
SECTION 16360PRIVATE 


SECONDARY UNIT SUBSTATIONS

PART 1 ‑ GENERAL


1.1  REFERENCES:  The publications listed below form a part of this specification to the extent referenced.  The publications are referred to in the text by the basic designation only.


1.1.1  National Fire Protection Association (NFPA) Publication:



No.70‑96
National Electrical Code


1.1.2  Federal Standard:



FED‑STD‑595A(1‑4)
Colors


1.1.3  Japanese Cable Makers' Association (JIS) Standards:



JCS 226‑B

Annealed Copper Strand Conductors 


1.1.4  Japanese Architectural Standard Specification:



JASS 5-86

Reinforced Concrete Work


1.1.5  Japanese Industrial Standards (JIS):



A 5005-93

Crushed Stone and Manufactured Sand Concrete



C 2336-91

Pressure-Sensitive Adhesive Polyvinyl Chloride Tapes for Electrical Insulation



C 2806-91

Non-Insulated Crimp-Style Connecting Sleeves for Copper Conductor



C 3307-93

600V Polyvinyl Chloride Insulated Wires



C 3605-93

600V Polyethylene Insulated Cables and 600V Cross-Linked Polyethylene Insulated Cables



C 3609-93

High-voltage Drop Wires for Pole Transformer



C 3611-91

Insulated Wires for Cubicle Type Unit Substation for 6.6 KV Receiving



C 4304-77

6 KV Oil-Immersed Distribution Transformers



C 4620-92

Cubicle Type High Voltage Power Receiving Unit



C 8305-92

Rigid Steel Conduits



C 8330-91

Fittings for Rigid Metal Conduits



C 8370-96

Molded Case Circuit Breakers (MCCB)



C 8480-95

Box-type Swichgear Assemblies for Low-voltage Distribution Purpose



G 3101-95

Rolled Steel for General Structure



G 3112-87

Steel Bars for Concrete Reinforcement



R 5210-92

Portland Cement


1.1.6  Japanese Power Cable Accessories Association (JCAA) Standards:



JCAA C 4102‑78

Indoor and Outdoor Terminating Materials 600V to 11 KV Rubber ‑ or Plastic ‑ Insulated Power Cables (Tapes Terminations)


1.1.7  Underwriters' Laboratories Inc. (UL) Publication:



 50
Cabinets and Boxes



 67
Panelboards



467
Grounding and Bonding Equipment


1.2  GENERAL REQUIREMENTS, ELECTRICAL:  Section , "ELECTRICAL GENERAL REQUIREMENTS," with additions and modifications specified herein applies. 


1.3  FACTORY TESTS:


1.3.1  Transformer Tests:  JIS C 4304.  Perform the following tests:



a.  Routine Tests:  Shall be made by the manufacturer on each transformer to insure that the design performance is maintained in production.



b.  Design Tests:  Design test reports will be accepted as proof of compliance with design test requirements.


1.4  SUBMITTALS:


1.4.1  SD-02, Manufacturer's Catalog Data:  



a.
Meters






b.
Switches



c.
Breakers






d.
Fuses


1.4.2  SD-04, Drawings:  Submit shop drawings for substations indicating, but not limited to, the following:



a.
Overall dimensions, front view and sectional views;



b.
Bus arrangements including dimensions and ampere ratings of all bus bars;



c.
Type and spacing of bus supports;



d.
Maximum short circuit bracing;



e.
Circuit breaker type, interrupting rating, trip setting;



f.
Ratings and sizes of lugs, impedance taps, and fans;



g.
Elementary diagrams and wiring diagrams with terminals identified and indicating the internal wiring for each item of equipment and the interconnection between the items;



h.
Manufacturer's data for all components and accessories including switches, fuses, meters, and test instruments;

In addition, submit the manufacturer's published time‑current curves (on full size logarithmic paper) of the transformer high side fuse, high voltage weak link fuse, main secondary breaker, internal low voltage secondary circuit breaker, and largest feeder device breaker and current‑limiting fuse at each substation transformer to allow designer to verify that proper protection and coordination has been achieved.


1.4.5  SD-11, Factory Test Reports:  Submit certified copies in triplicate of the reports of factory tests as required herein for and approval before delivery of equipment to the project site.


1.4.6  SD-12, Field Tests Reports:  Submit certified copies in triplicate of the reports of relay settings and dielectric tests as required herein for approval.



a.  Ground Resistance Tests Reports:  Upon completion of the project, submit in writing the measured ground resistance of each ground rod and grounding system, indicating the location of the rod and grounding system and soil condition at the time the measurements were taken.


1.4.7  SD-19, Operating and Maintenance Instructions:  Furnish instruction for operating and maintenance for the following equipment in accordance with the requirements specified in section "ELECTRICAL GENERAL REQUIREMENTS ":



a.  Substation(s)

PART 2 ‑ PRODUCTS


2.1  GENERAL REQUIREMENTS, MATERIAL:  All equipment and materials shall be new unless indicated or specified otherwise.  Askarel and insulating liquids containing polychlorinated biphenyls (PCB) shall not be provided in any equipment.  Materials not normally furnished by the manufacturer with the equipment shall be specified in other electrical sections; these materials include terminators, high‑voltage cables, arresters, tapes, conduit, and low‑voltage cable.


2.2  CUBICLE TYPE UNIT SUBSTATION:  JIS C 4620.  Indoor secondary substation shall be metal enclosed station‑type cubicle switchgear for secondary distribution with transformation.  The substation assembly shall consist of one incoming section and one transformer section.  Equipment shall be designed for indoor service.  External doors shall be suitable for padlocking.


2.2.1  Incoming Section:  The incoming section shall consist of an incoming switchgear section for connecting the incoming circuit through fused cutout to the transformer.


2.2.2  Conductor Terminations:  Shall be [one 3/C] [three 1/C] terminations with provisions for single feed and arranged for conduit entering from below.  Cable terminations shall be as specified in the appropriate exterior electrical section.


2.2.3  Fuses shall be current limiting type rated as indicated.


2.2.4  Transformer Section:  Transformer section shall be provided.  Transformer shall be oil immersed, self‑cooled, indoor use, conforming to JIS C 4304.  Other features of transformer shall be as following:



a.  Frequency:  50 Hz.



b.  Phase:  Single phase.



c.  Rated voltages:  Primary, 6,600V/3,300V, double rating.







 Secondary, 210V/105V.



d.  Primary tap voltages:  6900(3450)V, 6600(3300)V, 








  6300(3150)V, 6000(3000)V, 








  5700(2850)V.


2.2.5  Outgoing Section:  Provide outgoing section including [low‑voltage power circuit breaker] [molded case circuit breaker] [insulated‑case circuit breaker] switchgear insulated for 600 volts for [210] [105]‑volt service.  [Main secondary breaker shall be key‑interlocked with the primary [switch] [breaker] to prevent operation of the primary [switch] [breaker] with the main secondary breaker closed.]  Each steel unit forming part of the switchgear structure shall be a self‑contained housing having individual breaker or instrument compartments, and a full height rear compartment for the [insulated][bare] buses, instrument transformers, and outgoing cable connections.  Individual circuit‑breaker compartments shall be equipped with primary and secondary contacts, rails, disconnecting mechanism parts, and a cell interlock that will prevent moving the removable element into or out of the "connected' position while the circuit breaker is closed.  A steel door shall be provided for each individual breaker compartment.  Top, sides, and rear of indoor structures shall be enclosed with removable steel sheets.  [The structure shall be designed so that future additions may be made.]  An engraved circuit designation plate shall be provided on each individual circuit breaker compartment door.  [All circuit breakers shall be of the same manufacturer, the same type, and shall be interchangeable.]


2.2.5.1  Phase Buses and Connections:  Mount bus structure on insulated supports of high‑impact, nontracking, high‑quality insulating material and brace to withstand the mechanical forces exerted during short circuit conditions when connected directly to a source having maximum expected amperes RMS symmetrical available.  Bus bars shall be [high conductivity copper having silver‑plated joints].  Bus bar connections shall be made from main buses to the incoming circuit breaker studs.  Outgoing circuit breaker studs shall be equipped with mechanical clamp‑type cable connectors for the size of cables shown.  Cable supports for outgoing cables shall be provided.  [Cable compartment shall be isolated from bus compartment].  Secondary circuits including heater circuits shall be wired to terminal blocks.  Terminal blocks shall be readily accessible for making external connections as required.  Neutral bus shall be sized        percent of full load amperes.


2.2.5.2  Ground Bus:  Provide a copper ground bus secured to each vertical structure and extending the entire length of the switchgear.  Ground bus size shall be as indicated.  Include provisions for making the station ground connections.


2.3  PANALBOARDS:


2.3.1  Main and power panelboards shall be type I class 1, or complying to UL 67 and JIS C 8480.  Circuit breakers shall be the rating, class and number of poles indicated.  Multipole circuit breakers shall be of the common‑trip type having a single operating handle.  Circuit breakers shall be bolt‑in type, plug‑in type units are not acceptable.


2.3.2  Cabinet shall be UL 50, of steel, shall have a door with latch, and shall provide wiring gutters of suitable size at top, bottom and sides.  A suitable directory with a transparent protective cover shall be provided on the inside of the enclosure.  Neutral terminal shall be provided as indicated.  Suitable gaskets shall be provided for panelboard of outdoor use.


2.3.3  Factory finishes:  The panelboard shall have standard factory finishes including rust inhibiting treatment, except that the inside finish of the panelboard shall be vivid orange (No. 22246 of FED‑STD‑595) and the outside including exposed parts of trim and door be clear blue (No. 25177 of FED‑STD‑595).


2.3.4  Name plate:  Panelboard shall have manufacturer's name, type, electrical system, date and serial number of manufacture on a plate securely and conspicuously attached to the enclosure.


2.4  LOW VOLTAGE CIRCUIT BREAKERS:  JIS C 8370, molded‑case circuit

breakers.  Circuit breakers shall be manual operation, trip‑free, thermal‑magnetic trip type.  Number of poles, frame amperage, trip ampere setting shall be as indicated.  Interrupting ampere rating shall be [not less than 30,000A for 600A frame circuit breaker at the rated voltage.] [as indicated.]


2.5  CONDUIT, BOX AND FITTINGS:  


2.5.1  Conduit:  Zinc‑coated rigid steel conduit conforming to JIS C 8305, thick wall, threaded type.


2.5.2  Conduit Fittings:  JIS C 8330.  The fittings shall be threaded type.


2.5.3  Junction and Pull Boxes:  UL 50, galvanized and not less than the minimum size required by the NFPA 70.


2.6  WIRES, CABLES, SPLICES AND TERMINATIONS:  All conductors shall be copper.


2.6.1  Insulated Wires for Ground:  JIS C 3307, 600V grade type IV.


2.6.2  Connectors:  Non‑insulated connectors shall conform to JIS C 2806.


2.6.3  Bare Copper Conductors for Ground:  JCS 226‑B.


2.6.4  Insulation Tape:  JIS C 2336.


2.6.5  Low Voltage Insulated Cable:  JIS C 3605, type CV.


2.6.6  Termination Kit for Low Voltage Cable:  Standard commercial product conforming to JCAA C 4102.


2.6.7  High Voltage Drop Wire:  JIS C 3609, type PDC.  [JIS C 3611, type KIC.]


2.7  PRIMARY CUTOUT:  JIS C 4620, appendix 1.  Capacity shall be as indicated.


2.8  CONCRETE:


2.8.1  Cement:  JIS R 5210, class 1.


2.8.2  Fine Aggregate:  JASS 5, tables No. 5.3.1 and No. 5.3.2, class 1.


2.8.3  Coarse Aggregate:  JIS A 5005, size No. 2505 for concrete work.


2.8.4  Water:  JASS 5, Paragraph 3.4.c.


2.8.5  Steel Reinforcing Bar:  JIS G 3112.


2.9  STRUCTURAL STEEL:  JIS G 3101, SS 400.

PART 3 ‑ EXECUTION


3.1  GENERAL REQUIREMENTS, ELECTRICAL:  ANSI C2, NFPA 70, and the requirements specified herein.  Work includes the [provision of a new] [and] [the modification of existing] substation[s] for indoor use.  Install and connect substation[s] as indicated on project drawings, the approved shop drawings, and as specified herein.


3.2  INSTALLATION:


3.2.1  Electrical Installation:  All electrical installations shall, as a minimum, meet the requirements of the NFPA 70 and to the requirements specified herein.  All equipment and materials shall be new unless indicated or specified otherwise.


3.2.2  Wiring Methods:  Wiring method shall be insulated conductors installed in conduit, except where specifically indicated otherwise.  Conduit shall be rigid metal conduit except where specified or indicated otherwise.  Underground conduit shall be rigid steel and shall be enclosed in a minimum of 75 mm (3 inches) of concrete.  Service entrance conduit shall be rigid metal to a point at least 1.5 m (5 feet) beyond the building and not less than 60 cm (24‑inches) below grade.


3.2.3  Conduit Installations:  Install rigid metal conduit and fittings, concealed as shown.  Conduits shall be continuous from box to box and/or metallic enclosure of switching devices; and the entire metallic raceway system shall form a continuous system both electrically and mechanically.  Threads shall be full cut and not more than 1‑1/2 threads on the pipe shall remain exposed.  Running threads and loose couplings shall not be permitted.  Conduit shall be fastened to all sheet metal boxes and cabinets with two locknuts where required by the National Electrical code, where insulated bushings are used and where bushings cannot be brought into firm contact with the box.  Locknuts shall be the type with sharp edges for digging into the wall of metal enclosures.  Bushings shall be installed on the ends of all conduits and shall be of the insulating type where required by the NFPA 70.


3.2.3.1  Changes in direction or runs shall be made with symmetrical bends or cast metal fittings.  Field‑made bends and offsets shall be made with a hickey or conduit‑bending machine.  Crushed or deformed conduits shall not be installed.


3.2.3.2  Conduit Sleeve:  Provide sleeve including sleeve anchor, spacer block, back‑up material and sealing at the conduit passing through exterior wall.


3.2.4  Boxes, and Supports:


3.2.4.1  Provide boxes in the wiring or raceway systems wherever required for pulling of wires, making connections, and mounting of devices or fixtures.


3.2.4.2  Pull Boxes of not less than the minimum size required by the NFPA 70 shall be constructed of code‑gage galvanized sheet steel except where cast‑metal boxes with screw‑fastened covers. Where several feeders pass through a common pull box, the feeders shall be tagged to indicate clearly the electrical characteristics, circuit number, and panel designation.


3.2.5  Concrete shall have compressive strength of [180 kgf/sq. cm (2,500 psi)] [210 kgf/sq.cm (3,000 psi)], with 25 mm maximum aggregate.  Provide concrete in accordance with applicable requirements of the JASS 5.


3.2.6  Wires and Cables:


3.2.6.1  Provide wires and cables as specified herein and as indicated.


3.2.6.2  Termination of Insulated Power Cables:  The terminations of all insulated power cables shall be protected from accidental contact, deterioration of coverings, contamination, and moisture in accordance with the NFPA 70, and by use of terminating device specified hereinbefore.


3.3  GROUNDING:  NFPA 70 and ANSI C2, except that grounds and grounding systems shall have a resistance to solid earth ground not exceeding the following values:














Ohms


For grounding substations, below 1,000KVA


 10



For grounding secondary distribution systems (neutral)



noncurrent currying metal parts associated with 



distribution systems






 25



For grounds not covered above





 25

When work in addition to that specified is directed, in order to obtain the specified resistance to ground, the provisions of the contract covering "Changes" shall apply.


3.3.1  Grounding Electrodes:  The grounding electrode system shall include ground rods driven exterior to the building.  Artificial grounding electrodes shall be the sectional type ground rods as specified in the appropriate exterior electrical section.  Grounding connections which are buried or otherwise normally inaccessible shall be made by exothermic weld or by using compatible mechanical connection and brazing over.  Exothermic welds shall be made strictly in accordance with the weld manufacturer's written recommendations.  Welds which have "puffed up" or which show convex surfaces, indicating improper cleaning, are not acceptable.  No mechanical connector is required at exothermic weldments.


3.3.2  Substation Grounding:  Provide a bare copper cable not smaller than 100 sq mm (No. 4/0 AWG) not less than 60 cm (24 inches) below grade connecting to the indicated ground rods.  Transformer neutral connections shall not be smaller than 50 sq mm (No. 1/0 AWG).  Where rated secondary current exceeds 400 amperes, size of transformer neutral ground connection shall be increased in size to not less than one‑half the cross‑section area of the secondary‑phase conductors.  Where the measured ground resistance exceeds indicated values in ohms, the Contracting Officer shall be notified.


3.3.3  Connections:  Weld joints in grounding conductors and mats.  The welding process shall not in any way cause the parts joined to be damaged or weakened and shall join all strands.  The welding process shall be an exothermic type, and the completed connection or joint shall be equal to or larger in size than the conductors joined.


3.3.4  Ground Cable Crossing Expansion Joints:  Protect ground cables crossing expansion joints or similar separations in structures and pavements from damage by means of suitable approved devices or methods of installation which will provide the necessary slack in the cable across the joint to permit movement.  Stranded or other approved flexible copper cable run or jumper shall be used across such separations.


3.3.5  Grounding and Bonding Equipment:  UL 467, except as indicated or specified otherwise.


3.4  FOUNDATION FOR EQUIPMENT AND ASSEMBLIES:  Mount cubicle type substation on concrete slab.  Unless otherwise indicated, the slab shall be at least 200 mm (8 inches) thick, reinforced with a 150 x 150 mm (6‑ by 6‑inch) no. 6 mesh and with a 150 mm (6‑inch) thick, well‑compacted gravel subbase.  The top of the concrete slab shall be approximately 100 mm (4 inches) above the finished floor.  Edges above floor shall have 12 mm (1/2‑inch) chamfer.  The slab shall be of adequate size to project at least 200 mm (8 inches) beyond the equipment.  Concrete work shall be as specified [in Section  "CAST‑IN‑PLACE CONCRETE."] [hereinbefore.]


3.5  PAINTING:


3.5.1  Field‑applied paint on exposed metal surface shall be as provided under section entitled "PAINTING OF BUILDINGS".


3.5.2  Repair of Existing Work:  Take notice of paragraph "Existing

Work" of the section "GENERAL PARAGRAPHS."


3.6  FIELD TESTS AND INSPECTIONS:


3.6.1  Acceptance Checks, Settings, and Tests:  Perform in accordance with the manufacturer's recommendations [and the latest IEEE standards] unless specified otherwise.  Perform work in a careful and safe manner so as not to endanger personnel or equipment.  Perform tests in such a way as to obtain information about the performance of the breakers, relays, meters, wiring, and instrument transformers together as a unit, as well as separately.  Except where specified otherwise, give the Contracting Officer at least 5 working days advance notice of the dates and times for all checks, settings, inspections, and tests.  Provide certified copies of the relay settings and all test results to the Contracting Officer.


3.6.2  Acceptance Checks and Tests:  Include the following:



a.
Compare actual connections with wiring diagrams.  If differences are found, determine if error is in diagram or in actual wiring and correct as necessary.



b.
Inspect all devices, equipment, and other materials for damage or maladjustment caused by shipment or installation.



c.
Assure that tightness of bolted bus joints are in accordance with manufacturer's recommendations (use calibrated torque wrench).



d.
Perform all mechanical operator and contact alignment tests on breakers and operating mechanisms in accordance with manufacturer's recommendations.  Make adjustments as necessary.



e.
Measure breaker contact resistance and perform minimum pickup voltage tests on all trip and closing coils.  Make adjustments as necessary to stay within manufacturer's acceptable range.



f.
Make electrical continuity checks of all current, potential, and control circuits, referring constantly to the diagrams.



g.
Perform insulation resistance test at 1000 volts D.C. on all control wiring.  Minimum insulation resistance shall be 1,000,000 ohms.



h.
Verify proper type, range, and connections of all instrument transformers.  Confirm correct polarity of all current transformers electrically.



i.
Remove short‑circuiting links from current transformers after checking that secondary circuits are complete.



j.
Verify all meter connections and insure proper calibration.



k.
Verify that all protective relays, auxiliary relays, trip coils, trip circuit seal‑in and target coils, and fuses are the proper types and range.



l.
Remove wedges, ties, and blocks installed by the manufacturer to prevent damage during shipment.



m.
Check all circuit breakers in accordance with manufacturer's instruction.



n.
Verify minimum resistance to ground of all grounding systems.



o.
Measure battery system charging voltage, when provided, and each individual cell voltage assuring that measured values are within manufacturer's specified tolerances.  Measure electrolyte specific gravity and level.



p.
Perform relay setting and coordination tests and dielectric tests.

CAUTION:
All changes of connection, insertion, and removal of meters, relays, etc., shall be made in such a manner that the secondary circuits of energized current transformers are not opened, even momentarily.


3.6.3  Transformer Test:  Perform a secondary voltage.  Set tap at desired ratio as necessary.


[3.6.4  Field Dielectric Tests:  Perform on low voltage switchgear according to ANSI C37.20.]


3.6.5  Follow‑Up Verification:  Upon completion of all acceptance checks, settings, and tests, the Contractor shall show by demonstration in service that all circuits and devices are in good operating condition and properly performing their intended function.  Circuit breakers shall be tripped by operation of each protective device.  Test shall be such that each item will perform its function not less than three times.


3.6.6  Ground Resistance Tests:  Ground resistance measurements of each ground rod shall be taken and certified by the Contractor.  Ground resistance measurements shall be made in normally dry weather, not less than 48 hours after rainfall, and with the ground under test isolated from other ground.  Ground resistance shall also be measured from each piece of equipment to the ground electrode.


*** END OF SECTION ***
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