flame-retardant, spray-applied insulation. Minimum insulation temperature rating of 105 deg C. 

AA. Fungus Proofing: Permanent fungicidal treatment for overcurrent protective devices and other 
components including instruments and instrument transformers. 
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2.3 SURGE PROTECTION DEVICES 

A. SPDs: Comply with UL 1449, [Type 1] [Type 2]. 

B. SPDs: Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying 
with UL 1449,Type 1. 

C. Features and Accessories: 

1. Integral disconnect switch. 
2. Internal thermal protection that disconnects the SPD before damaging internal suppressor 

coniponents. 
3. Indicator light display for protection status. 
4. Form-C contacts rated at 5 A and 250-V ac, one normally open and one normally closed, 

for remote monitoring of protection status. 
5. Surge counter. 

D. Peak Surge Current Rating: The minimum single-pulse surge current withstand rating per phase 
shall not be less than 300 kA. The peak surge current rating shall be the arithmetic sum of the 
ratings ofthe individual MOVs in a given mode. 

E. Protection modes and UL 1449 VPR for grounded wye circuits with 480Y/277 V or 208Y/120 V, 
three-phase, four-wire circuits shall not exceed the following: 

1. Line to Neutral: 1200 V for 480Y/277 V or 700 V for 208Y/120 V. 
2. Line to Ground: 1200 V for 480Y/277 V or 1200 V for 208Y/120 V. 
3. Line to Line: 2000 V for 480Y/277 V or 1000 V for 208Y/120 V. 

F. Protection modes and UL 1449 VPR for 240/120 V, single-phase, three-wire circuits shall not 
exceed the following: 

1. Line to Neutral: 700 V. 
2. Line to Ground: 700 V. 
3. Line to Line: 1000 V. 

G. SCCR: Equal or exceed 100 kA. 

H. Nominal Rating: 20 kA. 

2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

A. Molded-Case Circuit Breaker (MCCB): Comply with UL 489, with interrupting capacity to 
meet available fault currents. 

1. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads 
and instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting 
for circuit-breaker frame sizes 250 A and larger. 

2. Electronic trip circuit breakers with mls sensing; field-replaceable rating plug or field-
replicable electronic trip; and the following field-adjustable settings: 

a. Instantaneous tnp. 
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b. Long- and short-time pickup levels. 
c. Long and short time adjustments. 
d. Ground-fault pickup level, time delay, and I squared t response. 

3. MCCB Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 
b. Lugs: Mechanical style, suitable for number, size, trip ratings, and conductor 

material. 
c. Application Listing: Appropriate for application; Type SWD for switching 

fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity 
discharge (HID) lighting circuits. 

d. Ground-Fault Protection: Integrally mounted relay and trip unit with adjustable 
pickup and time-delay settings, push-to-test feature, and ground-fault indicator. 

e. Zone-Selective Interlocking: Integral with electronic trip unit; for interlocking 
ground-fault protection function. 

f. Communication Capability: Circuit-breaker-mounted communication module 
with functions and features compatible with power monitoring and control system 
specified in Section 260913 "Electrical Power Monitoring and Control." 

g. Shunt Trip: 120-V trip coil energized from separate circuit, set to trip at 55 percent 
of rated voltage. 

h. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without 
intentional time delay. 

i. Auxiliary Contacts: One SPDT switch with "a" and "b" contacts; "a" contacts mimic 
circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts. 

2.5 INSTRUMENTATION 

A. Instrument Transformers: NEMA EI 21.1, and the following: 

1. Potential Transformers: NEMA EI 21.1; 120 V, 60 Hz, single secondary; disconnecting 
type with integral fuse mountings. Burden and accuracy shall be consistent with connected 
metering and relay devices. 

2. Current Transformers: NEMA EI 21.1; 5 A, 60 Hz, secondary; bar or window type; single 
secondary winding and secondary shorting device. Burden and accuracy shall be consistent 
with connected metering and relay devices. 

3. Control-Power Transformers: Dry type, mounted in separate compartments for units larger 
than 3 kVA. 

4. Current Transformers for Neutral and Ground-Fault Current Sensing: Connect secondary 
wiring to ground overcurrent relays, via shorting terminals, to provide selective tripping of 
main and tie circuit breaker. Coordinate with feeder circuit-breaker, ground-fault 
protection. 

B. Multifunction Digital-Metering Monitor: Microprocessor-based unit suitable for three- or four-
wire systems and with the following features: 

1. Switch-selectable digital display of the following values with maximum accuracy 
tolerances as indicated: 

a. Phase Currents, Each Phase: Plus or minus 0.5 percent. 
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b. Phase-to-Phase Voltages, Three Phase: Plus or minus 0.5 percent. 
c. Phase-to-Neutral Voltages, Three Phase: Plus or minus 0.5 percent. 
d. Megawatts: Plus or minus 1 percent. 
e. Megavars: Plus or minus 1 percent. 
f. Power Factor: Plus or minus 1 percent. 
g. Frequency: Plus or minus 0.1 percent. 
h. Accumulated Energy, Megawatt Hours: Plus or minus 1 percent; accumulated 

values unaffected by power outages up to 72 hours. 
i. Megawatt Demand: Plus or minus 1 percent; demand interval programmable from 

five to 60 minutes. 
j. Contact devices to operate remote impulse-totalizing demand meter. 

2. Mounting: Display and control unit flush or semiflush mounted in instrument compartment 
door. 

C. Analog Meters: 

1. Meters: 4-inch (100-mm) diameter or 6 inches (150 mm) square, flush or semiflush, with 
anti-parallax 250-degree scales and external zero adjustment. 

D. Voltmeters: Cover an expanded-scale range ofnominal voltage plus 10 percent. 

E. Instrument Switches: Rotary type with offposition. 

1. Voltmeter Switches: Permit reading of all phase-to-phase voltages and, where a neutral is 
indicated, phase-to-neutral voltages. 

2. Ammeter Switches: Permit reading of current in each phase and maintain current-
transformer secondaries in a closed-circuit condition at all times. 

F. Ammeters: 2-1/2-inch (64-mm) minimum size with 90- or 120-degree scale. Meter and transfer 
device with off position, located on overcurrent device door for indicated feeder circuits only. 

G. Watt-Hour Meters and Wattmeters: 

1. Comply with ANSI C12.1. 
2. Three-phase induction type with two stators, each with current and potential coil, rated 5 A, 

120 V, 60 Hz. 
3. Suitable for connection to three- and four-wire circuits. 
4. Potential indicating lamps. 
5. Adjustments for light and fullload, phase balance, and power factor. 
6. Four-dial clock register. 
7. Integral demand indicator. 
8. Contact devices to operate remote impulse-totalizing demand meter. 
9. Ratchets to prevent reverse rotation. 
10. Removable meter with drawout test plug. 
11. Semiflush mounted case with matching cover. 
12. Appropriate multiplier tag. 

H. Impulse-Totalizing Demand Meter: 

1. Comply with ANSI C12.1. 
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2. Suitable for use with switchboard watt-hour meter, including two-circuit totalizing relay. 
3. Cyclometer. 
4. Four-dial, totalizing kilowatt-hour register. 
5. Positive chart drive mechanism. 
6. Capillary pen holding a minimum of one month's ink supply. 
7. Roll chart with minimum 31-day capacity; appropriate multiplier tag. 
8. Capable of indicating and recording [fivel [15] [30] <Insert time period>-minute 

integrated demand oftotalized system. 

2.6 CONTROL POWER 

A. Control Circuits: 120-V ac, supplied through secondary disconnecting devices from control-
power transformer. 

B. Control Circuits: 120-V ac, supplied from remote branch circuit. 

C. Control-Power Fuses: Primary and secondary fuses for current-limiting and overload protection 
oftransformer and fuses for protection of control circuits. 

D. Control Wiring: Factory installed, with bundling, lacing, and protection included. Provide flexible 
conductors for No. 8 AWG and smaller, for conductors across hinges, and for conductors for 
interconnections between shipping units. 

2.7 ACCESSORY COMPONENTS AND FEATURES 

A. Accessory Set: Include tools and miscellaneous items required for overcurrent protective device 
test, inspection, maintenance, and operation. 

B. Portable Test Set: For testing functions of solid-state trip devices without removing from 
switchboard. Include relay and meter test plugs suitable for testing switchboard meters and 
switchboard class relays. 

C. Portable Circuit-Breaker Lifting Device: Floor-supported, roller-based, elevating carriage 
arranged for movement of circuit breakers in and out of compartments for present and future 
circuit breakers. 

D. Overhead Circuit-Breaker Lifting Device: Mounted at top front of switchboard, with hoist and 
lifting yokes matching each drawout circuit breaker. 

E. Spare-Fuse Cabinet: Suitably identified, wall-mounted, lockable, compartmented steel box or 
cabinet. Arrange for wall mounting. 

F. Mounting Accessories: For anchors, mounting channels, bolts, washers, and other mounting 
accessories, comply with requirements in Section 260548.16 "Seismic Controls for Electrical 
Systems" or manufacturer's instructions. 
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2.8 IDENTIFICATION 

A. Mimic Bus: Entire single-line switchboard bus work, as depicted on factory record drawing, on a 
photoengraved nameplate. 

1. Nameplate: At least 0.032-inch- (0.813-mm-) thick anodized aluminum, located at eye 
level on front cover ofthe switchboard incoming service section. 

B. Mimic Bus: Entire single-line switchboard bus work, as depicted on factory record drawing, on 
an engraved laminated-plastic (Gravoply) nameplate. 

1. Nameplate: At least 0.0625-inch- (1.588 mm-) thick laminated plastic (Gravoply), located 
at eye level on front cover ofthe switchboard incoming service section. 

C. Mimic Bus: Continuously integrated mimic bus factory applied to front of switchboard. Arrange 
in single-line diagram format, using symbols and letter designations consistent with final mimic-
bus diagram. 

D. Coordinate mimic-bus segments with devices in switchboard sections to which they are applied. 
Produce a concise visual presentation of principal switchboard components and connections. 

E. Presentation Media: Painted graphics in color contrasting with background color to represent bus 
and components, complete with lettered designations. 

F. Service Equipment Label: NRTL labeled for use as service equipment for switchboards with one 
or more service disconnecting and overcurrent protective devices. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Receive, inspect, handle, and store switchboards according to NEMA PB 2.1. 

1. Lift or move panelboards with spreader bars and manufacturer-supplied lifting straps 
following manufacturer's instructions. 

2. Use rollers, slings, or other manufacturer-approved methods if lifting straps are not 
furnished. 

3. Protect from moisture, dust, dirt, and debris during storage and installation. 
4. Install temporary heating during storage per manufacturer's instructions. 

B. Examine switchboards before installation. Reject switchboards that are moisture damaged or 
physically damaged. 

C. Examine elements and surfaces to receive switchboards for compliance with installation 
tolerances and other conditions affecting performance of the Work or that affect the performance 
ofthe equipment. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 INSTALLATION 

A. Install switchboards and accessories according to NEMA PB 2.1. 

B. Equipment Mounting: Install switchboards on concrete base, 4-inch (100-mm) nominal thickness. 
Comply with requirements for concrete base specified on project plans. 

1. Install conduits entering underneath the switchboard, entering under the vertical section 
where the conductors will terminate. Install with couplings flush with the concrete base. 
Extend 2 inches (50-mm) above concrete base after switchboard is anchored in place. 

2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, 
install dowel rods on 18-inch (450-mm) centers around the full perimeter of concrete base. 

3. For supported equipment, install epoxy-coated anchor bolts that extend through concrete 
base and anchor into structural concrete floor. 

4. Place and secure anchorage devices. Use setting drawings, templates, diagrams, 
instructions, and directions furnished with items to be embedded. 

5. Install anchor bolts to elevations required for proper attachment to switchboards. 
6. Anchor switchboard to building structure at the top of the switchboard if required or 

recommended by the manufacturer. 

C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, straps and brackets, and 
temporary blocking ofmoving parts from switchboard units and components. 

D. Operating Instructions: Frame and mount the printed basic operating instructions for 
switchboards, including control and key interlocking sequences and emergency procedures. 
Fabricate frame of finished wood or metal and cover instructions with clear acrylic plastic. Mount 
on front of switchboards. 

E. Install filler plates in unused spaces of panel-mounted sections. 

F. Install overcurrent protective devices, surge protection devices, and instrumentation. 

1. Set field-adjustable switches and circuit-breaker trip ranges. 

G. Install spare-fuse cabinet. 

H. Comply with NECA 1. 

3.3 CONNECTIONS 

A. Comply with requirements forterminating feeder bus specified in Section 262500 "Enclosed Bus 
Assemblies." Drawings indicate general arrangement of bus, fittings, and specialties. 

B. Comply with requirements for terminating cable trays specified in Section 260536 "Cable Trays 
for Electrical Systems." Drawings indicate general arrangement of cable trays, fittings, and 
specialties. 

C. Bond conduits entering underneath the switchboard to the equipment ground bus with a bonding 
conductor sized per NFPA 70. 

D. Support and secure conductors within the switchboard according to NFPA 70. 
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E. Extend insulated equipment grounding cable to busway ground connection and support cable at 
intervals in vertical run. 

3.4 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 
signs complying with requirements for identification specified in Section 260553 "Identification 
for Electrical Systems." 

B. Switchboard Nameplates: Label each switchboard compartment with anameplate complying with 
requirements for identification specified in Section 260553 "Identification for Electrical 
Systems." 

C. Device Nameplates: Label each disconnecting and overcurrent protective device and each meter 
and control device mounted in compartment doors with a nameplate complying with requirements 
for identification specified in Section 260553 "Identification for Electrical Systems." 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect, test, 
and adjust components, assemblies, and equipment installations, including connections. 

C. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 

1. Acceptance Testing: 

a. Test insulation resistance for each switchboard bus, component, connecting supply, 
feeder, and control circuit. Open control and metering circuits within the 
switchboard, and remove neutral connection to surge protection and other electronic 
devices prior to insulation test. Reconnect after test. 

b. Test continuity of each circuit. 

2. Test ground-fault protection of equipment for service equipment per NFPA 70. 
3. Perform each visual and mechanical inspection and electrical test stated in 

NETA Acceptance Testing Specification. Certify compliance with test parameters. 
4. Correct malfunctioning units on-site where possible, and retest to demonstrate compliance; 

otherwise, replace with new units and retest. 
5. Perform the following infrared scan tests and inspections, and prepare reports: 

a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days 
after Final Acceptance, perform an infrared scan of each switchboard. Remove front 
and rear panels so joints and connections are accessible to portable scanner. 

b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan ofeach 
switchboard 1 1 months after date of Substantial Completion. 

c. Instruments and Equipment: 
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1) Use an infrared scanning device designed to measure temperature or to detect 
significant deviations from normal values. Provide calibration record for 
device. 

6. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 
malfunctioning controls and equipment. 

D. Switchboard will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports, including a certified report that identifies switchboards 
included and that describes scanning results. Include notation of deficiencies detected, remedial 
action taken, and observations after remedial action. 

3.6 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges as indicated. 

3.7 PROTECTION 

A. Temporary Heating: Apply temporary heat, to maintain temperature according to manufacturer's 
written instructions, until switchboard is ready to be energized and placed into service. 

3.8 DEMONSTRATION 

A. [Engage a factory-authorized service representative to train] [Train] Owner's maintenance 
personnel to adjust, operate, and maintain switchboards, overcurrent protective devices, 
instrumentation, and accessories[, and to use and reprogram microprocessor-based trip, 
monitoring, and communication units]. 

END OF SECTION 262413 
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SECTION 262416 - PANELBOARDS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Distribution panelboards. 
2. Load centers. 

1.3 DEFINITIONS 

A. ATS: Acceptance testing specification. 

B. GFCI: Ground-fault circuit interrupter. 

C. GFEP: Ground-fault equipment protection. 

D. HID: High-intensity discharge. 

E. MCCB: Molded-case circuit breaker. 

F. SPD: Surge protective device. 

G. VPR: Voltage protection rating. 

1.4 

A. 

ACTION SUBMITTALS 

Product Data: For each type of panelboard. 

1. Include materials, switching and overcurrent protective devices, SPDs, accessories, and 
components indicated. 

2. Include dimensions and manufacturers' technical data on features, performance, electrical 
characteristics, ratings, and finishes. 

B. Shop Drawings: For each panelboard and related equipment. 

1. Include dimensioned plans, elevations, sections, and details. 
2. Show tabulations of installed devices with nameplates, conductor termination sizes, 

equipment features, and ratings. 
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3. Detail enclosure types including mounting and anchorage, environmental protection, 
knockouts, corner treatments, covers and doors, gaskets, hinges, and locks. 

4. Detail bus configuration, current, and voltage ratings. 
5. Short-circuit current rating of panelboards and overcurrent protective devices. 
6. Include evidence ofNRTL listing for series rating ofinstalled devices. 
7. Include evidence ofNRTL listing for SPD as installed in panelboard. 
8. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components. 
9. Include wiring diagrams for power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing agency. 

B. Panelboard Schedules: For installation in panelboards. Submit final versions after load 
balancing. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For panelboards and components to include in emergency, 
operation, and maintenance manuals. In addition to items specified in Section 017823 "Operation 
and Maintenance Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting overcurrent protective devices. 
2. Time-current curves, including selectable ranges for each type of overcurrent protective 

device that allows adjustments. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Keys: Two spares for each type of panelboard cabinet lock. 
2. Circuit Breakers Including GFCI and GFEP Types: Two spares for each panelboard. 

1.8 QUALITY ASSURANCE 

A. Manufacturer Qualifications: ISO 9001 or 9002 certified. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Remove loose packing and flammable materials from inside panelboards; install temporary 
electric heating (250 W per panelboard) to prevent condensation. 

B. Handle and prepare panelboards for installation according to NEMA PB 1. 
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1.10 FIELD CONDITIONS 

A. Environmental Limitations (Interior locations): 

1. Do not deliver or install panelboards until spaces are enclosed and weathertight, wet work 
in spaces is complete and dry, work above panelboards is complete, and temporary HVAC 
system is operating and maintaining ambient temperature and humidity conditions at 
occupancy levels during the remainder ofthe construction period. 

2. Rate equipment for continuous operation under the following conditions unless otherwise 
indicated: 

a. Ambient Temperature: Not exceeding minus 22 deg F (minus 30 deg C) to plus 
104 deg F (plus 40 deg C). 

b. Altitude: Not exceeding 6600 feet (2000 m). 

B. Service Conditions: NEMA PB 1, usual service conditions, as follows: 

1. Ambient temperatures within limits specified. 
2. Altitude not exceeding 6600 feet (2000 m). 

C. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after arranging 
to provide temporary electric service according to requirements indicated: 

1. Notify Construction Manager and Owner no fewer than two days in advance of 
proposed interruption of electric service. 

2. Do not proceed with interruption of electric service without Construction Manager's and 
Owner's written permission. 

3. Comply with NFPA 70E. 

1.11 WARRANTY-

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace panelboards that fail in 
materials or workmanship within specified warranty period. 

1. Panelboard Warranty Period: 18 months from date of Substantial Completion. 

B. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace 
SPD that fails in materials or workmanship within specified warranty period. 

1. SPD Warranty Period: Five years from date of Substantial Completion. 

PART 2-PRODUCTS 

2.1 PANELBOARDS AND LOAD CENTERS COMMON REQUIREMENTS 

A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined in 
Section 260548.16 "Seismic Controls for Electrical Systems." 
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B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for panelboards 
including clearances between panelboards and adjacent surfaces and other items. Comply with 
indicated maximum dimensions. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

D. Comply with NEMA PB 1. 

E. Comply with NFPA 70. 

F. Enclosures: Surface-mounted, dead-front cabinets. 

1. Rated for environmental conditions at installed location. 
a. Outdoor Locations: NEMA 250, Type 3R. 

2. Height: 84 inches (2.13 m) maximum. 
3. Front: Secured to box with concealed trim clamps. For surface-mounted fronts, match box 

dimensions; for flush-mounted fronts, overlap box. Trims shall cover alllive parts and shall 
have no exposed hardware. 

4. Hinged Front Cover: Entire front trim hinged to box and with standard door within hinged 
trim cover. Trims shall cover alllive parts and shall have no exposed hardware. 

5. Skin for Surface-Mounted Panelboards: Same gage and finish as panelboard front with 
flanges for attachment to panelboard, wall, and ceiling or floor. 

6. Gutter Extension and Barrier: Same gage and finish as panelboard enclosure; integral with 
enclosure body. Arrange to isolate individual panel sections. 

7. Finishes: 

a. Panels and Trim: Steel and galvanized steel, factory finished immediately after 
cleaning and pretreating with manufacturer's standard two-coat, baked-on finish 
consisting ofprime coat and thermosetting topcoat. 

b. Back Boxes: Galvanized steel. 
c. Fungus Proofing: Permanent fungicidal treatment for overcurrent protective devices 

and other components. 

G. Incoming Mains: 

1. Location: Convertible between top and bottom. 
2. Main Breaker: Main lug interiors up to 400 amperes shall be field convertible to main 

breaker. 

H. Phase, Neutral, and Ground Buses: 

1. Material: Tin-plated aluminum. 

a. Plating shall run entire length ofbus. 
b. Bus shall be fully rated the entire length. 

2. Interiors shall be factory assembled into a unit. Replacing switching and protective devices 
shall not disturb adjacent units or require removing the main bus connectors. 
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3. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment grounding 
conductors; bonded to box. 

4. Full-Sized Neutral: Equipped with full-capacity bonding strap for service entrance 
applications. Mount electrically isolated from enclosure. Do not mount neutral bus in 
gutter. 

I. Conductor Connectors: Suitable for use with conductor material and sizes. 

1. Material: Hard-drawn copper, 98 percent conductivity. 
2. Terminations shall allow use of 75 deg C rated conductors without derating. 
3. Size: Lugs suitable for indicated conductor sizes, with additional gutter space, if required, 

for larger conductors. 
4. Main and Neutral Lugs: Mechanical type, with a lug on the neutral bar for each pole in the 

panelboard. 
5. Ground Lugs and Bus-Configured Terminators: Mechanical type, with a lug on the bar for 

each pole in the panelboard. 
6. Feed-Through Lugs: Mechanical type, suitable for use with conductor material. Locate at 

opposite end ofbus from incoming lugs or main device. 
7. Subfeed (Double) Lugs: Mechanical type suitable for use with conductor material. Locate 

at same end of bus as incoming lugs or main device. 
8. Gutter-Tap Lugs: Mechanical type suitable for use with conductor material and with 

matching insulating covers. Locate at same end of bus as incoming lugs or main device. 
9. Extra-Capacity Neutral Lugs: Rated 200 percent of phase lugs mounted on extra-capacity 

neutral bus. 

J. NRTL Label: Panelboards or load centers shall be labeled by an NRTL acceptable to authority 
having jurisdiction for use as service equipment with one or more main service disconnecting and 
overcurrent protective devices. Panelboards or load centers shall have meter enclosures, wiring, 
connections, and other provisions for utility metering. Coordinate with utility company for exact 
requirements. 

K. Future Devices: Panelboards or load centers shall have mounting brackets, bus connections, filler 
plates, and necessary appurtenances required for future installation of devices. 

1. Percentage of Future Space Capacity: Five percent. 

L. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit 
current available atterminals. Assembly listed by an NRTL for 100 percent interrupting capacity. 

1. Panelboards and overcurrent protective devices rated 240 V or less shall have short-circuit 
ratings as shown on Drawings, but not less than 10,000 A rms symmetrical. 

2. Panelboards and overcurrent protective devices rated above 240 V and less than 600 V 
shall have short-circuit ratings as shown on Drawings, but not less than 14,000 A mls 
symmetrical. 

2.2 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Panelboards shall withstand the effects of earthquake motions determined 
according to ASCE/SEI 7. 
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1. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified." 

B. Surge Suppression: Factory installed as an integral part of indicated panelboards, complying with 
UL 1449 SPD Type 1. 

2.3 

A. 

B. 

C. 

POWER PANELBOARDS 

Panelboards: NEMA PB 1, distribution type. 

Doors: Secured with vault-type latch with tumbler lock; keyed alike. 

1. For doors more than 36 inches (914 mm) high, provide two latches, keyed alike. 

Mains: Circuit breaker. 

D. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and Smaller: Bolt-
on circuit breakers. 

E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A: 
Bolt-on circuit breakers. 

2.4 LOAD CENTERS 

A. Load Centers: Comply with UL 67. 

B. Mains: Circuit breaker. 

C. Branch Overcurrent Protective Devices: Plug-in circuit breakers, replaceable without disturbing 
adj acent units. 

D. Doors: Concealed hinges secured with flush latch with tumbler lock; keyed alike. 

E. Conductor Connectors: Mechanical type for main, neutral, and ground lugs and buses. 

2.5 

A. 

DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents. 

1. Thermal-Magnetic Circuit Breakers: 

a. Inverse time-current element for low-level overloads. 
b. Instantaneous magnetic trip element for short circuits. 
c. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger. 
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2.6 IDENTIFICATION 

A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number of phases, 
and number ofpoles shall be located on the interior ofthe panelboard door. 

B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and AIC 
rating. 

C. Circuit Directory: Directory card inside panelboard door, mounted in metal frame with 
transparent protective cover. 

1. Circuit directory shall identify specific purpose with detail sufficient to distinguish it from 
all other circuits. 

2.7 ACCESSORY COMPONENTS AND FEATURES 

A. Accessory Set: Include tools and miscellaneous items required for overcurrent protective device 
test, inspection, maintenance, and operation. 

B. Portable Test Set: For testing functions of solid-state trip devices without removing from 
panelboard. Include relay and meter test plugs suitable for testing panelboard meters and 
switchboard class relays. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify actual conditions with field measurements prior to ordering panelboards to verify that 
equipment fits in allocated space in, and comply with, minimum required clearances specified in 
NFPA 70. 

B. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1. 

C. Examine panelboards before installation. Reject panelboards that are damaged, rusted, or have 
been subjected to water saturation. 

D. Examine elements and surfaces to receive panelboards for compliance with installation tolerances 
and other conditions affecting performance ofthe Work. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Coordinate layout and installation of panelboards and components with other construction that 
penetrates walls or is supported by them, including electrical and other types of equipment, 
raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. 
Maintain required workspace clearances and required clearances for equipment access doors and 
panels. 
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B. Comply with NECA 1. 

C. Install panelboards and accessories according to [NECA 407] [NEMA PB 1.1]. 

D. Equipment Mounting: 
1. Attach panelboard to the vertical finished or structural surface behind the panelboard. 

E. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 
temporary blocking ofmoving parts from panelboards. 

F. Comply with mounting and anchoring requirements specified in Section 260548.16 "Seismic 
Controls for Electrical Systems." 

G. Mount top oftrim 90 inches (2286 mm) above finished floor unless otherwise indicated. 

H. Mount panelboard cabinet plumb and rigid without distortion ofbox. 

I. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back 
box. 

J. Mount surface-mounted panelboards to steel slotted supports 5/8 inch (16 mm) in depth. Orient 
steel slotted supports vertically. 

K. Install overcurrent protective devices and controllers not already factory installed. 

1. Set field-adjustable, circuit-breaker trip ranges. 
2. Tighten bolted connections and circuit breaker connections using calibrated torque wrench 

or torque screwdriver per manufacturer's written instructions. 

L. Make grounding connections and bond neutral for services and separately derived systems to 
ground. Make connections to grounding electrodes, separate grounds for isolated ground bars, 
and connections to separate ground bars. 

M. Install filler plates in unused spaces. 

N. Arrange conductors in gutters into groups and bundle and wrap with wire ties after completing 
load balancing. 

3.3 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; install warning signs 
complying with requirements in Section 260553 "Identification for Electrical Systems." 

B. Create a directory to indicate installed circuit loads after balancing panelboard loads; 
incorporate Owner's final areas designations. Obtain approval before installing. Handwritten 
directories are not acceptable. Install directory inside panelboard door. 

C. Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements 
for identification specified in Section 260553 "Identification for Electrical Systems." 
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D. Device Nameplates: Label each branch circuit device in power panelboards with a nameplate 
complying with requirements for identification specified in Section 260553 "Identification for 
Electrical Systems." 

E. Install warning signs complying with requirements in Section 260553 "Identification for 
Electrical Systems" identifying source of remote circuit. 

3.4 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect, test, 
and adjust components, assemblies, and equipment installations, including connections. 

B. Perform tests and inspections. 

1. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect 
components, assemblies, and equipment installations, including connections, and to assist 
in testing. 

C. Acceptance Testing Preparation: 

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, 
and control circuit. 

2. Test continuity of each circuit. 

D. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test for low-voltage air circuit 
breakers stated in NETA ATS, Paragraph 7.6 Circuit Breakers. Certify compliance with 
test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

3. Perform the following infrared scan tests and inspections and prepare reports: 

a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days 
after Final Acceptance, perform an infrared scan of each panelboard. Remove front 
panels so joints and connections are accessible to portable scanner. 

b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan ofeach 
panelboard 1 1 months after date of Substantial Completion. 

c. Instruments and Equipment: 

1) Use an infrared scanning device designed to measure temperature or to detect 
significant deviations from normal values. Provide calibration record for 
device. 

E. Panelboards will be considered defective ifthey do not pass tests and inspections. 

F. Prepare test and inspection reports, including a certified report that identifies panelboards 
included and that describes scanning results, with comparisons ofthe two scans. Include notation 
of deficiencies detected, remedial action taken, and observations after remedial action. 
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3.5 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges as indicated. 

C. Load Balancing: After Substantial Completion, but not more than 60 days after Final Acceptance, 
measure load balancing and make circuit changes. Prior to making circuit changes to achieve load 
balancing, inform Architect of effect on phase color coding. 

1. Measure loads during period ofnormal facility operations. 
2. Perform circuit changes to achieve load balancing outside normal facility operation 

schedule or at times directed by the Architect. Avoid disrupting services such as fax 
machines and on-line data processing, computing, transmitting, and receiving equipment. 

3. After changing circuits to achieve load balancing, recheck loads during normal facility 
operations. Record load readings before and after changing circuits to achieve load 
balancing. 

4. Tolerance: Maximum difference between phase loads, within a panelboard, shall not 
exceed 20 percent. 

3.6 PROTECTION 

A. Temporary Heating: Prior to energizing panelboards, apply temporary heat to maintain 
temperature according to manufacturer's written instructions. 

END OF SECTION 262416 
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SECTION 262726 - WIRING DEVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Straight-blade convenience 
2. Toggle switches. 
3. Wall plates. 

1.3 DEFINITIONS 

A. BAS: Building automation system. 

B. EMI: Electromagnetic interference. 

C. GFCI: Ground-fault circuit interrupter. 

D. Pigtail: Short lead used to connect a device to a branch-circuit conductor. 

E. RFI: Radio-frequency interference. 

F. SPD: Surge protective device. 

G. UTP: Unshielded twisted pair. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: List of legends and description of materials and process used for premarking 
wall plates. 

C. Samples: One for each type of device and wall plate specified, in each color specified. 

1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 
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1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-
label warnings and instruction manuals that include labeling conditions. 

PART 2-PRODUCTS 

2.1 GENERAL WIRING-DEVICE REQUIREMENTS 

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

C. Devices that are manufactured for use with modular plug-in connectors may be substituted under 
the following conditions: 

1. Connectors shall comply with UL 2459 and shall be made with stranding building wire. 
2. Devices shall comply with the requirements in this Section. 

D. Devices for Owner-Furnished Equipment: 

1. Receptacles: Match plug configurations. 
2. Cord and Plug Sets: Match equipment requirements. 

E. Source Limitations: Obtain each type of wiring device and associated wall plate from single 
source from single manufacturer. 

2.2 STRAIGHT-BLADE RECEPTACLES 

A. Duplex Convenience Receptacles: 125 V, 20 A; comply with NEMA WD 1, NEMA WD 6 
Configuration 5-20R, UL 498, and FS W-C-596. 

2.3 GFCI RECEPTACLES 

A. General Description: 

1. 125 V, 20 A, straight blade, feed-through type. 
2. Comply with NEMA WD 1, NEMA WD 6 Configuration 5-204 UL 498, UL 943 

Class A, and FS W-C-596. 
3. Include indicator light that shows when the GFCI has malfunctioned and no longer 

provides proper GFCI protection. 

B. Duplex GFCI Convenience Receptacles: 
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2.4 TOGGLE SWITCHES 

A. Comply with NEMA WD 1, UL 20, and FS W-S-896. 

B. Switches, 120/277 V, 20 A: 

1. Single Pole: 

2.5 WALL PLATES 

A. Single and combination types shall match corresponding wiring devices. 

1. Plate-Securing Screws: Metal with head color to match plate finish. 
2. Material for Finished Spaces: Steel with white baked enamel, suitable for field painting. 
3. Material for Unfinished Spaces: Galvanized steel. 
4. Material for Damp Locations: Cast aluminum with spring-loaded lift cover, and listed and 

labeled for use in wet and damp locations. 

B. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-
resistant, die-cast aluminum with lockable cover. 

2.6 FINISHES 

A. Device Color: 

1. Wiring Devices Connected to Normal Power System: Almond unless otherwise indicated 
or required by NFPA 70 or device listing. 

2. Wiring Devices Connected to Emergency Power System: Red. 
3. SPD Devices: Blue. 
4. Isolated-Ground Receptacles: Orange. 

B. Wall Plate Color: For plastic covers, match device color. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise 
indicated. 

B. Coordination with Other Trades: 

1. Protect installed devices and their boxes. Do not place wall finish materials over device 
boxes and do not cut holes for boxes with routers that are guided by riding against outside 
ofboxes. 

2. Keep outlet boxes free ofplaster, drywall joint compound, mortar, cement, concrete, dust, 
paint, and other material that may contaminate the raceway system, conductors, and cables. 

WIRING DEVICES 262726 - 3 



3. Install device boxes in brick or block walls so that the cover plate does not cross a joint 
unless the joint is troweled flush with the face of the wall. 

4. Install wiring devices after all wall preparation, including painting, is complete. 

C. Conductors: 

1. Do not strip insulation from conductors until right before they are spliced or terminated on 
devices. 

2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid 
scoring or nicking of solid wire or cutting strands from stranded wire. 

3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, 
Article 300, without pigtails. 

4. Existing Conductors: 

a. Cut back and pigtail, or replace all damaged conductors. 
b. Straighten conductors that remain and remove corrosion and foreign matter. 
c. Pigtailing existing conductors is permitted, provided the outlet box is large enough. 

D. Device Installation: 

1. Replace devices that have been in temporary use during construction and that were installed 
before building finishing operations were complete. 

2. Keep each wiring device in its package or otherwise protected until it is time to connect 
conductors. 

3. Do not remove surface protection, such as plastic film and smudge covers, until the last 
possible moment. 

4. Connect devices to branch circuits using pigtails that are not less than 6 inches (152 mm) 
in length. 

5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid 
conductor tightly clockwise, two-thirds to three-fourths ofthe way around terminal screw. 

6. Use a torque screwdriver when a torque is recommended or required by manufacturer. 
7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice 

No. 12 AWG pigtails for device connections. 
8. Tighten unused terminal screws on the device. 
9. When mounting into metal boxes, remove the fiber or plastic washers used to hold device-

mounting screws in yokes, allowing metal-to-metal contact. 

E. Receptacle Orientation: 

1. Install ground pin of vertically mounted receptacles down, and on horizontally mounted 
receptacles to the right. 

F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet 
boxes when standard device plates do not fit flush or do not cover rough wall opening. 

G. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical 
and with grounding terminal of receptacles on top. Group adjacent switches under single, 
multigang wall plates. 

H. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and 
furnishings. 
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3.2 GFCI RECEPTACLES 

A. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is 
not required. 

3.3 IDENTIFICATION 

A. Comply with Section 260553 "Identification for Electrical Systems." 

B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or 
engraved machine printing with black-filled lettering on face of plate, and durable wire markers 
or tags inside outlet boxes. 

3.4 FIELD QUALITY CONTROL 

A. Test Instruments: Use instruments that comply with UL 1436. 

B. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout or 
illuminated digital-display indicators of measurement. 

C. Perform the following tests and inspections. 

1. In healthcare facilities, prepare reports that comply with recommendations in NFPA 99. 
2. Test Instruments: Use instruments that comply with UL 1436. 
3. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout 

or illuminated digital-display indicators of measurement. 

D. Tests for Convenience Receptacles: 

1. Line Voltage: Acceptable range is 105 to 132 V. 
2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable. 
3. Ground Impedance: Values of up to 2 ohms are acceptable. 
4. GFCI Trip: Test fortripping values specified in UL 1436 and UL 943. 
5. Using the test plug, verify that the device and its outlet box are securely mounted. 
6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit 

breaker, poor connections, inadequate fault current path, defective devices, or similar 
problems. Correct circuit conditions, remove malfunctioning units and replace with new 
ones, and retest as specified above. 

E. Test straight-blade for the retention force of the grounding blade according to NFPA 99. 
Retention force shall be not less than 4 oz. (115 g). 

F. Wiring device will be considered defective if it does not pass tests and inspections. 

G. Prepare test and inspection reports. 

END OF SECTION 262726 
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Nonfusible switches. 
2. Molded-case circuit breakers (MCCBs). 
3. Enclosures. 

1.3 DEFINITIONS 

A. NC: Normally closed. 

B. NO: Normally open. 

C. SPDT: Single pole, double throw. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component 
indicated. Include nameplate ratings, dimensioned elevations, sections, weights, and 
manufacturers' technical data on features, performance, electrical characteristics, ratings, 
accessories, and finishes. 

1. Enclosure types and details for types other than NEMA 250, Type 1. 
2. Current and voltage ratings. 
3. Short-circuit current ratings (interrupting and withstand, as appropriate). 
4. Include evidence of a nationally recognized testing laboratory (NRTL) listing for series 

rating of installed devices. 
5. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices, accessories, and auxiliary components. 
6. Include time-current coordination curves (average melt) for each type and rating of 

overcurrent protective device; include selectable ranges for each type of overcurrent 
protective device. Provide in PDF and electronic format. 

B. Shop Drawings: For enclosed switches and circuit breakers. 

1. Include plans, elevations, sections, details, and attachments to other work. 
2. Include wiring diagrams for power, signal, and control wiring. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For qualified testing agency. 

B. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in 
emergency, operation, and maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 

a. Manufacturer's written instructions for testing and adjusting enclosed switches and 
circuit breakers. 

b. Time-current coordination curves (average melt) for each type and rating of 
overcurrent protective device; include selectable ranges for each type of overcurrent 
protective device. Provide in PDF and electronic format. 

1.7 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Accredited by NETA. 

1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site 
testing. 

1.8 FIELD CONDITIONS 

A. Environmental Limitations: Rate equipment for continuous operation under the following 
conditions unless otherwise indicated: 

1. Ambient Temperature: Not less than minus 22 deg F (minus 30 deg C) and not exceeding 
104 deg F (40 deg C). 

2. Altitude: Not exceeding 6600 feet (2010 m). 

1.9 WARRANTY-

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace components that 
fail in materials or workmanship within specified warranty period. 

1. Warranty Period: One year from date of Substantial Completion. 
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PART 2-PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

2.2 GENERAL REQUIREMENTS 

A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective 
devices, components, and accessories, within same product category, from single manufacturer. 

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed 
switches and circuit breakers, including clearances between enclosures, and adjacent surfaces and 
other items. Comply with indicated maximum dimensions. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
an NRTL, and marked for intended location and application. 

D. Comply with NFPA 70. 

2.3 NONFUSIBLE SWITCHES 

A. Type GD, General Duty shall not permitted. 

B. Type HD, Heavy Duty, Three Pole, Single Throw 600-V ac, 1200 A and Smaller: UL 98 and 
NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and 
interlocked with cover in closed position. 

C. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground 
conductors. 

2. Neutral Kit: Internally mounted; insulated, capable ofbeing grounded and bonded; labeled 
for copper and aluminum neutral conductors. 

3. Isolated Ground Kit: Internally mounted; insulated, labeled for copper and aluminum 
neutral conductors. 

4. Auxiliary Contact Kit: One Two NO/NC (Form "C") auxiliary contact(s), arranged to 
activate before switch blades open. Contact rating 120-V ac. 

5. Lugs: Mechanical type, suitable for number, size, and conductor material. 
6. Service-Rated Switches: Labeled for use as service equipment. 

2.4 MOLDED-CASE CIRCUIT BREAKERS 

A. Circuit breakers shall be constructed using glass-reinforced insulating material. Current carrying 
components shall be completely isolated from the handle and the accessory mounting area. 

B. Circuit breakers shall have a toggle operating mechanism with common tripping of all poles, 
which provides quick-make, quick-break contact action. The circuit-breaker handle shall be over 
center, be trip free, and reside in a tripped position between on and off to provide local trip 
indication. Circuit-breaker escutcheon shall be clearly marked on and offin addition to providing 
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international I/O markings. Equip circuit breaker with a push-to-trip button, located on the face 
of the circuit breaker to mechanically operate the circuit-breaker tripping mechanism for 
maintenance and testing purposes. 

C. The maximum ampere rating and UL, IEC, or other certification standards with applicable voltage 
systems and corresponding interrupting ratings shall be clearly marked on face of circuit breaker. 
Circuit breakers shall be 100 percent rated. 

D. Lugs shall be suitable for 194 deg F (90 deg C) rated wire, sized according to the 167 deg F 
(75 deg C) temperature rating in NFPA 70. 

E. Standard: Comply with UL 489 with interrupting capacity to comply with available fault currents. 

F. Thermal-Magnetic Circuit Breakers: Inverse time-current thermal element for low-level 
overloads and instantaneous magnetic trip element for short circuits. Adjustable magnetic trip 
setting for circuit-breaker frame sizes 250 A and larger. 

G. Adjustable, Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, 
field-adjustable trip setting. 

H. Ground-Fault Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole configurations 
with Class A ground-fault protection (6-mA trip). 

2.5 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, NEMA 250, and UL 50, to 
comply with environmental conditions at installed location. 

B. Enclosure Finish: The enclosure shall be gray baked enamel paint, electrodeposited on 
cleaned, phosphatized galvannealed steel (NEMA 250 Types 3R, 12). 

C. Operating Mechanism: The circuit-breaker operating handle shall be directly operable through 
the dead front trim of the enclosure (NEMA 250 Type 3R). The cover interlock mechanism 
shall have an externally operated override. The override shall not permanently disable the 
interlock mechanism, which shall return to the locked position once the override is released. The 
tool used to override the cover interlock mechanism shall not be required to enter the enclosure 
in order to override the interlock. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance 
with installation tolerances and other conditions affecting performance ofthe Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

1. Commencement ofwork shall indicate Installer's acceptance ofthe areas and conditions as 
satisfactory. 
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3.2 PREPARATION 

A. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after arranging 
to provide temporary electric service according to requirements indicated: 

1. Notify Construction Manager and Owner no fewerthan five days in advance ofproposed 
interruption of electric service. 

2. Indicate method of providing temporary electric service. 
3. Do not proceed with interruption of electric service without Construction Manager's and 

Owner's written permission. 
4. Comply with NFPA 70E. 

3.3 ENCLOSURE ENVIRONMENTAL RATING APPLICATIONS 

A. Enclosed Switches and Circuit Breakers: Provide enclosures at installed locations with the 
following environmental ratings. 

1. Indoor, Dry and Clean Locations: NEMA 250, Type 1. 
2. Outdoor Locations: NEMA 250, Type 3R. 
3. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4. 
4. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: 

NEMA 250, Type 12. 

3.4 INSTALLATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with equipment 
served and adjacent surfaces. Maintain required workspace clearances and required clearances 
for equipment access doors and panels. 

B. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 
otherwise indicated. 

C. Comply with mounting and anchoring requirements specified in Section 260548.16 "Seismic 
Controls for Electrical Systems." 

D. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets and 
temporary blocking ofmoving parts from enclosures and components. 

E. Install fuses in fusible devices. 

F. Comply with NFPA 70 and NECA 1. 

3.5 IDENTIFICATION 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs. 
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2. Label each enclosure with engraved metal or laminated-plastic nameplate. 

3.6 FIELD QUALITY CONTROL 

A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections. 

B. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

D. Perform tests and inspections. 

E. Tests and Inspections for Switches: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Inspect anchorage, alignment, grounding, and clearances. 
c. Verify that the unit is clean. 
d. Verify blade alignment, blade penetration, travel stops, and mechanical operation. 
e. Verify that fuse sizes and types match the Specifications and Drawings. 
f. Verify that each fuse has adequate mechanical support and contact integrity. 
g. Inspect bolted electrical connections for high resistance using one of the two 

following methods: 

1) Use a low-resistance ohmmeter. 

a) Compare bolted connection resistance values to values of similar 
connections. Investigate values that deviate from those of similar 
bolted connections by more than 50 percent ofthe lowest value. 

2) Verify tightness of accessible bolted electrical connections by calibrated 
torque-wrench method in accordance with manufacturer's published data or 
NETA ATS Table 100.12. 

a) Bolt-torque levels shall be in accordance with manufacturer's published 
data. In the absence of manufacturer's published data, use NETA ATS 
Table 100.12. 

h. Verify that operation and sequencing of interlocking systems is as described in the 
Specifications and shown on the Drawings. 

i. Verify correct phase barrier installation. 
j. Verify lubrication ofmoving current-carrying parts and moving and sliding surfaces. 

2. Electrical Tests: 

a. Perform resistance measurements through bolted connections with a low-resistance 
ohmmeter. Compare bolted connection resistance values to values of similar 
connections. Investigate values that deviate from adjacent poles or similar switches 
by more than 50 percent ofthe lowest value. 
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b. Measure contact resistance across each switchblade fuseholder. Drop values shall 
not exceed the high level of the manufacturer's published data. If manufacturer's 
published data are not available, investigate values that deviate from adjacent poles 
or similar switches by more than 50 percent ofthe lowest value. 

c. Perform insulation-resistance tests for one minute on each pole, phase-to-phase and 
phase-to-ground with switch closed, and across each open pole. Apply voltage in 
accordance with manufacturer's published data. In the absence of manufacturer's 
published data, use Table 100.1 from the NETA ATS. Investigate values of 
insulation resistance less than those published in Table 100.1 or as recommended in 
manufacturer's published data. 

d. Measure fuse resistance. Investigate fuse-resistance values that deviate from each 
other by more than 15 percent. 

e. Perform ground fault test according to NETA ATS 7.14 "Ground Fault Protection 
Systems, Low-Voltage." 

F. Tests and Inspections for Molded Case Circuit Breakers: 

1. Visual and Mechanical Inspection: 

a. Verify that equipment nameplate data are as described in the Specifications and 
shown on the Drawings. 

b. Inspect physical and mechanical condition. 
c. Inspect anchorage, alignment, grounding, and clearances. 
d. Verify that the unit is clean. 
e. Operate the circuit breaker to ensure smooth operation. 
f. Inspect bolted electrical connections for high resistance using one of the two 

following methods: 

1) Use a low-resistance ohmmeter. 

a) Compare bolted connection resistance values to values of similar 
connections. Investigate values that deviate from those of similar 
bolted connections by more than 50 percent ofthe lowest value. 

2) Verify tightness of accessible bolted electrical connections by calibrated 
torque-wrench method in accordance with manufacturer's published data or 
NETA ATS Table 100.12. 

a) Bolt-torque levels shall be in accordance with manufacturer's published 
data. In the absence of manufacturer's published data, use NETA ATS 
Table 100.12. 

g. Inspect operating mechanism, contacts, and chutes in unsealed units. 
h. Perform adjustments for final protective device settings in accordance with the 

coordination study. 

2. Electrical Tests: 

a. Perform resistance measurements through bolted connections with a low-resistance 
ohmmeter. Compare bolted connection resistance values to values of similar 
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connections. Investigate values that deviate from adjacent poles or similar switches 
by more than 50 percent ofthe lowest value. 

b. Perform insulation-resistance tests for one minute on each pole, phase-to-phase and 
phase-to-ground with circuit breaker closed, and across each open pole. Apply 
voltage in accordance with manufacturer's published data. In the absence of 
manufacturer's published data, use Table 100.1 from the NETA ATS. Investigate 
values of insulation resistance less than those published in Table 100.1 or as 
recommended in manufacturer's published data. 

c. Perform a contact/pole resistance test. Drop values shall not exceed the high level 
of the manufacturer's published data. If manufacturer's published data are not 
available, investigate values that deviate from adjacent poles or similar switches by 
more than 50 percent ofthe lowest value. 

d. Perform insulation resistance tests on all control wiring with respect to ground. 
Applied potential shall be 500-V dc for 300-V rated cable and 1000-V dc for 600-V 
rated cable. Test duration shall be one minute. For units with solid state components, 
follow manufacturer's recommendation. Insulation resistance values shall be no less 
than two megohms. 

e. Determine the following by primary current injection: 

1) Long-time pickup and delay. Pickup values shall be as specified. Trip 
characteristics shall not exceed manufacturer's published time-current 
characteristic tolerance band, including adjustment factors. 

2) Short-time pickup and delay. Short-time pickup values shall be as specified. 
Trip characteristics shall not exceed manufacturer's published time-current 
characteristic tolerance band, including adjustment factors. 

3) Ground-fault pickup and time delay. Ground-fault pickup values shall be as 
specified. Trip characteristics shall not exceed manufacturer's published time-
current characteristic tolerance band, including adjustment factors. 

4) Instantaneous pickup. Instantaneous pickup values shall be as specified and 
within manufacturer's published tolerances. 

f. Test functionality of the trip unit by means of primary current injection. Pickup 
values and trip characteristics shall be as specified and within manufacturer's 
published tolerances. 

g. Perform minimum pickup voltage tests on shunt trip and close coils in accordance 
with manufacturer's published data. Minimum pickup voltage of the shunt trip and 
close coils shall be as indicated by manufacturer. 

h. Verify correct operation ofauxiliary features such as trip and pickup indicators; zone 
interlocking; electrical close and trip operation; trip-free, anti-pump function; and 
trip unit battery condition. Reset all trip logs and indicators. Investigate units that do 
not function as designed. 

i. Verify operation of charging mechanism. Investigate units that do not function as 
designed. 

3. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

4. Perform the following infrared scan tests and inspections and prepare reports: 

a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days 
after Final Acceptance, perform an infrared scan of each enclosed switch and circuit 
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breaker. Remove front panels so joints and connections are accessible to portable 
scanner. 

b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan ofeach 
enclosed switch and circuit breaker 1 1 months after date of Substantial Completion. 

c. Instruments and Equipment: Use an infrared scanning device designed to measure 
temperature or to detect significant deviations from normal values. Provide 
calibration record for device. 

5. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 
malfunctioning controls and equipment. 

G. Enclosed switches and circuit breakers will be considered defective ifthey do not pass tests and 
inspections. 

H. Prepare test and inspection reports. 

1. Test procedures used. 
2. Include identification of each enclosed switch and circuit breaker tested and describe test 

results. 
3. List deficiencies detected, remedial action taken, and observations after remedial action. 

3.7 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 

END OF SECTION 262816 
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SECTION 263100 - PHOTOVOLTAIC COLLECTORS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. PV system description. 
2. Manufactured PV units. 
3. PV module framing. 
4. PV array construction. 
5. Inverters. 
6. System overcurrent protection. 
7. Mounting structures. 

1.3 DEFINITIONS 

A. CEC: California Energy Commission. 

B. ETFE: Ethylene tetrafluoroethylene. 

C. FEP: Fluorinated ethylene propylene. 

D. IP Code: Required ingress protection to comply with IEC 60529. 

E. MPPT: Maximum power point tracking. 

F. PTC: PVUSA Test Condition. Commonly regarded as a "real-world" measure of PV output. See 
below for definition of"PVUSA." 

G. PV: Photovoltaic. 

H. PVUSA: Photovoltaics for Utility Systems Applications. 

I. STC: Standard Test Conditions defined in IEC 61215. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
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1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for PV panels. 

2. Include rated capacities, operating characteristics, electrical characteristics, and furnished 
specialties and accessories. 

B. Shop Drawings: For PV modules. 

1. Include plans, elevations, sections, and mounting details. 
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

3. Detail fabrication and assembly. 
4. Include diagrams for power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

B. Sample Warranty: Formanufacturer's special materials and workmanship warranty and minimum 
power output warranty. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For PV modules to include in operation and maintenance 
manuals. 

1.7 WARRANTY-

A. Manufacturer's Special Warranty: Manufacturer agrees to repair or replace components of PV 
modules that fail in materials or workmanship within specified warranty period. 

1. Manufacturer's materials and workmanship warranties include, but are not limited to, the 
following: 

a. Faulty operation of PV modules. 
b. Linear Power Performance Warranty 

2. Warranty Period: 
a. Twenty Five years on materials and workmanship from date of Substantial 

Completion, 
b. Thirty years on linear power performance 

B. Manufacturer's Special Minimum Power Output Warranty: Manufacturer agrees to repair or 
replace components ofPV modules that fail to exhibit the minimum power output within specified 
warranty period. Special warranty, applying to modules only, applies to materials only, on a 
prorated basis, for period specified. 

1. Manufacturer's minimum power output warranties include, but are not limited to, the 
following warranty periods, from date of Substantial Completion: 
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a. Specified minimum power output to 80 percent or more, for a period of 30 years. 

PART 2-PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Hazardous Locations: FM Global approved for NFPA 70, Class 1, Division 2, Group C and 
Group D. 

2.2 PV CAPACITIES AND CHARACTERISTICS 

A. Minimum Electrical Characteristics: 

1. Rated Open-Circuit Voltage: 39.6 V dc. 
2. Maximum System Voltage: 1500 V dc. 
3. Maximum Power at Voltage (Vpm): 33.4 V dc. 
4. Short-Circuit Temperature Coefficient: .045% /deg C>. 
5. Rated Short-Circuit Current (Isc): 16 amps. 
6. Rated Operation Current (Imp): 14.98 amps. 
7. Maximum Power at STC (Pmax): 500 watts. 

2.3 PV SYSTEMS DESCRIPTION 

A. Interactive PV System: Collectors connected in parallel to the TBPP main bus and BESS; and 
capable of providing power for Project and supplying power to a distributed network. 

1. A module array sized as noted on the project plans to generate a total nominal rated output 
as noted on the project plans. 

2. System Components: 

a. PV modules. 
b. Array frame. 
c. BESS interactive inverter. BESS to be grid forming. 
d. Overcurrent protection, disconnect, and rapid shutdown devices. 
e. Mounting structure. 
f. System kW/kWh meter. 
g. DC combiner boxes. 

B. System shall be a Stand Alone PV system: Collectors connected to provide power to Project dc 
and ac loads through an energy storage system. 

2.4 MANUFACTURED PV UNITS 

A. Cell Materials: N-Type TOPCon Technology 
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B. Module Construction: 

1. Nominal Size: 44.6 inches (800 mm) wide by 77.2 inches (1600 mm) long. 
2. Weight: 51.41b(19.4 kg). 

C. Front Panel: Fully tempered glass. 

D. Backing Material: Tempered glass. 

E. Frame: Anodized aluminum 

F. Bypass Diode Protection: Internal. 

G. Junction Box: 

1. Size: 1.56 by 3.96 by 0.52 inch (39.6 by 100.6 by 13.2 mm). 
2. Fully potted, vandal resistant. 
3. IP Code IP68. 
4. Flammability Test: UL 1703. 

H. Output Cabling: 
1. Quick, multiconnect, polarized connectors. 

I. Series Fuse Rating: 25 amp. 

2.5 

A. 

PV MODULE FRAMING 

PV laminates mounted in anodized extruded-aluminum frames. 

1. Entire assembly UL listed for electrical and fire safety, according to UL 1703, and 
complying with IEC 61215. 

2. Frame strength exceeding requirements of certifying agencies in subparagraph above. 
3. Finish: Anodized aluminum. 

a. Alloy and temper recommended by framing manufacturer for strength, corrosion 
resistance, and application of required finish. 

b. Color: As indicated by manufacturer's designations. 

2.6 PV ARRAY CONSTRUCTION 

A. Framing: 

1. Material: Extruded aluminum. 
2. Maximum System Weight: Less than 4 lb/sq. ft. (19.53 kg/sq. m). 
3. Raceway Cover Plates Aluminum. 

2.7 INVERTER 

A. Inverter Type: String. 
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B. Inverter size: AC output wattage as noted on project plans. 

C. Control Type: Maximum power point tracker control. 

D. Inverter Electrical Characteristics: 
1. Inverter shall have elecrtrical ratings as listed for its size and are similar to those 

manufactured by SMA, SolarEdge, Chint (CPS), or equal. 

E. Operating Conditions: 

1. Operating Ambient Temperatures: Minus 4 to plus 122 deg F (20 to plus 50 deg C). 
2. Storage Temperature: Minus 40 to plus 122 deg F (minus 40 to plus 50 deg C). 
3. Relative Humidity: Zero to 95 percent, noncondensing. 

F. Enclosure: 

1. NEMA Type 3R minimum. 
2. Enclosure Material: Steel. 
3. Cooling Methods: 

a. Passive cooling. 

4. Protective Functions: 

a. AC over/undervoltage. 
b. AC over/underfrequency. 
c. Ground overcurrent. 
d. Overtemperature. 
e. AC and dc overcurrent. 
f. DC overvoltage. 

5. Standard LCD, four lines, 20 characters, with user display and on/offtoggle switch. 

G. Disconnects: Rated for system voltage and conductor. 

H. Regulatory Approvals: 

1. IEEE 1547.1. 
2. IEEE 1547.3. 
3. UL 1741. 

2.8 SYSTEM OVERCURRENT PROTECTION 

A. Fuses: Per project plans requirements. 

B. Circuit Breakers: Per project plans requirements. 

2.9 MOUNTING STRUCTURES 

A. Rack Mounts per project plans. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrate areas and conditions, with Installer present, for compliance with requirements 
for installation tolerances and other conditions affecting performance ofthe Work. 

B. Do not begin installation until mounting surfaces have been properly prepared. 

C. If preparation of mounting surfaces is the responsibility of another installer, notify Architect of 
unsatisfactory preparation before proceeding. 

D. Examine modules and array frame before installation. Reject modules and arrays that are wet, 
moisture damaged, or mold damaged. 

E. Examine roofs, supports, and supporting structures for suitable conditions where PV system will 
be installed. 

F. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Comply with NECA 1. 

B. Coordinate layout and installation of PV panels with [roof] [supportl assembly and other 
construction. 

C. Support PV panel assemblies independent of supports for other elements such as roofand support 
assemblies, enclosures, vents, pipes, and conduits. Support assembly to prevent twisting from 
eccentric loading. 

D. Install PV [inverters,] [energy storage,] [charge controller,] [rapid shutdown,] [and] [system 
controll in locations indicated on Drawings. 

E. Install weatherseal fittings and flanges where PV panel assemblies penetrate exterior elements 
such as walls or roofs. Seal around openings to make weathertight. See Section 079200 "Joint 
Sealants" for materials and application. 

F. Seismic Restraints: Comply with requirements for seismic-restraint devices specified in 
Section 260548.16 "Seismic Controls for Electric Systems." 

G. Wiring Method: Install cables in raceways. 

H. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess 
and without exceeding manufacturer's limitations on bending radii. Install lacing bars and 
distribution spools. 
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3.3 CONNECTIONS 

A. Coordinate PV panel cabling to equipment enclosures to ensure proper connections. 

B. Coordinate installation of utility-interactive meter with utility. 

C. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in 
UL 486A-486B. 

D. Make splices, terminations, and taps that are compatible with conductor material and that 
possess equivalent or better mechanical strength and insulation ratings than unspliced 
conductors. 

END OF SECTION 263100 
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SECTION 263213.16 - GASEOUS EMERGENCY ENGINE GENERATORS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes packaged engine generators for emergency use with the following features: 

1. Natural gas with LP backup engine. 
2. Gaseous fuel system. 
3. Control and monitoring. 
4. Generator overcurrent and fault protection. 
5. Generator, exciter, and voltage regulator. 
6. Outdoor acoustic modified engine generator enclosure. 
7. Engine driven radiator. 
8. Vibration isolation devices. 
9. Finishes. 

B. Related Requirements: 
1. Section 263600 "Transfer Switches" for transfer switches including sensors and relays to 

initiate automatic-starting and -stopping signals for engine generators. 

1.3 DEFINITIONS 

A. EPS: Emergency power supply. 

B. EPSS: Emergency power supply system. 

C. LP: Liquid petroleum. 

D. Operational Bandwidth: The total variation from the lowest to highest value of a parameter over 
the range of conditions indicated, expressed as a percentage ofthe nominal value ofthe parameter. 

1.4 

A. 

ACTION SUBMITTALS 

Product Data: For each type of product. 

1. Include rated capacities, operating characteristics, electrical characteristics, and furnished 
specialties and accessories. 

2. Include thermal damage curve for generator. 
3. Include time-current characteristic curves for generator protective device. 
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4. Include fuel consumption in cubic feet per hour (CFH) at 0.8 power factor at 0.5,0.75, and 
1.0 times generator capacity. 

5. Include generator efficiency at 0.8 power factor at 0.5, 0.75, and 1.0 times generator 
capacity. 

6. Include airflow requirements for cooling and combustion air in cubic feet per minute 
(CFM) at 0.8 power factor, with air-supply temperature of 95. Provide Drawings indicating 
requirements and limitations for location of air intake and exhausts. 

7. Include generator characteristics, including, but not limited to, kilowatt rating, efficiency, 
reactances, and short-circuit current capability. 

B. Shop Drawings: 

1. Include plans and elevations for engine generator and other components specified. 
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

3. Identify fluid drain ports and clearance requirements for proper fluid drain. 
4. Design calculations for selecting vibration isolators and seismic restraints and for designing 

vibration isolation bases. 
5. Vibration Isolation Base Details: Detail fabrication, including anchorages and attachments 

to structure and supported equipment. Include base weights. 
6. Include diagrams for power, signal, and control wiring. Complete schematic, wiring, and 

interconnection diagrams showing terminal markings for EPS equipment and functional 
relationship between all electrical components. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For manufacturer. 

B. Seismic Qualification Data: Certificates, for engine generator, accessories, and components, from 
manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: With engine and generator mounted 
on rails, identify center ofgravity and total weight, supplied enclosure, silencer, and each 
piece of equipment not integral to the engine generator, and locate and describe mounting 
and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements. 

C. Source Quality-Control Reports: Including, but not limited to, the following: 

1. Certified summary of prototype-unit test report. 
2. Certified Test Reports: For components and accessories that are equivalent, but not 

identical, to those tested on prototype unit. 
3. Certified Summary of Performance Tests: Certify compliance with specified requirement 

to meet performance criteria for sensitive loads. 
4. Report of factory test on units to be shipped for this Project, showing evidence of 

compliance with specified requirements. 
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5. Report of sound generation. 
6. Report of exhaust emissions showing compliance with applicable regulations. 
7. Certified Torsional Vibration Compatibility: Comply with NFPA 110. 

D. Field quality-control reports. 

E. Warranty: For special warranty. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For packaged engine generators to include in emergency, 
operation, and maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 

a. List oftools and replacement items recommended to be stored at Project for ready 
access. Include part and drawing numbers, current unit prices, and source of supply. 

b. Operating instructions laminated and mounted adjacent to generator location. 
c. Training plan. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Fuses: One forevery 10 ofeach type and rating, butno fewer than one ofeach. 
2. Indicator Lamps: Two for every six of each type used, but no fewer than two of each. 
3. Filters: One set each of lubricating oil, fuel, and combustion-air filters. 
4. Tools: Each tool listed by part number in operations and maintenance manual. 

1.8 QUALITY ASSURANCE 

A. Installer Qualifications: An authorized representative who is trained and approved by 
manufacturer. 

B. Testing Agency Qualifications: Accredited by NETA. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 

1.9 WARRANTY-

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace components of packaged 
engine generators and associated auxiliary components that fail in materials or workmanship 
within specified warranty period. 

1. Warranty Period: 2 years from date of Substantial Completion. 
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PART 2-PRODUCTS 

2.1 MANUFACTURERS 

A. Source Limitations: Obtain packaged engine generators and auxiliary components from single 
source from single manufacturer. 

B. Acceptable manufacturers shall be those whose final, fully assembled packaged gaseous engine 
generator product meets or exceeds all performance requirements as specified herein for gaseous 
emergency engine generators. 

2.2 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Engine generator housing, engine generator, batteries, battery racks, 
silencers, sound attenuating equipment, accessories, and components shall withstand the effects 
of earthquake motions determined according to ASCE/SEI 7 level 4. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 
when subjected to the seismic forces specified[ and the unit will be fully operational 
after the seismic event]." 

2. Shake-table testing shall comply with ICC-ES AC156. Testing shall be performed with all 
fluids at worst-case normal levels. 

3. Component Importance Factor: 1.0. 

B. B11 Compliance: Comply with B11.19. 

C. NFPA Compliance: 

1. Comply with NFPA 37. 
2. Comply with NFPA 70. 
3. Comply with NFPA 99. 
4. Comply with NFPA 110 requirements for Level 1 EPSS. 

D. UL Compliance: Comply with UL 2200. 

E. Engine Exhaust Emissions: Comply with EPA Tier 2 for non-road SI engine requirements and 
applicable state and local government requirements. 

F. Noise Emission: Comply with applicable state and local government requirements for 
maximum noise level due to sound emitted by engine generator, including engine, engine exhaust, 
engine cooling-air intake and discharge, and other components of installation. See silencer 
requirements in paragraph 2.4 in this specification. See enclosure requirements in paragraph 2.10 
ofthis specification. 

G. Environmental Conditions: Engine generator system shall withstand the following environmental 
conditions without mechanical or electrical damage or degradation of performance capability: 

1. Ambient Temperature: 5 to 104 deg F. 
2. Altitude: Sea level to 3000 feet. Generator rated output shall be at the stated elevation. 
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H. Unusual Service Conditions: Engine generator equipment and installation are required to operate 
under the following conditions: 

1. High salt-dust content in the air due to sea-spray evaporation when installed within 
50 miles of the coast. 

2.3 ENGINE GENERATOR ASSEMBLY DESCRIPTION 

A. Factory-assembled and -tested, water-cooled engine, with brushless generator and accessories. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and use. 

C. EPSS Class: Engine generator shall be classified as Class 48 according to NFPA 110. 

D. Service Load: 100 kW/125 kVA. 

E. Power Factor: 0.8, lagging. 

F. Frequency: 60 Hz. 

G. Voltage: 120/208V ac or 277/480V ac as required for the site 

H. Phase: Three-phase, four-wire wye. 

I. Induction Method: Turbocharged. 

J. Governor: Adjustable isochronous, with speed sensing. 

K. Mounting Frame: Structural-steel framework to maintain alignment of mounted components 
without depending on concrete foundation. Provide lifting attachments sized and spaced to 
prevent deflection ofbase during lifting and moving. 

1. Rigging Diagram: Inscribed on metal plate permanently attached to mounting frame to 
indicate location and lifting capacity of each lifting attachment and engine generator center 
ofgravity. 

L. Capacities and Characteristics: 

1. Power Output Ratings: Nominal ratings as indicated at 0.8 power factor excluding power 
required for the continued and repeated operation of the unit and auxiliaries. 

2. Nameplates: For each major system component to identify manufacturer's name and 
address, and model and serial number of component. 

M. Engine Generator Performance: 

1. Steady-State Voltage Operational Bandwidth: 3 percent of rated output voltage, from no 
load to fullload. 
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2. Transient Voltage Performance: Not more than 20 percent variation for 50 percent step-
load increase or decrease. Voltage shall recover and remain within the steady-state 
operating band within three seconds. 

3. Steady-State Frequency Operational Bandwidth: 0.5 percent of rated frequency, from no 
load to fullload. 

4. Steady-State Frequency Stability: When system is operating at any constant load within 
the rated load, there shall be no random speed variations outside the steady-state 
operational band and no hunting or surging of speed. 

5. Transient Frequency Performance: Less than 5 percent variation for 50 percent step-load 
increase or decrease. Frequency shall recover and remain within the steady-state operating 
band within five seconds. 

6. Output Waveform: At no load, harmonic content measured line to line or line to neutral 
shall not exceed 5 percent total and 3 percent for single harmonics. Telephone influence 
factor, determined according to NEMA MG 1, shall not exceed 50 percent. 

7. Sustained Short-Circuit Current: For a three-phase, bolted short circuit at system output 
terminals, system shall supply a minimum of 250 percent of rated full-load current for not 
less than 10 seconds and then clear the fault automatically, without damage to generator 
system components. 

8. Start Time: Comply with NFPA 110, Type 10, system requirements. 

N. Engine Generator Performance for Sensitive Loads: 

1. Oversizing generator compared with the rated power output ofthe engine is permissible to 
meet specified performance. 

a. Nameplate Data for Oversized Generator: Show ratings required by the Contract 
Documents rather than ratings that would normally be applied to generator size 
installed. 

2. Steady-State Voltage Operational Bandwidth: 1 percent of rated output voltage, from no 
load to fullload. 

3. Transient Voltage Performance: Not more than 10 percent variation for 50 percent step-
load increase or decrease. Voltage shall recover and remain within the steady-state 
operating band within 0.5 second. 

4. Steady-State Frequency Operational Bandwidth: Plus or minus 0.25 percent of rated 
frequency, from no load to full load. 

5. Steady-State Frequency Stability: When system is operating at any constant load within 
the rated load, there shall be no random speed variations outside the steady-state 
operational band and no hunting or surging of speed. 

6. Transient Frequency Performance: Less than 2-Hz variation for 50 percent step-load 
increase or decrease. Frequency shall recover and remain within the steady-state operating 
band within three seconds. 

7. Output Waveform: At no load, harmonic content, measured line to neutral, shall not exceed 
2 percent total with no slot ripple. Telephone influence factor, determined according to 
NEMA MG 1, shall not exceed 50 percent. 

8. Sustained Short-Circuit Current: For a three-phase, bolted short circuit at system output 
terminals, system shall supply a minimum of 300 percent of rated full-load current for not 
less than 10 seconds and then clear the fault automatically, without damage to winding 
insulation or other generator system components. 

9. Excitation System: Performance shall be unaffected by voltage distortion caused by 
nonlinear load. 
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a. Provide permanent magnet excitation for power source to voltage regulator. 

10. Start Time: Comply with NFPA 110, Type 10, system requirements. 

O. Parallel Engine Generators: 

1. Automatic reactive output power control and load sharing between engine generators 
operated in parallel. 

2. Automatic regulation, automatic connection to a common bus, and automatic 
synchronization, with manual controls and instruments to monitor and control paralleling 
functions. 

3. Protective relays required for equipment and personnel safety. 
4. Paralleling suppressors to protect excitation systems. 
5. Reverse power protection. 
6. Loss of field protection. 

2.4 ENGINE 

A. Fuel: Natural gas with LP backup. 

B. Rated Engine Speed: 1800 rpm. 

C. Lubrication System: Engine or skid mounted. 

1. Filter and Strainer: Rated to remove 90 percent of particles 5 micrometers and smaller 
while passing full flow. 

2. Thermostatic Control Valve: Control flow in system to maintain optimum oil temperature. 
Unit shall be capable of full flow and is designed to be fail-safe. 

3. Crankcase Drain: Arranged for complete gravity drainage to an easily removable container 
with no disassembly and without use of pumps, siphons, special tools, or appliances. 

D. Jacket Coolant Heater: Electric-immersion type, factory installed in coolant jacket system. 
Comply with NFPA 110 requirements for Level 1 equipment for heater capacity and with 
UL 499. 

E. Cooling System: Closed loop, liquid cooled, with radiator factory mounted on engine generator 
mounting frame and integral engine-driven coolant pump. 

1. Coolant: Solution of 50 percent ethylene-glycol-based antifreeze and 50 percent water, 
with anticorrosion additives as recommended by engine manufacturer. 

2. Size of Radiator: Adequate to contain expansion oftotal system coolant, from cold start to 
110 percent load condition. 

3. Expansion Tank: Constructed of welded steel plate and rated to withstand maximum 
closed-loop coolant-system pressure for engine used. Equip with gage glass and petcock. 

4. Temperature Control: Self-contained, thermostatic-control valve modulates coolant flow 
automatically to maintain optimum constant coolant temperature as recommended by 
engine manufacturer. 

5. Coolant Hose: Flexible assembly with inside surface of nonporous rubber and outer 
covering of aging-, UV-, and abrasion-resistant fabric. 
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a. Rating: 50-psig maximum working pressure with coolant at 180 deg F, and non 
collapsible under vacuum. 

b. End Fittings: Flanges or steel pipe nipples with clamps to suit piping and equipment 
connections. 

F. Muffler/Silencer: Critical type, sized as recommended by engine manufacturer and selected with 
exhaust piping system to not exceed engine manufacturer's engine backpressure requirements. 

1. Minimum sound attenuation of 25 dB at 500 Hz. 
2. Sound level measured at a distance of 25 feet from exhaust discharge after installation is 

complete shall be 78 dBA or less. 

G. Air-Intake Filter: Heavy duty, engine-mounted air cleaner with replaceable dry-filter element and 
"blocked filter" indicator. 

H. Starting System: 24V electric, with negative ground. 

1. Components: Sized so they are not damaged during a full engine-cranking cycle, with 
ambient temperature at maximum specified in "Performance Requirements" Article. 

2. Cranking Motor: Heavy-duty unit that automatically engages and releases from engine 
flywheel without binding. 

3. Cranking Cycle: As required by NFPA 110 for system level specified. 
4. Battery: Lead acid with capacity within ambient temperature range specified in 

"Performance Requirements" Article to provide specified cranking cycle at least three 
times without recharging. 

5. Battery Cable: Size as recommended by engine manufacturer for cable length indicated. 
Include required interconnecting conductors and connection accessories. 

6. Battery Compartment: Factory fabricated of metal with acid-resistant finish and thermal 
insulation. Thermostatically controlled heater shall be arranged to maintain battery above 
50 deg F regardless of external ambient temperature within range specified in 
"Performance Requirements" Article. Include accessories required to support and fasten 
batteries in place. Provide ventilation to exhaust battery gases. 

7. Battery Stand: Factory-fabricated, two-tiermetal with acid-resistant finish designed to hold 
the quantity of battery cells required and to maintain the arrangement to minimize lengths 
of battery interconnections. 

8. Battery-Charging Altemator: Factory mounted on engine with solid-state voltage 
regulation and 35 -A minimum continuous rating. 

9. Battery Charger: Current-limiting, automatic-equalizing and float-charging type designed 
for lead-acid batteries. Unit shall comply with UL 1236 and include the following features: 

a. Operation: Equalizing-charging rate of 10 A shall be initiated automatically after 
battery has lost charge until an adjustable equalizing voltage is achieved at battery 
terminals. Unit shall then be automatically switched to a lower float-charging mode 
and shall continue to operate in that mode until battery is discharged again. 

b. Automatic Temperature Compensation: Adjust float and equalize voltages for 
variations in ambient temperature from minus 40 to 140 deg F to prevent 
overcharging at high temperatures and undercharging at low temperatures. 

c. Automatic Voltage Regulation: Maintain constant output voltage regardless of input 
voltage variations up to plus or minus 10 percent. 

d. Ammeter and Voltmeter: Flush mounted in door. Meters shall indicate charging 
rates. 

GASEOUS EMERGENCY ENGINE GENERATORS 263213.16 - 8 



e. Safety Functions: Sense abnormally low battery voltage and close contacts 
providing low battery voltage indication on control and monitoring panel. Sense 
high battery voltage and loss of ac input or dc output of battery charger. Either 
condition shall close contacts that provide a battery-charger malfunction indication 
at system control and monitoring panel. 

f. Enclosure and Mounting: NEMA 250, Type 1, wall-mounted cabinet. 

2.5 

A. 

B. 

C. 

D. 

E. 

GASEOUS FUEL SYSTEM 

Natural Gas Piping: Comply with project requirements. 

LP Gas Piping: Comply with project requirements. 

Gas Train: Comply with NFPA 37. 

Tanks: Comply with requirements for propane storage containers. 

Engine Fuel System: 

1. Natural Gas with LP Gas Backup, Vapor-Withdrawal System: 

a. Carburetor. 
b. Secondary Gas Regulators: One for each fuel type, with atmospheric vents piped to 

building exterior. 
c. Fuel-Shutoff Solenoid Valves: NRTL-listed, normally closed, safety shutoff valves; 

one for each fuel source. 

2. Fuel Filters: One for each fuel type. 
3. Manual Fuel Shutoff Valves: One for each fuel type. 
4. Flexible Fuel Connectors: Minimum one for each fuel connection. 
5. LP gas flow adjusting valve. 
6. Fuel change gas pressure switch. 

2.6 CONTROL AND MONITORING 

A. Automatic Starting System Sequence of Operation: When mode-selector switch on the control 
and monitoring panel is in the automatic position, remote-control contacts in one or more separate 
automatic transfer switches initiate starting and stopping of engine generator. When mode-
selector switch is switched to the on position, engine generator starts. The off position of same 
switch initiates engine generator shutdown. When engine generator is running, specified system 
or equipment failures or derangements automatically shut down engine generator and initiate 
alarms. 

B. Manual Starting System Sequence of Operation: Switching On-Off switch on the generator 
control panel to the on position starts engine generator. The off position of same switch initiates 
engine generator shutdown. When engine generator is running, specified system or equipment 
failures or derangements automatically shut down engine generator and initiate alarms. 
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C. Provide minimum run-time control set for 15 minutes, with override only by operation of a remote 
emergency-stop switch. 

D. Comply with UL 508A. 

E. Configuration: Operating and safety indications, protective devices, basic system controls, and 
engine gages shall be grouped in a common control and monitoring panel mounted on the engine 
generator. Mounting method shall isolate the control panel from engine generator vibration. Panel 
shall be powered from the engine generator battery. 

F. Configuration: Operating and safety indications, protective devices, basic system controls, and 
engine gages shall be grouped in a common wall-mounted control and monitoring panel. Panel 
shall be powered from the engine generator battery. 

G. Configuration: Operating and safety indications, protective devices, basic system controls, engine 
gages, instrument transformers, generator disconnect switch or circuit breaker, and other 
indicated components shall be grouped in a combination control and power panel. Control and 
monitoring section ofpanel shall be isolated from power sections by steel barriers. Panel shall be 
powered from the engine generator battery. Panel features shall include the following: 

1. Wall-Mounting Cabinet Construction: Rigid, self-supporting steel unit complying with 
NEMA ICS 6. 

2. Switchboard Construction: Freestanding unit complying with Section 262413 
"Switchboards." Power bus shall be copper. Bus, bus supports, control wiring, and 
temperature rise shall comply with UL 891. 

3. Switchgear Construction: Freestanding unit complying with Section 262300 "Low-
Voltage Switchgear." 

H. Control and Monitoring Panel: 

1. Digital controller with integrated LCD display, controls, and microprocessor, capable of 
local and remote control, monitoring, and programming, with battery backup. 

2. Instruments: Located on the control and monitoring panel and viewable during operation. 

a. Engine lubricating-oil pressure gage. 
b. Engine-coolant temperature gage. 
c. DC voltmeter (altemator battery charging). 
d. Running-time meter. 
e. AC voltmeter connected to a phase selector switch. 
f. AC ammeter connected to a phase selector switch. 
g. AC frequency meter. 
h. Generator-voltage adjusting rheostat. 

3. Controls and Protective Devices: Controls, shutdown devices, and common visual alarm 
indication as required by NFPA 110 for Level 1] system, including the following: 

a. Cranking control equipment. 
b. Run-Off-Auto switch. 
c. Control switch not in automatic position alarm. 
d. Overcrank alarm. 
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e. Overcrank shutdown device. 
f. Low water temperature alarm. 
g. High engine temperature pre-alarm. 
h. High engine temperature. 
i. High engine temperature shutdown device. 
j. Overspeed alarm. 
k. Overspeed shutdown device. 

1. Coolant low-level alarm. 
m. Coolant low-level shutdown device. 
n. Coolant high-temperature prealarm. 
o. Coolant high-temperature alarm. 
p. Coolant low-temperature alarm. 
q. Coolant high-temperature shutdown device. 
r. EPS load indicator. 
s. Battery high-voltage alarm. 
t. Low-cranking voltage alarm. 
u. Battery-charger malfunction alarm. 
v. Battery low-voltage alarm. 
w. Lamp test. 
x. Contacts for local and remote common alarm. 
y. Remote manual-stop shutdown device. 
z. Air shutdown damper alarm when used. 
aa. Air shutdown damper shutdown device when used. 
bb. Generator overcurrent-protective-device not-closed alarm. 

I. Connection to Datalink: 

1. A separate terminal block, factory wired to Form C dry contacts, for each alarm and status 
indication. 

2. Provide connections for datalink transmission of indications to remote data terminals via 
Ethernet. 

J. Common Remote Panel with Common Audible Alarm: Comply with NFPA 110 requirements for 
Level 1 systems. Include necessary contacts and terminals in control and monitoring panel. 
Remote panel shall be powered from the engine generator battery. 

K. Remote Alarm Annunciator: Comply with NFPA 99. An LED indicator light labeled with proper 
alarm conditions shall identify each alarm event, and a common audible signal shall sound for 
each alarm condition. Silencing switch in face ofpanel shall silence signal without altering visual 
indication. Connect so that after an alarm is silenced, clearing of initiating condition will 
reactivate alarm until silencing switch is reset. Cabinet and faceplate are surface mounting type 
to suit mounting conditions indicated. 

1. Overcrank alarm. 
2. Coolant low-temperature alarm. 
3. High engine temperature pre-alarm. 
4. High engine temperature alarm. 
5. Low lube oil pressure alarm. 
6. Overspeed alarm. 
7. Low coolant level alarm. 
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8. Low-cranking voltage alarm. 
9. Contacts for local and remote common alarm. 
10. Audible-alarm silencing switch. 
11. Air shutdown damper when used. 
12. Run-Off-Auto switch. 
13. Control switch not in automatic position alarm. 
14. Lamp test. 
15. Low-cranking voltage alarm. 
16. Generator overcurrent-protective-device not-closed alarm. 

L. Supporting Items: Include sensors, transducers, terminals, relays, and other devices and include 
wiring required to support specified items. Locate sensors and other supporting items on engine 
or generator unless otherwise indicated. 

M. Remote Emergency-Stop Switch: Wall mounted unless otherwise indicated; and labeled. Push 
button shall be protected from accidental operation. 

2.7 GENERATOR OVERCURRENT AND FAULT PROTECTION 

A. Overcurrent protective devices for the entire EPSS shall be coordinated to optimize selective 
tripping when a short circuit occurs. Coordination ofprotective devices shall consider both utility 
and EPSS as the voltage source. 

1. Overcurrent protective devices for the EPSS shall be accessible only to authorized 
personnel. 

B. Generator Circuit Breaker: Molded-case, electronic-trip type; 100 percent rated; complying with 
UL 489. 

1. Tripping Characteristics: Adjustable long-time and short-time delay and instantaneous. 
2. Trip Settings: Selected to coordinate with generator thermal damage curve. 
3. Shunt Trip: Connected to trip breaker when engine generator is shut down by other 

protective devices. 
4. Mounting: Adjacent to or integrated with control and monitoring panel. 

C. Generator Protector: Microprocessor-based unit shall continuously monitor current level in each 
phase of generator output, integrate generator heating effect over time, and predict when thermal 
damage of altemator will occur. When signaled by generator protector or other engine generator 
protective devices, a shunt-trip device in the generator disconnect switch shall open the switch to 
disconnect the generator from load circuits. Protector performs the following functions: 

1. Initiates a generator overload alarm when generator has operated at an overload equivalent 
to 110 percent of full-rated load for 60 seconds. Indication for this alarm is integrated with 
other engine generator malfunction alarms. Contacts shall be available for load shed 
functions. 

2. Under single- or three-phase fault conditions, regulates generator to 300 percent of rated 
full-load current for up to 10 seconds. 

3. As overcurrent heating effect on the generator approaches the thermal damage point of the 
unit, protector switches the excitation system off, opens the generator disconnect device, 
and shuts down the engine generator. 
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4. Senses clearing of a fault by other overcurrent devices and controls recovery of rated 
voltage to avoid overshoot. 

D. Ground-Fault Indication: Comply with NFPA 70 Article 700, "Emergency System" signals for 
ground fault. 

1. Indicate ground fault with other engine generator alarm indications. 
2. Trip generator protective device on ground fault. 

2.8 GENERATOR, EXCITEK AND VOLTAGE REGULATOR 

A. Comply with NEMA MG 1. 

B. Drive: Generator shaft shall be directly connected to engine shaft. Exciter shall be rotated 
integrally with generator rotor. 

C. Electrical Insulation: Class H or Class F. 

D. Stator-Winding Leads: Brought out to terminal box to permit future reconnection for other 
voltages if required. Provide 12 lead altemator. 

E. Range: Provide broad range of output voltage by adjusting the excitation level. 

F. Construction shall preventmechanical, electrical, andthermal damage due to vibration, overspeed 
up to 125 percent of rating, and heat during operation at 110 percent of rated capacity. 

G. Enclosure: Dripproof. 

H. Instrument Transformers: Mounted within generator enclosure. 

I. Voltage Regulator: Solid-state type, separate from exciter, providing performance as specified 
and as required by NFPA 110. 

1. Adjusting Rheostat on Control and Monitoring Panel: Provide plus or minus 5 percent 
adjustment of output-voltage operating band. 

2. Maintain voltage within 20 percent on one step, fullload. 
3. Provide anti-hunt provision to stabilize voltage. 
4. Maintain frequency within 5 percent and stabilize at rated frequency within two seconds. 

J. Strip Heater: Thermostatically controlled unit arranged to maintain stator windings above dew 
point. 

K. Windings: Two-thirds pitch stator winding and fully linked amortisseur winding. 

L. Subtransient Reactance: 12 percent, maximum. 

2.9 OUTDOOR ENGINE GENERATOR ENCLOSURE 

A. Description: Vandal-resistant, sound-attenuating, weatherproof steel housing, wind resistant up 
to 100 mph. Multiple panels shall be lockable and provide adequate access to components 
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requiring maintenance. Panels shall be removable by one person without tools. Instruments and 
control shall be mounted within enclosure. 

1. Sound Attenuation Level: To reduce noise level to 70db at 23 feet from genset enclosure. 

B. Description: Prefabricated or pre-engineered, galvanized-steel-clad, integral structural-steel-
framed, acoustically attenuated, enclosure; erected on concrete foundation or provided assembled 
with genset. 

C. Structural Design and Anchorage: Comply with ASCE/SEI 7 for wind loads up to 100 mph. 

D. Seismic Design: Comply with seismic requirements in Section 260548.16 "Seismic Controls for 
Electrical Systems." 

E. Provide smoke detector in enclosure; mounted according to NFPA 72. 

F. Hinged Doors: With padlocking provisions. 

G. Space Heater: Thermostatically controlled and sized to prevent condensation. 

H. Lighting: Provide weather-resistant LED lighting with 30 fc average maintained. 

I. Thermal Insulation: Manufacturer's standard materials and thickness selected in coordination with 
space heater to maintain winter interior temperature within operating limits required by engine 
generator components. 

J. Muffler Location: Within enclosure. 

K. Engine-Cooling Airflow through Enclosure: Maintain temperature rise of system components 
within required limits when unit operates at 110 percent of rated load for two hours or 100% 
continuous for 48 hours with ambient temperature at top of range specified in system service 
conditions. 

1. Louvers: Fixed-engine, cooling-air inlet and discharge. Stormproof and drainable louvers 
prevent entry of rain and snow. 

2. Automatic Dampers: At engine cooling-air inlet and discharge. Dampers shall be closed to 
reduce enclosure heat loss in cold weather when unit is not operating. 

3. Ventilation: Provide temperature-controlled exhaust fan interlocked to prevent operation 
when engine is running. 

L. Interior Lights with Switch: Factory-wired, vaporproof luminaires within housing; arranged to 
illuminate controls and accessible interior. Arrange for external electrical connection. 

1. AC lighting system and connection point for operation when remote source is available. 
2. DC lighting system for operation when remote source and generator are both unavailable. 

M. Convenience Outlets: Factory-wired, GFCI. Arrange for external electrical connection. 
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2.10 VIBRATION ISOLATION DEVICES 

A. Elastomeric Isolator Pads: Oil- and water-resistant elastomer or natural rubber, arranged in single 
or multiple layers, molded with a nonslip pattern and galvanized-steel baseplates of sufficient 
stiffness for uniform loading over pad area, and factory cut to sizes that match requirements of 
supported equipment. 

1. Material: Standard neoprene separated by steel shims. 

B. Vibration isolation devices shall not be used to accommodate misalignments or to make bends. 

2.11 FINISHES 

A. Indoor and Outdoor Enclosures and Components: Manufacturer's standard finish over corrosion-
resistant pretreatment and compatible primer. 

2.12 SOURCE QUALITY CONTROL 

A. Prototype Testing: Factory test engine generator using same engine model, constructed of 
identical or equivalent components and equipped with identical or equivalent accessories. 

1. Tests: Comply with NFPA 110, Level 1 Energy Converters and with IEEE 115. 

B. Project-Specific Equipment Tests: Before shipment, factory test engine generator and other 
system components and accessories manufactured specifically for this Project. Perform tests at 
rated load and power factor. Include the following tests: 

1. Test components and accessories furnished with installed unit that are not identical to those 
on tested prototype to demonstrate compatibility and reliability. 

2. Test generator, exciter, and voltage regulator as a unit. 
3. Full-load run. 
4. Maximum power. 
5. Voltage regulation. 
6. Transient and steady-state governing. 
7. Single-step load pickup. 
8. Safety shutdown. 
9. Provide 14 days' advance notice oftests and opportunity for observation oftests by Owner's 

representative. 
10. Report factory test results within 10 days of completion oftest. 

PART 3 - EXECUTION - THIS IS SITE SPECIFIC 

3.1 EXAMINATION 

A. Examine areas, equipment bases, and conditions, with Installer present, for compliance with 
requirements for installation and other conditions affecting packaged engine generator 
performance. 
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B. Examine roughing-in for piping systems and electrical connections to verify actual locations of 
connections before packaged engine generator installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Interruption ofExisting Electrical Service: Do not interrupt electrical service to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after arranging 
to provide temporary electrical service according to requirements indicated: 

1. Notify Construction Manager and Owner no fewer than five working days in advance of 
proposed interruption of electrical service. 

2. Do not proceed with interruption of electrical service without Construction Manager's 
and Owner's written permission. 

3.3 INSTALLATION 

A. Comply with NECA 1 and NECA 404. 

B. Comply with packaged engine generator manufacturers' written installation and alignment 
instructions and with NFPA 110. 

C. Equipment Mounting: 

1. Install packaged engine generators on cast-in-place concrete equipment bases. Comply 
with requirements for equipment bases and foundations specified in project plans. 

2. Coordinate size and location of concrete bases for packaged engine generators. Cast 
anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are 
specified with concrete. 

D. Install packaged engine generator to provide access, without removing connections or 
accessories, for periodic maintenance. 

E. Cooling System: Pre-piped as part of packaged engine generator system. 

F. Exhaust System: Pre-piped as part of packaged engine generator system. 

G. Drain Piping: Pre-piped as part of packaged engine generator system. 

H. Gaseous Fuel Piping: 

1. Natural gas piping, valves, and specialties for gas distribution are to be provided for the 
pipe size and gas volume required. 

2. LP gas piping, valves, and specialties for gas piping are to be provided for the pipe size 
and gas volume required. 

I. Electrical Wiring: Install electrical devices furnished by equipment manufacturers but not 
specified to be factory mounted. 
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3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Sections. Drawings indicate general 
arrangement of piping and specialties. 

B. Connect fuel, cooling-system, and exhaust-system piping adjacent to packaged engine generator 
to allow service and maintenance. 

C. Connect cooling-system water piping to engine generator and radiator with flexible connectors. 

D. Connect engine exhaust pipe to engine with flexible connector. 

E. Gaseous Fuel Connections: 

1. Connect fuel piping to engines with a gate valve and union and flexible connector. 
2. Install manual shutoff valve in a remote location to isolate gaseous fuel supply to the 

generator. 
3. Vent gas pressure regulators outside building a minimum of 60 inches (1500 mm) from 

building openings. 

F. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems." 

G. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables." Provide a minimum of one 90-degree bend in flexible conduit routed to the engine 
generator from a stationary element. 

H. Balance single-phase loads to obtain a maximum of 10 percent unbalance between any two 
phases. 

3.5 IDENTIFICATION 

A. Identify system components according to Section 230553 "Identification for HVAC Piping and 
Equipment" and Section 260553 "Identification for Electrical Systems." 

B. Install a sign indicating the generator neutral is bonded to the main service neutral at the main 
service location. 

3.6 FIELD QUALITY CONTROL 

A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections. 

B. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

D. Perform tests and inspections with the assistance of a factory-authorized service 
representative. 
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E. Tests and Inspections: 

1. Perform tests recommended by manufacturer and each visual and mechanical inspection 
and electrical and mechanical test listed in first two subparagraphs below, as specified in 
NETA ATS. Certify compliance with test parameters. 

a. Visual and Mechanical Inspection: 

1) Compare equipment nameplate data with Drawings and the Specifications. 
2) Inspect physical and mechanical condition. 
3) Inspect anchorage, alignment, and grounding. 
4) Verify that the unit is clean. 

b. Electrical and Mechanical Tests: 

1) Perform insulation-resistance tests according to IEEE 43. 

a) Machines Larger Than 200 hp (150 kW): Test duration shall be 10 
minutes. Calculate polarization index. 

b) Machines 200 hp (150 kW) or Less: Test duration shall be one minute. 
Calculate the dielectric-absorption ratio. 

2) Test protective relay devices. 
3) Verify phase rotation, phasing, and synchronized operation as required by the 

application. 
4) Functionally test engine shutdown for low oil pressure, overtemperature, 

overspeed, and other protection features as applicable. 
5) Perform vibration test for each main bearing cap. 
6) Conduct performance test according to NFPA 110. 
7) Verify correct functioning ofthe governor and regulator. 

2. NFPA 110 Acceptance Tests: Perform tests required by NFPA 110 that are additional to 
those specified here including, but not limited to, single-step full-load pickup test. 

3. Battery Tests: Equalize charging of battery cells according to manufacturer's written 
instructions. Record individual cell voltages. 

a. Measure charging voltage and voltages between available battery terminals for full-
charging and float-charging conditions. Check electrolyte level and specific gravity 
under both conditions. 

b. Test for contact integrity of all connectors. Perform an integrity load test and a 
capacity load test for the battery. 

c. Verify acceptance of charge for each element ofthe battery after discharge. 
d. Verify that measurements are within manufacturer's specifications. 

4. Battery-Charger Tests: Verify specified rates of charge for both equalizing and float-
charging conditions. 

5. System Integrity Tests: Methodically verify proper installation, connection, and integrity 
of each element of engine generator system before and during system operation. Check for 
air, exhaust, and fluid leaks. 
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6. Exhaust-System Back-Pressure Test: Use a manometer with a scale exceeding 40-inch wg 
(120 kPa). Connect to exhaust line close to engine exhaust manifold. Verify that back 
pressure at full-rated load is within manufacturer's written allowable limits for the engine. 

7. Exhaust Emissions Test: Comply with applicable government test criteria. 
8. Voltage and Frequency Transient Stability Tests: Use recording oscilloscope to measure 

voltage and frequency transients for 50 and 100 percent step-load increases and decreases, 
and verify that performance is as specified. 

9. Harmonic-Content Tests: Measure harmonic content of output voltage at 25 and 100 
percent of rated linear load. Verify that harmonic content is within specified limits. 

10. Noise Level Tests: Measure A-weighted level of noise emanating from engine generator 
installation, including engine exhaust and cooling-air intake and discharge, at four 
locations 25 feet (8 m) from edge of the generator enclosure, and compare measured 
levels with required values. 

F. Coordinate tests with tests for transfer switches and run them concurrently. 

G. Test instruments shall have been calibrated within the past 12 months, traceable to NIST 
Calibration Services, and adequate for making positive observation of test results. Make 
calibration records available for examination on request. 

H. Leak Test: After installation, charge exhaust, coolant, and fuel systems and test for leaks. Repair 
leaks and retest until no leaks exist. 

I. Operational Test: After electrical circuitry has been energized, start units to confirm proper motor 
rotation and unit operation for generator and associated equipment. 

J. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 
equipment. 

K. Remove and replace malfunctioning units and [retestl [reinspectl as specified above. 

L. Retest: Correct deficiencies identified by tests and observations, and retest until specified 
requirements are met. 

M. Report results oftests and inspections in writing. Record adjustable relay settings and measured 
insulation resistances, time delays, and other values and observations. Attach a label or tag to 
each tested component indicating satisfactory completion oftests. 

N. Infrared Scanning: After Substantial Completion, but not more than 60 days after final 
acceptance, perform an infrared scan of each power wiring termination and each bus connection 
while running with maximum load. Remove all access panels, so terminations and connections 
are accessible to portable scanner. 

1. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan 11 months 
after date of Substantial Completion. 

2. Instrument: Use an infrared scanning device designed to measure temperature or to detect 
significant deviations from normal values. Provide calibration record for device. 

3. Record of Infrared Scanning: Prepare a certified report that identifies terminations and 
connections checked and that describes scanning results. Include notation of deficiencies 
detected, remedial action taken, and observations after remedial action. 
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3.7 MAINTENANCE SERVICE 

A. Initial Maintenance Service: Beginning at Substantial Completion, maintenance service shall 
include 12 months' full maintenance by skilled employees of manufacturer's authorized service 
representative. Include quarterly preventive maintenance and exercising to check for proper 
starting, load transfer, and running under load. Include routine preventive maintenance as 
recommended by manufacturer and adjusting as required for proper operation. Parts shall be 
manufacturer's authorized replacement parts and supplies. 

3.8 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain packaged engine generators. 

END OF SECTION 263213.16 
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SECTION 263373 - BATTERY ENERGY STORAGE SYSTEM (BESS) 

PART 1 GENERAL 

1.01 SECTION INCLUDES 
A. Battery energy storage system (BESS). 

1.02 RELATED REQUIREMENTS 

A. Section 262713.16 - Power Quality Meters 
Section 263713 - Low-Voltage Microgrid Energy Management System 

1.03 ABBREVIATIONS AND ACRONYMS 

A. BESS: Battery energy storage system. 
B. BMS: Battery management system. 
C. HVAC: Heating, ventilation, and air conditioning. 
D. IEC: International Electrotechnical Commission. 
E. IEEE: Institute of Electrical and Electronics Engineers. 
F. kWh: Kilowatt hour. 
G. kW: Kilowatt. 
H. LFP: Lithium ferrophosphate/lithium-ion iron phosphate. 
I. NEC: National Electrical Code. 
J. PCS: Power conversion system. 
K. SOC: State of charge. 
L. UL: Underwriters Laboratories. 

1.04 DEFINITIONS 

A. C Rate: Power/energy capacity. 

1.05 REFERENCE STANDARDS 
A. ASCE 7 - Minimum Design Loads and Associated Criteria for Buildings and Other Structures; 

Most Recent Edition Cited by Referring Code or Reference Standard. 
B. ICC (IBC) - International Building Code; Most Recent Edition Adopted by Authority Having 

Jurisdiction, Including All Applicable Amendments and Supplements. 
C. IEC 61800-3 - Adjustable Speed Electrical Power Drive Systems - Part3: EMC Requirements 

and Specific Test Methods for PDS and Machine Tools; 2022. 
D. IEEE 693 - Recommended Practice for Seismic Design of Substations; 2018. 
E. ISO 9001 - Quality Management Systems - Requirements; 2015, with Amendment (2024). 
F. ISO 12944-5 - Paints and Varnishes - Corrosion Protection of Steel Structures by Protective 

Paint Systems - Part 5: Protective Paint Systems; 2019. 
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G. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2020. 
H. NFPA 69 - Standard on Explosion Prevention Systems; 2024. 
I. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having 

Jurisdiction, Including All Applicable Amendments and Supplements. 
J. NFPA 855 - Standard for the Installation of Stationary Energy Storage Systems; 2023. 
K. UL 1642 - Lithium Batteries; Current Edition, Including All Revisions. 
L. UL 1741 - Inverters, Converters, Controllers and Interconnection System Equipment for Use 

With Distributed Energy Resources; Current Edition, Including All Revisions. 
M. UL 1973 - Batteries for Use in Stationary and Motive Auxiliary Power Applications; Current 

Edition, Including All Revisions. 
N. UL 9540 - Energy Storage Systems and Equipment; Current Edition, Including All Revisions. 
O. UL 9540A - Test Method for Evaluating Thermal Runaway Fire Propagation in Battery Energy 

Storage Systems; Current Edition, Including All Revisions. 

1.06 ADMINISTRATIVE REQUIREMENTS 

A. Preinstallation Meeting: Review material selections and installation procedures with 
manufacturer's representative and affected installers. 

B. Scheduling: Do not schedule functional demonstration testing until operational readiness 
testing is complete and associated report and certification have been submitted. 

1.07 SUBMITTALS 

A. Provide sufficient information to determine compliance with Contract Documents. Identify 
submittal data with specific equipment tags and/or service descriptions to which they pertain. 
Identify specific model numbers, options, and features of equipment proposed. 

B. Indicate deviations from Contract Documents with reference to corresponding drawing or 
specification number and written justification for deviation. 

C. Product Data: Provide manufacturer's standard catalog pages and data sheets, including 
physical data, electrical performance, electrical characteristics, and connection requirements. 

D. Shop Drawings: Indicate enclosure dimensions, shipping section dimensions, weights, 
foundation requirements, required clearances, location and size of each field connection, and 
mounting and installation instructions. 
1. Structural calculations. 
2. Inspection and test plan. 

E. Operational Readiness Report: 
1. Document test results, including assumptions, conditions, allowances, and corrections 

made. 
2. Provide listing of field modifications and adjustments made including settings/parameters 

not identified as factory defaults within equipment's operations and maintenance manual 
documentation. 

3. Include certification, signed by Contractor and manufacturer's representative, that 
equipment and associated system have been installed, configured, and tested in 
accordance with manufacturer's recommendations, conforms to requirements of Contract 
Documents, and is ready for operation. 

F. Functional Demonstration Testing Report: Document test results, including assumptions, 
conditions, allowances, and corrections made. 
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G. Manufacturer's qualification statement. 
H. Operation and Maintenance Data: 

1. Provide detailed information on system operation, equipment programming and setup, 
replacement parts, and recommended maintenance procedures and intervals. 
a. Include contact information for parts stocking location closest to Owner. 
b. Identify critical spare parts associated with long lead times and/or those critical to unit 

operation. 
c. Identify maintenance spare parts required to regularly perform scheduled equipment 

maintenance including, but not limited to, consumable parts required to be 
exchanged during scheduled maintenance periods. 

I. Project Record Documents: 
1. Construction, installation, schematic, and wiring diagrams updated to as-installed and 

commissioned state. 
2. Configured settings/parameters for adjustable components updated to as-installed and 

commissioned state, noted if different from factory default. 
J. Specimen Warranty: Statement of standard warranty and extended warranty options/costs. 
K. Executed warranty. 
L. Maintenance Materials: Furnish the following for Owner's use in maintenance of project: 

1. Spare Parts: For each type and size of unit installed. 
a. Provide minimum spare parts recommended by manufacturer. 
b. Fuses: One set] of each type of power and control fuse installed within equipment. 
c. Package and mark spare parts for long-term storage. Provide separate anti-static 

containers for printed circuit boards. 
2. Tools: Manufacturer-specific special tools required to install, remove, test, and maintain 

equipment components. 
a. Equipment Configuration Software: PC-based or smart mobile device application; 

provide one of each different communication interface cable required to connect 
computer/device for configuration and programming. 

b. Electronic Configuration Files: For future upload into replaced/repaired components, 
in media format acceptable by Owner. 

1.08 QUALITY ASSURANCE 

A. Comply with the following: 
1. NFPA 70. 
2. NFPA 855. 
3. Requirements of local authorities having jurisdiction. 
4. Applicable local codes. 

B. Manufacturer Qualifications: 
1. Certified in accordance with ISO 9001 with applicable quality assurance system regularly 

reviewed and audited by third-party registrar. Develop and control manufacturing, 
inspection, and testing procedures under guidelines of quality assurance system. 

2. Service, repair, and technical support services available 24 hours per day, 7 days per 
week from manufacturer or their representative. 

C. Product Listing Organization Qualifications: Organization recognized by OSHA as Nationally 
Recognized Testing Laboratory (NRTL) and acceptable to authorities having jurisdiction. 

1.09 DELIVERY, STORAGE, AND HANDLING 
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A. Prior to delivery to project site, verify suitable storage space is available to store materials in 
well-ventilated area protected from weather, moisture, soiling, extreme temperatures, humidity, 
and corrosive atmospheres. 

B. Protect materials during delivery and storage and maintain within manufacturer's written 
storage requirements. At minimum, store indoors in clean, dry space with uniform temperature 
to prevent condensation and protect electronics from potential damage from electrical and 
magnetic energy. 

C. Deliver materials to project site in supplier's or manufacturer's original wrappings and 
containers, labeled with supplier's or manufacturer's name, material or product brand name, 
and equipment tag number or service name as identified in Contract Documents. 

D. Inspect products and report concealed damage or violation of delivery, storage, and handling 
requirements to Owner. 

E. Provide crane for handling of up to 20 ft BESS or as required. 
F. Energize/charge BESS within 2 weeks after delivery to project site. 

1.10 FIELD CONDITIONS 

A. Maintain field conditions within manufacturer's required service conditions during and after 
installation. 

1.11 WARRANTY 

A. Manufacturer Warranty: 
1. Provide manufacturer warranty for defects in material and workmanship for 3 years, 

including performance guarantee, labor, and parts. Complete forms in Owner's name and 
register with manufacturer. 

2. Offer warranty extension for coverage through year 4 for customers that enable remote 
support. 

3. Offer warranty extension for coverage through year 10 for additional cost. 

PART 2 PRODUCTS 

2.01 MANUFACTURERS 

A. See approved list of manufacturers. 

2.02 BATTERY ENERGY STORAGE SYSTEMS (BESS) 

A. BESS sizing based on project requirements for TBPP size being installed. See project plans. 
B. BESS Ratings/Configurations: As indicated on drawings. 
C. Provide battery energy storage system (BESS) units factory assembled in non-walk-in, outdoor-

rated only enclosure including but not limited to power conversion system (PCS), lithium-ion 
iron phosphate/lithium ferrophosphate (LFP) batteries, output isolation transformer, factory-
installed local BESS controller for communication with microgrid controls, UPS for control 
backup, HVAC system, fire alarm system, gas detection and ventilation system, and factory-
installed internal electrical connections. 
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D. Listed as complying with UL 9540. 
E. Seismic Qualification: 

1. Provide independent third-party analysis and certification in accordance with ICC 
(IBC)/ASCE 7 and IEEE 693, using importance factor of 1.0. 

F. Fire Safety: 
1. UL 9540 certification, which includes UL 9540A large fire battery open rack tests. 
2. Dry pipe sprinkler system, requiring first responder water connection. 
3. Heat, smoke, and gas sensors. 
4. Active ventilation explosion prevention system complying with NFPA 69. 

G. Electromagnetic Compatibility: IEC 61800-3. 
H. Operation Temperature Range: From minus 4 to 122 degrees F (minus 20 to 50 degrees C). 
I. HVAC: 

1. Factory-installed packaged HVAC unit, wall mounted, with integral thermostat and 
disconnect. 

2. Capacity: Maintain enclosure interior temperature to battery manufacturer requirements 
with outside design temperature of minus 4 degrees F (minus 20 degrees C) or 122 
degrees F (50 degrees C). 

J. Total Harmonic Distortion: 
1. Output Current THD (I): 2 percent, maximum. 
2. Output Voltage THD (\/): 3 percent, maximum. 

K. Power Conversion System: 
1. Rated Power: 

a. 7 ft BESS: 100kW ( aggregate available BESS sizes as required to meet TBPP 
requirements. Adjust container size to match.) 

2. AC Output Voltage: 
a. 7 ft BESS: 480 VAC (plus/minus 10 percent), 3 phase, 4 wire. 
b. Install output transformer to match Critical Facility operating voltage if different from 

480v, 3 ph. 
3. Grid Frequency: 60 Hz, plus/minus 2.5 Hz. 
4. DC Bus Voltage Range: 

a. 7 ft BESS: 350-750 VDC. 
5. Control: Droop, virtual synchronous generation, isochronous. 
6. Overload Capability: 

a. 7 ft BESS: 100-110 percent unlimited; 110-120 percent for 10 minutes; 120-150 
percent for 200 milliseconds. 

7. Current Imbalance: 100 percent. 
8. Certifications: 

a. UL 1741, UL 1741 SA, UL 1741 SB, and UL 1741 CRD. 
9. Four-Quadrant Inverters: Capable of grid-tie and grid-forming operation. 

L. Batteries: 
1. Chemistry: Lithium-ion iron phosphate/lithium ferrophosphate (LFP). 
2. Nominal Capacity: 

a. Cell: 100 Ah. 
b. Battery Module: 400 Ah. 

3. Nominal Energy: 
a. Cell: 0.32 kWh. 
b. Battery Module: 20.5 kWh. 

4. Voltage Range: 
a. Cell: 2.8-3.6 V. 
b. Battery Module: 44.8-57.6 V. 

5. Optimize capacity, energy, and voltage range for racks for configuration. 
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6. C-Rate: 0.5C. 
7. Rated Life: 6,000 cycles, 15-20 years; dependent on application and temperature. 
8. Certifications: 

a. UL 1642. 
b. UL 1973. 
c. UL 9540A. 
d. United Nations Manual of Tests and Criteria, Section 38.3 (UN 38.3). 

M. Power Quality Meters 
N. Communications: 

1. Protocol: Modbus TCP. 
2. Ethernet Port: Copper RJ45, maximum 328 feet (100 m). 
3. Data logging. 

O. Enclosure: 
1. Environmental Rating: NEMA 250, Type 3R. 
2. Corrosion Resistance: ISO 12944-5, Class C3. 
3. Dimensions: 

a. 7 ft BESS: 6.9 feet (2.1 m) long by 4.2 feet (1.3 m) deep by 7.7 feet (2.4 m) high. 
b. Dimensions may vary depending on aggregation needs should aggregation be 

required. 
4. Weight (Battery Loaded): 

a. 7 ft BESS: Up to 4.96 tons (4.5 mt), depending on final configuration. 

2.03 SOURCE QUALITY CONTROL 

A. Perform factory functional testing and first parameter adjusting. 
B. Identify BESS with label indicating inspection/testing agency and date of service. 

PART 3 EXECUTION 

3.01 EXAMINATION 

A. Examine equipment exterior and interior for damage, including but not limited to, structure, 
moisture, and mildew. 

B. Examine for conditions detrimental to completion of work. 

3.02 INSTALLATION 

A. Install equipment in accordance with manufacturer's written instructions. 

3.03 FIELD QUALITY CONTROL 

A. Manufacturer Services: Provide services of manufacturer's field representative to perform 
functional testing, commissioning, and first parameter adjusting. 
1. Include necessary material, equipment, labor, and technical supervision. 
2. Replace damaged or malfunctioning equipment and report discrepancies or installation 

issues. 
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3. Identify BESS with label indicating inspection/testing agency and date of service. 
B. Operational Readiness Testing: 

1. Inspect and test equipment and associated systems for conformance to Contract 
Documents, including equipment manufacturer's recommendations, and readiness for 
operation. 
a. Visually inspect for physical damage and proper installation. 
b. Perform tests in accordance with manufacturer's instructions. 
c. Perform tests to verify compliance with Contract Documents. 
d. Perform tests to verify equipment is ready for operation. 
e. Touch-up paint chips and scratches with manufacturer-supplied paint. 

3.04 CLOSEOUT ACTIVITIES 

A. Functional Demonstration Testing: Demonstrate proper operation of equipment and associated 
systems to Owner's designated representative, observing and documenting compliance with 
Contract Documents. 

B. Training: 
1. Train Owner's personnel on operation and maintenance of system. 

a. Accommodate minimum of four attendees. 
b. Provide not less than one session with four hours of classroom and hands-on 

training. 
c. Training Reference: Use submitted operations and maintenance manuals. 
d. Instructor: Factory-trained manufacturer's representative. 
e. Location: Project site. 

2. Provide sufficient time and detail in each session to cover the following at minimum: 
a. Operation theory. 
b. Major equipment components. 
c. Equipment operation. 
d. Equipment configurations. 
e. Maintenance, troubleshooting, and repair. 
f. Component-level parts replacement. 

3.05 MAINTENANCE 

A. Service Plan: Provide separate maintenance contract to Owner, as proposal in addition to 
base bid, for service and maintenance of BESS for two years from date of Substantial 
Completion. 
1. Annual Preventative Maintenance Visit: Perform inspection of equipment and 

environment and submit report documenting results with recommendations. 

3.06 PROTECTION 

A. Protect installed equipment from subsequent construction operations. 
END OF SECTION 263373 
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SECTION 263600 - TRANSFER SWITCHES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes automatic transfer switches rated 600 V and less. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for transfer switches. 

2. Include rated capacities, operating characteristics, electrical characteristics, and 
accessones. 

B. Shop Drawings: 

1. Include plans, elevations, sections, details showing minimum clearances, conductor entry 
provisions, gutter space, and installed features and devices. 

2. Include material lists for each switch specified. 
3. Single-Line Diagram: Show connections between transfer switch, power sources, and load. 
4. Riser Diagram: Show interconnection wiring between transfer switches, annunciators, and 

control panels. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For manufacturer-authorized service representative. 

B. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For each type of product to include in emergency, operation, 
and maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 
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a. Features and operating sequences, both automatic and manual. 
b. List of all factory settings of relays; provide relay-setting and calibration 

instructions, including software, where applicable. 

1.6 

A. 

QUALITY ASSURANCE 

Testing Agency Qualifications: 

1. Member company ofNETA. 

a. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 

1.7 FIELD CONDITIONS 

A. Interruption ofExisting Electrical Service: Do not interrupt electrical service to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after arranging 
to provide temporary electrical service: 

1. Notify Construction Manager and Ownerl no fewer than five days in advance of 
proposed interruption of electrical service. 

2. Do not proceed with interruption of electrical service without Construction Manager's 
and Owner's written permission. 

1.8 WARRANTY-

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace components oftransfer switch 
or transfer switch components that fail in materials or workmanship within specified warranty 
period. 

1. Warranty Period: Two years from date of Substantial Completion. 

PART 2-PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Comply with NEMA ICS 1. 

C. Comply with NFPA 99. 

D. Comply with NFPA 110. 

E. Comply with UL 1008 unless requirements ofthese Specifications are stricter. 
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F. Indicated Current Ratings: Apply as defined in UL 1008 for continuous loading and total system 
transfer, including tungsten filament lamp loads not exceeding 30 percent of switch ampere rating, 
unless otherwise indicated. 

G. Tested Fault-Current Closing and Short-Circuit Ratings: Adequate for duty imposed by protective 
devices at installation locations in Project under the fault conditions indicated, based on testing 
according to UL 1008. 

1. Where transfer switch includes internal fault-current protection, rating of switch and trip 
unit combination shall exceed indicated fault-current value at installation location. 

2. Short-time withstand capability for three cycles. 

H. Repetitive Accuracy of Solid-State Controls: All settings shall be plus or minus 2 percent or better 
over an operating temperature range ofminus 20 to plus 70 deg C. 

I. Resistance to Damage by Voltage Transients: Components shall meet or exceed voltage-surge 
withstand capability requirements when tested according to IEEE C62.62. Components shall meet 
or exceed voltage-impulse withstand test of NEMA ICS 1. 

J. Electrical Operation: Accomplish by a nonfused, momentarily energized solenoid or electric-
motor-operated mechanism. Switches for emergency or standby purposes shall be mechanically 
and electrically interlocked in both directions to prevent simultaneous connection to both power 
sources unless closed transition. 

K. Service-Rated Transfer Switch: 

1. Comply with UL 869A and UL 489. 
2. Provide terminals for bonding the grounding electrode conductor to the grounded service 

conductor. 
3. In systems with a neutral, the bonding connection shall be on the neutral bus. 
4. Provide removable link for temporary separation of the service and load grounded 

conductors. 
5. Surge Protective Device: Service rated. 
6. Ground-Fault Protection: Comply with UL 1008 for normal bus. 

L. Neutral Switching: Where four-pole switches are indicated, provide neutral pole switched 
simultaneously with phase poles. 

M. Neutral Terminal: Solid and fully rated unless otherwise indicated. 

N. Heater: Equip switches exposed to outdoor temperatures and humidity, and other units indicated, 
with an internal heater. Provide thermostat within enclosure to control heater. 

O. Annunciation, Control, and Programming Interface Components: Devices at transfer switches for 
communicating with remote programming devices, annunciators, or annunciator and control 
panels shall have communication capability matched with remote device. 

P. Factory Wiring: Train and bundle factory wiring and label, consistent with Shop Drawings, by 
color-code or by numbered or lettered wire and cable shrinkable sleeve markers at terminations. 
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