D&C  FJS/AS:dja

SECTION 261220
TRANSFORMERS - STATION TYPE

THESE TRANSFORMERS ARE THE TYPE USUALLY USED TO STEP DOWN TRANSMISSION VOLTAGE TO A DISTRIBUTION VOLTAGE AT THE MAIN OUTDOOR SUBSTATION.  THIS SECTION COVERS 3 PHASE TRANSFORMERS THAT ARE AVAILABLE FROM 750 TO 10,000 KVA.  SEE INFORMATION AT END OF SECTION.
PART 1   GENERAL

1.01
REFERENCES

IF LESS-FLAMMABLE COOLING LIQUIDS ARE USED, ADD UL (OR FM IF FM LISTING IS USED INSTEAD OF UL).

A.
NEMA and ANSI/IEEE.

INSERT DESCRIPTION OF TRANSFORMER FUNCTION IF APPROPRIATE.
1.02
DESCRIPTION

1.03
SUBMITTALS


A.
Waiver of Submittals:  The “Waiver of Certain Submittal Requirements” in Section 013300 does not apply to this Section.


B.
Submittal Packages:  Submit the shop drawings, product data, and quality control submittals preliminary data specified below at the same time as a package.

INCLUDE SUBPARAGRAPH BELOW ONLY WHEN ELECTRIC UTILITY COMPANY APPROVAL IS SPECIFICALLY REQUIRED.


1.
Electric Utility Company Approval:




a.
Also submit shop drawings, product data, and quality control preliminary data to the electric utility company for approval.

INDICATE NAME AND ADDRESS OF UTILITY COMPANY, ALSO NAME OF PERSON WHO IS TO RECEIVE THE DATA.



b.
After shop drawings and product data have been approved by the electric utility company, forward two copies with utility company letter indicating approval.


C.
Shop Drawings:



1.
Show installation details including primary and secondary connections.



2.
Show key interlocking system.


D.
Product Data:



1.
Catalog sheets, specifications and installation instructions.



2.
Proof that enclosure integrity and finish meets latest ANSI C57.12.28, or C57.12.29 (as specified).

INCLUDE SUBPARAGRAPH BELOW IF LESS-FLAMMABLE COOLING LIQUIDS ARE USED.  CHANGE UL TO FM IF FM LISTING IS USED INSTEAD OF UL.


3.
For Less-Flammable Liquid-Insulated Transformers:  Proof of UL listing, including details required for the installation to comply with the listing.


E.
Quality Control Submittals:



1.
Preliminary Data:  Submit certified report of the Company’s standard tests for the transformers.  Test report format shall be NEMA “Transformer Test Report”.



2.
Final Approval:  After approval of preliminary data and after construction of transformers, make routine commercial ANSI/IEEE tests at the factory on the actual transformers and submit certified test reports.  Test report format shall be NEMA “Transformer Test Report”.


F.
Contract Closeout Submittals:



1.
Operation and Maintenance Data:  Deliver 2 copies, covering the installed products, to the Director’s Representative.

1.04
QUALITY ASSURANCE


A.
Equipment Qualifications For Products Other Than Those Specified:



1.
At the time of submission provide written notice to the Director of the intent to propose an “or equal” for products other than those specified.  Make the “or equal” submission in a timely manner to allow the Director sufficient time to review the proposed product, perform inspections and witness test demonstrations.



2.
If products other than those specified are proposed for use furnish the name, address, and telephone numbers of at least 5 comparable installations that can prove the proposed products have performed satisfactorily for 3 years.  Certify in writing that the owners of the 5 comparable installations will allow inspection of their installation by the Director's Representative and the Company Field Advisor.



a.
Make arrangements with the owners of 2 installations (selected by the Director) for inspection of the installations by the Director's Representative.  Also obtain the services of the Company Field Advisor for the proposed products to be present.  Notify the Director a minimum of 3 weeks prior to the availability of the installations for the inspection, and provide at least one alternative date for each inspection.




b.
Only references from the actual owner or owner’s representative (Security Supervisor, Maintenance Supervisor, etc.) will be accepted.  References from dealers, system installers or others, who are not the actual owners of the proposed products, are not acceptable.





1)
Verify the accuracy of all references submitted prior to submission and certify in writing that the accuracy of the information has been confirmed.


3.
The product manufacturer shall have test facilities available that can demonstrate that the proposed products meet the contract requirements.




a.
Make arrangements with the test facility for the Director's Representative to witness test demonstrations.  Also obtain the services of the Company Field Advisor for the proposed product to be present at the test facility. Notify the Director a minimum of 3 weeks prior to the availability of the test facility, and provide at least one alternative date for the testing.



4.
Provide written certification from the manufacturer that the proposed products are compatible for use with all other equipment proposed for use for this system and meet all contract requirements.
PART 2   PRODUCTS

MANY ACCESSORIES AND MODIFICATIONS ARE AVAILABLE.  CONSULT MANUFACTURER’S CATALOGS.
2.01
STATION TYPE TRANSFORMERS


A.
ABB Power T & D Company Inc.’s Substation Transformers, Cooper Power Systems’ Substation Transformers, General Electric Co.’s Substation Transformers, Niagara Transformer Corp.’s Substation Transformers, or Square D Co.’s Liquid-Filled Substation Transformers:



1.
Low Voltage Rating:  ________volts, 3 phase, 4 wire, wye (grounded), 60 Hz, insulation class ________KV, ________KV BIL.

FILL IN REQUIRED DATA.  SEE ANSI C57.12.00 & C57.12.10 FOR DATA ON INSULATION CLASS AND BIL VOLTAGE LEVELS.  EDIT DELTA AND WYE CONNECTIONS TO SUIT.  



2.
High Voltage Rating:  ________ volts, 3 phase, 3 wire, delta, 60 Hz, insulation class ________KV, ________KV BIL.

EDIT KVA TO SUIT.  IF FANS ARE REQUIRED, EDIT PARAGRAPH TO INCLUDE FANS AND RUN CIRCUITS FROM THE NEAREST AVAILABLE SOURCE.  



3.
KVA Rating:  1000/1120 KVA/1288 future FA KVA, 55/65 degrees C. average winding temperature rise with provision for future addition of cooling fans.  Future fan control to be from to liquid temperature thermometer.

USE SUBPARAGRAPH BELOW WHEN TRANSFORMER IS LOCATED FAR ENOUGH AWAY FROM BUILDINGS  SO THAT IT CANNOT BECOME A FIRE HAZARD IN THE EVENT OF A FAILURE (ALSO CONSIDER FIRE CHARACTERISTICS OF THE EXTERIOR OF THE BUILDING). SEE INFORMATION AT END OF SECTION FOR SPACING GUIDE.


4.
Cooling liquid, transformer mineral oil as recommended by the transformer Company.

USE LESS-FLAMMABLE COOLING LIQUID SUBPARAGRAPH BELOW WHEN TRANSFORMER IS LOCATED CLOSER TO BUILDINGS, EQUIPMENT, ETC. THAN ALLOWED BY APPLICABLE CODES AND STANDARDS FOR USE OF MINERAL OIL.

UL & FM APPROACH LISTING OF LESS-FLAMMABLE LIQUID-INSULATED TRANSFORMERS IN DIFFERENT MANNERS.  IF ONE METHOD IS PREFERRED, SPECIFY ONLY THAT METHOD AND DESIGN ACCORDINGLY.  CHANGE UL TO FM, AND CHANGE PARAMETERS TO MEET FM REQUIREMENTS IF FM LISTING IS USED INSTEAD OF UL.  SEE INFORMATION AT END OF SECTION, WHICH HIGHLIGHTS THE DIFFERENCES.

THERE ARE SEVERAL DIFFERENT TYPES OF LESS-FLAMMABLE LIQUIDS ON THE MARKET.  IF A SPECIFIC TYPE IS DESIRED, MODIFY SUBPARAGRAPHS BELOW AND SPECIFY ONLY THE DESIRED TYPE (VERIFY THAT ALL SPECIFIED PARAMETERS MEET THE LIQUIDS’ LISTING REQUIREMENTS).  SEE INFORMATION AT END OF SECTION, WHICH LISTS THE TYPES AVAILABLE.


5.
Less-Flammable Cooling Liquid:  A type listed by UL. Transformer construction, electrical requirements, and physical installation shall be in accordance with the listing for the type of fluid being furnished, including:




a.
Transformer tank capable of withstanding an internal pressure of 12 psig without rupture.




b.
Transformer equipped with pressure relief devices having pressure relief capacity per the UL Classification Marking.




c.
Integral primary fusing in accordance with the transformer manufacturer’s protection scheme, which limits I²T to the value required by the transformers’ UL Classification marking for the type of less flammable fluid being used.



6.
High Voltage and Low Voltage Windings:  Copper.

USE SUBPARAGRAPH BELOW FOR DELTA CONNECTION.


7.
Four or five-legged core/coil construction.

USE SUBPARAGRAPH BELOW FOR WYE/WYE CONNECTION. (SEE INFORMATION AT END OF SECTION CONCERNING WYE PRIMARIES).


8.
Five-legged core/coil construction suitable for wye/wye (grounded) connection.  For wye primary operation:

VARIATIONS ARE AVAILABLE, ALSO UTILITY COMPANY MAY HAVE SPECIFIC CONNECTION REQUIREMENTS, WHEN APPLICABLE.



a.
Secondary neutral to be fully insulated and attached through a bushing with an externally removable ground strap.




b.
High voltage neutral to be internally grounded and brought out to a ground pad in the high voltage compartment.




c.
Primary and secondary neutrals not to be connected internally.



9.
Two 2-l/2 percent FCAN and two 2-l/2 percent FCBN primary taps.



10.
Externally operated tap changer for operation when the transformer is de-energized.

VERIFY IMPEDANCE VALUE FOR PROJECT REQUIREMENTS.  OMIT 2nd SENTENCE IF NOT APPLICABLE.


11.
6-l/2 percent impedance.  Transformers shall have identical electrical characteristics suitable for parallel operation.

MODIFY SUBPARAGRAPH BELOW AND INCLUDE ALARM CIRCUIT IF TEMPERATURE ALARM IS REQUIRED.


12.
Temperature alarm contacts (for future use to indicate abnormal liquid temperature).

SELECT FROM THE NEXT 3 SUBPARAGRAPHS. THEY ARE EXAMPLES OF HIGH AND LOW VOLTAGE TERMINATIONS.  MANY OTHER TYPES OF HIGH AND LOW VOLTAGE TERMINATIONS ARE AVAILABLE.


13.
High and Low Voltage Terminations:  Full height, side mounted air filled terminal compartments with hinged and locked doors, and accessories to accommodate termination of cables entering from below.




a.
Key interlock between transformer doors and 35KV service switch and fuse assembly so that transformer doors cannot be opened unless the service switch is in the open position.  Match key interlock supplied with service switch.  Flush mount key interlocks.  Padlock type key interlocks are not acceptable.

IN SUBPARAGRAPH BELOW EXPLAIN HOW THE KEY INTERLOCK IS TO FUNCTION.  VERIFY

AMPERE RATING OF SWITCH.


14.
High Voltage Termination:  4.8 KV air filled load break, group operated, quick-make, quick-break two position (open-closed) disconnect switch mounted integrally to transformer wall.  Switch rated minimum 400A continuous, 400A load break.  Switch to have viewing window for determining switch position.  Include provisions for terminating bottom entrance high voltage cables.  Equip switch with key interlock.



15.
Low Voltage Termination:  Side mounted air filled junction box to accept 6 sets of 750 MCM conductors per phase and six 750 MCM conductors for neutral.  Junction box shall accommodate six 5 inch rigid steel conduits entering from below.  Junction box shall be open bottom full height to floor line.  Low voltage bushings shall have connectors for 6-750 MCM copper cables per phase and 6-750 MCM for the neutral.



16.
Surge (lightning) arrester for each ungrounded conductor, metal-oxide varistor, heavy duty, distribution class (Tested in accordance with ANSI/IEEE C62.11 and IEC 99-4 for heavy duty arresters):




a.
Porcelain:  Cooper Power Systems’ VariSTAR Type AZL, or Joslyn Corp.’s ZQ Series.




b.
Polymer:  Joslyn Corp.’s ZHP Series, General Electric Co.’s Tranquell Type 9L23, or Ohio Brass Co.’s Type PDV-100.




c.
Silicone:  Cooper Power Systems’ VariSTAR Type UHS.




d.
Rating:  As recommended by arrester manufacturer.

IF SURGE ARRESTERS ARE REQUIRED, SPECIFY WHERE LOCATED (HIGH OR LOW VOLTAGE

COMPARTMENT).



e.
Location:  



17.
Outdoor type construction for transformer and components.  

USE SUBPARAGRAPH BELOW FOR STANDARD APPLICATION.



a.
Enclosure Integrity:  ANSI C57.12.28 1999 Pad Mounted Equipment-Enclosure Integrity.

USE SUBPARAGRAPH BELOW FOR COASTAL ENVIRONMENT.



b.
Enclosure Integrity:  ANSI C57.12.29 1999 Pad-Mounted Equipment-Enclosure Integrity for Coastal Environments.

PART 3   EXECUTION

3.01
INSTALLATION


A.
Install transformers on concrete pad.

END OF SECTION

THE REMAINDER OF THIS SECTION IS FOR INFORMATION ONLY.  NOT TO BE INCLUDED IN PROJECT SPECIFICATIONS.



1.
Show details of concrete pad, grounding, etc.



2.
Indicate on drawings the transformer KVA, primary and secondary voltage.



3.
Indicate type of coil connections required for 3 phase transformers (for specific applications of various type connections refer to ANSI/IEEE C57.105 “Guide for Application of Transformer Connections in Three-Phase Distribution Systems”).  In general:




a.
Connect 3 phase transformer primaries in delta.  Do not use wye primaries except in special cases because of “problem connections”.  When wye primaries are used, special consideration must be given to the grounding connections and the type of core/coil construction to prevent tank overheating, voltage and load balance problems.



4.
Listing of Less Flammable Transformer Fluids and Less-Flammable Liquid-Insulated Transformers:




a.
Factory Mutual Approved Transformer:  Listing is based upon the use of a FM approved less-flammable liquid in a transformer tank that meets certain FM criteria.





1)
Cylindrical tank must be capable of withstanding an internal pressure of 20 psi, rectangular tanks, 15 psi.





2)
Pressure-relief devices must be provided.





3)
Use of enhanced electrical protection.  (Transformers are equipped with electrical protection for clearing of high and low current faults).





4)
FM approved transformer fluid.





5)
Spacing from adjacent combustibles must be provided, based on the fluid capacity of the transformer tank.





6)
A liquid confinement area is intended to prevent the fluid from spreading beyond the vicinity of the transformer.





7)
FM approved nameplate is required.





8)
BIL testing at a minimum tilt of 1.5° from vertical.





9)
Depending on transformer ratings; ground fault relay protection, pressure relief alarm contacts, rapid rise relay, oil level gage, liquid temperature indicator, pressure-vacuum gage.





10)
Manufacturer’s quality assurance program.





11)
As of July, 2000, only Cooper Power Systems has Factory Mutual Approved transformers.





12)
Refer to Factory Mutual Approval Standard 3990 for details.





13)
For recommended electrical protection for each transformer (fusing, relaying) refer to Factory Mutual Property Loss Prevention Data Sheet 5-4/14-8.





14)
Refer to chart below (under 6.) for distance requirements for FM approved transformers.




b.
Factory Mututal Approved Less-Flammable Transformer Fluids (transformer not FM approved):





1)
FM approved transformer fluid.





2)
Minimum separation distance per FM listing.





3)
Fluid containment requirements as detailed in FM Loss Prevention Data 5-4/14-8 Section 2.4.3.





4)
For recommended electrical protection for each transformer (fusing, relaying) refer to Factory Mutual Property Loss Prevention Data Sheet 5-4/14-8.




c.
UL Listing is based on UL requirements that no tank rupture or noted fluid leakage occur during low-and high-current arcing fault tests.





1)
Transformers be equipped with tanks capable of withstanding 12 psig minimum without rupture.





2)
Transformers be equipped with pressure  relief devices having pressure relief capacity per the UL Classification Marking.





3)
Transformer primaries be protected with overcurrent protection options per the UL Classification Marking.





4)
UL Listed less-flammable transformer fluid.



5.
Types of Less-Flammable Transformer Fluids approved by FM & UL as of July, 2000:




a.
Factory Mutual (Refer to Approval Guide 2000 - Electrical Equipment - Transformer Fluids):





1)
BIOTEMP Less-Flammable Transformer Fluid; ABB Power T&D Co. Inc. 1021 Main Campus Dr. Raleigh NC 27606.





2)
Envirotemp FR3 Natural Ester-Based Less-Flammable Transformer Insulating Fluid, and R-Temp Fluid; Cooper Power Systems, Fluids Products 1900 E North St. Waukesha WI 53188.





3)
Alpha-1, and Beta Fluid; Dielectric Systems, Inc. 1320 Commerce St. Box 420 Tyler TX 75702.





4)
Dow Corning 561 Silicone Transformer Fluid; Dow Corning Corp. Midland MI 48686.





5)
MIDEL 7131; M&I Materials Ltd. Box 136 Manchester M60 1AN England.





6)
Transformer Fluid L-305, and Y-7582 Silicone Transformer Fluid; Union Carbide Chemicals & Plastics Co. Inc. Specialty Chemicals Div 39 Old Ridgebury Rd. Danbury CT 06817.




b.
UL: Refer to UL Gas and Oil Equipment Directory under Transformer Fluids (EOVK).





1)
Envirotemp  FR3 Natural Ester-Based Less-Flammable Transformer Insulating Fluid, and R-Temp Fluid; Cooper Power Systems, Fluid Products 1900 E. North St. Waukesha, WI 53188.





2)
Dow Corning 561 Silicone Transformer Fluid; Dow Corning Corp. Midland MI, 48640.



6.
Separation Distances  from Buildings:  Caution - This spacing guide is for general information only.  Consult applicable codes and standards to suit application.




a.
Conventional Mineral Oil-Filled Transformers per ANSI/IEEE Std. 979-1994 (Section 4.4.2) (Oil containment systems are also recommended):

	TRANSFORMER RATING
	RECOMMENDED MINIMUM DISTANCE FROM BUILDING

	75 kVA or less
	10 ft

	76-333 kVA
	20 ft.

	More than 333 kVA
	30 ft.





b.
M Loss Prevention Data 5-4/14-8 Tables 2A and 2B:

Table 2A Factory Mutual Required Separation Distance Between Outdoor Liquid Insulated Transformers and Building.

	
	
	
	HORIZONTAL DISTANCE
	

	Liquid
	FM Approved Transformer or Equivalent
	Liquid Volume

gal.
	Fire Resistant

ft.
	Non-Combustible

ft.
	Combustible
	Vertical Distance

ft.

	Less Flammable (Approved Fluid)
	Yes
	N/A
	3
	3
	3
	5

	
	No
	<1000

>1000
	5

15
	5

15
	25

50
	25

50

	Mineral Oil or (Unapproved Fluid)


	NA
	<500

500-5000

>5000
	5

15

25
	15

25

50
	25

50

100
	25

50

100


Table 2B Factory Mutual Outdoor Fluid Insulated Transformers Equipment Separation Distance.

Liquid

	Liquid
	FM Approved Transformer or Equivalent
	Fluid Volume

gal.
	Distance

ft.

	Less Flammable (Approved Fluid)
	Yes
	N/A
	3

	
	No


	<1000

>1000
	5

25

	Mineral

Oil or (Unapproved Fluid)


	N/A
	<500

500-5000

>5000
	5

25

50





c.
National Electrical Code:





1)
Less-Flammable Liquid Insulated Transformers:  Article 450-23(b).





2)
Oil-Insulated Transformers Installed Outdoors:  Article 450-27.




d.
National electrical Safety Code:  Rule 150 - Location and Arrangement of Power Transformers and Regulators:





“A.2.
The installation of liquid-filled transformers shall utilize one or more of the following methods to minimize fire hazards.  The method to be applied shall be according to the degree of the fire hazard.  Recognized methods are the use of less flammable liquids, space separation, fire-resistant barriers, automatic extinguishing systems, absorption beds, and enclosures. The amount and characteristics of liquid contained should be considered in the selection of space separation, fire-resistant barriers, automatic extinguishing systems, absorption beds, and enclosures that confine the liquid of a ruptured transformer tank, all of which are recognized as safeguards.”




e.
Utility company installation requirements, when applicable.



7.
Codes, Standards and References applicable to pad mounted transformers:




a.
National Fire Protection Association (NFPA):





1)
NFPA 70 - Article 450-Transformers  and Transformer Vaults, Article 490-Equipment Over 600 Volts, Nominal.




b.
National Electrical Safety Code - Section 15.




c.
National Electrical Manufacturers Association (NEMA):





1)
TR-1 1993, Transformers, Regulators and Reactors.




d.
American National Standards Institute (ANSI):





1)
C57.12.00 1993, General Requirements for Liquid-Immersed Distribution, Power, and Regulating Transformers. (Now listed under IEEE C57.12.00 12/00/99 4th draft).





2)
C 57.12.10, Requirements for Transformers 230000 volts and below 833/958 through 8333/10417 kVA, Single Phase, and 750/862 through 60000/80000/100000 kVA, Three-Phase.





3)
C57.12.28 1999, Pad-Mounted Equipment-Enclosure Integrity.





4)
C57.12.29 2000, Pad-Mounted Equipment - Enclosure-Integrity for Coastal Environments.





5)
C57.12.70 1993, Terminal Markings and Connections for Distribution and Power Transformers.  (Also IEEE C57.12.70 draft 1996).





6)
C57.12.80 1992, Terminology for Power and Distribution Transformers.  (Also IEEE C57.12.80 draft 1996).





7)
C57.12.90 1987, Test Code for Liquid-Immersed Distribution, Power, and Regulating Transformers and Guide for Short-Circuit Testing of Distribution and Power Transformers.  (Now IEEE C57.12.90 1999).





8)
C57.92 1992, Guide for Loading Mineral-Oil-Immersed Power Transformers Up to and Including 100 MVA with 55 degrees C or 65 degrees C Winding Rise.





9)
C57.98 1986, Guide for Transformers Impulse Tests.  (Also IEEE C57.98 Rev. 1993).





10)
C57.105 1992, Guide for Application of Transformer Connections in Three-Phase Distribution Systems.




e.
Factory Mutual:





1)
Loss Prevention Data Sheet 5-4/14-8.





2)
Approved Standard for Less or Nonflammable Liquid-Insulated Transformers - Class Number 3990.





3)
Approval Standard - Less Flammable Transformer Fluids - Class Number 6933.





4)
Approval Guide 2000 - Electrical Equipment - Transformer Fluids.




f.
Underwriters Laboratories:





1)
Gas and Oil Equipment Directory - Transformer Fluids (EOVK).





2)
UL 340 Tests for Comparative Flammability of Liquids.




g.
IEEE:





1)
IEEE 979 1994, Substation Fire Protection Guide.
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