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SECTION 261116 – SECONDARY UNIT SUBSTATIONS
PART 1 -  GENERAL

1.1 SUMMARY

A. Related Documents:

1. Drawings and general provisions of the Subcontract apply to this Section.

2. Review these documents for coordination with additional requirements and information that apply to work under this Section.

B. Section Includes:  [Qty] Secondary Unit Substation(s), [indoor][outdoor] type, close-coupled, each comprising of the following sections:
1. Incoming Section: High Voltage, Fused Load Break and Circuit Selector Switch Section.

2. Transformer Section.

3. Outgoing Section: Low Voltage Switchgear Section.

4. Supervisory, Control and Data Acquisition System (SCADA)

C. Related Sections: 
1. Division 01 Section "General Requirements."
2. Division 01 Section "Special Procedures."
3. Division 01 Section "Common Work Results for Electrical".
4. Division 26 Section "Electrical Conduit".
5. Division 26 Section "600 Volt Conductors and Cable."
6. Division 26 Section "Boxes for Electrical Systems".

7. Division 26 Section "Wiring Devices".
8. Division 26 Section "Medium Voltage Cable".
9. Division 26 Section "Low-Voltage Electrical Power Conductors and Cables".
10. Division 26 Section "Secondary Grounding for Electrical Systems".

11. Division 26 Section "Panelboards".
12. Division 33 Section "Power Factor Correction Capacitor Bank".

1.2 REFERENCES  

A. General:

1. The following documents form part of the Specifications to the extent stated. Where differences exist between codes and standards, the one affording the greatest protection shall apply.

2. Unless otherwise noted, the referenced standard edition is the current one at the time of commencement of the Work.

3. Refer to Division 01 Section "General Requirements" for the list of applicable regulatory requirements.

4. Refer to Division 26 Section "Common Results for Electrical" for codes and standards, and other general requirements.

B. ANSI – American National Standards Institute:

1. ANSI/NFPA 70 
National Electrical Code.
2. ANSI C12 
Code for Electricity Metering
3. ANSI/IEEE C37.20 
Switchgear Assemblies, Including Metal-Enclosed Bus.

4. ANSI C37.90
Relays and Relay Systems Associated with Electrical Power Apparatus

5. ANSI C39.1 
Requirements for Electrical Analog Indicating Instruments.

6. ANSI/IEEE C57.12.01 
General Requirements for Dry-Type Distribution and Power Transformers Including Those with Solid Cast and/or Resin-Encapsulated Windings.

7. ANSI/IEEE C57.12.56 
Test Procedure for Thermal Evaluation of Insulation Systems for Ventilated Dry-Type Power and Distribution Transformers.

8. ANSI/IEEE C57.12.58 
Transient Voltage Analysis of a Dry-Type Transformer Coil.

9. ANSI/IEEE C57.12.59 
Dry-Type Transformer Through-Fault Current Duration.

10. ANSI C57.12.70 
Terminal Markings and Connections for Distribution and Power Transformers.

11. ANSI/IEEE C57.12.91 
Test Code for Dry-Type Distribution and Power Transformers.

12. ANSI C57.13 
Requirements for Instrument Transformers.

13. ANSI Z55.1 
Gray Finishes for Industrial Apparatus and Equipment.

14. ANSI/NFPA 70 
National Electrical Code (NEC 2002)

15. ANSI/UL 810 
Capacitors
C. Federal Specification:

1. FS W-C-375 
Circuit Breakers, Molded Case, Branch Circuit and Service.

2. FS W-F-870 
Fuseholders (For Plug and Enclosed Cartridge Fuses).

D. IEEE - Institute of Electrical and Electronics Engineers, Inc:
1. IEEE 18 
Standard for Shunt Power Capacitors

2. IEEE 48 
Test Procedures and Requirements for High-Voltage AC Cable Terminations.
E. Instrument Society of America (ISA) RP 55.1 Hardware Testing for Digital Process Computers
F. Lawrence Berkeley Laboratory Lateral Force Design Criteria, RD 3-22.

G. NFPA – National Fire Protection Association:
1. Standard for Electrical Safety in the Workplace (NFPA 70E)
H. NEMA – National Electrical Manufacturers Association:

1. NEMA AB 1 
Molded Case Circuit Breakers.

2. NEMA KS 1 
Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts Maximum).

3. NEMA ICS 1 
Industrial Control and Systems: General Requirements
4. NEMA ICS 2 
Industrial Control and Systems: Controllers, Contactors, and Overload Relays Rated 600 Volts
5. NEMA ICS 6 
Industrial Control and Systems: Enclosures
6. NEMA PB 2 
Dead Front Distribution Switchboards.

7. NEMA SG 5 
Power Switchgear Assemblies.

8. NEMA TR 1
Transformers, Regulators and Reactors.

9. NEMA TR 11
Small Power Transformers with 65 C Average Winding Rise and Distribution Characteristics.

10. NEMA 210 
Secondary Unit Substations.

11. NEMA 260 
Safety Labels for Padmounted Switchgear and Transformers Sited in Public Areas. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems
I. UL – Underwriters' Laboratories

1.3 SUBMITTALS

A. Submit under provisions of Division 26 Section "Common Results for Electrical - Review of Materials" and Division 01 Section "General Requirements."

B. Submit five (5) copies of Shop Drawings indicating front and side views of enclosures with overall dimensions shown; foundation and support details; conduit entrance locations and requirements; nameplate legends; size and arrangement of bus bars per phase, neutral, and ground; switchgear instrument details; and electrical characteristics including voltage, frame size and trip ratings, withstand ratings, and time-current curves of equipment and components.

C. Submit five (5) copies of product data for each component and accessory specified.

D. Provide a single line diagram and compartment layout drawings showing device locations.

E. Submit five (5) copies of manufacturer's installation instructions.

F. Submit five (5) copies of certified test data:

1. Factory test data on actual units, including but not limited to the following:

a. Resistance measurements of windings.

b. Ratio tests.

c. Polarity and phase relation tests.

d. No-load loss data, efficiency data at 25, 50, 75 and 100 percent rated load and excitation current at rated voltage.

e. Impedance voltage and load loss at rated current.

f. Dielectric tests, applied and induced voltage.

2. Previous test data on similar unit, in lieu of factory tests on actual units furnished, including but not limited to the following:

a. Impulse tests.

b. Power factor tests.

c. Insulation resistance.

d. Temperature rise tests.

e. Sound tests.

f. Short circuit tests.

G. The above documents shall be submitted for review by the University prior to fabrication.

H. Project Record Documents

1. Submit Record Documents:  Five (5) copies of documents submitted under Paragraph 1.3 revised to show as-built condition.

2. Warranty: Warranty period shall start at the date the equipment is energized after acceptance by the University.  Submit five (5) copies of the warranty certificate.

I. Operation and Maintenance Data;
1. Submit five (5) copies of bound, original operation and maintenance manuals.

2. Include over-current protective device adjusting and testing instructions.

3. Include Time – Current curves of fuses, relays, trip units and shall be first generation originals on full size 11 by 17 inches (280 by 430 mm) paper. 

4. Include bus tightening intervals and procedures and overcurrent protective device maintenance procedures.

5. Spare Parts List:  The subcontractor shall provide a recom​mended spare parts list and pricing good for 90 days from date of purchase order.

6. List special tools and spare parts required for maintenance and repair.
1.4 QUALITY ASSURANCE

A. Products shall be tested, approved and labeled/listed by Underwriters Laboratories, Inc., or by a nationally recognized testing laboratory (NRTL) as listed in Division 26 Specification "Common Work Results for Electrical."
B. Electrical equipment and materials shall be new and within one year of manufacture, complying with the latest codes and standards. No used, re-built, refurbished and/or re-manufactured electrical equipment and materials shall be furnished on this project.
C. Manufacturer's Qualifications:  Company experienced in manufacturing the products specified in this Section with minimum ten (10) years experience.

D. Installer Qualifications:  Primes, Sub or Sub-sub Contractors performing onsite electrical construction work on this project shall have C-10 Electrical construction license from the State of California, USA.

1.5 DELIVERY, STORAGE AND HANDLING

A. Deliver products to the Lawrence Berkeley National Laboratory, Building 903 Warehouse at 2700 7th St., Berkeley, CA.

B. Provide a minimum of five (5) business days advance notice of delivery date and time when components must be unloaded by a crane.

1.6 EXTRA MATERIALS

A. Submit one quart of exterior paint and one quart of interior paint for touch-up.

B. Furnish four spares for each size and type fuse furnished with the equipment.

1.7 Warranty

A. Warranty period of one (1) year minimum shall start at the date the equipment is energized after acceptance by the University.
PART 2 -  PRODUCTS

2.1 MANUFACTURERS
A. Cutler-Hammer.

B. Siemens Energy & Automation, Inc.

C. General Electric.

2.2 SECONDARY UNIT SUBSTATION

A. Description:  [Indoor] [Outdoor], articulated secondary unit substation manufactured to NEMA 210, as shown on the drawings nos. [_______________], which are a part of this Specification.

B. Service Conditions:

1. Temperature:  40 degrees C, maximum ambient.

2. Altitude:  Less than 1,000 feet.

3. Atmospheric:  [Indoor] [Outdoor, Exposure to rain and dust].

4. Seismic:  The secondary unit substation, as a complete assembly, shall satisfy California Administration Code (CAC) Title 24, Seismic Requirements for Zone 4 Application and Lawrence Berkeley Laboratory’s Lateral Force Design Criteria, RD 3-22, included in Appendix A.

C. Configuration:  Radial type.

2.3 INCOMING SECTION EQUIPMENT

A. Description: [Indoor] [Outdoor, in a weatherproof, non walk‑in metal enclosure] fused load-interrupter switch in series with the selector switch for off-load transfer of supply from one to the other of two incoming circuits.  The transfer from one circuit to the other shall be made when the load interrupter switch is open.

B. Configuration:  Two incoming lines.

C. System Voltage:  12.47 kV, three phase, three wire, 60 Hz, resistance grounded system through 1000 ampere, 7.2 kV grounding resistor.

D. Maximum Design Voltage:  15 kV.

E. Basic Impulse Level:  95 kV.

F. Continuous Rating:  600 amperes.

G. Main Copper Bus Ampacity:  600 amperes, continuous, with a maximum current density of 1,000 amperes per square inch.  Flexible cables shall not be used.

H. Short Circuit Rating: 40,000 rms symmetrical amperes at rated maximum voltage.

I. Metal oxide, gapless, distribution-type, surge arresters shall be provided and connected to the load side bus of the load interrupter switch.  The surge arrester shall be sized for the system voltage and configuration as specified above.  
J. Incoming Cable Terminations: 4-holes compression clamp type copper lugs, for a quantity of two (2) 15kV cables per phase fed from the bottom, with space for stress cones by others.

K. The load interrupter switch shall have separate main and make/break contacts to provide maximum endurance for fault close and load interrupting duty.  The switch and fuse assembly shall have glass polyester insulating barriers between phases and between the outer phases and the enclosure.  Barriers shall be provided to separate the load interrupter switch and fuse assembly from and the selector switch and cable termination area in order to compartmentalize these areas and to limit propagation of faults.

L. The actuation of interrupter and selector switches shall be swift, positive interlocking with blades, with rigid mechanical linkage.  Flex shaft type operator will not be acceptable

M. The position of the load interrupter switch (Open‑Close) and the selector switch (Line 1 - Line 2) shall be monitored by the SCADA.  Wiring from dry Form C contacts shall be brought out to a junction box outside of the switch enclosure and terminated for external wiring by others.  Wiring shall be in rigid steel conduit.

N. All buses shall be copper, with connection and terminal points silver plated.  Buses shall be insulated and braced for the maximum available fault current.  A ground bus shall be located near the front and rear doors of the enclosure so as to facilitate the attachment of safety grounds without having to reach into the enclosure. Bus supports shall be finned and skirted porcelain insulator standoffs shall be used.
O. Provide spring-charged stored energy operator to ensure that three blades operate simultaneously. The actuation of the load interrupter and selector switches shall be swift, positive interlocking with the blade mechanism with rigid mechanical linkage. Flex shaft operators are not acceptable. Operating handle shall be permanently mounted.

P. Provide mechanical interlocks to prevent:

1. Operation of the selector switch when the interrupter switch is closed.

2. Opening the enclosure door when the interrupter switch is closed.

Q. Fuses:  The fuses shall be expulsion type with discharge filters to be mounted in a separate compartment within the switch unit and accessible through a hinged door mechanically interlocked with the interrupter switch.  Fuses shall be as shown on the attached drawings to protect the transformer with a minimum short- circuit rating of 750 MVA symmetrical at 12.47 kV.  Six spare fuse refills are to be furnished with the unit.

R. Flexible Connections to Transformer Primary Terminals:  The connection from the load interrupter switch bus work to the transformer high voltage bushings shall be close coupled and by flexible copper braid or flexible copper leaf bus devices, that will not strain the bushing on differential movement of one inch or less horizontally or vertically between transformer and switchgear.

S. Enclosure construction shall be of die formed, welded and bolted members.  Enclosing covers and doors shall be fabricated from not less than 11 gauge steel.

T. The enclosure shall have a single, full length, flanged front door over the switch and fuse assembly and shall be equipped with a three point latch with padlockable handle.  The enclosure shall have a single, full length, flanged rear door over the selector switch and cable termination area and shall be equipped with a three point latch with padlockable handle.

U. There shall be a grounded, expanded metal barrier in front of the selector and load interrupter switches to prevent inadvertent contact with live parts, yet allow for a full view inspection of the switch contact position.

V. Provisions for Padlocking: There shall be provision for padlocking the interrupter switch in either the open or closed position and the selector switch in either the Line 1 or the Line 2 position.

W. Space Heaters: A minimum of two 1000 watt, 240 volt (operated as 120V), thermostatically controlled space heater shall be provided in each selector switch and interrupter switch compartment.  An analog meter and a bypass switch (to bypass thermostat) shall be included in the heater circuit. The manufacturer shall verify the heater size for preventing condensation in each compartment.  Power for the space heater shall be from the control power transformer supplied with the low voltage switchgear section.

X. A ground pad located outside the enclosure and suitable for connecting #4/0 AWG copper cable shall be provided.

Y. Sight windows for visual inspection of the interrupter in the front door, and selector switch positions in the rear door shall be provided.  Lockable infrared viewports for thermal inspection of the interrupter/selector switch and fuse/cable terminations.  As manufactured by IRISS Inc. or approved equal.
Z. A manufacturer’s nameplate shall be mounted on the front door of the switch.  In addition, a "Danger High Voltage - Do Not Open" sign shall be mounted on doors and removable panels that provide access to live parts.  An equipment label, with the LNBL equipment number engraved with one inch high characters with white letters on black phenolic plates, shall be mounted on the front door.

2.4 TRANSFORMER SECTION EQUIPMENT

A. Dry-Type Transformers: ANSI C57.12.01, ventilated, three-phase, 60 Hz. transformer unit enclosed for [indoor][outdoor] use.

B. Capacity: Refer to Drawings.  Bank No. [____] – _____/____ kVA.

C. Primary Voltage: 12.47 kV, delta connected; provide standard primary taps.

D. Secondary Voltage: [480/277] [208/120] volts, wye connected, solidly grounded.

E. Impedance: [5.75] [____] percent minimum at nominal kVA base.

F. Basic Impulse Level:  95 kV HV;  30 kV LV.

G. Cooling Class:  Class AA/FA, self-cooled/forced-cooled.

H. Insulation System Temperature Ratings: Insulation system - 150°C, average winding temperature rise - 80°C, winding hottest spot temperature rise - 110°C.  Insulating and supporting material shall be non tracking and highly resistant to corona degradation.

I. Accessories:  The following accessory equipment shall be provided:

1. Provisions for lifting and jacking.

2. Base suitable for skidding and rolling in any direction.

3. Grounding pads at base of transformer enclosure.

4. Forced air cooling automatically controlled by temperature sensors embedded in the low voltage winding via a temperature controller.

J. Primary Terminations: High voltage leads shall be connected to porcelain high voltage bushings.  High voltage bushings shall be bus connected to the high voltage switch via a transition section.

K. Secondary Terminations:  Low voltage bushings shall be bus connected to the low voltage switchgear via a transition section.

L. Transformer Core: Transformer core shall be constructed with high magnetic permeability, low hysteresis and eddy current losses.  The core shall be designed to keep magnetic fluxes well below saturation point.

M. Transformer Coils:
1. High voltage windings shall be constructed of high conductivity copper of not less than 98 percent of the International Annealed copper standard for conductivity.  The conductor shall consist of one or more strands of rectangular or square high conductivity copper wire insulated with 185°C minimum rated insulation.  Coils shall be assembled with continuous-winding, barrel type construction.  Layer to layer insulation shall consist of electrical grade sheet mica.  Provide finished coil with outer wrap of sheet mica covered by a final wrap of glass tape.  Each layer of winding shall have end fillers, cut to fit.  Insulate high voltage leads and connections to equal the winding voltage class.

2. Low voltage windings shall be constructed of full width high conductivity copper sheet with epoxy impregnated, turn-to-turn heat bonded insulation.  The low voltage winding shall be further impregnated with a epoxy resin compatible with the insulation system.

3. Primary and secondary coils shall both be individually cast in metal moulds and heated in a vacuum oven to remove trapped air to produce a high strength, void free assembly capable of withstanding electrical stresses for which the transformer has been designed.  The epoxy resin used for casting the coils shall be formulated from a family of materials that can be transferred into thermoset polymers by reaction with curing agents or hardeners.  Cross linking of the epoxy resin with the proper curing agent into a tough, infusible three-dimensional polymeric network shall be achieved through either of the apoxide or hydroxyl groups.  The epoxy resin shall be corona free and have high electrical, mechanical and thermal strength and shall have a low order of shrinkage on cure.  The epoxy resin shall not have by-products of cure, but shall have chemical and environmental resistance and good adhesion to a variety of substrates.  The complete epoxy casting shall be fire resistant and not support combustion.

N. Sound level shall be in accordance with NEMA  TR 1 standard.

O. Transformer Enclosure:  The transformer enclosure shall be constructed of 11-gage minimum sheet steel with ventilating openings in accordance with NEMA and NEC standards.  The enclosure shall include an internal ground bus with internal and external grounding pads.  Removable panels shall be provided for access to tap connections and for inspection and maintenance.  Front and rear panels shall be provided with filtered, top and bottom ventilation grills.  Provide enclosure with lifting devices secured to the enclosure structural frame and jacking pads flush with the enclosure.  Provide the enclosure with a structural steel base to permit skidding or rolling.  

2.5 transformer FORCED AIR COOLING EQUIPMENT

A. The equipment shall consist of cooling fans, temperature sensing devices and controls.  Operation of the cooling fans shall be automatically controlled by electronic temperature sensing devices.  Controls shall be mounted in an enclosure located on the nameplate side of the transformer at a height not greater than 60 inches above the base.

B. Cooling fan motors shall be rated for the same voltage as the switchgear control power transformer.

C. Temperature sensing devices shall be embedded in the hot spot area of each secondary coil 

D. Temperature monitoring shall be accomplished via a three-phase electronic Temperature Monitoring Unit (TMU) accepting input from three (3) temperature sensors.  The TMU shall track the temperature of the transformer with automatic digital displays and functions controlled by the signal received from the hottest phase.  Coil temperatures shall also be sent to the Switchgear Monitoring Unit (SMU) via a 0-20mA analog signal.  The Temperature Monitoring Unit features shall include two (2) SPST contacts for both local (manual) and remote fan control, temperature alarm, alarm silencing, and temperature alarm digital and analog outputs to the SMU, and an automatic fan exerciser which shall energize the fans for approximately one minute every six days.  The TMU shall be rated for the same voltage as the switchgear control power transformer secondary power panel.

2.6 OUTGOING SECTION EQUIPMENT

A. Description:  The outgoing section shall consist of [indoor] [outdoor, walk-in single aisle type with two access doors as minimum], vertical compartments: containing a metal enclosed drawout circuit breakers, manufactured to NEMA SG-5, and metering or containing a switchboard manufactured to NEMA PB-2.

1. System Voltage, V: [480/277] [208/120].
2. Design Voltage, V: 600.
3. Basic Impulse Level: kV 30

4. Bus Bar Continuous Current, A: Refer to Drawings.
5. 100 percent Neutral Bus.
6. Bus Bracing, RMS kA: [    ].

7. Circuit Breaker Interrupting Current, RMS kA at 480V: [    ].
B. Line and Load Terminations: Accessible from the rear only, suitable for the conductor materials used.

C. Bus Material:  Copper, sized in accordance with NEMA PB- 2, with a maximum current density of 1,000 amperes per square inch.

D. Bus Connections:  Bolted, accessible from rear only for maintenance.

E. Fully insulate bus bars throughout, with bus spacing based on air insulation.

F. Molded Case Circuit Breakers:  NEMA AB-1 with inverse time automatic tripping (thermal) and instantaneous automatic tripping (magnetic).

G. Power Circuit Breaker:  NEMA SG-5; factory-assembled, electrically-operated, low-voltage air circuit breaker, drawout construction.

1. Protective Relaying: Include electronic sensing, timing and tripping circuits for adjustable current setting; adjustable long-time pickup and delay, adjustable ground-fault pickup and delay, adjustable instantaneous pickup, adjustable short-time pickup and delay and I2t function.  Ground fault sensing shall be integral with circuit breaker.  Provide, as a minimum, under-voltage, voltage unbalance, and current unbalance functions with trip and/or alarm outputs.  Provide metering functions. Provide arc flash reduction maintenance switch capability for arc flash mitigation. 
2. The status of each power circuit breaker shall be displayed by the trip unit including breaker position, overcurrent status, the protective relaying status, results of a continuous self-diagnostic electronic check.

3. The electronic trip unit shall communicate via a MODBUS RTU with the SMU to provide the status, power monitoring data and event datalog with graphic display capability of each power circuit breaker.

H. The power circuit breakers shall be equipped with four sets of spare auxiliary switch contacts, two sets normally open and two sets normally closed; two sets of cell switch for breaker position indication, one set normally open and one set normally closed; one set of breaker trip alarm contacts. Contacts shall be wired to a terminal block with suitable numbering strips.

I. The power circuit breakers shall be able to be remotely operated (opened and closed) by the LBNL SCADA system via the SMU.  Provide hardware and wiring from the SMU to the LBNL SCADA interface in accordance with paragraph Section 2.7.

J. Flexible Connections to Transformer Low Voltage Terminals: The connection from the switchgear bus work to the transformer low voltage bushings shall be by flexible copper braid or flexible copper leaf bus devices that will not strain the bushing on differential movement of one inch or less horizontally or vertically between transformer and switchgear.

K. Space Heaters: A minimum of one 250 watt, 120 volt thermostatically controlled space heater shall be provided in each vertical unit or section.  Power for the space heater shall be from the transformer supplied with the low voltage switchgear section.

L. Aisle Doors (for walk-in aisle type Unit Substation): The aisle doors in the walk-in housing shall have panic bars. Aisle doors shall swing out. Refer to the drawings for the direction of swing.
M. Provide a 1 by 1/4 inch (25 by 6 mm), minimum, copper ground bus throughout the length of the switchgear line-up.
2.7 SWITCHGEAR MONITORING UNIT

A. Furnish a complete integrated electronic monitoring, control and protection system.  The system shall include hardware and software to provide monitoring, control (open-close) and perform the necessary calculations and totalizations, event history graphic display, monitor circuit breaker position, provide operator interface with the system and control of circuit breakers via the LBNL SCADA system.  The LBNL SCADA system is based on a Schneider’s ION Enterprise system with capabilities specified hereunder.  The Vendor shall supply LBNL/Siemens the SMU addresses for power monitoring and control functions of the SMU for integration with the SCADA system.  Provide under this specification:

1. Graphical user interface in ION Enterprise system to show both layout and schematic representation of the Secondary Substation, and to include items but not limited to, in accordance to Section 2.7 A. 2. and Section 2.7 A. 3.

2. Indicated terminal provisions for future device interface with the SCADA system and the low voltage power circuit breakers.

3. Wiring to terminals to permit the following secondary unit substation SCADA system connections:

a. Indication of each contact action on ANSI Device 49, the power transformer thermal relay controlling fan cooling circuits.

b. Analog input of 0-20mA from the power transformer controller unit for display of transformer temperature on LBNL  SCADA System.

c. Indication of circuit selector switch (Line 1 - Line 2).

d. Indication of load interrupter switch (Open – Close).
e. Breakers statuses (Open -  Close, Racked-in – Racked-out) and trip units metering functions (V, I, kW, kVA, kVAR, kWh, pf, etc.) in the Low Voltage Assembly
B. The hardware and software of the Switchgear Monitoring Unit (SMU) and related monitoring, control and protective system components shall be the Vendor's latest proven design and production.  Material furnished and installed shall be new and of the highest quality.  Variations from this specification shall be detailed in the proposal.

C. The SMU shall be a Square D PowerLogic ION7650, Power Measurements Ltd. 7650, Siemens Energy and Automation Inc. 9600 series Power Quality Meter, with MODBUS communications protocol with outputs for 10Base-FL multi-mode fiber, RS-485 and 10BaseT Ethernet RJ45 connections and with the ability to field upgrade with an internal modem.

D. The SMU shall provide the following:

1. Event data for each circuit breaker, protective relaying, metering, event time stamping and reporting to the SCADA system.

2. Circuit breaker status reporting, circuit breaker open and close operation capability from the remote SCADA system.  Hardware shall be included in each circuit breaker cubicle to perform control functions.

3. All the monitoring, control and protective devices located at the unit substation shall communicate with the SMU via a twisted pair link.  The SMU shall be provided with a minimum of 8 digital inputs, 4 analog inputs and 4 analog outputs for user functions

4. All the monitoring, control and protective devices located at the unit substation shall receive input voltage from the secondary unit substation's UPS control power.

5. The system shall store parameters and values in a nonvolatile memory.

6. Firmware upgrades shall be flash up-gradeable.

7. Provide a Local Central Monitor for trip unit information via MODBUS master of the meter.

8. Provide sag/swell analysis and transient detection.

9. 8 megabytes of memory.

10. Meter shall have built-in web server and can call out on an alarm.

11. Meter shall have the Ethernet gateway capability to pass trip units information back to the SCADA system.

12. 3 by 4 inches (75 to 100 mm) (320x x240 pixel) LCD display.

13. Meter shall be able to send and display waveform data to the SCADA system.

E. The SMU, monitoring, control and protective devices shall be provided with backup power via an un-interruptible power supply (UPS) with sufficient battery capacity to allow operations for a minimum of forty-eight (48) hours.

F. Metering Functions: The SMU shall provide real time data for each circuit breaker to the local monitoring and control module(s) including rms phase-to-neutral voltage, rms phase-to-phase voltage, rms current for each phase and neutral, energy, present demand, peak demand, real power, reactive power, power factor for each phase, frequency and total distortion (to the 127th harmonic at 256 samples per cycle).  Other features listed by the Vendor as standard features shall be provided.  Real and reactive power shall be based on current transformer and potential transformer or internal potential device inputs.

G. Event Display and Reporting: The SMU shall log events in its local monitoring and control module(s) memory and at the master control station memory.  The information logged for each event shall include, but not be limited to, the following: the number of the event, the date of the event, the time of the event, the type of event, the reason for the event, the affected circuit breaker or device.  Data shall be graphically displayed on the SMU for event analysis.

2.8 INSTRUMENT TRANSFORMERS AND test blocks

A. Current Transformers: ANSI C57.13, with primary to secondary ratio as required, multi-ratio, with single secondary winding and secondary shorting device, burden consistent with connected metering and relay devices, 60 Hertz, accuracy class 0.3.  Supply current transformers for each phase and neutral for the SMU on the line side of the main circuit breaker.  Supply current transformers for each phase and neutral (if required) for the main and each feeder circuit breaker.  Install and wire an additional current transformer for the Power Factor Correction Capacitor Bank, if required.  Provide shorting terminal blocks for current transformers.

B. Potential Transformers: ANSI C57.13, 120 volt secondary, disconnecting type with integral primary/secondary fuse mountings, primary/secondary ratio as required, burden consistent with connected metering and relay devices, 60 Hertz, accuracy Class 0.3.  Supply three (3) potential transformers with delta (primary) / wye (secondary) connections for solidly grounded secondary system.  Potential transformers shall be connected to the line side of the main circuit breaker.
C. Test Blocks: Supply one set for current transformer and potential transformer secondary circuits.

2.9 FINISH & PAINTING

A. Corrosion Protection: Steel parts shall be galvanized or painted after priming to provide corrosion protection. 

B. ANSI Z55.1, No. 61, (light gray) utilizing a phosphatizing and initial cleaning treatment followed by a baked on epoxy primer and finish coats having a thickness of 3 to 5 mils.

C. For Out Door Unit Substation, a durable corrosion resistant protective finish with thickness of approximately 3 to 5 mils shall be applied.

2.10 ACCESSORIES

A. Circuit Breaker Rack-out Tools and Lifting System: Provide tools and rails to allow for the racking out of each frame size of power circuit breaker provided.  Provide a permanently installed lifting system to allow circuit breakers, once racked out, to be moved in and out of switchgear structure.  Provide one hand trolley for transporting circuit breakers within the electrical room.

B. Provide control power transformer and a secondary panelboard, as integral part of the switchgear, for control loads, transformer cooling fans, space heaters and indicating lights in the secondary unit substation. The control power transformer shall be 480-240/120V, single phase, 60 hertz, VA rating as required by the load (15kVA, Single Phase minimum), with primary and secondary fuses. The panelboard shall comply with the requirement of Division 26 Section "Panelboards"  and be provided with a main circuit breaker and as a minimum, branch circuit breaker for each of the following:

1. Transformer cooling fans.

2. Primary switchgear space heaters.

3. Secondary switchgear space heaters.

4. Control load.

5. Switchgear Monitoring Unit (SMU) via its UPS.

6. 4 spare circuit breakers (20 AT).

7. Spaces (two each, minimum).

C. Nameplates:  Shall be provided for each section, unit, instrument, current transformer ratio (shown with associated relay) light, meter, switch, control, terminal strip, rear panel mounted component (including fuses), fuse blocks, timers, relays, auxiliary relays, etc., in accordance with a nameplate schedule, which shall be generated by the Vendor. Color coding will be used for equipment and functional identification.
1. Nameplates shall be laminated two-ply plastic black face to white core) with legend engraved to white core.
2. Characters shall be uniform block style not smal​ler than 1/4-inch for switchgear sections, switching devices, panelboards not smaller than 1/8-inch (3 mm) for instrument transformers, relays, alarms, in​struments, and control devices.
3. Nameplates shall be secured using No. 4-36 RH nickel-plated brass machine screws.
D. Provide interior and exterior equipment grounding terminals suitable for connecting #4/0 AWG copper cable.

E. Convenience Outlets (for Outdoor Type Unit Substation):
Install and wire two (2) convenience outlets, each consisting of a duplex, 120V, 20A, GFIC type receptacles at each end of the walk-in aisle of the switchgear.
F. Ports for infrared monitoring: Provide lockable viewports, to allow for thermal imaging.  As manufactured by IRISS Inc. or approved equal.
PART 3 -  EXECUTION

3.1 FACTORY TESTS
A. Test Requirements: The Secondary Unit Substation, consisting of the Low Voltage Switchgear, Transformer, and Medium Voltage Load Interrupter Switch, shall be mechanically and electrically assembled, wired and with power circuit breaker units in place in the assembled switchgear for functional testing at the factory in accordance with applicable ANSI, UL, IEEE and NEMA standards.  The University's representative shall be allowed to witness final tests of the assembly.  The factory tests shall include but not be limited to the following tests (see Paragraphs B and C below).

B. Design Tests: Vendor shall certify that representative interrupter switches and power circuit breakers of basically the same design, the same type of transformer, the same interrupters, the same contact speeds and similar dielectric strength have been tested for design adequacy in accordance with ANSI and UL, and that a lineup of basically the same design has been tested for design adequacy in accordance with ANSI and UL.

C. Production Tests: Production tests shall be made and shall include the following as appropriate for the type of breaker concerned.

1. Power Circuit Breaker 

a. Nameplate check.

b. Resistors, heaters, and coils check tests.

c. Control and secondary wiring check tests.

d. Clearance and mechanical adjustment check tests.

e. Mechanical operation tests.

f. Timing tests.

g. Stored energy system tests.

h. Low‑frequency withstand voltage tests.

i. Low‑frequency withstand voltage tests on control and secondary wiring.

2. Secondary Unit Substation:
a. Wiring check.

b. Dielectric tests.

c. Operation of breaker positioning mechanism.

d. Instruments and relays functional tests.

e. Grounding of instrument transformer cases tests.

f. Operational check of control circuits.

3. Functional Tests: The intent of functional tests is to prove the proper interactions of sensors, instruments, protective devices, and control system and the SMU and SCADA system so as to ensure total system operating capability.  Local, remote, and interlocking control modes shall be tested.  The Vendor shall provide devices necessary to stimulate such control for test purposes.  Device operations, control and interlock operations, protective operations, alarm and status system activation shall be tested and verified.  The SMU and SCADA system functional tests shall be performed with switchgear testing as an integrated system.

D. Inspection: A University representative will inspect and witness testing of the complete assembly of the secondary unit substation and the interrupter switch in the Vendor's plant prior to shipment.  Vendor shall notify the University in writing a minimum of fifteen (15) working days in advance of the tests.

3.2 field INSTALLATION

A. Verify that equipment pads are poured perfectly leveled without slope/grade for installing intended equipment.

B. Verify field measurements are as required by manufacturer.

C. Verify that required utilities are available, in proper location and ready for use.

D. Observe restrictions imposed by safety tags and locks.

E. Install in accordance with manufacturer's instructions.

F. Install safety labels to NEMA 260.

3.3 field quality control

A. Site Support, Inspection and Testing: The Unit Substation manufacturer shall include in his bid the provision of assistance by the Technical Representative.  The assistance shall include, but not be limited to, supervision of Secondary Unit Substation, Transformer Section and Interrupter Switch, unloading, setting, support, installation, and inspection.  After inspection the Technical Representative shall test the equipment in accordance with an approved site test procedure.  As a minimum the following will be included: dielectric tests; functional tests; relay, metering and transducer calibration, testing and startup including remote testing via the SCADA system.  The University’s Representative shall witness tests.

B. The Vendor shall include in his bid ten (10) working days of Technical Representative.  The Vendor shall also include in his bid the cost per day of such services if the services need to be extended or can be shortened.

C. Test transformer to ANSI/IEEE C57.12.01 and C57.12.91.

1. Resistance measurements

2. Dielectric tests - applied and induced voltage

D. Provide the University with five (5) certified copies of field test reports.

3.4 ADJUSTING

A. Adjust transformer primary taps so that secondary voltage is within two (2) percent of rated voltage.

3.5 ACCEPTANCE AND ENERGIZATION
A. Final acceptance shall depend upon the satisfactory test results as performed in accordance with the manufacturer’s instructions.  Equipment shall not be energized until test data and records are approved by the University and permission is given to energize in accordance with the approved Energization Plan.
3.6 training

A. The Vendor shall provide a training session for up to five (5) University representatives.  The training session shall be conducted by a manufacturer's qualified representative.  The training program shall include instructions on the assembly including primary equipment, transformer, and secondary equipment.  All circuit breakers, protective devices and other major components shall be included.

END OF SECTION 261116
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