City of Seattle Invitation to Bid SCL_1189
Addendum 7
Updated on: 11/12/13

The following is additional information regarding Invitation to Bid #1189 titled Power Transformer with No-Load Tap Changer for East Pine Substation Bank 95 Replacement released on 10/14/2013. The New due date and time for responses is 11/15/13 3:00 PM (Pacific).  This addendum includes both questions from prospective proposers and the City’s answers, and revisions to the ITB. This addendum is hereby made part of the ITB and therefore, the information contained herein shall be taken into consideration when preparing and submitting a bid/proposal.
	Item #
	Date Received
	Date Answered
	Vendor’s Question
	City’s Answer
	RFP Revisions

	Addendum 1

	1
	10/14/13
	10/15/13
	1) Vendor haven't been able to open embedded file <<ContractBondID 6-5-2008.doc>>
2) I recall that SCL requires an assurance that potential vendors are "bond-able."  Is this the document that refers to that requirement?

	1) Attached in the next column is a copy of the Contract Bond ID document. Please open and review if you were not able to open the document embedded in the solicitation.
2) Completion of this document does offer assurance of bond-ability for the vendor.
	Contract Bond ID Document


[image: image1.emf]ContractBondID  6-5-2008.doc



	2
	10/14/13
	10/15/13
	Regarding licensing, please confirm that no licensing is required of a manufacturer prior to the award.
	Please reference section 4. Licensing and Business Tax Requirements. All required licensing will be verified after award and prior to contract execution. If vendor cannot meet required license the City may reject the vendor.
	No Revision

	3
	10/14/13
	10/15/13
	Another attachment issue: in the pdf document <<East Pine Bank 95 Specifications.pdf>> (attached), there are a number of embedded documents on page 4 and below. None of those embedded documents can be opened.
	Attached in the next column is the word version of the East Pine Bank 95 Specifications. Please be sure to review all embedded documentation prior to bidding.
	Word Version of East Pine Bank 95 Specifications


[image: image2.emf]East Pine Bank 95  Specifications.doc



	4
	10/15/13
	10/15/13
	What is the projected budget for this purchase?
	The City anticipates this purchase to be around $2M plus or minus $500K. The award of the bid is primarily based on price once all other requirements are met.
	No Revision

	Addendum 2

	5
	10/16/13
	10/17/13
	According to 'Instructions to Bidders (Clause 5)', bidder need to submit the bid bond (5%) with their proposal.
Is it correct? 
	This solicitation does not require a bid bond so this clause does not apply. Please reference the clause pertaining to the Contract Bond when responding to the solicitation.
	

	6
	10/16/13
	10/17/13
	As per the Invitation page 7, bidder has to submit the contract bond upon receipt of purchase order. 
Please confirm the validity and amount (each 50%?) of both performance and payment bond?
	Any contract bond submitted must be for 50% of the contract value.
The Payment and Performance Bond is a single document so yes, it’s 50% of both performance and payment for the value of the contract. 

Reference the PaymentPerformanceBond PDF in section 5.
	No Revision

	Addendum 3

	7
	10/18/13
	10/18/13
	The requirement states the bidder must demonstrate at least 10 years of experience in similar size unit…. If company opened additional factory less than 10 years does it qualify if the engineering for the factory having the 10 years’ experience? 
	In this scenario the bidder would qualify. The company itself has been in business performing the required work for the required 10 years. What we want to achieve is an experience vendor and as long as the company and the engineering staff has the mandatory experience it satisfies the requirement.
Summary:

· The Company must have 10 years’ experience in providing the required work.

· The engineering staff must have 10 years’ experience in performing the required work.
	No Revision

	Addendum 4

	8
	10/22/13
	10/23/13
	In SCL’s specification 6.11.6 Bushings, a. General (Page 25) stated as follows,

- …Resin-impregnated-paper (RIP) outdoor bushings with silicon composite housing. 

- Color shall be ANSI gray and come with porcelain housing. 

-       All bushings shall be of recent American manufacture. 

- Each of the bushings shall be manufactured by P-CORE, or ABB or Hubbell. 

<Question>

P-CORE, ABB or Hubbell in USA do not make RIP bushing with silicon composite housing. Their standard bushings are OIP with porcelain housing. 

As far as we concerned, HSP/Germany & ABB Micafil/Swiss only can make RIP bushing with silicon composite housing.
Please confirm us which manufacturer bushings HHI should supply.
	<Answer>

ABB/Micafil bushing made in Switzerland will be acceptable, as we are familiar with the brand and product quality.
	Exceptions made to the American manufacture of the bushings. ABB/Micafil is now acceptable for bid based on the City’s familiarization and experience with the brand. 

	9
	10/23/13
	10/23/13
	10 years of experience of selling: in order to demonstrate our meeting this requirement would a copy of nameplate (or multiple) for a transformer, of similar rating, installed in US more than 10 years ago be sufficient?


	Nameplate information along with the year of installation and contact information of the utility where installed is all we need
	Clarification Only

	10
	10/23/13
	10/23/13
	Is third party repair and testing facilities acceptable? Currently we have qualified third party for such purpose, and they do have locations throughout US and are available 24/7. If we have a statement from them confirming their capability, will it suffice?
	The third party repair and test facility is acceptable. Provide the address and statement confirming the capability and availability to perform the service in the USA.
	Clarification Only

	Addendum 5

	11
	10/23/13
	10/28/13
	Question:

"Although the titles of the RFP read as Power Transformers, We believe the 250 MVA unit is an Autotransformer. Please verify."
	The ITB is for a power auto-transformer.
	Clarification of title and transformer reference.

	12
	10/23/13
	10/28/13
	The way the specification is read, all potential bidders will be eliminated.  Section 6.11.6.a paragraph 2 states “Each of the bushings shall be manufactured by PCORE, ABB, or Hubbell.”  We are assuming Hubbell refers the Electro Composites.  Hubbell and PCORE are sister bushing companies which make up the bushing business unit (BBU) of Hubbell Power Systems.
Paragraph 1 of the same section states all bushings shall be resin-impregnated paper (RIP) with silicon housing.  This construction can only be provided by ABB.  PCORE will provide porcelain housing, and Electro Composites will provide our SDC cycloaliphatic resin oil-free bushing, therefore eliminating both.  Now the RIP technology from ABB is fabricated in Europe.  The specification further states that “all bushings shall be of recent American manufacturer” thus eliminating all manufacturers from the bid.
	Part of the answer is the City will accept non-American manufactured bushings but they must be preapproved by SCL prior to submitting your bid; such is the case for ABB/Micafil bushing made in Switzerland as stated in Addendum 4, item 8.
Regarding the City’s acceptance of porcelain housing and   SDC cycloaliphatic resin oil-free bushings:
We are sure about the reliability, quality of construction and cost of the bushing we are specifying. ABB/Micafil bushing with silicone polymer housing is what we need. No porcelain housing acceptable.
	Minor change to the acceptance of non-American manufactured bushings.
Clarification on housing acceptability.

	13
	10/25/13
	10/28/13
	Our team is working on this project now, and in order to submit a better offer we hereby apply for a time extension of 2 weeks for the preparation of bidding document. Is it acceptable?
	Unfortunately we are not able to extend the time for bid submittal due to strict timelines.
	No Revisions

	Addendum 6

	14
	10/29/13
	11/5/13
	Question: Spec. 6.1.4 specifies Auto Transformer. Should Spec. 6.11.6 be changed to one neutral bushing?
	Answer: The autotransformer will have only one neutral bushing, as shown on page 20, Figure 1.
	No Revisions

	15
	11/1/13
	11/5/13
	Invitation to Bid, page 5, “Cancellation of Orders” ITB writes Cancellation Charge shall, “not in any event to exceed 10% of the total value of the order”.  Because transformers are custom fabricated product, we expect cancellation charge will be paid to expenses incurred up until the date of the cancellation which could exceed 10%.  Please clarify.
	Answer: Due to the custom work of building this transformer, the City is increasing the exceed limit due to cancellation to 20%. Per the cancellation terms such charges shall be, “reasonable expenses incurred up until the date of the cancellation that cannot be reasonably avoided or offset by the Vendor”.
	Increase of exceed limit the City pays if order is cancelled.

	16
	11/1/13
	11/5/13
	Invitation to Bid, page 12, “Effective Dates of Offer” ITB writes, “Bid must remain valid until City completes award”.  Please specify duration of bid validity date, such as 90 days.
	Answer: The City expects to complete award within 90 days but unforeseen factors can extend this time. If providing a validity date with your bid please make it 90 days or greater. Confirmation of this date will be made if award date is extended beyond the 90 days.
	Bids that state a validity date of 90 days or greater will be acceptable as responsive.

	17
	11/1/13
	11/5/13
	Terms and Conditions, Section 28, “Warranties” Warranty will be given to conditions specified in the specification and “fit for the purpose(s) for which intended, for merchantability” should not be applied.
	Answer: Section 28, Warranties will remain as is. Vendor must warrant that proposed product will work and be fit for the purposed specified in the City’s ITB and Specs.
	No Revision

	18
	11/1/13
	11/5/13
	Terms and Conditions, Section 28, “Warranties” Please confirm that “consequential damages” shall not apply to Warranty, Indemnification, or any other condition.
	Answer:  Section 28, Warranties will remain as is. For additional warranty language please reference Section 12, Warranty of the embedded SCL Specification.
	No Revision

	19
	11/1/13
	11/5/13
	Terms and Conditions, Section 28, “Warranties” Please confirm that normal wear and tear of the material, or storage, operation or maintenance of the material is not covered by Warranty.
	Answer:  Section 28, Warranties will remain as is. For additional warranty language please reference Section 12, Warranty of the embedded SCL Specification.
	No Revision

	20
	11/1/13
	11/5/13
	Terms and Conditions, Section 39, “Indemnification” Please confirm that the City shall protect, defend, indemnify and hold the Contractor harmless from all the conditions listed in this clause.
	Answer: The City will not indemnify contractor for the listed items.
	No Revision

	21
	11/1/13
	11/5/13
	“Limitation of Liability” Please confirm that 100% Limitation of Liability is acceptable.
	Answer: Limitation of Liability remains as is. Requested change not acceptable.
	No Revision

	22
	11/4/13
	11/5/13
	Spec 6.11.17 Cooling system indicates- The radiators shall be constructed of stainless steel tubes or galvanized steel welded into stainless steel headers. 

Please confirm this requirement for Stainless Steel in the cooling system for the above mentioned transformer is correct?
	Answer: The City is revising the language of Spec 6.11.17 of SCL Specification as follows:
Current Language
"The radiators shall be constructed of stainless steel tubes or galvanized steel welded into stainless steel headers.” 
Revised Language
“The radiators shall be constructed of stainless steel. No painting or coating is required of radiator surfaces."


	Please reference revised language for SCL Specification 6.11.17 when submitting your bid.
Revised Language
“The radiators shall be constructed of stainless steel. No painting or coating is required of radiator surfaces."



	23
	11/5/13
	11/5/13
	Confirm whether the bidder should meet the dimension of main body and oil volume as indicated below. Would you be able to comment us this at your earliest possible? 
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	Answer: The bidder shall meet the dimensions and oil quantity as specified.
	No Revisions

	24
	11/5/13
	11/5/13
	Will completing the “ContractBondID 6-5-2008” suffice the requirement for Letter of Commitment from an approved surety? Please advise.
	Answer: The “ContractBondID 6-5-2008” will not suffice for the letter of commitment or letter. The Letter shall be from a qualified Bond Agency as specified in section 5 of the ITB and shall confirm the willingness of the Bond Agency to provide a bond at 50% of the contract value that meets the form and requirements of the City Bond Form, should the vendor win award.

	Bidder must return with their bid a letter of commitment as stated in section 5 of the ITB.

	25
	11/5/13
	11/6/13
	Can you verify the new transformer will be set on the pad with the leaky transformer (absorbent oil pad around it)?
	Answer: The new transformer will be set on the pad with oil containment around it.
	No Revisions

	26
	11/5/13
	11/6/13
	This is a very difficult site due to the route, the overhanging trees and brick walls on three sides.  The apparent route will be taking 22 from Martin Luther King and entering on the south side.  However, the overhead lines on the route and the trees will complicate this heavy haul.  A beam/dolly configuration is the best for a low profile but maneuverability is hard in this confined substation.   It may make sense to transload the transformer to a goldhofer but this increases the height and the cost, plus a suitable site to make the switch would be needed.  Would Seattle City Light allow the removal of one of the brick walls and it being rebuilt after the move?
	Answer: SCL will cooperate with the vendor, removal of wall can be considered or necessary steps will be taken to make the delivery possible and cost effective. The transformer is adjoining the gate on the north gate of west side. Transformer is accessible from the west wall easily.
	Clarification

	
	11/5/13
	11/6/13
	Would SCL allow a site walk inside the East Pine sub?
	Answer: Site walk is allowed and is a routine after the bid is awarded
	Clarification

	27
	11/5/13
	11/6/13
	Regarding the monitoring system there are several questions:

Page 35, section c, #1 of the spec discusses the load monitoring as "single phase load currents from the secondary side of bushing mounted CT's" but this is a 3 phase transformer.  On previous projects, SCL monitors current and voltage.  Please clarify whether SCL wants to monitor current and voltage on all three phases?
	Answer: Page 35, section c, #1: The load monitoring is for thermal profile, and single phase monitor is sufficient.
	Clarification

	28
	11/5/13
	11/6/13
	Regarding the monitoring system there are several questions:
Page 38, section k #1 of the spec discusses the fiber optic system.  This section seems to be written around the Lumasense spec.  I believe Dynamic Ratings uses a Lumasense board in their fiber optic monitoring but there is a difference in their arrangement.  On the previous Hico transformers, the fiber optic specification accurately defined the Dynamic Ratings arrangement.  Please clarify SCL's intent on the fiber optic monitoring system
	Answer: Page 38, section k #1: Will work with be successful bidder to resolve the issue during drawing review.
	Clarification

	29
	11/5/13
	11/6/13
	Regarding the monitoring system there are several questions:
Page 39 #3 of the spec discusses the annunciator.  Based on our recent experiences, the Dynamic Rating equipment cannot directly interface with the annunciator.  Dynamic Ratings commented on this in a recent spec review.  Please confirm the annunciator interface.
	Answer: Page 39 #3: Will work with be successful bidder to resolve the issue during drawing review.
	Clarification

	30
	11/6/13
	11/6/13
	Vendor states that sections 6.11.15, Control and Monitoring Equipment (1,2,3, & 4) lack the clarity, design intent and integration feasibility to provide an accurate quotation:
6.11.15 Control and Monitoring Equipment

                1. Temperature Monitoring

                2. Fiber Optic Sensors

                3. Thermal Monitoring, Control, and Communications (CTMS) Device “ANSI Device No. 30”

                                c. Load Monitoring

                                k. Fiber Optic System

                3. Annunciator

                                Table 4: Input and Output for Tripping, Alarming, and Monitoring Requirements

                                Figure 2: Input and Output Schematic for Tripping and Alarming.
Vendor asks that specification be revised with better definition of the design intent from the points above.
	Answer:  As mentioned on page 35 of the specification, section 6.11.15, SCL has specified "Dynamic Ratings E3-8100 transformer management system" and "compatible optical fiber sensors", as specified. SCL will work with successful vendor to provide additional clarification during drawing review.
	Clarification

	Addendum 7

	31
	11/12/13
	11/12/13
	Due date for Bids extended to 11/15/13 – 3:00 PM Pacific to allow for Site visit on 11/14/13 at 9:00 AM.
	Due date for Bids extended to 11/15/13 – 3:00 PM Pacific to allow for Site visit on 11/14/13 at 9:00 AM
	Due date for Bids extended to 11/15/13 – 3:00 PM Pacific to allow for Site visit on 11/14/13 at 9:00 AM

	31
	11/12/13
	11/12/13
	Optional Site visit scheduled due to multiple requests. The address and time is to the right. This also extends the due date of bid submittal to 11/15/13 at 3:00 PM Pacific
	Seattle City Light East Pine Substation

1555 23rd Avenue Seattle, WA, 98122

Meet on the west side of the substation. Substation phone number is 206-517-5344. Bring PPE (hard hat, hard sole shoes) with you.
	Due date for Bids extended to 11/15/13 – 3:00 PM Pacific to allow for Site visit on 11/14/13 at 9:00 AM
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(Print/type legal name of entity submitting bid, signing contract, identified as “principal” in bond.)


DOING BUSINESS AS ( “d/b/a”)  









(Print or type tradename or the name by which the above entity is commonly known or does business as a public works contractor or otherwise, if that name is different from the entity’s legal name)


THE ABOVE ENTITY IS A:   (Check (4) the appropriate box and otherwise complete the following)


ÿ
Sole proprietorship owned by 









(If the owner (s) is/are married, specify the names of both spouses unless a separate property agreement provides for sole ownership.)


ÿ
Partnership organized under the laws of the State of  _________________ in which the general partner(s) are 




















(If one or more of the general partners is a corporation, complete the following for each partner)


ÿ
For-profit corporation organized under _________ State Law
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Not-for-profit corporation organized under _______ State Law
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Joint venture composed of 





















(If the joint venture includes a corporation or partnership, provide the information requested above, as appropriate, for each of the joint venture participants.)


ÿ
Limited Liability Company that is organized under the laws of the State of 
 and which the member(s) are 


















 and the manager(s) are 

















           .


(If any of the members is a corporation or partnership, complete the portion above for “corporation” or “partnership” for each such member, using additional pages if necessary)


THE ABOVE ENTITY OPERATES UNDER:  (Fill in all that are applicable.   If appropriate, insert “applied for”)



Wash. State Business License # 










Wash. State Contractor Registration # 









City of Seattle Business License # 














 # 
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1.  GENERAL SCOPE


This specification covers the furnishing F.O.B. Seattle City Light East Pine Substation, 1555 23rd Avenue Seattle, WA, 98122 of one 242 kV to 121 kV, 150/200/250 MVA, Class II ONAN/ONAF/ONAF, power autotransformer with no-load tap changer located in the primary 242kV winding, as described herein.

2. GENERAL INFORMATION


2.1 Shop Inspection and Assemblies 


a. Shop Inspections


The Owner or its representative will have the option of inspecting the Bidder-supplied equipment at any phase of the manufacturing process. No major piece of equipment shall be shipped from the Bidder's shop until it has been inspected by the Owner or the Owner's representative, unless the Owner approves of such shipment in writing. Critical dimensions and clearances shall be measured and recorded by the Bidder on illustrated shop inspection forms, showing both the design dimensions and the actual measured dimensions. Copies of all shop inspection forms shall be furnished to the Owner prior to shipment of equipment from the Bidder's shop.


b. Shop Assemblies


All Bidder-furnished equipment that can be assembled in the shop without requiring any of the existing transformer parts shall be so assembled to verify the design, construction, and machining for proper alignment, fits, and clearances. Parts shall be properly match‑marked, identified, and doweled to assure correct assembly and alignment in the field. Prior to major shop assemblies, the Bidder shall submit an outline of the procedures it plans to perform. The Owner or its representative will have the option of witnessing said procedures.

2.2  Final Inspection and Acceptance 

The Bidder shall be responsible for all the Work under this Contract until all fabrication and installation Work required by this Contract is complete (including unloading of all parts at the delivery site), continuously protecting all equipment and components from loss or damage. The Bidder shall also furnish before the time of shipment any recommendations for unloading, handling, and special precautions to be observed in protection of the equipment while stored at the site. The Bidder shall exercise care in performing all onsite work so as not to cause any damage to abutting property and/or adjacent facilities.


Final acceptance of all parts and equipment purchased and/or field-installed under this Contract shall be construed as follows:


1. All work required by this Specification in fabricating and delivering the required parts has been completed, and the equipment has been successfully installed. 


2. The newly-installed transformer has been successfully tested.


3. The transformer has been in normal operation for the Performance Proof Period of six (6) months without any major problems caused by the Bidder-provided equipment and/or field installation that require the unit to be taken off‑line.


If the Work is found acceptable based on the above criteria, the Bidder shall be so notified by a “Certificate of Completion.” The Certificate of Completion will be issued only after all non-compliant work has been corrected. If the equipment requires adjustments or repairs which remove it from normal operation during the Performance Proof Period specified above, the six (6) months period shall begin anew after completion of adjustments or repairs.

2.3
 Services of Technical Service Advisor


a. Responsibility 


The Bidder will furnish a qualified and competent Technical Service Advisor, who shall be fluent in the English language, to assist the Owner and provide direction for installing, field testing and commissioning the equipment purchased under this Contract. The services of the Technical Service Advisor shall include provision of any special tools as may be required to install any of the equipment purchased under this Contract. The Technical Service Advisor shall be on site continuously during installation of equipment provided by the Bidder. The Technical Service Advisor shall provide direction, to the crew performing the actual installation, through the Owner.


The Technical Service Advisor shall meet weekly with the Owner to review and coordinate installation activities for the upcoming week. In addition, the Technical Service Advisor shall meet daily with the Owner to briefly review the following day’s installation activities.  The Owner will keep the Service Advisor informed of any Owner planned activities that could impact the transformer installation. In the event of any problems or difficulties, more frequent meetings shall be scheduled. 


b. Continuity of Service


In the event that delays occur during the period of installation, wherein the services of a Technical Service Advisor are not required, the Owner may direct the Technical Service Advisor to return to his/her home location, or to remain at the site of the work, whichever is deemed in the best interest of the Owner. This may require an equitable adjustment in the Contract Price for one or more Bid Items. The amount will be determined by agreement between the Owner and the Bidder. 


c. Operating Procedures and Conditions


The Technical Service Advisor shall comply with all accident-prevention procedures as directed by the Owner for the control and safety of the Owner's personnel, Owner's contractors, and contractors' personnel, property, equipment, and visitors to the job site.


d. Other Conditions


The Technical Service Advisor shall be considered an employee of the Bidder. The Bidder agrees to indemnify and hold the Owner and its agents harmless from and against all loss, damage, and expense occasioned by any act or omission of said Technical Service Advisor or other employees of the Bidder.


2.4
 Safety Rules and Standards at Site


The Bidder shall be responsible for the safety of its Technical Service Advisor. The Bidder shall take all necessary safety and other precautions at all times to prepare for and perform the work in a safe manner and to protect people from illness or injury and prevent property damage. Nothing in this Contract shall be construed as imposing any duty upon the Owner or any of its employees with regard to, or as constituting any express or implied assumption of control or responsibility over, project site safety, or over any other safety conditions relating to employees or agents of the Bidder or the public.


a. Training


The Bidder shall ensure that the Technical Service Advisor has current training in;


1. First Aid and Cardio-Pulmonary Resuscitation (CPR);


2. Confined Space Operations and Confined Space Rescue for employees who may enter or work in a Confined Space as defined by WAC;


3. Electrical Hazard Recognition when appropriate;


4. Any other WAC requirement relevant to the work being done.


b. Additional Safety Requirements


The Bidder shall be responsible for the following requirements: 


1. Ensuring that the Technical Service Advisor comply with the Owner’s Health and Safety Plan, as well as other pertinent safety standards and rules;


2. Ensuring that the Technical Service Advisor properly utilizes all protective clothing, safety equipment, materials, tools, supplies, apparatus, and systems required to safely perform the work, at no expense to the Owner;


3. Participate in daily job briefing and/or tailgate meetings. At such daily meetings, the Bidder shall provide the Owner's representative all relevant information on the work to be performed, its location, and the equipment to be used;


4. Participate in job site safety meetings on a regular basis as required by law. 

2.5
Site Specific Conditions


a. Shift Schedules


Bidder-scheduled work shifts are subject to a working day that shall commence at 7:45 AM and end at 4:15 PM, Monday through Friday, unless otherwise noted.


b. Meals and Accommodations


The Technical Service Advisor shall be responsible for providing his/her meals and accommodations at the jobsite.


2.6
Inspection


Authorized representatives of the Owner shall have access to all places where Work is being done or where materials or equipment are being manufactured, stored, or prepared under this Specification and the Bidder shall facilitate unrestricted inspection of such materials, equipment, and work, including full access to purchasing and engineering information but not including price information. The Owner shall be furnished with such information as the Owner may require regarding materials used and the process of manufacture for the various items of equipment. Inspections of equipment or materials during manufacture will be performed by the Owner solely in an effort to detect discrepancies and defects as early as possible when they can be most readily corrected.  No acceptance of equipment or materials shall be construed to result from such shop inspections. Any inspections or tests or waivers thereof shall not relieve the Bidder of responsibility for meeting all requirements of this Specification.


If the Specification, the Owner's instructions, laws, ordinances, or any public authority, require any work to be specially tested or accepted, the Bidder shall give the Owner timely notice of its readiness for inspection and, if the inspection is by an authority other than the Owner, of the date fixed for such inspection. Inspections by the Owner will be made promptly, and where practicable, at the source of supply. If any work should be covered up (i.e., the work continued to a point where inspection of any required aspect becomes difficult or requires partial reversal of the work) without acceptance or consent of the Owner, it must, if required by the Owner, be uncovered for examination and properly restored at the Bidder's expense, unless the Owner has unreasonably delayed inspection.


Reexamination of any work may be ordered by the Owner and, if so ordered, the work must be uncovered by the Bidder. If such work is found to be in accordance with the Specification, the Owner shall pay the cost of reexamination and replacement. If such work is not in accordance with the Specification, the Bidder shall pay such cost.


2.7
Conflicting Information and Interpretation of Specification


Any person contemplating submitting a Bid for the Work covered by the Contract who is in doubt as to the meaning of any part of the Specification shall at once request clarification prior to submitting his/her Bid. Changes to the Specification will be made only by formal addenda issued by the Buyer. The Owner will not be responsible for any other interpretation.


Where compliance with two or more standards is specified, the standards may establish different or conflicting requirements for minimum quantities or quality levels. Refer requirements that are different, but apparently equal, and uncertainties to the Owner for a decision before proceeding.

2.8
Bidder’s Schedules, Procedures, and Reports


a. Schedule


Six (6) weeks after Notice to Proceed, the Bidder shall provide for the Owner’s review and approval a detailed manufacturing schedule covering all items included in the Contract. 


The schedule shall incorporate and comply with the submittal, and equipment delivery dates specified in Schedule of Submittals. The schedule shall be in the form of a Gantt bar chart, providing clear definition of activity descriptions, appropriate interactivity linkages (predecessor/successor relationships), beginning and end dates, and critical-path activities. The schedule shall be written using Microsoft Project software, or a similar application approved by the Owner, that has the capability of graphically showing actual progress against an original baseline. 


Activities shall include all major design, fabrication, assembly, delivery, and field installation tasks, with milestones clearly indicated. Milestone dates shall include all required submittals, equipment deliveries, and completion of major portions of work. For submittals, adequate time for Owner review, as specified for the particular submittal, shall be included. 


This schedule, when approved by the Owner, shall be retained as a baseline for monitoring actual contract performance and will be used for determination of liquidated damages for late submittals, delivery and field installation. The schedule baseline shall remain unchanged for the duration of the Contract until and unless a Change Order is issued by the Owner authorizing a revision to the baseline schedule. 


The Bidder may provide submittals ahead of the dates specified in the Bidder’s implementation schedule, provided that all related descriptive information and details required by the Owner for review are included. A submittal prematurely submitted which does not include the related information will not be counted as meeting the submittal schedule.


b. Procedures


1. Field Installation Procedure


The Bidder shall submit, for the Owner’s review and approval, a detailed field installation procedure for all equipment provided by the Bidder. The procedure shall describe the step-by-step activities required to install the equipment and integrate it into the Owner’s system, including any special precautions that may be required. This procedure shall be submitted with a schedule that identifies the Bidder’s estimate for the amount of time needed for each step of the procedure.


2. Drawing Updates 


The Technical Service Advisor shall document all approved changes to the Contract Drawings during installation, using red pencil, on the Contract Drawings. At the conclusion of the installation of each transformer bank, these “red-lined drawings” shall be reviewed by the Technical Service Advisor and the Owner to assure adequate and legible documentation of any changes, and the “red-lined drawings” submitted to the Owner. These drawings shall be submitted within five (5) days of commissioning each new transformer bank.


3.  Commissioning Procedure 


Four (4) weeks prior to delivery of the first transformer bank, the Bidder shall provide a written commissioning procedure for the Owner’s review, outlining the steps required for preparing the transformer for energization. The commissioning procedure shall contain specific instructions used to validate the operational performance of the transformer, for review by the Owner. The Owner will have twenty-one days (21) to review and return, with comments, if any, to the Bidder. If revisions to the test procedure are required, the Bidder shall make the revisions and resubmit within fourteen (14) days for review by the Owner. The Owner will have twenty one (21) days to review and the Bidder shall then have fourteen (14) days to revise and return to the Owner. The commissioning procedure shall be provided twenty-one (21) days prior to the delivery of the first transformer. 


After the transformer bank has been installed, the Owner's outage activities completed, and before the transformer bank is considered ready for commercial operation, the Bidder, along with the Owner's operator and representatives, shall verify that the equipment has been installed and adjusted properly and in accordance with Contract drawings, and that it will function safely and properly under continuous operation. At the conclusion of operational testing and checkout by the Owner, the transformer bank shall be ready for rated voltage no-load energization, and, after 24 to 48 hours, at the discretion of the Owner, released for commercial operation.


c. Reports 


Within 48 hours (2) days after initial energization of each transformer bank, the Bidder shall provide two (2) copies of the Technical Service Advisor’s daily report log and as-built drawings to the Owner. The report log shall document daily installation progress, safety notations, operational test results, and deviations and/or Owner-approved changes to the Bidder’s original installation procedure and final drawings.


3. GENERAL DESCRIPTION


The transformer provided under this contract will be installed in a substation in close proximity to residences. 

4. APPLICABLE STANDARDS


Where references to the following standards are made without revision date or superseded in these specifications, the latest active revision dates shall apply.


4.1 Equipment Standards

The transformer, component parts, and accessories thereof, shall be designed, manufactured, equipped, and tested in accordance with the following or latest active standards and guides:


All screws, bolts, nuts and bolt heads, and all pipe and conduit, including the fittings thereof, shall be American Standard size, type, and thread. Items not normally accessible to the Owner may be of Metric Standard size, type, and thread, provided a note is placed on the drawings stating Metric sizes are used internally.


IEEE Std. C57.12.00.  IEEE Standard General Requirements for Liquid-Immersed Distribution, Power, and Regulating Transformers.


ANSI C57.12.10.  American National Standard for Transformers—230 kV and Below 833 / 958 through 8333 / 10 417 kVA, Single-Phase, and 750 / 862 through 60 000 / 80 000 /100 000 kVA, Three-Phase Without Load Tap Changing; and 3750 / 4687 through 60 000 / 80 000 / 100 000 kVA with Load Tap Changing— Safety Requirement.


IEEE Std. C57.12.70.  IEEE Standard Terminal Markings and Connections for Distribution and Power Transformers.


IEEE Std. C57.12.80.  IEEE Standard Terminology for Power and Distribution Transformers.


IEEE Std. C57.12.90.  IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and Regulating Transformers.


IEEE Std. C57.13.  IEEE Standard Requirements for Instrument Transformers.


IEEE Std. C57.13.1.  IEEE Guide for Field Testing of Relaying Current Transformers.


IEEE Std. C57.13.2.  IEEE Standard Conformance Test Procedure for Instrument Transformers.


IEEE Std. C57.13.5.  IEEE standard for Performance and Test Requirements for Instrument Transformers of a Nominal System Voltage of 115 kV and Above   

IEEE Std. C57.13.6.  IEEE Standard for High-Accuracy Instrument Transformers 

IEEE Std. C57.13.3.  IEEE Guide for Grounding of Instrument Transformer Secondary Circuits and Cases.


IEEE Std. C57.19.00.  IEEE Standard General Requirements and Test Procedure for Outdoor Power Apparatus Bushings.


IEEE Std. C57.19.01.  IEEE Standard Performance Characteristics and Dimensions for Outdoor Apparatus Bushings.


IEEE Std. C57.19.100.  IEEE Guide for Application of Power Apparatus Bushings.


IEEE Std. C57.98.  IEEE Guide for Transformer Impulse Tests.


IEEE Std. C57.100.  IEEE Standard Test Procedure for Thermal Evaluation of Liquid-Immersed Distribution and Power Transformers

IEEE Std. C57.104.  IEEE Guide for the Interpretation of Gases Generated in Oil-Immersed Transformers

IEEE Std. C57.106.  IEEE Guide for Acceptance and Maintenance of Insulating Oil in Equipment.


IEEE Std. C57.109.  IEEE Guide for Liquid-Immersed Transformer Through-Fault-Current Duration

IEEE Std. C57.119.  IEEE Recommended Practice for Performing Temperature Rise Tests on Oil-Immersed Power Transformers at Loads Beyond Nameplate Ratings

IEEE Std. C57.120.  IEEE Loss Evaluation Guide for Power Transformers and Reactors

IEEE Std. C57.131.  IEEE Standard Requirements for Load Tap Changers.


IEEE Std. C62.11.  IEEE Standard for Metal-Oxide Surge Arresters for Alternating-Current Power Circuits.


IEEE Std. C62.22.  IEEE Guide for the Application of Metal Oxide Surge Arresters for Alternating Current Systems.


IEEE Std. 693.  IEEE Recommended Practice for Seismic Design of Substations.


ASTM D3487-00.  Standard Specification for Mineral Insulating Oil Used in Electrical Apparatus.

AISC Steel Construction Manual 14th Edition. Design of Steel Structural Members, Plates and Connections.

4.2 Operational Standards


The transformer, component parts, and accessories thereof, shall be capable of being installed and operated in accordance with the following or latest active standards and guides:


IEEE Std. C57.91.  IEEE Guide for Loading Mineral-Oil-Immersed Transformers.


IEEE Std. C57.93.  IEEE Guide for Installation of Liquid immersed Power Transformers.


ANSI/IEEE C2.  National Electrical Safety Code (NESC).


WAC Chapter 296-45.  Administrative Code of the State of Washington - Safety Standards for Electrical Workers.


WAC Chapter 296-46B.  Administrative Code of the State of Washington - Electrical Safety Standards, Administration, and Installation.


WAC Chapter 296-155.  Administrative Code of the State of Washington - Safety 


In the event of a contradiction between the industry standards and the provisions of the specifications, the manufacturer shall request and receive a written clarification from SCL before proceeding with the work.


5. SERVICE CONDITIONS


The equipment specified herein shall be suitable for varying duty under the following service conditions:


a. Ambient temperature range: -25 degrees Celsius to +40 degrees Celsius.


b. Altitude: Less than 3,300 feet above mean sea level.


c. Humidity: Relatively high, requiring specific means for minimizing condensation in all compartments of the transformer.


d. Wind load: 85 miles per hour, exposure C.


e. Snow load: 25 pounds per square foot.


f. IEEE Std. 693 latest active revision Seismic requirement: See Section 6.11.2.


g. Cooling Designation: Oil-immersed, self-cooled/forced-air-cooled/forced-air-cooled (Class ONAN/ONAF/ONAF).


h. Transformer Category: Category IV, Three Phase (kVA) Above 30,000.


i. ASCE/SEI 7-05 Minimum Design Loads for Building and Other Structures 


6. TRANSFORMER REQUIREMENTS


The transformer furnished in this specification shall be three-phase, autotransformer with delta tertiary winding, oil-immersed type suitable for outdoor operation. The transformer shall be self cooled/forced-air-cooled/forced-air-cooled type, Class ONAN/ONAF/ONAF and shall have an established record of more than satisfactory operation with the conservator type of oil-preservation system furnished. The transformer shall incorporate the latest improvements of design and manufacture as presently employed in the United States nationally, as well as internationally. The transformer shall not exceed the dimension limits shown in Appendix C, Maximum Dimensions for Transformer Foundation. 


6.1 Ratings and Electrical Characteristics


The ratings and electrical characteristics of the transformer shall be as follows:


1. Continuous rating at 65 degrees Celsius, Three-Phase:


a. Self-cooled




150,000 kVA


b. Forced-air-cooled (first stage)


200,000 kVA


c. Forced-air-cooling (second stage)

250,000 KVA


2. Frequency





60 hertz


3. Number of Phases




Three (3)


4. Rated Voltage and Connections


a, Winding Type




Autotransformer


1. High Voltage, Primary  


242,000 volts grounded Y


2. Medium Voltage, Secondary

121,000 volts grounded Y


b. Low Voltage, Tertiary winding


14,200 volts, delta 


The Delta Tertiary shall be sized between 30% and 40% MVA of the largest winding. The Delta Tertiary shall also be sized to handle and protect itself from any fault on any terminal of the transformer.


The system of insulation shall be such as to permit operating continuously with a resulting temperature rise of not more than 65 degrees Celsius average conductor temperature above 30 degrees Celsius ambient with normal life expectancy per ANSI/IEEE C57 Standards.


5. Impedance


a. Positive and Zero Sequence Impedances:


1. Positive Sequence Impedance 242/121kV and @ 150 MVA Base:

Z​1, H-X equal to 12.00%


2. Zero Sequence Impedance @ 150 MVA Base:


Z0, H-X must be greater than or equal to 85% of positive sequence impedance


b. Impedance Tolerances


Within five percent (+/-5) % of Values


6. Angular Displacement



HV in phase with MV









HV leads LV Tertiary by 30 degrees

7. Insulation Class and Impulse Levels


a. Basic Impulse Level 


1. Line Ends of 242kV or Primary Voltage Winding


≥ 900 kV


2. Neutral End of 242kV or Primary Voltage Winding

≥ 200 kV


3. Line Ends of 121kV or Secondary Voltage Winding

≥ 550 kV


4. Neutral End of 121kV or Secondary Voltage Winding

≥ 200kV


5. Line Ends of 14.2kV or Tertiary Voltage Winding


≥ 110kV


8. Taps in High Voltage Series Windings


a. Percent of High Voltage





+/- 5 percent


b. Number of Taps






at least 4 steps 


1. 2 steps of 2.5% above 242kV


2. 2 steps of 2.5% below 242kV


c. Type






No-Load tap-changing


6.2 Thermal Design


The temperature rises above ambient temperature of the transformer or parts thereof, when tested in accordance with its ratings, shall not exceed the limits of observable temperature rise for oil-immersed apparatus as stated in paragraph 5.11.1 of IEEE Standard C57.12.00. The top oil temperature rise by resistance shall not exceed 65° Celsius, and the hottest-spot winding temperature rise shall not exceed 80° Celsius, on the tap connections that give the highest losses, at both self-cooled and forced-air-cooled rated kVA.


6.3 Insulation Class and Impulse Levels


The BIL (basic impulse level) of the 242-KV windings shall be not less than 900-kV (230kV class) at the line end (H1, H2, H3), and shall be not less than 200-kV (34.5kV class) at the neutral end (H0). 


The BIL (basic impulse level) of the 121-kV windings shall be not less than 550-kV (115 kV class) at the line end (X1, X2, X3), and shall be not less than 200-kV (34.5kV class) at the neutral end (X0).


The BIL (basic impulse level) of the 14.2-kV delta windings shall be not less than 110-kV (15-kV class) throughout (Y1, Y2, Y3).


The transformer shall be designed to be capable of withstanding IEEE Standard dielectric tests, as specified in Section 6.12.8 corresponding to the specified winding insulating levels.


6.4 Impedances


The percent impedances shall be at rated current at a base of 150 MVA (three-phase) at the self cooled rating in accordance with the IEEE Standard.


The interwinding impedance values shall be such as to limit fault current in the Primary (242kV), Secondary (121kV) and Tertiary (14.2kV) voltage windings in accordance with the short-circuit capability requirements of Section 6.7 Windings.

6.5 Overload Capacity


1. Loading


No design or construction detail of the transformer, including the capability of the bushings, tap changer or the accessories, or appurtenances shall limit the overload capacity of the transformer or the capacity at reduced ambient temperature in accordance with IEEE Standard C57.91, “IEEE Guide for Loading Mineral-Oil-Immersed Transformers.”


The transformer and all its components shall have the thermal capability for normal life expectancy loading, planned loading beyond nameplate, and long-time emergency loading when operating under all respective conditions and limitations set forth in Section 9 of IEEE Standard C57.91. 


The transformer and all its components shall have the thermal capability for normal life expectancy when operating at Zero degrees Celsius ambient temperature with a load of 312.5 MVA for 16 hours and a load of 212.5 MVA for 8 hours, repeated continuously. The transformer shall also be designed to carry a load of 462.5 MVA for 30 minutes at 30 degrees Celsius with a loss of life of not more than 0.25 percent. These loadings are within the capability tables of the IEEE Standard C57.91.


The following data shall be supplied in the Certified Test Report (Section 7.2) from load tests on each one of the furnished transformers. This data is defined in the “List of Symbols” section of IEEE Standard C57.91.


g(fl) = hottest spot conductor rise over top-oil temperature at full-load


0  = 
Thermal time constant of the transformer


C  =  
Thermal capacity of the transformer


fl  = 
top-oil rise over ambient temperature at rated load


R  = 
ratio of load loss at rated load to no-load loss


2. Overexcitation


The transformer shall be capable of no-load operation at 110% of rated voltage and full IEEE-designated overload at 105% of rated voltage. 

6.6 Core


The transformer core shall be constructed of high quality, non-aging, cold-rolled, grain-oriented steel especially suited for the purpose. 


The core shall be carefully assembled and rigidly clamped to ensure adequate mechanical strength to support the windings, to prevent shifting of the laminations during shipment, and to reduce vibration to a minimum under operating conditions. Core joints shall be interleaved. A core grounding strap accessible from a cover manhole shall be provided on core form and shell form transformers that utilize an insulated core. The transformer and accessories shall be designed and assembled in such a manner that they are free from undue or harmful vibration or any vibration that will cause avoidable noise. 


6.7 Windings


The windings of the transformer shall be made of such materials and assembled in a manner best suited for the particular application. The winding conductors shall be copper, and shall be continuous without splices. Proper consideration shall be given to all factors of service, such as high dielectric and mechanical strength of insulation, coil characteristics, and minimum restrictions to free circulation of oil. Coils shall be made up, shaped, and braced to provide for expansion, contraction, and shrinkage due to temperature changes and aging in service in order to avoid abrasion of insulation, and to provide resistance to movement and distortion caused by abnormal operating conditions. Adequate barriers shall be provided between windings and core and between high-voltage, medium-voltage, and low-voltage windings. End coils shall have additional protection against normal line disturbances. The entire design, construction, and treatment of the windings and their assembly on the core shall embody the latest improvement in the art and conform to best modern practice. 


The transformer shall be capable of withstanding without damage, for a period of two seconds, the mechanical and thermal stresses caused by short circuits on the terminals of any winding or windings, with rated voltage maintained across the terminals of all other windings. The proposed interwinding impedances under the above conditions shall limit short circuit currents to a maximum value of 25 times the winding base currents. Winding base currents shall be as defined in IEEE Standard C57.12.00. 


The arithmetic sum of the loads on the tertiary-voltage and medium-voltage windings will never exceed the capacity of the high-voltage winding.

6.8 Taps


The transformer shall be equipped with a no-load tap changer for changing connections to the taps in the primary high-voltage windings (242kV) to maintain a constant voltage of 121kV on the secondary medium-voltage winding. The type of no-load tap changer shall be Maschinenfabrik Reinhausen and shall have an equivalent BIL and current rating as the 242kV primary winding. No other make of tap changer is acceptable. 


The high voltage tap changing equipment shall provide for a +/- 5 percent adjustment with two (2) 2.5 percent steps above and two (2) 2.5 percent steps below 242kV. The transformer shall be capable of delivering rated and overload volt-amperes and current at all tap positions.


6.9 Not used 

6.10 Audible Sound Level

Sound level measurements shall be taken at the factory with the transformer energized at rated voltage and frequency at no-load. All fans shall be in operation as appropriate for second stage forced-air cooling and the measurements shall be taken with the tap changer on the principal tap and in accordance with the conditions outlined in Section 13 of IEEE Standard C57.12.90. Audible sound level shall be equal to or less than seventy (≤70) decibels (A-weighted) under these conditions.


6.11 Distinctive Features of the Transformers


The transformer to be furnished shall be provided with, but not necessarily be limited to features normally associated with power transformers furnished in accordance with the noted Standards, and shall include the distinctive features noted herein.


6.11.1 Size and Appearance


It is desired that the transformer exhibit low silhouette and that the accessories and appurtenances on the tanks be arranged as indicated in Figure 1. The primary, secondary and neutral bushings shall be mounted perpendicular on the top tank cover. The tertiary bushings shall be located on the transformer as shown in Figure 1. Phasing shall be as shown in Figure 1 and as outlined in IEEE standard C57.12.70-2011.  

In keeping with the importance of physical size and appearance, designs for attainment of the required operating sound level, as defined in Section 6.10, shall not make use of either a separate, free-standing sound enclosure or attachment, such as sound-absorbing sheets, curtains, baffles, blankets, or any other external device that is not a basic part of the main tank structure.



[image: image8.emf]Figure 1: Transformer orientation and outline diagram

6.11.2 Seismic Requirements for Transformers


a. The transformer shall comply with the requirements of IEEE Standard 693 high seismic qualification level and addition to requirements of this section.  The more severe requirement shall govern the design.

b. The performance objective for this equipment is to be designed, fabricated and installed such that there is neither structural damage nor loss of function immediately after an earthquake when subjected to design seismic loads occurring with dead and normal operation loads.  

c. Seismic Qualification


1. Qualification of Transformer Tank and Tank Appendages.  

a. The seismic qualification procedure shall be according to the Static Analysis requirements of IEEE Standard 693 Annex A.1.3.1. Members, plates and connections shall be designed in accordance with the AISC Steel Construction Manual – 14th edition.

b. Tank and tank components shall be designed for earthquake loading in both the vertical and horizontal directions located at the center of gravity (CG). These forces shall be combined in order to produce the worst case loading for each component, attachment and connection. The load combinations for determining overturning demand shall be as follows:


1. (1+0.4)*D (down vertical) +/- 0.5*D(horizontal) x height (base to CG) 

2. (1-0.4)*D (uplift vertical) +/- 0.5*D(horizontal) x height (base to CG) 

c. Appendages such as radiators, surge arresters, control cabinets, etc. shall be analyzed using the same values multiplied by 3.  Base of appendage shall be considered as point of lowest connection. Natural frequency of appendages shall not exceed f = 33 hertz.

d. Calculations and free body diagrams shall be provided per Sections D.4.2 and A1.3.1 clearly indicating earthquake loads on components, attachments and connections.


e. Connecting elements transferring loads to the foundation shall be designed using the same values multiplied by 2.


2. Qualification of Transformer Bushings  


a. Bushings shall be qualified by static pull test, as specified in A.1.2.4.


3. Qualification of Current Transformers


a. Current Transformers shall be qualified by dynamic analysis, as specified in A.1.3.3.


4. Qualification of Surge Arresters


a. Surge arresters shall be qualified according to the requirements of Annex K, except with loading modified per this section.


d. Acceptance Criteria


1. The qualification will be considered acceptable upon review of the Seismic Test – Qualification Report and the Seismic Analysis Report provided that the requirements given in Section D.5.1 and D.5.2 are satisfied.


e. Submittals


1. A Seismic Test – Qualification Report conforming to Section A.6 and Annex S shall be signed by a qualified specialist and submitted for review by Seattle City Light within 120 days of award of contract. The report (using English units) is to include; tests, test plan and results, calculations, seismic outline drawing, charts, and all records required in this specification.


2. A Seismic Analysis Report shall be signed by a qualified specialist and submitted for review by Seattle City Light within 120 days of award of contract. The report (using English units) is to include; calculations, seismic outline drawing, charts, and all records required in this specification.


6.11.3 Tanks


a. Construction


The transformer shall be constructed in accordance with IEEE Standard C57.12.10. It shall be provided with a steel tank of substantial construction, reinforced with fully enclosed sidewall braces with all seams and joints continuously welded on flat surfaces. The tank shall be oil tight, provided with oil tight covers, and tested to guarantee them free from oil leaks. The joints between the tank and cover, unless the design is such that the cover and top section of the tank are integral, and the joints between sections of the tank, shall be provided with suitable flanges, sufficient properly-spaced bolts, and gaskets so that the assembly will be oil tight. The tank cover and tank external features shall be sloped and designed to prevent water collection. Doming the cover by flexing and welding it to the main tank or other means that pre-stress the tank cover will not be allowed. Tank seam welds shall fully penetrate the inside of the tank. Gaskets between metal surfaces shall be set in grooves or held in position by retainers so arranged that all parts are metal to metal. The gaskets shall be made of resilient material which will not deteriorate under the action of hot oil and will remain oil tight.


At the option of the Bidder, the joint between the tank and cover or between tank sections may be welded, provided that the design of the joint is such as to prevent weld spatter from entering the inside of the tank. Submit for approval full information covering details of proposed welded joints together with details covering the method of removing the welded joints and rewelding in the field. Also furnish details of gaskets proposed to be furnished.


Connection design of radiator to body of transformer shall be in conformance with IEEE 693 Section D.5.1.e. The radiator shall not be supported on the foundation.


b. Manholes


The tank shall be provided with one or more manholes or handholes as appropriate in the tank cover and walls to permit unhindered access to inspect, repair, or remove current transformers, tap-changer components, winding connections, and other devices that may require routine or emergency maintenance. Manholes shall be not less than 20 inches x 20 inches, or 21 inches in diameter to allow free entry. Handholes should be not less than 12 inches x 24 inches or 16 inches in diameter. All manholes, handholes, and bushing openings shall have a flange to prevent water from entering the openings when individual covers are removed. Adequate number of manholes shall be provided on each transformer so as to allow access to the interior without lowering the oil below the top of the core. All access covers weighing more than 45 pounds (20.4 kg) shall be hinged and removable. Covers weighing 45 pounds (20.4 kg) or less shall have handles. 

c. Guides

Suitable guides shall be provided for guiding the cores and windings as they are being removed from or lowered into the tank or for guiding the top section of the tank as it is removed or lowered over the core and coils.


d. Pressure and Vacuum


The transformer tank and any attached compartment that is subjected to operating pressures shall be designed and constructed to withstand, without leakage or permanent deformation, an internal pressure not less than 6.25 psig for a reservoir tank oil preservation system furnished. Also, the transformer tank shall be designed and constructed to withstand full vacuum for vacuum filling and drying of the transformer in the field. All tanks, covers, valves, fittings, and piping affected by vacuum filling shall be of correct design and fit so that full vacuum filling can be achieved without sustaining damage or permanent deformation.


e. Provision for Fall Protection


Workers will be accessing the top of the transformer and require fall protection provisions. The bidder shall provide a portable fall arrest system on top of each transformer. The fall arrest system shall consist of Part Numbers 17344 (weld-on plate) and 16691 (UCL Advanced Portable Fall-Arrest System Anchor Post), by Unique Concepts Ltd., Tel. 204-694-7322. The fall arrest base plate shall be welded on top of each transformer tank with a ¼-inch fillet weld (all around). Locations for the base plates shall be similar to that shown on the attached sketch in Appendix D, Sample of Fall Protection Plates on a Transformer.


6.11.4 Transformer Base


The bases of the transformer shall be manufactured to meet the requirements of IEEE Standard C57.12.10 and furnished without skids or wheels. The transformer shall be provided with a structural steel supporting base designed for rolling, overturning and skidding in a direction parallel to either center line when completely assembled and full of oil. Suitable pulling eyes shall be provided. In addition, the transformer base shall consist of steel beams or rails that will allow it to be welded to steel anchor plates embedded in the foundation. Anchorages locate at the exterior corners shall not be less than 80% of the length or width of the transformer. Base connections shall be centered at embed locations and constructed such that welds of base to embed plate can be made with welds all around.


6.11.5 Provisions for Handling


a. Lifting Hooks, Eyes, and Bosses


The transformer shall be equipped with suitable lifting hooks on the tank, lifting eyes on the cover, and jack ports, bosses, or lugs to permit raising the complete transformer filled with oil. The jacking bosses or lugs shall have a factor of safety of five (5.0) to allow for possible unequal jacking forces. All mounting bosses shall be welded on the inside of the tank as well as on the outside to prevent creation areas for entrapment of foreign debris.


b.Center of Gravity


The transformer shall be so designed that the center of gravity, with or without oil as normally prepared for shipment, will not fall outside the base support members for a tilt of the base of fifteen (15) degrees from the horizontal.


6.11.6 Bushings


a. General


The transformer shall have three (3) high-voltage, one (1) high voltage neutral, three (3) secondary voltage, one (1) secondary neutral, and three (3) tertiary voltage leads brought out from the tank through resin-impregnated-paper outdoor bushings with silicone composite housing. All bushings shall be manufactured and tested in accordance with IEEE Standard C57.19.00 and IEEE Standard C57.19.01. They shall be capable of withstanding the standard tests for their respective insulation classes as specified in these IEEE Standards for apparatus bushings. Color shall be ANSI gray and shall come with porcelain housing. All bushings of the same voltage and current rating shall be interchangeable. All bushings shall be so designed that there will be no stressing of any parts due to temperature changes and adequate means shall be provided to accommodate conductor expansion. All bushings shall be gas tight and oil tight and shall seal gas tight and oil tight on the transformer tank. All bushings shall be of recent American manufacture, shall be of a type and style currently manufactured product of the bushing manufacturer. All bushings shall be designed for outdoor service in a polluted area, and the minimum creepage distance shall be sized accordingly.


Each of the bushings shall be manufactured by P-CORE, or ABB or Hubbell.

Access ports shall be provided on the transformer tank for attaching winding leads to all bushings. Access ports shall be sized for 21 inches square minimum and shall be provided on the transformer tank and above the core of the transformer. The access port shall be adjacent to the bushing leads for ease of connecting and removing the winding leads.


All bushings shall be bottom connected with bushing to winding lead connections located inside the main tank, if applicable. All bushings shall be located on and mounted perpendicular to the transformer tank as indicated and positioned in Figure 1 in order to connect to the existing station bus terminals without modification. Any requests to modify the location of the bushings shall be referred to and approved by the Owner prior to manufacture.


Bushing seismic qualification shall be as specified in Section 6.11.2.



b. Primary Bushings

The high voltage primary winding bushings shall be connected to the 242-kV source terminals. The primary bushings shall be bottom connected or draw lead, draw-lead type is preferable, 230KV insulation-class, rated not less than 1200 continuous amperes, and a minimum BIL of 1050 kV.


c. Neutral Bushing

The neutral lead shall be brought up from inside the transformer case and brought out through a bushing for grounding outside the tank. The purpose of this arrangement is to permit the placing of current transformers in the neutral-to-ground leads. The primary neutral bushing shall be bottom connected, 34.5KV insulation-class, rated not less than 1200 continuous amperes, and a minimum BIL of 200 kV.


d. Secondary Bushings


The medium voltage secondary winding bushings shall be connected to the 121-kV line terminals. The secondary bushings shall be bottom connected, 138kV insulation-class, rated not less than 2500 continuous amperes, and a minimum BIL of 650 kV.


e. Not used.


 f. Tertiary Bushings

The low voltage tertiary winding leads shall be used for harmonic suppression and shall be brought out with three terminals, one for each corner of the delta winding. The low voltage tertiary winding bushings shall be connected to the 14.2-kV line terminals. All three terminals shall be used for transformer auxiliary power supply (see section 6.11.17 .6). The tertiary bushings shall be bottom and horizontally connected, 25kV insulation-class, rated not less than full-load rated continuous amperes, and a minimum BIL of 150 kV.


Table 1: Bushing Characteristics

		Phase




		Nom Sys Volts


L-L (kV)

		Insulation Class (kV)

		BIL (kV)

		Current (Amp)



		H

		242

		230

		1050

		1200



		H0-X0

		27

		34.5

		200

		1200



		X

		121

		138

		650

		2500



		Y

		14.2

		25

		150

		full load





6.11.7 Terminal Connectors and Test Terminals

The primary high voltage 242-kV bushings with stud terminal shall have a PCORE test terminal mounted on them. The PCORE test terminal will have stud connection on the bottom, and flat connectors on the top. The top connector will be NEMA 4-hole spade connector, with flat surfaces compatible with aluminum connectors and rated a minimum of 1200-Amperes continuous current. 

The secondary voltage 121-kV bushings with stud terminal shall have a PCORE test terminal mounted on them. The PCORE test terminal will have stud connection on the bottom, and flat connectors on the top. The top connector will be NEMA 4-hole spade connector, with flat surfaces compatible with copper connectors and rated a minimum of 2500-Amperes continuous current. 

The tertiary low voltage 14.2-kV terminals shall also be drilled to NEMA 4-hole spade connectors, with flat surfaces compatible with copper connectors and rated for 4000-Amperes continuous current. All contact surfaces of external terminals shall be silver-plated, using pure silver free of copper.

All primary and secondary bushings shall be provided with power factor test terminals rated at bushing rating minimum with NEMA 4-hole connectors at the top and female stud connectors at the bottom of the test terminals to fit the bushing stud connector, with proper diameter and thread type. PCORE Type 3 test terminal is preferable.

No test terminals are needed for tertiary bushings.

6.11.8 Transformer Core Ground


An accessible opening shall be made available on the top portion of the transformer tank to permit core ground measurements after the transformer is filled with oil.


Core Ground test provisions shall be provided and shall have a minimum insulation rating of 15kV.

6.11.9 Current Transformers (CTs)

All current transformers shall have a dual rating with accuracy class of (relay) C800/0.3B1.8 (meter), a continuous thermal current rating factor of 2.0, and be manufactured in accordance with IEEE Standard C57.13. All current transformers are used to provide line current to external relaying and metering devices. All CTs shall be mounted inside the main tank of the transformer and below the flange of the bushings. Minimum requirements for the current transformers shall be as shown in Table 2. All CTs shall be wired and terminated with shorting type terminal blocks in the transformer control cabinet.


Current Transformer seismic qualification shall be as specified in Section 6.11.2.

a. Primary Bushing CT’s


Three 1200:5 ampere multi-ratio bushing-type current transformers shall be mounted on each of the 242-kV line bushings.  


b. Neutral Bushing CT


Two 1200:5 ampere multi-ratio bushing-type current transformer shall be mounted on the neutral bushing and shall have the minimum taps for the following ratios, 1200:5, 1000:5, 800:5, 600:5, 400:5, 200:5.


c. Secondary Bushing CT’s


Three 2000:5 ampere multi-ratio bushing-type current transformers shall be mounted on each of the 121-kV line bushings.  


d. Not used.

e. Tertiary Bushing CTs


Three full-load: 5 ampere multi-ratio bushing-type current transformers shall be mounted on each of the 14.2-kV line bushings.

Table 2: Current Transformers Specification for Bushings

		Characteristic

		Bushing Type



		

		H

		HO/XO

		X

		Y



		Current Ratio Ratings (A) Multi-Ratio with Secondary Taps as specified in IEEE Standard C57.13 Table 8.

		1200:5


with standard secondary taps

		1200:5


with the following secondary taps:


1200:5


1000:5


800:5


600:5


400:5


200:5




		2000:5 with standard secondary taps

		Full load:5


with standard secondary taps with TRF adjustment allowed



		Accuracy Class

		(relaying) C800/0.3 B1.8 (metering)



		Continuous Thermal Current Rating Factor

		2.0



		Quantity

		3 on each phase

		2 on neutral

		3 on each phase

		3 on each phase





6.11.10 Grounding Pads


One ground pad shall be welded to each of the four sides of the tank wall, on or near the base. These four pads shall be copper faced or stainless steel, NEMA Standard drilled and tapped, and provided with clamp-type connectors for 500-750MCM bare stranded copper ground conductors, and shall meet the requirements of Section 5.5 of IEEE Standard C57.12.10.


6.11.11 Surge Arresters


All windings shall be protected by gray, silicone polymer housing, metal-oxide, station-class surge arresters. All arresters shall be designed, manufactured, and certified for operation in accordance with IEEE Standard C62-11. All the arresters supplied with the transformer shall have protective characteristics that are equal to or better than those specified in Table 3. The arresters shall have an energy capability of not less than the kJ/kV arrester rating and shall have a pressure relief capability such that failed arresters will withstand fault current rating in amperes or greater without violent disintegration.

Three terminals of the 14.2kV tertiary delta winding shall be provided with surge arresters connected from said terminals to ground. 


Surge arrester seismic qualification shall be as specified in Section 6.11.2.

The arresters shall be one of the following styles:

a. ABB or


b. GE Tranquell, or 

c. Ohio Brass

Table 3: Surge Arrester Protective Characteristics


		Characteristic Descriptions 

		Primary Terminals (242-kV) 

		Secondary Terminals (121-kV)

		Tertiary Terminals (14.2-kV)



		MCOV (kV)

		152 

		76 

		15.3



		Energy Capability (kJ/kV of MCOV)

		≥ 13

		≥ 9 

		≥ 9



		Housing BIL (kV)

		≥ 900 

		≥ 550 

		≥ 110





Insulating bases shall be provided for insulating the arresters. Connectors for 4/0 copper wire shall be provided for connecting the arresters to the counters and the counters-to-ground. A solid copper conducting path to ground shall be provided.


Details of surge arresters to be supplied shall be provided. These include manufacturer, catalog number, and characteristics.


Discharge counters shall be provided for each arrester. The counters shall have a five-digit cyclometer dial and will register impulse discharges through the arrester of an amplitude of 40 amperes or greater. The counter shall be capable of five registrations per second and operate without any external power source. A TYCO Electronics, brand Bowthorpe EMP, type SC13/AC surge counter for purpose of monitoring surges and discharged currents during the surge events is acceptable. 

6.11.12 No-Load Tap Changer


No-Load Tap-Changing Equipment (N-LTC)

The transformer shall be equipped with a no-load-tap-changer for changing connections to the taps in the high-voltage windings. Taps will be changed when the transformer is de-energized and unloaded. The complete tap changing mechanism shall be built with high electrical, mechanical, and thermal safety factors, and the contacts shall be capable of withstanding the full short-circuit current of the transformer without damage. 


The high-voltage tap-changing equipment shall provide ±5 percent in four (4) steps, manual adjustment with two 2.5 percent steps above, and two 2.5 percent steps below 242kV. The transformer shall be capable of delivering rated and overload volt-amperes and current at all tap positions.


The no-load tap changing equipment shall be Deetap® DU and the Manual drive mechanism shall be Tapmotion DD, both made by Maschinenfabrik Reinhausen. 


The no-load tap-changing equipment shall consist of a drive shaft, coupling parts, bevel gear and manual drive mechanism. The no-load tap changer must be changed over from one operating position to the next by rotating a vertical drive shaft, which must be protected against accidental contact. The manual drive mechanism shall be installed outside the transformer tank. The operating handle will be located at a height convenient for operation by a human standing at ground level. 


To prevent operation by unauthorized personnel, provisions for padlocking should be provided and Tap changer must have electrical tap-change supervisory control. 


Maintenance information shall be included in the instruction manuals and provided with the transformer. 


The manual drive shall have the following features:


1. A hand crank for manual operation of the driving mechanism shall be provided. The hand crank shall be mechanically interlocked with the tap mechanism to prevent its removal, or operation while the crank is engaged and when the mechanism is not in a completed tap position. A place for storing the hand crank, if detachable, shall be provided in the N-LTC cabinet. 


2. An indicating plate, dial, pointer and means for locking the tap changer in any desired tap position shall also be provided on the N-LTC cabinet. The tap changer position-indicating plate shall be marked with letters or Arabic numerals in sequence. The letter “A” or the Arabic numeral “1” shall be assigned to the voltage rating, providing the maximum ratio of transformation. A hole with a minimum diameter of 3/8” shall be provided for a padlock.


3. Position Indicator.  


A position indicator with maximum and minimum indicating hands and a provision for resetting for a person standing at the base of the transformer shall be provided. The indicator shall be so located that it can be read while the no-load tap changer is operated by hand. The position indicator shall be marked in accordance with the following:


a. The nominal (rated voltage) position shall be located on the vertical center line of the dial, preferably at the top of the dial, and shall be indicated by the letter "N".


b. The raise range, when referred to the regulated (voltage) circuit, shall be located on the right‑hand portion of the dial. A large letter "R" (raise), appearing only once, shall be located on the right‑hand half with an arrow indicating the direction of the raise. The tap positions in the raise range shall be marked, and a number shall appear opposite every position.


c. The lower range, when referred to the regulated (voltage) circuit, shall be located on the left-hand portion of the dial. A large letter "L" (lower), appearing only once, shall be located in the left-hand half with an arrow indicating the direction of lower. The tap positions in the lower range shall be marked, and a number shall appear opposite every position.


4. Operation Counter.  


An operation counter shall be provided to register the accumulated number of tap‑changer operations performed."


6.11.13 Service and Control Power


All devices that require an external connection by the Owner shall have dedicated terminal blocks and shall be located at the bottom, left or right of the control panel.  Prior to manufacturing the control panel, a layout and schematic drawings shall be provided. After a written approval from the Owner, the manufacturer may proceed with the manufacturing of the control panel.

1. AC Power


The AC power supply for all devices except cooling systems (such as heaters, utility outlets, and compartment lighting) furnished with the transformer shall be supplied from a protected 208Y/120 VAC, 3-phase, 4-wire, 60Hz, source furnished by others. The 120VAC service for any controls device shall be electrically isolated and separated from the fan motor system or any other power system that may affect the performance of the control circuit. All AC power supply protection shall consist of molded case circuit breakers of proper voltage and current rating and Listed by Underwriters Laboratories (UL).The 120VAC control circuit shall be wired to Marathon, type 6000, terminal blocks to be connected externally by the Owner.  


2. DC Power


The DC control power for energizing control devices, critical electronic components, and all alarm circuits will be supplied from a 125-volt station battery to be furnished by the Owner. The DC power system is designed for non-grounded operation and, therefore, all control and alarm devices furnished with the transformer shall be compatible with such a DC system.


3. Loss of DC Relay “ANSI Device No. 27D”

A Loss of DC relay shall be provided to monitor DC control power. The relay shall have a minimum of three (3) normally open isolated and two (2) normally close contacts rated at 125VDC / 10 Amps continuous rating with a 125VDC coil. One normally open contact each (latching) shall be wired and connected to the Thermal Monitor Dynamics Rating device for monitoring and annunciator for alarming and the other contacts shall be terminated on terminal blocks in the transformer control cabinet. All contacts shall be wired and terminated on terminal blocks in the transformer control cabinet.


4. Loss of AC Relay “ANSI Device No. 27A”

A Loss of AC relay shall be provided to monitor AC control power. The relay shall have a minimum of three (3) normally open isolated and two (2) normally close contacts rated at 125VDC / 10 Amps continuous rating with a 125VDC coil. One normally open contact each (latching) shall be wired and connected to the Thermal Monitor Dynamics Rating device for monitoring and annunciator for alarming and the other contacts shall be terminated on terminal blocks in the transformer control cabinet. All contacts shall be wired and terminated on terminal blocks in the transformer control cabinet.


5. ABB FT-1 Test Switch For DC Power

The main DC power source shall be wired and connected to an ABB FT-1 potential test switch with a minimum of 10 positions, style number CT100 or equivalent.


All devices that require DC power source shall be wired and connected to the test switch with inline fuses and circuit breakers sized accordingly.

6.11.14 Control Cabinet


The transformer shall be provided with a control and terminals cabinet mounted in a readily accessible location to be approved by the Owner. The cabinet shall have a rugged, weatherproof, outdoor construction, doors with non-corrosive hinges, padlock facilities, pocket for drawings, and a removable plate in the bottom for Owner incoming wiring which will facilitate easy disconnection of external conduit and wiring for moving the transformer. The control cabinet shall be provided shall be supplied with a drip shield above the cabinet doors. Each cabinet shall include an internal swing panel for mounting transformer control equipment with visual status indication. All leads from the transformer devices and accessories listed below shall be run in rigid galvanized conduit or electric metallic tubing and connected to terminal blocks in the cabinet. Electrical metallic tubing shall be provided with watertight fittings. All conduit and electrical metallic tubing runs installed by the Bidder shall be terminated at devices or connection boxes and at the terminal cabinet in tapped holes having not less than 3-1/2” pipe threads, or in standard pipe-threaded couplings or nipples integral with or welded to the device or cabinet. Other conduit and electrical metallic tubing connections shall be made with cast metal boxes and outlet fittings having threaded outlets and gasketed covers. No running threads on conduit will be permitted. All wireway entrances and exits shall be installed with cable protection bushings.


Adequate equivalent-100-watt, 120-volt, fluorescent lamps, sockets, wiring, and a door-operated switch shall be provided in each terminal cabinet for illumination. The lamps shall be placed or shielded so that direct light will be thrown on the control panel only. A 125-volt, 3-wire, 15-ampere, duplex grounding type receptacle, NEMA 5-15R, shall be provided in each cabinet. Adequate 208-volt thermostatically controlled electric space heaters of adequate rating shall be provided in each cabinet to prevent condensation when the outside temperature is as low as -25°C. 


6.11.15 Control and Monitoring Equipment


The transformer shall include the following control and monitoring equipment.


1. Temperature Monitoring

The transformer shall be equipped with devices for measuring ambient, transformer top and bottom oil, and winding hot spot temperatures. 

Eight fiber optic (8) probes and five (5) 100-ohm Platinum RTDs shall be installed. 


Six (6) fiber optic probes shall be installed, two in each phase/winding, at the hottest spots of each of the phase windings. Three of these probes, one from each phase, shall be for spares. Two (2) additional 100-ohm platinum RTD probes shall also be installed for measuring the winding hottest spots of the transformer. One of these probes shall be for spares. The locations of the probes shall be in the hottest spot of the windings as determined by the transformer manufacturer with the locations finalized with the Purchaser. 

Two (2) fiber optic probes each shall be installed in the top and bottom inside of the transformer tank for measuring top and bottom oil temperatures. Two of these probes, one for the top and one for the bottom shall be for spares. Two (2) additional 100-ohm platinum RTD probes shall also be installed for measuring the top and bottom oil temperature of the transformer. Caution should be used to not mount the top oil probes too close to vents from the core or coils so that higher than actual temperatures are not indicated. The bottom oil temperature probes shall be installed below the lowest point of oil indicating the coolest temperature in the tank.

Two (2) 100-ohm platinum RTD probes shall be installed for measuring ambient temperature. The probes shall be installed upwind of any transformer cooling fans to provide an accurate representation of the ambient temperature and to avoid any convection heating affects of the transformer cooling system. The sensor shall be mounted in a radiation shield protected housing, external to the transformer. One of these probes shall be for spares.


An additional spare temperature well shall be provided for a second temperature probe supplied by the Owner.


The manufacturer shall submit drawings showing that the probes are located in the hottest point of the windings. The drawing shall show the tip, type and configuration of spacer used, and routing of the fiber cable to the tank wall penetrator. The location of each fiber probe shall be tagged and identified as to phase, winding, top, or bottom oil. This information shall be provided during design review, at drawing approval, and prior to manufacturing.


2. Fiber Optic Sensors


Temperature measurement using fiber optic probes shall meet the following requirements.

a. System shall be of proven Fluoroptic technology. The temperature sensing tip of the fiber optic cable shall be “dip-tip rugged probes” with a proven record of use during the past 5 years demonstrating successful installation with minimal breakage. The probes shall be connected to the monitoring system and the spares as standby probes to be connected in case of failure.


b. Probes shall be able to be completely immersed in hot transformer oil and be able to withstand exposure to hot vapor phase during the transformer insulation drying process. The probes shall meet the requirement to eliminate the possibility of partial discharge in high electrical stress areas in the transformer.  Probes shall have certified by Weidmann testing for electrical parameters per ASTM D-3426 and ASTM D-149 testing for proposed probes. This type testing shall be within the last 12 months.


c. Probes shall be all 200μm silica, double PFA Teflon jacketed, Kevlar wrapped fiber with perforated outer jacket that insure complete oil impregnation; and PFA Teflon protective Helix wrap having improved visibility and mechanical strength. Probes must connect to the tank wall plate with threaded connectors containing a Viton o-ring to with stand full vacuum and prevent oil leakage during the pressure tests on the transformer tank.

d. All fiber optic cables are to be brought out of the main tank through a wall penetrator feedthrough plate assembly located on the side of the tank, with a removable cover. The feedthrough plate shall be welded to the tank. The feedthrough plate shall be of stainless steel, consisting of a backing ring welded to the tank, with a Viton o-ring and stainless steel plate bolted to the backing ring. An equivalent compatible feedthrough plate can be proposed as an alternative. This plate is to be located such that after complete assembly of the transformer the plate and connection box allow access without the need to remove any components of the transformer. The feedthrough plate design must withstand transformer vacuum processing, and pressure tested.

e. The external fiber optic extension cables shall be routed to the control cabinet, of bundled 4-fiber design with threaded SMA connectors containing a Viton o-ring at the penetration plate, and routed inside conduits having a large bend radius.

f. The fiber optic provider must be fully ISO 9001:2008 certified and have held this certification for a minimum of 3 years to ensure high quality processes and procedures.  As part of the manufacturing testing, ASTM-D149 sample testing must be done in the factory at a minimum level of 100 KV, along with temperature testing of each probe.

g. Temperature Rise Test Measurements shall be made with the fiber optics in operation and shall be able to demonstrate to represent the hottest spot during such tests. Comparison of calculated to measured hot spot shall be made to insure that measured hot spot is not greater than calculated values and reasonably close to calculated hot spot values. During probe verification, the hottest probes for each phase shall be identified, as well as the top and bottom oil temperatures. All temperature data for all probes shall be recorded and reported in the test report.

3. Thermal Monitoring, Control, and Communications (CTMS) Device “ANSI Device No. 30”


The transformer cooling and thermal system shall be controlled by a Dynamic Ratings E3-8100 transformer management system capable of meeting the following requirements.

a. Temperature Monitoring  

1. Temperature of each phase of the winding

2. Top and Bottom Oil Temperatures of the main tank

3. Ambient Temperature 

b. Main Tank Calculated Values


1. Calculated Winding Hot Spot Temperature based on the thermal model for the transformer, cooling system health, present loading, and losses associated with the present tap position and ambient temperature.  


2. Calculated Ultimate Winding Hot Spot Temperatures based on the thermal model for the transformer and the cooling system health. 


3. Calculated Top Oil Temperature based on the thermal model of the transformer and the cooling system health.


4. Calculated Ultimate Top Oil Temperature based on the thermal model of the transformer and the cooling system health.


5. Current Insulation Aging Rate and Accumulated Insulation Aging based on the measured or calculated winding hot spot temperatures. 


6. Transformer Dynamic Rating Calculations providing:


a. Maximum Safe Load Limit based on present ambient temperature and the cooling system health.


b. Estimated Time Remaining based on the cooling system health and ambient temperature before the transformer thermal limits are reached.


c. Time for load calculation


d. Load for time calculation



7. Moisture modeling using inputs from the Kelman Minitrans device

c. Load Monitoring


1. Single phase load currents from the secondary side of bushing mounted CT’s 

d. Date and Time


The transformer management system shall provide time and date stamped data logging of all available voltage and current inputs and load calculations with storage of minimum and maximum values since last reset.    


e. Main Tank Monitoring


1. Oil Level

2. Loss of AC and DC power supply sources


3. Dehydrating Breather status

4. All HV and LV Bushing monitoring


5. Partial Discharge in the windings for all applicable bushings

f. Cooling System Control and Monitoring


Cooling Control


1. The ability to control up to 4 cooler banks, each with up to 2 stages of fans and 1 pair of pumps. Pumps and fans shall be duty cycled to equalize wear between banks and stages.  


2. Manual and Automatic control modes for each bank and stage of cooling to allow each fan bank and pump group to be switched on and off independently


3. Independently adjustable set points for automatic operation of pumps and fans based on winding hot spot and actual top oil temperatures.


4. The ability to proactively control cooling for sudden increases in load current which result in a predicted top oil and winding hot spot temperature exceeding the actual top oil temperature cooling control set points.  Predicted top oil temperature shall be based upon the thermal model of the transformer.


5. Provide fail safe operation of all pumps and fans for all modes of cooling system control failures.


6. Automatic testing to exercise the cooler banks at preset intervals and provide an alarm if the cooling system test fails.


Cooling System Monitoring 

1. Fan/Pump Supply Power 

2. Cooling Control Power  


3. Cooling Control Contactor Status


4. Fan Motor Current Monitoring shall be provided for each stage of cooling. A maximum of 6 fans per CT is allowed when performing fan motor current monitoring. Installations requiring more than 6 fans per stage, shall utilize additional CT’s for monitoring fan currents.  


5. Auto/off/Manual Control Switch Status


6. Remote/Local Control Switch Status


g. Trending


It shall provide thermal loading trends at the base rating of 150MVA for calculating the winding hot spot temperature.


h. Dissolved Gas-in-Oil Monitoring 

It shall provide a communication link to the Kelman Minitrans gas-in-oil monitoring device and displays gases and water content monitored variables and diagnostic status of oil in the main tank of the transformer. 


i. Communications

It shall have the following communication capabilities.






1. Local Diagnostic Port


There shall be an RS-232 serial port and a USB Type B port available on the control device for connection to a local desktop or laptop computer.


2. SCADA


It shall be able to communicate, to include but not limited to, all analog and digital information and all control capabilities available at the local interface, as a slave with a SCADA RTU acting as the master connected via an RS232, RS485, fiber optic serial, Ethernet CAT-5 cable or an Ethernet fiber optic link using Modbus RTU, DNP3.0, and IEC 61850, Independent Certificate of Compliance required. 

3. Dial-in Modem


There shall be a USB Type A host port for connection to a Hayes-compatible dial-in modem for downloading data files and uploading settings, software upgrades, configuration and diagnostics using a standard terminal emulator such as HyperTerminal. A PPP connection shall be provided to view web pages, transfer files using sftp and perform diagnostics.


4. Memory Stick


There shall be a second USB Type A host port (in addition to the modem port) for connection to a USB memory stick providing upload and download of configuration settings or the transfer of archived history.

5. Ethernet LAN or WAN


There shall be a 100 Base T and a 100 Base FL Ethernet port for connection to an Ethernet hub using CAT-5 cable with RJ45 connectors or fiber cable with ST connectors and TCP/IP protocol. 

It shall contain a web-based server that allow connection to a PC running a standard internet browser. It shall provide access to all present values of data available at the local user interface over the LAN. It shall be able to run Telnet and SFTP for control and uploading and downloading of data files. It shall have password protection capability.


The built-in web pages shall display all of the monitored transformer parameters, including from other IED interfaces like the dissolved gas-in-oil device. 

6. Communication with other IEDs

It shall communicate with other IED’s using DNP, ModBus and IEC61850 serially and through ethernet.

7. Data Logging

It shall provide for a minimum of one year of data storage with user programmable logging interval. Data variables stored shall be user defined and must allow the inclusion of any measured, monitored or calculated values monitored.


8. Alarm Structure


It shall provide a user configurable alarm structure with an unlimited parent child relationship between any variables. A default alarm structure shall be generated during configuration.


9. Suggested Actions


It shall provide Suggested Actions that are displayed on the user display and displayed on the built-in web server interface. There shall be a Suggested Action that may be generated for each individual alarm or diagnostic alert. The Suggested Actions shall provide recommendations to the operator including warnings or diagnostic advice. The user must have the ability to modify the preconfigured Suggested Actions defined within. 


j. Hardware Requirements

1. The software, configurations, settings, event record and data log shall be stored in a flash memory module which retains the information in the event of a power failure. After restoration of power, the controller shall automatically reboot and resume normal operation.

2. There shall be a real time clock (“RTC”) for time-stamping the data log and event record. The RTC shall have two long-life batteries to provide redundant back up of the RTC clock in the event of an auxiliary power failure. The controller shall generate an alarm if the RTC battery fails.

3. It shall have an internal watchdog which generates an alarm in the event of control system faults. The monitoring system shall also monitor the correct functioning of sensors, transducers, IED’s and communications in the monitoring system.  If the controller is no longer able to control the transformer it shall revert to a failsafe condition in which the cooling system pump(s) and fans automatically start up.


4. It shall be mounted in an enclosure in the transformer control cabinet.  The user interface shall be suitable for mounting in the same enclosure or remotely in the control room. Any communication between the equipment in the enclosure and equipment in the control room shall be via optic fiber cables.

5. The User Interface “UI” shall include a comprehensive menu of pages for all control functions. The menu facilities on the UI shall be user friendly by being as simple and intuitive as possible. The screen of the interface shall be fitted approximately on an average person’s eye level. 

6. It shall be suitable for use in a tropical climate under the service conditions defined below and in the vicinity of major electric power transmission and generation equipment where no special precautions are taken to control temperature and humidity or to maintain a dust free environment.


7. It shall pass the following tests.

Cold Test: IEC 68-2-1, Ad: -20 °C


Dry Heat Test: IEC 68-2-2, Bd +70 ºC


Damp Heat Test, non-condensing: IEC 68-2-3, Ca
95% at 40ºC


Vibration Test: IEC 255-21-1


Shock and Bump Test: 
IEC 255-21-2


Seismic Test: IEC 255-21-3


8. Exposed electrical terminals shall meet the electrical insulation requirements: 2.5 kV rms 50 – 60 Hz applied for 60 seconds: IEC 60255-5


Surge Withstand Capability: 5.0 kV 1 / 50 us impulse: IEC 60255-5


k. Fiber Optic System


1. The fiber optic system for measurement and control shall include analog outputs for each measurement channel. Temperature resolution of the analog outputs shall be ±0.1°C and precision of ±0.5°C and the system shall offer user programmable temperature alarm and trip function outputs with 10 relays (along with 1 Form C system status relay). The relays should be failsafe in case of loss of power. All inputs and outputs of the system shall meet the requirements of surge test of IEEE C37.90.1-2002 in which a 4000 V surge is applied to all the inputs and outputs without permanent damage to the instrument. The system shall electronically store testing records of components for up to 40 years and allow for onboard diagnostics and instructions, including a signal strength reading to verify integrity of fiber optic connections. It shall contain a battery for official date/time stamp of data readings. 

2. Measurement temperature range of the system should be -30°C to +230°C & accuracy of ± 2°C with no recalibration required and should use a long life red LED as light source. 

l. Analog Module


An analog output module shall be provided for winding and oil temperatures outputs for customer use. These output signals should be 0-1 milliAmperes connected to 125VDC circuit for SCADA application by the Owner. All contacts shall be wired and terminated on Marathon 600 terminal blocks in the transformer control cabinet. The module shall provide a proportional analog current output of 0-to-1 mA into a load of 0-to-10,000 ohms, representing a winding or top oil temperature of 0 degrees Fahrenheit to 295 degrees Fahrenheit.

3. Annunciator

A local display annunciator shall be provided. It shall interface with the thermal monitor and shall be able to communicate as a slave or master via an RS232, RS485, fiber optic, Ethernet CAT-5 cable or an Ethernet fiber optic link using Modbus RTU, DNP3.0, and IEC 61850. Local and remote alarm displays from the annunciator and display panel are required and communicates to the thermal monitor via connections using hard-wired shielded and fiber optic cables. The annunciator provided shall be used to monitor each alarm points of the transformer and be capable of transmitting a general alarm and trip condition to a remote location via two (2) normally open, (NO) and two (2) normally closed (NC) contacts with 125VDC, 10-Ampere rating. The annunciator shall be mounted in the transformer control cabinet and be visible from the control cabinet with the door closed. 


The Annunciator shall have microprocessor-controlled LED. All the annunciator contacts shall be wired and terminated on Marathon 600 terminal blocks in the transformer control cabinet for connections by the Owner. The contacts shall monitor the following alarm and trip points:


1. Loss of AC Cooling Power


2. Loss of AC Power Source

3. Buchholz Relay

4. Top Oil Over -Temperature 

5. Winding Hot-Spot 

6. Oil Level Low Main Tank 

7. Dehydrating Breather for Main Tank


8. Loss of DC Power Source


9. Pressure Relief Relay 

10. Sudden Pressure Rise Relays 

11. Bottom Oil Over Temperature

12. Cooling Fan Motor Overload

13. Spares

Table 4: Input and Output for Tripping, Alarming, and Monitoring Requirements


		DYNAMICS RATING E3-8100



		INPUT

		OUTPUT

		LOCATION



		ANSI Code




		Input from Xfmr, Or Other Devices




		Type

		Non-Critical - Alarm 

(74)

		Critical -Trip (94)

		Xfmr Local Control Cabinet

		Control 

Bldg

		RTU/


SCADA






		49T

		Top Oil Temp

		FO/RTD

		X

		

		X

		X

		X



		30

		Main Tank Temp for Delta T Monitoring

		Fiber Optics

		X

		

		X

		X

		



		30

		Ambient Temp

		RTD

		X

		

		X

		X

		X



		49B

		Bottom Oil Temp

		FO/RTD

		X

		

		X

		X

		



		WHS

		Winding Temp

		FO/RTD

		X

		

		X

		X

		X



		30

		1Ǿ Load Current

		

		

		

		

		

		



		71

		Main Tank Oil Level

		Messko

		X

		X

		X

		X

		X



		63SP1


63SP2

		Sudden Pressure Relays 

		Qualitrol 900

		X

		X

		X

		X

		X



		63PRM

		Pressure Relief Device For Main Tank

		MPrec

		X

		X

		X

		X

		X



		99

		Gas Accumulator  for Main Tank

		Buchholz

		X

		X

		X

		X

		X



		

		Gas-in-Oil & Moisture-in-Oil

		Kelman Minitrans

		X

		

		X

		X

		X



		

		Fan Supply Power

		

		X

		X

		X

		X

		X



		

		Cooling Supply Power

		

		X

		

		X

		X

		X



		

		Cooling Control Contactor Status

		

		X

		

		X

		X

		X



		

		Fan Motor Current

		For each fan stage

		X

		

		X

		X

		



		

		Auto-Off-Manual  Control Switch Status

		For each fan stage

		X

		

		X

		X

		



		

		Remote-Local Control Switch Status

		For each fan stage

		X

		

		X

		X

		



		74DB1/2

		Dehydrating Breather For Main Tank

		Reinhausen

		X

		

		X

		X

		X





 [image: image9.emf]

Figure 2: Input and Output Schematic for Tripping and Alarming.

6.11.16 Terminations and Wiring

1. Terminal Blocks


Terminal blocks for control wiring shall be rated not less than 600-volts and rated for not less than 30 Amperes. Terminal blocks for power wiring shall be rated not less than 600-volts and current rated accordingly. Separate terminal blocks shall be provided for power and control wiring with barriers between block sections. All terminal blocks for the customer’s connections shall be Marathon type 600 or approved equal. Marking strips shall be fastened by screws to the molded section of each block, with one spare marking strip provided for each block. The terminal arrangement shall be subject to the approval by the Owner and shall have at least 20 percent of all terminals of each block available as spares. All secondary leads of all current transformers shall be terminated to Marathon shorting-type terminal blocks. Connection drawings shall have sufficient space to allow for the addition of customer external connections.


Circuit designation and wire name shall be clearly marked with an approved marking system within one inch of each termination.


2. Wiring


Insulated wire shall be a cross-linked-thermosetting polyethylene-insulated type. The insulation shall be moisture and heat resistant and suitable for conductor temperatures not exceeding 90° C, normal operation. All wires shall be single conductor, of stranded coated annealed copper, insulated for not less than 600-volt service. Conductors shall be Class B or Class C stranding, except for hinge wire which shall be Class D stranding. Control circuit wire size shall be not less than #14 AWG except when wiring to Owner-specified devices that will not accept wire this large. In such cases, the largest wire size that will fit shall be used. CT secondary wiring shall be #10 AWG and power circuit wiring shall be sized and protected for the current required. Fiber-optic wiring shall be C800FD, high-strength, heavy-duty, round PVC-jacketed, dual-channel, for indoor or outdoor use. External cable bundles shall be secured throughout their length for support and protection. Connections to all instruments shall be flexible.


All control wires shall be rated for 90 degrees Celsius in accordance with SCL standard 6420.5 (see attached). All wiring exposed to the atmosphere must be installed inside metal conduits to protect from UV exposure. 


3. Devices


All contactors, circuit breakers and fuses shall be NEMA rated. All electrical equipment shall be UL / CE listed with vendors with stocking warehouses located in the United States. The electrical equipment with wiring diagrams shall be provided for the Owner’s approval prior to manufacturing.


All devices shall be identified with permanently attached labels that correspond to the wiring drawings provided.


6.11.17 Cooling System


1. Radiators – General


The-- transformer shall be provided with a sufficient number of radiators to maintain proper cooling of the transformer oil. The radiators shall be so located on the tank to ensure uniform circulation of the oil through the windings. The radiators shall be constructed of stainless steel tubes or galvanized steel welded into stainless steel headers. All welding shall be on the outside of the radiators so there will be no crevices in which water could collect. The welding and fittings shall be smooth, both inside and out, so as to present no obstruction to the flow of oil inside and to facilitate cleaning and painting on the outside. The radiators shall be designed to withstand essentially full vacuum to permit filling the transformer under vacuum with radiators in place and radiator valves open. Valves shall be installed on each connection to the main tank, top and bottom, so that radiators may be removed for repairs without taking the transformer out of service. The valves shall be provided with gasketed covers to seal the valve openings when the radiators are removed. The radiators shall have flanges for bolting to valves. A drain valve for draining and oil sampling of each of the radiators and other means for venting each radiator shall be provided. Lifting eyes or other suitable means shall be provided for handling the radiators.


The Bidder shall include in the Transformer Operation and Maintenance Manual, a derating factor for determining the derated 3Ø load capacity of the transformer with one radiator removed from the transformer.


2. Radiators – Location


The radiators must be located to achieve optimum cooling efficiency while minimizing the adverse impacts on aesthetics to the greatest degree possible. The transformers may be located and separated by firewalls, thus optimum cooling efficiency must be achieved while maintaining the maximum transformer dimensional requirements shown in Figure 1. The radiators shall be affixed directly to the transformer tank. No external cooling units will be allowed. 


3. Forced-Air Equipment – General


Suitable forced-air equipment shall be provided so that the continuous forced-air-cooled capacity of the transformer will be at least 133-1/3 and 166-2/3 percent of the self-cooled rating without exceeding the allowable temperature rise specified. The forced-air equipment shall include propeller-type fans, designed for low noise level, with OSHA-approved guards and direct-connected motors, and a rigid housing with venturi openings, louvers, or baffles, if needed, to direct the air stream against the radiator and to prevent recirculation of discharged air. The motor shall be of NEMA 4 rating for enclosures. The motor and propellers shall be of totally-enclosed induction type, without commutator or internal starting switch construction, suitable for continuous service, shall have individual thermal overload protection and shall be connected in the circuit through weatherproof plug-in fittings for easy removal of any fan without disturbing the others. The fan motors shall be provided with antifriction (not plain) bearings. Fan motors and propellers shall be separately dynamically balanced. 


The fan motors shall be rated for 208 VAC / 3-phase / 60Hz and shall have individual fuse or circuit breaker protection for each motor as defined in the NEC codes. The power required for each stage shall be supplied through a disconnecting device common only to that stage. The disconnecting devices shall be thermal-magnetic trip circuit breakers and shall be located in the transformer control cabinet that is common to all of the accessory controls. The fan circuit shall be wired to a main breaker. The 208 VAC motor circuit shall be isolated and separated from the other 208Y/120V AC circuits. 


All cooling equipment shall be mounted on the main tank of the power transformer and shall be arranged and/or packaged for good appearance and with minimum exposure of connectors.


4. Forced-Air Equipment – Air Flow Direction


The airflow for all radiators shall be designed to prevent recirculation of discharged air and for ease of maintenance.


5. Forced-Air Control Equipment


The Dynamic ratings E3-8100 will control the cooling fans for the forced-air cooling rating, ONAF / ONAF. The control scheme shall be such as to provide automatic control of the cooling system in stages. The cooling system for fans, and radiators shall provide not less than two identical stages of cooling fans, each capable of separate operation.


All necessary protective and control equipment for the fan motors shall be furnished and installed in a weatherproof steel cabinet mounted on the transformer control cabinet. The cooling control equipment shall be fully automatic, designed to start and stop the fan motors as the transformer winding temperature requires. The start-up or shutdown of any cooling equipment shall not cause misoperation of any gas or oil-actuated relay or impair other equipment, e.g., gas monitors. Provision shall be made so that it will not be necessary to shut down the entire forced-air equipment when removing any radiator for repairs.


Control equipment shall consist of air circuit breakers and contactors, as required. Contactors shall be NEMA Size 1 or larger. Selector switches and auxiliary relays, if required, shall be of the industrial type with contacts rated to carry 10 amperes minimum continuously at 208 volts AC. Additional circuit breakers for branch circuit protection of fan circuits shall be provided as required. Air circuit breakers shall be molded case type, rated not less than 20 amperes, conforming to NEMA Pub. No. AB 1.


An alarm each connected to the Thermal Monitor and Annunciator shall be provided to monitor cooling system failure. The alarm condition shall occur only when the automatic cooling controls initiates fans-on and there is no AC fan power available.


To equalize wear on the cooling system, the control scheme shall include a means for manual selection at any time of the order in which these stages come into automatic operation. Means shall also be provided for manual control of these stages, and for placing all stages in continuous operation.


6. AC Power Supply for Cooling Fans (Supply of an auxiliary transformer)

A three phase auxiliary transformer, on the high side operating voltage of 14.2kV, connected to the tertiary winding of the transformer through fused disconnects shall provide AC power supply to the fans. The auxiliary transformer shall have a minimum of five no-load taps to maintain the voltage on the secondary at 208 volts. The power supply to the fans shall be distributed evenly on the three phases. The auxiliary transformer should be sized for the maximum auxiliary load. 

6.11.18 Oil Thermometer Gauge


1. Top Oil Temperature Gauge “ANSI Device No 49T” 


The transformer shall be equipped with an oil thermometer gauge used to indicate top oil temperature of the transformer. The Top Oil Temperature shall be monitored using a fiber optic sensor installed through the transformer barrier wall located below the low oil level line but as high as possible to ensure a representative top oil temperature. The gauge shall be scaled in degrees Celsius. The gauge shall be made by Reinhausen Messko model Compact series.


The indicating thermometer shall have a dial easily read from the ground. The gauge shall have a minimum of two (2) sets of normally open contacts. One normally open contact shall be wired and connected to the coil of the Qualitrol 909-300-01 seal-in relay 49TX, and the other shall be terminated on terminal blocks in the transformer control cabinet.  The 49TX seal-in relay shall have a minimum of three (3) normally open isolated and two (2) normally close contacts rated at 125VDC / 10 Amps continuous rating with a 125VDC coil. One normally open contact each (latching) shall be wired and connected to the Thermal Monitor Dynamics Rating device for monitoring and annunciator for alarming and the other contacts shall be terminated on terminal blocks in the transformer control cabinet. All contacts shall be wired and terminated on terminal blocks in the transformer control cabinet.


2. Bottom Oil Temperature Gauge “ANSI Device No 49B”


The transformer shall be equipped with an oil thermometer gauge used to indicate bottom oil temperature of the transformer. The Bottom Oil Temperature shall be monitored using a fiber optic sensor installed through the transformer barrier wall located at the oil level line that ensures a representative bottom oil temperature. The gauge shall be scaled in degrees Celsius. The gauge shall be made by Reinhausen Messko model Compact series.


The indicating thermometer shall have a dial easily read from the ground. The gauge shall have a minimum of two (2) sets of normally open contacts. One normally open contact shall be wired and connected to the coil of the Qualitrol 909-300-01 seal-in relay 49BX, and the other shall be terminated on terminal blocks in the transformer control cabinet.  The 49BX seal-in relay shall have a minimum of three (3) normally open isolated and two (2) normally close contacts rated at 125VDC / 10 Amps continuous rating with a 125VDC coil. One normally open contact each (latching) shall be wired and connected to the Thermal Monitor Dynamics Rating device for monitoring and annunciator for alarming and the other contacts shall be terminated on terminal blocks in the transformer control cabinet. All contacts shall be wired and terminated on terminal blocks in the transformer control cabinet.

6.11.19 Transformer Oil


1. Volume and Certification


Sufficient insulating mineral oil shall be furnished to fill the transformer to normal level. The oil shall be standard inhibited type with suitability for use in accordance with ASTM D3487-00 and SCL Standard 7531.0 (see attached).


Non-PCB oil shall be provided. Oil test reports shall be provided, including test for PCB and Corrosive Sulfur. Certified tests for PCB shall be non-detectable (less than 0.1 ppm). Certified tests for Corrosive Sulfur shall also be provided. The nameplate shall be stamped with “PCB<0.1 ppm.” A certified report from the oil manufacturer will be acceptable.


The tank and radiators shall be designed to contain a total oil volume not to exceed 10,000 gallons.


2. Oil Pollution


Joints between oil-containing parts of the equipment shall be leak-tight under all circumstances. Gasket joints shall be designed to avoid deterioration of the gasket due to oil or excess strain.


6.11.20 Oil Preservation


1. Conservator Style Design


The transformer tank shall be provided with a conservator type oil preservation system. It shall consist of one or more oil reservoirs, each containing an air cell arranged to prevent direct contact between the oil and air. The air cell material shall be nylon-impregnated nitrile rubber designed for long life and for service in contact with hot oil. Each air cell shall be vented through a weathertight breather provided with a suitable desiccant. The desiccant containers shall be located so that they can be replaced, refilled, and maintained without removing the transformer from service.


2. Location

The oil reservoirs shall be designed for mounting on the transformer tank, and their location and height shall be coordinated with the location and proximity to the energized bushing terminals. Each reservoir shall be provided with a sump chamber to collect any impurities. Pipe connections between reservoirs and tank shall be designed with a thermal seal to prevent continuous oil interchange between tank and reservoir and for isolation of the reservoir during installation and maintenance. 

3. Dehydrating Breather


The ambient air breathing in and out of the air cells or diaphragms shall be filtered for moisture using a Reinhausen MTraB maintenance free dehydrating breather sized accordingly. 

6.11.21 Oil Level Gauges

1. Main Tank Oil Level Gauge “ANSI Device No. 71”

The transformer shall be equipped with a magnetic-type oil level gauge which will indicate continuously the level of the insulating oil in the main tank and in the various compartments. It shall have two adjustable low-level contacts for each reservoir, and shall be arranged to close the one set of contacts when the oil level becomes too low and the other when the air cell sinks. It shall be made by Reinhausen Messko model MTO series sized accordingly with adjustable microswitches. This gauge shall be readable from the ground shall have a minimum of two (2) sets of normally open contacts. One normally open contact shall be wired and connected to the coil of the Qualitrol 909-300-01 seal-in relay 71X, and the other shall be terminated on terminal blocks in the transformer control cabinet. The 71X seal-in relay shall have a minimum of three (3) normally open isolated and two (2) normally close contacts rated at 125VDC / 10 Amps continuous rating with a 125VDC coil. One normally open contact each (latching) shall be wired and connected to the Thermal Monitor Dynamics Rating device for monitoring and annunciator for alarming and the other contacts shall be terminated on terminal blocks in the transformer control cabinet. All contacts shall be wired and terminated on terminal blocks in the transformer control cabinet.


6.11.22 Valves


Adequate valves shall be furnished for drains, top and bottom filter press connections, liquid sampling, top and bottom radiator shut-off, and, isolating, maintaining, and replacing failed external devices, i.e., sudden pressure rise relays and the like, from the main tank. The furnished valves shall be capable of operation, for the life of the transformer, to withstand mechanically and structurally any forces from a transformer tank filled with oil under normal operating condition. Fittings for filter press connection shall be 2 inches in diameter. Butterfly valves are not acceptable.


A one-inch NPT valve shall be provided at the bottom of one cooler for oil sampling to be used in gas analysis of the oil. A second one-inch NPT valve shall be mounted on the tank four feet up from the base to be available for miscellaneous use.


A drain valve of the globe type shall be located in the bottom of each oil filled compartment to provide complete oil drainage. The size of the drain valve shall be one inch (25.4 mm), and it shall have one inch (25.4 mm) NPT threads, in accordance with American National Standard B2.1 1968, with a pipe plug in the open end. The drain valve shall have a built-in, 3/8-inch (9.5 mm) sampling device, which shall be located on the side of the valve between the main valve seat and the pipe plug. The device shall be supplied with a 5/16-inch (7.9 mm) -32 male thread for the user's connection and shall be equipped with a cap. A one-inch (25.4 mm) filling plug shall be located in the top of each oil filled compartment.


All valves shall be certified by the Bidder and manufacturer.


6.11.23 Pressure Relief Device “ANSI Device No 63PRM”


A spring-operated tank pressure relief device shall be furnished on the transformer tank. This mechanical device shall be such that, when the pressure has been relieved, the relief cover shall reset and prevent entrance of moisture until the device is reset. The sudden pressure relief device is to be located such that oil will be directed to flow out from the transformer when the device has been operated and is in the open position. The pressure relief device shall be made by Reinhausen Messko model MPreC and sized accordingly.


This device shall provide a minimum of two (2) sets of normally open contacts. One normally open contact shall be wired and connected to the coil of the Qualitrol 909-300-01 seal-in relay 63PRMX, and the other shall be terminated on terminal blocks in the transformer control cabinet. The 63PRMX seal-in relay shall have a minimum of three (3) normally open isolated and two (2) normally close contacts rated at 125VDC / 10 Amps continuous rating with a 125VDC coil. One normally open contact each (latching) shall be wired and connected to the Thermal Monitor Dynamics Rating device for monitoring and annunciator for alarming and the other contacts shall be terminated on terminal blocks in the transformer control cabinet. All contacts shall be wired and terminated on terminal blocks in the transformer control cabinet.

6.11.24 Sudden Pressure Rise Relays “ANSI Device Nos 63SP1 and 63SP2”

Two sudden pressure rise relays shall be provided which will close its contacts upon a sudden rise of pressure in the transformer tank. These relays shall be designed for use in a fault protection scheme and shall include auxiliary relays as required. 


Two Qualitrol series 900 sudden pressure relays shall be mounted in diametrically opposing positions on the transformer tank walls. Each relay shall have a minimum of two (2) sets of normally open contacts. One normally open contact from 63SP1 shall be connected to the coil of the Qualitrol 909-300-01 seal-in relay 63SPX-1. One normally open contact from 63SP2 shall be connected to the coil of the Qualitrol 909-200 seal-in relay 63SPX-2. Each of the 63SPX-1 and 63SPX-2 seal-in relays shall have a minimum of three (3) normally open isolated and two (2) normally close contacts rated at 125VDC / 10 Amps continuous rating with a 125VDC coil. One normally open contact each (latching) shall be wired and connected to the Thermal Monitor Dynamics Rating device for monitoring and annunciator for alarming and the other contacts shall be terminated on terminal blocks in the transformer control cabinet. All contacts shall be wired and terminated on terminal blocks in the transformer control cabinet.


6.11.25 Mechanical Detection of Low Magnitude Faults “ANSI Device No. 99” 


A gas detector relay (Buchholz) double-float, for the detection of low magnitude faults and gas formation in the main transformer tank shall be furnished. This relay shall permit the taking of samples of accumulated gas for analysis. This device shall have a minimum of two (2) sets of normally open contacts. One normally open contact shall be wired and connected to the coil of the Qualitrol 909-300-01 seal-in relay 99X, and the other shall be terminated on terminal blocks in the transformer control cabinet. The 99X seal-in relay shall have a minimum of three (3) normally open isolated and two (2) normally close contacts rated at 125VDC / 10 Amps continuous rating with a 125VDC coil. One normally open contact each (latching) shall be wired and connected to the Thermal Monitor Dynamics Rating device for monitoring and annunciator for alarming and the other contacts shall be terminated on terminal blocks in the transformer control cabinet. All contacts shall be wired and terminated on terminal blocks in the transformer control cabinet.

6.11.27 On-Line Gas Analyzer

An on-line gas-in-oil and moisture-in-oil gas analyzer shall be provided on the transformer. The analyzer shall be made by Kelman Minitrans, and sized accordingly. The analyzer shall be able to interface with the thermal monitor Dynamics Rating E3-8100 and meet the following requirements. 


1. The device shall provide the maximum number of programmable alarm settings. 


2. The device shall have a minimum of two (2) normally open isolated and two (2) normally close contacts rated at 125VDC / 10 Amps continuous rating for the Owner’s use. The contacts shall be wired and terminated on terminal blocks in the transformer control cabinet.


3. The device shall provide communication protocols in DNP3, ModBus, TCP/IP, IEC61850 and communicate using RS232, RS485, Ethernet, fiber optics and modem mediums.


4. The device shall have a user-interface display for configuring settings, alarms and status and alarm indication. 


5. The device shall be designed for outdoor service with relatively high humidity, and Sun and rain exposure.


6.11.28 Factors of Safety

All structural steel shall be designed and fabricated in accordance with the most recent edition of the Manual of Steel Construction by the American Institute of Steel Constructions.


The rated strength of the porcelain elements shall not be less than three (3) times the working stress. No increase in the working stress of the porcelain element shall be allowed for seismic loading acting alone or in combination with the design dead and live loads.

6.11.29 Paint and Finish             

The exterior surface of the transformer shall be prepared by sandblasting or shotblasting and derusting to a clean metal surface and painted with an anti-corrosive primer on a modified alkyd resin base applied in two coats. Interior surfaces of the tanks above the low oil level shall be finished with one coat of light-colored oil-resistant paint or enamel. For the exterior surface coat, an air drying matte finishing enamel on a modified alkyd resin base or approved equal shall be applied in a single coat. Color shall be “ANSI 70 gray”. The tank cover shall have sand added to it to form a non-skid texture. One spray can of primer and one spray can of finish paint for touch-up shall be provided with Material Safety Data Sheets (MSDS). All finished metal work shall be suitably wrapped or otherwise protected from damage during shipment.


6.11.30 Nameplate

A nameplate shall be stainless steel fabricated in accordance with IEEE Standard C57.12.10 and affixed to the transformer. The nameplate shall state the purchase order number, the Mfg, Serial Number, and date (year) of manufacture.   The Nameplate shall state “Contains less than one ppm PCB at time of manufacture”. The nameplate shall state the operating pressures as required in ANSI C57.12.00, and include zero-sequence impedance values.


6.12 Required Measurements and Tests


6.12.1 General 


Measurements and tests shall be conducted at the factory and at the Bidder’s expense, and the results of all tests shall be furnished in a certified report. The test report shall contain all measured data, instrument settings, oscillograms, and be detailed enough to allow the test(s) to be repeated and verified. The Bidder shall notify the Owner and provide a factory test procedure at least four (4) weeks in advance of said tests, in order that the Purchaser may exercise the option of witnessing these measurements and tests unless waived in writing. Reports of all witnessed tests shall be signed by the witnessing representatives of both the Bidder and the Owner. Bidder shall furnish six (6) certified copies of all test reports including oscillograms and complete data on all tests described in this section.


The transformer shall be subjected to the following tests and measurements in accordance with IEEE Standards C57.12.00 and C57.12.90. All routine tests required by the referenced standards shall be made and reported whether specifically required by this Specification or not. Except where otherwise specified in the Standards, all measurements and tests involving alternating voltage shall be made with 60 Hz sine-wave voltage.  

All tests requiring low voltage sources shall utilize 120V single phase or 208V three phase alternating current sources.


6.12.2 Resistance Measurements


The cold resistance of each winding on the rated-voltage tap and at each tap connection shall be measured on the transformer. The hot resistance of windings shall be measured on the transformer which is given the temperature test. Tests shall be in accordance with Section 5 of IEEE Standard C57.12.90 and the attached SCL Megger test forms.

6.12.3 Polarity and Phase Relation


The angular displacement and relative phase sequence on the rated-voltage connections shall be tested and the lead marking checked on the transformer in accordance with Section 6 of IEEE Standard C57.12.90.

6.12.4 Ratio Measurements


The turns ratio of the windings on the rated-voltage connections and on all taps shall be determined for the transformer in accordance with Section 7 of IEEE Standard C57.12.90.

6.12.5 No-Load Losses and Excitation Current


No-load losses and excitation current shall be measured on the transformer and computed in accordance with Section 8 of IEEE Standard C57.12.90 at rated voltage and frequency. In addition, no-load losses and excitation current shall be measured and computed for 90 percent and 110 percent of rated voltage for the transformer.

6.12.6 Impedance Voltage


Impedance measurements shall be taken on the transformer to demonstrate compliance with the transformer ratings section of this Specification. The measurement shall include determination of both positive sequence and zero sequence values. Measurements shall be made for all tap settings shown in Section 8.3.2 and Table 17 of IEEE Standard C57.12.00, and measured in accordance with Section 9 of IEEE Standard C57.12.90.

6.12.7 Loss Tests


Loss tests shall be made on the transformer and compared with guaranteed values. Loss test shall include no-load losses at 90 percent, 100 percent, and 110 percent of rated voltage; load losses at 150 MVA output; and total losses. If tests are made at 50 Hz, the load loss shall be adjusted to 60 Hz by the following formula: Adjusted load loss = I2R + 1.44 * Stray Loss at full load. Load loss measurements made at 150 MVA reflect the most common loading conditions at which the equipment is expected to operate. The total losses will be the sum of the 60 Hz load loss (by test or adjusted), the no-load loss, and the power required for the cooling equipment.

6.12.8 Dielectric Tests


The following insulation tests shall be performed on the transformer with the test levels corresponding to the basic impulse insulation levels of the windings outlined in this specification and in accordance with IEEE Standard C57.12.00. Test shall be performed in accordance with the procedures outlined in Section 10 of IEEE Standard C57.12.90. The insulation power factor and insulation resistance tests are recommended to be tested using a Doble M4000 series or later test set.

a. Switching Impulse Test


b. Lightning Impulse Test 

c. Applied Voltage Test


d. Induced Voltage Test

e. Partial Discharge Test

f. Insulation Power-Factor test

g. Insulation Resistance Test


h. Low Frequency Test

Oscillograms shall be taken of surge voltages during all impulse and switching impulse tests and of neutral current during the full-wave impulse tests. The impulse and switching impulse tests shall be made by direct application without 60 Hz excitation. Front-of-Wave tests shall include tests on the low voltage windings. The oscillograph shall be adjusted to give the same deflection on reduced-voltage and full-voltage impulse waves to facilitate comparison of the oscillograms. Any deviation in voltage or neutral current wave shape between reduced-voltage and full-voltage full-wave tests, or any deviation between the chopped wave or front-of-wave oscillograms shall be explained to the satisfaction of the Owner’s engineer or it will be considered cause for rejection of the transformer.


6.12.9 Temperature Rise


Temperature rise tests shall be made on the transformer at rated frequency and at self-cooled and forced-air-cooled kVA ratings. Loading for the temperature test shall be by one of the methods described in Section 11 of IEEE Standard C57.12.90 as proposed by the Bidder.


Temperature rise tests shall include bottom oil temperature rise above ambient at full load and should be done during thermal test. Weight of core and coils, weight of the tank and radiators, and gallons of oil shall be provided for use in the Owner’s loading guide calculations.


6.12.10 Short Circuit Design Test


The coil and core design used to manufacture the transformer covered by this Specification shall have been short-circuit tested in accordance with IEEE Standard C57.12.90. The actual transformer provided shall not be short circuit tested. A copy of the short circuit test results shall be included with the certified test report and the Bidder’s bid.

6.12.11 Audible Sound Level Measurement


Measurement of the audible sound level shall be performed to demonstrate compliance with these Specifications. The sound level shall be measured in accordance with Section 13 of IEEE Standard C57.12.90. The maximum sound level shall be less than 70.0 dB (Audible).


6.12.12 Internal Partial Discharge Tests


Oscillographic and quantitative meter measurements of internal corona discharges shall be made on all high voltage windings according to the procedure described in IEEE Standard C57-113. All oscillographic records, meter readings, and data taken during these tests, together with a diagram of the circuit employed, shall be incorporated into the transformer test report.


6.12.13 Insulation Power Factor Tests


Each winding of the assembled transformer, when filled with oil, shall be given a power factor test in accordance with Table 4, Method II of IEEE Standard C57.12.90, and this data shall be entered upon the test records. Power factor data shall be identified with the transformer serial number and oil temperature. The purpose of these tests is to assist in future maintenance testing.


6.12.14 Regulation


The regulation of the transformer for self-cooled and forced-air-cooled rated kVA on the rated voltage connection at unity power factor, and at 90 and 95 percent lagging power factors, shall be computed and reported, using appropriate data derived from the required tests as described in Section 14 of IEEE Standard C57.12.90.


6.12.15 Core Insulation Test


If the core is insulated from the tank, the core ground strap shall be removed and the core-to-ground insulation tested. The resistance shall be a minimum of 0.5 megohms.


6.12.16 Sweep Frequency Response Tests


Sweep frequency response open and short circuit tests shall be performed on the transformer as outlined in the Doble SFRA Connections Guide & Factory Test Specifications. The transformer shall be tested under two different conditions: one, with the transformer in transit stage, without oil and bushings, and, two, with the transformer fully dressed, with oil and bushings installed. The tests shall be performed on the transformer with the N-LTC tap in the extreme raise and lower, as well as neutral positions. The equipment used shall be a Doble M5200 series or later test set using Doble test cables as called out in the aforementioned Test Specifications. The results of the tests shall be provided with the certified test report to the Owner.    

6.12.17 Bushing Power-Factor Test 


Power factor tests shall be performed on each bushing supplied with the transformer. The test shall be performed using a Doble M4000 series or later test set and shall include a tip up test at 1000kV intervals up to 10,000 kV with the standard C1, C2 and capacitance measurements as provided on the bushing manufacturer’s nameplate. The test shall be conducted in accordance with IEEE Standard C57.19.00. The test shall include the manufacturer and type of test equipment used. Data for temperature and humidity shall be recorded at the time of test. If a Doble M4000 series or later test set was not used for testing the bushings, then another test by the transformer manufacturer using the Doble M4000 series or later test set shall be provided duplicating the bushing manufacturer’s test procedure with the addition of a tip up test.

6.12.18 Other Tests


The transformer shall also be subjected to any additional routine tests described in C57.12.00, and any other manufacturer recommended tests.


6.12.19 N-LTC and Ancillary Devices Functional and Connection Tests

All ancillary devices such as relays, temperature and oil level gauges, thermal monitor, N-LTC, fans, and others installed on the transformer as called out in this specification shall be tested for proper connection and functional operation as required by the specific equipment manufacturer and as required by this specification. Results shall be provided for all tests with the certified test report provided to the Owner.

7. DATA AND MATERIALS TO BE SUPPLIED BY BIDDER

7.1 Drawings


a. Approval Drawings


As soon as possible after award of the Contract, but not later than 90 days thereafter, the Bidder shall furnish for Owner’s, review ten (10) copies of the equipment Approval drawings. The submittal shall include, but not limited to, the following drawings: drawing list, nameplate, equipment outline, foundation requirements, bushing outlines, surge arrester outlines, control cabinet layout, AC and DC schematics, auxiliary power schematics, control cabinet external connection diagrams, CT secondary excitation characteristics, and CT ratio correction factor curves, assembled center of gravity including oil, gross weight, natural frequency of vibration, details relative to the Owner’s conduit and bus connections, bushings and surge arrester connector types, NEMA ground pad locations, and all other details necessary for Owner's design of installation. Included with the drawings, the Bidder shall furnish for Owner’s review, ten (10) copies of all configuration settings for all control devices and protective equipment. The Owner will review each of the drawings and settings for compliance with this Specification and return to the Bidder. 


Drawing package shall include requirements for seismic qualification per IEEE 693 and Section 6.11.2.


b. Final Drawings

Within thirty (30) days after approval, the Bidder shall submit to the Owner for review ten (10) copies of these equipment final drawings. The submittal shall include, but not limited to, all of the Approval drawings, along with any other drawings noted by the Owner, or manufacturer, that are necessary in order to accurately document the equipment construction. Additionally, CD-ROMs containing AutoCAD 2009 compatible drawing files of all the drawings, schematics, and wiring diagrams, with configuration settings shall be provided with the submittal.


c. Drawing Review Process 

All drawings shall be submitted to the Owner for review in accordance with the schedule specified in the Schedule of Delivery for Approval and Final drawings, included with the Bidder’s proposal.

The Owner shall review the drawings and return one copy of each drawing, together with a transmittal letter summarizing the Owner’s comments, to the Bidder within twenty one (21) calendar days after receipt. 


The approval status of the each drawing reviewed will be given in the transmittal letter.  The approval status categories will be as follows: 

APPROVED - The drawing is approved by the Owner as to general scope and content; however, the Bidder is not relieved of his obligation to meet all of the requirements of the Specification and Contract Documents.


REVISE AND RESUBMIT - The drawing is not approved by the Owner. The Bidder shall specifically address and/or incorporate all the Owner’s comments into the revised drawing, and resubmit for approval. 


The Owner shall review all revised and resubmitted drawings, and return one copy of each drawing, together with a transmittal letter summarizing the Owner’s comments, to the Bidder within twenty one (21) calendar days after receipt. The drawings shall have the specific revision noted in the revision block of the drawing, and the revised areas of the drawing shall be circled. The Bidder shall make a complete and acceptable submittal to the Owner not later than the second submittal of an item. The Owner reserves the right to withhold monies due the Bidder to cover the additional cost of the Purchaser’s review beyond the second submittal.   


Corrections indicated on submittals returned by the Owner shall be considered as changes necessary to meet the requirements of the Contract Documents and shall not be taken as the basis of claims for extra work. Changes to the Contract Document requirements will not be handled on review drawings but will be issued as formal Change Orders.


d. Late Delivery of Drawings


The Contract Price will be reduced by 1% of the contract price for every day that the drawings are received after the date specified in the Schedule of Delivery for Submittals and Documentation, included with the Bidder’s proposal, but no more than 10% of the contract price.

Should the Owner require more time than the number of days allocated, thus causing the Bidder to be delayed in completion and submittal of drawings, the submittal date affected will be extended by the number of days used by the Owner.

e. Drawing Standards


Text size and style, the use of line types, line weights, drawing layers, drawing layout, and dimensioning for all drawings, schematics, and wiring diagrams shall be produced in accordance with the guidelines in the Attachment: “Drafting Requirements for Vendors.“ All drawings shall contain a legend as described in the attachment.


f. Drawing Sizes


Figure 3 shows the standard City Light drawing sizes. All drawings provided shall be as depicted in Figure 3. Upon award of the Contract, the Owner will provide the Bidder with copies of the title borders in AutoCAD file format. 


g. Terminal Blocks 


All terminal block positions shall be drawn a minimum of 3/4 inches wide by 1/4 inches tall. The terminals shall have a numerical sequence of 1, 2, 3, 4.... 12, from top to bottom or left to right for terminal blocks oriented horizontally. Each terminal block shall have a two letter designation. 


h. Revisions and References


Each drawing shall have space for referencing other drawings. In addition, space for listing revisions along the bottom of the drawing shall be provided. 


[image: image10.wmf]

Figure 3:  Seattle City Light Standard Drawing Sizes

i. Connection Drawings 


Connection drawings showing point-to-point connections of every terminal of every electrical device used shall be provided. Space shall also be provided for showing and listing external cables to be installed by others. Interconnecting from or to another drawing shall be referenced by drawing number and destination. 


j. Schematic Drawings 


Both AC and DC elementary drawings shall be provided. 


k. Physical Outline 


A drawing showing the outline dimensions, center of gravity, weight, volume of oil and pertinent physical detail to enable Owner to install the transformer. 


l. Drawing Scale 


All physical dimension drawings shall be drawn to full scale in U.S. English units with the printed scale identified on the drawing.  

m. Drawing Dimensions and Units 


All drawing units shall be shown in U.S. English using the Architectural style length dimensions (e.g. 6’-3 ½ ” for six feet, three and one-half inches). Equivalent metric units may also be shown alongside the English units. 


7.2 Certified Test Report 


Before the Owner will receive the transformer, at least one copy of the draft test report must be provided to the Owner for review and approval. No transformer shall be shipped prior to the Owner reviewing the test reports and authorizing shipment in writing. 


Twenty (20) days after test completion six (6) completed copies of the certified test report shall be submitted to the Owner. The report shall be of sufficient detail to demonstrate compliance to the requirements of this Specification. The report shall include a description of the tests to be performed, the purpose of the test, methods to be used in reference to the standards, acceptance criteria, copy of all the raw data, instrument settings, diagrams for test setups, test equipment manufacturer and type, formulas and calculations which are used to demonstrate compliance. A complete set of digital photos of the transformers under test and of the test setup shall be printed in the test reports and submitted on the final CD-ROM containing the Bidder’s drawings. 


The test report shall be in a format depicted in attachment.


Test reports required for seismic qualification shall be submitted per IEEE 693 and Section 6.11.2.


7.3 Operation and Maintenance Manuals 


No later than ten working days after the transformer has been shipped from the factory, twelve (12) copies of the Operation and Maintenance Manual for the transformer and auxiliary equipment shall be furnished. Each set shall consist of one or more volumes, each of which shall be bound in a standard size, 3-ring loose-leaf, vinyl plastic hard cover binder suitable for bookshelf storage. Binder ring size shall not exceed 2-1/2 inches. The information listed in the technical manuals shall be as detailed as listed below. Copies of the manufacturer's instruction manuals for all relays and auxiliary equipment shall be included in the overall Operation and Maintenance Manual. Separate digital photos of all major components and relays making up the transformer shall also be printed in the manuals and submitted on the final CD-ROM containing the Bidder’s drawings. 


7.3.1 The format listed in the normal sequence of appearance, shall consist of:

a. Title Page

The page containing the title, Owner contract number, item number and issue date. 


b. Revision Record 


A revision record page containing tabulation columns for the revision code, date, and revision description. 


c. Table of Contents: 


1. A table of contents listing all primary divisions (i.e., chapters, sections, and paragraphs) with their corresponding page and volume numbers. 


2. A list of drawings containing all figures and drawings, their titles, and page numbers. 


3. A list containing all tables, their titles, and page numbers.



7.3.2 Information 


The technical manuals shall include, but are not limited to, the information specified below.

a. Manufacturer’s Definitions 


All terminology peculiar to the Bidder’s equipment shall be clearly explained by the Bidder in a supplementary section bearing the heading “Definitions”. 


b. Factory Specifications of the Equipment 


c. Shipping Instructions, Warehouse Storage, and Handling Instructions 


List of major components for warehouse inspection, shipping instructions, site receiving instructions including lifting diagrams, and storage instructions. 


d. Parts and Factory Service Instruction 


Factory repair policy


Describe in detail the procedure to obtain spare parts or factory service:  

1. under normal conditions; 

2. under emergency conditions.  

Specify the mailing address and telephone numbers of the service department. 


e. Installation Instructions 


Installation instructions and information to supplement the installation drawings shall be furnished. This information shall include power requirements assembly procedures, safety precautions, grounding instructions, alignment instructions, installation test requirements, and details associated with equipment testing to verify proper performance. 


f. Preventive Maintenance Instructions 


Preventive maintenance instructions shall be furnished for all subsystems indicating manufacturers’ recommended maintenance intervals. These instructions shall include required test procedures, alignment instructions, cleaning requirements and instructions for visual examinations. The preventive maintenance instructions shall include a table indicating the average man-hours required to complete a maintenance action, outage time if required and on-line/off-line requirement for the maintenance action.

g. Troubleshooting Instructions 


Troubleshooting instructions shall be to the spare parts level with adequate details for quick and efficient location of cause for equipment malfunction. Include adjustment limits, timing diagrams, troubleshooting and recommended corrective action steps, and resetting requirements before return to service. The maintenance instructions shall include the manufacturers’ typical readings at all test points.  Include the following information:

1. Information on the use of special tools and test equipment as well as precautions to protect personnel and equipment. The information shall be arranged on a unit basis; however, extensive material, procedures, or illustrations which are common to more than one module need not be repeated but may be referenced. 


2. Repair instruction shall be provided for the removal, repair, adjustment, and replacement of all items which are within the ability of an electrician to perform.  Electrical and mechanical schematic diagrams; parts location illustrations or other methods of parts location information; photographs, interconnection cabling, wiring diagrams, and exploded and sectional views giving details of mechanical assemblies shall be provided as necessary to supplement the test. 


3. For mechanical items, information on tolerances, clearances, wear limits, and maximum bolt-down torques shall be supplied. Information on the use of special tools and test equipment, as well any cautions or warnings which must be observed to protect personnel and equipment, shall also be covered. The presentation should be arranged on a unit-by-unit basis; however, extensive material, procedures, or illustrations which are common to more than one assembly or subassembly need not be repeated. They may be referenced.

h. Parts Information 

This section shall contain a complete parts list and subsections which include a breakdown to the smallest assembly considered a replacement part, showing name and description, catalog number, quantity used, and reference by item number on the applicable drawing. The description shall include electrical and mechanical ratings, settings, nameplate drawings, additional instructions or instruction books, testing requirements, wire list, curves, drawings, and inspection and installation instructions. 


i. Spare Parts 


Spare parts as recommended by the Manufacturer, including the descriptive information listed in the preceding paragraph. 


j. Tools Information 


A list of all tools needed to install or maintain the equipment shall be provided in this section. Tools shall be identified by either the Bidder’s part number or manufacturer’s part number and cross-referenced where applicable. All special tools supplied with the equipment shall be identified as such on the tool list. 


k. Equipment Drawings 


Each manual shall include a complete set of equipment drawings.

7.4 Current Transformer Data 


Six (6) copies of the current transformer ratio and phase angle curves shall be submitted with the Operation and Maintenance Manuals. 


Refer to section 6.11.2 for required seismic qualification data.


7.5 Bushing Test Data 


Six (6) copies of the bushing test data shall be submitted with the Operation and Maintenance Manuals. 


Refer to section 6.11.2 for required seismic qualification data.


7.6 Installation Manuals 


Six (6) copies of the installation and erection manual shall be shipped one month prior to the scheduled delivery of the transformer. These instructions shall state the procedure recommended by the Bidder to install and connect the transformer. Any special precautions or warnings by the manufacturer shall be clearly stated in this manual. A single manual containing the instruction manual, current test data, and installation manual may be provided in lieu of separate individual documents. 


7.7 Transformer Pictures 

Two sets of 8 inch by 10 inch color photographs, and digital photographic files showing the general construction and arrangement of components shall be supplied for the transformer and shipped with the transformer certified test report. Each photograph shall have a label permanently attached to the back, stating the serial number of the unit, the unit rating, the date of the photograph, the substation name, and the Owner Purchase Order. The Owner representative shall be permitted to take additional photographs of all parts of the transformer and accessories during any phase of assembly or testing. Each photograph set shall include the following from all angles necessary so that all details can be viewed: 


a. Core structure before coils are set in place (core form units only).


b. Core and coil assembly complete, just before tanking.


c. Inside view of empty tank.


d. Top view of transformer just before cover is welded, showing placement of core and coils.


e. Overall view of the completely assembled transformer: one view of each of the four sides, and one view of the top.

f. Core and coil assembly in at least five stages of manufacturing.


g. Five views of the coil and core inside the tank.


h. Two views of the completed core clamping.


i. Core ground connection.


j. At least five different stages of the tank and radiator assembly.

The Contract Price will be reduced by 1% of the contract price for failure to meet this requirement. 

8.1 Impact Recorders


The impact recorders shall be capable of monitoring and recording shocks, movement and acceleration of the transformer in transit. The acceleration shall be time stamped and recorded in three axes. It shall also measure tilt angles, temperature and humidity. It shall be integrated with a GPS function. The three-dimensional acceleration measurement shall have a resolution of 0.1g. The frequency range shall be from 0-300HZ. The tilt angle resolution shall be from 0-90 degrees. The temperature resolution shall be from -40° Celsius to +80° Celsius. The relative humidity resolution shall be +/- 3%. It shall be capable of recording in real time in milliseconds. And it shall be able to record and store data for the time required to transport the transformer from the factory to the foundation in the substation. It shall be tamper-proof once installed and set for recording, and weatherproof. The data logs shall be capable of being transferred via computer connection using a user-friendly manufacturer application software. The Bidder shall provide the recorded data of each impact recorder installed on each transformer to the Owner. The data shall be provided to the Owner right after it is downloaded and evaluated by the Bidder in the presence of the Owner or its representatives. The bidder shall provide pictures of the transformer showing the impact recorders mounted on the transformer and the specification and brand of the impact recorders prior to shipment.

APPENDIX B


SCHEDULE OF DELIVERY FOR SUBMITTALS AND DOCUMENTATION

To Be Submitted By Successful Bidder After Contract Award

		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE

		ACTUAL DATE



		Award of Contract

		

		

		

		



		Notice to Proceed

		

		

		

		



		Approval Drawings (90 days after award of contract)

		10 sets

		Paper copies

		

		



		Owner’s Review (21 days after receipt of Approval Drawings)

		1 set

		Paper copies

		

		



		Final Drawings (30 days after Owner’s approval)

		10 sets

		Paper and electronic in CD-ROM

		

		



		Manufacturing Schedule


(2 weeks after Notice to Proceed)

		1 set

		Paper and Electronic

		

		



		Certified Test Report (20 days after test completion)

		6 sets

		Paper and electronic in CD-ROM

		

		



		Operation and Maintenance Manuals (10 days after transformer is shipped from the factory)

		12 sets

		Paper and electronic in CD-ROM

		

		



		Current Transformer Data (submitted with the Operation and Maintenance Manual)

		6 sets

		Paper and electronic in CD-ROM

		

		



		Bushing Test Data (submitted with the Operation and Maintenance Manual)

		6 sets

		Paper and electronic in CD-ROM

		

		



		Installation Manual (shipped with the transformer)

		6 sets

		Paper and electronic in CD-ROM

		

		



		Transformer Pictures


(shipped with the Certified Test Report)

		3 sets

		Paper and electronic in CD-ROM

		

		



		Warranty Period

		

		

		

		



		Certificate of Completion

		

		

		

		



		Shipping Notices (10 days in advance of anticipated shipment date)(72 hours in advance for materials shipment)

		1 set

		Paper and electronic

		

		



		Unloading and Handling Instructions (Prior to shipment of parts and transformer)

		1 set

		Paper and electronic

		

		



		Shop Inspection Forms (Prior to shipment of parts and transformer)

		1 set

		Paper and electronic

		

		



		Shop Assembly Procedures (Prior to assembly)

		1 set

		Paper and electronic

		

		



		Installation Schedule (After shipment from the factory)

		1 set

		Paper and electronic

		

		



		Packing Lists (with each delivery)

		1 set

		Paper and electronic

		

		



		Test Notification and Test Procedure, Factory Performance Test (60 days prior to start of actual factory test)

		1 set

		Paper and electronic

		

		



		Field Installation and Commissioning Procedures (4 weeks prior to transformer delivery)

		2 sets

		Paper and electronic in CD-ROM

		

		



		Field Installation Report (2 days after energization of transformer)

		2 sets

		Paper and electronic in CD-ROM

		

		



		Impact Recorder Data (after delivery to the substation foundation)

		2 sets

		Paper and electronic in CD-ROM

		

		



		Witnessing of Factory Test (60 days prior to start of factory test)

		1 set

		Paper and electronic

		

		



		Seismic Test (95 days after award of contract)

		1 set

		Paper and electronic

		

		



		Seismic Analysis Report (95 days after award of contract)

		1 set

		Paper and electronic

		

		



		Statement of Responsibility For Seismic Requirement (with bid)

		1 set

		Paper and electronic

		

		



		Bushing Qualification by Static Pull Test (after factory test)

		1 set

		Paper and electronic

		

		



		Surge Arresters Qualification for Seismic (after factory test)

		1 set

		Paper and electronic

		

		



		Current Transformer Qualification (after factory test)

		1 set

		Paper and electronic

		

		





APPENDIX C

MAXIMUM DIMENSIONS FOR TRANSFORMER FOUNDATION

[image: image11.emf]
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APPENDIX D

SAMPLE OF FALL PROTECTION PLATES ON A TRANSFORMER


[image: image13.emf] 

12. WARRANTY 

The Bidder shall guarantee all parts, components, and equipment provided as part of this Contract against all defects in design, workmanship, and materials during the life of the Contract and for a minimum period of two (2) calendar years after the date of final inspection and acceptance onsite. 


Unless otherwise specified, all materials incorporated in the Work shall be new, and both workmanship and materials shall be of highest quality consistent with industry standards and, when so indicated, of the classification and grades designated. Materials not specifically designated shall be subject to acceptance, shall be suitable for the purpose, and shall, as far as practicable, comply with the latest specifications of the American Society for Testing and Materials (ASTM). All work shall be done by persons qualified and certified in the related professions and trades. All materials and equipment shall be applied, installed, connected, erected, used, cleaned, and conditioned in accordance with the instructions of the applicable manufacturer, fabricator, or processors, except as otherwise provided in the Specification.


Any work of corrective nature encountered or discovered in assembly of the equipment during installation, such as shipping damage, paint failure, cleaning, construction defects, supply of missing materials, design defects, etc., shall be performed promptly by the Bidder at their expense. 


The Bidder shall repair or remove and replace, without cost to the Owner, any work or materials declared unfit for use due to failing to meet Specification requirements, whether incorporated in the Work or not. The Bidder shall replace and re‑execute its own Work in accordance with the Specification and without expense to the Owner. Scheduling for such work shall be at the Owner’s discretion.


Any failure of the equipment or its components occurring within this warranty period shall be corrected and/or repaired promptly at the expense of the Bidder. In addition, this applies to any design defect discovered within this same period even though failure has not occurred. Any repair work performed at the factory shall be at the expense of the Bidder, including the cost of dismantling, transportation, and reinstallation of the equipment.


After the equipment has been placed in service, all on-site corrective work shall be performed by the Owner’s workers under the Bidder’s direction, unless otherwise mutually agreed upon, and the cost of such work, including engineering and supervision, shall be borne by the Contractor. 


If, after reasonable notice, the Bidder refuses or persistently neglects or delays making corrections so as to meet the requirements of this Specification, the Owner may proceed at its own expense to make such corrections as may be required, and to deduct from the payment due the Bidder an amount equal to the actual expense incurred. The Owner, however, may elect to accept an equitable reduction in price or a refund instead of correction of the unfit Work.


During the warranty period, if the Bidder furnishes parts to replace defective or damaged components, or makes repairs or alterations to the equipment, the Bidder shall guarantee all such work for a minimum period of two (2) calendar years after completion of such work and its acceptance by the Owner.
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SEATTLE CITY LIGHT sTAanDARD NUMBER: §420.5

PAGE: 1o0of1

MATERIAL STAN DARD SUPERSEDING: March 2, 2006

EFFECTIVE DATE: June 7, 2007

SWITCHBOARD WIRE, POLYETHYLENE INSULATED

1. Scope: This specification covers single-conductor, flame-resistant polyethylene switchboard wire suitable for operation at
conductor temperatures of 90 C or less, in dry locations, at a maximum voltage rating of 600 volts, and shall be listed by
Underwriters' Laboratories as suitable for switchboard use.

2. Conductor: The conductors shall be coated copper, meeting the requirements of ICEA S-61-402
(NEMA WC 5), Section 2.1.1.3.

3. Insulation: The insulation shall be a 30-mil extruded wall of heat and light-stabilized, chemically cross-linked, polyethylene,
dark gray in color. When tested in accordance with Part 6 of ICEA S-61-402, the insulation shall meet the following
requirements:

3.1 Physical properties of unaged polyethylene tensile strength, Ibs. per square inch minimum ...............cccocceenee. 1500
Elongation at rupture, Minimum PEICENT ..........ooii it e e e et e e e e e e e e e e e e e eannreeeeas 400
3.2 Physical properties after accelerated aging test, air oven test at 121° + 1° for 7 days, tensile
strength, minimum percentage of UNaged ValIUE ............oooo i eae e 70
Elongation at rupture, minimum percentage of unaged ValUe ............cc.oeiiiiiiiiiiiiiiiiic e 70
3.3  Minimum Thickness - The minimum thickness of the insulation shall be not less than 90 percent
of the 30-mil average thickness.

4. Stripping: The insulation shall strip free from the conductor.

5. Flame Test: A 22-inch specimen of the insulated wire shall meet the vertical flame test requirement of ICEA S-61-402,
Section 6.5.

6. Voltage Test: The insulation shall withstand 1500 volts AC supplied for 5 minutes between the conductor and a layer of metal
foil wrapped over a 6-inch section of the test specimen.

7. ldentification: The wire shall have a readily-identifiable permanent outside marking to indicate the manufacturer's trade name
and UL Type SIS insulation. This marking shall be continuous throughout the entire length of the wire.

8. Packaging: The wire shall be packaged on 500 foot reels. Boxes are not acceptable.

9. Reference Specification: ICEA S-61-402/NEMA WC5, Thermoplastic-Insulated Wire and Cable, latest revision

10. Purchase Unit: 500-ft. reel
11. Stock Unit: FT
Stock Size, Conductor Approximate Net Weight/
Number AWG Stranding oD, in. Ibs. per 500-ft. Reel
842083 12 obsolete 048 14
642086 18 obsolete -+ 06
642082 14 41 0.14 10
642083 12 65 0.16 14
642084 10 105 0.17 21
STANDARDS COORDINATOR STANDARDS SUPERVISOR UNIT D/H'@CTOR
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Seattle City Light

MATERIAL STANDARD

standard number: 6404 11

superseding: November 13, 2009
effective date: May 14, 2010
page: 1 of 4

CONTROL CABLE, MULTI-CONDUCTOR, 600 VOLT

1. Scope

This material standard covers the requirements for 600
volt, multi-conductor, control cable.

This material standard applies to the Seattle City Light
Stock Numbers shown in Table 1.

Table 1

Stock Conductor  Number Common

Number Size (AWG) Conductors Application

640442 12 2 control and DC
supply circuits

640443 12 3 -

640444 12 4 PT circuits

640447 12 7 control circuits

640449 12 9 control circuits

640462 10 2 DC supply circuits

640464 10 4 CT circuits

640467 10 7 -

640469 10 9 control circuits
(long runs)

. Application

Control cable is suitable for use in AC or DC circuits, in
wet or dry locations, for direct burial or in conduit, at a
temperature not exceeding 90 degrees C.

Control cable is used in a variety of applications inside
substations. Refer to Table 1. Unless there are no
other options, design engineers should avoid
specifying Stock Numbers 640443 and 640467.

Contact Substation Engineering for “Color Coding

standards coordinator

Qtdhd  QuAdhd

standards manager

-

Standard on Relay and Control Drawings”. This
standard identifies what individual conductors within an
assembly are used for.

Industry Standards

Control cable shall meet the applicable requirements of
the following industry standards:

ANSI/NEMA WC 57-2004/ICEA S-73-532;
“Standard for Control, Thermocouple Extension
and Instrumentation Cables;” December 20, 2004

ASTM B8-04; “Standard Specification for
Concentric-Lay-Stranded Copper Conductors,
Hard, Medium-Hard, or Soft”

ASTM B33-04; “Standard Specification for Tinned
Soft or Annealed Copper Wire for Electrical
Purposes”

NEMA WC 26-2008 (EEMAC 201-2008);
“Binational Wire and Cable Packaging Standard”

ICEA T-29-520; "Vertical Cable Tray Flame Tests
@ 210,000 BTU;” January 1, 1986

UL Standard 44; “Standard for Safety -
Thermoset-Insulated Wires and Cables;”
Underwriters Laboratories Inc.; May 13, 2002

UL Standard 1277; “Standard for Safety -
Electrical Power and Control Tray Cables with
Optional-Fiber Members;” 4th Edition; Underwriters
Laboratories Inc.; November 14, 2001

UL Standard 1685; “Standard for Safety - Vertical-
Tray Fire-Propagation and Smoke-Release Test
for Electrical and Optical-Fiber Cables,” 3rd
Edition; Underwriters Laboratories Inc.; April 25,
2007

unit director
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John Shipek Pam S. Johnson







Seattle City Light

MATERIAL STANDARD
Control Cable, Multi-Conductor, 600 Volt

4. Construction

4.1

4.2

4.3

General

Unless indicated otherwise, all values cited
below should be consistent with industry
standards; they are repeated here for the
convenience of the reader.

Conductor

Conductor shall have the following attributes:

Requirements Reference
Metal tinned copper ASTM B33
Stranding concentric or unilay ASTM B8
Stranding compressed ASTM B8,
subtype section 11
Class C ASTM B8,
Table 1
Number of 19 ASTM BS,
strands Table 1
Temper soft drawn ASTM B8
Lay left-hand ASTM B8,
section 5

Number and size of conductors shall be
according to Table 1.

Insulation
Insulation shall be flame retardant.

Insulation shall have the following attributes:

Requirements  Reference
Material crosslinked ICEA S-73-532,
polyethylene  Table 3-2
(XLPE) type I
(thermoset)
Type XHHW-2 UL 44,
Table 5.1
Operating 90 degrees C UL 44,
temperature, Table 5.1
maximum
Voltage 600 V ICEA S-73-532,
rating Table 3-1 &
UL 44, Table 5.1
Thickness
minimum 0.027 in ICEA S-73-532,
section 3.3 &
UL 44, Table 15.3
nominal 0.030in ICEA S-73-532,
Table 3-1 & UL

44, Table 15.3

4.4

4.5

standard number: 6404 11

superseding: November 13, 2009
effective date: May 14, 2010
page: 2of4

Shielding and Covering
Metallic shielding is not required or desired.

Jacket shall be a low smoke halogen-free
extruded material meeting the requirements of
ICEA S-73-532, Section 7.1.6 for Thermoset
Type Il (moisture resistant) and UL 1685.

Jacket shall be flame retardant.
Jacket shall be moisture resistant.

Jacket for Stock Numbers 640442, 640443,
640444, and 640462 shall have the following
attributes:

Requirements Reference
Thickness
minimum  0.045 in ICEA S-73-532,
average section 4.2.1 &
UL 1277, Table 11.3
minimum  0.036 in ICEA S-73-532,
point section 4.2.1 &

UL 1277, Table 11.3

Jacket for Stock Numbers 640447, 640449,
640464, 640467, and 640469 shall have the
following attributes:

Requirements Reference
Thickness
minimum  0.060 in ICEA S-73-532,
average section 4.2.1 &
UL 1277, Table 11.3
minimum  0.048 in ICEA S-73-532,
point section 4.2.1 &

UL 1277, Table 11.3

Assembly, Fillers, and Identification

Individual conductors shall be cabled
concentrically with the outer layer having a left-
hand lay.

Fillers shall be flame resistant, nonfibrous, and
nonhygroscopic.

Cable assembly shall be enclosed in a mylar
binder tape.

Identification method shall use base colors with
tracers according to the requirements of ICEA
S-73-532, Appendix E, section E.3.1., Method
1, Table E-1.







Seattle City Light

MATERIAL STANDARD
Control Cable, Multi-Conductor, 600 Volt

4.5 Assembly, Fillers, and Identification, continued

Table 4.5 below conforms to the ICEA S-73-
532, Appendix E, section E.3.1., Method 1,
Table E-1 and is provided here for the
convenience of the reader.

Table 4.5

Conductor ~ Background or
Number Base Color First Tracer Color

A

black -
white -
red -
green -
orange -
blue -
white black
red black
green black

© 0O N o o~ WDN

4.6 Testing and Test Methods

Control cable shall be tested at the factory
according to the requirements of ICEA S-73-
532, section 6.

Control cable shall be flame tested according
to the requirements of ICEA T-29-520.

Control cable shall be listed as Type TC,
Sunlight Resistant, and Oil Resistant Il
according to the requirements of UL 1277.

Control cable shall be listed as Type LS
according to the requirements of UL 1685.

5. Tests and Test Reports

Data that establishes compliance with the
requirements of ICEA S-73-532, ICEA T-29-520, UL
44, UL 1277, UL 1685, and this material standard
shall be provided upon request.

Marking

Control cable outer surface shall be durably and
legibly marked with a print legend though out its
length a maximum interval of twenty-four inches.

The print legend shall include, but not be limited to,
the following information:

standard number: 6404 11

superseding: November 13, 2009
effective date: May 14, 2010
page: 30of4

= Manufacturer's name or symbol
= Number and size of conductors
= Temperature rating, maximum
= Voltage rating

= Year of manufacture

= Type XHHW-2 (UL)

= Type TC-LS (UL)

= Type Sun Res & Oil Res Il (UL)

7. Packaging

Control cable shall be packaged on Class 1, wood
reels according to the requirements of NEMA WC 26,
Section 2.2.1.

Cable shall be dry when shipped.

Cable ends shall be sealed to prevent the entrance of
moisture.

The inner end of the cable shall be brought to the
outside of the reel flange and securely fastened.

The inner end shall not be brought out through the
reel arbor.

The outer end shall be securely fastened to the inner
side of the flange; it is acceptable to use plastic wrap
for this purpose.

Control cable shall be packaged according to Table 7
of this standard.

Each reel shall consist of one continuous, unspliced
length.

Each reel shall be legibly marked with the following
information:

= manufacturer's identification

= product description

= shipping length of cable on reel

= gross weight

= tare weight

= net weight

= date of manufacture

= Seattle City Light's Purchase Order Number

= Seattle City Light's Stock Number

Cable shall be covered with a layer of protective
plastic wrap.







Seattle City Light

MATERIAL STANDARD
Control Cable, Multi-Conductor, 600 Volt

7. Packaging, continued

10.

standard number: 6404 11

superseding

effective date

page

Table 7
Stock Conductor Number Nominal Length Maximum Reel ~ Maximum Reel
Number Size, AWG Conductors  per Reel, ft Diameter, in Traverse, in
640442 12 2 2,500 30 17
640443 12 3 2,500 30 17
640444 12 4 2,500 30 23
640447 12 7 2,500 36 23
640449 12 9 2,500 40 28
640462 10 2 2,500 30 23
640464 10 4 2,500 36 23
640467 10 7 2,500 40 28
640469 10 9 2,500 40 28
Issuance

FT

Approved Manufacturer

Draka Cableteq USA

References

Shipek, John; SCL Standards Engineer; subject
matter expert and originator of 6404.11
(john.shipek@seattle.gov)

“Color Coding Standard on Relay and Control
Drawings;” Seattle City Light; Engineering Services
Division; Drafting Standards and Design Guidelines;
5/29/98

: November 13, 2009
: May 14, 2010
:40f4
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CUSTOMER :
ORDER NO. :

RATING

Phase

Frequency

Capacity

Rating voltage

Vector group

Cooling type

Applied standard

PREPARED BY, -

CHECKED BY

APPRQVED BY : -








SUMMARY 0!

* ITEM : Power Transformer.

* GPEC, - 7 I ' .

* CUSTOMER : ~ :
* MFRG. NO. :

* MANUFACTURER -°

mTEST RESULTS

e . " TestResiplt
No. Test Item Criterin e B
S . Alue
1 | Construction & Appearance | Approved Drawing - R
2 | Ratio Within £.0.5% -0i08 %o~ +038 %
3 | Phase relation YNynOd1 © YNyn0d1
HtoX " 4600 M2
HtoR 1040 MR
. Xtoll 20
i | Insutation resistance Min. 1000 M2 (Winding) ok : 80 Mo .
nsulation r e 50 M2 (Core) H to&{ 4600 MQ AL23 °C
XtoY 6150 Mo
YWk 2440 M2
Core tolE 635 MQ
HV 1866.833 mQ At85 °C
5 -1 Winding resistance . Reference Value Xv! 18.787 m@ (Sumol3
YV 53751 o0 Phase)
HV:7350 KV
HO: N0 KV
6 | Lichinmgimpulse XV 200 kv
X0 200KV
YV 110 kV
7 | Switching mpulse HV :620kV 1
B HV: 34KV
§ | Apphed potential XV:70kV
YV:34KkV For | minute .
9 | Induced potential HV :240 kV For 30 sec. i Endured
ERERY Below 100 pv YT T
11 | No-load loss Below 64.5 KW 158343 KW 7SMVA
12 1 Noise level Below 70 dB . 669dB 125 MVA
13 | Auxiliary Cooling Loss Below 11 5KW ‘ 595 KW 125 MVA
14 | Loadloss« Below 1675 KW !149'223 KW ~SMEVA
‘ H-X 10.1 % 9.85%
5 ¢4 Impedance H-Y 135% 116.24% 75 MVA
,X_Y 451 % 4.15%
H-X 71.96%
16 Zera Sequence Impedance - H-Y 11.91 % 75 MVA
XY 3.83%
17 | Insulation power factor Below 0.5% Max. 0.36%
. 0l XV
. X Winding ‘ Oil 5 » ——
1g | Temperature rise Below 65 C OA 3.8..-_1 463 | 43.57
FA 44,46 | 3227 } 5024
Approved drawing
19 | Local panel (Connection e(c“)c -








TPOI-8515 BANK 79 -

|. POSITIVE SEQUENCE [MPEDANCE VALUES @75MVA BASE ' INTERWINDING IMPEDANCE CALCULATION
-HTOM 50, % * 2H(H+MHL) = 9.850 %
’ s HaMEL = L.925 %
.
' ) 2. ZERO-SEQUENCE IMPEDANCE MEASURED @75MVA BASE
-HTOM 6 %
-HTOL i %
-MTOL ; 3%
REACTOR : OHMS
3. ZERO-SEQUENCE INTERWINDING IMPEDANCE @75MVA BASE : ZERO-SEQUENCE INTERWINDING IMPEDANCE
- HV WINDING 8.020 % » 20(H+M+L) = 23.70 %
- MV WINDING (0.060) % : ¢ H+M+L = 11.85 %

- LV WINDING 3.890 %

4. PHASE TO PHASE FAULT CURRENT DUTY CALCULATION(@IOOMVA 27.24KV)

- BASE CURREN 209.5 A - POS SEQ IMPEDANCE (H-M) 01313333 PU
- 20 0.0737776 FU - 27.24 MV BUS IMPEDANCE ¢.066 PU
- 1(Pw) 13.5543 Py - SYSTEM IMPEDANCE 2,008 pU
- FAULT CURRENT 28,726 A (LiiT 25,900~30,100A)
5. PHASE TO GROUND FAULT CURRENT DUTY CALCULATION(@IOOMVA 27.24KV}
- HV WINDING 0.1069 Pu - 27.2L, MV BUS IMPEDANCE - 2,066 PU
CMVWINDING  -0.0008 7 -SYSTEM MPEDANCE . QOLPY
ivwiReigT T Toosler - 20 0.090000 PU
- REACTOR 0.0576 PU - SHORT CAPACITY 1,262,864 KVA

- FAULT CURRENT 26,766 A (LIMIT 24,975-29,025A)
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15

16

17

18

19

20

21
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Test Items

Dimension Check

Phase Relation Check

Turn Ratio Measurement

Insulation Resistance Measurement

Winding Resistance Measurement

Lightning Impulse Test
Switching Impulse Test

Applied Potential Test

Induced Voltage Test ( With RIV Measurement )

'

No Load Loss & Exciting Current Measurement

Audible Sound Level Measurement

Impedance Voltage & Load Loss Measurement

Temperature Rise Test

{usuluiion Power Factor Measurement

Auxiliary Cooling Loss Measurement

Zero Sequence Impedance Measurement

Pressure & Oil Leakage Test

10kv Single Phase Excitation Current Measurement

Panel} Test

Gas In Ol Analysis Test

Parts (BCT , Bushing , Arrester , Etc. )

24

28

29

30

32

33

46

47

48








Order N¢ .

@] :Dimension Check

- Measured Value Unit : mm

A B . C D E Fo G
Value on Drawing | Min. 1800 2100 2100 Min. 1%800 700 700 4335
Measured Valuc 2220 2100 2100 21720 700 700 4350

H 1 J K L M N
Value on Drawing 3530 8300 4850 3450 400 400 3400
Measured Valuc 3400 8200 4750 3500 400 390 3400

(=] Result
A
A4(210%297)







Order No :
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Used Instruments

Tape Rule

Date

Tested By

A4(210%297)







Order No. .

@ : Phase Relatioaship Check

" [HV-XV]
Tap No. | Supplied Voitage V] Measured Voltage [V} Vector Diagrain
H2 - X2 202 m
H2-X3 215
N 3¢ 220V
H3 - X2 215
H3-X3 202

EN

* Voltage Relationship : H2 - X2 =H3 - X3 <H2~X3=H3-X2

(HV-YV)
Tap No. [ Supplied Voltage [V] Measured Voltage {V) Vector Diagram
H2 - Y2 215
H2-Y3 227 !
N 39 220V ;
H3-Y2 215 :
H3-Y3 215

* Vpltage Relationship : H2 - Y2 =H3 - Y2=H3-Y3<H2-Y3

[XV-YV]
Tap No. | Supplied Voltage {V] Measured Voltage [V] Vector Diagram
X2-Y2 140
, X2~Y3 256
None 3¢ 220V i
‘ ! X3-Y2 140
X3-Y3 140

* Voltage Relationship : X2-V2=X3-Y2=X3-Y3<X2-Y3

= Result :

. Used Instruments Volt Meter : 136618-0086

Date

'I‘:ested By

A4(210x297)








1

Order No . -

=) TurnRatm Measurement [ HY-XV]

[HV-XV])
~ 1 Measured Ratio .
Tap | TapVolageIVI | piedRatio | HIHO/ XI-X0 H-H0 / X2-X0 300/ 53-X0
No. 45 XV Ratio | Error [%l]_ Ratio | Error [%l]_ Ratio | Error [
16L | 266200 | 27240 9T 9767 0.06 9.765 20.08 9.765 20.08
15L | 264688 | 27240 9717 9712 | 2005 9.710 007 9710 007
14L | 263175 | 27240 9,661 9657 | 004 9.655 0.07 9.654 .08
13L | 261663 | 27240 9.606 9.602 0.04 9.600 20.06 9599 0.07
12L | 260150 | 27240 - 9550 9547 | 003 9.545 0.06 9 544 0.07
1L | 258638 | 27240 9,495 9492 | 003 9.490 0.05 9489 20.06
10L 257125 27240 9,439 9.437 .02 9435 0.04 9434 -0.06 -
oL | 255613 | 27240 9.384 9381 | 003 9.380 20.04 9380 0.04
SL | 254100 | 27240 9328 9326 | 002 9.325 003 9323 0.04
7L | 252588 | 27240 9273 9271 002 9270 20.03 9269 0.04
6L | 251075 | 27240 9217 9216 | 001 9215 0.02 9214 0.03
SL | 249563 | 27240 9162 9.161 0,01 9.160 0.02 9.159 0.03
4L | 248050 | 27240 9.106 9.106 0.00 9.104 0.02 9.104 0.02
3L | 246538 | 27240 9.051 . 9051 0.00 9.050 20.01 9.049 0.02
2L | 245025 | 27240 8.995 3.9% 0.01 8995 000 8.995 0.00
1L | 243513 | 27240 8.940 8.941 002 8940 001 8.940 001
N | 242000 | 27240 3.884 8,887 0.03 8.885 001 8.885 001
IR | 240488 | 27240 8.828 8.832 0.04 3.831 0.03 8830 0.02
2R 238975 27240 8.773 8.777 0.05 8.776 0.03 8.775 0.02
3R | 237463 | 27240 8.717 8722 005 8721 0.04 8720 0.03
4R | 235950 | 27240 8.662 8.667 0.06 8.666 0.05 3.665 004
SR | 234438 | 27240 8.606 8612 0.07 8611 0.05 8610 004
GR | 232925 | 27240 8.551 8.557 007 | 8556 0.06 8.555 0.05
TR | 231413 | 27240 8.495 8.502 008 | 8501 0.07 8.500 0.05
S8R | 229900 | 27240 8.440 8447 009 | 8446 0.07 8445 | 006
9R | 228388 | 27240 8384 8392 009 || 8391 0.08 8390 0.07
10R | 226875 | 27240 8.329 8337 010 | 8333 0.08 8335 008
TR | 225363 | 27240 | 8273 8282 011 | 8281 0.09 8280 0.08
2R | 223850 | 27240 8218 8.227 011 | 8225 0.09 82:5.] 009
13R 222338 27240 8.162 8.172 0.12 i 8.170 0.10 8.170 0.10
14R 220825 27240 8.107 8.117 0.13 Po8115 0.10 8.113 0.10
15R | 219313 | 27240 8051 8.062 0.13 8.060 011 8.060 0.11
16R 217800 27240 7.996 8.007 0.14 , 8.006 0.13 8.005 0.12
Aq(210%x297)







Order No .

| ‘ @} Turn Ratio Measzﬁremeiﬁ%[}l?i_ YV, XV-Y ;

[HV-YV]
: Measured Ratio
Tap | TapVolage [V | pocdRatio [ HI-HO/YIY2 X0/ Y2.Y3 B0/ Y3¥1
No. T v ' Ratio | Error %] |_Ratio | Error [%1]_Ratio | Error %]
16L ] 266200 | 14200 10.82 10840 | 015 10840 | 0.15 10840 | 015
1SL | 264688 | 14200 10.76 10780 | 017 | 10780 | 017 | 10.770 | 008
1L | 263175 | 14200 10.70 10720 | 018 | 10710 | 009 | 10710 | 009
BL | 261663 | 14200 10.64 10660 | 020 | 10650 | 0.1 10650 | 0.11
12L | 260150 | 14200 10.58 10600 | 021 1059 | 012 1059 | 012
1L | 258638 | 14200 1052 | 10530 | 013 | 10530 | 013 10530 | 0.13
0L | 257125 | 14200 10.45 10470 | 015 - |l 10470 | 015 10470 | 0.15
oL | 255613 | 14200 10.39 10410 | 017 | 10410 | 017 10410 | 017
8L | 254100 | 14200 10.33 10350 | 018 | 10350 | 0.8 10350 | 0.18
7L | 252588 | 14200 1027 10290 | 020, | 10290 | 020 10290 | 020
6L | 251075 | 14200 10.21 10230 | 021 10230 | 021 10230 | 021
SL | 249563 | 14200 10.15 10170 | 0.23 10160 | 013 10.160 | 013
aL | 248050 | 14200 10.09 10110 | 024 | 10100 | 015 10100 | 0.5
3L | 246538 | 14200 10.02 10030 | 016 ] 10040 | 0.16 10.04 0.16
2L | 245025 | 14200 9.962 9,988 0.26 9.985 0.23 9.984 0.22
1L | 243513 | 14200 9.901 9.927 0.26 9.924 023 9.923 022 -
N | 282000 | 14200 9,839 9.865 0.26 9863 | 024 9.862 0.23
IR | 240488 | 14200 9778 9,803 0.28 9,802 0.25 9.801 0.24
R | 238975 | 14200 9716 9.744 028 | 9741 |- 025 9.740 0.24
3R | 237463 | 14200 9655 9,683 029 || 9.680 026. | 9679 0.25
AR | 235950 | 14200 9.593 9622. | 030 || 9619 027 9618 026
SR | 234438 | 13200 9.532 9.560 029 |! 9558 027 9.557 0.26
6R | 232925 | 14200 9470 9,499 030 || 9497 028 9,496 027
7R | 231413 | 14200 9.409 9438 031 9.436 029 9435 0.28
SR | 229900 | 14200 9347 9377 032 9.375 0.30 9374 078
OR | 228388 | 14200 9286 9316 | 032 9314 0.30 9313 0.29
10R | 226875 | 14200 9224 9255 | 033 |I 9253 031 9252 0.30
TR 05363 | 14200 9.163 9194 | 034 |1 9192 [ 032 | 9191 | 031
TI2R | 223850 | 14200 9,101 9.133 035 ! 9131 033 9130 .| 031
3R | 222338 | 14200 9.040 9072 035 1. 9.069 032 9.068 031
14R | 220825 | 14200 8978 9,011 036 | 9.008 033 | 9007 032
I5R | 219313 | 14200 8917 8.950 037 || 8947 034 | 8947 0.34
16R | 217800 | 14200 8855 | 8839 | 038 888 | 035 8.385 033
[XV-YV]
N Measured Ratio
Rl Voltage M paedRatio | XIXONIYZ || X2XUY2Y3 XGX0Y3Y]
T [ w Ratio | Error [%] | | Ratio | Emor [%}| Ratio | Ervor [%)
NONE| 27240 | 14200 118 | 110 [ 02 [0 [ 02 [ 110 | ox
’ (8] Result :
Used Instruments Ratio Meter : 132703-0009
Date Tested By
A4(210%297)
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Order No :

® Insulation Resistance Measurement

Mcasured Poihls

Measured Resistance [MQ i

Test Condition

HV - XV 4600
HV Ground 1040
XV Ground - 2060
HV YV 4600 _
Ambient Temp. : 23 [T
XV YV 6150 . ‘
+ Humidity 270 [%%)
YV Ground 2440
Core Ground 635
Frame - Core 800
~ Frame - Ground 2600
=] Result :
. 3
Used Instruments Insulation Tester : 132650-0007
Date Tested By
“ A4(210%297)
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Order No :
(] Winding%Res-i’stan"é;é Measurement
| HY Winding ] ;
‘Ambient Temp. 23 [T]
: Measured Resistance [m Q] Corrected to 85°C
Tap No. |- - ‘ ]
' H1} - HO H2 -HO - H3 -HO 3 Phase [mQ]
161, 571512 571977 572.976 2129750
N 501.363 501.264 501.94] 1866.833
16R 433.290 432.670 P 433385 1612.197
1
[ XV Winding ]
Measured Resistance [m$2] : Corrected to 85°C
Tap No. ;
X1-X0 X2 -X0 X3-X0 3 Phase [mQ]
NONE 5.011 5.063 5.065 18.787
| YV Winding ]
Measured Resistance [mQ] Corrected to 85 "C
Y1-Y2 Y2-Y3 Y3-YI 3 Phase [mQ]
© 10,042 9.987 9.926 55,751
() Result ;.
- i
Used Instruments Transformer Test System 2285C
Date Z,Tested By

A4(210%297)
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Order No N

= 'Lig-ﬁtnjj)g».lmpulse Test

DL Cimpulse Generator
Rt Yeries Resistar
Ho - I Paralle} Resistor

C.v.D : Capachance Voltage Divider
€.D0 : Chopping Devige

[ HV WINDING ]
Measured Voltage [kV}
v — : Tap No.
Reduced Full Wave Full Wave Chopped wave! | Chopped wave 2

H1 37430 748.00 821.70 823.40

H2 374 40 745.90 822.40 821.60 N

H3 374.60 746.20 822.70 821.80
-. TEST CIRCUIT ¢

Rs V.0 co 7-4—> F[')‘ 1

N\,
\.

jp——

Ambient Temp. 192 [c} RS (Series Resistor) 62/45/33 [ohm)

! Humidity 74 %] RO (Parallel Resistor) 158/264 {ohm]
Atmo. Pressure 1005 [mbar] Shunt Resiétor 0.1 {ohun]
Generator Set-Up 1 P 6 S . -

(] Result : "~
Used Instruments Impulse Voltage Test System 360 kJ 3600§<V ( HIGHVOLT / Germany )
Date Tested By N
- 8 A4(210x297)
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Order No - /= -

[ Lightning Impulse Test

| BO WINDING |
Measured Voltage [kV]
‘ Tap No.
Reduced Full Wave Full Wave 1 Full Wave 2
HO 54.84 110.30 109.90 N
-. TEST CIRCUIT

cv.k

co 2

[
{ AW
b—

N ey Sy ]

HO

H3
16 L impulse Generalar — \\
HE UNT
aureen g SN T~ —
Ambient Temp. 19.2 [C) RS (Series Resistor) 62/45/33 {ohm]
Humidity 74 %} RO (Parallél Resistor) 158/264 [ohm]
Atmo. Pressuré 1003 [mbar] Shunt Rcsisé(or 0.1 {ohm]
Gegerator Set-Up 6 P 1S - -
(=] Result
Used Instruments } Impulse Voltage Test System 360 kJ 3600)%V (‘HIGHVOLT / Germany )
| Date \ Tested By
o Ad(210%297)
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—_— i

B Lightning Impulse Test

[ XV WINDING ]
Measured Voltage [kV]
; Tap No.
Reduced Full Wave Full Wave Chopped wave } Chopped wave 2

X1 100.10 199.90 220.70 221.20

X2 99.83 200.20 221.10 221.50 None:

X3 99.77 200.50 250 221.50
- TEST CIRCUIT ‘ _ ‘

%
o
N

I3
'Iw — <
Lwn)
A\,
L Laa L Lo

"~ . p
! LG Yt Generator = \_'/
Hz ¢ Series Rasistor i

Ao Parallel Resistor
C.V.D : Capacitance Voltage Divider
C.B : Chopping Device

Ambient Temp. 192 [T]) RS (Series Resistor) 62/45 {ohm]
Humidity ' 74 (%) RO (Paralle} Resistor) 158 [ohm}
Atmo. Pressurc 1005 {mbar] Shunt Resistor 200/400 {ohm]
Generator Set-Up 3 P 2 S - ' -

(] Result :

Used Instruments Impulse Voltage Test System ( HIGHVOLT , Germany )

Date

Tested By

A4(210%297)
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Order No .

[ X0 WINDING |
Measured Voltage [kV]
T Tap No.
Reduced Full Wave Full Wave 1 i Full Wave 2 - .
X0 | 100.40 , 199.40 199.00 Nore
- TEST CIRCUIT :
!
Rs cvD co

M
—t
= 66 6= 6]

.G ' Impulse Generatar

As . Series Reslstor

Ro  Parallel Resistor

€.V.D : Capacitance Voitage Divider |
C.0 : Chopping Device

Ambient Temp. 182 (] RS (Series EResistor) 62/45/33 {[ohm]
Humidity 72 (% RO (Parallel Resistor) 158 [ohm]
Atmo. Pressure 1005 (mbar] | Shunt Resistor 100 fohm]
Generator Sct-Up 3 Y P 2§ - -

(s] Resuit :

—i

Used Instruments Impulse Voltage Test System ( HIGHVOIE,T , Germany )

Dale

Tested By

A4(210%297)
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Order No ;"

{ YV WINDING ]
Measured Voltage [k\/]
T Tap No.
Reduced Full Wave Full Wave Chopped wave | Chopped wave 2 - -
Y1 54.69 110.40 12100 ! "121.00
Y2 55.08 110.50 12080 121.20 Nonc
¥3 | 5464 110.80 12140 Lo
-. TEST CIRCUIT
Rs cv.D

Rs ! Series Resistor
. Parallel Resistor

C.0 : Chopping Oevice

LG !impulse Generalor

Ro
C.v.D : Capacitance Voitage Divider

Ambient Temp. 19.2 T RS (Series Resistor) 62/45/33 {ohm]
Humidity 74 [%] RO (Parallel Resistor) 158 [chm]
Atmo. Pressure 1005 [mbar] | Shunt Resistar 100/200 {ohm]
Generator Set-Up ) P 1 S - -
(@] Result : GOOD
Used Instruments

Impulsc Voltage Test System ( HIGHVOLT%_, Germany )

Date

W Tested By
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Order Np H

[ BV WINDING |

Measured Voltage [RV]
Tap No. -
Reduced Full Wave Full Wave 1 i Full Wave 2 o
Hi 371.10 619.10 ‘ 618.20
H2 372.00 619.60 v 617.70 N
H3 368.60 619.20 618.50
- TEST CIRCUIT
R CV.0 co - *Z')‘ _ S X1
)
.G Ro I l

.G :lmpuise Generator
Ra ! Series Resistor
Ao ! Paraitel Resistor

C.v.0 : Capacitance Voltage Divider
C.D : Chopping Drvice

(Ambicnt Temp. 192 ) Generator Se:.t-Up 1 P 6 S
Humidity 74 [%] RS (Series R;:s-istor) 1000 [ohm]
Almo. Pressure 1005 [mbar] RO (Parallel ;.!Resisu_)r) 3430 lohm]
(=] Result : -
Used Instruments Iinpulse Voltage Test System 360 kJ 3600k\§_/ { HIGHVOLT / Germany )
Date . Te%led By
A4(210%297)
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Order No:
Test Terminal Test Voltage [kV] Test Frequency [Hz] Test Duration [min.] Tap No.
HV & HO 34 60 1 N
XV & X0 70 60 1 . None -
YV 34 60 1 None
@) Result;  °
i
i -
}
Used Instruments AC Test System WG ( HIGHVOLT , Germany )
Date Tested By
Ad(210%X297)
B








e _ : Order No :

Test ' Voltage [kV] . Frequency [Hz] Tap No. Test Duration
Enhancement Test I 240 230 16 L 36 {skc.]
1 hour Test
2 o
(RIV Measurcments ) 210 240 16L 1.0 [hour}

Measured Value [V]
! Time .
) Hl H2 H3
‘Before Enhancement Test 3.1 : 24 28
Start of Lhour 8.4 72 8.1
5 min. 8.1 7.9 8.8
, 10 min. 82 8.1 . 8.5
13 min 7.7 7.4 7.9 )
20 min. 73 73 69

25 min. 8.5 6.6 74
230 min. 16 6.8 76
35 min 71 61 | 68
40 min. . 7.5 60 7.2
13 min. _ 89 7.6 6.6
50.min. 7.1 6.2 6.6
35 min 74 6.7 7.4

60 min. ' 6.8 6.4 71
Maximum Value 89 8. 1 8.8

' "™} Result :
Used Instruments PD Measuring System LDS-6 (LEMKE DIAGNOSTICS , Germany )
Date . » Tested By
A4(210%297)
29








e e

30

L Order No: -
Tested Winding Rated MVA l Rated Voltage {V] Rated Current [A] | Ambient Temp. [C]
XV 75 . | 27240 1589.6 | 26
Measured Value ‘
Voltage Curren . No Load Loss [W]
(%] RMS(VI [ avevi | (A [ [l Pm P_| &
92.29 25141 25145 1.291 081 49596 4?67]‘» , 49789
99.74 27170 27183 1.389 .087 57802 57831 58027
107.73 29346 29369 1.496 0.094 67507 67541 67770
115.21 31383 31414 1.593 100 78132 78171 78437
. Corrected Value )
Current No Load Loss
Voltage [V] K (W}
Al | ) Pm P Pr
90 1.261 0.079 47074 47098 47281
100 1.392 0.088 0.9990 §. 58089 58118 58345
110 1.526 - 0.096 70583 70620 70496
Remark - e
Pm . Measured Loss K (RMS Voltage / Average Voltage)? 1
P © { Measured Loss / (0.5+0.5 x K )} T Measured Temp. (Ambient Temp.)
Pr © P x {1+(Tm-Tr) x 000065} Tr Reference Temp. : 20 C
[ Result :
3}
) A4(210%297)
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40000

Average to RMS vtg

T R O

35000 -

0000 4

RMS vtg. [V]

25000t

20000
20000

36000

Average \vg. [V]

Exciting current

Current [A)

0 L e e e LA B B I B e

% of rated vtg.

80 85 90 95 100 105 110 115 120
% of rated vtg.
No Load Loss
200000
150000 1 -
& 100000
8
a4 )
50000
[\ e e S SRR
80 85 950 95 100 105 110 115 120

Used Instruments

Loss Measurement System

Date

Tested By

3
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" Order No - ™
-. Measured Value
unit : dB
Point No. ONAF [125 MVA] Ambient Noise
1/3h 2/3h
1 68.4 68D 635 - ~
2 68.7 69.R
3 - 67.6 68.0
4 66.5 67.6
5 66.9 66.8 7
6 68.9 68.2 63.2
7 67.5 68.
8 67.1 66.V .
S 67.4 67.
10 65.8 66.0
bl 654 67.¢
12 66.4 67. 61.6
13 (6.4 67.
14 63.9 64.
"3 64.4 671
16 63.5 63.4
17 63.5 65 j
18 619 66.
19 67.0 68 60.0
20 66.9 67.
21 66.2 67.3
22 67.0 674
23 67.1 67.1
24 67.6 67.3
2 67.2 674 B
26 66.8. 664
Average 66.6 67.2 o
Average 66.9 62.1
Remark
Measured Interval 1.O0Om
Distance from transformer at ONAF Condition  © 2.0m
Position of Starting Point Main Dl’i\i}l Valve
Direction of Measuring C lockwiseJ
u] Result = ¢
Used Instruments Sound Level Meter : 160502-0025
Date Tested By
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o N ) » Order No: ™
M Impedanée Voltage & Ldad Lios asuremen
1. At 26 [C] . , :
Tap Rated Measured Measured Corrected % Imp. Measured | Corrected |Base Power
. (] 8

No. | Current [A] | Current [A] | Voltage [V] | Voltage [V] Loss [W] | Loss [W] [MVA]
16L 162.70 168.51 28277 27301 10.26 150200 140015 - + 75
16L 216.90 220.71 37034 36395 13.67 | 258237 249403 100
16L 271.10 273.20 453851 45499 17.09 398676 392576 125 .
N- 178.90 179.67 23947 23844 9.85 140132 138929 75

N 238.60 22:‘).54 30592 - 31800 13.14 229201 247656 100

N 298.20 29'5.88 39430 | 39739 _jpe.42 382337 388552 125
16R 198.80 192.39 19557 20208 19.28 127150 - 135738 75
ICR {1 265.10 268.48 27278 26935 12.37 248091 241891 100
16R 33140 323.76 32899 33676 15.46 361429 378697 125

2. At85[T] ‘
Tap % liup, No Load IR Loss The other Load Loss Total | Base Power
(1] . .

No. Loss [W] [W] Loss [W] {W] Loss [W| |MVA]
6L | 71026 56345 - | 103821 45142 148963 207308 Nz

16L 13.67 58343 184379 80644 263223 323568 HUS
16L 17.09 38345 288404 128338 . 416762 475107 123

N 9.85 58343 107239 41984 149223 207568 15

N 13 14 58345 190645 k 75187 263832 324177 100

N 16.42 38345 297893 118769 416662 475007 125
16R 9.28 38345 193 36770 147963 206308 75

16R 12.37 38343 197678 65812 263490 321835 100
16R 15.46 58345 308874 103434 412308 470633 123

]
Used Instruinents Loss Measurement System
Date o Tested By
T A4(210%297)
33 :
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- Order No :
[} Impedance Voltage & Load Loss 1V1easuremIe
‘HY-YV
1. At 26 [TC}
Tap Rated Measured Measured | Corrected b Imp Measured { Corrected | Base Power
(] . : Ll .
No. | Current [A] | Cument [A] | Voltage [V] | Voltage [V} | Loss [W] | Loss [W] [MVA]
N 62.60 63.17 . 14311 13746 5.68 44953 41472 26.25
N 83.50 91.63 20136 18350 7.58 89034 73944 ‘ "s
N 104.30 104.92 23055 22919 9.47 116925 115352 43705
N | 16.24 75
2. At85{T] .
Tap % lp No Load IR Loss The other Load Loss Tolal | Base Power
0 LD,
No. Loss [W] {W] Loss [W] (W] Loss (W] | [MVA]
N 5.68 58345 28694 14739 43433 101778 26.25
N- 7.38 58345 51011 26379 77390 135735 33
N 9.47 58345 79707 41227 120934 179279 43.75
e+ —— o ......_._{
N 16.24 [
XV-YV
1. At 26 [T]
Tap Rated Measured Measured Correcled % Imp Measured | Corrected Ba':c Power
(1] N

No. | Current [A] | Current [A] | Voltage [V] | Voltage [V] Loss [W] | Loss [W] [MVA]
None 336.36 32.85 38.94 396 1.43- 1390 . 62682 26.25
‘None )4.15 )

2. At85[TY)
Tap % linp No Load IR Loss The other Load Loss Total | Base Power
(]

No. Loss [W] w1 Loss [W] (W] Loss [W] (MVA]
None 145 583435 27145 3062 60207 118532 26.25
None 415 b 75

=} Result :
Used Instruments Loss Measurement System
Date ? 2 Tested By G
A4(210%297)
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Order No :
® Temper e Test [ H-X ONAF 125MVA |
1. Measured Temperature During the Test
N Time Ambient Temp.[C] . Top Qil Temp. Oil Temp. Rise | Supplied Current for
° (hh : mm) (Avg. Value ol 3 points) ) [C] [T} Winding Rise {A]
1 2130 3.2 26.0 38 3524
2 22:00 23.0 32.0 9.0 350.2
3 30 23.0 42.0 19.0 - 350.8
4 2300 23.2 49.0 35.8 351.5
5 30 235 55.0 313 3504
6 0:00 235 58.0 343 351.2
7 30 23.3 61.0 37.7 350.8
8 1:00 23.3 63.0 39.7 3512
9 30 23.1 64.0 40.9 3511
10 2:00 22,9 65.0 42.1 3517
11 230 229 66.0 43.1 . 35156
12 3:00 227 66.0 43.3 3511
13 30 225 66.0 43.5 352.4
14 4:00 225 66.0 435 352.1
15 230 22.5 66.0 43.5 3513
16 5:00 223 66.0 435 3516
17 30 223 66.0 433 352.1
18 600 223 66.0 T 435 3514
19 . 30 222 66.0 43.8 BEIER
20 7:00 222 66.0 138 350.9
2) 30 222 66.0 FEXS 330.2 N
2 R:00 22 66.0 438 350.7
23 00 72 66.0 43.8 3304 )
24 830 27 67.0 443 3205 |
25 900 232 66.0 23 3238 ]
Temp.
80.0 :
!
70.0 -
60.0
50.0
40.0
30.0
20.0
10.0
0 0 - - — a 1 Loomde— o L L—.
1 5 7 9 11 13 15 17 19 21 23 2t
No .
A4(210%297)
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Order No :

2. Calculation of Temperature Rise

-. Calculated total loss current for oil rise [ IT ]

-. Rated current for winding rise ' IR ]

-. Supplied total loss current for oil rise [ IST ] '======—=~—~~- 4

-. Supplied current for winding rise [ IR ]
- Cold resistance of HV { at 23 T )[R uv_coLD ]
-. Cold resistance of XV { at 23  )[ R xv_coLp ]
-. Hot tesistance of HV [ R nv_Hot ]
- Hot resistance of XV [ R" xv_#oT ]

( Temperature When The Oil Satirated )
-. Ambicnt Temperature { T AMB. |

-. Top Oil Temperature [ T Top ]

-. Radiator '."!‘op Temperature | T R_TOP | ==—=———=—=—=—===1
- -, Radiator Bottom Temperature [ T r_BOTTOM ]
{ Tcmpcrattﬁe Before Shut Down )

- -. Ambient Temperature [ T' AMB. ]

-. Top Oil Temperature [ T' Top |

- Radiator Top Temperature [ T' 8_ToP }
- Radiator Bottom Temperaturc ] T' R_BOTTOM ] —=——= ==~

t
|

HV

a. Average Oil Temperature when the Oil saturated
=T1oP- (TR TOP~T R_BOTTOM )/ 2

=66.00-(64.00-31.30)/2=4975{T}

o

. Average Oil Temperature before shut down
=T Top- (T R TOP - T'R_BOTTOM )/ 2

= 66.00 - (63.00- 3250 )/ 2 =30.75 [}

c. Top Oil Temperature Rise
=(TToP-TaMB)* (IT/IsT)"®

= (66.00 2220 ) * (354.01/350.70 )" = 44.46 [ C|

d. Average Oil Temperature Rise
=( @ -TamB)* (IT/Is1)"*
=(49.75-22.20 ) * ( 354.01/350.70)"%=27.97 [C]

o

. Average Winding Temperature
= (R HV_HOT/RHV_COILD) *(234.5+23)-2345

= (519.507/433.385) % (2%4.5+23)-234.5=T417 [C] ———

e}

. Winding Temperature Gradient
=(® -2 )*(R/ISR)®
= (74.17-30.75) * (331.35/323.80)'°=24.30 [ C)

S

¢ Winding Temperature Rise
=+ &

=127.97 +2430=352.27[ ]

-3}
o

354.01
331.35
350.70
323.80

433.385

5.065

519.507

6.033

22.20
66.00
64.00
31.50

23.20
66.00
63.00
32.50

(Al
(Al

[A]

[A)
[m-ohim]
[m-ohm]
[m-dhm]
|m-~ohm}]

[T
9
(T
[Tl

(<l
(Tl
(€l
e
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Order No .

XY

a. Average Oil Temperature when the Oil saturated

=T TOP-(TR_TOP~T R_BOTTOM ) /2

=66.00 - (64.00 -31.50 )/2=49.75{TC]

b. Average Oil Tcmperature before shut down
=T T1op-(T'R_TOP - T'R_BOTTOM }/2
=66.00 - (63.00-32.50)/2=350.75 ]

c. Top Oil Temperature Rise
=(TTop=TamB)* (Ir/IsT)"*

= (66.00 -22.20 ) * ( 354.01/350.70 )6 = 44.46 [C] ~——

d. Average Oil Temperature Rise
=( O -Tams)*(I1/IsT)"*

= (49.75-22.20 ) * (354.01/350.70 )= 2797 [T)

e. Average Winding Temperature

= (R XV_HOT/RXV_COLD )} *(234.5+123)-234.5
=(6.033/5.065)*(234.5+23)-2345=7221[T]

f. Winding Temperature Gradient
=(®-®)*(R/BR)'®

=(72.21-50.75)* (331.35/323.80 )" =2227 [C
(<]

¢ Winding Temperaturc Rise
= g@ .t ’\6
=2797+2227=50.24{T]|

3. Measured Hot Resistance [ m-ohm/sec. }

N
£3

F'ima 160 190 220 250

280

310 T 340

370 400

430

460

HY 515424 S14.413 313335 s12.607

511.787

510792 | $10.053

309330 508.690

507.960

307.188

NV \ 3.989 L54977 3.970 5.950

3.945

5945 5.925

3925 5.906

3.904

5.900

16000

10004 .-

Resistance [m-ohm]

T - T 1t
o 1ae 200 300 400

Time [sec.}

Resistance [m-ohm]

[ {100

T u
200 300

Time {sec)

500

| Hot Resistance of HV Winding }

ﬂ Hot Resistance of XV Winding |

im] Result .

Used Instruments Transformer Test System 2285C

Date o

Tested By
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RIS 2 AV

Order No: ~

tur £{ H-X ONAN 75V

1. Mecasured Temperature During the Test

Supphed Current for

N Time Ambient Temp.[C] Top Oil Temp. Oil Temp. Rise
i (hh: mm) (Avg. Value ot 3 points) {C} [C] Winding Rise [A]
1 9:.00 235 64.0 40.5 224.7
2 10:00 238 62.0 38.2 2243
3 30 . 38 60.0 " 362 2252
4 11:00 24.0 59.0 35.0 226.1
s 30 245 59.0 345 ) 2258 ‘
6 12:00 25.0 60.0 35.0 2512
7 30 26.0 61.0 35.0 228.7
8 13:00 26.3 61.0 34.7 22¢.2
9 30 . 265 62.0 35.5 228.1
10 14:00 273 62.0 34.7 225.3
1 130 27.5 63.0 35.5) . 2242
12 30 27.5 63:0 35.5 204.2
13 15:00 28.0 63.0 35.0 201.5
14 330 280 - 63.0 35.0 202.2
Temp.
60.0 \L//’_——’
50.0
‘ 40.0 Te— /' .
\ 30.0 ¢ .
. U —
%0 | N e
10.0
OO S WU SO S 1 I L. R — L ——a
1 3 5 7 R 13
No.
3
|
1
i
! -
B AN A4(210%297)
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. Order No :

—)

2. Calculation of Temperature Rise

-. Calculated total loss current for oil rise [ It ] ——=—-——-—~~~ I et 23475 [A]

-. Rated current for winding rise [IR ] ———-———=-~———————— g ——— 198.81 [A]

-. Supplied total loss current for oil rise [IsT ] ——=-—~—~—-—-—d-——-———————== 22420 [A]

-. Supplied current for winding rise [ IsR } ——————~———--———7-=--———————- 20220 [A]

-. Cold resistance of HV (at 23 T )[R HV_COLD ] ——~—————q==-=~==m——m m-olﬁn]
. Cold resistance of XV {at23 T )[R XV_COLD ] ————=—=—==—————~mr—m
. Hot resistance of HV [ R' HV_HOT } -—————=—————————m—p oo e
-. Hot resistance of XV [R XVHOT | —————=~-mmmmmms oo s e
{ Temperature When The Oil Saturated )

-. Ambient Terperature { T AMB. | ———~—-—=-~-r--———w———

433.385. |

5.065 [m-ohm])
513765  |m-olun]
- 5983 |

fin-vhm]

““““““““““ 27.50 [T}
‘‘‘‘‘‘‘‘‘‘‘‘‘ 63.00 [T}

————————————— 59.00 [T}
-. Radiator Bottom Temperature [ T R_BOTTOM ] —===—=——===—p=moe—mmmom e 3700 [T)

-. Top Oil Temperature { T TOP ] ————==——=~---—-——- S

_ Radiator Top Temperature { T R_TOP | ———~——-——==—=--—~

( Tcmpemturé Before Shut Down )

\\
l\ ’ -. Ambicnt Temperature { T AMB. J ~————==——==-————— oo oo o 2800 [T}

------------- 63.00 [T}
““““““““““ 59.00 [T}
---------------- 37.00 [

-. Top Oil Temperature [ T' T0p ] —==—=-====-—om oo
-. Radiator Top Temperature [ T' R_TOP I
- Radiator Bottom Ternperature [ T' R_BOTIOM | —=——=————-—-

HV

=T TOP - ( TR_TOP— TR BOTTOM }/2

=63.00 - (39.00 -37.00)/2 =52.00 {{7]
b. Average Oil Temperature before shut down -

=T 1oP - (T'R_TOP - T' R_BOTTOM )/ 2

e

3
!
\ a. Average Oil Tempcrature when the Oil saturated

!
‘l =63.00 - (59.00-37.00)/2=5200{C)
‘ ¢. Top Oil Temperature Rise
| =(TTOP—TaMB)* (IT/IsT )
=(63.00-27.50 ) * (234.75/224.20) = 38.21 [ ()
d. Average Oil Temperature Rise
=( D -Tams)*(IT/IsT)®
= (52,00 - 27.50 ) * (234.75/224.20)"*= 2637 | C} @
e. Average Winding Temperature
= (R HV_HOT/R HV_COLD ) * (234.5+23)-2343
=(513.765/433.385)* (2;94.5 +23)-2345=7076{C} ~t——
f: Winding Temperature Gradient
=(® - D )*(R/ISR)'S
= (70.76-52.00 ) * ( 198.81/202.2)“=18.26 ['C|
g. Winding Temperature Rise
=@+ @
= 2637+ 1826 =44.63[C]

®

&)

&)

e
-]

A4(210%297)
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Order No:’

XV

a. Average Qil Temperature when the Qil saturated
=T ToP-( TR TOP~T R_BOTTOM )/ 2

=63.00 - (59.00 - 37.00)/2=52.00 [T} )
b. Average Oil Temperature before shut down
=T Top-( T'R_TOP - T' R_BOTTOM )/ 2
- =63.00-(59.00- 37.00)/2=32.001C] & -
¢. Top Oil Temperature Rise
=(TrTor—TamB)* (Ir/IsT)"*®
= (63.00 —27.50 ) * ( 234.75/224.20)'°=38.21 [C] - D
d. Average Qil Tempcrature Rise
=( D -TamB)* (IT/IsT)"*
= (52.00 -27.50 ) * ( 234.75/224.20)'° = 26 37 [T] @
. Average Winding Temperature _
= (R XV_HOT/RXV_COLD ) * (234.5+23)-234.5 :
=(5.983/5065)*(2345+23)-234.5=69.67{C]} ®
f. Winding Temperature Gradient
=(® - @)*(R/BR)®
= (69.67-52.00)*( 198.81/202.20)"°=17.20 [C] )
g. Winding Temperature Rise
=@+ ®
=2637+1720=43.57[TC] e {1
3. Measured Hot Resistance | m-ohm/sec. ]

Time 140 170 200 230 260 290 320 ‘35() 380 410 440
HV 512238 | 510682 | SILLL | 510792 | 510710 | 510040 | [09.879 | 509432 | 509.193 | 508757 | 308374
\V 5,959 5954 5.953 5.950 5.936 5.930 5.928 5923 5.922 5912 5908

£ g

: :

§ 1000 4 .. é

« 4

e o 1!;0 2:10 i 300 T '_'_‘_;;ﬂ 300 ! D‘ 11:)0 1(‘)0 JY’)D 4(')0 500
Time (sec.} Time {sec.]

[ Hot Resistance of HV Winding ]

[ Hot Resistance of XV Winding ]

{ Used Instruments “Transformer Test System 2285C

\ Date

Tested By

a4y

A4(210x297)








et LA . Order Ne¢

feasurement

Humidity : 76 - (%]
Air Temp. R S A 6
Oil Temp : 23 [0
' . Measured Value Corrected
Conncction Supplied Voltage [kV} . Y% PF
‘ mA Watt % PF | C[pF] (at20 T)
CH ' 10 20.980 0.646 0.31 5567 0.31
CHL 10 35.310 0.821 0.23 9367 0.23
CL 10 19.550 0.610 0.31 5186 0.31
CLT 10 73.540 2.397 0.33 19507 . 0.33
cT 10 1 71470 2.558 0.36 {8959 T (136
CTH ) . .02 0.25 28120
_ 1€ B 1.060 0.026 25 |7 ol
‘ Acceptance Criteria : Belowv 0.5%
(w} Resuit : *
3
Used [nstruments DOBLE Test Set : M-4300 ( DOBLE . USA ) T
L Date Tested By
) o ‘ | A4(210X297)








Order No .

1. Mcasured Value

TR. Condition

Voltage [V]

Clurent [A]

Loss [W]

ONAF (125MVA)

210

36.42

5790~

i

. Total Aux. Loss
Space Heater Loss

[luminating Lamp

Total Aux. Loss at ONAF (125MVA) Condition

100 [W]

60 [W)

/

5950 [W]

() Result : » i

Uscd Instruments

Power Meter : 133964-0004

Date

)

ested By

&

A4(210%297)







Order No: «*

, Measured
Division % 20
Voltage [V} - Current [A]
Zin0 1051 33.904 H-{M 79 o+ -
Zlins 1094 52.797 Hi{L 11.91
L Z2n0 11.09 87.690 MiL 3.83
-. Test Circuit i
X1
’ X0
S =)

(=] Result :

Used Instruments

Power Meter :'133964-0004

Date

Tested By

48

A4(210%297)







G Order No: - °
- Pfessure Test
Time Ambient Oil Temp. Pressure
Start 21. May.2003 20:30 22 [C] 0.44 lglar
Finich 21. May.2003  20:40 22 [ty 0.44 ke/aw
-. Oil Leakage Test
Time - Ambient Oil Texﬁp. i Pressure
Start 21. May.2003 20:40 T 0.35 leor
Finish 22. May.2003 09:00 ST I (o)) 034 le/ow
[®] Result ;" =
3}
Used Instruments Pressure Gauge : 710713-1
Date Tested By
A4(210%297)
4








Order No - »

Ambient Temp. : 21 [T]

Measured
Connection Remark
: Division Current {mA]
H1-HO 29.040
Star * (Y) H2-HO 20.140
H3-HO 29.380
Acceptance Criteria : Below 1.0 {A]
(=] Result :
Used Instruments DOBLE Test Set : M-4300 ( DOBLE , USA)

|
|

Tested By

A4(210%297)








‘® PANEL TEST

1. ANNUNCIATOR LETTERING

NO. ~ ANNUNCIATOR LEGEND 'RESULT

Al Loss of AC Cooling Power -

A2 |01l Over-Temperature o
A3 Winding Hot-Spot -

A4 O1l Level

AS Buchholz Relay o B

A6  |Loss of AC-Station Service

AT Over-Temperature

A8  {Winding Hot-Spot

A9 |Oil Level
A10  |Buchholz Rélay

All  |Pressure Relief

Al2  |Spare

Checked








e

2. CONNECTIONS BETWEEN ED100S MOTOR DRIVE U

'NIT & LOCAL CONTROL PANEL

LCP ED100S DESCRIPTION RESULT

TM4 X117} 6L7C SOURCE TRIP
- TMS X118 | '

M6 X119 | -AM OPERATED NON DIRECTIONAL §/W CONTACT

™7 X120 _ .

TMS X1.215

TM9 X1.241 | LOCAL/REMOTE SWITCH CONTACT

TM10 X1.242

TNI X1.144

N2 X1.169 | AUTOMATIC CUT OUT CONTACT

TN3 X1.143 _ ;

TN4 X1.168

TN7 X1.155 -

TN8 X1.180 | TIMING RELAY CONTACT

TN9 X1.181

TN10 X1.276

TN11 X1.299 | CAM OPERATED NON-DIRECTIONAL $/W CONTACT

TN12 X1.300

TQ!I X1.277 ‘ .

TQ2 X1301 | CAM OPERATED NON-DIRECTIONAL $/W CONTACT

TQ3 X1.302 5 ‘

TQ4 X1.280

TQS X1.307 | CAM OPERATED DIRECTIONAL S/W CONTACT

TQ6 X1.308

TQ7 X1.281

TQS X1.309 | CAM OPERATED DIRECTIONAL $/W CONTACT

TQ9 X1310 :

TR1 X1.272

TR2 X1.291 |END POSITION SIGNALLING S/W CONTACT

TR3 X1.292
. TR4 X1.273 J

TRS X1.293 |END POSITION SIGNALLING S/W CONTACT

TR6 X1.294 o

TRY X1.105 " |FILTER OVERPRESSURE INDICATION T N

TSI X1.108 |1l TER IN OPERATION

TS2 X1.110

1S3 X119 e TER SOURCE TRIP

154 X1.111

TS5 S38M.1

TS6 $38M.2 |POSITION TRANSMITTER MODULE RESISTOR(33X10 OHMS)

TS7 S38M.3

OIL FILTER UNIT MOTOR TERMINAL BOX ~ED 100S

Ul X1.81
U2 X1.82 |POSITION TRANSMITTER MODULE RESISTOR(33X10 OHMS)
22 X1.83

B2

Checi(ed by








3.109-110-01 ELECTRONIC TEMPERATURE MONITF OR & COOLING CIRCUIT

ELECTRONIC TEMPERATURE MONITOR

CHECK POINT RESULT REMARKS
MODULES ¢ T
SCADA OUTPUT | BY ORDER FORM
RELAY OUTPUT CONFIGURATION )
COOLING CIRCUIT

CHECK POINT RESULT REMARKS.
43AF1 - MANUAL | . 12 UNITS OF FAN OPERATE
43AF1 - AUTO & OVER THAN 55 (WTI) ) 12 UNITS OF FAN OPERATE
43AF2 - MANUAL 1 8 UNITS OF FAN OPERATE
43AF2 - AUTO & OVER THAN 65 (WTI) ' 8 UNITS OF FAN OPERATE
FOXBORO CHART RECORDER OPERATION

CHECK POINT RESULT REMARKS

Pt 100 OHM INPUT

OPERATING CONDITION

BECKWITH M-2001B ~ ED100S OPERATION

CHECK POINT [

53

| REMARKS
RAISE ‘ \ TO 16R
LOWER TO 16L

Checked by








Order No : ST
Gas-in-Qil Analysis Test
Customer Sampling Dgte ,
TK. Rating | 72/ W/125MVA 242/27.24/14.2kV Analyzing Date
OrderNo. |7 ~ Remark Before Diclectric Test
i
: | Analyzing Result
Gases Caution (ppm) |- Abnormality (ppin) -
Value (ppm) Judgment
30) 400-800 801-1200 0.0
02 - - 312249 -
N2/ - - 95259.0 -
Co2 - - 608 -
C2H4 - < <
( Ethylenc ) 300-750 751-1000 0.0 -
C2H6 < = -
( Ethane ) 250-750 751-1000 0.0
C2H2 < ' i
( Acetylene ) 25-80 81-100 0.0
CH4 . R - . .
( Methane ) 250-750 751-1000 0.6
CO 400-700 701-1000 1.4
TOTAL - - 126547.0 -
TCG 1000-2500 2501-4000 2.1
3
Used Instruments Gas Chromatograph CC302 SG1088
Date Tested By
A4(210%297)
B4 :








Order No *

Gas-in-Oil Analysis Test
Customer T Sampling Dz‘tc ——c
TR. Rating | 75/100/125MVA 242/27.24/14.2kV Analyzing Date | -
Order No. . Reinark After Dielectric Test
Analyzing Result
Gases ~ Caution (ppm) Abnormality (ppm) .
: Value (ppm) Judgment
H2 400-800 801-1200 0.0
(0))] - - 311745 -
SN2, - - 96960.0 -
co2 - - 53.7 -
C2H4 - R .
( Ethylene ) 300-750 751-1000 0.0
C2H6 R .
" ( Ethane ) 250-750 751-1000 0.0 )
C2H2
( Acetylene ) 25-80 81-100 0.0
CH4 < < < ’
( Methane ) 250-750 751-1000 0.6
CO 400-700 701-1000 0.6
TOTAL - - 128189.5 -
TCG 1000-2500 2501-4000 1.2
)
Used Instruments Gas Chromatograph CC302  SG1088
Date Tested By
- A4(210%297)

55








1 -
T Order No :
Gas-in-0Oil Analysis Test
T
Customer Sampling Date | ... )
TR. Rating | 75/100/125MVA 242/27.24/14.2kV Analyzing Dite . ™ :
Order No. ‘ Remark After Temperature Rise Test (125MVA)
Analyzing Result
Gases Caution (ppm) Abnormality (ppm) , -
Fnlue (ppmm) Judgment
H2 400-800 801-1200 0.8
o2 - - 6020.6 -
N2, - - 150723 -
cOo2 - - 26.4 . -
C2H4 - i <
( Ethylene ) 300-730 751-1000 0.0
C2H6 < s <
250-7 751- ) ).
( Ethane ) 30-750 51-100¢ 0.0
C2H2 <
( Acetylene ) 25-80 81-100 0.0
CH4 _ -
( Methane ) 250-730 751-1000 A 0.0
CO 400-700 701-1000 5.0
TOTAL - - 211252 -
TCG 1000-2500 2501-4000 5.8
3
Used Instruments Gas Chromatograph CC302 SG1088
Date Tessted By
A4(210%297)

£6








OrderNo: »
Gas-in-0il Analysis Test
T, . /
Customer Sampling Date | 2.
TR. Rating | 75/100/125MVA 242/27.24/14.2kV | Analyzing Date 3
Order No. Remark After Temperature Rise Test (75 MVA)
Analyzing Result
Gases Caution (ppm) Abnormality (ppm) .
Value (ppm) Judgment
H2 " 400-800 801-1200 0.9
02 - - - 6326.3 -
N2, ; - - 15284.2 -
coz '5 . - 28.8 -
C2H4 . _
( Edylonc) 300-750 751-1000 0.0
C2H6 P .
50 ) :
( Ethane ) 250-750 751-1000 0.0
C2H2 e
( Acetylenc ) 25-80 ‘ 81-100 0.0
CH4 A s -
( Methane ) 250-750 751-1000 0.0 ~
CO 400-700 701-1000 52
- TOTAL - - 216455 -
TCG 1000-2500 23501-4000 J 6.1
3
Used Instruments Gas Chromatograph CC302  SG1088
Date Tdsted By
A4(210X297)

53








BCT Test

Order No. BCT Serial Nd.
1. Rating .
Rated Current
AccUracy Class Rated Burden | Frequency
Primary Secondary
1200/ 1000/900/800/600/500/ : '
400/300/200/100 A oA €400 100VA 60HZ
2. Test
No. Test Items Acceptarlce Criteria Result
i Marking and Structure Check -
2 | Polarity Test Shall be Subtractive
Power -F requency C o | ' .
3 Withstand Voltage Test Secondary Winding to Edrth 2.5kV/imin.
4 | Induced Voltage Test 800V/18Sec., 416Hz
) Ratio Error (%) @ <10
5 Accuracy Test
(Current1.01n,Burden1.08n) . ) .
Phase Displacement(min|) : £ 60
6 1 Exciting Current -
Applied Standard ANSY C57.13 Tested by _

58

A4(210x 297) -








S

Class : C400 , Rated Burden : 100VA
| Rated Secondary Error | Ratip Error OPIhsi)Slea (ianmgelnet Eé(;:rtelnntg
Serial. |- Winding (2 ) !
No C:;;?gt 1.otn 1.0/n
e Burden . 431 v
13T | 75T <41.0 +60 -
1200/5A 100% .09 1
1000/5A 100% -0.14 2
900/5A 100% .16 )
800/5A 100% - -0.19 3
10519 2R 16 4o | 0.562 |—2%* .31 4 0.195 A
500/5A 100% .45 6 - .
400/5A 100% -b.91 13
300/5A 100% -1.35 10
200/5A 100% - -
100/5A 100% - -
1200/5A |} 100% -D.14 2
1000/5A 100% -0.18 3
900/5A 100% -9.20 3
800/5A 100% -0.24 4
w0500 109758 | oo | o osp 100 ~0.38 9 0252 A
500/5A 100% -0.54 11
400/5A 100% .72 6
300/5A 100% -1.65. 20
200/5A 100% - -
100/5A 100% - -
1200/5A 100% -0.12 3
1000/5A 100% -0.16 2
900/5A 100% -0.19 3
800/5A , 100% -0.23 4
10521 —D0R | o st | 0,564 |10k 9.9 ! 0.234 A
500/5A 100% -0.51 10
400/5A 100% -0.86 1
- 300/5A 100% -1.60 18
200/5A 100% - -
100/5A 100% - -
A4(210x 297)








Class : C400 , Rated Burden : 100VA

| gated Secondary Error | Ratig Error b!)ir;a;)sleacfel:n%net Current |
Sertal | o “coo | Winding (2 ) ’
No Ratio - H0lIn 1.0in
Burden 431V
13¢ | 75T <(1.0 £ 60 .
1200/5A 100% -0.11 1
~ 1000/5A 100% -0.15 1
900/54 100% -0.18 2
800/5A 100% -0.21 3
o522 -2 | g 5o | 0.562 o 4.3 0 0.210 A
500/5A 100% -0.48 8 -
400/5A 100% -0.78 8
300/5A 100% -1.45 12
200/5A 100% - -
100/5A 100% - -
1200/5A 100% -0.12 K
1000/5A 100% -0.16 2
900/54 100% .19 2 L
- 800/5A 100% -0.22 3
0523 oA | g aso | 0.562 |t 9% > 0.222 -
500/5A - 100% -0.49 7 »
400/5A 100% -0.82 8
300/5A - 100% ~1.50 12
200/ 5A 100% - -
100/5A 100% - -
1200/5A 100% -0.09 1
1000/5A 100% -0.13 1
900/5A 100% -0.15 2
800/5A . 100% -0.18 2
0524 | 200LA 1o ast | 0,564 100 428 > 0.196 A
500/5A 100% -.40 5
400/5A 100% ~0.68 5
300/5A 100% -1.25 7
200/5A 100% - -
100/5A 100% - -

A4(210x 297)
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Exciting | %







‘CT Excitation Characteristic Curve Data (GOHZ)I

~ Sheet No 059 Manufacturer Serial No 1
. Ambient Over Current |
flated Primary Current(A) 1200 Temperature () 13 Factor . N >20
Rated Secondary Current(A) 5 Secondary Winding 0.4500 at 13¢C Q) ‘ 4.3089
Rated Resistance (R )
Burden |C 400 100 (va) 0.5627 at 75T} | ... 0.195
Calcutated Calculated Ratio ' - Ese(V)
Qver Current Factor 44.5 Error{%) 0.19 430.9-
Exciting
Current(A) 0.0t 0.02 0.05 0.1 0.3 1 5 10
Exciting .
Vo! tage(A) 20.0 40.0 134.0 340.0 532.0 612.0 858.0 958.0
|§T Excitaion Characteristic Cuwe(SOHz)l
1000
100
Exciting
Votage
V)
10
1
0.01 0.1 Exciting 1 0.
Current
(A)

A4(210x 297) .








| CT Excitation Characteristic Curve Data (60Hz)

. ‘ T -
Sheet No 059 - Manufacturer - Serial No | 1
i Ambient Over Current |. ]
Rated Primary Current(A) 1200 Temperature (T) 13 Facter » N > 20
Rated Secondary Current(A) 5 Secondary Winding 0.4500 at 13¢| Zt{Q) 4.3089
Rated : Resistance (R ) .
surden |G 400 100(va) 0.5627 at 75T| | . 0.252
Calculated Calculated Ratio - Ese(V)
Over Current Factor 4.2 Error(%) 0.25 430.9
Exciting .
Current(A) 0.01 0.03 0.1 0:3 0.7 2 5 10 :
Exciting 12.0 49.0 256.0 | 486.0 || 570.0 | 690.0 856.0 952.0
Vol tage(A) .

’LCT Excitaion Characteristic Cu rve(60Hz)l

1000

100

Exciting
Votage
v)

10

1 R IR X R .
0.01 0.1 Exeiting 1 10
Current

(A)

A4(210x 297}








lCT Excitation Characteristic Eurve Data (GOHZ)I '

Sheet No 059 Manufacturer Serial No
. . Ambient Over Current '
Rated Primary Current(A) 1200 Temperature (T) 13 “Factor. N >2
Rated Secondary Current(A) 5 Secondary Winding 0.4510 at 13T Zt(Q) . 4.3097
Rated - Resistance (2 ) :
Burden c 400 100 (va) 0.5640 at 75T lo(AVat- 0.234
Calculated Calcujated Ratio - Ese(V)
Qver Current Factor 3.7 Errori%) 0.23 431.0
Exciting . .
Current(A) 0.01 0.0? 0.1 0.3 0.7 2 5 10
Exciting ; p
Vol tage(A) 2.0 44 0 274.0 508.0 570.0 | 694.0 854.0 942.0
LCT Excitaion Characteristic Curve(GOHz)]
L1000
100
Exciting
Votage
)
10
1
0.01 0.1 Exciting 1 10
Current .
{A)

A4{210x 297)








| ‘ CT ExcitatiQh Characteristic (‘Furve Data (60Hz) I

Sheet No 059 Manufacturer ' Serial No
Rated Primary Current(A) 1200 Temp:rm:tiuernet (c) 13 . Ove[r:agtgu;sint N > 20
Rated Secondary Current(A) 5 Secondary Winding 0.4500 at -13'C Zt(@ ) | 4.3089
gjt(f:n c 400 joo(w)| fesistance @)\l 4 or ot 75% et 0.210
Over C(?Jfrlg:tteFdactor 44.4 Caicg:?ct)?c(i%?a“o 0.21 - Eolh) 430.9
Ci’r‘f;;;?ﬁ) 0.01 0.03 0.1 03 || o7 | 2 | s 10
Vi’ff;;’(‘f\) 12.0 50.0 312.0 | 528.0 || 576.0 | 696.0 852.0 956.0

[CT Excitaion Characteristic Cyrve(60Hz)}

1000

100

Exciting
Votage

v

10

0.01 0.1 Exciting 1 10

Current

(A)

A4(210x 297)








‘CT Excitation Characteristic Curve Data (60Hz).

Sheet Nc; 059 Manufacturer Serial No
. Anbient Over Current
Rated Primary Current(A) 1200 Temperature () 13 Factor . N >20
Rated Secondary Current{A) 5 Secondary Winding 0.4500 at 13T 2tQ) 4,3089
Rated Resistance (Q }
Burden c 400 100(va) 0.5627 at 75T la(A)at- 0.222
Calculated L Calculated Ratio ' - Ese(V)
Over Current Factor 4.1 Error(%) 0.22 430.9
Exciting ’
Current(A) 0.01 0.03 0.1 - 0.3 0.7 2 5 10
= — ‘
Exciting 13.0 50.0 204.0 | s518.0| | 582.0 | 700.0 860.0 ' 950.0
Voltage(A) ;
' LCT Excitaion Characteristic C‘urve(GOHz)]
1600
100
Exciting
Votage

v

10

01

Exciting
Current

(a)

10

A4{210x 297)








10

01 Exciting 1

Current

(A)

10

Sheet No 058 ‘Manufacturer Serial No
~ i Ambient Over Current |- o
Rated Primary Current(A) 1200 Tenperature () 13 Fact‘er N N‘ > 20
Rateq Secondary Current(A) 5 Secondary Winding|| 0-4910 at 13c)  zt(Q ) . | 4.3097.
Rated . Resistance (2 ) ' ‘
Burden ¢ 400 100{va) 0.5640 at 75C le(A)at- 0.196
Calculated | Calculated Ratio - Ese(V) :
Qver Current Factor 4.8 Error (%) 0.20 431.0
Exciting j
Current(A) | 0.01' 0.03 0.1 0.3 0.5 2 10
Exciting 18.0° 67.0 336.0 | 534.0 || 562.0 | 712.0 870.0 960.0.
Voltage(A)
LCT Excitaion Characteristic C rve(60Hz)|
1000
100
Exciting
Votage
V)

A4(210x 297)
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BCT Test

Order No. BCT Serial Ng.

1. Rating .

Rated Current
- Accyracy Class Rated Burden | Frequency
Primary Secondary
500 A 5A C200 50VA 60HZ

2. Test

No. Test {tems Acceptamé Crite(i-a _ Result

i | Marking and Structure Check -

2 Polarity Test Sha!ll be Subtractive

Power—Frequency ' - .
3 Withstand Vol tage Test Secondary Winding to Earth 2.5kV/imin.
"4 | Induced Voltage Test 400V/18Sec., 416Hz
P Ratio Error (%) : < 10
5 Accuracy Test
{Current1.0ln,Burdent.08Bn) .
Phase Displacement{minl) : £ 60
6 Exciting Current -
Applied Standard ANS! C57.13 | Tested by <
. T

M(210x 297)







Class : C200 , Rated Burden : 50VA

' | I Phase Angle Excitin‘g -
. Rated Secondary Error Ratlb Error Displacement Current
o1l Gurrent | Winding (2 ).
No | “eotio ! 1.0in 1.0ln
Burden 213 v
13¢C 75T <1.0 + 60 i e
10525 500/5A 0.203 | 0.253 100% -0.51 2 ©0.312 A

A4(210x 297)
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CT Excitation »Characterist_ic’-- C

.

urve Data (60Hz)

Sheet No 059 Manufacturer Serial No o
. - Ambient Over Current |
Rated Primary Current(A) 500 Temperature (C) 13 Factor © N >20
Rated Secondary Current(A) 5 Secondary Winding 0.2030 at 13T ZHQ ) 2.1382
Rated Resistance (Q )
Burden . c 200 50 {va) 0.2539 at 75TC le(A)at- 0.31»2
Calculated: Calculated Ratio - Ese(V) ‘
Over Current Factor .7 Error(%) 0.31 : 213.8
Exciting
Current (A) 0.01. 0.03 | 0.1 ' 0.3 0.7 | 2 5 10
Exciting 2.0 10.0 5.0 | 2120 || 2720 | 2070 | 3230 350.0
Vol tage(A) .
[CT Excitaion Characteristic C uve(GOHz)l
1000
100
Exciting
Votage
v)
10
1

6.1 Exciting !

Current
(A)

10

A4{210% 297)







BCT Test

Order No. BCT Serial N?.
1. Rating I
Rated Current
Accyracy Class Rated Burden | Frequency
Primary Secondary
4000 A 50 €200 50VA 60HZ
2. Test
No. Test ttems Acceptance Criteria ' Result
1 Marking and Structure Check -
2 | Polarity Test Shall be Subtractive
Power-Frequency - .
3 Withstand Vol tage Test Secondary Winding to Earth 2.5kV/1min.
4 Induced Voltage Test 400V/18Sec., 416Hz ¥
¥ Ratio Error {%) : <10
5 Accuracy Test ‘
(Current1.01n,Burden.0Bn) . .
: Phase Displacement{min|) + 60
6 Exciting Current -
Applied Standard ANSI C57.13 Tested by

A4(210x 297) -







Class : C200., Rated Burden : 50VA
: Phase Angle Exciting
Rated Secondary Error | Ratig Error Displacement | Current
Serfal | oot | Winding (@) - —
No Ratio 1{0in 1.01n
- Burden . 256 V-
13T 75T <1]1.0 £+60 - |+
10526 | 4000/5A | 0.715 | 0.894 100% -0.02 -1 0.026 A
10527 | 4000/5A | 0.716 | 0.895 100% -0.02 -1 0.026 A

A4(210x 297)-








[CT Excitation Characteristic (

“Urve Data (60Hz)

Sheet No 059 Manufacturer Serial No
. .. Ambient - Over Current |
Rated Primary Current(A) 4000 Temperature () 13 Factor - N >20
Rated Secondary Current(A) 5 'Secondary Winding 0.7150 at 13C Zt(Q ) 2.5666
Rated Resistance (Q ) '
surden |G 200 50 (va) 0.8041 at 75T 0.026
Calculated o Calculated Ratio - Ese(V) :
Over Current Factor 3r.7 Error (%) 0.03 256.7
Exciting ]
Current (A) 0.01 0.03 0.1 0.3 9.7 2 i 5 10
Exciting :
407.0
Vol tage(A) 111.0 298.0 320.0 331.0 343.0 | 362.0 384.0 07
LCT Excitaion Characteristic C rve(SOHz)l
1000
100
Exciting
Vatage
V)
10

0.1 Exciting
Current

(A}

10

A4(210x 297)








l CT Excitation Characteristic Curve Data (60Hz) I

Sheet No 059 Manufacturer o Serial No
. Ambient T Over Current |- ]
Rated Primary Current(A) 4000 Temperature (C) 13 Factor = |V > 20
Rated Secon@ary Current(A) 5 Secondary Winding 0.7160 at 13T 2t(Q) 2.5675
Rated | Resistance (Q ) '
Burden |G 200 50 (va) 0.8954 at 75T | . 0.026
Calculated Calculated Ratio - Ese(V)
Over Current Factor 31.1 Error(%) 0.03 256.8
Exciting .
Current (A) 0.01 0.03 0.1 0.3 0.7 2 ] 5 10
Exciting 111.0 290.0 316.0 | 327.0 || 337.0 | 358.0 380.0 | 399.0
Voltage(A) : : ’
lCT Excitaion Characteristic Cl ;Ne(GOHi)I
1000

Exciting
Votage
v)

0.01 01 Exciting
Current

(n)

. h4(210% 297)








BCT Test

Order No. BCT Serial No.
1. Rating
Rated Current
Accyracy Class Rated Burden | Frequency
Primary Secondary
2700 A 5A _ C200 S50VA 60HZ
2. Test
No. Test ltems Acceptance Criteria Result
1 Marking and Structure Check -
2 | Polarity Test Shatl| be Subtractive
Power~Frequency - T .
3 Withstand Vol tage Test Secondary Winding to ﬁarth 2.5kV/1min.
4 Induced Voltage Test 400V/18Sec., 416Hz
Ratio Error (%) « < 10
5 Accuracy Test
{Current1.0ln,Burdent.08n) _ . '
Phase Displacement{min.) : £ 60
6 Exciting Current -
Applied Standard ANS! C57.13 Tested by T

A4(210x 297)







€200 , Rated Burden @ 50VA

Class :
Ratid £ Phase Angle | .Exciting |-
Rated Secondary Error atlg trror Displacement Current
Serilal Winding (Q )
Current
No | “matio | 1,010 1.0ln ~
Burden 238 YV
13¢C 75T . <|1.0 1 60 .
10528 | 2700/5A 0.510 | 0.637 100% -0.04 -2 0.029 A

A4(210x 297)








e

i CT Excitation Characteristic-tEurv_e Data (GOHZ)I

Sheet No 059 Manufacturer ~ Serial No
. Anbient Over Current | T
Rated Primary Current(A) 2700 Temperature () 13 Factor - N >20
Rated Secondary Current(A) 5 Secondary Winding 0.5100 at 13¢C 2t ) 2.3837
Rated _ Resistance (Q ) '
Burden c 200 50 {va) . 0.6378 at 75T lo(A)at- 0.029
Calculated Calculated Ratio. - Ese(V)
Qver Current Factor 31.3 Error(%) ! 0.03 . 238.4
Exciting
. . 0
Current (A) 0.01 0.03 | 0.1 0.3 ' 0.7 2 . 5 10
Exciting 75.0 247.0 | '287.0 | 297.0 || 310.0 | 328.0 349.0 373.0
Vol tage(A)
: [CT Excitaion Characteristic C Jrve(GOHz)]
1000
100
Exciting
Votage

V)

10

0.1

Exciting
Cument

(A)

10

A4(210% 297)
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CAD Requirements for Consultants

CAD Requirements for Consultants

General Requirements

All drawings shall be prepared using computer-aided drafting (CAD) software,
current Seattle City Light (SCL) version of AutoCAD. Drawings shall use “Model
Space” for drawing objects or elements, with the title blocks, revision notations, the
consultant’s identifying information, and title information in “Paper Space.”

Drawings provided by the consultant shall be identified by the consultant in a block
immediately to the left of the “Endorsements”, along with professional State of
Washington engineer and/or architect stamp. Electronic engineer’s or architect’s
stamps shall not be included in the electronic file unless agreed to by SCL.

“Xrefs” or “attributed” objects in drawings shall not be used unless approved by
SCL, and are subject to the conditions specified for Final Drawings (see
requirements below).

Three dimensional (3D) drawings shall not be used unless specifically authorized
by SCL.

All drawings become property of the City of Seattle when the work is complete,
unless expressly agreed otherwise by SCL.

SCL will provide the consultant with SCL AutoCAD drawing templates, drawing
numbers, subject headings, and location headings according to the SCL'’s
Electronic Documents Management System. Under NO circumstances shall the
attributed title block (Paper Space) be “exploded.”

Submittal Drawings

Submit prints of all drawings to SCL for review and comment in accordance with
the consultant’s contract or agreement with SCL. Prints shall be full size, or, if the
SCL Project Engineer agrees, a reduced size, if the print remains legible. Use the
GenPS.ctb file for plotting. No drawing shall be considered “final” until all SCL
comments have been resolved, and all design and construction changes have
been incorporated into the drawing. Submittals may be made electronically if
permitted by the agreement.

Provide one set of electronic AutoCAD files of all Submittal Drawings using a
portable storage medium (e.g. CDs, USB flash drive, or FTP). The CAD files
shall be SCL current AutoCAD version drawing files (.dwg). CAD drawing files
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CAD Requirements for Consultants

shall be named according to drawing numbers. For example, if a drawing number
is D23456, the file name should be D23456.dwg. Contact the Project Engineer
for drawing number assignments if using SCL drawing numbers. The drawings
shall be free of any entities that are not displayed in the file, and purged of any
references, blocks, styles, etc.

Provide drawings that completely define the work to be performed as required by
the contract or agreement, sufficient not only for construction and installation, but
also to document the facilities or equipment for testing, start up, maintenance,
and future upgrades, modifications, and replacements. See the “List of Project
Deliverables” (attached).

Proposal or Bid Drawings

If proposal or bid drawings are being submitted with the consultant’s proposal or
bid, they shall comply with the same requirements as submittal drawings.

Final Drawings

Consultant shall provide one (1) set of full size prints, plotted using “Paper
Space” with original signatures and seals on all drawings. These drawings shall
incorporate all of the final design and “as-built” or “redline” changes. Drawings
shall be of such quality that electronic scans or copies can be made without loss
of details.

Provide one set of electronic CAD files of all the Final Drawings using a portable
storage medium (e.g. CDs or USB flash drive, or FTP), complying with the same
requirements as submittal drawings.

If “Xrefs” or attributed objects are used by the consultant (subject to agreement of
SCL), all reference files required to generate the complete drawing shall be
included on the portable storage medium furnished by the consultant when the
work is complete.

SCL Drafting Standards

All drawings shall conform to SCL Drafting Standards as follows:

All drawings shall be drawn using SCL current AutoCAD version in Model Space,
and be scaled to fit within the viewport in Paper Space. Multiple viewports may
be created within Paper Space for objects with different scales.

Physical objects represented in Model Space shall be drawn full scale, or shall
use the notation “NOT TO SCALE” if applicable, e.g. for details that are
schematic in nature.
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. All CAD drawings shall be ready to plot from Paper Space. Linetype scale
(Itscale) and dimension scale (dimscale) should be set to 1.

Note “defpoints layer” is a special layer that will not plot, but it is visible on the screen.

. Use architectural units (feet, inches and fractions), as applicable, for all drawings
except as follows:

o0 Plot and site plans (and general arrangement drawings that use these as a
base), which shall be in units of feet and decimals (increments of 0.01 foot) in
accordance with NIST" and SI? standards.

0 Mechanical drawings, which shall be in inches and decimals or fractions of
inches (or millimeters and decimals or fractions thereof) in accordance with
ANSI/ASME Standard Y14.5M-1994, Geometric Dimensioning and
Tolerancing.

0 Manufacturer’s drawings, which shall remain in whatever unit system is
customarily used by the manufacturer unless otherwise specified in the
purchase specifications.

o All physical, layout-type drawings shall be oriented geographically with a north
arrow representing true, geographic north. If “plan” north is different than true,
geographic north, the angle of difference (surveying accuracy) shall be provided
on a plot plan, site plan, or other appropriate plan drawing. Both geographic and
plan “North” shall be either at the top or the left side of the drawing.

o Plot plans (or other applicable plan drawings) shall indicate the location of survey
monuments or benchmarks, providing state plane coordinates (Washington State
Plane North) and elevation relative to North American Vertical Datum of 1988
(NAVD). If “plan elevation” is used, indicate the NAVD reference elevation.

o All entities in drawings shall be drawn with colors and linetypes set to
“BYLAYER” only. Use the global linetype scale for the entire drawing.

. Drawing Titles shall use the following three-line format:
1. FirstLine:  General Description or ltem
2. Second Line: More Specific Description or Item
3. Third Line: Drawing Type (e.g. “Arrangement” or “Elementary”)

Do NOT, under any circumstances, EXPLODE the attributed Titleblock.

! National Institute of Standards and Technology, which governs the standards for US Customary Units.
2 Systéme Internationale, which is the International System of Units, or “metric” system.
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SCL GenPS Drawing Templates

Use the SCL GenPS Template for creating new drawings.

This template contains all the SCL standard layers, text styles, dimension variables, and
AutoCAD linetypes. Initial settings contained in this template are described in the
following pages. These settings should not be changed without careful consideration of
the purpose of making the change.

Dimensioning

By default, the GenPS Profile uses the GENPSSTANDARD Dimension Style. This may
be modified, but the consultant is encouraged to use the GENPSSTANDARD settings,
and select “Override” to temporarily change settings only if necessary.

Linetypes

A selection of line types is included in the GenPS Template. Each Layer is assigned a
default line type, so in most cases, users can select a particular line type by choosing a
corresponding layer, leaving the Linetype set to “By Layer,” and using the default “By
Layer” settings. Additional layers shall be created and used for other Linetypes.

Layer Colors

Colors are assigned to each layer by names or by numbers (up to 255 different colors). In
AutoCAD, standard names have been assigned to the first seven color numbers. All
colors beyond number 7 are referred to by color number only. Colors are used to control
the line width when the drawing is plotted. Color is also used to control pen position in
pen-type color plotters. The pen position determines the pen widths and patterns.

TABLE A-1 on the following page lists the seven standard colors and the corresponding
width assignments that are standard at SCL. Do NOT use other colors or widths, so that
consistent plot results can be maintained.
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TABLE A-1

STANDARD COLORS and PLOT WIDTHS

Color Number Color Name Plot width, mm
1 0.18

YELLOW 0.25

0.35

0.50

0.70

1.00

0.25

N OO g A W DN

NOTES to TABLE A-1

The color white is automatically assigned to Layer 0, which is automatically
created by AutoCAD, every time you begin a new drawing. By default, the
color white will be automatically assigned to newly created layers, unless you
make another selection.

Other colors will plot at the default line width, 0.25 mm, unless you select a
different width.

Layers

The GenPS Template includes 31 standard, predefined layers. Use these predefined
standard layers without changing layer properties. Create new layers complying with the
US National CAD Standard when other line types and properties are needed, such as
for property line and benchmark data, topographic features, water resources,
vegetation, pavements and other surfaces, or any other special features. Figure A-1
shows the SCL standard layers.
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FIGURE A-1

SCL STANDARD LAYERS

S|%| = x| |
= =z Al Staf Mame | On | Fre | Log| Colar | Linetype | Lineweight | Plat Styl | Plat| Cur| Me | Desc
oni Allsed Layers ] A & 7
-4 7BORDER Y O fi5 @ g.n Continuous —— Default Color_2 g &% &4
- TBORDER_TEXT Y O fOv Continuous —— Default Color_2 g &% &4
TWPORT W O fiz W red Continuous —— Default Color_1 3§ &% &4
e TWPORT_MAIN W O fiz W red Continuous —— Default Color_1 3§ &% &4
CENTER o O @3 Oy. CENTER — Default Color 2 & &4 &
CENTER2 0 O Gy Oy. CENTERZ  — Default Color 2 g G G4
- CITYOFSEATTLELOGO Y O fi3 @ g.n Continuous —— Default Color_2 gy & &4
- CROPMARKS W O fi3 @ g.n Continuous —— Default Color_3 gy &% &4
DEFPOINTS W O fiz O.e Continuous —— Default Color_7 8 & &4
DIM25 W O fiz Oy. Continuous —— Default Color_2 gy & &4
DIM25TEXT W O fiz Oy. Continuous —— Default Color_2 gy & &4
HATCH Y O %5 Ovy. Continuous —— Default Color_2 gy &% &4
HIDDEN o O @3 Oy. HIDDEN — Default Color 2 & @ &
HIDDEN2 0 O @3 Oy. HIDDEN2 — Default Color 2 & @ &
HIDDEM2ZE W ) 5 M blue HIDDENZ —— Default Color 5 8 &% &4
HIDDEN2G 2 O 73 W on HIDDENZ — Default Color 2 & 3 &
HIDDENE 0 O 73 M blue HIDDEN — Default Color 5 & T &
HIDDENC 7 @ T Oy. HDDENXZ  —— Default Color? & 13 &
HIDDENXZE 7 O 73 M blue HDDENX2 ~ —— Default Color 5 g5 03
OBJ12 W O T3 M red Continuous —— Default Color_1 8y &% &4
OBJ25 W O Ty Oy. Continuous —— Default Color 2 By % &4
OBJ35 W O T3 M@ g.n Continuous —— Default Color 2 By £ &4
OBJ50 W O T3 @ cn Continuous —— Default Color_4 By £ &
OBJ70 W () T3 M blue Continuous —— Default Color 5 3y €% &4
PHANT2 7 O T3 Oy. PHANTOM2Z —— Default Color 2 g 0 04
<= TEXT25 W O 3 Oy. Continuous —— Default Color 2 By £ &4
- TEXT35 W () f3 @ g.n Continuous —— Default Color 2 B £ 4
TEXTR0 Y O fi3 @ cn Continuous —— Default Color_4 g & &4
TEXT70 W ) i3 M blue Continuous —— Default Color 5 8 & £
TRIP 2 O 3Oy TRP — Default Color 2 & &4 &
ISearch far layer 4] | ]
|
I Irvert filker W Indicate lavers in use

W &pply to layers toolbar oK. I Cancel I Apply I Help |
NOTE:

When starting a new drawing, layer O will be set as the current layer. However, no objects shall
be drawn with layer 0. Use layer 0 to insert blocks. This makes layer 0 as a Block Reference
Layer when listing the block. The object entities are still in the layer in which they were originally
drawn. Do not freeze layer 0.
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Text Styles

City Light standard text styles are included with the GenPS drawing template. The
standard styles are listed in Table A-2.

TABLE A-2
SCL STANDARD TEXT STYLES
Annotation Type Text Style Plotted Text Size Plotted Text Size
Sheet Sizes A & B Sheet Sizes C& D
Titles HELV 0.1875 (*/1¢”) 0.25 (V&)
Subtitles HELV 0.1875 (*/+¢”) 0.1875 (®/1¢”)
General Text, Call Romans 0.09375 (*/3,") 0.125 (%”)
Outs
Dimension Text Romans 0.09375 (*/”) 0.125 (%&")
All Other Notes Romans 0.09375 (*/32”) 0.125 (%&")
Border Text Romans 0.09375 (*/32”) 0.09375 (*/32")
Special Symbols GreekS 0.09375 (*/,”) 0.125 (%&")

NOTE: The following is applicable only if the consultant is revising existing City Light
drawings:

Several text styles that have been used in the past on City Light drawings have been
retired, including “Hmkroy,” “City Light,” and “Notes.” Do not change to newer text styles
on legacy drawings; attempting to do so will cause problems with text spacing and fit, etc.
An exception is the older headings and labels using Hmkroy may be converted to
‘Romans” and put into layer Text50 or Text70. Also, Hmkroy may still be used to put
“DDD” on old drawings, but use HELV for this purpose if Hmkroy is not available.

There is a text style called “Standard” that is included with AutoCAD. This text style is
not used by SCL.

Use a Text Layer for all text to facilitate future editing. Standard SCL Text Layers are
listed in Table A-3.
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TABLE A-3
SCL STANDARD TEXT LAYERS
Text Layer name Text Size Color Typical Applications
7BORDER_TEXT 0.09375 (*/s2") Yellow Border Text (revision notes, etc.)
DIM25TEXT 0.09375 (*/32") Yellow Dimension Text (created automatically

in DIM25 layer if using proper
dimensioning tool procedures).

TEXT25 0.0625 — Yellow Device annotations in “tight” spaces.
0.09375”

TEXT35 0.125 (1/8”) Green All general texts, notes, and labels

TEXTS50 0.15625 (°/3,") Cyan Subtitles, Large Labels.

TEXT70 0.1875 (%/1¢") Blue Titles and Headings

A TEXT100 (magenta) layer may be created when needed for special purposes, e.g.
construction notes (layer name “CNOTES”), on a drawing, etc, but this is not a standard
SCL layer.

Use the special text string %%U (or equivalent ASCII encoding) at the beginning and
end of strings you want to underline. Do not draw the underline as a separate drawing
object.

TABLE A-4

SPECIAL CHARACTERS
Text String Symbol Description
%%C ] “Phase” symbol
%%D ° Degree symbol
% %P + Plus or minus symbol
%%O0...%%0 OVERLINE To place a line above a text string
%%U...%%U UNDERLINE To underline a text string

Many other special symbols (Q, the “ohm” symbol, for example) can be selected from
the “@?” list in the Multiline Text tool. Other symbols (e.g. y, the “micro” symbol), can be
selected from the “Other” palette of special characters. Use these for creating text like
“WF” for “microfarads.”

Note that use of certain special characters is required to comply with NIST and Sl
standards for units of measure. All text within the body of the drawing shall be vertical
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UPPER CASE letters except for the symbols for units of measure, which shall use
UPPER and lower case based on NIST® and SI* standards.

Do not use text smaller than 0.0625 (1/16”) — layer TEXT25. Avoid using “Fit” to justify.
Drawing Title Blocks and Borders

The following are the five standard GenPS profile title block layouts for drawing titles
and borders to be used when preparing AutoCAD drawings within the GenPS profile.

Layout Description Sheet Size

GenPS A  A-size title and border 82" x 117

GenPS B B-size title and border 11" x 177

GenPS C C-size title and border 17" x 227

GenPS D D-size title and border 28" x 40" or 30" x 42”
ANSI-D ANSI-D size title and border 22" x 347

Additionally, some legacy drawings are “E” size, which is any drawing larger than one of
the standard D-size drawings. Do not create any new “E” size drawings without
authorization for special circumstances. When necessary to do so, a standard GenPS
layout will be adapted to meet the requirements of the application. Contact SCL for
assistance in such cases.

All of the standard GenPS layouts are attributed blocks with defined text fields. The text
shall be inserted and edited with the Edit Title Block Info utility on the GenPS Main tool

bar. Do NOT under any circumstances edit attributed text fields by exploding the

Title Block!

When creating a new drawing, select one of the standard layouts; the rest may be
deleted. Enter the titleblock information using the Edit Title Block Info utility.

The corner marks at each corner of the border mark the sheet size. Use these as a
guide for trimming sheets after plotting.

® National Institute of Standards and Technology, which governs the standards for US Customary units.
4 Systéme Internationale, which is the International System of Units, or “metric” system.
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Revision Blocks

|dentify every new revision of a drawing with a new revision block, including revision O.
These attributed standard blocks will be furnished by SCL for the consultant’s use.
Select the appropriate revision block for the layout being used.

REV-A in A-size

REV-B in B-size

REV-C in C-size

REV-D in D-size and E-size.
Using the 7TBORDER_TEXT layer, 0.09375 (3/32”) text size, 90° alignment, and Single
or Multiline text tool, insert a brief description of what was changed for the revision.
Then set layer to 7BORDER, close it off with two parallel lines (offset by '/3,"). Use
“Snap to nearest” to make certain the lines are snapped to the border lines.

FIGURE A-2
SAMPLE REVISION BLOCK

RIPTION

{

DESC

o
Z
Qo
0
=
U
s
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Symbols

Use SCL standard symbols provided with the GenPS Template. Contact SCL if
additional symbols are needed.

Electrical Symbols shall generally comply with IEEE 315-1975, Graphic Symbols for
Electrical and Electronics Diagrams, if no standard symbol has been provided by
SCL. Use non-IEC symbols.

Mechanical Symbols shall generally comply with applicable ASME standards.

Seattle Public Utilities (SPU) and the Seattle Department of Transportation (SDOT)
have their own standard symbols sets. These will also be provided to the consultant, if
applicable.

Blocks for Public Works Approval Stamp

If this attributed block is required when preparing contract drawings, it will be furnished
by SCL.

Detail Drawings

e Equipment layout: Provide equipment layout drawings showing the location, size
and dimensions for all equipment, parts and components to be installed, built or
constructed.

e Wiring, Piping and Ducts: Wiring, conduit, ducts and piping drawings shall include
all pertinent information to show the route, size, and material for wiring, conduit,
piping, or duct work as appropriate.

e Equipment Assembly drawings: Provide drawings showing equipment assembly
detail and detailed connections between components, equipment and their
appurtenances, so that when the construction or installation work is complete, the
completed system will function as designed.

e Other detailed Drawings: Provide detailed drawings indicating all visible
interference and obstruction to the new installation or construction. Also provide
drawings showing solutions to the interference or obstruction. Visible interference
and obstruction is defined as object, parts or materials that are exposed and can be
seen without removing permanent structures or materials.

Requirements for Electrical Drawings

Use IEEE C37.2 (latest active revision) Standard Electrical Power System Device
Function Numbers and Contact Designations to designate all relay and control
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CAD Requirements for Consultants

equipment and devices on all electrical diagrams. Relays shall also indicate the specific
relay manufacturer and model designation on connection diagrams. On elementary
diagrams, provide the complete manufacturer's model number in the drawing legend,
uniquely identified with an IEEE device number and device-specific identifier.

Use IEEE 100, The Authoritative Dictionary of IEEE Standards Terms for all
electrical terms.

Connection Diagrams:

e Labeling of Devices: On connection drawings, designate devices with a two
(2) letter code above and to the left of the device (e.g. AA, AB, AC, BA, BB,
BC...CA, CB, CC, etc.) Devices shall also be marked with the IEEE device
function number above and to the right of the device. Also, the model number
of the equipment shall be indicated on or near the device.

e Connections: Connection drawings shall show every point-to-point connection
using the two (2) letter device designation described above, not the IEEE
device function number. Provide space for showing and listing external cables
to be installed by others. All external cabling shall be terminated on the terminal
blocks. Interconnections from or to another drawing shall be referenced by
drawing number and terminal block position.

Elementary Diagrams:

e Elementary Diagrams: Elementary diagrams shall conform to SCL
standards as follows:

e Terminal block connections, when practical, shall be shown.
e Acircle (©) shall be used to designate terminal points.

e The two (2) letter designation for the terminal block shall be to the right
of the circle and the terminal point number for the block as on the left.

e Leaders for circuit and cable designations shall use layer Obj25.

e Low voltage conductors (600 V and less) shall be represented using
layer Obj35 (green).

e Medium voltage conductors (4-35 kV) shall be represented using layer
Obj50 (cyan).

e High voltage conductors (120 and 240 kV) shall be represented using
layer Obj70 (blue).
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Power Transformer — Test Specification

Transformer Sweep Frequency Response Analysis Test

Introduction

This specification provides guidelines for an SFRA (also known as FRA) test on
transformers.

FRA is a generic term for the Frequency Response analysis test; SFRA is the term coined
to identify Sweep systems of data collection.

The frequency response of a transformer winding is plotted as:

e magnitude as a voltage ratio (in dB) against frequency, from 20 Hz to 2 MHz, as a
minimum

e phase in degrees against frequency, from 20 Hz to 2 MHz, as a minimum

Consequently a number of measurements must be made which allow for the plot to be

produced. These measurements must be made by sweeping through the frequency range,

taking a measurement at each individual frequency point.

The Doble M5x00 series instruments meet or exceed all the technical requirements
described here which comprise a good measurement.
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1 Scope and application

These specifications shall apply to all power transformers purchases.

These specifications cover the requirements for Frequency Response Testing at the
factory and for field commissioning tests. The factory and commissioning test data will
be used by the purchaser as baseline data for comparison to future field tests.

All tests shall be performed by qualified test personnel who are familiar with the test
equipment and capable of basic interpretation of the test results. The test personnel must
be able to recognize valid and invalid results, or have access to support for this activity.

2 Test set parameters

Practical experience over many years has shown that a good SFRA measurement has
certain characteristics that make it useful and reliable for transformer diagnostics.

2.1 Frequency range

The test shall be made over the 20 Hz to 2 MHz frequency range as a minimum.
Additional results at lower or higher frequencies may also be made and recorded.

2.2 Resolution

Freguency response measurements shall be made using a log-based scale for frequency.
That is, the gap between successive measurements shall have a consistent percentage gap
of 2% or less across the frequency range.

For example, if a 1% step is used, after a measurement at 100 Hz, the next measurement
at a higher frequency would be 101 Hz. The next measurement after that would be at
102.01 Hz, etc.

2.3 Repeatability

In accordance with industry best practice, an interference bandwidth (IBW), or
equivalent, of less than 1 Hz at 10Hz must be used for each measurement frequency. The
resolution helps reduce noise and ensures a good measurement at the frequency of
interest.

A resolution bandwidth of 10 Hz (or more) at a 10 Hz measurement would not be

acceptable — the resolution bandwidth is too high; the Doble M5x00 devices all have a
resolution which is equivalent to better than 1 Hz at 10 Hz.
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2.4 Magnitude
The test shall record the magnitude of the response on a decibel (dB) scale for each
measurement point. The measured input voltage, V;, and the measured output voltage, V.,
are combined to give a dB reading via:
Magnitude (dB) = 20 logio (Vo/Vi)

The dB accuracy must be within 1 dB at every measurement point, using calibrated
equipment.

2.5  Dynamic Range
The test set shall have a dynamic range better than 100 dB.
2.6 Phase
The test shall record the phase, in degrees, for each measurement point.

The accuracy must be within 1 degree at every measurement point, using calibrated
equipment.

2.7 Repeatability

The test shall be repeatable to within 1 dB at all frequency values.

3 TEST EQUIPMENT

All test equipment must be approved by the purchaser.

3.1  Test Signal Parameters
The excitation source should be capable of providing consistent and controlled peak to
peak voltage over the entire frequency range; the voltage shall be 20V peak-to-peak
minimum.

3.2  Test Cables

Test cables must be high frequency coaxial cables, with a 50 ohm matched impedance.

A three lead system must be used which consists of a signal, a reference and a test
measurement lead.

All cables must be of the same length and be 60 feet long; a consistent ground connection
should be available at the bushing end of the leads and be the same length for each cable.
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The cables should be simple and not require assembly at the transformer.
3.3  Grounding

The test set must have a ground connector available so as to connect the test set ground to
the transformer.

3.4 Measurement Circuit Test

The test set must be able to automatically check the resistance in the ground loop circuit
between the bushing terminal flanges from the test set. This must be less than 1 ohm.

3.5  Measurement Circuit Power System Frequency Noise

The test set must be able to automatically check the level of power system noise and warn
the operator if the noise level is too high.

4 Test Data and Test Records

Test equipment must produce a test report file that can be viewed by standard spreadsheet
applications.

Test data must be able to be viewed without editing, reorganizing or reformatting of data
required by the purchaser. A simple format of separate measurements being in separate
spreadsheet columns is required.

A sample file in the proposed format shall be supplied by the manufacturer, or the test
company, for approval by the purchaser prior to performing the tests.

The test record shall include the following transformer nameplate data:
Manufacturer
Year of manufacture
Number of windings
Number of phases
HV/LV/Tertiary voltages
MVA under different cooling regimes
Tap changer manufacturer
Tap changer type
Load Tap Changer details
De-Energized Tap Changer Details

The test record shall include the following test data for each measurement made:
Location of signal and reference lead

Doble SFRA Connections Guide & Factory Test Specification 2006 10.doc Page 50f 12







Version 5.2
October 2006

Location of test lead

Tap position on any tap changers (both LTC and DETC)
Previous tap position if test is at neutral tap

Date and time of test

Any bushings which are connected during the test

Any bushings which are grounded during the test

Any test specific details which may affect test results
State of bushings — present, type etc

Level of oil in the transformer (if applicable)

5 Test Procedures

The following procedures ensure good test results.
51 LTCand DETC Positions

It is possible to test a transformer at any LTC position and at any DETC position.
However, a basic fingerprint at extreme raise is adequate for reference purposes.

SFRA tests should be performed with:

e Any LTC in extreme raise (frequently 16 raise for US units)
e Any DETC in nominal position, or as found

The tap positions shall be noted on the test report for each test. At neutral, the previous
tap position must also be recorded.

5.2  Oil level and bushings

Tests should be performed with the transformer dressed, oil filled (if designed to be oil
filled) and with normal in-service bushings in place.

It is possible to test a transformer without oil or bushings but this will affect the responses
which will be different to those gained in a normal state.

If required, two sets of factory SFRA tests may be recorded:
e With the transformer in its normal dressed and oil filled state
e With the transformer in a ‘transit ready’ state, without oil or bushings
e With the transformer in a ‘transit ready’ state (without oil or the in-service
bushings). Small bushings may be installed for connection to the
windings in the ‘transit ready’ state to aid in performing the tests prior to
and after transit.

The “transit ready’ tests are useful for comparison immediately on arrival at site when the
transformer is not yet ready for ‘normal’ testing.
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Additional tests may be specified if required as they may prove useful at a later stage
during an investigation.

5.3 Other considerations

Bushings not under test, including neutrals, shall be ungrounded and disconnected, unless
a short circuit test is performed.

Test cable coaxial shields must be grounded at both ends (at the base of the test bushing
flanges and at the BNC connection to the Test set).

The test set ground should be directly connected to the transformer tank ground.

6 TEST REPORT

The test report shall be evaluated by the manufacturer's test engineer and approved and
certified as measuring the correct SFRA responses for the transformer in its new
condition.

The test report shall be submitted in both hard copy and electronic formats.The hard copy
shall be included in the certified test report and the disk file shall be submitted with the
electronic versions of the final drawings.

The hard copy test report shall show all waveforms in graphical form with the response in
linear scale dB units on the Y-axis and the Frequency in logarithmic scale Hz on the X-
axis. The Y-axis shall autoscale and the X-axis shall display the range from 20 Hz to 2
MHz, as a minimum.

The electronic version of the test report shall include the complete data on a floppy disk
or CD in the format and organization that will permit the file to be viewed completely
using standard spreadsheet software. The manufacturer or test company shall submit a
sample file in the proposed format for approval by the purchaser prior to performing the
tests.

Each SFRA result shall be identified by the applied and measured terminals ("H1-X1",
for example, indicating that the signal is applied to H1 and measured at X1).

The LTC and DETC tap positions shall be noted on the test report for each set of SFRA
results. At neutral tap position, the previous tap position will also be recorded.

The test report shall be evaluated by the manufacturer's test engineer and approved and

certified as measuring the correct response waveforms for the transformer in its new
condition.
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7 Appendix 1 — Test Connections

7.1  Test Connection Protocol
Check the nameplate for actual connection details.

The delta configuration of a winding (often for a generator step-up transformer) is
sometimes completed externally. If possible the three windings that make up the delta
shall be tested with the delta separated out.

If only one corner of a delta connected winding is brought out using two bushings, the
two bushings should be shorted together to complete the delta configuration during tests
of other windings. This ensures a degree of symmetry for these tests.

In this procedure, the first named terminal should be the input lead (the signal and
reference) and the second named terminal the output lead (the test lead). In some systems
this will mean red for first named terminal and black for the second named terminal.

When performing repeat measurements, it is important to make measurements which are
consistent with previous measurements (measurement sense and type etc) to ensure that
results are directly comparable.

7.2 Open and Short Circuit Tests
Open circuit tests are performed on a winding with all other connections floating and
disconnected; the only exception to this is where a delta winding has one corner
completed external to the tank, providing symmetry between test set ups.

Short circuit tests are performed on a HV winding by shorting together the LV
connections, without grounding. The neutral is not included in the shorting process.
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Table 1 TWO WINDING TRANSFORMERS - 9 TESTS
Test Type Test# | 3¢ 30 3b 30 1¢
Delta- | Wye- | Delta- | Wye-
Wye Delta | Delta | Wye
HV Open Circuit (OC) Testl |H1-H3 | H1-HO | H1-H3 | H1-HO | H1-
All Other Terminals Test2 | H2-H1 | H2-HO | H2-H1 | H2-HO | H2(HO)
Floating Test3 | H3-H2 | H3-HO | H3-H2 | H3-HO
LV Open Circuit (OC) Test4 | X1-X0 | X1-X2 | X1-X3 | X1-X0 | X1-X2
All Other Terminals Test5 | X2-X0 | X2-X3 | X2-X1 | X2-X0 | (X0)
Floating Test6 | X3-X0 | X3-X1 | X3-X2 | X3-X0
Short Circuit (SC) Test 7 H1-H3 | H1-HO | H1-H3 | H1-HO | H1-
High (H) to Low (L) Test8 | H2-H1 | H2-HO | H2-H1 | H2-HO | H2(HO)
Short [X1-X2-X3]* Test9 | H3-H2 | H3-HO | H3-H2 | H3-HO | Short
X1-
X2(X0)*

e Indicates short circuit tests where the terminals are shorted together with three sets of
jumpers to provide symmetry (X1-X2, X2-X3, X3-X1) OR (Y1-Y2, Y2-Y3, Y3-Y1).
The neutral is not included for 3¢ Wye connections, but may be included for 1¢ test

connections.

Table 2 AUTOTRANSFORMER WITHOUT TERTIARY OR WITH BURIED

TERTIARY -9 TESTS

Ensure that the buried tertiary is a complete delta if completed via external connections.
If the tertiary is grounded outside the tank, ensure that it is NOT grounded during tests;
make a note if the tertiary remains grounded during tests as this will affect results

substantially.

Test Type Test # 3¢ 1¢

Series Winding (OC) Test 1 H1-X1 H1-X1

All Other Terminals Test 2 H2-X2

Floating Test 3 H3-X3

Common Winding (OC) | Test4 X1-HOX0 | X1-H0XO0
All Other Terminals Test 5 X2-H0X0

Floating Test 6 X3-HOXO0

Short Circuit (SC) Test 7 H1-HOX0 | H1-HOXO0
High (H) to Low (L) Test 8 H2-HO0X0 | Short

Short [X1-X2-X3]* Test 9 H3-HOX0 | [X1-HOXO0]*
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jumpers to provide symmetry (X1-X2, X2-X3, X3-X1) OR (Y1-Y2, Y2-Y3, Y3-Y1).
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The neutral is not included for 3¢ Wye connections, but may be included for 1¢ test
connections.

Table 3 AUTOTRANSFORMER WITH TERTIARY - 18 TESTS

Doble SFRA Connections Guide & Factory Test Specification 2006 10.doc

Test Type Test# | 3¢ 1¢

Series Winding (OC) Testl | H1-X1 H1-X1

All Other Terminals Test2 | H2-X2

Floating Test3 [ H3-X3

Common Winding (OC) Test4 | X1-HOX0 | X1-HOXO0

All Other Terminals Test5 | X2-HOXO0

Floating Test6 | X3-HOXO0

Tertiary Winding (OC) Test7 |Y1-Y2 Y1-Y2(YO0)
All Other Terminals Test8 | Y2-Y3

Floating Test9 |Y3-Y1

Short Circuit (SC) Test 10 | H1-HOX0 | H1-HOXO0
High (H) to Low (L) Test 11 | H2-HOXO0 | Short

Short [X1-X2-X3]* Test 12 | H3-HOX0 | [X1-HOXO0]*
Short Circuit (SC) Test 13 | H1I-HOX0 | H1-HOXO
High (H) to Tertiary (Y) Test 14 | H2-HOXO0 | Short

Short [Y1-Y2-Y3]* Test 15 | H3-HOX0 | [Y1-Y2(Y0)]*
Short Circuit (SC) Test 16 | X1-HOX0 | X1-HOXO0
Low (L) to Tertiary () Test 17 | X2-HOX0 | Short

Short [Y1-Y2-Y3]* Test 18 | X3-HOXO0 | [Y1-Y2(YO0)]*

Indicates short circuit tests where the terminals are shorted together with three sets of

jumpers to provide symmetry (X1-X2, X2-X3, X3-X1) OR (Y1-Y2, Y2-Y3, Y3-Y1).

The neutral is not included for 3¢ Wye connections; it may be included for 1¢ test

connections.
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Table 4 THREE WINDING TRANSFORMER PART 1: - 18 TESTS
Test Type Test# | 3¢ 30 3b 3 16

Delta- | Delta- | Delta- | Delta-

Delta- | Delta- | Wye Wye-

Delta | Wye Delta | Wye
HV Open Circuit (OC) Test1 | H1-H3 | H1-H3 | H1-H3 | H1-H3 | H1-H2
All Other Terminals Test2 | H2-H1 | H2-H1 | H2-H1 | H2-H1 | (H1-HO)
Floating Test3 | H3-H2 | H3-H2 | H3-H2 | H3-H2
LV Open Circuit (OC) Test4 | X1-X3 | X1-X3 | X1-X0 | X1-X0 | X1-X2
All Other Terminals Test5 | X2-X1 | X2-X1 | X2-X0 | X2-X0 | (X1-X0)
Floating Test6 | X3-X2 | X3-X2 | X3-X0 | X3-X0
Tert Open Circuit (OC) Test7 | Y1-Y3|Y1-YO | Y1-Y3|Y1-YO | Y1-Y2
All Other Terminals Test8 | Y2-Y1|Y2-YO |Y2-Y1|Y2-YO0 | (Y1-YO)
Floating Test9 | Y3-Y2|Y3-YO |Y3-Y2]|Y3-Y0
Short Circuit (SC) Test 10 | H1-H3 | H1-H3 | H1-H3 | H1-H3 | H1-HO
High (H) to Low (L) Test 11 | H2-H1 | H2-H1 | H2-H1 | H2-H1 | Short
Short [X1-X2-X3]* Test 12 | H3-H2 | H3-H2 | H3-H2 | H3-H2 | [X1-X2]*
Short Circuit (SC) Test 13 | H1-H3 | H1-H3 | H1-H3 | H1-H3 | H1-HO
High (H) to Tertiary (T) Test 14 | H2-H1 | H2-H1 | H2-H1 | H2-H1 | Short
Short [Y1-Y2-Y3]* Test 15 | H3-H2 | H3-H2 | H3-H2 | H3-H2 | [Y1-Y2]*
Short Circuit (SC) Test 16 | X1-X3 | X1-X3 | X1-X0 | X1-X0 | X1-X0
Low (L) to Tertiary (T) Test 17 | X2-X1 | X2-X1 | X2-X0 | X2-X0 | Short
Short [Y1-Y2-Y3]* Test 18 | X3-X2 | X3-X2 | X3-X0 | X3-X0 | [Y1-Y2]*

* Indicates short circuit tests where the terminals are shorted together with three sets of
jumpers to provide symmetry (X1-X2, X2-X3, X3-X1) OR (Y1-Y2, Y2-Y3, Y3-Y1)..
The neutral is not included for 3¢ Wye connections, but may be included for 1¢ test
connections.
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Table 5 THREE WINDING TRANSFORMER PART 2 - 18 TESTS

Test Type Test# | 3¢ 30 3¢ 30

Wye- | Wye- | Wye- | Wye-

Wye- | Wye- | Delta- | Delta-

Wye Delta | Wye Delta
HV Open Circuit (OC) Test1l | H1-HO | H1-HO | H1-HO | H1-HO
All Other Terminals Test2 | H2-HO | H2-HO | H2-HO | H2-HO
Floating Test3 | H3-HO | H3-HO | H3-HO | H3-HO
LV Open Circuit (OC) Test4 | X1-X0 | X1-X0 | X1-X2 | X1-X2
All Other Terminals Test5 | X2-X0 | X2-X0 | X2-X3 | X2-X3
Floating Test6 | X3-X0 | X3-X0 | X3-X1 | X3-X1
Tert Open Circuit (OC) Test7 | Y1-YO | Y1-Y2|Y1YO | Y1Y2
All Other Terminals Test8 | Y2-Y0 | Y2-Y3 | Y2-Y0 | Y2-Y3
Floating Test9 | Y3-YO | Y3-Y1|VY3-Y0|Y3-Yl
Short Circuit (SC) Test 10 | H1-HO | H1-HO | H1-HO | H1-HO
High (H) to Low (L) Test 11 | H2-HO | H2-HO | H2-HO | H2-HO
Short [X1-X2-X3]* Test 12 | H3-HO | H3-HO | H3-HO | H3-HO
Short Circuit (SC) Test 13 | H1-HO | H1-HO | H1-HO | H1-HO
High (H) to Tertiary (T) Test 14 | H2-HO | H2-HO | H2-HO | H2-HO
Short [Y1-Y2-Y3]* Test 15 | H3-HO | H3-HO | H3-HO | H3-HO
Short Circuit (SC) Test 16 | X1-X0 | X1-X0 | X1-X2 | X1-X2
Low (L) to Tertiary (T) Test 17 | X2-X0 | X2-X0 | X2-X3 | X2-X3
Short [Y1-Y2-Y3]* Test 18 | X3-X0 | X3-X0 | X3-X1 | X3-X1

* Indicates short circuit tests where the terminals are shorted together with three sets of
jumpers to provide symmetry (X1-X2, X2-X3, X3-X1) OR (Y1-Y2, Y2-Y3, Y3-Y1). The
neutral is not included for Wye connections.

7.3 Other designs

Where transformer winding test configurations are required which are not covered in the
above tables, please refer to Doble for test connections and set up.
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STANDARD NUMBER:
SEATTLE CITY LIGHT PAGE- 17(?2310

MATERIAL STANDARD PRty December9, 1950

INSULATING OIL, ELECTRICAL
NAPHTHENIC

1. Scope This specification is for new inhibited naphthenic mineral oil refined for use as an insulating
and cooling medium in oil-immersed transformers, oil switches, oil circuit breakers and related
equipment. The oil shall be furnished in accordance with the latest revision of ASTM D-3487 Type |
oil.

2. Chemical and Physical Properties The chemical and physical properties shall be as specified in
Table 1, when tested in accordance with the applicable test procedures specified in Section 3.

3. Supplier's Responsibility for Sampling, Inspection, and Tests

3.1 Sampling for purposes of inspection and test shall be in accordance with ASTM D-117, latest
revision. A composite sample of not less than 5 gallons of oil shall be taken from each lot.

3.2 Lot. For purposes of sampling, a lot shall consist of a manufacturer's batch. If the material
cannot be identified by batch, a lot shall consist of not more than 10,000 gallons of oil of the
same grade offered for delivery at one time.

3.3 Inspection and Tests, as listed in Table 1, shall be conducted in accordance with the applicable

ASTM test method.

3.4 Test Reports. The supplier shall ensure that all inspection and tests required by this
specification are performed on each batch of electrical insulating oil furnished.

3.4.1 Allinspection and tests shall be the responsibility of the supplier and shall be performed
at his expense in a recognized laboratory. These test reports shall be certified by an
authorized representative of the laboratory conducting the tests.

3.4.2 A certified test report shall accompany the packing list.

4. Packaging Unless otherwise specified in the purchase order, oil will be shipped in tanker lots.

5. Receiving Sampling Upon receipt at the City of Seattle warehouse, the purchaser will test the oil
for dielectric strength in accordance with the requirements of Table 1, and may further inspect or
test for any or all of the requirements of Table 1.

6. Rejection and Replacement
6.1 Oil may be rejected for failure to meet specified values as listed in Table 1.
6.2 The supplier shall replace with an equal amount of oil any oil rejected under this specification.
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SEATTLE CITY LIGHT stanDARD Numeer:  7931.0

MATERIAL STANDARD PAGE: Page 2 of 2

INSULATING OIL — ELECTRICAL

NAPHTHENIC
Stock No.: 753100
Table 1
Oil Characteristics

General: Insulating oil is refined mineral oil obtained from fractional distillation of crude petroleum. It

shall not contain moisture, inorganic acids, alkalies, free sulfur, or any other substances that will

injuriously affect its electrical insulating properties.
Oil shall contain 0.15% to 0.30% D.B.P.C." inhibitor. REACHON ..............cceveevereeeeeeeeeeeeeeeeeeseees e Neutral
Neutralization number: (mg. KOH per g. 0il) (ASTM D-974) ....coooiiiiiiiii et 0.03 max.
Free or combined corrosive sulfur (ASTM D-1275)......ccuiiiiiiiieae it Non-corrosive
Flash point (ASTIM D=92) .....cciiuiiiiiie ittt sttt ettt st e e be e e sabe e s be e e sabeesneeas 145° C (293° F) min.
PoUr POINE (ASTM D-O7) .ttt ettt e e e e e e e et e e e e e e s anbnaeeeaaaeeean -40° C (-40° F) min.
Viscosity (ASTM D-88 or D-445, 37.8°% C, [L00° F])eeieeiiiiiiiieeee et 60.5 sec. max.

(ASTM D-88 0r D-445 0° C [32° F])eureeireeeiiieeaitieesiieesiee et iee et 320 sec. max.
MOISture ConteNt (ASTIM 1533) ..ciiiiiiiiiiiiiiii ettt e e e e e s bbb e e e e e e e e s anbeae e e e e e e e e annneneeeaeas 35 ppm max.
Specific Gravity (ASTM D-1298) at 15.5° C (60° F)......uuviiiiieeiiiiiiiieeeeee e 0.91 (26.07 API) max.
Interfacial tension (ASTM D-971) AYNES/CIM ..ottt e e e e e e e e e e e e e e snneees 40 min
Power Factor 60 cycle 25° C (77°F) (ASTM D-=924) ...t 0.05% max.
Dielectric Strength (ASTIM D-877) ..ottt e et e e e e e e e e s e e e e e e e sannsaeeeaaeseannes 30 kV min.
fall B L= =Tt o o T 1 o | P PP PP OTP PP PPPPPN 2.2
* Precipitation NUIMDET ... ... ettt e e e e e ettt e e e e e e e s bt be e e e e ae e e aannbbeeeeaeeseaannbeeseeaaaaaaan zero
F SPECITIC HEAL ...ttt e e e e ettt e e e e e e e e st e e e e e e e s e annnraeeaaaaeaaan 4.88 approx.
* Coefficient of expansion @t 0° C (320 F) ... 0.000725

1000 € (2129 F) ettt ettt ettt nane e 0.000755

A= (o] A o L] o =1 (o] o I TSR 7.5 Ibs
(7] (o] g (AN 1Y/ R 00 ) U SUT PSR .5 max.
Oxidation Life (ASTM D-943) ...ttt e e e e e ettt e e e e e e e e e an e e e e e e e e e anberaeeeaaeeeanrees 1000 min. hr.
O ST URPR Less than 1 ppm.

* Included for reference information; testing not required.
! Ditertiary-Butyl-Para-Cresol
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