City of Seattle Invitation to Bid/Request for Proposal 
Addendum 
Updated on: 11/13/19

[bookmark: _GoBack]The following is additional information regarding Request for Proposal (RFP) # SCL-1401 – titled Boundary Generator Step-Up Transformers 151-154 released on 10/02/2019. The due date and time for responses is 11/06/2019 11/13/2019 2PM (Pacific). This addendum includes both questions from prospective proposers and the City’s answers and revisions to the RFP. This addendum is hereby made part of the RFP and therefore, the information contained herein shall be taken into consideration when preparing and submitting a proposal response. 
	Item #
	Date Received
	Date Answered
	Vendor’s Question
	City’s Answer
	ITB Revisions

	1
	10/3/19
	10/4/19
	Will you please advise exactly how a Vendor can be eligible to submit an RFP response?  
	There is no restrictions or eligibility requirements to bid on City of Seattle proposals. There are however requirements that must be met for your bid to be accepted as responsive and responsible to the solicitation; these requirements include but are not limited to meeting minimum qualifications, confirmation of mandatory items required, and adherence to the rules for how to submit your response.
	

	2
	10/3/19
	10/4/19
	Should a Vendor provide qualification document before the bid closure to be eligible? 
	The solicitation will inform you if a particular qualification document is required at time of bid. A rule of thumb is if it states “mandatory” it is required at time of bid and before bid closure. 
	

	3
	10/3/19
	10/7/19
	Regarding minimum qualification 1a: 
Bidders must demonstrate a minimum of fifteen (15) years’ experience in the design and manufacture of high voltage power transformers of similar rating and application as described herein.   The term “similar rating” mean power transformer delivered with equal to or higher than 150MVA (base) size, with high side winding voltage of 230kV or higher.
Will a new US subsidiary factory meet this requirement if its parent company has 15 years’ experience? 
	Minimum Qualification 1a refers to the company, not a specific factory.  However, if the company is based outside the United States, they would also need to meet Minimum Qualification 1b.
	

	4
	10/3/19
	10/4/19
	Is there a WMBE goal or any incentive for a WMBE firm to bid on this project? 
	There is no WMBE goal for this project. However, there is an Inclusion Plan included as part of this RFP and the maximum point value for the Inclusion Plan is listed in the Evaluation Criteria section of the RFP. 
	

	5
	10/3/19
	10/4/19
	
	The City isn’t accepting any redlines/exceptions to the NDA. It must be agreed to “as is” in order to receive the confidential documents. 
	

	6
	10/7/19
	10/7/19
	Does the City have a manufacturer in mind? 
	No. 
	

	7
	10/8/19
	10/14/19
	Is the rating a single capacity 200,000kVA OFAF or three cooling stage 120,000/160,000/200,000 ONAN/OFAF1/OFAF2?
	Single capacity 200,000kVA OFAF.
	

	8
	10/9/19
	10/14/19
	Will the City consider extending the due date one week to allow for more engineering time to complete the proposal response? 
	Not at this time. 
	

	9
	10/9/19
	10/14/19
	Please clarify what is the bond to be included in the price? 

Customer is to include Bid Bond, Performance/Payment Bond Forms, but it doesn’t specify which one is required. 
	The selected Vendor will need to work with their Surety Company to secure the Performance Bond. 

The Letter of Commitment must be submitted with your Proposal per section 7.
	

	10
	10/9/19
	10/14/19
	Is Fair Labor Monitoring required for this project? 
	No. It is not applicable.
	

	11
	10/9/19
	10/14/19
	If so, Will the City provide additional clarification as to how the independent monitor will interact/visit the manufacturer? 
	See number 10. 
	

	12
	10/9/19
	10/14/19
	
	PPE required for the site visit includes sturdy closed toe shoes, hard hat, and any other PPE required by your company.  FR clothing is not required by SCL for this site visit.  Please bring two LOTO locks if you have them.
	

	13
	10/9/19
	10/14/19
	Is the reference to “single phase” in section 9.4 of the technical spec an error?
	Yes. Please see the embedded document to the right which corrects the error. 
	The technical specification has been amended to remove the reference to a single-phase transformer in section 9.4.



	14
	10/9/19
	10/14/19
	Was the Pre-Proposal Conference on 10/9 mandatory? 
	No. 
	

	15
	10/14/19
	10/14/19
	
	Representatives working for a company other than a manufacturer must identify the manufacturer they are representing prior to, or at the Mandatory Site Visit in order to be able to submit a responsive proposal.
	

	16
	10/8/19
	10/14/19
	Will you please send me the addendum?
	No. The addendum is posted to the City’s Buy Line. Here is the link for Vendors to view and download the addendum:
https://thebuyline.seattle.gov/2019/10/02/boundary-generator-step-up-transformers-151-154-rfp-scl-1401/
	

	17
	10/8/19
	10/14/19
	Will the City consider extending the due date to one week to 11/13?
	Please see question #8. 
	

	18
	10/14/19
	10/15/19
	Will the City consider extending the due date to 11/15?
	Please see question #8
	

	19
	10/14/19
	10/15/19
	We could not find drawing number SK-190810 referenced in the Specification document. Please let us know how to access it.
	This drawing is contained in the drawing package. You must fill out and submit the Non-Disclosure Agreement Form (NDA) which is embedded in section 7 of the RFP document to receive the link to download the drawing package.
	

	20
	10/16/19
	10/16/19
	Regarding specification section 8.1 – Equipment Operating Conditions:
Cooling Designation: Oil-immersed, forced-oil cooled (Class OFAF).
Is it allowed to design the transformer with different cooling system than specified?

Will this affect the evaluation of the of our bid in negative way?
	No, a different cooling system is not allowed.  








	





	21
	10/16/19
	10/16/19
	Regarding Specification section
10.1.15 Short Circuit Design Test
The coil and core design used to manufacture each transformer covered by this Specification shall have been short-circuit tested in accordance with IEEE Std. C57.12.90-2015. The actual transformers 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 Seller’s Bid.
In this case we will provide the test report from the short circuit test on similar unit. 
Is this a sufficient document?
	Yes, that will be sufficient.
	

	22
	10/16/19
	10/17/19
	We are interested in the testing and commissioning listed in Section 10: Required Measurement and Tests.
a. Who will be responsible for performing the testing? 
b. Who will be responsible for performing the commissioning? 
	a. Per section 10.1.1, the testing covered in section 10 will be conducted by the Seller at the factory.
b. Commissioning will be performed by the Owner per section 5.2.8.
	

	23
	10/21/19
	10/22/19
	There are conflicting characteristics in the Outlines provided; the old ASEA unit has the LV bushings cover mounted, however, Drawings SK-190810 & SK-190811, as well as the Spec Section 9.9.9, show the LV Bushing requirement to be sidewall mounted. Please, clarify which critical dimensions/drawings we need to match
	The existing transformers have top mounted bushings.  The new transformers will have side mounted bushings as per the specifications and drawings.

	

	24
	10/21/19
	10/22/19
	Please, provide the Critical dimension 5 from drawing SK-190810. 
	See Note 5 on the drawing. This dimension is determined by the Vendor.
	

	[bookmark: _Hlk22643798]25
	10/21/19
	10/22/19
	Please, provide the maximum oil volume or the volume that the existing containment pan has.
	The City has not provided a maximum oil volume because we feel other technical requirements will drive the overall dimensions of the transformer. The transformer fitting into the existing space with all required clearances to walls and structures is paramount. 

	

	26
	10/21/19
	10/22/19
	Outline drawing including the base detail and Nameplate of the existing 200 MVA transformer are required for an accurate design. Our engineering team cannot provide a design for this quote without that information (pictures of the site would be very beneficial too. This outline shall include all the critical dimensions that need to be satisfied or met.
	The nameplate and drawings of the existing 170 MVA transformers are included in the drawing package
	

	27
	10/21/19
	10/22/19
	Evaluation Criteria asks for a Short Circuit report for a similar unit. We have not short circuit tested transformers of this size. Please, confirm if not providing this report is a reason for disqualification
	Yes, this is a requirement of the Technical Evaluation Form in section 7.10
	

	28
	10/21/19
	10/28/19
	Due to the critical data that is still needed and that important information that may come from the site walk will not be available until Oct 23rd,  we would like to request for an extension in order to ensure that we are providing a bid design and quote that satisfies all of our customer requests.
	Yes. Please see the column to the right. 
	The City is revising the RFP Due Date to 11/13/2019 AT 2PM PT

	29
	10/23/19
	10/28/19
	Is the City requiring an Irrevocable Letter of Credit and a Performance Bond? 
	No, please see the Contract Bond Section of the RFP document. 
	

	30
	10/25/19
	10/30/19
	Is the City going to provide a drawing of the access tunnel where the rails are located? 
	Yes, the City will provide additional drawings of the access tunnel.  City Light will remove the bulkheads to access the Dam Access Tunnel and transformer bay. Note that the rails observed in the access tunnel are for the stoplog gantry crane only.
	An addendum drawing package will be made available to those who attended the Mandatory Site Visit. 

	31
	10/24/19
	10/30/19
	
	Disposal of packing materials: The Owner will take responsibility for disposal of all non-hazardous packing materials associated with the delivery of the transformer and its appurtenances.
	

	32
	10/24/19
	10/30/19
	
	Disposal of transformer oil: The spec calls for a volume of oil to be provided by the Seller to fill the transformer to Normal level for operation. The Owner does not have provisions for storage and transportation of oil at the project site. Therefore, no oil in excess of the amount needed to fill the transformer will be accepted by the Owner.
	

	33
	10/24/19
	10/30/19
	
	As designated in Figure 2 of the technical spec., the primary (XV) bushings shall be of horizontal mounting in the locations shown in the Owner Furnished Drawings. The isophase bus and connection to the transformer will be modified by the Owner or Owner’s contractor. The new arrangement will emulate the Owners Bank 155 and Bank 156 installations. See column to the right. 
	An addendum drawing package will be made available to those who attended the Mandatory Site Visit.  

	34
	10/29/19
	11/5/19
	Section 9.9.21.1
The coolers will be built with either extruded fins or plate fins.  It is suggested that clarification be added that either fin system will include anticorrosive protection. To insure that a durable cooler is supplied, and not a commercial (ie HVAC) offering, the following details should be added: The top flange connection to be rated to support the entire cooler weight, and allow the bottom header to be ‘floating’ during thermal expansion / contraction Rivets are not to be used for structural support.  Stainless steel hardware or welding only to be used. The tube sheet material thickness to be a minimum of 5/8 inches. The cooler side casing material thickness to be a minimum of 3/16 inches. The fan cabinet material thickness to be a minimum of 1/8 inches. The minimum tube wall thickness to be 0.035 inches. The minimum plate thickness to be 0.01 inches Butterfly valves have superior sealing capability for transformer oil.  It is suggested that they be specified and not ball valves. 
	The suggestion has been considered. In Section 9.9.21.1, the fifth sentence shall be changed from “All plate fins shall include an approved anticorrosive protection such as Heresite.” to “All heat exchanger tubes shall include an approved anticorrosive protection such as Heresite.” All other requirements of Section 9.9.21.1 shall remain unchanged.

	The Technical Specifications have been revised.



	35
	10/29/19
	11/5/19
	Section 9.9.21.3
For best corrosion resistance, it is suggested that heavy duty NEMA motors be specified with internally coated corrosion resistant parts.  This is a common option, and vendors can provide evidence of this coating. 

	The suggestion has been considered. Section 9.9.21.3 shall remain unchanged.
	

	36
	10/29/19
	11/5/19
	Section 9.9.21.4
The transformer oil pumps use the oil for lubrication and cooling of the pump.  Given that the oil is not a good lubricant, ball bearings are not best practice and should not be allowed due to the risk of metal fragment carry over into the transformer. It is suggested to require bronze sleeve bearing, model Harley, with Tecsonics wear monitoring system, or equivalent.  This allows the material thickness of the bearing to be monitored over time, which is a common requirement. 
	The suggestion has been considered. Section 9.9.21.4 shall remain unchanged.
	

	37
	11/04/19
	11/7/19
	Regarding the contract bond letter of commitment, does SCL require a single or aggregate bond limit?
	The letter must demonstrate that the vendor has an appropriate single limit as well as aggregate capacity to furnish the bond.
	

	38
	11/6/19
	11/7/19
	Are the vendors responsible for filling the transformer with oil, or just the procurement and delivery of the oil?
	The vendor is responsible for the procurement and delivery of the oil.
	

	39
	11/6/19
	11/7/19 
	Where is the nearest rail siding where the transformer can be off-loaded to a truck?
	It is the Vendor’s responsibility to research and confirm this information. 
	

	40
	11/13/19
	11/13/19
	Will the City consider extending the due date to 11/22/19?
	No. 
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1

[bookmark: _Toc53447748][bookmark: _Toc53448006][bookmark: _Toc66150495][bookmark: _Toc395081883][bookmark: _Toc17363891]General Scope

This specification covers the furnishing F.O.B. Seattle City Light (SCL) Boundary Powerhouse, up to four (4) generator step-up transformers rated 200 MVA, 242,000 V:14,400V, 60Hz, three phase, delta primary, grounded-wye secondary, with no-load tap changer as described herein. The scope includes, design, fabrication, delivery, and installation oversight of the four transformers.

The existing 170-MVA generator step-up transformers were installed 50 years ago when the Boundary Powerhouse was built.  These transformers are reaching the end of their useful life and are rated below the capabilities of generator output.  While the new transformers will be of higher rating than the existing, they must fit into the existing available space and be supported on the existing foundations. 

Boundary Powerhouse is located on the Pend Oreille River in Pend Oreille County, State of Washington, approximately 120 miles North of Spokane International Airport. The Powerhouse is located at latitude 48.989 and longitude -117.353 which is 9 miles due north of Metaline Falls, WA. It is accessible by heading North off of Washington State Hwy 31 on Boundary Road and veering right at the fork in the road. 

The transformers will be purchased under four separate purchase orders. The first purchase order in 2019 will be for one transformer for Boundary generator Unit 54 to be installed by the Owner. Subject to the Owner’s budget approval, a second, a third, and a fourth purchase order may be exercised for up to three more transformers to be installed by the Owner. Bids meeting all specification requirements will be evaluated on the basis of pricing for all four transformers.





[bookmark: _Toc53447790][bookmark: _Toc53448099][bookmark: _Toc66150533]Section

2

[bookmark: _BID_FORM][bookmark: _Toc17363892]General Conditions

0. [bookmark: _QUALIFICATION_DOCUMENTS][bookmark: _Schedule][bookmark: _Toc17363893][bookmark: _Toc401238106]Schedule

The critical project schedule elements are shown below:

· Submittal of manufacturing design drawings within 90 days of contract execution;

· Seller delivers one transformer to the Boundary Powerhouse transformer bay by January 21, 2021.

· When the Owner has completed assembly and installation, the Seller shall return for commissioning. The Owner expects to complete commissioning of the transformer in May, 2021.

· Seller will deliver subsequent transformers each January starting in 2022 and return for commissioning each following May.

0. [bookmark: _Toc17363894]Shop Inspections and Assemblies

[bookmark: _Toc17363895][bookmark: _Toc401238107]Shop Inspections 

The Owner or its representative will have the option of inspecting the Seller-supplied equipment at any phase of the manufacturing process. No major piece of equipment shall be shipped from the Seller'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 Seller 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 Seller's shop.

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 Seller 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 Seller of responsibility for meeting all requirements of this Specification.

If the Specification, the Owner's instructions, laws, ordinances, or any public authority, requires any Work to be specially tested or accepted, the Seller shall give the Owner timely notice (4 weeks if within the United States, otherwise 8 weeks) 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 Seller's expense, unless the Owner has unreasonably delayed inspection. 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 Seller shall pay such cost.

[bookmark: _Toc17363896][bookmark: _Toc401238108]Shop Assemblies 

All Seller-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 Seller shall submit an outline of the procedures it plans to perform. The Owner or its representative will have the option of witnessing said procedures.

[bookmark: _Toc401238127][bookmark: _Toc17363897]PARTS AND MATERIAL WARRANTY

The Seller 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 three (3) 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 failure of the equipment or its components occurring within this warranty period shall be corrected and/or repaired promptly at the expense of the Seller. In addition, this applies to any design defect discovered within this same period even if failure has not occurred. Any repair work performed at the factory shall be at the expense of the Seller, including the cost of dismantling, transportation, and reinstallation of the equipment. 

After the equipment has been placed in service, all on-site corrective work prior to final acceptance shall be performed by the Seller, unless otherwise mutually agreed upon, and the cost of such work, including engineering and supervision, shall be borne by the Seller. 

If, after reasonable notice, the Seller refuses or persistently neglects or delays making corrections 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 Seller 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 Seller furnishes parts to replace defective or damaged components, or makes repairs or alterations to the equipment, the Seller 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.

[bookmark: _Toc401238109][bookmark: _Toc17363898]Failure to Meet Requirements of Specification

[bookmark: _Toc17363899]Loss Evaluation

Should the one or more of the transformers described in this Specification fail to meet the guaranteed no-load loss or load loss, or the guaranteed auxiliary loss requirements yet remain within IEEE Standard tolerances and should the transformer be otherwise satisfactory, the Owner, in lieu of rejection of the transformer, reserves the right to accept it conditionally.

If the actual tested loss values exceed the guaranteed maximum loss values stated in the Seller’s proposal, the Seller will be charged for every kilowatt upon which the actual tested transformer losses exceeded the guaranteed maximum losses upon which the proposal was evaluated. This charge will be one hundred percent (100%) of the difference in the Owner’s guaranteed maximum loss values and the actual measured loss values. The charge will be deducted from the Seller’s proposal price when payment for equipment is remitted.

· No-load Loss Charge $5,500 per kW

· Load Loss Charge $3,300 per kW

· Auxiliary Loss Charge $1,000 per kW

[bookmark: _Toc17363900]Impedance and Temperature Requirements

Should the transformer fail to meet the specified impedance requirements yet remain within IEEE Standard tolerances, and should the transformer otherwise be satisfactory, the Owner, in lieu of rejection of the transformer, reserves the right to accept it conditionally, with said acceptance being subject to mutual agreement between the Seller and the Owner as to the amount of monetary adjustment. In the event of such acceptance, the Seller agrees to discount the price of the transformer by the agreed amount, and authorizes the Owner to withhold same from any monies which otherwise would be due.

Should the transformer fail to meet the specified temperature rise requirements, and should the transformer be otherwise satisfactory, the Owner, in lieu of rejection of the transformer, reserves the right to accept it conditionally, said acceptance being subject to mutual agreement between the Seller and the Owner as to the amount of monetary adjustment. In the event of such acceptance, the Seller agrees to discount the price of the transformer by the agreed amount, and authorizes the Owner to withhold same from any monies which would otherwise be due.

[bookmark: _Toc401748677][bookmark: _Toc401752406][bookmark: _Toc401834716][bookmark: _Toc401835456][bookmark: _Toc401748678][bookmark: _Toc401752407][bookmark: _Toc401834717][bookmark: _Toc401835457][bookmark: _Toc401748679][bookmark: _Toc401752408][bookmark: _Toc401834718][bookmark: _Toc401835458][bookmark: _Toc401748680][bookmark: _Toc401752409][bookmark: _Toc401834719][bookmark: _Toc401835459][bookmark: _Toc401748681][bookmark: _Toc401752410][bookmark: _Toc401834720][bookmark: _Toc401835460][bookmark: _Toc401748682][bookmark: _Toc401752411][bookmark: _Toc401834721][bookmark: _Toc401835461][bookmark: _Toc401748683][bookmark: _Toc401752412][bookmark: _Toc401834722][bookmark: _Toc401835462][bookmark: _Toc401748684][bookmark: _Toc401752413][bookmark: _Toc401834723][bookmark: _Toc401835463][bookmark: _Toc401748685][bookmark: _Toc401752414][bookmark: _Toc401834724][bookmark: _Toc401835464][bookmark: _Toc401748686][bookmark: _Toc401752415][bookmark: _Toc401834725][bookmark: _Toc401835465][bookmark: _Toc401835466][bookmark: _Toc401835467][bookmark: _Toc401835468][bookmark: _Toc401238131][bookmark: _Toc17363901]PAYMENTS

[bookmark: _Toc17363902]Progress Payments

Progress payments will be made to Seller using the following schedule:

· After Owner approves final manufacturing design and receives final drawings– 10%

· After Owner approves Certified Test Report – 40% 

· After Seller delivers transformers to the Boundary Powerhouse – 35% 

· After Commissioning and Final Acceptance – 15% 

Final Acceptance will be issued when all contractual responsibilities have been met and the final bill issued. Final Acceptance shall not occur before the transformers are commissioned and all required documentation, including the as-built drawings and Operation and Maintenance Manuals have been received. The Owner will issue four Notices of Completion, one for each transformer installation.

Separate progress payments will be made for each purchase order. 

[bookmark: _Toc17363903]Submittal of Invoices

All communication between the Seller and the Owner regarding invoices for payments shall be made through the Owner’s Project Manager, shall be submitted in duplicate, and shall be addressed as follows:

The City of Seattle, Seattle City Light 

700 Fifth Avenue, Suite 3200

PO Box 34023

Seattle, WA 98124‑4023



Attention: Josh Jackson, Project Manager

		

Telephone:  (206) 684-3828

E-mail: joshua.jackson@seattle.gov

[bookmark: _Toc408818360][bookmark: _Toc408824346][bookmark: _Toc408818361][bookmark: _Toc408824347][bookmark: _Toc408818362][bookmark: _Toc408824348][bookmark: _Toc408818363][bookmark: _Toc408824349][bookmark: _Toc408818364][bookmark: _Toc408824350][bookmark: _Toc408818365][bookmark: _Toc408824351][bookmark: _Toc408818366][bookmark: _Toc408824352][bookmark: _Toc408818367][bookmark: _Toc408824353][bookmark: _Toc408818368][bookmark: _Toc408824354][bookmark: _Toc408818369][bookmark: _Toc408824355][bookmark: _Owner_Furnished_Drawnings][bookmark: _Toc401311243][bookmark: _Toc17363904][bookmark: _Toc66150506][bookmark: _Toc395081895][bookmark: _Toc53447759][bookmark: _Toc53448028]Owner Furnished Drawnings 

Each Proposer is required to complete a non-disclosure agreement to obtain the drawings listed in Table 2-1. The following Specification Drawings are furnished as a part of this Specification:




Table 2-1 Owner Furnished Drawings

		Dwg No.

		Rev.

		Drawing Title



		D-23166

		8

		Transformer Bays and Bus Galleries General Arrangement Sections



		D-23188

		3

		Draft Tubes and Transformer Bays General Arrangement Elevation



		D-23189

		3

		Draft Tubes and Transformer Bays General Arrangement Elevation



		D-23190

		5

		Transformer Bays General Arrangement Plan



		D-23191

		6

		Transformer Bays General Arrangement Plan



		D-23380

		7

		Transformer Bays Units 51 & 52 Embedded Piping Plan



		D-23381

		5

		Transformer Bays Units 53 & 54 Embedded Piping Plan



		D-23383

		7

		Transformer Bays Units 51-54 Embedded Piping Sections



		D-23384

		7

		Transformer Bays Units 51-54 Fire Protection System Sections & Elevations



		D-23560

		35

		Unit 51 Machine Hall AC Elementary



		D-23600

		28

		Unit 52 Machine Hall AC Elementary



		D-23640

		28

		Unit 53 Machine Hall AC Elementary



		D-23680

		31

		Unit 54 Machine Hall AC Elementary



		D-23820

		11 

		Unit 51 Transformer Bay Conduit, Grounding, and Lighting Plan



		D-23821

		6

		Unit 52 Transformer Bay Conduit, Grounding, and Lighting Plan



		D-23822

		6

		Unit 53 Transformer Bay Conduit, Grounding, and Lighting Plan



		D-23823

		6

		Unit 54 Transformer Bay Conduit, Grounding, and Lighting Plan



		D-23826

		6

		Units 51-56 Transformer Bays Conduit and Grounding Elevations



		D-23990

		5

		Transformer Bays Units 51 & 52 Concrete Outline Plan



		D-23991

		4

		Transformer Bays Units 53 & 54 Concrete Outline Plan



		D-23993

		6

		Transformer Bays Units 51-56 Concrete Outline



		D-23994

		6

		Transformer Bays Units 51-56 Concrete Outline



		D-23995

		3

		Transformer Bays Units 51-56 Reinforcement



		D-23996

		4

		Transformer Bays Units 51-56 Reinforcement



		D-24237

		12

		Unit 51 Term. Conn. Diag. Main Transformer Deluge System & PT Cubicles



		D-24247

		10

		Unit 52 Term. Conn. Diag. Main Transformer Deluge System & PT Cubicles



		D-24257

		12

		Unit 53 Term. Conn. Diag. Main Transformer Deluge System & PT Cubicles



		D-24267

		12

		Unit 54 Term. Conn. Diag. Main Transformer Deluge System & PT Cubicles



		D-51063

		0

		Units 51-54 Transformer Bay Platform General Arrangement



		E-9524

		12

		Boundary Operators Diagram Powerhouse and Switchyard (BPA)



		MA-368

		0

		170,000 kVA Transformer Nameplate ASEA



		MC-392

		2

		170,000 kVA Transformer Outline Drawing ASEA



		MD-1325

		0

		170,000 kVA Transformer Cooling Equipment Schematic ASEA



		SK-190810

		0

		Spec. 3746 – 200 MVA Transformer Critical Dimensions



		SK-190811

		0

		Spec. 3746 – 200 MVA Transformer XV Bushing Flange Arrangement
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[bookmark: _Toc17363905]Submittals and Documentation

This section describes correspondence, review process, the required submittals and design standards.

[bookmark: _Toc17363906]Correspondence and Notice

This contract requires the Seller to provide drawings, procedures, reports and plans for review by the Owner. These documents are divided into design, manufacturing, shipping, pre-installation, installation and commissioning, and closeout phases.

All correspondence regarding technical matters, including design, inspections, and material requirements, shall be sent directly to the Owner, in English, with one copy sent to the Buyer, and shall be addressed as follows: 

City of Seattle

City Light Department

700 Fifth Avenue, Suite 3200

PO Box 34023

Seattle, WA  98124-4023



Attention:  Hans Gutmann, Electrical Power Systems Engineer



Telephone:  (206) 684-3572

Email:  hans.gutmann@seattle.gov

	

All letters regarding this Specification shall bear the following heading, followed by a general subject heading reflecting the content of the correspondence:



	Boundary Powerhouse Transformers

Replace Generator Step-Up Transformers

	Specification No. 3746

	The City of Seattle P.O. No.	__________

	(Purchase Order No. will be issued after award of Contract.)

[bookmark: _Toc17363907]Owner’s Review Process

The Owner will review each of the submittals for compliance with this Specification and return to the Seller. The Owner will respond to each submittal within 14 calendar days, except for the Operation and Maintenance manual which requires 21 calendar days for review. Each submittal will be notated with one of the following:

· Approved	Fabrication may proceed as shown.

· Approved as Noted	Fabrication may proceed based on corrections indicated.

· Approved as Noted	Fabrication may proceed based on corrections indicated.

	Resubmit File Copy	Correct submission and resubmit for record purposes only.

· Rejected	Revise and Resubmit for approval.

· Reviewed	Approval not required. Accepted for information

	purposes only.

All drawings, settings or other documents Rejected by the Owner shall be revised by the Seller and resubmitted for Owner review within 14 calendar days.

Approval drawing package shall include requirements for seismic qualification per IEEE Std. 693 and Section 9.9.4.

The Owner shall review all revised and resubmitted drawings, and return one copy of each drawing with a summary of the Owner’s comments to the Seller within fourteen (14) calendar days after receipt. The Owner’s comments will be notated either on the drawing itself or in a separate transmittal letter. Each drawing or document shall have the specific revision noted in the drawing revision block or on the main header page. The Seller 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 Seller to cover the additional cost of the Owner’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.

[bookmark: _Toc17363908]Late Submittals

Late submittals are subject to liquidated damages as described in the Request for Proposals Section - Scope of Work.

[bookmark: _Toc17363909]Design Phase Submittals

The Design Phase begins when the Contract is executed and ends when the Owner accepts the final drawings, engineering studies, test procedures, and design calculations. Drawing standards are described in Section 3.10.

[bookmark: _Toc401238142][bookmark: _Toc17363910]Seller’s Implementation Schedule

Four (4) weeks after contract execution, the Seller shall provide for the Owner’s review and approval a detailed Design, Manufacturing, Delivery and Installation Schedule covering all items included in the Contract.

The schedule shall incorporate and comply with the submittal deadlines described in Section 3, and equipment delivery dates specified in Section 2.1. 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/end dates, and critical-path activities. The schedule shall be written using Microsoft Project software, or a similar application approved by the Owner, which has the capability of graphically showing actual progress against an original baseline.

Activities shall include all major design, fabrication, assembly, delivery, and commissioning tasks, with milestones clearly indicated. Milestone dates shall include all required submittals, equipment deliveries, and commissioning. 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 Seller may provide submittals ahead of the dates specified in the Seller’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. 

[bookmark: _Toc401748708][bookmark: _Toc401752437][bookmark: _Toc401834747][bookmark: _Toc401835489][bookmark: _Toc401748709][bookmark: _Toc401752438][bookmark: _Toc401834748][bookmark: _Toc401835490][bookmark: _Toc17363911][bookmark: _Toc401238276]Transformer Approval Drawings 

As soon as possible after award of the Contract, but not later than ninety (90) days thereafter, the Seller shall furnish for Owner’s review, a drawing package showing all of the basic design details, including outlines, connection diagrams, schematics, and pertinent data such as foundation requirements, 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. The drawing package shall be submitted to Owner with a Transmittal Record and consist of two (2) sets of printed paper copies, one (1) set of AutoCAD files, and (1) set of Adobe PDF files.

Included with the drawings, the Seller shall also furnish for Owner’s review, a set of all configuration settings for all microprocessor-based control and protective equipment associated with the Contract.

[bookmark: _Toc401748711][bookmark: _Toc401752440][bookmark: _Toc401834750][bookmark: _Toc401835492][bookmark: _Toc401128862][bookmark: _Toc401238278][bookmark: _Toc17363912]Installation Approval Drawings

The installation approval drawings show the proposed transformer situated in the Owner’s Transformer Service Bay at Boundary Powerhouse. Not later than three (3) weeks after sending equipment approval drawings, the Seller shall submit to the Owner for review two (2) sets of printed paper copies plus AutoCAD and PDF files of site specific installation drawings. 

At a minimum, the installation drawings must show plan and elevation views of:

· Existing transformer deck features such as walls, conduits; isophase bus, etc.

· Outline of new transformers including bushings and other attachments

· Center of gravity

· Clearances to Service Bay walls, structures, and equipment

· Location of connection points for conduits

· Fastening devices and locations

As an aide to production of installation drawings, the Owner will provide AutoCAD files of any drawings in Table 2.1 – Owner Furnished Drawings at the Seller’s request. Dimensions critical to ensuring proper clearances and fit of the transformer and equipment in the Service Bay shall be verified by the Seller.

When the transformer and installation drawing packages meet the Owner’s approval, the Owner will issue written Approval of Transformer Drawings. 

[bookmark: _Toc401752442][bookmark: _Toc401834752][bookmark: _Toc401835494][bookmark: _Toc17363913][bookmark: _Toc401238277]Final Drawings 

Within four (4) weeks after Owner issues Approval of Transformer Drawings, two (2) printed paper copies of these drawings, schematics, wiring diagrams, and configuration settings shall be provided to the Owner. Additionally, DVDs (or other approved media) containing PDF and AutoCAD 2017-compatible drawing files of all the drawings, schematics, and wiring diagrams, and acSELerator RTAC SEL-5033 software with configuration settings for any control or protective devices on the transformer shall be provided with the drawings.

[bookmark: _Toc401752444][bookmark: _Toc401834754][bookmark: _Toc401835496][bookmark: _Toc17363914]Summary of Design Phase Submittals

		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Overall Project schedule

		1 set

		Electronic: Microsoft Project

		4 weeks after award of Contract 



		Transformer Approval Drawings :

· Outline drawings

· Arrangement drawings

· Wiring diagram

· Name plate schedule

		2 paper, 1 electronic 

		Paper copies, PDF and AutoCAD

		90 days after award of Contract 



		Transformer Approval supporting documentation 

· Short circuit design calculations 

· Product data – catalog cuts, performance charts, etc	

· Design data, calculation, mix designs, analysis

· Cooling system thermal and hydraulic design.

		2 paper, 1 electronic

		Paper copies and PDF

		90 days after award of Contract



		Specifications and settings for communication and control equipment

		1 set

		Paper copies and PDF

		90 days after award of Contract



		Installation Drawings

		2 paper, 1 electronic

		Paper, PDF and AutoCAD

		3 weeks after equipment approval drawings sent



		Final Drawings	

		2 paper, 1 electronic

		Paper, PDF, and AutoCAD

		4 weeks after Owner’s written Approval of transformer drawings 



		For seismic submittals, see Section 9.9.4.4

		

		





[bookmark: _Toc401748715][bookmark: _Toc401752446][bookmark: _Toc401834756][bookmark: _Toc401835498][bookmark: _Toc401748716][bookmark: _Toc401752447][bookmark: _Toc401834757][bookmark: _Toc401835499][bookmark: _Toc17363915]Manufacturing Phase Submittals

This phase begins when the Owner issues Approval of Transformer Drawings; it covers the manufacturing, assembly and testing of the transformers.

[bookmark: _Toc17363916]Manufacturing Schedule

Within two (2) weeks of receiving the Owner’s Approval of Transformer Drawings, the Seller shall submit a detailed manufacturing schedule.

[bookmark: _Toc17363917]Witness testing and test procedure notification

The Seller shall notify the Owner in advance of Factory Witness Testing. The notice shall be four (4) weeks in advance of travel if the transformers are manufactured in the contiguous USA and eight (8) weeks if manufactured outside USA. The Seller shall also provide a description of the proposed tests, including diagrams for each test set-up.

[bookmark: _Certified_Test_Report_1][bookmark: _Toc395082135][bookmark: _Toc17363918]Certified Test Report

Before the Owner will receive the transformers, the Seller shall submit at least one copy of the draft test report 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.

Within three (3) weeks after test completion, six (6) completed printed paper 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 and the referenced test Standards. The report shall include a copy of all the raw data, instrument settings, diagrams for test setups, test equipment manufacturer and type, and any necessary 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 electronically with the Seller’s final drawing package.

Test reports required for seismic qualification shall be submitted per IEEE 693 and Section 9.9.4.3.

[bookmark: _Toc401752452][bookmark: _Toc401834762][bookmark: _Toc401835504][bookmark: _Toc17363919]Transformer Pictures

Along with the Certified Test Report, the Seller shall submit two sets of 8 inch by 10 inch color photographs, and digital photographic files showing the general construction and arrangement of components for the transformer.  The photos shall be submitted along with the transformer certified test report. Each photograph shall have a label permanently attached, stating the serial number of the unit, the unit rating, the date of the photograph, the Boundary Powerhouse 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.

[bookmark: _Toc407008880][bookmark: _Toc407009100][bookmark: _Toc408818387][bookmark: _Toc408824373][bookmark: _Toc401748722][bookmark: _Toc401752454][bookmark: _Toc401834764][bookmark: _Toc401835506][bookmark: _Toc17363920]Installation Manual

Four (4) printed paper copies of the installation and erection manual shall be provided for each transformer delivery. These instructions shall state the procedure recommended by the Seller 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 operation and maintenance manual, current transformer test data, and installation manual may be provided in lieu of separate individual documents.

[bookmark: _Toc401748724][bookmark: _Toc401752456][bookmark: _Toc401834766][bookmark: _Toc401835508][bookmark: _Toc395082137][bookmark: _Toc17363921]Current Transformer Data

One (1) of the current transformer ratio and phase angle curves and nameplate data, including serial numbers and location installed in the transformer shall be included in each printed Operation and Maintenance Manual.

[bookmark: _Toc401748726][bookmark: _Toc401752458][bookmark: _Toc401834768][bookmark: _Toc401835510][bookmark: _Toc17363922]Bushing Test Data

One (1) of the bushing test data shall be included in each printed Operation and Maintenance Manual.

[bookmark: _Toc401748728][bookmark: _Toc401752460][bookmark: _Toc401834770][bookmark: _Toc401835512][bookmark: _Operation_and_Maintenance][bookmark: _Toc395082136][bookmark: _Toc17363923]Operation and Maintenance Manuals

No later than two weeks after the transformers have been shipped from the factory, six (6) printed paper copies and an electronic PDF copy of the Operation and Maintenance Manual for the transformers and auxiliary equipment shall be furnished to the Owner.

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 be printed in the manuals and submitted on the final DVD (or approved media) containing the Seller’s Drawings.

Test reports required for seismic qualification shall be submitted per IEEE Std. 693.

Each Operation and Maintenance Manual 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 3 inches. The information listed in the technical manuals shall be as detailed as listed below.

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

· Title Page: the page containing the title, Owner contract number, item number and issue date.

· Revision Record: a revision record page containing tabulation columns for the revision code, date, and revision description.

· Table of Contents: a table of contents listing all primary divisions (i.e., chapters, sections, and paragraphs) with their corresponding page and volume numbers; a list of drawings containing all figures and drawings, their titles, and page numbers; and a list containing all tables, their titles, and page numbers.

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; detailed description of the procedure to obtain spare parts or factory service under normal and emergency conditions; and the mailing address and telephone numbers of the service department.

e. 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.

f. 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.

g. 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.

h. Spare Parts: A list of spare parts as recommended by the Manufacturer, including the descriptive information about the parts and related manufacturer’s part number.

i. 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. 

j. Equipment Drawings: Each manual shall include a complete set of equipment drawings.

[bookmark: _Toc401752462][bookmark: _Toc401834772][bookmark: _Toc401835514][bookmark: _Toc17363924]Summary of Manufacturing Phase Submittals

		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Manufacturing Schedule



		1 set

		Paper and Electronic

		2 weeks after Owner’s approval of Transformer drawings 



		Witness Test and Test Procedure, Factory Performance Test Notification

		1 set

		Paper and electronic

		4 weeks prior to start of actual factory test(s)



		Certified Test Report 

		6 sets

		Paper and electronic on DVD

		3 weeks after test completion



		Transformer pictures

		2 sets

		Paper and electronic

		3 weeks after test completion



		Installation Manual 

		4 sets

		Paper and electronic on DVD

		Shipped with the transformer



		Current Transformer Data

		6 sets

		Paper and electronic on DVD

		Shipped with Operation and Maintenance manual



		Bushing Test Data

		6 sets

		Paper and electronic on DVD

		Shipped with Operation and Maintenance manual



		Operation and Maintenance Manuals

		6 sets

		Paper and electronic on DVD

		2 weeks after transformer is shipped from the factory





[bookmark: _Toc401752464][bookmark: _Toc401834774][bookmark: _Toc401835516][bookmark: _Toc407008886][bookmark: _Toc407009106][bookmark: _Toc408818393][bookmark: _Toc408824379]

[bookmark: _Toc17363925]Shipping Phase Submittals

The Shipping Phase activities overlap with the other phases. The Owner will not grant permission for the transformers to ship until the Owner has approved the Certified Test Report, Transformer Shipping plan and Pre-Installation submittals.

[bookmark: _Toc401748732][bookmark: _Toc401752466][bookmark: _Toc401834776][bookmark: _Toc401835518][bookmark: _Toc17363926]Shipping notices and packing lists

The Seller shall furnish three shipping notices:

a. At least two (2) weeks in advance of an anticipated shipment date, the Seller shall furnish shipping notice to the Owner providing the following information:

· The name of the shipper and a description of the shipping route and methodology.

· A listing of special equipment, including any that the Seller expects the Owner to furnish, that will be used by the Seller during the shipping operation.

· The description, weight, dimensions, and identifying markings for each package in the shipment.

b. 24 hours’ prior notice of material shipment.

c. Confirmation of shipment departure date from manufacturing facility and Owner access to GPS tracking system 

Packing lists shall be included with each shipment.

[bookmark: _Toc401748734][bookmark: _Toc401752468][bookmark: _Toc401834778][bookmark: _Toc401835520][bookmark: _Toc401128891][bookmark: _Toc401238158][bookmark: _Toc17363927]Transformer Shipping Plan

The Seller shall submit a draft transformer shipping plan to the Owner eight (8) weeks prior to shipping the transformers. See Section 4.2 for details about the transformer shipping plan.

[bookmark: _Toc401748736][bookmark: _Toc401752470][bookmark: _Toc401834780][bookmark: _Toc401835522][bookmark: _Toc401748737][bookmark: _Toc401752471][bookmark: _Toc401834781][bookmark: _Toc401835523][bookmark: _Final_Transformer_Shipping][bookmark: _Toc17363928]Final Transformer Shipping Plan

The Seller shall submit to the Owner the final plan, including copies of all shipping related permits two (2) weeks prior to shipping. See Section 4.2.

[bookmark: _Toc401748739][bookmark: _Toc401752473][bookmark: _Toc401834783][bookmark: _Toc401835525][bookmark: _Toc401748741][bookmark: _Toc401752475][bookmark: _Toc401834785][bookmark: _Toc401835527][bookmark: _Toc17363929]Impact Recorder Data

The Seller shall provide the recorded data of each impact recorder installed on each transformer to the Owner. The data shall be provided to the Owner promptly after it has been downloaded and evaluated by the Seller in the presence of the Owner or its representatives.

[bookmark: _Toc17363930]Summary of Shipping Phase Submittals

		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Shipping Notices

		1 set

		Paper and/or electronic

		2 weeks in advance of anticipated shipment date; 24 hours in advance for materials shipment



		Packing Lists 

		1 set

		Paper 

		Included with each delivery



		Draft Transformer Shipping Plan

		1 ea.

		Paper and Electronic

		8 weeks prior to shipping



		Final Transformer Shipping plan with permits

		1 ea.

		Paper and Electronic

		2 weeks prior to shipping



		Impact Recorder Data 

		1 set 

		Paper and electronic file

		Immediately after delivery to the transformer foundation





In addition, the Seller shall ship one (1) complete set of equipment drawings; Installation Manuals; and Specifications Sheets and Parts Lists with each transformer. The material shall be enclosed in a weather-proof package securely attached to the unit and protected from loss or damage.

[bookmark: _Toc401748744][bookmark: _Toc401752478][bookmark: _Toc401834788][bookmark: _Toc401835530][bookmark: _Toc401748745][bookmark: _Toc401752479][bookmark: _Toc401834789][bookmark: _Toc401835531][bookmark: _Toc17363931]Pre-installation Phase Submittals

The pre-installation phase overlaps with manufacturing and shipping phases. All pre-installation submittals must be received and approved before the Owner can begin on-site installation preparations.

[bookmark: _Toc17363932]Seller’s Technical Service Advisor Qualifications

The Seller shall submit the Technical Service Advisor qualifications eight (8) weeks prior to any on-site work at the Boundary powerhouse. The minimum qualifications are presented in the Request For Proposals.

[bookmark: _Toc401748748][bookmark: _Toc401752482][bookmark: _Toc401834792][bookmark: _Toc401835534][bookmark: _Field_Installation_Procedure][bookmark: _Toc17363933]Field Installation Procedure

Eight (8) weeks prior to delivery of the first four transformers, the Seller shall submit, for the Owner’s review and approval, a detailed field staging and installation procedure for all equipment provided by the Seller. 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 Seller’s estimate for the amount of time needed for each step of the procedure. The field procedure shall clearly identify any tasks and tools that are required by the Owner. 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. 

[bookmark: _Toc401748750][bookmark: _Toc401752484][bookmark: _Toc401834794][bookmark: _Toc401835536][bookmark: _Toc401748751][bookmark: _Toc401752485][bookmark: _Toc401834795][bookmark: _Toc401835537][bookmark: _Toc401748752][bookmark: _Toc401752486][bookmark: _Toc401834796][bookmark: _Toc401835538][bookmark: _Commissioning_Procedure][bookmark: _Toc401128878][bookmark: _Toc401238294][bookmark: _Toc17363934]Commissioning Procedure

Eight (8) weeks prior to delivery of the first four transformers, the Seller shall provide a written commissioning procedure for the Owner’s review and approval, outlining the steps required for preparing the transformers for energization. The commissioning procedure shall contain specific instructions used to validate the operational performance of the transformers for review by the Owner.

[bookmark: _Toc401748754][bookmark: _Toc401752488][bookmark: _Toc401834798][bookmark: _Toc401835540][bookmark: _Toc401748755][bookmark: _Toc401752489][bookmark: _Toc401834799][bookmark: _Toc401835541][bookmark: _Toc17363935]Background Check Applications

The Seller shall submit applications for background checks for the Technical Service Advisor and any other Seller’s staff who will work at the Boundary Powerhouse eight (8) weeks prior to any on-site work.

[bookmark: _Toc401748757][bookmark: _Toc401752491][bookmark: _Toc401834801][bookmark: _Toc401835543][bookmark: _Toc401748758][bookmark: _Toc401752492][bookmark: _Toc401834802][bookmark: _Toc401835544][bookmark: _Toc17363936]Health and Safety Plan 

The Seller shall submit a Health and Safety Plan eight (8) weeks prior to any on-site activity. The Seller’s Plan will primarily address Health and Safety during delivery from transformer arrival on Owner property through final placement of each transformer to its foundation and the services of the Technical Advisor. The Health and Safety Plan shall comply will all OSHA and Washington Administrative Code (WAC) standards. The Health and Safety Plan shall at minimum include an Accident Prevention Program and a Site Specific Safety Plan.

The Accident Prevention Program must be in written format and be tailored specifically to the job site and consist of the following items:

· A Safety Orientation that describes the employer’s safety program;

· How, when, and where to report injuries, including instructions to the locations of first-aid facilities;

· How to report unsafe work conditions, jobsite hazards, and unsafe work practices;

· The use and care of required personal protective equipment;

· The proper actions to take in the event of emergencies including the routes of exiting from areas during emergencies;

· Identification of hazardous gases, chemicals, or materials used on the job and instruction about the safe use and action to take after accidental exposure;

· A description of the employer’s total safety and health program;

· An on the job review of the practices necessary to perform the initial job assignments in a safe manner;

· Description of training provided to employees to improve the skill, awareness, and competency of all your employees. Ensure that the training includes on the job instruction to employees prior to their job assignments;

· A description of roles and responsibilities within the Company; and

· Require compliance with all city, state, and federal safety rules.



The Site Specific Safety Plan must be tailored specifically to the project location, scope of work to be done, and specific to the management that will be onsite during project. In addition, the Site Specific Safety Plan must have the following information:

· Require compliance with all city, state, and federal safety rules;

· A description of tasks to be undertaken and equipment mobilized for the transformer delivery;

· Identification of all anticipated hazards likely to be encountered at the job site, and control methods to be used for protection of employees;

· Communication plan;

· Emergency evacuation plan;

· Name and title of the person who is responsible to enforce the safety items outlined in the Site Specific Safety Plan;

· Copies of relevant employee training and/or certification; 

· Identify what training the employees have had to safely complete their tasks;

[bookmark: _Toc401834804][bookmark: _Toc401835546][bookmark: _Toc17363937]Spill Prevention Plan

The Seller shall submit a Spill Prevention Plan eight (8) weeks prior to any on-site activity. The Spill Prevention Plan shall at a minimum address the following:

· Identify the Seller’s responsible person for implementing the spill prevention plan;

· Identification of potential spill sources, such as, residual oil from transformer, delivery and processing of new oil, hydraulic fluids on delivery equipment and description of the volume, location and storage;

· Spill prevention and response training;

· Spill prevention practices: spill kit contents and location;

· Spill response actions: describe actions that would be taken if there is an oil spill in the transformer Service Bay, in the Access Tunnel or on the Access road; and

· Copy of the spill report form the Seller will use to document the spill and cleanup.

[bookmark: _Toc401748766][bookmark: _Toc401752500][bookmark: _Toc401834811][bookmark: _Toc401835553][bookmark: _Toc17363938]Summary of Pre-Installation Phase Submittals



		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Technical Service Advisor Qualifications

		1

		PDF

		8 weeks prior to on-site work



		Field Installation Procedures

		6

		Paper and PDF

		8 weeks prior to on-site work



		Commissioning Procedure

		1

		PDF

		8 weeks prior to on-site work



		Application for ID badges and background checks

		1

		Electronic

		8 weeks prior to on-site work



		Health and Safety Plan 

		1

		Paper and PDF

		8 weeks prior to on-site work



		Spill Prevention Plan

		1

		Paper and PDF 

		8 weeks prior to on-site work





[bookmark: _Toc401748768][bookmark: _Toc401752502][bookmark: _Toc401834813][bookmark: _Toc401835555][bookmark: _Toc401748769][bookmark: _Toc401752503][bookmark: _Toc401834814][bookmark: _Toc401835556][bookmark: _Toc401748770][bookmark: _Toc401752504][bookmark: _Toc401834815][bookmark: _Toc401835557]

[bookmark: _Toc17363939]Installation and Commissioning Submittals

[bookmark: _Toc401748772][bookmark: _Toc401752506][bookmark: _Toc401834817][bookmark: _Toc401835559][bookmark: _Toc401748774][bookmark: _Toc401752508][bookmark: _Toc401834819][bookmark: _Toc401835561][bookmark: _Toc401748776][bookmark: _Toc401752510][bookmark: _Toc401834821][bookmark: _Toc401835563][bookmark: _Toc401128880][bookmark: _Toc17363940][bookmark: _Toc401238296]Commissioning Field Report 

After the transformer bank has been installed, the Owner's outage activities completed, and before each transformer is considered ready for commercial operation, the Seller, along with the Owner's operator and representatives, shall verify in writing 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 shall be ready for rated voltage no-load energization and, after not less than twenty-four hours, released for commercial operation. Two copies of the field report will be submitted prior to carrying load. 

[bookmark: _Toc401748778][bookmark: _Toc401752512][bookmark: _Toc401834823][bookmark: _Toc401835565][bookmark: _Toc17363941]Field Service Report 

Within two (2) days after initial energization of each transformer, the Seller shall provide two (2) copies of the Technical Services Advisor’s daily report log 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 Seller’s original installation procedure.

[bookmark: _Toc17363942]Training Materials

The Seller shall provide four (4) sets of training materials for the Owner’s Operators and Electricians within five (5) days of energization.




[bookmark: _Toc401748780][bookmark: _Toc401752514][bookmark: _Toc401834826][bookmark: _Toc401835568][bookmark: _Toc401748781][bookmark: _Toc401752515][bookmark: _Toc401834827][bookmark: _Toc401835569][bookmark: _Toc17363943]Summary of Installation and Commissioning Submittals

		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Commissioning Field Report

		2 sets

		Paper and electronic

		After watering up and before carrying load



		Field Service Report 

		2 sets

		Paper and electronic on DVD

		2 days after energization of transformer



		Training Materials

		4 sets

		Paper and electronic

		5 days after energization





[bookmark: _Toc401748783][bookmark: _Toc401752517][bookmark: _Toc401834829][bookmark: _Toc401835571][bookmark: _Toc401748784][bookmark: _Toc401752518][bookmark: _Toc401834830][bookmark: _Toc401835572]

[bookmark: _Toc17363944]Close out Submittals

[bookmark: _Toc17363945][bookmark: _Toc401128863][bookmark: _Toc401238279]Red-Lines 

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

[bookmark: _Toc401748787][bookmark: _Toc401752521][bookmark: _Toc401834833][bookmark: _Toc401835575][bookmark: _Toc17363946]As-Builts

Within four (4) weeks of energization, the Seller shall submit three (3) sets of paper copies and AutoCAD files of the final drawings that incorporate the red-lines.

[bookmark: _Toc17363947]Summary of Close Out Submittals

		[bookmark: _Toc401748789][bookmark: _Toc401752523][bookmark: _Toc401834835][bookmark: _Toc401835577][bookmark: _Toc401748791][bookmark: _Toc401752525][bookmark: _Toc401834837][bookmark: _Toc401835579][bookmark: _Toc401748792][bookmark: _Toc401752526][bookmark: _Toc401834838][bookmark: _Toc401835580]SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Red-Lined Drawings

		1 set

		1 paper copy

		Within 5 days of commissioning



		As-Builts

		3 sets

		3 paper and Auto CAD

		Within 4 weeks of commissioning





[bookmark: _Drawing_Standards]

[bookmark: _Toc17363948]Drawing Standards

[bookmark: _Toc401748795][bookmark: _Toc401752529][bookmark: _Toc401834841][bookmark: _Toc401835583][bookmark: _Toc395082128][bookmark: _Toc17363949]Drawing Standards

Seattle City Light Drafting and AutoCAD Requirements for Consultants found at this web address: http://www.seattle.gov/light/engstd/

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 “Seattle City Light Drafting and AutoCAD Requirements for Consultants.“ All drawings shall contain a legend.




[bookmark: _Toc395082129][bookmark: _Toc17363950]Drawing Sizes

[image: ]Figure 1 shows the standard Seattle City Light drawing sizes. All drawings provided shall be as depicted in Figure 1. Upon award of the Contract, the Owner will provide the Seller with copies of the title blocks in AutoCAD file format.

[bookmark: _Toc68531017]
Figure 1. Seattle City Light Standard Drawing Sizes.




[bookmark: _Toc395082130][bookmark: _Toc17363951]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.

[bookmark: _Toc395082131][bookmark: _Toc17363952]Revisions and References

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

[bookmark: _Toc395082132][bookmark: _Toc17363953]Connection Drawings

Connection drawings shall be provided showing point-to-point connections of every terminal of every electrical device used. Space shall be provided for showing and listing external cables to be installed by others. Each device connection shall have near each termination, conductor identification consisting of opposite end designation. Interconnecting from or to another drawing shall be referenced by drawing number and destination. The connection drawings shall be drawn with all devices indicated in their relative physical locations, be identified by name and ANSI device function numbers as applicable, show all contact arrangements and terminal points, and shall represent the equipment and terminals arranged as they would appear to a person wiring the equipment. 

[bookmark: _Toc395082133][bookmark: _Toc17363954]Schematic Drawings

A full complement of both AC and DC schematic diagram drawings shall be provided. Schematics shall be cross-referenced to terminal markings on the connection drawings.

[bookmark: _Toc17363955][bookmark: _Toc395082134]Conduit and Wireway

A drawing showing all wire routing paths between devices external to the transformer and the control cabinet shall be provided. All flex and rigid conduits and conduit bodies, fittings, connectors, boxes and bushings shall be included in a detailed parts list on this drawing.

[bookmark: _Toc17363956]Physical Outline

A drawing showing the complete outline dimensions, center of gravity, weight, volume of oil, and pertinent physical details to enable the Owner to install and/or maintain the transformer.

[bookmark: _Toc401748803][bookmark: _Toc401752537][bookmark: _Toc401834849][bookmark: _Toc401835591][bookmark: _Toc17363957]Drawing Scale 

[bookmark: _Toc181169817]All physical dimension drawings shall be drawn to full scale in U.S. English units with the printed scale identified on the drawing. Metric dimensions may be included secondarily in parentheses.

[bookmark: _Toc401748805][bookmark: _Toc401752539][bookmark: _Toc401834851][bookmark: _Toc401835593][bookmark: _Toc17363958]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. 
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[bookmark: _Toc53447872][bookmark: _Toc53448242][bookmark: _Toc66150603][bookmark: _Toc395081988][bookmark: _Toc17363959]Shipping

Delivery is a challenging aspect of this project. The Boundary Powerhouse access road has a long and steep grade on the final approach to the powerhouse. All equipment, material and personnel must travel the access road to the Boundary Powerhouse. The Seller has the responsibility to develop detailed plans for delivery.

Delivery of materials shall be made only during the Owner's on-site working hours, 7:45 AM to 3:30 PM, Monday to Thursday, and at such times as Owner has a representative available to receive shipment, unless otherwise agreed to in writing. The F.O.B. point shall be the Boundary Powerhouse transformer foundation.

The Seller shall be responsible for the following:

A.	Shipping all parts and materials furnished under this Specification to Boundary Powerhouse;

B.	Paying all shipping charges, customs duties, tariffs, etc.;

C.	Unloading the equipment at the point of delivery, specifically to the transformer foundation;

D.	Determination and resolution of all shipping limitations (e.g., lane widths, bridge clearances, bridge weight limitations, overpass heights, etc.);

E.	Acquiring any and all necessary shipping permits, etc.;

F.	Insuring the equipment during shipment;

G.	Delivering products to the site in the manufacturer's original sealed container or other packaging systems, complete with labels and instructions for handling, storing, unpacking, protecting and installing; and

H.	All temporary cribbing.

[bookmark: _Toc401748808][bookmark: _Toc401752542][bookmark: _Toc401834854][bookmark: _Toc401835596][bookmark: _Toc66150617][bookmark: _Toc395082000][bookmark: _Toc17363960]Preparation for Shipment

[bookmark: _Toc17363961]General

The Seller shall prepare, pack, and load all materials and equipment for shipment in such a manner that they are protected from damage during shipment until accepted by the Owner, and shall be responsible for and make good any damage resulting from improper packing. All parts subject to damage from humidity or moisture shall be packed in hermetically-sealed metal containers, in plastic envelopes, or other accepted container within their respective packing cases. All machined surfaces shall be heavily coated with a rust‑preventive compound.

Heavy parts shall be mounted on skids or cradles or shall be crated on skids. All parts exceeding 200 pounds (gross weight) shall be prepared for shipment such that slings for handling by crane may be readily attached. If it is unsafe to attach slings to a given box, the parts packed therein shall have slings attached to them, and the slings must project through the box or crate so that attachment to the handling equipment can be readily made. Parts that may require rotation during shipping due to shipping limitations shall be capable of being transported and lifted in either the diameter vertical or diameter horizontal orientation.

Detailed packing lists shall be provided with each delivery of equipment or parts. In addition, each case, crate, bundle, or single item shall be marked clearly with the Contract number and item description. Containers containing multiple items shall be clearly labeled with descriptions and quantities of all enclosed items. Any articles or materials that might be otherwise lost shall be boxed or steel-banded in bundles and plainly marked for identification.

[bookmark: _Impact_Recorders][bookmark: _Toc17363962]Impact Recorders

The Seller shall install impact recorders on the transformer for all transport. The Seller shall provide pictures of the transformer showing the location of the impact recorders mounted on the transformer and the specification and brand of the impact recorders prior to shipment. Non-identical recorders are preferred, i.e. different manufacturers and/or recording methods (electronic vs. paper).

At the factory, two (2) impact recorders shall be installed on the transformer for shipment. One of the impact recorders shall be installed and sealed in an inconspicuous location not generally accessible or noticeable to shipping personnel. The impact recorders shall remain installed during the duration of shipment and will be removed only by an authorized factory representative in the presence of an Owner’s representative. 

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 power source or batteries and paper, if applicable must allow the recorder to record and store data for the entire time required to transport the transformer from the factory to the foundation at Boundary powerhouse. It shall be tamper-proof and weatherproof once installed and set for recording. The data logs shall be capable of being transferred to a portable computer via user-friendly application software.

[bookmark: _Toc401752546][bookmark: _Toc401834858][bookmark: _Toc401835600][bookmark: _Transformer_Shipping_Plan][bookmark: _Toc17363963]Transformer Shipping Plan

The Seller shall submit a draft transformer shipping plan as described in Sections 3.6.2 and 3.6.3. 

The plan shall describe all aspects of transporting the transformer from the manufacturing facility to the final location in the transformer service bay at Boundary Powerhouse. 

The transportation plan shall include, but is not limited to, the following:

· Name of the shipping company

· Route

· Transportation vehicles

· Required permits

· Sequencing

· Schedule

· Temporary staging if needed (location, cribbing)

· A listing of special equipment, including any that the Seller expects the Owner to furnish, that will be used by the Seller during the shipping operation.

· Special requirements for unloading of the main transformer tank at the delivery site.

· Special requirements for unloading and storing ancillary equipment

· Site specific spill prevention and cleanup plans

[bookmark: _Toc401748812][bookmark: _Toc401752548][bookmark: _Toc401834860][bookmark: _Toc401835602][bookmark: _Toc401748813][bookmark: _Toc401752549][bookmark: _Toc401834861][bookmark: _Toc401835603][bookmark: _Toc66150618][bookmark: _Toc395082001][bookmark: _Toc17363964]Delivery Restrictions

It shall be the Seller's responsibility to determine any height, weight, road, rail, marine vessel, or other limitations or restrictions that may be encountered during shipment and account for them in its preparation for delivery of the equipment.

The Seller shall verify all access portal dimensions prior to delivery to ensure the Seller’s transport equipment and cargo may pass through the portal without damage to the equipment, cargo, tunnel or bridge structure. There are numerous constraints that will impact delivery. The constraints include, but are not limited to:

· Federal, state and local highway requirements for transporting heavy and oversized loads;

· Size Restrictions due to the loading and unloading site conditions;

· Size restrictions due to the dimensions of the access tunnels at Boundary Powerhouse,

· Powerhouse access road grade;

· Size restrictions due to the dimensions of the Boundary Powerhouse doorways; and

· Potential weather constraints and risk of potential for flooding, freezing, or slides that could impact passage on roadways.

The new transformer must fit through the existing powerhouse tunnels and openings. No changes to the door openings, lighting fixtures, or tunnels will be permitted. The bulkhead wall to the transformer service bay will be removed by the Owner.

[bookmark: _Information_for_Transformer]
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[bookmark: _Toc58744564][bookmark: _Toc66150619]Section

5

[bookmark: _Toc68688291][bookmark: _Toc17363965][bookmark: _Toc395082002]FIELD INSTALLATION

[bookmark: _Toc58744573][bookmark: _Toc66150621][bookmark: _Toc68688292][bookmark: _Toc17363966]Field Installation Procedure 

The Seller shall submit, for the Owner’s review and approval, a detailed field installation procedure as described in Section 3.7.2. The procedure will be used by the Owner in preparation for an efficient and safe transformer installation and ensure that all necessary equipment and personnel are on site and ready at the time they will be needed. 

[bookmark: _Toc68688293][bookmark: _Toc17363967][bookmark: _Toc58744566]Technical SERVICEs advisor

[bookmark: _Toc66150624][bookmark: _Toc68688294][bookmark: _Toc17363968]Start Date and Timeframe for Field Installation

[bookmark: _Toc58744567]Installation of the transformers shall occur during a scheduled outage following site delivery. However, actual installation and energization dates may be revised at the sole discretion of the Owner, depending on power market conditions.

[bookmark: _Toc68688295][bookmark: _Toc17363969]Technical Advisor Responsibility

The Seller shall 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, commissioning, and protecting the Warranty of the equipment purchased under this Contract. The Technical Services Advisor shall be an employee of the Seller and his/her services include provision of any special tools as may be required to install any of the equipment purchased under this Contract.

[bookmark: _Toc17363970]Continuity of Service

The Technical Services Advisor shall remain on site during critical periods of installation of the equipment provided by the Seller. In the event that delays occur during the critical periods of installation, wherein the services of a Technical Advisor are not required, the Owner may direct the Technical 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.  It is not expected that the Technical Service Advisor will remain on site for the entire period from delivery to commissioning.  The Sellers bid Proposal shall indicate which periods and for how many days the Technical Service Advisor is on site.  During periods that the Technical Service Advisor is not on site, they should be available for questions via phone or email. The Seller’s Bid Proposal shall include an itemized pricing structure to be paid by the Owner for time, travel, and per diem associated with the services of the Technical Advisor.

[bookmark: _Toc17363971]Coordination With the Owner

The Technical Services Advisor shall meet weekly with the Owner to review and coordinate installation activities for the upcoming week. In addition, the Technical 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.

[bookmark: _Toc17363972]Operating Procedures and Conditions

The Technical 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. The Technical Advisor shall be trained in, and abide by Owner’s Lockout-Tagout (LOTO) procedures and provide his/her own padlocks.

[bookmark: _Toc66150626][bookmark: _Toc68688296][bookmark: _Toc17363973]Contract Drawing Updates

The Technical 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 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.

[bookmark: _Toc58744571][bookmark: _Toc66150627][bookmark: _Toc68688297][bookmark: _Toc17363974]Installation Standards

The Technical Service Advisor shall direct all field installation services, including testing and commissioning, in accordance with applicable IEEE, ASTM, NETA, other North American standard organizations having adopted and generally accepted standards or guidelines. 

[bookmark: _Toc68688298][bookmark: _Toc17363975]Commissioning Procedure

Eight (8) weeks prior to delivery of the first transformer bank, the Seller shall provide a written commissioning procedure for the Owner’s review as described in Section 3.7.3, outlining the steps required for preparing the transformers for energization. The Owner will follow the instructions of the commissioning procedure to validate the operational performance of the transformers in preparation for final energization.

After the transformer has been installed, the Owner's outage activities completed, and before the transformer is considered ready for commercial operation, the Seller, 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 shall be ready for rated voltage no-load energization.

[bookmark: _Toc17363976][bookmark: _Toc68688299]Delivery Inspection

Once the transformer has been properly placed on its foundation in the transformer service bay and the impact recorder reviewed per Section 4.1.2, an internal inspection of the main tank may be warranted. If Seller and Owner mutually agree that an internal inspection should be performed, the inspection shall be conducted by the Technical Services Advisor or other Seller’s representative.

[bookmark: _Toc17363977]Field Service Report

Within fifteen (15) days after initial energization of each transformer, the Seller shall provide two (2) copies of the Technical Service Advisor’s daily report log 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 Seller’s original installation procedure.

[bookmark: _Toc17363978]Other Conditions

The Technical Services Advisor shall be considered an employee of the Seller. The Seller 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 Advisor or other employees of the Seller.




[bookmark: _Toc401748834][bookmark: _Toc401752570][bookmark: _Toc401834882][bookmark: _Toc401835624][bookmark: _Toc17363979][bookmark: _Toc395082004]Training

The Seller shall conduct on-site (in person) training sessions. The Seller shall provide all material and equipment as well as qualified, fluent English speaking instructors to conduct the training. Instructors shall be experienced and well versed in the proper operation and required long-term maintenance of the transformers. The training shall be specific to the Owner’s particular application.

The training session shall orient the Owner’s personnel with the various facets of the transformer so at the completion of the training session, they will be able to properly operate and maintain the transformer without assistance from the Seller.
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[bookmark: _Toc401748874][bookmark: _Toc401752610][bookmark: _Toc401834924][bookmark: _Toc401835667][bookmark: _Toc401748875][bookmark: _Toc401752611][bookmark: _Toc401834925][bookmark: _Toc401835668][bookmark: _Toc401748877][bookmark: _Toc401752613][bookmark: _Toc401834927][bookmark: _Toc401835670][bookmark: _Toc66150637]Section

6

[bookmark: _Toc395082013][bookmark: _Toc17363980]Application Description

[bookmark: _Toc66150638][bookmark: _Toc395082014][bookmark: _Toc17363981]Arrangement of equipment

The Boundary power plant is a hydroelectric generating facility with six generators, Generators 51 through 56. Reference: SCL drawing E-9524, “Boundary Operator’s Diagram Powerhouse and Switchyard (BPA)” to assist with the following description.

Generators 51 and 53 are each rated 166.3 MVA and Generators 52 and 54 are each rated 170 MVA. All four generators operate at 14.4 kV, 0.95 pf, 3Ø, 60 Hz, 120 r.p.m. Each of generators 51 through 54 is directly connected to an isolated phase bus of 15 kV, 7000A rating manufactured by Westinghouse. Each isophase bus extends from the generator terminal leads on Level 2 of the powerhouse to its associated transformer bay on Level 6 where it connects in Delta to the primary bushings of each transformer Bank 151 through 154. 

The wye-connected secondaries of each of Banks 151 through 154 are routed through air disconnect switches in the transformer bay and out via transmission lines above the powerhouse to terminate at the 230 kV ring bus in the Boundary Switchyard (BPA). The route is approximately one mile in length.

Generators 51, 52, and 54 are under contract to be rebuilt and rerated to 190 MVA with all other operating parameters remaining the same. Construction on the final generator is currently scheduled to be completed by 2023.

[bookmark: _Toc66150639][bookmark: _Toc395082015][bookmark: _Toc17363982]System Operating Conditions

The Boundary power plant generators are typically used for both base-load and peak load generation. Currently, the plant is not used as a pumping station and feasibility studies for pumped storage have not yet been conducted. The Boundary plant is generally operated in a fashion that requires several daily energizations of the transformers. Banks 151-156 secondary voltage at the Boundary Switchyard commonly ranges from 235.5 kV to 244 kV.

[bookmark: _Toc17363983]Existing Transformers

The four existing transformers were manufactured by ASEA of Sweden in the 1960’s. They are 242,000 V:14,750 V and have a kVA rating of 170,000 continuous with 55° C rise forced oil cooling. Transformer impedance at rated voltage and kVA is 12.1%. The total weight for each transformer is 321,730 pounds, untanked mass is 195,408 pounds, the tank and fittings add 77,547 pounds and the oil adds 48,775 pounds. Each transformer tank holds 6,700 gallons of oil. See Owner furnished drawings for more details. 

[bookmark: _Short_Circuit_Parameters][bookmark: _Toc66150642][bookmark: _Toc395082016][bookmark: _Toc17363984]Short Circuit Parameters

Simulated values for a 3LG fault at any of the existing Bank 151-154, 14.75 kV terminals are:

Short Circuit MVA =  1862.10

X/R Ratio =  22.3399

R0/X1 =  19614.70

X0/X1 =  1.0809

Simulated values for a 3LG fault on the existing 230 kV Boundary (BPA) switchyard bus are:

Short Circuit MVA =  7174.50

X/R Ratio =  15.7117

R0/X1 =  0.0216

X0/X1 =  0.5905

All transformers provided by the Seller as described in this Specification shall meet or exceed the requirements for short circuit characteristics in accordance with Section 7 of IEEE Std. C57.12.00-2015 and Section 9.4 of this Specification for the 13.2% impedance at nameplate rating. The transformers shall be capable of withstanding, without injury, the mechanical and thermal stress caused by short circuits on the external terminals of any winding, with rated voltage maintained in accordance with IEEE Std. C57.12.00-2015.
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[bookmark: _Toc66150647]Section

7

[bookmark: _Toc395082017][bookmark: _Toc17363985]Applicable Standards

[bookmark: _Toc66150648][bookmark: _Toc395082018][bookmark: _Toc17363986]Industry Standards

[bookmark: _Toc66150649][bookmark: _Toc395082019][bookmark: _Toc17363987]Applicability of Standards

Except where the Contract Documents include more stringent requirements, applicable construction industry standards have the same force and effect as if bound or copied directly into the Contract Documents.

[bookmark: _Toc66150650][bookmark: _Toc395082020][bookmark: _Toc17363988]Publication Dates

All requirements as set forth by these specifications must comply with the standard in effect as of the date of the Contract Documents.

[bookmark: _Toc66150651][bookmark: _Toc395082021][bookmark: _Toc17363989]Conflicting Requirements

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.

[bookmark: _Toc66150652][bookmark: _Toc395082022][bookmark: _Toc17363990]Minimum Quantity or Quality Levels

The quantity or quality levels shown or specified must be the minimum provided or performed. The actual installation may comply exactly with the minimum quantity or quality specified, or it may exceed the minimum with reasonable limits. In complying with these requirements, indicated numeric values are minimum or maximum, as appropriate for the context of the requirements. Refer uncertainties to the Owner for a decision before proceeding.

[bookmark: _Toc66150653][bookmark: _Toc395082023][bookmark: _Toc17363991]Copies of Standards

Each entity engaged in construction on the Project is required to be familiar with industry standards applicable to that entity’s construction activity. Copies of applicable standards are not bound with the Contract Documents. Where copies of standards are needed for performance of a required construction activity, the Seller or designated entity shall obtain copies directly from the publication source.

[bookmark: _Toc66150654]


[bookmark: _Toc395082024][bookmark: _Toc17363992]Standards Compliance

[bookmark: _Toc395082025][bookmark: _Toc17363993]Equipment Standards

The transformers, component parts, and accessories thereof, shall be designed, manufactured, equipped, and tested in accordance with the following standards and guides.

IEEE Std. C57.12.00-2015.  IEEE Standard General Requirements for Liquid-Immersed Distribution, Power, and Regulating Transformers.

IEEE Std. C57.12.10-2010.  IEEE Standard Requirements for Liquid-Immersed Power Transformers. 

IEEE Std. C57.12.10-2010/Cor 1-2012. Corrigendum 1 – Correction to 5.1.9 Sudden Pressure Relay.

IEEE Std. C57.12.70-2011.  IEEE Standard Terminal Markings and Connections for Distribution and Power Transformers.

IEEE Std. C57.12.80-2010.  IEEE Standard Terminology for Power and Distribution Transformers.

IEEE Std. C57.12.90-2015.  IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and Regulating Transformers.

IEEE Std. C57.13-2016.  IEEE Standard Requirements for Instrument Transformers.

IEEE Std. C57.19.00-2004.  IEEE Standard General Requirements and Test Procedure for Power Apparatus Bushings.

IEEE Std. C57.19.01-2017.  IEEE Standard Performance Characteristics and Dimensions for Outdoor Apparatus Bushings.

IEEE Std. C57.19.100-2012.  IEEE Guide for Application of Power Apparatus Bushings.

IEEE Std. C57.98-2011.  IEEE Guide for Transformer Impulse Tests.

IEEE Std. C57.106-2015.  IEEE Guide for Acceptance and Maintenance of Insulating Oil in Equipment.

IEEE Std. C57.113-2010  IEEE Recommended Practice for Partial Discharge Measurement in Liquid-Filled Power Transformers and Shunt Reactors.

IEEE Std. C57.116-2014.  IEEE Guide for Transformers Directly Connected to Generators.

IEEE Std. C62.11-2012.  IEEE Standard for Metal-Oxide Surge Arresters for Alternating-Current Power Circuits (>1 kV).

IEEE Std. C63.12-2015,  American National Standard Recommended Practice for Electromagnetic Compatibility Limits and Test Levels.

IEEE Std. 693-2018.  IEEE Recommended Practice for Seismic Design of Substations.

ASTM D3487-16e1.  Standard Specification for Mineral Insulating Oil Used in Electrical Apparatus.

AWS-D1.1/D1.1M-2015.  American Welding Society, Structural Welding Code – Steel

AISC Steel Construction Manual (14th edition). 

UL508-Ed. 18.  Standard for Industrial Control Equipment.



[bookmark: _Toc395082026][bookmark: _Toc17363994]
Installation and Operational Standards

The transformer shall also be capable of being installed and operated in accordance with the following Standards and Guides:

ANSI/NETA ATS-2017. Standard for Acceptance Testing Specifications for Electrical Power Equipment and Systems.

IEEE Std. C57.91-2011.  IEEE Guide for Loading Mineral-Oil-Immersed Transformers and Step-Voltage Regulators.

IEEE Std. C57.93-2007.  IEEE Guide for Installation and Maintenance of Liquid-lmmersed Power Transformers.

IEEE Std. C57.120-2017.  IEEE Guide for Loss Evaluation of Distribution and Power Transformers and Reactors

IEEE Std. C57.123-2010.  IEEE Guide for Transformer Loss Measurement

IEEE C2-2017.  2017 National Electrical Safety Code (NESC).

NFPA 70-2017.  2017 National Electrical Code (NEC)

NFPA 70E-2012.  Standard for Electrical Safety in the Workplace

Seattle City Light Work Practices and Construction Standards 0000-1999

Seattle City Light Material Standards 4000-7999

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 Standards for Construction Work.
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[bookmark: _Toc66150655][bookmark: _Toc395082027][bookmark: _Toc17363995]SYSTEM OPERATING Conditions

[bookmark: _Equipment_operating_conditions][bookmark: _Toc66150656][bookmark: _Toc395082028][bookmark: _Toc17363996]Equipment operating conditions

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

1.	Ambient temperature range:  -30° C to 45° C

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

3.	Identification: Generator step-up transformers.

4.	Transformer Category: Category IV, Three phase, kVA above 30,000.

5.	Cooling Designation: Oil-immersed, forced-oil cooled (Class OFAF).

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

7.	Maximum wind pressure:  15 pounds per square foot of projected area.

8.	Snow load:  100 pounds per square foot.

9.	Seismic requirement:  Moderate Performance Level in accordance with the requirements of IEEE Std. 693-2018 and Section 9.9.4.
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[bookmark: _Transformer_Requirements][bookmark: _Toc66150657][bookmark: _Toc395082029][bookmark: _Toc17363997]Transformer Requirements

[bookmark: _Toc66150658][bookmark: _Toc395082030][bookmark: _Toc17363998]Type and Rating

[bookmark: _Toc66150659][bookmark: _Toc395082031][bookmark: _Toc17363999]General

The transformer to be furnished under this specification shall be three-phase, two-winding, oil-immersed type suitable for three-phase connection and outdoor operation. The transformer shall be forced-oil cooled (Class OFAF).and shall be of a design which has an established record of satisfactory operation with the type of oil preservation to be furnished. The transformers shall incorporate the latest improvements of design and manufacture as presently employed in the United States and Internationally. The dimensions of the transformers shall not exceed the limits shown in Figure 2.

[bookmark: _Ratings_and_Electrical][bookmark: _Toc66150660][bookmark: _Toc395082032][bookmark: _Toc17364000]Ratings and Electrical Characteristics

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

		1.

		Continuous rating at 65° C, Three-Phase:

		



		

		Forced-oil cooled (OFAF)

		200,000

		kVA



		2.

		Number of Phases

		Three (3)



		3.

		Frequency

		60

		Hz



		4.

		Rated voltage

		

		



		

		a.

		Low-voltage, primary winding

		14,400

		Volts



		

		b.

		High-voltage, secondary winding

		242,000

		Volts



		5.

		Low-voltage winding connections

		Delta

		



		6.

		High-voltage winding connections

		Wye

		



		7.

		Impedance, at 200,000 kVA (3Ø) base rating

		13.2% 



		

		Impedance, allowable range (±7.5% tolerance)

		12.2% to 14.2%



		8.

		Angular displacement, LV lags HV by

		30°

		



		9.

		Polarity

		Subtractive

		



		10.

		Basic impulse insulation level of the

		

		



		

		low-voltage windings, not less than

		110,000

		Volts



		11.

		Basic impulse insulation level of the

		

		



		

		neutral ends of the high-voltage, windings,

		

		



		

		not less than

		110,000

		Volts



		12.

		Basic impulse insulation level of the

		

		



		

		line ends of the high-voltage windings,

		

		



		

		not less than

		900,000

		Volts



		13.

		Taps in low-voltage windings

		None

		



		14.

		De-energized taps (full capacity)

		

		



		

		in high-voltage windings:

		

		



		

		a.

		One at 5% above normal voltage

		254,100

		Volts



		

		b.

		One at 2.5% above normal voltage

		248,050

		Volts



		

		c.

		One at normal voltage

		242,000

		Volts



		

		d.

		One at 2.5% below normal voltage

		235,950

		Volts



		

		e.

		One at 5% below normal voltage

		229,900

		Volts







[bookmark: _Thermal_Design][bookmark: _Toc66150661][bookmark: _Toc395082033][bookmark: _Toc17364001]Thermal Design

The temperature rises above ambient temperature of each 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 of IEEE Standard C57.12.00-2015. The top oil temperature rise by resistance shall not exceed 65° C, and the hottest-spot winding temperature rise shall not exceed 80° C on the tap connections that give the highest losses at rated kVA.

[bookmark: _Insulation_Class_and][bookmark: _Toc66150662][bookmark: _Toc395082034][bookmark: _Toc17364002]Insulation Class and Impulse Levels

The Full Wave BIL (basic impulse level) of the 242 kV windings shall be not less than 900 kV at the line end and shall be not less than 110 kV (15 kV class) at the neutral end. The high voltage neutral bushing (H0) shall have an impulse rating not less than 150 kV (25 kV class).

The BIL (basic impulse level) of the 14.4 kV windings shall be 110 kV (15 kV class) throughout.

The transformers shall be designed to be capable of withstanding IEEE Standard dielectric tests, as specified in Section 10.1.8, corresponding to the specified winding insulating levels.

[bookmark: _Impedances][bookmark: _Toc66150663][bookmark: _Toc395082035][bookmark: _Toc17364003]Impedances

The percent impedance of each single phase transformer as described in this Specification shall be measured at the forced-cooled (OFAF) rating of 200,000 kVA at 14.4 kV (D): 242 kV (Y). The impedance value under these conditions shall be 13.2%.

The interwinding impedance values shall be such as to limit fault current in the 14.4 kV and 242 kV windings in accordance with the short-circuit capability requirements of Section 6.3 and of Section 9.7, Windings.

While the transformers described in this Specification will not initially be connected for parallel operation, the Owner reserves the option for future parallel operation and interchangeability. Therefore, the impedance between all transformers provided under this Specification shall not vary more than 7.5 percent from one to the other.

[bookmark: _Toc66150664][bookmark: _Toc395082036][bookmark: _Toc17364004]Overload Capacity

[bookmark: _Toc395082037][bookmark: _Toc17364005]Loading

No design or construction detail of the transformer, including the capability of the bushings or appurtenances shall limit the overload capacity of the transformer or the capacity at reduced ambient temperature in accordance with IEEE Std. C57.91-2011, “IEEE Guide for Loading Mineral-Oil-Immersed Transformers and Step-Voltage Regulators.”

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 Std. C57.91-2011.

The following data shall be supplied in the Certified Test Report (Section 3.5.3) from load tests on the completed transformers. This data is defined throughout Section 7 of IEEE Std. C57.91-2011.

H,R  = winding hottest-spot rise over top-oil temperature at rated load on the tap position to be studied, °C

TO,R = 	oil time constant at rated load beginning with initial top-oil temperature rise of 0°C

C  =  	thermal capacity of the transformer, W-h/°C

TO,R  =  top-oil rise over ambient temperature at rated load, °C

R  = 	ratio of load loss at rated load to no-load loss on the tap position to be studied

[bookmark: _Toc66150665][bookmark: _Toc395082038][bookmark: _Toc17364006]Overexcitation

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

[bookmark: _Core][bookmark: _Toc66150666][bookmark: _Toc395082039][bookmark: _Toc17364007]Core

The transformer core shall be constructed of high quality, non-aging, cold-rolled, grain-oriented, stress-free, thin silicon steel or amorphous metal laminations having high permeability and low hysteresis loss. The steel shall be chemically and thermally treated to supply surface insulation unaffected by mineral oil and to minimize the core losses. The steel shall be properly annealed and shall have smooth surfaces at its edges. The core shall be capable of not being overexcited during load rejection of the generator. The load rejection of the generator can increase generator output voltage to 110% of nominal voltage. The core shall be designed to minimize the flux density at 110% of nominal voltage.

The core shall be carefully assembled and rigidly clamped and blocked to ensure adequate mechanical strength to support the windings, to prevent shifting of the laminations during shipment, and to reduce vibration to an absolute minimum under operating conditions. Core joints shall be mitered and utilize multiple-step lap construction with added cooling ducts utilizing outer lamination splits as deemed necessary.

Core ground connection shall be external, furnished by means of an insulated cable brought up to a suitable bushing on the tank cover or near the top of the tank wall with a removable strap located between the bushing terminal and the tank and accessible from the cover without lowering the oil. The bushing shall be rated not less than 30 kV BIL, shall be located and labeled to avoid confusion with other bushings. The bushing shall be protected with a removable, weatherproof metal cover. The transformer shall be shipped with this bushing and strap installed.

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. See Section 9.8 for audible noise limitations.


[image: ]


Figure 2. Transformer Physical Arrangement







[bookmark: _windings][bookmark: _Toc66150667][bookmark: _Toc395082040][bookmark: _Toc17364008]Windings

The windings of each 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 of circular design. The design of the windings shall be such that the voltage between physically adjacent and touching turns will not exceed 1,000 volts. 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 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 transformers 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 intended for connection to sources of energy. Winding base currents shall be as defined in IEEE Std. C57.12.00-2015.

[bookmark: _Audible_sound_level][bookmark: _Toc66150668][bookmark: _Toc395082041][bookmark: _Toc17364009]Audible sound level

Sound level measurements shall be taken at the factory with the transformer energized at rated voltage and frequency (60 Hz) at no-load. All oil pumps and motors shall be in operation as appropriate for rated transformer loading and the measurements shall be taken with the de-energized tap changer on the principal tap and in accordance with the conditions outlined in Section 13 of IEEE Std.C57.12.90-2015. Audible sound level shall not exceed seventy-six (76) decibels (A-weighted) under these conditions.

[bookmark: _Toc66150669][bookmark: _Toc395082042][bookmark: _Toc17364010]Distinctive Features of the Transformers

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

[bookmark: _Size_and_Appearance][bookmark: _Toc66150670][bookmark: _Toc395082043][bookmark: _Toc17364011]Size and Appearance

It is desired that the transformer exhibit a low silhouette and noise level and that the accessories and appurtenances on the tanks be arranged as indicated in Figure 2. The secondary (HV), and neutral (H0) bushings shall be mounted on the top tank cover. The primary (XV) bushings shall be mounted on the upper tank side exactly as shown for direct connection to the plant isolated phase bus. Phasing shall be as shown in Figure 2 for the 3Ø Delta-Wye (YNd1) connection arrangement.

[bookmark: _Toc66150671]In keeping with the importance of physical size and appearance, designs for attainment of the required operating sound level, as defined in Section 9.8, 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.

[bookmark: _Interchangeability][bookmark: _Toc395082044][bookmark: _Toc17364012]Interchangeability

The size, shape, and orientation of the transformer described in this Specification must be designed to occupy the space of the existing three phase generator step-up transformers at Boundary Powerhouse. The Seller shall provide the equipment subject to the dimensional limitations shown in Specification drawing SK-190810. Additionally, the Seller shall utilize the dimensional information contained in the Specification Drawings to:

1. Locate the primary transformer bushing terminals so as to connect directly with the isophase bus terminals and powerhouse structure. See Figure 3 and Specification drawing SK-190811 for details.

2. Ensure the transformer and its appurtenances can be installed, operated, and maintained inside the transformer service bay without restriction via electrical clearances or personnel access and egress.

All transformers supplied by the Seller under this Specification shall be designed and manufactured to strict operational and dimensional tolerances so that all the transformers are considered identical and may be installed into any Boundary Powerhouse Bank 151-154 transformer bay without modification to the transformer, its appurtenances, or any other equipment associated with the transformer installation, operation, and maintenance.

[image: ]

[bookmark: _Toc68531016]Figure 3. Transformer Primary Bushing Terminal to Isophase Bus Mounting Flanges (See Also SK-190811).

[bookmark: _Toc66150672][bookmark: _Toc395082045][bookmark: _Toc17364013]Standardization

All transformers supplied in accordance with this Specification shall contain like materials throughout. All parts, equipment, and accessories of the transformers shall be consistent by part number, style, and option, and indistinguishable from one transformer to the next.

[bookmark: _Seismic_Requirements][bookmark: _Toc66150673][bookmark: _Toc395082046][bookmark: _Toc17364014]Seismic Requirements

The transformers shall comply with the requirements of IEEE Std. 693 moderate seismic qualification level in addition to requirements of this section. The more severe requirement shall govern the design.

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 operational loads.

Seismic Qualification of Tank and Tank Appendages

The seismic qualification procedure for the tank and tank appendages shall be according to the Static Analysis requirements of IEEE Std. 693 Annex A.1.3.1. Members, plates and connections shall be designed in accordance with the AISC Steel Construction Manual-14th Edition.

The 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 based on the operating weight ‘D’ and 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)

Appendages such as coolers, surge arresters, control cabinets, etc. shall be analyzed using the same horizontal values multiplied by three (3). Base of appendage shall be considered as point of lowest connection. Deflection of appendage bracing and supports under gravity and/or earthquake loading shall be limited to L/500 under seismic loading.

Calculations and free-body diagrams shall be provided per Sections D.4.2 and A.1.3.1 of IEEE Std. 693, clearly indicating earthquake loads on components, attachments, and connections. Connecting elements transferring loads to the foundation shall be designed using the same values multiplied by two (2). If bushing turrets are used, turrets shall be stiffened to prevent rotation by elements other than the transformer lid.

Seismic Qualification of Bushings, Surge Arrestors and Current Transformers

The seismic qualification of transformer bushings shall be by Static Pull Test, as indicated in IEEE Std. 693 Annex A.1.2.4. The seismic qualification test report for all bushings shall be included in the Seismic Analysis Report provided by the transformer supplier.

The seismic qualification of current transformers shall be by Dynamic Analysis as indicated in IEEE Std. 693 Annex A.1.3.3. The seismic qualification test report for current transformer shall be included in the Seismic Analysis Report provided by the transformer supplier.

The seismic qualification of surge arresters shall be in accordance with the requirements of IEEE Std. 693 Annex K, except with loading modified per this section. The seismic qualification test report for surge arrestor shall be included in the Seismic Analysis Report provided by the transformer supplier.

Acceptance Criteria

The qualifications will be considered acceptable upon review of all Seismic Qualification Test Reports and –and the Seismic Analysis Report provided that the requirements given in IEEE Std. 693 Section D.5.1 and D.5.2 are satisfied.

[bookmark: _Submittals]Submittals

A Qualification Report (Seismic Test and/ or Analysis Report) conforming with IEEE Std. 693 (Section A.6 and Annex S for analysis and Section A.5 Annex T for test). shall be signed by a qualified specialist and submitted for review by the Owner’s engineer as shown below. 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.



		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Statement of Responsibility for Seismic Conformance to Specifications

		1 set

		Electronic

		At time of bid 



		Seismic Analysis Report for transformer and appendages



		1 set

		Paper and electronic

		90 days after award of contract 



		Bushing Seismic Qualification Test Report

		1 set

		Paper and electronic

		60 days after award of contract



		Surge Arrester Seismic Qualification Test Report 

		1 Set

		Paper and electronic

		60 days after award of contract



		Current Transformer Qualification Test Report

		1-Set

		Paper and electronic

		60 days after award of contract







Statement of Responsibility

As part of the Bid submittal the Seller shall submit a written statement of responsibility to the Owner. The statement of responsibility shall contain the following:

· Acknowledgement of awareness of the special requirements contained in this seismic specification.

· Acknowledgement that control will be exercised to obtain conformance with the requirements of this specification section.

· Provide references of at least three (3) transformer projects in recent history where design and testing conformed to the requirements of IEEE Std. 693. 

· Identification and qualifications of the person(s) who will be performing testing and analysis as required in this Specification.

[bookmark: _Toc66150674][bookmark: _Toc395082047][bookmark: _Toc17364015]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.

[bookmark: _Toc66150675][bookmark: _Toc395082048][bookmark: _Toc17364016]Tanks

[bookmark: _Toc66150676][bookmark: _Toc395082049]Construction

Each transformer shall be constructed per IEEE Std. C57.12.10-2010. They 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 tanks 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/O-rings 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. The main tank cover shall be constructed in such a way that the cover may be removed and reassembled without damage to the windings. O-rings between metal surfaces shall be set in grooves or held in position by retainers so arranged that all parts are metal to metal. The O-rings shall be made of resilient material such as nitrile rubber which will not deteriorate under the action of hot oil and will remain oil tight. 

At the option of the Seller, 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 and O-rings proposed to be furnished.

[bookmark: _Manholes][bookmark: _Toc66150677][bookmark: _Toc395082050]Manholes

Each 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 20 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 be gasketed (O-ring) and have a flange to prevent water from entering the openings when individual covers are removed. At least one manhole shall be provided on the tank so as to allow access to the interior without lowering the oil below the top of the core.

[bookmark: _Toc66150678][bookmark: _Toc395082051]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.

[bookmark: _Toc66150679][bookmark: _Toc395082052]Pressure and Vacuum

The transformer tanks 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 20 psig. 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.

[bookmark: _Provision_for_Fall][bookmark: _Toc66150680][bookmark: _Toc395082053]Provision for Fall Protection

The Seller shall provide a portable fall arrest system on top of each transformer. The fall arrest system shall consist of Part Numbers 8510816 (weld-on plate) and 8516691 (DBI-SALA Advanced Portable Fall Arrest Post) by Capital Safety, 800-328-6146, www.capitalsafety.com or an approved equal from Miller Fall Protection, 800-873-5242, www.millerfallprotection.com. Two (2) fall arrest base plates shall be welded on top of each transformer tank with a ¼-inch fillet weld (all around).

The Seller shall demonstrate how the portable fall arrest system ensures personnel safety per OSHA requirements while working atop the transformer and performing cleaning and maintenance of the high voltage bushings.

Personnel Access Ladder

The Seller shall provide a means for accessing the top of the main tank of the transformer while deengergized. A steel ladder fixed to the transformer tank, without cages and wells, and compliant with OSHA Title 29 CFR Part 1910.23 shall be supplied with each transformer.

[bookmark: _Toc66150681][bookmark: _Toc395082054][bookmark: _Toc17364017]Transformer Base

The bases of the transformers shall be manufactured to meet the requirements of IEEE Std. C57.12.10-2010. Each transformer shall be provided with a structural steel supporting base designed for rolling and/or skidding in a direction parallel to either center line when completely assembled and full of oil. Suitable pulling eyes shall be provided for the purpose.

In addition, the transformer base shall consist of steel beams that will equalize the load and provide permanent support to the tank when the transformer is in its service position. The beams shall be oriented and positioned so they align directly with the existing transformer leveling channels and be provisioned for fastening directly to the channels via welding or bolting. See specification drawings MC-392, D-23990, and D-23991 for dimensions.

Base design shall include the seismic requirements of Section 9.9.4.

[bookmark: _Toc66150682][bookmark: _Toc395082056][bookmark: _Toc17364018]Provisions For Handling

[bookmark: _Toc66150683][bookmark: _Toc395082057]Lifting Hooks, Eyes, and Bosses

Each 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 of areas for entrapment of foreign debris.

[bookmark: _Toc66150684][bookmark: _Toc395082058]Center of Gravity

Each 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.

[bookmark: _Toc66150685][bookmark: _Toc395082059][bookmark: _Toc17364019]Bushings

[bookmark: _Toc66150686][bookmark: _Toc395082060]General

Each transformer shall have three (3) low-voltage (primary), three (3) high-voltage (secondary), and one (1) secondary neutral lead brought out from the tank through bushings and designed for connection for three phase (3Ø) operation. All bushings shall be manufactured and tested in accordance with IEEE C57.19.00-2004 and IEEE Std. C57.19.01-2017. They shall be capable of withstanding the standard tests for their respective insulation classes as specified in the IEEE Standards for apparatus bushings. Color shall be gray. 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 manufacture by ABB Inc, Alamo, TN USA, be of a type and style under current production at the manufacturer, and be designed for outdoor service.

Access ports shall be provided on the transformer tank for attaching winding leads to all bushings and shall be located, as practical, on the transformer tank above the core of the transformer. The access port shall be adjacent to the bushing leads for ease of connecting and removing the bushing connections (see also Section 9.9.6.2). The access ports shall be oriented and sized so the winding leads can be attached to the bushings without personnel entry into the transformer tank.

Bushing seismic qualification design shall be as required in Section 9.9.4.

[bookmark: _Toc66150687][bookmark: _Toc395082061]Primary Bushings

The low voltage primary winding bushings connected to the 14.4 kV source terminals shall be located on the side of the transformer tank as indicated in Figure 2 and positioned exactly as shown on Specification drawing SK-190811 in order to connect directly to the isophase generator bus terminals.

The primary bushings shall be ABB Type “T” bushings, Style No. 025T1200JN, Catalog No. W15B714BB and approved for mounting 90 degrees from vertical. The specified bushings are bottom connected, 25 kV-class, rated at 12,000 continuous amperes and have a minimum BIL of 150 kV.

[bookmark: _Secondary_Bushings][bookmark: _Toc66150688][bookmark: _Toc395082062]Secondary Bushings

The high voltage secondary winding bushings connected to the 242 kV line terminals shall be mounted on top of the transformer tank as indicated in Figure 2. The secondary bushings shall be of the condenser type, PCB free, oil-impregnated, oil-filled and shall be provided with a suitable oil level gauge or indicator, oil drain, and a power factor test tap. All secondary bushings shall be draw-lead connected, current-rated for 800 amperes continuous duty, rated not less than the 196 kV voltage class, and 900 kV BIL. All Secondary bushings shall be ABB Type “O Plus C” bushings, Style No. 196W0800XA, Catalog No. W11B430BB, be approved for mounting 0-20 degrees from vertical. and manufactured in accordance with IEEE C57.19.01-2017.

All secondary bushings shall be provided with power factor test terminals rated not less than 1200 amperes with a NEMA 4-hole flat pad terminal at the top and threaded connector at bottom of the test terminal. Test terminals shall be PCORE Type 3, Catalog No. 63042-70.

[bookmark: _Toc66150689][bookmark: _Toc395082063]Secondary Neutral Bushings

The secondary neutral lead shall be brought up from inside the transformer case and brought out through a bushing mounted on top of the transformer tank as indicated in Figure 2 for grounding outside the tank.

The secondary neutral (H0) bushing shall be 25 kV class, 150 kV BIL minimum. The H0 bushing shall be ABB Type “O Plus C” bushings, Style No. 025W0412AT, Catalog No. W7B522BB, and be approved for mounting 0-60 degrees from vertical.

A copper ground bus rated for 1200 Amps shall be connected to the secondary neutral bushing and run to a ground pad at the base of the transformer tank.

Bushing Access

All transformer winding connections to external bushings shall be accessible through handholes or manholes as described in Section 9.9.6.2. The draw leads and winding terminals shall be positioned to allow for easy connection and fastening to the bushing terminals during installation. No personnel entry into the main tank shall be necessary to make bushing connections.

[bookmark: _Toc17364020]High Voltage Bushing Turrets

Due to the dimensional constraints of the transformer bays, the Seller shall endeavor to minimize the secondary bushing turret height that extends above the transformer main tank. Overall transformer height while in the operation must meet the dimensional requirements of Specification drawing SK-190810 which includes the height of bushing test terminals installed on each secondary bushing. Minimal bushing turret height allows for easier bushing installation and the ability to safely perform maintenance and testing functions (see also Section 9.9.6.5).

[bookmark: _Potential_Devices_(PD’s)][bookmark: _Toc66150690][bookmark: _Toc395082064][bookmark: _Toc17364021]Current Transformers (CT’s)

[bookmark: _Toc66150691][bookmark: _Toc395082065]Primary Bushing CT’s

One 10,000:5 ampere bushing-type current transformer shall be mounted on each of the 14.4 kV line bushings and shall be wired to shorting-type terminal blocks in the control cabinet. CT’s of all primary bushings on the transformer shall be wired for primary Delta operation. These current transformers shall have dual accuracy class of 0.3 B1.8 metering and C800 relay, be designed and manufactured in accordance with IEEE Std. C57.13-2016, and have a continuous thermal current rating factor (RF) of 1.5 at the applicable ambient temperature defined by Table B.1 of the Standard. The polarity of the CT’s shall be such that the X1 terminal of the CT secondary is coupled of the 14.4 kV primary bushing. Once the transformer is installed and primary windings are connected to the isolated phase bus in a delta configuration, the primary CT’s shall be wired to provide primary line current to external relaying and metering devices.

[bookmark: _Toc66150692][bookmark: _Toc395082066]Secondary Bushing CT’s

Three (3) 800:5 ampere multi-ratio bushing-type current transformers shall be mounted on each of the 242 kV line bushings and two (2) on the neutral bushing and shall be wired to shorting-type terminal blocks in the control cabinet. These current transformers shall have a relay accuracy class of C800, be designed and manufactured in accordance with IEEE Std. C57.13-2016, and have a continuous thermal current rating factor (RF) of 1.5 at the applicable ambient temperature defined by Table B.1 of the Standard. The polarity of the CT’s shall be such that the X1 terminal of the CT secondary is coupled to the 242 kV secondary bushing. Once the transformer is installed and the secondary windings are connected in a wye configuration, the secondary CT’s shall be wired to external relaying and metering devices.

Current transformers seismic qualification design shall be as required in Section 9.9.4.

[bookmark: _Terminal_Connectors][bookmark: _Toc66150694][bookmark: _Toc395082067][bookmark: _Toc17364022]Terminal Connectors

The terminal stud of each 14.4 kV terminal shall be copper, rated for up to 10,000-A continuous current, and provided with an approved flexible-type connector with alignment guide for connecting the terminal stud to the isolated phase bus conductors inside the bushing housing as indicated on the Specification drawings. High voltage neutral terminal studs of each bushing rated 25 kV shall be provided with an approved clamp-type connector with NEMA 4-hole flat pad. The 242 kV bushing terminals shall be connected directly to the test terminal described in Section 9.9.9.3. The NEMA 4-hole pad of each test terminal shall be connected to a 2” IPS-to-flat terminal pad. All contact surfaces of external terminals shall be silver-plated, using pure silver free of copper.

[bookmark: _Toc66150695][bookmark: _Toc395082068][bookmark: _Toc17364023]Grounding

One grounding 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 500-750-kCM bare stranded copper ground conductors and shall meet the requirements of Section 5.5 of IEEE Std. C57.12.10-2010.

In addition, a solid-copper ground bar shall be installed at each ground pad for connection of surge arresters and high voltage neutral bushing grounds.

[bookmark: _Toc66150696][bookmark: _Toc395082069][bookmark: _Toc17364024]Surge Arresters

[bookmark: _Toc66150697]The 242 kV windings shall be protected by gray polymer, 192 kV, metal-oxide varistor (MOV), station-type surge arresters. The arresters shall have an energy capability of not less than 7.0-kJ/kV arrester rating and shall have a pressure relief capability such that failed arresters will withstand fault current of 65,000 amperes or greater without violent disintegration. All arresters shall be designed, manufactured, and certified for operation in accordance with IEEE Std. C62.11-2012. The arresters shall be of the following style or an approved equal:

ABB - “PEXLIM”

General Electric – “TRANQUELL”

Discharge counters shall be provided for each 192 kV 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. 

Insulating bases shall be provided for insulating the arresters. Connections from the arresters to the surge counters and the counters-to-ground shall be provided via 250 kcmil copper cable or equivalent solid-copper conductor and be fastened securely to, but insulated from the transformer tank. A solid-copper conducting path to ground shall be provided; the transformer tank shall not be used as a path to ground.

Surge arrester seismic qualification shall be as specified in Section 9.9.4.

[bookmark: _Toc17364025]De-Energized Tap Changer (No-load Taps)

Each transformer shall be equipped with an external manually-operated tap changer for changing connections to the taps in the high-voltage windings. Taps will be changed only when the transformer is de-energized. The tap changer control shall be mounted on the side of the transformer tank at a convenient height for operation from the floor on which the transformer is mounted, and shall include an operating handwheel, indicating pointer and dial, and means for locking the tap changer in any desired tap position. 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. The operating handwheel, if removable, shall be mechanically interlocked with the tap mechanism to prevent its removal when the mechanism is not in a completed tap position. Transmission of motion from operating the handwheel shaft to taps shall be by interaction of rigid members. 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 tap changing mechanism shall render it impossible to leave a winding open or short-circuited when the operating wheel is placed in a locked position.

The Seller shall provide non-ferrous padlocks with duplicate keys for the local tap-changer mechanism or kiosk to prevent all unauthorized access and operation.

[bookmark: _Toc17364026]Fire Detection System

Each transformer shall be supplied with means for detecting the presence of heat and/or fire condition. Each transformer shall have eight (qty. 8) heat sensors spaced evenly around the top of each transformer (Fenwal DETECT-A-FIRE or approved equal). Heat sensors shall have normally-open (NO) contacts and activate at 225° F. The heat sensors shall be located so as to not interfere with typical transformer operation and maintenance activities, be connected together in a parallel circuit, terminate on terminal blocks inside the control cabinet, and be wired as an input to the transformer control system. An additional pair of empty terminal blocks adjacent to the heat sensor terminations shall be provided for Owner use. Wireway between heat sensors and to the control cabinet shall be fastened securely to the transformer and adequately protect the wiring from physical damage and the elements. See Section 9.9.18.1 for additional wireway requirements.

[bookmark: _Toc66150698][bookmark: _Toc395082071][bookmark: _Toc17364027]Service and Control Power

[bookmark: _Toc66150699][bookmark: _Toc395082072]AC Power

The AC power supply for cooling system pump motors will be 480 volts, 3-phase, 60 Hz provided by the Owner. All equipment and devices except the cooling system (such as utility outlets and compartment lighting) furnished with the transformer shall be supplied from a single phase transformer sized appropriate for the load, but rated minimum 3 kVA, 480:120/240V, 60 Hz mounted inside or near the control cabinet (Section 9.9.18). Compartment heaters shall be 120 or 240 volts, single phase, 60 Hz.

[bookmark: _Toc66150700][bookmark: _Toc395082073]DC Power

The DC control power for energizing control devices and critical electronic components will be supplied from a 125-volt station battery to be furnished by the Owner. All alarm circuits operate at 125-volts DC. 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.

[bookmark: _Control_Cabinet][bookmark: _Toc395082074][bookmark: _Toc66150701]
Figure 4.  Control System Block Diagram



[bookmark: _Control_Cabinet_1][bookmark: _Toc17364028]Control Cabinet

[bookmark: _General]General

Each transformer shall be provided with a control and terminals cabinet mounted in a readily accessible location as shown in Figure 2. 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 incoming wiring which will facilitate easy disconnection of external conduit and wiring for moving the transformer. 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, wherever possible, in galvanized rigid metal conduit and connected to terminal blocks in the cabinet. All conduit shall be supplied with watertight fittings and all runs installed by the Seller shall be terminated at devices or connection boxes and at the terminal cabinet in tapped holes having not less than three-inch (3”) pipe threads, or in standard pipe-threaded couplings or nipples integral with or welded to the device or cabinet. Other conduit connections shall be made with cast metal boxes and outlet fittings having threaded outlets and gasketed covers. No running threads on conduit and no electric metallic conduit will be permitted. All conduit, boxes, fittings, and connections shall be Listed by Underwriters Laboratories (UL), fully watertight, and thus capable of withstanding prolonged discharge from the fire suppression system without moisture ingress. No weep holes in any raceway device will be allowed.

All raceways shall be made of galvanized rigid metal conduit having a fill of not more than the recommended fill tables in the National Electric Code. All flexible conduits, if required, shall be LiquidTight metal conduit, and flexible conduits will be allowed only on conduit sizes of 1” or less, with a maximum run of 3-feet. All flexible conduits, piping or other systems which are exposed and could be damaged will be protected by a substantial cover.

Internal Accessories

One 120-volt, light-emitting diode (LED) lighting fixture providing a minimum of 1600 lumens, 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 120-Volts-AC, 3-wire, 15/20-ampere, duplex grounding type receptacle, NEMA 5-15R, shall be provided in each cabinet. A 120-Volts or 240-Volts thermostatically controlled electric space heater of adequate rating shall be provided in each cabinet to prevent condensation when the outside temperature is as low as -30°C. 

Serviceability

[bookmark: _Toc395082075]All parts and equipment in the control cabinet and other positions supporting the transformer shall be readily available from local (U.S.A.) suppliers. Whenever possible, NEMA standard fans, motors, and related devices shall be included so that replacements can be locally sourced by the Owner. For compatibility with on-site spares, preferred manufacturers of control cabinet equipment are ABB, Allen-Bradley, Phoenix Contact, Schneider/Square D, and Schweitzer Engineering Labs (SEL). Other manufacturers must be shown to be equivalent and approved by the Owner.




[image: ]
Figure 4. Control System Block Diagram.

[bookmark: _Toc17364029]Control System Equipment

Each transformer shall include an integrated control and protection package, configured as shown in Figure 4.

Circuit Control and Protection

All 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 240-Volts AC. Additional circuit breakers for branch circuit protection of oil pump and fan circuits shall be provided as required. All air circuit breakers shall be molded case type of proper voltage and current rating, but not less than 20 amperes, conforming to NEMA Pub. No. AB 1. All circuit devices used as a disconnecting means must include provision for padlocking in the open position for the purposes of Lockout-Tagout (LOTO) in accordance with National Electrical Code (NEC) 110.25.

In both AC and DC circuits, no fuses shall be used in place of molded case circuit breakers. Only in places where a molded case circuit breaker cannot replace a fuse due to system requirements will fused protection be accepted.

All equipment provided in this section shall be manufactured by Allen-Bradley, Square D, or other approved manufacturer.

[bookmark: _Resistance_Temperature_Devices][bookmark: _Toc395082076]Resistance Temperature Devices (RTD’s)

Each transformer shall be equipped with RTD’s for measuring ambient temperature, transformer top oil temperature, and winding hot spot temperature. All RTD’s shall be minimum 100 ohms platinum with three lead, shielded cable. For best lead-resistance compensation, all three leads shall be the same length and wire gauge with a maximum lead resistance of 25 ohms. Operating range shall be -40°C to 200°C.

The ambient temperature RTD shall be mounted in a protected housing, external to the transformer, and in a location suitable for providing ambient temperature data, i.e., unaffected by transformer operating temperatures.

Top oil and winding hot spot temperature RTDs shall be provided with thermowells of brass or stainless steel. Thermowells shall be as described in Section 6.4, “Thermometer wells,” of IEEE Std. C57.12.00.2010. Thermowells shall be mounted to dedicated flanges on the transformer main tank located just below minimum tank oil level where they will be exposed to a constant flow of oil. A top oil temperature RTD for measuring the hottest oil shall be installed on each transformer and winding hottest spot temperature shall be simulated by the heated thermowell, i.e. “thermal plate” method. The thermowell heater shall be sourced from a dedicated current transformer and RTD resistance measured at the heated thermowell to determine winding hottest spot. Data obtained from the Temperature Rise Test (Section 10.1.9) shall be used to adjust the winding hottest spot temperature time constant to match as closely as possible to the time constant of the windings.

[bookmark: _Transformer_Thermal_Monitor][bookmark: _Transformer_Automation_Controller][bookmark: _Toc395082077]Transformer Automation Controller

Each transformer provided in accordance with this Specification shall be integrated with an SEL-2240 Axion Modular Control System by Schweitzer Engineering Laboratories, Inc. (SEL), 509-332-1890, www.selinc.com. The Axion shall consist of a 4-slot chassis mounted in the control cabinet swing panel (or back panel), be protected externally with an approved molded case circuit breaker of the proper voltage and current rating, and be populated with the following modules:

Slot A – Real-Time Automation Controller (RTAC), SEL Part No. 2241X2X213X01TXXXX

Slot B – Power Coupler, SEL Part No. 224312X0

Slot C – Digital Input Module, 24 inputs, 125 VDC, SEL Part No. 22442424X0

Slot D – Analog Input Module, 16 inputs, ±20mA, ±10V, SEL Part No. 22452121XX0

The SEL-2241 RTAC module shall be configured to communicate with the other control equipment installed in (and on) the transformer using DNP3, Modbus, or SEL Fast Messaging protocols. All configuration settings shall be made via acSELerator RTAC SEL-5033 Settings Assistant Software by Schweitzer Engineering Laboratories, Inc. The SEL-5033 software is included with the purchase of the RTAC hardware. This software and all software and licenses associated with control and monitoring equipment on the transformer shall be provided to the Owner with each transformer.

The SEL-2241 RTAC shall be configured to integrate all connected devices on the transformer and to transmit the status of all connected control and monitoring devices and their digital and analog values via fiber optic cable for display on the local Human Machine Interface (HMI, by Owner) in the powerhouse Unit Control Board (UCB).

The SEL-2241 RTAC shall also be configured to log all status and events (SER) information on the transformer and all RTD temperature data to monitor overheating of the transformer.

[bookmark: _Transformer_Thermal_Monitor_1]Transformer Thermal Monitor

Each transformer cooling system shall be controlled by an SEL-2414 Transformer Monitor by Schweitzer Engineering Laboratories, Inc. mounted on the control cabinet swing panel. The monitor Part Number is 241421A2X9X3A851830 with mounting gasket and FT-1 test switches to isolate the digital outputs and short the current inputs. Automatic control of transformer cooling shall be enabled by a Unit Auxiliaries permissive contact (provided by Owner) and be local-remote selectable via 43 switch in the local control cabinet. Each oil pump and associated set of cooler fan contactors shall be initiated by an output contact from the monitor. Oil pumps startup shall be time offset to prevent inadvertent activation of the gas accumulator relay. The transformer monitor shall be protected externally with an approved molded case circuit breaker of the proper voltage and current rating.

Transformer top oil rise over ambient temperature, hot spot winding rise over top oil temperature, and ambient temperature shall be measured by the thermal monitor elements via RTD information supplied to the RTD Input card in the SEL-2414 Transformer Monitor. The thermal element shall use the measured top oil and ambient temperatures in addition to current input measurement of X1, X2, and X3 windings to calculate winding hot spot temperature, insulation aging factor, (FAA), daily rate of loss of life, (DLOL), and total loss of life (TLOL). This winding hot spot temperature value shall be derived independent of the value obtained from the heated thermowell method described in Section 9.9.19.2. The Thermal Element function of the transformer monitor shall initiate an output contact for thermal alarm conditions to the plant annunciator (by Owner) and an output contact for thermal trip condition to a trip and lockout relay (by Owner), both located in the Powerhouse Unit Control Board (UCB). Connection between the transformer monitor and the SEL-2241 automation controller (RTAC) module shall be made via heavy-duty fiber-optic cable. The fiber optic cable shall run between the fiber optic serial port (ST connector) on the thermal monitor and shall be terminated into an SEL Fiber-Optic Transceiver/Modem, SEL Part Number SEL-2812MT connected to a COM port in the RTAC.

Thermal monitor LED outputs shall be labeled and illuminate for cooling system lockout, AC undervoltage, cooling group undercurrent, RTD failure, and low ambient temperature. All protective and alarming events detected by the transformer monitor shall signal the SEL-2241 automation processor (RTAC) for logging and Owner use.

The thermal protection monitor shall be factory-calibrated, with the calibration values included in the maintenance manual, for determining the simulation parameters for the hottest spot of each winding.

[bookmark: _Input/Output_(I/O)_Module(s)][bookmark: _Digital_Inputs_to]Digital Inputs to the Transformer Control System

Digital input cards in the Axion Transformer Automation Controller and the SEL-2414 Transformer Thermal Monitor shall receive and communicate contact status of all connected devices, annunciate all alarm points of the transformer, and also be capable of transmitting a trip condition to a trip and lockout relay located in the powerhouse UCB. All status indication shall be communicated to the SEL-2241 Automation Controller (RTAC), as described in Section 9.9.19.3. Critical functions shall be given priority for wiring to the digital inputs of the SEL-2414. All digital inputs to the Axion controller and thermal monitor shall be capable of isolation at the terminal block via knife-disconnect style terminal blocks.

Contact status indication shall be monitored via digital inputs to the transformer control system and communicated for the following:

· Oil Level Low

· Oil Level High

· Buchholz

· Fault Pressure

· Pressure Relief #1

· Pressure Relief #2

· Dehydrating Breather Error

· Fire Detector

· Pump #1/Cooler #1 Running

· Pump #2/Cooler #2 Running

· Pump #1 Low Flow

· Pump #2 Low Flow

· Pump/Cooler #1 Loss of AC Voltage

· Pump/Cooler #2 Loss of AC Voltage

· Unit Auxiliaries (by Owner)

· Trip and Lockout Relay (by Owner)

· Loss of DC Voltage

· Loss of 480 AC Voltage

· Loss of 120 AC Voltage

· Oil Temperature High Alarm

· Oil Temperature High Trip 

· Winding Temperature High Alarm

· Winding Temperature High Trip

· DGA - Dissolved Hydrogen High

· DGA – Moisture in Oil High

· DGA – Carbon Monoxide High

· DGA – Relay #4

· DGA – Relay #5

Digital Outputs from the Transformer Monitor

Digital output contacts in the SEL-2414 transformer monitor shall be used to initiate alarm and trip conditions to the Plant annunciator and trip and lockout relays. Any auxiliary contacts needed to separate non-critical from critical conditions shall also be brought to a terminal block for the Owner’s use only. Any auxiliary relays used shall have a 125-VDC, 10-ampere rating.

Digital outputs from the transformer monitor shall be wired and programmed for the following:

· Pump/Cooler #1 Initiate

· Pump/Cooler #2 Initiate

· Top Oil or Winding Temperature Trip

· Transformer Miscellaneous Trouble

· Cooling System Trouble

Analog Inputs to the Transformer Automation Controller

The SEL-2245-2 Analog Input card of the Axion Transformer Automation Controller shall be wired and programmed to monitor analog values for the following:

· 480 AC – Phase A-to-B Voltage

· 480 AC – Phase B-to-C Voltage

· 480 AC – Phase B Current

· DGA – Dissolve Hydrogen Value

· DGA – Moisture-in-Oil Value

· DGA – Carbon Monoxide Value

The Seller shall provide all potential and current transformers and transducers required to produce the signal quantities for input to the analog input card.

[bookmark: _Communications_Processor][bookmark: _Automation_Controller][bookmark: _IRIG-B_Time_Source]Local Area Network (LAN)

All electronic devices provided by the Seller in or on each transformer shall be inter-connected to form a stand-alone data communications network utilizing multi-mode fiber optics. Each electronic device containing a MAC address, including but not limited to SEL-2241 RTAC, SEL-2414 Transformer Thermal Monitor and Morgan-Schaffer Calisto 9 Online Dissolved Gas Analyzer shall be connected to a fiber optic Modular Industrial Patch Panel (MIPP) located in the local control cabinet. The MIPP shall be Belden Part No. BMIP-BD-1L1P or an approved equivalent and provide at least three (3) spare fiber-pair connections. 

[bookmark: _Toc395082080][bookmark: _Toc17364030]Terminations and Wiring

[bookmark: _Toc395082081]All devices requiring an external connection by the Owner shall have dedicated terminal positions available and located in an accessible location in the control cabinet. Prior to manufacturing the control panel, a layout diagram and schematic drawings shall be provided. Upon written approval from the Owner, the Seller may proceed with the manufacture of the control panel. All power circuits should make first strike at a circuit breaker.

Terminal Blocks

Terminal blocks for digital inputs shall be rated not less than 600 volts, 16 amps. Terminal blocks for all other control wiring shall be rated not less than 600 volts, 30 amps. Terminal blocks for power wiring shall be rated not less than 600 volts with a current rating suitable for the purpose, but not less than 30 amps. Separate terminal blocks shall be provided for power and control wiring with barriers between block sections. All terminal block connections shall be the approved modular-screw-terminal “Clipline” blocks manufactured by Phoenix Contact, Middletown, PA, 800-888-7388, www.phoenixcontact.com. Blocks shall be mounted on 35mm x 15mm steel mounting rails (high profile DIN rails). 

All terminal blocks shall be labeled physically and on the connection drawings by the physical number of slots from the beginning, not by wire number. All Seller installed terminal blocks in the control cabinet shall be labeled with a unique, two-letter designation starting with “T” and be numbered incrementally starting with “1” from left to right or top to bottom, depending on the layout of the cabinet. In no case shall a single terminal block designation have greater than fifty (50) terminal points associated with it.

All terminations (except CT’s) shall be crimped-type, hexagonal or square pin ferrule type with no more than one (1) termination per screw-terminal. All ferrules shall be crimped using only the crimping tool designated by the manufacturer for the purpose. All wiring terminations shall be tightened in the screw terminal to the torque value designated by the manufacturer for the terminal block used. Circuit designation and wire name shall be clearly marked on each wire with an approved marking system within one inch of each termination. Multiple wires terminated into single-pin ferrules will not be allowed. All wiring from Seller-installed equipment shall terminate distinctly and consistently on one side of the terminal blocks, leaving the opposite side for Owner’s connections. The terminal arrangement shall be subject to the approval by the Owner and shall have at least 15% of all terminals of each block or group of blocks available as spares. Connection drawings shall have sufficient space to allow for the addition of Owner’s external connections.

All secondary leads of all current transformers shall be terminated to Phoenix Contact type RT-5 shorting terminal blocks. All first strikes for CT’s shall be terminated in the shorting terminal blocks with ring lug ferrule appropriate for the wire size used and crimped with a crimping tool designated by the manufacturer for the purpose.

[bookmark: _Toc395082082]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 #16 AWG and power wiring shall be #12 AWG minimum, 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. External cable bundles shall be secured throughout their length for support and protection. Connections to all instruments shall be flexible. Wire stripping shall be accomplished with a tool that assures that the wire will not be nicked and the wire stripped to the length appropriate for the lug or ferrule being used.

All CT and PT secondary wiring shall be four-conductor, #10 AWG cable that is compliant with Seattle City Light Material Standard 6404.11 and NEMA Method 1/E-1 color code. Similarly, for all wire runs to Seller-supplied equipment longer than twenty feet (20’) in length and with more than four (4) conductors, multiconductor cable rated for the raceways used and compliant with Seattle City Light Material Standard 6404.11 is preferred. All power circuit wiring shall be sized and protected for the current required.

Instrument cables shall be rated for not less than 300 volts and have PVC/Nylon insulation with a PVC jacket meeting NFPA 70 requirements and UL listed as type PLTC. Instrument cable conductors shall be individually shielded #18 AWG or larger stranded copper twisted pairs or triads (for RTD’s). Overall shield shall be aluminum-polyester foil, 100% coverage.

All fiber-optic cable shall be multi-mode capable, SEL-C800 Series or approved equal. All fiber optic runs integral to the control cabinet shall be protected from damage and abrasion along the run and UL rated as OFNR. Fiber optic runs exiting the control cabinet shall be high-strength, heavy-duty with PVC jacket for outdoor use.

[bookmark: _Toc395082083]Device Identification

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

[bookmark: _Toc401748932][bookmark: _Toc401752668][bookmark: _Toc401834982][bookmark: _Toc401835725][bookmark: _Toc407009029][bookmark: _Toc407009249][bookmark: _Toc408818536][bookmark: _Toc408824522][bookmark: _Wiring][bookmark: _Toc395082084][bookmark: _Toc17364031]Cooling System

[bookmark: _Toc66150702][bookmark: _Toc395082085]Forced Oil Coolers – General

[bookmark: _GoBack]Each transformer shall be provided with a sufficient number of coolers (heat exchangers) to maintain proper heat dissipation for uniformly cooling the transformer oil under all operating conditions. The coolers shall be so located on the tank to ensure uniform circulation of the oil through the windings. The coolers shall be constructed of mono-aluminum extruded finned tubes or extruded aluminum fins on copper or stainless steel tubes. Tube to tube sheet joints shall be expanded using roller expanding. All heat exchanger tubes shall include an approved anticorrosive protection such as Heresite. Tube sheets shall be 316L stainless steel welded into stainless steel headers of substantial construction. The headers shall be designed to accommodate differential thermal expansion and vibration between the tube bundles and side casings. All weldings, fittings and surfaces shall be smooth and free of crevices and pits in which water could collect. The coolers shall be designed to withstand both maximum positive operating pressure and full vacuum to permit filling the transformer under vacuum with coolers in place and all cooler valves open. Flanged ball valves shall be installed on each header connection to the main tank so that coolers may be removed for repairs without removing oil from the main tank. All valves shall be provided with O-ringed blanking covers to seal the valve openings when the coolers are removed. Provisions shall be made for draining and venting the coolers. Lifting eyes or other suitable means shall be provided for handling the coolers.

The Seller shall include in the Operation and Maintenance Manual (Section 3.5.8), a derating factor for determining the derated 3Ø load capacity of the transformer with one cooler out of service or disconnected from the transformer tank.

Connection of the coolers to the main transformer tank shall be in conformance with IEEE Std. 693 Section D.5.1.e. The coolers shall not be supported by the foundation and bracing shall be supplied to each cooler to prevent seismic deflections greater than L/500.

[bookmark: _Toc66150703][bookmark: _Toc395082086]Forced Oil Coolers – Location

The transformers will be located where limited space is available for positioning the coolers. The coolers must be located to achieve optimum cooling efficiency while minimizing the adverse impacts on safety and aesthetics to the greatest degree possible. Each transformer will be located in a semi-enclosed space with one opening as shown on the Specification Drawings, thus optimum cooling efficiency must be achieved while maintaining the maximum transformer dimensional requirements as shown in Specification drawing SK-190810. The coolers shall be affixed directly to the transformer tank. No external, detached cooling units will be allowed. Adequate vibration dampening shall be provided at the cooler-to-main tank and at all piping and oil pump connections to prevent cooler and tube fatigue failures under continuous operation over the life of the transformer.

[bookmark: _Toc66150704][bookmark: _Toc395082087]Forced-Air Equipment – General

Suitable NEMA rated forced-air equipment shall be provided so that the continuous cooling capacity of the transformer coolers are optimized while in operation without exceeding the allowable transformer temperature rise specified in Section 9.2. The forced-air equipment shall include propeller-type fans that direct the air stream laterally across the cooling fins to prevent recirculation of discharged air and may include baffles or louvers to direct the air flow out of the transformer bay opening. The fan motors and propellers shall be dynamically balanced, be designed for long-term continuous duty, be easily accessible for maintenance, and include OSHA-approved hot dip galvanized or stainless steel fan guards. The fan motors shall operate at 480 volts AC, 3-phase, 60 Hertz at maximum 1200 rpm, be designed to operate between -30°C to 60°C ambient, and be rated for outdoor weatherproof (wet locations) duty. The fan motors shall also be of the totally-enclosed induction type without commutator or internal starting switch construction, be provided with antifriction (not plain) sealed bearings, have minimum 1.15 SF, and have individual thermal overload protection.

[bookmark: _Toc66150706][bookmark: _Toc395082089]Forced Oil Components

Oil pumps shall be hermetically sealed and made of cast iron housing to withstand full vacuum and positive operating pressures over the life of the transformer. Oil pumps shall be isolated on the inlet and outlet seal-off flanges by suitable ball valves to allow removal of the pump without removal of transformer oil. The oil pumps shall operate at 480 volts AC, 3-phase, 60 Hertz, have individual thermal overload protection, and be designed specifically for use with the transformer coolers supplied by the Seller. Inlet and outlet piping to the oil pumps shall have no bends or elbows within twelve inches (12”) of the pump body, be equipped with suitable vibration and thermal expansion dampeners and include a differential pressure gauge or dynamic flow switch located between the outlet of each cooler and the inlet of each oil pump. Oil pumps shall be mounted below the coolers to be accessible for maintenance and inspection.

Forced-Air and Oil Control Equipment

All necessary protective and control equipment for the oil pumps and cooling fan motors shall be furnished and installed in a NEMA-4 rated weatherproof steel cabinet mounted on the transformer tank as described in Section 9.9.18. The cooling control equipment shall be fully automatic, designed to start and stop the pumps and cooling fan motors primarily as the transformer is energized and secondarily as the transformer winding temperature and operation requires. Cooling equipment shall be controlled by an SEL-2414 Transformer Monitor as described in Section 9.9.19.5 and shown in Figure 4. The start-up or shutdown of any cooling equipment shall not cause mal-operation of any gas or oil-actuated relay or impair other equipment, e.g., gas monitors. Provision shall be made so that when a cooler must be removed for repairs, it can be disconnected and removed without disturbing or disconnecting other cooling system components and piping not associated with the repair.

To allow for flexibility in operating the cooling system, the control scheme shall include a Hand-Off-Auto switch on each cooler bank and have means for manual selection at any time of the order and time delay in which the cooling system equipment enters automatic operation.

[bookmark: _Toc395082090][bookmark: _Toc17364032][bookmark: _Toc66150707]American Standard Sizes

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.

[bookmark: _Toc66150709][bookmark: _Toc395082091][bookmark: _Toc17364033]Oil Thermometer Gauges

Each transformer shall be equipped with an oil thermometer used to indicate top oil temperature of the transformer. This gauge shall have a dial easily readable from the ground and shall have non-grounded alarm and trip contacts wired to terminals in the control cabinet and to the I/O cards described in Section 9.9.19.5. A second oil thermometer gauge shall be installed on the bottom of the tank to monitor bottom oil temperature. Gauges shall be scaled in degrees Celsius and Qualitrol 104 Series or approved equal.

[bookmark: _Toc395082092][bookmark: _Toc17364034]Transformer Oil

[bookmark: _Toc66150711][bookmark: _Toc395082093]Quantity and Certification

Sufficient insulating mineral oil shall be furnished to fill each transformer to normal level. The oil shall be standard inhibited type with suitability for use in accordance with ASTM D3487-00.

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

[bookmark: _Toc395082094]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.

[bookmark: _Toc66150712][bookmark: _Toc395082095][bookmark: _Toc17364035]Oil Preservation

[bookmark: _Toc66150713][bookmark: _Toc395082096]General

The oil preservation system for the transformers shall be an air-cell, constant-pressure, reservoir tank (conservator) system. The system installation, operation, and maintenance shall be compatible with the transformer dimensional limitations as set forth in Section 9.9.1. The oil preservation system shall conform to the applicable requirements as follows:

Gas Accumulator Relay (Buchholz) 

A gas accumulator relay (Buchholz, Device No. 63B), shall be provided on each transformer for detection of low magnitude faults. Shutoff valves shall be provided to allow removal of the relay without lowering the oil level. This device shall have a normally open contact wired and connected to a Qualitrol 909 Series Seal-In relay (Device No. 63BX) or approved equal. The ALARM (63BX1) contacts shall be wired to a digital input card in the transformer control system for status indication and the TRIP (63BX2) contacts shall be wired to terminals in the control cabinet for Owner-supplied direct wiring to the transformer protective equipment in the powerhouse.

Dehydrating Breather

The ambient air expansion and contraction of the air cells or diaphragms shall be filtered for moisture using a Messko MTraB maintenance-free dehydrating breather sized accordingly. The breather shall employ a regenerative silicagel with a heated high grade steel filter, be designed for outdoor use and be securely attached to the transformer. Power to the breather shall be supplied from the auxiliary circuit in the control cabinet and be protected with an approved molded case circuit breaker or fuse of the proper voltage and current rating. Indication of device malfunction shall be transferred directly to the transformer control system.

[bookmark: _Toc401748938][bookmark: _Toc401752674][bookmark: _Toc401834988][bookmark: _Toc401835731][bookmark: _Toc407009035][bookmark: _Toc407009255][bookmark: _Toc408818542][bookmark: _Toc408824528][bookmark: _Toc401748939][bookmark: _Toc401752675][bookmark: _Toc401834989][bookmark: _Toc401835732][bookmark: _Toc407009036][bookmark: _Toc407009256][bookmark: _Toc408818543][bookmark: _Toc408824529][bookmark: _Toc401748940][bookmark: _Toc401752676][bookmark: _Toc401834990][bookmark: _Toc401835733][bookmark: _Toc407009037][bookmark: _Toc407009257][bookmark: _Toc408818544][bookmark: _Toc408824530][bookmark: _Toc401748941][bookmark: _Toc401752677][bookmark: _Toc401834991][bookmark: _Toc401835734][bookmark: _Toc407009038][bookmark: _Toc407009258][bookmark: _Toc408818545][bookmark: _Toc408824531][bookmark: _Toc401748942][bookmark: _Toc401752678][bookmark: _Toc401834992][bookmark: _Toc401835735][bookmark: _Toc407009039][bookmark: _Toc407009259][bookmark: _Toc408818546][bookmark: _Toc408824532][bookmark: _Toc401748943][bookmark: _Toc401752679][bookmark: _Toc401834993][bookmark: _Toc401835736][bookmark: _Toc407009040][bookmark: _Toc407009260][bookmark: _Toc408818547][bookmark: _Toc408824533][bookmark: _Toc66150717][bookmark: _Toc395082100][bookmark: _Toc17364036]Oil Level Gauges

[bookmark: _Toc66150718]Magnetic-type oil gauges are to be included which will indicate continuously the level of the insulating oil in the main tank and in the various compartments. These gauges shall be readable from the ground and shall have two (2) non-grounded alarm contacts wired to terminals in the control cabinet and to the Input Card of the SEL-2414 as described in Section 9.9.19.5. The first contact shall indicate a low oil level alarm condition. The second contact shall indicate a high oil level which is considered critical and will be used to trip the transformer. The oil level gauges shall be Qualitrol 032 Style or approved equal.

[bookmark: _Toc17364037][bookmark: _Toc395082101]Continuous On-Line Dissolved Gas Analyzer

An on-line gas-in-oil and moisture-in-oil gas analyzer (Device No. 45) shall be provided on the transformer. The analyzer shall be made by Morgan-Schaffer, Model Calisto-9, with stainless steel sampling tubes isolated by ball valves. The analyzer shall be able to interface with the control system local-area network 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 five (5) Form C output contacts 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 have a minimum of three (3) 4-20 mA analog outputs for Dissolved Hydrogen, Moisture in Oil, and Carbon Monoxide level monitoring connected to analog input card of the Axion control system in the transformer control cabinet.

4. The device shall provide communication protocols in DNP3, ModBus, TCP/IP, and communicate using RS232, RS485, Ethernet, and fiber optics mediums. Connection between the device and the SEL-2241 automation controller (RTAC) module shall be made via heavy-duty multimode fiber-optic cable. The fiber optic cable shall run between the RS-232 port on the device and connect to a COM port in the RTAC. Both fiber optic cable ends shall be terminated into SEL Fiber-Optic Transceiver/Modems, SEL Part Number SEL-2810.

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

6. The device shall be designed for outdoor service with relatively high humidity, and Sun and rain exposure and be housed in a NEMA-4X rated enclosure mounted to the main transformer tank.

[bookmark: _Toc17364038]Valves

Adequate valves shall be furnished for drains, top and bottom filter press connections, liquid sampling, and top and bottom cooler shut-off. Fittings for filter press connection shall be 2 inches in diameter.

A one-inch NPT valve shall be provided at the bottom of one cooler or near the bottom of the main tank 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.

All valves shall be ball or gate valves; no butterfly valves will be accepted.

[bookmark: _Toc66150720][bookmark: _Toc395082102][bookmark: _Toc17364039]Pressure Relief Device

A spring-operated tank pressure relief device (Device No. 63P1) with non‑grounded trip contacts shall be furnished on each transformer. 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 pressure relief device is to be located such that oil will not escape from the transformer when the device has been operated and is in the open position. The pressure relief device shall also have a shield around the relief cover with piping that directs the oil safely to the oil-containment sump at the base of the transformer in the event of discharge. The relief shield shall not impede the oil release or resetting of the relief device operation.

If the Seller determines that the size and configuration of the main tank inhibits consistent, reliable detection and operation of the device during a pressure event, a second, duplicate pressure relief device (Device No. 63P2) shall be provided. The two pressure relief devices shall be located so that reliable detection of a pressure event can be ensured under all operating conditions.

The pressure relief device shall be Qualitrol XPRD Series or approved equal. Device operation shall be designed for use in a fault protection scheme and shall include auxiliary relays and/or high-current contacts (125 VDC, 10 A) as required. One set of contacts shall be wired to the transformer control system inputs for status indication and another set of contacts shall be wired to terminals in the control cabinet for Owner-supplied direct wiring to the transformer protective equipment in the powerhouse.

[bookmark: _Toc66150721][bookmark: _Toc395082103][bookmark: _Toc17364040]Rapid Pressure Rise Relay

[bookmark: _Toc66150722]A rapid rate-of-rise (fault) pressure relay shall be provided (Device No. 63F) which will close its contacts upon a sudden rise of pressure in the transformer tank. This relay shall operate in accordance with requirements of IEEE Std. C57.12.10-2010/Cor 1-2012 

The rapid pressure rise relay shall be Qualitrol 900 Series with a Qualitrol 909 Series Seal-In relay (Device No. 63FX) or approved equal. The ALARM (63X1) contacts shall be wired to the SEL 2414 Transformer Monitor inputs for status indication and the TRIP (63X2) contacts shall be wired to terminals in the control cabinet for Owner-supplied direct wiring to the transformer protective equipment in the powerhouse.

[bookmark: _Toc401748949][bookmark: _Toc401752685][bookmark: _Toc401834999][bookmark: _Toc401835742][bookmark: _Toc407009046][bookmark: _Toc407009266][bookmark: _Toc408818553][bookmark: _Toc408824539][bookmark: _Toc66150724][bookmark: _Toc395082104][bookmark: _Toc17364041]Paint and Finish

The exterior surface of each transformer shall be prepared by sandblasting or shotblasting and derusting to a clean metal surface and primer 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” Grey or approved equal. 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.

[bookmark: _Toc66150725][bookmark: _Toc395082105][bookmark: _Toc17364042]Nameplates

Transformer Nameplate

A nameplate shall be fabricated in accordance with ANSI C57.12.10-2010 and affixed to each transformer. The nameplate shall also contain the City of Seattle purchase order number under which the transformer is being purchased and a statement indicating PCB content is less than 0.1 ppm.

Instrument Transformer Nameplates

Each transformer shall display manufacturer’s nameplates of all instrument transformers installed thereon. The nameplates shall be affixed in an easily visible location on, in, or near the main control cabinet. All instrument transformer nameplates shall include the minimum information required by Section 6.8 of IEEE C57.13-2016. In addition, each instrument transformer nameplate shall indicate the installed location on the transformer.
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[bookmark: _Toc395082106][bookmark: _Toc17364043]Required Measurements and Tests

[bookmark: _Toc17364044][bookmark: _Toc66150728][bookmark: _Toc395082107]Transformer

[bookmark: _Toc17364045]General

Measurements and tests shall be conducted at the factory at the Seller’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, and oscillograms, and be detailed enough to allow the test(s) to be repeated and verified. The Seller shall notify the Owner and provide a factory test procedure at least three (3) weeks in advance of said tests if performed in the United States or at least five (5) weeks if outside the USA in order that the Owner may exercise his/her 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 Seller and the Owner. Seller shall furnish six (6) certified printed paper copies of all test reports, including oscillograms and complete data on all tests as described in this Section.

Each transformer shall be subjected to the following tests and measurements in accordance with Standards C57.12.00-2015 and C57.12.90-2015. 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 shall be performed in the three phase connection arrangement as appropriate for the test purpose.

[bookmark: _Toc66150729][bookmark: _Toc395082108][bookmark: _Toc17364046]Resistance Measurements

The cold resistance of each winding on the rated-voltage connection shall be measured on all transformers. The hot resistance of windings shall be measured on the transformer which is given by the temperature test (see Section 10.1.9). Tests shall be in accordance with Section 5 of IEEE Std. C57.12.90-2015.

[bookmark: _Toc66150731][bookmark: _Toc395082109][bookmark: _Toc17364047]Polarity and Phase Relation

The angular displacement and relative phase sequence on the rated-voltage connection shall be tested and the lead marking checked on the transformer in accordance with Section 6 of IEEE Std. C57.12.90-2015.

[bookmark: _Toc66150730][bookmark: _Toc395082110][bookmark: _Toc17364048][bookmark: _Toc66150732]Ratio Measurements

The turns ratios of the windings on the rated-voltage connections and on all taps shall be determined for each transformer in accordance with Section 7 of IEEE Std. C57.12.90-2015.

[bookmark: _Toc395082111][bookmark: _Toc17364049]No-Load Losses and Excitation Current

No-load losses and excitation current shall be measured on each transformer and computed in accordance with Section 8 of IEEE Std. C57.12.90-2015 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 all transformers.

[bookmark: _Toc66150733][bookmark: _Toc395082112][bookmark: _Toc17364050]Impedance Voltage

Impedance measurements shall be taken on each transformer to demonstrate compliance with Section 9.1.2 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 9 and Table 19 of IEEE Std. C57.12.00-2015 and measured in accordance with Section 9 of IEEE Std. C57.12.90-2015.

[bookmark: _Toc66150734][bookmark: _Toc395082113][bookmark: _Toc17364051]Loss Tests

Loss tests shall be made on each transformer and compared with guaranteed values. Loss tests shall include no-load losses at 90 percent, 100 percent, and 110 percent of rated voltage; load losses at 180 MVA and 270 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 180 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.

[bookmark: _Dielectric_Tests][bookmark: _Toc66150736][bookmark: _Toc395082114][bookmark: _Toc17364052]Dielectric Tests

The following insulation tests shall be performed on each transformer with the test levels corresponding to the basic impulse insulation levels of the windings in Section 9.3 and in accordance with IEEE Std. C57.12.00-2015. Tests shall be performed in accordance with the procedures outlined in Section 10 of IEEE Std. C57.12.90-2015 for Class II power transformers:

1.	Switching Impulse Test

2.	Lightning Impulse Test

3.	Applied Voltage Test

4.	Induced Voltage Test

5.	Partial Discharge Test

6.	Insulation Power-Factor test

7.	Insulation Resistance 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.

[bookmark: _Temperature_Rise][bookmark: _Toc66150735][bookmark: _Toc395082115][bookmark: _Toc17364053][bookmark: _Toc66150737]Temperature Rise

The first transformer to be tested shall be subjected to the standard temperature tests. The temperature rises shall be determined at rated frequency at the forced-cooling rated kVA. If the temperature rise of the transformer exceeds the limits specified in Section 9.2, then another transformer shall also be given complete temperature tests without additional cost to the Owner. Loading for the temperature test shall be by one of the methods described in Section 11 of IEEE Std. C57.12.90-2015 as proposed by the Seller and approved in writing by the Owner.

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.

[bookmark: _Audible_Sound_Level_1][bookmark: _Toc395082116][bookmark: _Toc17364054]Audible Sound Level Measurement

Measurement of the audible sound level shall be performed to demonstrate compliance with Section 9.8 of these Specifications. The sound level shall be measured with the transformer connected and energized at rated voltage and 60 Hz frequency and in accordance with Section 13 of IEEE Std. C57.12.90-2015. The maximum sound level shall be 76.0 dB (A-weighted) with the transformer in operation at no-load, with the no-load tap changer in the nominal voltage position, and with all pumps and coolers in operation.

[bookmark: _Toc395082117][bookmark: _Toc17364055]Regulation

The regulation of each transformer at 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 in the test report using appropriate data derived from the required tests described in Section 14 of IEEE Std. C57.12.90-2015.

[bookmark: _Toc395082118][bookmark: _Toc17364056]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 Std. C57.113-2010. 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.

[bookmark: _Toc395082119][bookmark: _Toc17364057][bookmark: _Toc66150738]Insulation Power Factor Tests

Each winding of each assembled transformer, when filled with oil, shall be given a power factor test in accordance with Table 4, Method II of IEEE Std. C57.12.90-2015, and this data shall be entered upon the test records. Power factor data shall be identified with the transformer serial number and oil temperature. .This testing shall be performed both prior to and following the factory dielectric tests using a Doble M4000 or newer test instrument. The purpose of these tests is to assist in future maintenance testing.

[bookmark: _Toc395082120][bookmark: _Toc17364058]Core Insulation Test

The transformer core shall be insulated from the tank via a core ground strap. The ground strap shall be located on the transformer as described in Section 9.6 and removed for the core-to-ground insulation test. The resistance shall be a minimum of 0.5 mega-ohms.

[bookmark: _Toc395082121][bookmark: _Toc17364059]Short Circuit Design Test

The coil and core design used to manufacture each transformer covered by this Specification shall have been short-circuit tested in accordance with IEEE Std. C57.12.90-2015. The actual transformers 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 Seller’s Bid.

[bookmark: _Toc395082122][bookmark: _Toc17364060]Sweep Frequency Response Analysis (SFRA)

The Seller shall perform Windings Sweep Frequency Response analysis under oil using Doble M5100 Sweep Frequency Response Analyzer prior to shipment from the factory and again following final assembly and oil processing at Boundary Powerhouse. See M5100 Sweep Frequency Response Analysis (SFRA) Instrument Users Guide, Doble Engineering Company for connection details. The tests shall be compared to identify any changes in the transformers during shipment.

[bookmark: _Toc17364061][bookmark: _Toc66150739][bookmark: _Toc395082123]Bushing Power Factor Test

Power factor tests shall be performed on each bushing supplied with each transformer after the bushings have arrived on the project site, but prior to installation in the transformers. The test shall be performed using a Doble M4000 series or later test set and shall include a tip-up test at 1 kV intervals up to 10 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 Std. C57.19.00-2004. The test shall include the manufacturer and type of test equipment used. Data for temperature and humidity shall be recorded at the time of each test. If a Doble M4000 series or later test set was not used for testing the bushings prior to shipment from the factory, then another test by the transformer manufacturer using the Doble M4000 series or later test set shall be provided, thus duplicating the bushing manufacturer’s test procedure with the addition of the tip-up test.

[bookmark: _Toc17364062]Other Tests

Each transformer shall also be subjected to any additional routine tests described in Table 17 of IEEE Std. C57.12.00-2015 for Class II transformers.



[bookmark: _Final_Drawings][bookmark: _Certified_Test_Report]

image2.gif

— sy 17—y
L7y | o 158 —1—
R 4 e 87
ke e 1"
ASIZE \ B-SIZE \
—el | e |
22"
20§
=18 145"
C-SIZE s
£ =
40"
37"
4_.72%'
243" D-SIZE
28"
[ = ——







image3.png

H2 X2
HO X1
H1 H3
X3
SECONDARY PRIMARY

PHASING DIAGRAM — YNd1

196 kV—clas:

s
(242 kV L-L) HV BUSHINGS

5 kV—cl

2 lass
NEUTRAL (HO) BUSHING—,
&

25 kV=closs
XV BUSHINGS —|

CONTROL
CABINET

[
]

f~—— COOLERS

SIDE ELEVATION

CONTROL
CABINET

.
X3 X2 X1

Gy

H2 Hi
T A N—
PLAN VIEW
&
i
|

|

S
-1

FRONT ELEVATION







image4.gif

40.98"(1041) | 40.98"(1041)







image5.gif

SEL
Fiber-Optic
Transceiver
Modem
(Typical)

El Controller (RTAC)

SEL 387

H MI Current Differential

and Overcurrent Relay

£33

Annunciator

Generator Trip
and Lockout
Relay

i ONLINE
DGA
a
= l
z||la }
3| COOLING |
2lle EQUPMENT | |
5
T @ |
2
| ORO®|
Ampient o £ g |
TempRTD\ﬁ\i e }
La
T
CONTROL oF |
CABINET —r =
s -
SEL-2414 — éx }
= e 2l
— o
Contact S
Inputs | 5|
(Oil Level, !
Loss of AC, * |
etc) |
| SEL-2240 |
. > mdon Control  [FF————]-mm o g
o System
b= Anglog  ——pm!
=4 Inputs  ——mmt
)
O
= g POWERHOUSE UNIT CONTROL BOARD
]
&2 m II‘ B l_’—ﬂ To Plant
T o } Real Time Automation







image1.png








image1.emf
Spec 3746-BPH BKs  151-154-10.9.docx


Spec 3746-BPH BKs 151-154-10.9.docx
SPECIFICATION NO. 3746								Section 11

14.4 kV:242 kV, 200 mva, 3Ø Transformer

Seattle City Light - Boundary powerhouse



[image: ]The City of Seattle


Finance and Administrative Services Division

City Light Department



Boundary Hydroelectric Project

Boundary Powerhouse

Transformer Banks 151-154 Replacement



Specification No. 3746

Seattle, Washington, U.S.A.
October, 2019 







the city of seattle – city light department



Specification No. 3746




TO FURNISH UP TO FOUR 200-MVA 
GENERATOR STEP-UP TRANSFORMERS
FOR BOUNDARY POWERHOUSE

		

		Prepared by:

		



		

		

		Project Engineer



		

		Reviewed by:

		



		

		

		Manager, Generation Operations & Electrical Engineering



		

		Approved by:

		



		

		

		Manager, Boundary Hydro Power Operations



		

		Approved by:

		



		

		

		Director, Generation Operations & Engineering Division





Seattle City Light

700 Fifth Avenue

P.O. Box 34023

Seattle, Washington  98124



i



ii



Contents
1.	General Scope	1
2.	General Conditions	2
2.1	Schedule	2
2.2	Shop Inspections and Assemblies	2
2.2.1	Shop Inspections	2
2.2.2	Shop Assemblies	3
2.3	PARTS AND MATERIAL WARRANTY	3
2.4	Failure to Meet Requirements of Specification	3
2.4.1	Loss Evaluation	3
2.4.2	Impedance and Temperature Requirements	4
2.5	PAYMENTS	4
2.5.1	Progress Payments	4
2.5.2	Submittal of Invoices	5
2.6	Owner Furnished Drawnings	5
3.	Submittals and Documentation	7
3.1	Correspondence and Notice	7
3.2	Owner’s Review Process	7
3.3	Late Submittals	8
3.4	Design Phase Submittals	8
3.4.1	Seller’s Implementation Schedule	8
3.4.2	Transformer Approval Drawings	9
3.4.3	Installation Approval Drawings	9
3.4.4	Final Drawings	9
3.4.5	Summary of Design Phase Submittals	10
3.5	Manufacturing Phase Submittals	10
3.5.1	Manufacturing Schedule	10
3.5.2	Witness testing and test procedure notification	10
3.5.3	Certified Test Report	10
3.5.4	Transformer Pictures	11
3.5.5	Installation Manual	11
3.5.6	Current Transformer Data	12
3.5.7	Bushing Test Data	12
3.5.8	Operation and Maintenance Manuals	12
3.5.9	Summary of Manufacturing Phase Submittals	14
3.6	Shipping Phase Submittals	14
3.6.1	Shipping notices and packing lists	14
3.6.2	Transformer Shipping Plan	15
3.6.3	Final Transformer Shipping Plan	15
3.6.4	Impact Recorder Data	15
3.6.5	Summary of Shipping Phase Submittals	15
3.7	Pre-installation Phase Submittals	15
3.7.1	Seller’s Technical Service Advisor Qualifications	15
3.7.2	Field Installation Procedure	16
3.7.3	Commissioning Procedure	16
3.7.4	Background Check Applications	16
3.7.5	Health and Safety Plan	16
3.7.6	Spill Prevention Plan	17
3.7.7	Summary of Pre-Installation Phase Submittals	17
3.8	Installation and Commissioning Submittals	18
3.8.1	Commissioning Field Report	18
3.8.2	Field Service Report	18
3.8.3	Training Materials	18
3.8.4	Summary of Installation and Commissioning Submittals	19
3.9	Close out Submittals	19
3.9.1	Red-Lines	19
3.9.2	As-Builts	19
3.9.3	Summary of Close Out Submittals	19
3.10	Drawing Standards	19
3.10.1	Drawing Standards	19
3.10.2	Drawing Sizes	20
3.10.3	Terminal Blocks	21
3.10.4	Revisions and References	21
3.10.5	Connection Drawings	21
3.10.6	Schematic Drawings	21
3.10.7	Conduit and Wireway	21
3.10.8	Physical Outline	21
3.10.9	Drawing Scale	21
3.10.10	Drawing Dimensions and Units	21
4.	Shipping	22
4.1	Preparation for Shipment	22
4.1.1	General	22
4.1.2	Impact Recorders	23
4.2	Transformer Shipping Plan	23
4.3	Delivery Restrictions	24
5.	FIELD INSTALLATION	25
5.1	Field Installation Procedure	25
5.2	Technical SERVICEs advisor	25
5.2.1	Start Date and Timeframe for Field Installation	25
5.2.2	Technical Advisor Responsibility	25
5.2.3	Continuity of Service	25
5.2.4	Coordination With the Owner	25
5.2.5	Operating Procedures and Conditions	25
5.2.6	Contract Drawing Updates	26
5.2.7	Installation Standards	26
5.2.8	Commissioning Procedure	26
5.2.9	Delivery Inspection	26
5.2.10	Field Service Report	26
5.2.11	Other Conditions	26
5.3	Training	27
6.	Application Description	28
6.1	Arrangement of equipment	28
6.2	System Operating Conditions	28
6.3	Existing Transformers	28
6.4	Short Circuit Parameters	29
7.	Applicable Standards	30
7.1	Industry Standards	30
7.1.1	Applicability of Standards	30
7.1.2	Publication Dates	30
7.1.3	Conflicting Requirements	30
7.1.4	Minimum Quantity or Quality Levels	30
7.1.5	Copies of Standards	30
7.2	Standards Compliance	31
7.2.1	Equipment Standards	31
7.2.2	Installation and Operational Standards	32
8.	SYSTEM OPERATING Conditions	33
8.1	Equipment operating conditions	33
9.	Transformer Requirements	34
9.1	Type and Rating	34
9.1.1	General	34
9.1.2	Ratings and Electrical Characteristics	34
9.2	Thermal Design	35
9.3	Insulation Class and Impulse Levels	35
9.4	Impedances	35
9.5	Overload Capacity	35
9.5.1	Loading	35
9.5.2	Overexcitation	36
9.6	Core	36
9.7	Windings	38
9.8	Audible sound level	38
9.9	Distinctive Features of the Transformers	38
9.9.1	Size and Appearance	38
9.9.2	Interchangeability	38
9.9.3	Standardization	39
9.9.4	Seismic Requirements	39
9.9.5	Factors of Safety	41
9.9.6	Tanks	41
9.9.7	Transformer Base	43
9.9.8	Provisions For Handling	43
9.9.9	Bushings	43
9.9.10	High Voltage Bushing Turrets	45
9.9.11	Current Transformers (CT’s)	45
9.9.12	Terminal Connectors	45
9.9.13	Grounding	45
9.9.14	Surge Arresters	46
9.9.15	De-Energized Tap Changer (No-load Taps)	46
9.9.16	Fire Detection System	47
9.9.17	Service and Control Power	47
9.9.18	Control Cabinet	48
9.9.19	Control System Equipment	50
9.9.20	Terminations and Wiring	53
9.9.21	Cooling System	55
9.9.22	American Standard Sizes	57
9.9.23	Oil Thermometer Gauges	57
9.9.24	Transformer Oil	57
9.9.25	Oil Preservation	57
9.9.26	Oil Level Gauges	58
9.9.27	Continuous On-Line Dissolved Gas Analyzer	58
9.9.28	Valves	59
9.9.29	Pressure Relief Device	59
9.9.30	Rapid Pressure Rise Relay	59
9.9.31	Paint and Finish	59
9.9.32	Nameplates	60
10.	Required Measurements and Tests	61
10.1	Transformer	61
10.1.1	General	61
10.1.2	Resistance Measurements	61
10.1.3	Polarity and Phase Relation	61
10.1.4	Ratio Measurements	61
10.1.5	No-Load Losses and Excitation Current	61
10.1.6	Impedance Voltage	62
10.1.7	Loss Tests	62
10.1.8	Dielectric Tests	62
10.1.9	Temperature Rise	62
10.1.10	Audible Sound Level Measurement	63
10.1.11	Regulation	63
10.1.12	Internal Partial Discharge Tests	63
10.1.13	Insulation Power Factor Tests	63
10.1.14	Core Insulation Test	63
10.1.15	Short Circuit Design Test	63
10.1.16	Sweep Frequency Response Analysis (SFRA)	64
10.1.17	Bushing Power Factor Test	64
10.1.18	Other Tests	64


Section

1

[bookmark: _Toc53447748][bookmark: _Toc53448006][bookmark: _Toc66150495][bookmark: _Toc395081883][bookmark: _Toc17363891]General Scope

This specification covers the furnishing F.O.B. Seattle City Light (SCL) Boundary Powerhouse, up to four (4) generator step-up transformers rated 200 MVA, 242,000 V:14,400V, 60Hz, three phase, delta primary, grounded-wye secondary, with no-load tap changer as described herein. The scope includes, design, fabrication, delivery, and installation oversight of the four transformers.

The existing 170-MVA generator step-up transformers were installed 50 years ago when the Boundary Powerhouse was built.  These transformers are reaching the end of their useful life and are rated below the capabilities of generator output.  While the new transformers will be of higher rating than the existing, they must fit into the existing available space and be supported on the existing foundations. 

Boundary Powerhouse is located on the Pend Oreille River in Pend Oreille County, State of Washington, approximately 120 miles North of Spokane International Airport. The Powerhouse is located at latitude 48.989 and longitude -117.353 which is 9 miles due north of Metaline Falls, WA. It is accessible by heading North off of Washington State Hwy 31 on Boundary Road and veering right at the fork in the road. 

The transformers will be purchased under four separate purchase orders. The first purchase order in 2019 will be for one transformer for Boundary generator Unit 54 to be installed by the Owner. Subject to the Owner’s budget approval, a second, a third, and a fourth purchase order may be exercised for up to three more transformers to be installed by the Owner. Bids meeting all specification requirements will be evaluated on the basis of pricing for all four transformers.





[bookmark: _Toc53447790][bookmark: _Toc53448099][bookmark: _Toc66150533]Section

2

[bookmark: _BID_FORM][bookmark: _Toc17363892]General Conditions

0. [bookmark: _QUALIFICATION_DOCUMENTS][bookmark: _Schedule][bookmark: _Toc17363893][bookmark: _Toc401238106]Schedule

The critical project schedule elements are shown below:

· Submittal of manufacturing design drawings within 90 days of contract execution;

· Seller delivers one transformer to the Boundary Powerhouse transformer bay by January 21, 2021.

· When the Owner has completed assembly and installation, the Seller shall return for commissioning. The Owner expects to complete commissioning of the transformer in May, 2021.

· Seller will deliver subsequent transformers each January starting in 2022 and return for commissioning each following May.

0. [bookmark: _Toc17363894]Shop Inspections and Assemblies

[bookmark: _Toc17363895][bookmark: _Toc401238107]Shop Inspections 

The Owner or its representative will have the option of inspecting the Seller-supplied equipment at any phase of the manufacturing process. No major piece of equipment shall be shipped from the Seller'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 Seller 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 Seller's shop.

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 Seller 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 Seller of responsibility for meeting all requirements of this Specification.

If the Specification, the Owner's instructions, laws, ordinances, or any public authority, requires any Work to be specially tested or accepted, the Seller shall give the Owner timely notice (4 weeks if within the United States, otherwise 8 weeks) 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 Seller's expense, unless the Owner has unreasonably delayed inspection. 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 Seller shall pay such cost.

[bookmark: _Toc17363896][bookmark: _Toc401238108]Shop Assemblies 

All Seller-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 Seller shall submit an outline of the procedures it plans to perform. The Owner or its representative will have the option of witnessing said procedures.

[bookmark: _Toc401238127][bookmark: _Toc17363897]PARTS AND MATERIAL WARRANTY

The Seller 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 three (3) 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 failure of the equipment or its components occurring within this warranty period shall be corrected and/or repaired promptly at the expense of the Seller. In addition, this applies to any design defect discovered within this same period even if failure has not occurred. Any repair work performed at the factory shall be at the expense of the Seller, including the cost of dismantling, transportation, and reinstallation of the equipment. 

After the equipment has been placed in service, all on-site corrective work prior to final acceptance shall be performed by the Seller, unless otherwise mutually agreed upon, and the cost of such work, including engineering and supervision, shall be borne by the Seller. 

If, after reasonable notice, the Seller refuses or persistently neglects or delays making corrections 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 Seller 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 Seller furnishes parts to replace defective or damaged components, or makes repairs or alterations to the equipment, the Seller 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.

[bookmark: _Toc401238109][bookmark: _Toc17363898]Failure to Meet Requirements of Specification

[bookmark: _Toc17363899]Loss Evaluation

Should the one or more of the transformers described in this Specification fail to meet the guaranteed no-load loss or load loss, or the guaranteed auxiliary loss requirements yet remain within IEEE Standard tolerances and should the transformer be otherwise satisfactory, the Owner, in lieu of rejection of the transformer, reserves the right to accept it conditionally.

If the actual tested loss values exceed the guaranteed maximum loss values stated in the Seller’s proposal, the Seller will be charged for every kilowatt upon which the actual tested transformer losses exceeded the guaranteed maximum losses upon which the proposal was evaluated. This charge will be one hundred percent (100%) of the difference in the Owner’s guaranteed maximum loss values and the actual measured loss values. The charge will be deducted from the Seller’s proposal price when payment for equipment is remitted.

· No-load Loss Charge $5,500 per kW

· Load Loss Charge $3,300 per kW

· Auxiliary Loss Charge $1,000 per kW

[bookmark: _Toc17363900]Impedance and Temperature Requirements

Should the transformer fail to meet the specified impedance requirements yet remain within IEEE Standard tolerances, and should the transformer otherwise be satisfactory, the Owner, in lieu of rejection of the transformer, reserves the right to accept it conditionally, with said acceptance being subject to mutual agreement between the Seller and the Owner as to the amount of monetary adjustment. In the event of such acceptance, the Seller agrees to discount the price of the transformer by the agreed amount, and authorizes the Owner to withhold same from any monies which otherwise would be due.

Should the transformer fail to meet the specified temperature rise requirements, and should the transformer be otherwise satisfactory, the Owner, in lieu of rejection of the transformer, reserves the right to accept it conditionally, said acceptance being subject to mutual agreement between the Seller and the Owner as to the amount of monetary adjustment. In the event of such acceptance, the Seller agrees to discount the price of the transformer by the agreed amount, and authorizes the Owner to withhold same from any monies which would otherwise be due.
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[bookmark: _Toc17363902]Progress Payments

Progress payments will be made to Seller using the following schedule:

· After Owner approves final manufacturing design and receives final drawings– 10%

· After Owner approves Certified Test Report – 40% 

· After Seller delivers transformers to the Boundary Powerhouse – 35% 

· After Commissioning and Final Acceptance – 15% 

Final Acceptance will be issued when all contractual responsibilities have been met and the final bill issued. Final Acceptance shall not occur before the transformers are commissioned and all required documentation, including the as-built drawings and Operation and Maintenance Manuals have been received. The Owner will issue four Notices of Completion, one for each transformer installation.

Separate progress payments will be made for each purchase order. 

[bookmark: _Toc17363903]Submittal of Invoices

All communication between the Seller and the Owner regarding invoices for payments shall be made through the Owner’s Project Manager, shall be submitted in duplicate, and shall be addressed as follows:

The City of Seattle, Seattle City Light 

700 Fifth Avenue, Suite 3200

PO Box 34023

Seattle, WA 98124‑4023



Attention: Josh Jackson, Project Manager

		

Telephone:  (206) 684-3828

E-mail: joshua.jackson@seattle.gov
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Each Proposer is required to complete a non-disclosure agreement to obtain the drawings listed in Table 2-1. The following Specification Drawings are furnished as a part of this Specification:




Table 2-1 Owner Furnished Drawings

		Dwg No.

		Rev.

		Drawing Title



		D-23166

		8

		Transformer Bays and Bus Galleries General Arrangement Sections



		D-23188

		3

		Draft Tubes and Transformer Bays General Arrangement Elevation



		D-23189

		3

		Draft Tubes and Transformer Bays General Arrangement Elevation



		D-23190

		5

		Transformer Bays General Arrangement Plan



		D-23191

		6

		Transformer Bays General Arrangement Plan



		D-23380

		7

		Transformer Bays Units 51 & 52 Embedded Piping Plan



		D-23381

		5

		Transformer Bays Units 53 & 54 Embedded Piping Plan



		D-23383

		7

		Transformer Bays Units 51-54 Embedded Piping Sections



		D-23384

		7

		Transformer Bays Units 51-54 Fire Protection System Sections & Elevations



		D-23560

		35

		Unit 51 Machine Hall AC Elementary



		D-23600

		28

		Unit 52 Machine Hall AC Elementary



		D-23640

		28

		Unit 53 Machine Hall AC Elementary



		D-23680

		31

		Unit 54 Machine Hall AC Elementary



		D-23820

		11 

		Unit 51 Transformer Bay Conduit, Grounding, and Lighting Plan



		D-23821

		6

		Unit 52 Transformer Bay Conduit, Grounding, and Lighting Plan



		D-23822

		6

		Unit 53 Transformer Bay Conduit, Grounding, and Lighting Plan



		D-23823

		6

		Unit 54 Transformer Bay Conduit, Grounding, and Lighting Plan



		D-23826

		6

		Units 51-56 Transformer Bays Conduit and Grounding Elevations



		D-23990

		5

		Transformer Bays Units 51 & 52 Concrete Outline Plan



		D-23991

		4

		Transformer Bays Units 53 & 54 Concrete Outline Plan



		D-23993

		6

		Transformer Bays Units 51-56 Concrete Outline



		D-23994

		6

		Transformer Bays Units 51-56 Concrete Outline



		D-23995

		3

		Transformer Bays Units 51-56 Reinforcement



		D-23996

		4

		Transformer Bays Units 51-56 Reinforcement



		D-24237

		12

		Unit 51 Term. Conn. Diag. Main Transformer Deluge System & PT Cubicles



		D-24247

		10

		Unit 52 Term. Conn. Diag. Main Transformer Deluge System & PT Cubicles



		D-24257

		12

		Unit 53 Term. Conn. Diag. Main Transformer Deluge System & PT Cubicles



		D-24267

		12

		Unit 54 Term. Conn. Diag. Main Transformer Deluge System & PT Cubicles



		D-51063

		0

		Units 51-54 Transformer Bay Platform General Arrangement



		E-9524

		12

		Boundary Operators Diagram Powerhouse and Switchyard (BPA)



		MA-368

		0

		170,000 kVA Transformer Nameplate ASEA



		MC-392

		2

		170,000 kVA Transformer Outline Drawing ASEA



		MD-1325

		0

		170,000 kVA Transformer Cooling Equipment Schematic ASEA



		SK-190810

		0

		Spec. 3746 – 200 MVA Transformer Critical Dimensions



		SK-190811

		0

		Spec. 3746 – 200 MVA Transformer XV Bushing Flange Arrangement
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[bookmark: _Toc17363905]Submittals and Documentation

This section describes correspondence, review process, the required submittals and design standards.

[bookmark: _Toc17363906]Correspondence and Notice

This contract requires the Seller to provide drawings, procedures, reports and plans for review by the Owner. These documents are divided into design, manufacturing, shipping, pre-installation, installation and commissioning, and closeout phases.

All correspondence regarding technical matters, including design, inspections, and material requirements, shall be sent directly to the Owner, in English, with one copy sent to the Buyer, and shall be addressed as follows: 

City of Seattle

City Light Department

700 Fifth Avenue, Suite 3200

PO Box 34023

Seattle, WA  98124-4023



Attention:  Hans Gutmann, Electrical Power Systems Engineer



Telephone:  (206) 684-3572

Email:  hans.gutmann@seattle.gov

	

All letters regarding this Specification shall bear the following heading, followed by a general subject heading reflecting the content of the correspondence:



	Boundary Powerhouse Transformers

Replace Generator Step-Up Transformers

	Specification No. 3746

	The City of Seattle P.O. No.	__________

	(Purchase Order No. will be issued after award of Contract.)

[bookmark: _Toc17363907]Owner’s Review Process

The Owner will review each of the submittals for compliance with this Specification and return to the Seller. The Owner will respond to each submittal within 14 calendar days, except for the Operation and Maintenance manual which requires 21 calendar days for review. Each submittal will be notated with one of the following:

· Approved	Fabrication may proceed as shown.

· Approved as Noted	Fabrication may proceed based on corrections indicated.

· Approved as Noted	Fabrication may proceed based on corrections indicated.

	Resubmit File Copy	Correct submission and resubmit for record purposes only.

· Rejected	Revise and Resubmit for approval.

· Reviewed	Approval not required. Accepted for information

	purposes only.

All drawings, settings or other documents Rejected by the Owner shall be revised by the Seller and resubmitted for Owner review within 14 calendar days.

Approval drawing package shall include requirements for seismic qualification per IEEE Std. 693 and Section 9.9.4.

The Owner shall review all revised and resubmitted drawings, and return one copy of each drawing with a summary of the Owner’s comments to the Seller within fourteen (14) calendar days after receipt. The Owner’s comments will be notated either on the drawing itself or in a separate transmittal letter. Each drawing or document shall have the specific revision noted in the drawing revision block or on the main header page. The Seller 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 Seller to cover the additional cost of the Owner’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.

[bookmark: _Toc17363908]Late Submittals

Late submittals are subject to liquidated damages as described in the Request for Proposals Section - Scope of Work.

[bookmark: _Toc17363909]Design Phase Submittals

The Design Phase begins when the Contract is executed and ends when the Owner accepts the final drawings, engineering studies, test procedures, and design calculations. Drawing standards are described in Section 3.10.

[bookmark: _Toc401238142][bookmark: _Toc17363910]Seller’s Implementation Schedule

Four (4) weeks after contract execution, the Seller shall provide for the Owner’s review and approval a detailed Design, Manufacturing, Delivery and Installation Schedule covering all items included in the Contract.

The schedule shall incorporate and comply with the submittal deadlines described in Section 3, and equipment delivery dates specified in Section 2.1. 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/end dates, and critical-path activities. The schedule shall be written using Microsoft Project software, or a similar application approved by the Owner, which has the capability of graphically showing actual progress against an original baseline.

Activities shall include all major design, fabrication, assembly, delivery, and commissioning tasks, with milestones clearly indicated. Milestone dates shall include all required submittals, equipment deliveries, and commissioning. 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 Seller may provide submittals ahead of the dates specified in the Seller’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. 

[bookmark: _Toc401748708][bookmark: _Toc401752437][bookmark: _Toc401834747][bookmark: _Toc401835489][bookmark: _Toc401748709][bookmark: _Toc401752438][bookmark: _Toc401834748][bookmark: _Toc401835490][bookmark: _Toc17363911][bookmark: _Toc401238276]Transformer Approval Drawings 

As soon as possible after award of the Contract, but not later than ninety (90) days thereafter, the Seller shall furnish for Owner’s review, a drawing package showing all of the basic design details, including outlines, connection diagrams, schematics, and pertinent data such as foundation requirements, 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. The drawing package shall be submitted to Owner with a Transmittal Record and consist of two (2) sets of printed paper copies, one (1) set of AutoCAD files, and (1) set of Adobe PDF files.

Included with the drawings, the Seller shall also furnish for Owner’s review, a set of all configuration settings for all microprocessor-based control and protective equipment associated with the Contract.

[bookmark: _Toc401748711][bookmark: _Toc401752440][bookmark: _Toc401834750][bookmark: _Toc401835492][bookmark: _Toc401128862][bookmark: _Toc401238278][bookmark: _Toc17363912]Installation Approval Drawings

The installation approval drawings show the proposed transformer situated in the Owner’s Transformer Service Bay at Boundary Powerhouse. Not later than three (3) weeks after sending equipment approval drawings, the Seller shall submit to the Owner for review two (2) sets of printed paper copies plus AutoCAD and PDF files of site specific installation drawings. 

At a minimum, the installation drawings must show plan and elevation views of:

· Existing transformer deck features such as walls, conduits; isophase bus, etc.

· Outline of new transformers including bushings and other attachments

· Center of gravity

· Clearances to Service Bay walls, structures, and equipment

· Location of connection points for conduits

· Fastening devices and locations

As an aide to production of installation drawings, the Owner will provide AutoCAD files of any drawings in Table 2.1 – Owner Furnished Drawings at the Seller’s request. Dimensions critical to ensuring proper clearances and fit of the transformer and equipment in the Service Bay shall be verified by the Seller.

When the transformer and installation drawing packages meet the Owner’s approval, the Owner will issue written Approval of Transformer Drawings. 

[bookmark: _Toc401752442][bookmark: _Toc401834752][bookmark: _Toc401835494][bookmark: _Toc17363913][bookmark: _Toc401238277]Final Drawings 

Within four (4) weeks after Owner issues Approval of Transformer Drawings, two (2) printed paper copies of these drawings, schematics, wiring diagrams, and configuration settings shall be provided to the Owner. Additionally, DVDs (or other approved media) containing PDF and AutoCAD 2017-compatible drawing files of all the drawings, schematics, and wiring diagrams, and acSELerator RTAC SEL-5033 software with configuration settings for any control or protective devices on the transformer shall be provided with the drawings.

[bookmark: _Toc401752444][bookmark: _Toc401834754][bookmark: _Toc401835496][bookmark: _Toc17363914]Summary of Design Phase Submittals

		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Overall Project schedule

		1 set

		Electronic: Microsoft Project

		4 weeks after award of Contract 



		Transformer Approval Drawings :

· Outline drawings

· Arrangement drawings

· Wiring diagram

· Name plate schedule

		2 paper, 1 electronic 

		Paper copies, PDF and AutoCAD

		90 days after award of Contract 



		Transformer Approval supporting documentation 

· Short circuit design calculations 

· Product data – catalog cuts, performance charts, etc	

· Design data, calculation, mix designs, analysis

· Cooling system thermal and hydraulic design.

		2 paper, 1 electronic

		Paper copies and PDF

		90 days after award of Contract



		Specifications and settings for communication and control equipment

		1 set

		Paper copies and PDF

		90 days after award of Contract



		Installation Drawings

		2 paper, 1 electronic

		Paper, PDF and AutoCAD

		3 weeks after equipment approval drawings sent



		Final Drawings	

		2 paper, 1 electronic

		Paper, PDF, and AutoCAD

		4 weeks after Owner’s written Approval of transformer drawings 



		For seismic submittals, see Section 9.9.4.4

		

		





[bookmark: _Toc401748715][bookmark: _Toc401752446][bookmark: _Toc401834756][bookmark: _Toc401835498][bookmark: _Toc401748716][bookmark: _Toc401752447][bookmark: _Toc401834757][bookmark: _Toc401835499][bookmark: _Toc17363915]Manufacturing Phase Submittals

This phase begins when the Owner issues Approval of Transformer Drawings; it covers the manufacturing, assembly and testing of the transformers.

[bookmark: _Toc17363916]Manufacturing Schedule

Within two (2) weeks of receiving the Owner’s Approval of Transformer Drawings, the Seller shall submit a detailed manufacturing schedule.

[bookmark: _Toc17363917]Witness testing and test procedure notification

The Seller shall notify the Owner in advance of Factory Witness Testing. The notice shall be four (4) weeks in advance of travel if the transformers are manufactured in the contiguous USA and eight (8) weeks if manufactured outside USA. The Seller shall also provide a description of the proposed tests, including diagrams for each test set-up.

[bookmark: _Certified_Test_Report_1][bookmark: _Toc395082135][bookmark: _Toc17363918]Certified Test Report

Before the Owner will receive the transformers, the Seller shall submit at least one copy of the draft test report 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.

Within three (3) weeks after test completion, six (6) completed printed paper 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 and the referenced test Standards. The report shall include a copy of all the raw data, instrument settings, diagrams for test setups, test equipment manufacturer and type, and any necessary 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 electronically with the Seller’s final drawing package.

Test reports required for seismic qualification shall be submitted per IEEE 693 and Section 9.9.4.3.

[bookmark: _Toc401752452][bookmark: _Toc401834762][bookmark: _Toc401835504][bookmark: _Toc17363919]Transformer Pictures

Along with the Certified Test Report, the Seller shall submit two sets of 8 inch by 10 inch color photographs, and digital photographic files showing the general construction and arrangement of components for the transformer.  The photos shall be submitted along with the transformer certified test report. Each photograph shall have a label permanently attached, stating the serial number of the unit, the unit rating, the date of the photograph, the Boundary Powerhouse 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.

[bookmark: _Toc407008880][bookmark: _Toc407009100][bookmark: _Toc408818387][bookmark: _Toc408824373][bookmark: _Toc401748722][bookmark: _Toc401752454][bookmark: _Toc401834764][bookmark: _Toc401835506][bookmark: _Toc17363920]Installation Manual

Four (4) printed paper copies of the installation and erection manual shall be provided for each transformer delivery. These instructions shall state the procedure recommended by the Seller 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 operation and maintenance manual, current transformer test data, and installation manual may be provided in lieu of separate individual documents.

[bookmark: _Toc401748724][bookmark: _Toc401752456][bookmark: _Toc401834766][bookmark: _Toc401835508][bookmark: _Toc395082137][bookmark: _Toc17363921]Current Transformer Data

One (1) of the current transformer ratio and phase angle curves and nameplate data, including serial numbers and location installed in the transformer shall be included in each printed Operation and Maintenance Manual.

[bookmark: _Toc401748726][bookmark: _Toc401752458][bookmark: _Toc401834768][bookmark: _Toc401835510][bookmark: _Toc17363922]Bushing Test Data

One (1) of the bushing test data shall be included in each printed Operation and Maintenance Manual.

[bookmark: _Toc401748728][bookmark: _Toc401752460][bookmark: _Toc401834770][bookmark: _Toc401835512][bookmark: _Operation_and_Maintenance][bookmark: _Toc395082136][bookmark: _Toc17363923]Operation and Maintenance Manuals

No later than two weeks after the transformers have been shipped from the factory, six (6) printed paper copies and an electronic PDF copy of the Operation and Maintenance Manual for the transformers and auxiliary equipment shall be furnished to the Owner.

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 be printed in the manuals and submitted on the final DVD (or approved media) containing the Seller’s Drawings.

Test reports required for seismic qualification shall be submitted per IEEE Std. 693.

Each Operation and Maintenance Manual 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 3 inches. The information listed in the technical manuals shall be as detailed as listed below.

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

· Title Page: the page containing the title, Owner contract number, item number and issue date.

· Revision Record: a revision record page containing tabulation columns for the revision code, date, and revision description.

· Table of Contents: a table of contents listing all primary divisions (i.e., chapters, sections, and paragraphs) with their corresponding page and volume numbers; a list of drawings containing all figures and drawings, their titles, and page numbers; and a list containing all tables, their titles, and page numbers.

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; detailed description of the procedure to obtain spare parts or factory service under normal and emergency conditions; and the mailing address and telephone numbers of the service department.

e. 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.

f. 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.

g. 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.

h. Spare Parts: A list of spare parts as recommended by the Manufacturer, including the descriptive information about the parts and related manufacturer’s part number.

i. 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. 

j. Equipment Drawings: Each manual shall include a complete set of equipment drawings.

[bookmark: _Toc401752462][bookmark: _Toc401834772][bookmark: _Toc401835514][bookmark: _Toc17363924]Summary of Manufacturing Phase Submittals

		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Manufacturing Schedule



		1 set

		Paper and Electronic

		2 weeks after Owner’s approval of Transformer drawings 



		Witness Test and Test Procedure, Factory Performance Test Notification

		1 set

		Paper and electronic

		4 weeks prior to start of actual factory test(s)



		Certified Test Report 

		6 sets

		Paper and electronic on DVD

		3 weeks after test completion



		Transformer pictures

		2 sets

		Paper and electronic

		3 weeks after test completion



		Installation Manual 

		4 sets

		Paper and electronic on DVD

		Shipped with the transformer



		Current Transformer Data

		6 sets

		Paper and electronic on DVD

		Shipped with Operation and Maintenance manual



		Bushing Test Data

		6 sets

		Paper and electronic on DVD

		Shipped with Operation and Maintenance manual



		Operation and Maintenance Manuals

		6 sets

		Paper and electronic on DVD

		2 weeks after transformer is shipped from the factory





[bookmark: _Toc401752464][bookmark: _Toc401834774][bookmark: _Toc401835516][bookmark: _Toc407008886][bookmark: _Toc407009106][bookmark: _Toc408818393][bookmark: _Toc408824379]

[bookmark: _Toc17363925]Shipping Phase Submittals

The Shipping Phase activities overlap with the other phases. The Owner will not grant permission for the transformers to ship until the Owner has approved the Certified Test Report, Transformer Shipping plan and Pre-Installation submittals.

[bookmark: _Toc401748732][bookmark: _Toc401752466][bookmark: _Toc401834776][bookmark: _Toc401835518][bookmark: _Toc17363926]Shipping notices and packing lists

The Seller shall furnish three shipping notices:

a. At least two (2) weeks in advance of an anticipated shipment date, the Seller shall furnish shipping notice to the Owner providing the following information:

· The name of the shipper and a description of the shipping route and methodology.

· A listing of special equipment, including any that the Seller expects the Owner to furnish, that will be used by the Seller during the shipping operation.

· The description, weight, dimensions, and identifying markings for each package in the shipment.

b. 24 hours’ prior notice of material shipment.

c. Confirmation of shipment departure date from manufacturing facility and Owner access to GPS tracking system 

Packing lists shall be included with each shipment.

[bookmark: _Toc401748734][bookmark: _Toc401752468][bookmark: _Toc401834778][bookmark: _Toc401835520][bookmark: _Toc401128891][bookmark: _Toc401238158][bookmark: _Toc17363927]Transformer Shipping Plan

The Seller shall submit a draft transformer shipping plan to the Owner eight (8) weeks prior to shipping the transformers. See Section 4.2 for details about the transformer shipping plan.

[bookmark: _Toc401748736][bookmark: _Toc401752470][bookmark: _Toc401834780][bookmark: _Toc401835522][bookmark: _Toc401748737][bookmark: _Toc401752471][bookmark: _Toc401834781][bookmark: _Toc401835523][bookmark: _Final_Transformer_Shipping][bookmark: _Toc17363928]Final Transformer Shipping Plan

The Seller shall submit to the Owner the final plan, including copies of all shipping related permits two (2) weeks prior to shipping. See Section 4.2.

[bookmark: _Toc401748739][bookmark: _Toc401752473][bookmark: _Toc401834783][bookmark: _Toc401835525][bookmark: _Toc401748741][bookmark: _Toc401752475][bookmark: _Toc401834785][bookmark: _Toc401835527][bookmark: _Toc17363929]Impact Recorder Data

The Seller shall provide the recorded data of each impact recorder installed on each transformer to the Owner. The data shall be provided to the Owner promptly after it has been downloaded and evaluated by the Seller in the presence of the Owner or its representatives.

[bookmark: _Toc17363930]Summary of Shipping Phase Submittals

		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Shipping Notices

		1 set

		Paper and/or electronic

		2 weeks in advance of anticipated shipment date; 24 hours in advance for materials shipment



		Packing Lists 

		1 set

		Paper 

		Included with each delivery



		Draft Transformer Shipping Plan

		1 ea.

		Paper and Electronic

		8 weeks prior to shipping



		Final Transformer Shipping plan with permits

		1 ea.

		Paper and Electronic

		2 weeks prior to shipping



		Impact Recorder Data 

		1 set 

		Paper and electronic file

		Immediately after delivery to the transformer foundation





In addition, the Seller shall ship one (1) complete set of equipment drawings; Installation Manuals; and Specifications Sheets and Parts Lists with each transformer. The material shall be enclosed in a weather-proof package securely attached to the unit and protected from loss or damage.

[bookmark: _Toc401748744][bookmark: _Toc401752478][bookmark: _Toc401834788][bookmark: _Toc401835530][bookmark: _Toc401748745][bookmark: _Toc401752479][bookmark: _Toc401834789][bookmark: _Toc401835531][bookmark: _Toc17363931]Pre-installation Phase Submittals

The pre-installation phase overlaps with manufacturing and shipping phases. All pre-installation submittals must be received and approved before the Owner can begin on-site installation preparations.

[bookmark: _Toc17363932]Seller’s Technical Service Advisor Qualifications

The Seller shall submit the Technical Service Advisor qualifications eight (8) weeks prior to any on-site work at the Boundary powerhouse. The minimum qualifications are presented in the Request For Proposals.

[bookmark: _Toc401748748][bookmark: _Toc401752482][bookmark: _Toc401834792][bookmark: _Toc401835534][bookmark: _Field_Installation_Procedure][bookmark: _Toc17363933]Field Installation Procedure

Eight (8) weeks prior to delivery of the first four transformers, the Seller shall submit, for the Owner’s review and approval, a detailed field staging and installation procedure for all equipment provided by the Seller. 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 Seller’s estimate for the amount of time needed for each step of the procedure. The field procedure shall clearly identify any tasks and tools that are required by the Owner. 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. 

[bookmark: _Toc401748750][bookmark: _Toc401752484][bookmark: _Toc401834794][bookmark: _Toc401835536][bookmark: _Toc401748751][bookmark: _Toc401752485][bookmark: _Toc401834795][bookmark: _Toc401835537][bookmark: _Toc401748752][bookmark: _Toc401752486][bookmark: _Toc401834796][bookmark: _Toc401835538][bookmark: _Commissioning_Procedure][bookmark: _Toc401128878][bookmark: _Toc401238294][bookmark: _Toc17363934]Commissioning Procedure

Eight (8) weeks prior to delivery of the first four transformers, the Seller shall provide a written commissioning procedure for the Owner’s review and approval, outlining the steps required for preparing the transformers for energization. The commissioning procedure shall contain specific instructions used to validate the operational performance of the transformers for review by the Owner.

[bookmark: _Toc401748754][bookmark: _Toc401752488][bookmark: _Toc401834798][bookmark: _Toc401835540][bookmark: _Toc401748755][bookmark: _Toc401752489][bookmark: _Toc401834799][bookmark: _Toc401835541][bookmark: _Toc17363935]Background Check Applications

The Seller shall submit applications for background checks for the Technical Service Advisor and any other Seller’s staff who will work at the Boundary Powerhouse eight (8) weeks prior to any on-site work.

[bookmark: _Toc401748757][bookmark: _Toc401752491][bookmark: _Toc401834801][bookmark: _Toc401835543][bookmark: _Toc401748758][bookmark: _Toc401752492][bookmark: _Toc401834802][bookmark: _Toc401835544][bookmark: _Toc17363936]Health and Safety Plan 

The Seller shall submit a Health and Safety Plan eight (8) weeks prior to any on-site activity. The Seller’s Plan will primarily address Health and Safety during delivery from transformer arrival on Owner property through final placement of each transformer to its foundation and the services of the Technical Advisor. The Health and Safety Plan shall comply will all OSHA and Washington Administrative Code (WAC) standards. The Health and Safety Plan shall at minimum include an Accident Prevention Program and a Site Specific Safety Plan.

The Accident Prevention Program must be in written format and be tailored specifically to the job site and consist of the following items:

· A Safety Orientation that describes the employer’s safety program;

· How, when, and where to report injuries, including instructions to the locations of first-aid facilities;

· How to report unsafe work conditions, jobsite hazards, and unsafe work practices;

· The use and care of required personal protective equipment;

· The proper actions to take in the event of emergencies including the routes of exiting from areas during emergencies;

· Identification of hazardous gases, chemicals, or materials used on the job and instruction about the safe use and action to take after accidental exposure;

· A description of the employer’s total safety and health program;

· An on the job review of the practices necessary to perform the initial job assignments in a safe manner;

· Description of training provided to employees to improve the skill, awareness, and competency of all your employees. Ensure that the training includes on the job instruction to employees prior to their job assignments;

· A description of roles and responsibilities within the Company; and

· Require compliance with all city, state, and federal safety rules.



The Site Specific Safety Plan must be tailored specifically to the project location, scope of work to be done, and specific to the management that will be onsite during project. In addition, the Site Specific Safety Plan must have the following information:

· Require compliance with all city, state, and federal safety rules;

· A description of tasks to be undertaken and equipment mobilized for the transformer delivery;

· Identification of all anticipated hazards likely to be encountered at the job site, and control methods to be used for protection of employees;

· Communication plan;

· Emergency evacuation plan;

· Name and title of the person who is responsible to enforce the safety items outlined in the Site Specific Safety Plan;

· Copies of relevant employee training and/or certification; 

· Identify what training the employees have had to safely complete their tasks;

[bookmark: _Toc401834804][bookmark: _Toc401835546][bookmark: _Toc17363937]Spill Prevention Plan

The Seller shall submit a Spill Prevention Plan eight (8) weeks prior to any on-site activity. The Spill Prevention Plan shall at a minimum address the following:

· Identify the Seller’s responsible person for implementing the spill prevention plan;

· Identification of potential spill sources, such as, residual oil from transformer, delivery and processing of new oil, hydraulic fluids on delivery equipment and description of the volume, location and storage;

· Spill prevention and response training;

· Spill prevention practices: spill kit contents and location;

· Spill response actions: describe actions that would be taken if there is an oil spill in the transformer Service Bay, in the Access Tunnel or on the Access road; and

· Copy of the spill report form the Seller will use to document the spill and cleanup.

[bookmark: _Toc401748766][bookmark: _Toc401752500][bookmark: _Toc401834811][bookmark: _Toc401835553][bookmark: _Toc17363938]Summary of Pre-Installation Phase Submittals



		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Technical Service Advisor Qualifications

		1

		PDF

		8 weeks prior to on-site work



		Field Installation Procedures

		6

		Paper and PDF

		8 weeks prior to on-site work



		Commissioning Procedure

		1

		PDF

		8 weeks prior to on-site work



		Application for ID badges and background checks

		1

		Electronic

		8 weeks prior to on-site work



		Health and Safety Plan 

		1

		Paper and PDF

		8 weeks prior to on-site work



		Spill Prevention Plan

		1

		Paper and PDF 

		8 weeks prior to on-site work





[bookmark: _Toc401748768][bookmark: _Toc401752502][bookmark: _Toc401834813][bookmark: _Toc401835555][bookmark: _Toc401748769][bookmark: _Toc401752503][bookmark: _Toc401834814][bookmark: _Toc401835556][bookmark: _Toc401748770][bookmark: _Toc401752504][bookmark: _Toc401834815][bookmark: _Toc401835557]

[bookmark: _Toc17363939]Installation and Commissioning Submittals

[bookmark: _Toc401748772][bookmark: _Toc401752506][bookmark: _Toc401834817][bookmark: _Toc401835559][bookmark: _Toc401748774][bookmark: _Toc401752508][bookmark: _Toc401834819][bookmark: _Toc401835561][bookmark: _Toc401748776][bookmark: _Toc401752510][bookmark: _Toc401834821][bookmark: _Toc401835563][bookmark: _Toc401128880][bookmark: _Toc17363940][bookmark: _Toc401238296]Commissioning Field Report 

After the transformer bank has been installed, the Owner's outage activities completed, and before each transformer is considered ready for commercial operation, the Seller, along with the Owner's operator and representatives, shall verify in writing 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 shall be ready for rated voltage no-load energization and, after not less than twenty-four hours, released for commercial operation. Two copies of the field report will be submitted prior to carrying load. 

[bookmark: _Toc401748778][bookmark: _Toc401752512][bookmark: _Toc401834823][bookmark: _Toc401835565][bookmark: _Toc17363941]Field Service Report 

Within two (2) days after initial energization of each transformer, the Seller shall provide two (2) copies of the Technical Services Advisor’s daily report log 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 Seller’s original installation procedure.

[bookmark: _Toc17363942]Training Materials

The Seller shall provide four (4) sets of training materials for the Owner’s Operators and Electricians within five (5) days of energization.




[bookmark: _Toc401748780][bookmark: _Toc401752514][bookmark: _Toc401834826][bookmark: _Toc401835568][bookmark: _Toc401748781][bookmark: _Toc401752515][bookmark: _Toc401834827][bookmark: _Toc401835569][bookmark: _Toc17363943]Summary of Installation and Commissioning Submittals

		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Commissioning Field Report

		2 sets

		Paper and electronic

		After watering up and before carrying load



		Field Service Report 

		2 sets

		Paper and electronic on DVD

		2 days after energization of transformer



		Training Materials

		4 sets

		Paper and electronic

		5 days after energization





[bookmark: _Toc401748783][bookmark: _Toc401752517][bookmark: _Toc401834829][bookmark: _Toc401835571][bookmark: _Toc401748784][bookmark: _Toc401752518][bookmark: _Toc401834830][bookmark: _Toc401835572]

[bookmark: _Toc17363944]Close out Submittals

[bookmark: _Toc17363945][bookmark: _Toc401128863][bookmark: _Toc401238279]Red-Lines 

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

[bookmark: _Toc401748787][bookmark: _Toc401752521][bookmark: _Toc401834833][bookmark: _Toc401835575][bookmark: _Toc17363946]As-Builts

Within four (4) weeks of energization, the Seller shall submit three (3) sets of paper copies and AutoCAD files of the final drawings that incorporate the red-lines.

[bookmark: _Toc17363947]Summary of Close Out Submittals

		[bookmark: _Toc401748789][bookmark: _Toc401752523][bookmark: _Toc401834835][bookmark: _Toc401835577][bookmark: _Toc401748791][bookmark: _Toc401752525][bookmark: _Toc401834837][bookmark: _Toc401835579][bookmark: _Toc401748792][bookmark: _Toc401752526][bookmark: _Toc401834838][bookmark: _Toc401835580]SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Red-Lined Drawings

		1 set

		1 paper copy

		Within 5 days of commissioning



		As-Builts

		3 sets

		3 paper and Auto CAD

		Within 4 weeks of commissioning





[bookmark: _Drawing_Standards]

[bookmark: _Toc17363948]Drawing Standards

[bookmark: _Toc401748795][bookmark: _Toc401752529][bookmark: _Toc401834841][bookmark: _Toc401835583][bookmark: _Toc395082128][bookmark: _Toc17363949]Drawing Standards

Seattle City Light Drafting and AutoCAD Requirements for Consultants found at this web address: http://www.seattle.gov/light/engstd/

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 “Seattle City Light Drafting and AutoCAD Requirements for Consultants.“ All drawings shall contain a legend.




[bookmark: _Toc395082129][bookmark: _Toc17363950]Drawing Sizes

[image: ]Figure 1 shows the standard Seattle City Light drawing sizes. All drawings provided shall be as depicted in Figure 1. Upon award of the Contract, the Owner will provide the Seller with copies of the title blocks in AutoCAD file format.

[bookmark: _Toc68531017]
Figure 1. Seattle City Light Standard Drawing Sizes.




[bookmark: _Toc395082130][bookmark: _Toc17363951]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.

[bookmark: _Toc395082131][bookmark: _Toc17363952]Revisions and References

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

[bookmark: _Toc395082132][bookmark: _Toc17363953]Connection Drawings

Connection drawings shall be provided showing point-to-point connections of every terminal of every electrical device used. Space shall be provided for showing and listing external cables to be installed by others. Each device connection shall have near each termination, conductor identification consisting of opposite end designation. Interconnecting from or to another drawing shall be referenced by drawing number and destination. The connection drawings shall be drawn with all devices indicated in their relative physical locations, be identified by name and ANSI device function numbers as applicable, show all contact arrangements and terminal points, and shall represent the equipment and terminals arranged as they would appear to a person wiring the equipment. 

[bookmark: _Toc395082133][bookmark: _Toc17363954]Schematic Drawings

A full complement of both AC and DC schematic diagram drawings shall be provided. Schematics shall be cross-referenced to terminal markings on the connection drawings.

[bookmark: _Toc17363955][bookmark: _Toc395082134]Conduit and Wireway

A drawing showing all wire routing paths between devices external to the transformer and the control cabinet shall be provided. All flex and rigid conduits and conduit bodies, fittings, connectors, boxes and bushings shall be included in a detailed parts list on this drawing.

[bookmark: _Toc17363956]Physical Outline

A drawing showing the complete outline dimensions, center of gravity, weight, volume of oil, and pertinent physical details to enable the Owner to install and/or maintain the transformer.

[bookmark: _Toc401748803][bookmark: _Toc401752537][bookmark: _Toc401834849][bookmark: _Toc401835591][bookmark: _Toc17363957]Drawing Scale 

[bookmark: _Toc181169817]All physical dimension drawings shall be drawn to full scale in U.S. English units with the printed scale identified on the drawing. Metric dimensions may be included secondarily in parentheses.

[bookmark: _Toc401748805][bookmark: _Toc401752539][bookmark: _Toc401834851][bookmark: _Toc401835593][bookmark: _Toc17363958]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. 
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[bookmark: _Toc53447872][bookmark: _Toc53448242][bookmark: _Toc66150603][bookmark: _Toc395081988][bookmark: _Toc17363959]Shipping

Delivery is a challenging aspect of this project. The Boundary Powerhouse access road has a long and steep grade on the final approach to the powerhouse. All equipment, material and personnel must travel the access road to the Boundary Powerhouse. The Seller has the responsibility to develop detailed plans for delivery.

Delivery of materials shall be made only during the Owner's on-site working hours, 7:45 AM to 3:30 PM, Monday to Thursday, and at such times as Owner has a representative available to receive shipment, unless otherwise agreed to in writing. The F.O.B. point shall be the Boundary Powerhouse transformer foundation.

The Seller shall be responsible for the following:

A.	Shipping all parts and materials furnished under this Specification to Boundary Powerhouse;

B.	Paying all shipping charges, customs duties, tariffs, etc.;

C.	Unloading the equipment at the point of delivery, specifically to the transformer foundation;

D.	Determination and resolution of all shipping limitations (e.g., lane widths, bridge clearances, bridge weight limitations, overpass heights, etc.);

E.	Acquiring any and all necessary shipping permits, etc.;

F.	Insuring the equipment during shipment;

G.	Delivering products to the site in the manufacturer's original sealed container or other packaging systems, complete with labels and instructions for handling, storing, unpacking, protecting and installing; and

H.	All temporary cribbing.

[bookmark: _Toc401748808][bookmark: _Toc401752542][bookmark: _Toc401834854][bookmark: _Toc401835596][bookmark: _Toc66150617][bookmark: _Toc395082000][bookmark: _Toc17363960]Preparation for Shipment

[bookmark: _Toc17363961]General

The Seller shall prepare, pack, and load all materials and equipment for shipment in such a manner that they are protected from damage during shipment until accepted by the Owner, and shall be responsible for and make good any damage resulting from improper packing. All parts subject to damage from humidity or moisture shall be packed in hermetically-sealed metal containers, in plastic envelopes, or other accepted container within their respective packing cases. All machined surfaces shall be heavily coated with a rust‑preventive compound.

Heavy parts shall be mounted on skids or cradles or shall be crated on skids. All parts exceeding 200 pounds (gross weight) shall be prepared for shipment such that slings for handling by crane may be readily attached. If it is unsafe to attach slings to a given box, the parts packed therein shall have slings attached to them, and the slings must project through the box or crate so that attachment to the handling equipment can be readily made. Parts that may require rotation during shipping due to shipping limitations shall be capable of being transported and lifted in either the diameter vertical or diameter horizontal orientation.

Detailed packing lists shall be provided with each delivery of equipment or parts. In addition, each case, crate, bundle, or single item shall be marked clearly with the Contract number and item description. Containers containing multiple items shall be clearly labeled with descriptions and quantities of all enclosed items. Any articles or materials that might be otherwise lost shall be boxed or steel-banded in bundles and plainly marked for identification.

[bookmark: _Impact_Recorders][bookmark: _Toc17363962]Impact Recorders

The Seller shall install impact recorders on the transformer for all transport. The Seller shall provide pictures of the transformer showing the location of the impact recorders mounted on the transformer and the specification and brand of the impact recorders prior to shipment. Non-identical recorders are preferred, i.e. different manufacturers and/or recording methods (electronic vs. paper).

At the factory, two (2) impact recorders shall be installed on the transformer for shipment. One of the impact recorders shall be installed and sealed in an inconspicuous location not generally accessible or noticeable to shipping personnel. The impact recorders shall remain installed during the duration of shipment and will be removed only by an authorized factory representative in the presence of an Owner’s representative. 

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 power source or batteries and paper, if applicable must allow the recorder to record and store data for the entire time required to transport the transformer from the factory to the foundation at Boundary powerhouse. It shall be tamper-proof and weatherproof once installed and set for recording. The data logs shall be capable of being transferred to a portable computer via user-friendly application software.

[bookmark: _Toc401752546][bookmark: _Toc401834858][bookmark: _Toc401835600][bookmark: _Transformer_Shipping_Plan][bookmark: _Toc17363963]Transformer Shipping Plan

The Seller shall submit a draft transformer shipping plan as described in Sections 3.6.2 and 3.6.3. 

The plan shall describe all aspects of transporting the transformer from the manufacturing facility to the final location in the transformer service bay at Boundary Powerhouse. 

The transportation plan shall include, but is not limited to, the following:

· Name of the shipping company

· Route

· Transportation vehicles

· Required permits

· Sequencing

· Schedule

· Temporary staging if needed (location, cribbing)

· A listing of special equipment, including any that the Seller expects the Owner to furnish, that will be used by the Seller during the shipping operation.

· Special requirements for unloading of the main transformer tank at the delivery site.

· Special requirements for unloading and storing ancillary equipment

· Site specific spill prevention and cleanup plans

[bookmark: _Toc401748812][bookmark: _Toc401752548][bookmark: _Toc401834860][bookmark: _Toc401835602][bookmark: _Toc401748813][bookmark: _Toc401752549][bookmark: _Toc401834861][bookmark: _Toc401835603][bookmark: _Toc66150618][bookmark: _Toc395082001][bookmark: _Toc17363964]Delivery Restrictions

It shall be the Seller's responsibility to determine any height, weight, road, rail, marine vessel, or other limitations or restrictions that may be encountered during shipment and account for them in its preparation for delivery of the equipment.

The Seller shall verify all access portal dimensions prior to delivery to ensure the Seller’s transport equipment and cargo may pass through the portal without damage to the equipment, cargo, tunnel or bridge structure. There are numerous constraints that will impact delivery. The constraints include, but are not limited to:

· Federal, state and local highway requirements for transporting heavy and oversized loads;

· Size Restrictions due to the loading and unloading site conditions;

· Size restrictions due to the dimensions of the access tunnels at Boundary Powerhouse,

· Powerhouse access road grade;

· Size restrictions due to the dimensions of the Boundary Powerhouse doorways; and

· Potential weather constraints and risk of potential for flooding, freezing, or slides that could impact passage on roadways.

The new transformer must fit through the existing powerhouse tunnels and openings. No changes to the door openings, lighting fixtures, or tunnels will be permitted. The bulkhead wall to the transformer service bay will be removed by the Owner.

[bookmark: _Information_for_Transformer]
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[bookmark: _Toc58744564][bookmark: _Toc66150619]Section

5

[bookmark: _Toc68688291][bookmark: _Toc17363965][bookmark: _Toc395082002]FIELD INSTALLATION

[bookmark: _Toc58744573][bookmark: _Toc66150621][bookmark: _Toc68688292][bookmark: _Toc17363966]Field Installation Procedure 

The Seller shall submit, for the Owner’s review and approval, a detailed field installation procedure as described in Section 3.7.2. The procedure will be used by the Owner in preparation for an efficient and safe transformer installation and ensure that all necessary equipment and personnel are on site and ready at the time they will be needed. 

[bookmark: _Toc68688293][bookmark: _Toc17363967][bookmark: _Toc58744566]Technical SERVICEs advisor

[bookmark: _Toc66150624][bookmark: _Toc68688294][bookmark: _Toc17363968]Start Date and Timeframe for Field Installation

[bookmark: _Toc58744567]Installation of the transformers shall occur during a scheduled outage following site delivery. However, actual installation and energization dates may be revised at the sole discretion of the Owner, depending on power market conditions.

[bookmark: _Toc68688295][bookmark: _Toc17363969]Technical Advisor Responsibility

The Seller shall 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, commissioning, and protecting the Warranty of the equipment purchased under this Contract. The Technical Services Advisor shall be an employee of the Seller and his/her services include provision of any special tools as may be required to install any of the equipment purchased under this Contract.

[bookmark: _Toc17363970]Continuity of Service

The Technical Services Advisor shall remain on site during critical periods of installation of the equipment provided by the Seller. In the event that delays occur during the critical periods of installation, wherein the services of a Technical Advisor are not required, the Owner may direct the Technical 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.  It is not expected that the Technical Service Advisor will remain on site for the entire period from delivery to commissioning.  The Sellers bid Proposal shall indicate which periods and for how many days the Technical Service Advisor is on site.  During periods that the Technical Service Advisor is not on site, they should be available for questions via phone or email. The Seller’s Bid Proposal shall include an itemized pricing structure to be paid by the Owner for time, travel, and per diem associated with the services of the Technical Advisor.

[bookmark: _Toc17363971]Coordination With the Owner

The Technical Services Advisor shall meet weekly with the Owner to review and coordinate installation activities for the upcoming week. In addition, the Technical 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.

[bookmark: _Toc17363972]Operating Procedures and Conditions

The Technical 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. The Technical Advisor shall be trained in, and abide by Owner’s Lockout-Tagout (LOTO) procedures and provide his/her own padlocks.

[bookmark: _Toc66150626][bookmark: _Toc68688296][bookmark: _Toc17363973]Contract Drawing Updates

The Technical 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 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.

[bookmark: _Toc58744571][bookmark: _Toc66150627][bookmark: _Toc68688297][bookmark: _Toc17363974]Installation Standards

The Technical Service Advisor shall direct all field installation services, including testing and commissioning, in accordance with applicable IEEE, ASTM, NETA, other North American standard organizations having adopted and generally accepted standards or guidelines. 

[bookmark: _Toc68688298][bookmark: _Toc17363975]Commissioning Procedure

Eight (8) weeks prior to delivery of the first transformer bank, the Seller shall provide a written commissioning procedure for the Owner’s review as described in Section 3.7.3, outlining the steps required for preparing the transformers for energization. The Owner will follow the instructions of the commissioning procedure to validate the operational performance of the transformers in preparation for final energization.

After the transformer has been installed, the Owner's outage activities completed, and before the transformer is considered ready for commercial operation, the Seller, 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 shall be ready for rated voltage no-load energization.

[bookmark: _Toc17363976][bookmark: _Toc68688299]Delivery Inspection

Once the transformer has been properly placed on its foundation in the transformer service bay and the impact recorder reviewed per Section 4.1.2, an internal inspection of the main tank may be warranted. If Seller and Owner mutually agree that an internal inspection should be performed, the inspection shall be conducted by the Technical Services Advisor or other Seller’s representative.

[bookmark: _Toc17363977]Field Service Report

Within fifteen (15) days after initial energization of each transformer, the Seller shall provide two (2) copies of the Technical Service Advisor’s daily report log 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 Seller’s original installation procedure.

[bookmark: _Toc17363978]Other Conditions

The Technical Services Advisor shall be considered an employee of the Seller. The Seller 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 Advisor or other employees of the Seller.




[bookmark: _Toc401748834][bookmark: _Toc401752570][bookmark: _Toc401834882][bookmark: _Toc401835624][bookmark: _Toc17363979][bookmark: _Toc395082004]Training

The Seller shall conduct on-site (in person) training sessions. The Seller shall provide all material and equipment as well as qualified, fluent English speaking instructors to conduct the training. Instructors shall be experienced and well versed in the proper operation and required long-term maintenance of the transformers. The training shall be specific to the Owner’s particular application.

The training session shall orient the Owner’s personnel with the various facets of the transformer so at the completion of the training session, they will be able to properly operate and maintain the transformer without assistance from the Seller.
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[bookmark: _Toc401748874][bookmark: _Toc401752610][bookmark: _Toc401834924][bookmark: _Toc401835667][bookmark: _Toc401748875][bookmark: _Toc401752611][bookmark: _Toc401834925][bookmark: _Toc401835668][bookmark: _Toc401748877][bookmark: _Toc401752613][bookmark: _Toc401834927][bookmark: _Toc401835670][bookmark: _Toc66150637]Section
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[bookmark: _Toc395082013][bookmark: _Toc17363980]Application Description

[bookmark: _Toc66150638][bookmark: _Toc395082014][bookmark: _Toc17363981]Arrangement of equipment

The Boundary power plant is a hydroelectric generating facility with six generators, Generators 51 through 56. Reference: SCL drawing E-9524, “Boundary Operator’s Diagram Powerhouse and Switchyard (BPA)” to assist with the following description.

Generators 51 and 53 are each rated 166.3 MVA and Generators 52 and 54 are each rated 170 MVA. All four generators operate at 14.4 kV, 0.95 pf, 3Ø, 60 Hz, 120 r.p.m. Each of generators 51 through 54 is directly connected to an isolated phase bus of 15 kV, 7000A rating manufactured by Westinghouse. Each isophase bus extends from the generator terminal leads on Level 2 of the powerhouse to its associated transformer bay on Level 6 where it connects in Delta to the primary bushings of each transformer Bank 151 through 154. 

The wye-connected secondaries of each of Banks 151 through 154 are routed through air disconnect switches in the transformer bay and out via transmission lines above the powerhouse to terminate at the 230 kV ring bus in the Boundary Switchyard (BPA). The route is approximately one mile in length.

Generators 51, 52, and 54 are under contract to be rebuilt and rerated to 190 MVA with all other operating parameters remaining the same. Construction on the final generator is currently scheduled to be completed by 2023.

[bookmark: _Toc66150639][bookmark: _Toc395082015][bookmark: _Toc17363982]System Operating Conditions

The Boundary power plant generators are typically used for both base-load and peak load generation. Currently, the plant is not used as a pumping station and feasibility studies for pumped storage have not yet been conducted. The Boundary plant is generally operated in a fashion that requires several daily energizations of the transformers. Banks 151-156 secondary voltage at the Boundary Switchyard commonly ranges from 235.5 kV to 244 kV.

[bookmark: _Toc17363983]Existing Transformers

The four existing transformers were manufactured by ASEA of Sweden in the 1960’s. They are 242,000 V:14,750 V and have a kVA rating of 170,000 continuous with 55° C rise forced oil cooling. Transformer impedance at rated voltage and kVA is 12.1%. The total weight for each transformer is 321,730 pounds, untanked mass is 195,408 pounds, the tank and fittings add 77,547 pounds and the oil adds 48,775 pounds. Each transformer tank holds 6,700 gallons of oil. See Owner furnished drawings for more details. 

[bookmark: _Short_Circuit_Parameters][bookmark: _Toc66150642][bookmark: _Toc395082016][bookmark: _Toc17363984]Short Circuit Parameters

Simulated values for a 3LG fault at any of the existing Bank 151-154, 14.75 kV terminals are:

Short Circuit MVA =  1862.10

X/R Ratio =  22.3399

R0/X1 =  19614.70

X0/X1 =  1.0809

Simulated values for a 3LG fault on the existing 230 kV Boundary (BPA) switchyard bus are:

Short Circuit MVA =  7174.50

X/R Ratio =  15.7117

R0/X1 =  0.0216

X0/X1 =  0.5905

All transformers provided by the Seller as described in this Specification shall meet or exceed the requirements for short circuit characteristics in accordance with Section 7 of IEEE Std. C57.12.00-2015 and Section 9.4 of this Specification for the 13.2% impedance at nameplate rating. The transformers shall be capable of withstanding, without injury, the mechanical and thermal stress caused by short circuits on the external terminals of any winding, with rated voltage maintained in accordance with IEEE Std. C57.12.00-2015.
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[bookmark: _Toc395082017][bookmark: _Toc17363985]Applicable Standards

[bookmark: _Toc66150648][bookmark: _Toc395082018][bookmark: _Toc17363986]Industry Standards

[bookmark: _Toc66150649][bookmark: _Toc395082019][bookmark: _Toc17363987]Applicability of Standards

Except where the Contract Documents include more stringent requirements, applicable construction industry standards have the same force and effect as if bound or copied directly into the Contract Documents.

[bookmark: _Toc66150650][bookmark: _Toc395082020][bookmark: _Toc17363988]Publication Dates

All requirements as set forth by these specifications must comply with the standard in effect as of the date of the Contract Documents.

[bookmark: _Toc66150651][bookmark: _Toc395082021][bookmark: _Toc17363989]Conflicting Requirements

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.

[bookmark: _Toc66150652][bookmark: _Toc395082022][bookmark: _Toc17363990]Minimum Quantity or Quality Levels

The quantity or quality levels shown or specified must be the minimum provided or performed. The actual installation may comply exactly with the minimum quantity or quality specified, or it may exceed the minimum with reasonable limits. In complying with these requirements, indicated numeric values are minimum or maximum, as appropriate for the context of the requirements. Refer uncertainties to the Owner for a decision before proceeding.

[bookmark: _Toc66150653][bookmark: _Toc395082023][bookmark: _Toc17363991]Copies of Standards

Each entity engaged in construction on the Project is required to be familiar with industry standards applicable to that entity’s construction activity. Copies of applicable standards are not bound with the Contract Documents. Where copies of standards are needed for performance of a required construction activity, the Seller or designated entity shall obtain copies directly from the publication source.

[bookmark: _Toc66150654]


[bookmark: _Toc395082024][bookmark: _Toc17363992]Standards Compliance

[bookmark: _Toc395082025][bookmark: _Toc17363993]Equipment Standards

The transformers, component parts, and accessories thereof, shall be designed, manufactured, equipped, and tested in accordance with the following standards and guides.

IEEE Std. C57.12.00-2015.  IEEE Standard General Requirements for Liquid-Immersed Distribution, Power, and Regulating Transformers.

IEEE Std. C57.12.10-2010.  IEEE Standard Requirements for Liquid-Immersed Power Transformers. 

IEEE Std. C57.12.10-2010/Cor 1-2012. Corrigendum 1 – Correction to 5.1.9 Sudden Pressure Relay.

IEEE Std. C57.12.70-2011.  IEEE Standard Terminal Markings and Connections for Distribution and Power Transformers.

IEEE Std. C57.12.80-2010.  IEEE Standard Terminology for Power and Distribution Transformers.

IEEE Std. C57.12.90-2015.  IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and Regulating Transformers.

IEEE Std. C57.13-2016.  IEEE Standard Requirements for Instrument Transformers.

IEEE Std. C57.19.00-2004.  IEEE Standard General Requirements and Test Procedure for Power Apparatus Bushings.

IEEE Std. C57.19.01-2017.  IEEE Standard Performance Characteristics and Dimensions for Outdoor Apparatus Bushings.

IEEE Std. C57.19.100-2012.  IEEE Guide for Application of Power Apparatus Bushings.

IEEE Std. C57.98-2011.  IEEE Guide for Transformer Impulse Tests.

IEEE Std. C57.106-2015.  IEEE Guide for Acceptance and Maintenance of Insulating Oil in Equipment.

IEEE Std. C57.113-2010  IEEE Recommended Practice for Partial Discharge Measurement in Liquid-Filled Power Transformers and Shunt Reactors.

IEEE Std. C57.116-2014.  IEEE Guide for Transformers Directly Connected to Generators.

IEEE Std. C62.11-2012.  IEEE Standard for Metal-Oxide Surge Arresters for Alternating-Current Power Circuits (>1 kV).

IEEE Std. C63.12-2015,  American National Standard Recommended Practice for Electromagnetic Compatibility Limits and Test Levels.

IEEE Std. 693-2018.  IEEE Recommended Practice for Seismic Design of Substations.

ASTM D3487-16e1.  Standard Specification for Mineral Insulating Oil Used in Electrical Apparatus.

AWS-D1.1/D1.1M-2015.  American Welding Society, Structural Welding Code – Steel

AISC Steel Construction Manual (14th edition). 

UL508-Ed. 18.  Standard for Industrial Control Equipment.



[bookmark: _Toc395082026][bookmark: _Toc17363994]
Installation and Operational Standards

The transformer shall also be capable of being installed and operated in accordance with the following Standards and Guides:

ANSI/NETA ATS-2017. Standard for Acceptance Testing Specifications for Electrical Power Equipment and Systems.

IEEE Std. C57.91-2011.  IEEE Guide for Loading Mineral-Oil-Immersed Transformers and Step-Voltage Regulators.

IEEE Std. C57.93-2007.  IEEE Guide for Installation and Maintenance of Liquid-lmmersed Power Transformers.

IEEE Std. C57.120-2017.  IEEE Guide for Loss Evaluation of Distribution and Power Transformers and Reactors

IEEE Std. C57.123-2010.  IEEE Guide for Transformer Loss Measurement

IEEE C2-2017.  2017 National Electrical Safety Code (NESC).

NFPA 70-2017.  2017 National Electrical Code (NEC)

NFPA 70E-2012.  Standard for Electrical Safety in the Workplace

Seattle City Light Work Practices and Construction Standards 0000-1999

Seattle City Light Material Standards 4000-7999

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 Standards for Construction Work.
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[bookmark: _Toc66150655][bookmark: _Toc395082027][bookmark: _Toc17363995]SYSTEM OPERATING Conditions

[bookmark: _Equipment_operating_conditions][bookmark: _Toc66150656][bookmark: _Toc395082028][bookmark: _Toc17363996]Equipment operating conditions

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

1.	Ambient temperature range:  -30° C to 45° C

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

3.	Identification: Generator step-up transformers.

4.	Transformer Category: Category IV, Three phase, kVA above 30,000.

5.	Cooling Designation: Oil-immersed, forced-oil cooled (Class OFAF).

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

7.	Maximum wind pressure:  15 pounds per square foot of projected area.

8.	Snow load:  100 pounds per square foot.

9.	Seismic requirement:  Moderate Performance Level in accordance with the requirements of IEEE Std. 693-2018 and Section 9.9.4.
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[bookmark: _Transformer_Requirements][bookmark: _Toc66150657][bookmark: _Toc395082029][bookmark: _Toc17363997]Transformer Requirements

[bookmark: _Toc66150658][bookmark: _Toc395082030][bookmark: _Toc17363998]Type and Rating

[bookmark: _Toc66150659][bookmark: _Toc395082031][bookmark: _Toc17363999]General

The transformer to be furnished under this specification shall be three-phase, two-winding, oil-immersed type suitable for three-phase connection and outdoor operation. The transformer shall be forced-oil cooled (Class OFAF).and shall be of a design which has an established record of satisfactory operation with the type of oil preservation to be furnished. The transformers shall incorporate the latest improvements of design and manufacture as presently employed in the United States and Internationally. The dimensions of the transformers shall not exceed the limits shown in Figure 2.

[bookmark: _Ratings_and_Electrical][bookmark: _Toc66150660][bookmark: _Toc395082032][bookmark: _Toc17364000]Ratings and Electrical Characteristics

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

		1.

		Continuous rating at 65° C, Three-Phase:

		



		

		Forced-oil cooled (OFAF)

		200,000

		kVA



		2.

		Number of Phases

		Three (3)



		3.

		Frequency

		60

		Hz



		4.

		Rated voltage

		

		



		

		a.

		Low-voltage, primary winding

		14,400

		Volts



		

		b.

		High-voltage, secondary winding

		242,000

		Volts



		5.

		Low-voltage winding connections

		Delta

		



		6.

		High-voltage winding connections

		Wye

		



		7.

		Impedance, at 200,000 kVA (3Ø) base rating

		13.2% 



		

		Impedance, allowable range (±7.5% tolerance)

		12.2% to 14.2%



		8.

		Angular displacement, LV lags HV by

		30°

		



		9.

		Polarity

		Subtractive

		



		10.

		Basic impulse insulation level of the

		

		



		

		low-voltage windings, not less than

		110,000

		Volts



		11.

		Basic impulse insulation level of the

		

		



		

		neutral ends of the high-voltage, windings,

		

		



		

		not less than

		110,000

		Volts



		12.

		Basic impulse insulation level of the

		

		



		

		line ends of the high-voltage windings,

		

		



		

		not less than

		900,000

		Volts



		13.

		Taps in low-voltage windings

		None

		



		14.

		De-energized taps (full capacity)

		

		



		

		in high-voltage windings:

		

		



		

		a.

		One at 5% above normal voltage

		254,100

		Volts



		

		b.

		One at 2.5% above normal voltage

		248,050

		Volts



		

		c.

		One at normal voltage

		242,000

		Volts



		

		d.

		One at 2.5% below normal voltage

		235,950

		Volts



		

		e.

		One at 5% below normal voltage

		229,900

		Volts







[bookmark: _Thermal_Design][bookmark: _Toc66150661][bookmark: _Toc395082033][bookmark: _Toc17364001]Thermal Design

The temperature rises above ambient temperature of each 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 of IEEE Standard C57.12.00-2015. The top oil temperature rise by resistance shall not exceed 65° C, and the hottest-spot winding temperature rise shall not exceed 80° C on the tap connections that give the highest losses at rated kVA.

[bookmark: _Insulation_Class_and][bookmark: _Toc66150662][bookmark: _Toc395082034][bookmark: _Toc17364002]Insulation Class and Impulse Levels

The Full Wave BIL (basic impulse level) of the 242 kV windings shall be not less than 900 kV at the line end and shall be not less than 110 kV (15 kV class) at the neutral end. The high voltage neutral bushing (H0) shall have an impulse rating not less than 150 kV (25 kV class).

The BIL (basic impulse level) of the 14.4 kV windings shall be 110 kV (15 kV class) throughout.

The transformers shall be designed to be capable of withstanding IEEE Standard dielectric tests, as specified in Section 10.1.8, corresponding to the specified winding insulating levels.

[bookmark: _Impedances][bookmark: _Toc66150663][bookmark: _Toc395082035][bookmark: _Toc17364003]Impedances

The percent impedance of each single phase transformer as described in this Specification shall be measured at the forced-cooled (OFAF) rating of 200,000 kVA at 14.4 kV (D): 242 kV (Y). The impedance value under these conditions shall be 13.2%.

The interwinding impedance values shall be such as to limit fault current in the 14.4 kV and 242 kV windings in accordance with the short-circuit capability requirements of Section 6.3 and of Section 9.7, Windings.

While the transformers described in this Specification will not initially be connected for parallel operation, the Owner reserves the option for future parallel operation and interchangeability. Therefore, the impedance between all transformers provided under this Specification shall not vary more than 7.5 percent from one to the other.

[bookmark: _Toc66150664][bookmark: _Toc395082036][bookmark: _Toc17364004]Overload Capacity

[bookmark: _Toc395082037][bookmark: _Toc17364005]Loading

No design or construction detail of the transformer, including the capability of the bushings or appurtenances shall limit the overload capacity of the transformer or the capacity at reduced ambient temperature in accordance with IEEE Std. C57.91-2011, “IEEE Guide for Loading Mineral-Oil-Immersed Transformers and Step-Voltage Regulators.”

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 Std. C57.91-2011.

The following data shall be supplied in the Certified Test Report (Section 3.5.3) from load tests on the completed transformers. This data is defined throughout Section 7 of IEEE Std. C57.91-2011.

H,R  = winding hottest-spot rise over top-oil temperature at rated load on the tap position to be studied, °C

TO,R = 	oil time constant at rated load beginning with initial top-oil temperature rise of 0°C

C  =  	thermal capacity of the transformer, W-h/°C

TO,R  =  top-oil rise over ambient temperature at rated load, °C

R  = 	ratio of load loss at rated load to no-load loss on the tap position to be studied

[bookmark: _Toc66150665][bookmark: _Toc395082038][bookmark: _Toc17364006]Overexcitation

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

[bookmark: _Core][bookmark: _Toc66150666][bookmark: _Toc395082039][bookmark: _Toc17364007]Core

The transformer core shall be constructed of high quality, non-aging, cold-rolled, grain-oriented, stress-free, thin silicon steel or amorphous metal laminations having high permeability and low hysteresis loss. The steel shall be chemically and thermally treated to supply surface insulation unaffected by mineral oil and to minimize the core losses. The steel shall be properly annealed and shall have smooth surfaces at its edges. The core shall be capable of not being overexcited during load rejection of the generator. The load rejection of the generator can increase generator output voltage to 110% of nominal voltage. The core shall be designed to minimize the flux density at 110% of nominal voltage.

The core shall be carefully assembled and rigidly clamped and blocked to ensure adequate mechanical strength to support the windings, to prevent shifting of the laminations during shipment, and to reduce vibration to an absolute minimum under operating conditions. Core joints shall be mitered and utilize multiple-step lap construction with added cooling ducts utilizing outer lamination splits as deemed necessary.

Core ground connection shall be external, furnished by means of an insulated cable brought up to a suitable bushing on the tank cover or near the top of the tank wall with a removable strap located between the bushing terminal and the tank and accessible from the cover without lowering the oil. The bushing shall be rated not less than 30 kV BIL, shall be located and labeled to avoid confusion with other bushings. The bushing shall be protected with a removable, weatherproof metal cover. The transformer shall be shipped with this bushing and strap installed.

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. See Section 9.8 for audible noise limitations.


[image: ]


Figure 2. Transformer Physical Arrangement







[bookmark: _windings][bookmark: _Toc66150667][bookmark: _Toc395082040][bookmark: _Toc17364008]Windings

The windings of each 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 of circular design. The design of the windings shall be such that the voltage between physically adjacent and touching turns will not exceed 1,000 volts. 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 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 transformers 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 intended for connection to sources of energy. Winding base currents shall be as defined in IEEE Std. C57.12.00-2015.

[bookmark: _Audible_sound_level][bookmark: _Toc66150668][bookmark: _Toc395082041][bookmark: _Toc17364009]Audible sound level

Sound level measurements shall be taken at the factory with the transformer energized at rated voltage and frequency (60 Hz) at no-load. All oil pumps and motors shall be in operation as appropriate for rated transformer loading and the measurements shall be taken with the de-energized tap changer on the principal tap and in accordance with the conditions outlined in Section 13 of IEEE Std.C57.12.90-2015. Audible sound level shall not exceed seventy-six (76) decibels (A-weighted) under these conditions.

[bookmark: _Toc66150669][bookmark: _Toc395082042][bookmark: _Toc17364010]Distinctive Features of the Transformers

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

[bookmark: _Size_and_Appearance][bookmark: _Toc66150670][bookmark: _Toc395082043][bookmark: _Toc17364011]Size and Appearance

It is desired that the transformer exhibit a low silhouette and noise level and that the accessories and appurtenances on the tanks be arranged as indicated in Figure 2. The secondary (HV), and neutral (H0) bushings shall be mounted on the top tank cover. The primary (XV) bushings shall be mounted on the upper tank side exactly as shown for direct connection to the plant isolated phase bus. Phasing shall be as shown in Figure 2 for the 3Ø Delta-Wye (YNd1) connection arrangement.

[bookmark: _Toc66150671]In keeping with the importance of physical size and appearance, designs for attainment of the required operating sound level, as defined in Section 9.8, 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.

[bookmark: _Interchangeability][bookmark: _Toc395082044][bookmark: _Toc17364012]Interchangeability

The size, shape, and orientation of the transformer described in this Specification must be designed to occupy the space of the existing three phase generator step-up transformers at Boundary Powerhouse. The Seller shall provide the equipment subject to the dimensional limitations shown in Specification drawing SK-190810. Additionally, the Seller shall utilize the dimensional information contained in the Specification Drawings to:

1. Locate the primary transformer bushing terminals so as to connect directly with the isophase bus terminals and powerhouse structure. See Figure 3 and Specification drawing SK-190811 for details.

2. Ensure the transformer and its appurtenances can be installed, operated, and maintained inside the transformer service bay without restriction via electrical clearances or personnel access and egress.

All transformers supplied by the Seller under this Specification shall be designed and manufactured to strict operational and dimensional tolerances so that all the transformers are considered identical and may be installed into any Boundary Powerhouse Bank 151-154 transformer bay without modification to the transformer, its appurtenances, or any other equipment associated with the transformer installation, operation, and maintenance.

[image: ]

[bookmark: _Toc68531016]Figure 3. Transformer Primary Bushing Terminal to Isophase Bus Mounting Flanges (See Also SK-190811).

[bookmark: _Toc66150672][bookmark: _Toc395082045][bookmark: _Toc17364013]Standardization

All transformers supplied in accordance with this Specification shall contain like materials throughout. All parts, equipment, and accessories of the transformers shall be consistent by part number, style, and option, and indistinguishable from one transformer to the next.

[bookmark: _Seismic_Requirements][bookmark: _Toc66150673][bookmark: _Toc395082046][bookmark: _Toc17364014]Seismic Requirements

The transformers shall comply with the requirements of IEEE Std. 693 moderate seismic qualification level in addition to requirements of this section. The more severe requirement shall govern the design.

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 operational loads.

Seismic Qualification of Tank and Tank Appendages

The seismic qualification procedure for the tank and tank appendages shall be according to the Static Analysis requirements of IEEE Std. 693 Annex A.1.3.1. Members, plates and connections shall be designed in accordance with the AISC Steel Construction Manual-14th Edition.

The 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 based on the operating weight ‘D’ and 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)

Appendages such as coolers, surge arresters, control cabinets, etc. shall be analyzed using the same horizontal values multiplied by three (3). Base of appendage shall be considered as point of lowest connection. Deflection of appendage bracing and supports under gravity and/or earthquake loading shall be limited to L/500 under seismic loading.

Calculations and free-body diagrams shall be provided per Sections D.4.2 and A.1.3.1 of IEEE Std. 693, clearly indicating earthquake loads on components, attachments, and connections. Connecting elements transferring loads to the foundation shall be designed using the same values multiplied by two (2). If bushing turrets are used, turrets shall be stiffened to prevent rotation by elements other than the transformer lid.

Seismic Qualification of Bushings, Surge Arrestors and Current Transformers

The seismic qualification of transformer bushings shall be by Static Pull Test, as indicated in IEEE Std. 693 Annex A.1.2.4. The seismic qualification test report for all bushings shall be included in the Seismic Analysis Report provided by the transformer supplier.

The seismic qualification of current transformers shall be by Dynamic Analysis as indicated in IEEE Std. 693 Annex A.1.3.3. The seismic qualification test report for current transformer shall be included in the Seismic Analysis Report provided by the transformer supplier.

The seismic qualification of surge arresters shall be in accordance with the requirements of IEEE Std. 693 Annex K, except with loading modified per this section. The seismic qualification test report for surge arrestor shall be included in the Seismic Analysis Report provided by the transformer supplier.

Acceptance Criteria

The qualifications will be considered acceptable upon review of all Seismic Qualification Test Reports and –and the Seismic Analysis Report provided that the requirements given in IEEE Std. 693 Section D.5.1 and D.5.2 are satisfied.

[bookmark: _Submittals]Submittals

A Qualification Report (Seismic Test and/ or Analysis Report) conforming with IEEE Std. 693 (Section A.6 and Annex S for analysis and Section A.5 Annex T for test). shall be signed by a qualified specialist and submitted for review by the Owner’s engineer as shown below. 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.



		SUBMITTAL

		NUMBER OF COPIES

		FORMAT

		DUE DATE



		Statement of Responsibility for Seismic Conformance to Specifications

		1 set

		Electronic

		At time of bid 



		Seismic Analysis Report for transformer and appendages



		1 set

		Paper and electronic

		90 days after award of contract 



		Bushing Seismic Qualification Test Report

		1 set

		Paper and electronic

		60 days after award of contract



		Surge Arrester Seismic Qualification Test Report 

		1 Set

		Paper and electronic

		60 days after award of contract



		Current Transformer Qualification Test Report

		1-Set

		Paper and electronic

		60 days after award of contract







Statement of Responsibility

As part of the Bid submittal the Seller shall submit a written statement of responsibility to the Owner. The statement of responsibility shall contain the following:

· Acknowledgement of awareness of the special requirements contained in this seismic specification.

· Acknowledgement that control will be exercised to obtain conformance with the requirements of this specification section.

· Provide references of at least three (3) transformer projects in recent history where design and testing conformed to the requirements of IEEE Std. 693. 

· Identification and qualifications of the person(s) who will be performing testing and analysis as required in this Specification.

[bookmark: _Toc66150674][bookmark: _Toc395082047][bookmark: _Toc17364015]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.

[bookmark: _Toc66150675][bookmark: _Toc395082048][bookmark: _Toc17364016]Tanks

[bookmark: _Toc66150676][bookmark: _Toc395082049]Construction

Each transformer shall be constructed per IEEE Std. C57.12.10-2010. They 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 tanks 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/O-rings 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. The main tank cover shall be constructed in such a way that the cover may be removed and reassembled without damage to the windings. O-rings between metal surfaces shall be set in grooves or held in position by retainers so arranged that all parts are metal to metal. The O-rings shall be made of resilient material such as nitrile rubber which will not deteriorate under the action of hot oil and will remain oil tight. 

At the option of the Seller, 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 and O-rings proposed to be furnished.

[bookmark: _Manholes][bookmark: _Toc66150677][bookmark: _Toc395082050]Manholes

Each 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 20 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 be gasketed (O-ring) and have a flange to prevent water from entering the openings when individual covers are removed. At least one manhole shall be provided on the tank so as to allow access to the interior without lowering the oil below the top of the core.

[bookmark: _Toc66150678][bookmark: _Toc395082051]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.

[bookmark: _Toc66150679][bookmark: _Toc395082052]Pressure and Vacuum

The transformer tanks 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 20 psig. 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.

[bookmark: _Provision_for_Fall][bookmark: _Toc66150680][bookmark: _Toc395082053]Provision for Fall Protection

The Seller shall provide a portable fall arrest system on top of each transformer. The fall arrest system shall consist of Part Numbers 8510816 (weld-on plate) and 8516691 (DBI-SALA Advanced Portable Fall Arrest Post) by Capital Safety, 800-328-6146, www.capitalsafety.com or an approved equal from Miller Fall Protection, 800-873-5242, www.millerfallprotection.com. Two (2) fall arrest base plates shall be welded on top of each transformer tank with a ¼-inch fillet weld (all around).

The Seller shall demonstrate how the portable fall arrest system ensures personnel safety per OSHA requirements while working atop the transformer and performing cleaning and maintenance of the high voltage bushings.

Personnel Access Ladder

The Seller shall provide a means for accessing the top of the main tank of the transformer while deengergized. A steel ladder fixed to the transformer tank, without cages and wells, and compliant with OSHA Title 29 CFR Part 1910.23 shall be supplied with each transformer.

[bookmark: _Toc66150681][bookmark: _Toc395082054][bookmark: _Toc17364017]Transformer Base

The bases of the transformers shall be manufactured to meet the requirements of IEEE Std. C57.12.10-2010. Each transformer shall be provided with a structural steel supporting base designed for rolling and/or skidding in a direction parallel to either center line when completely assembled and full of oil. Suitable pulling eyes shall be provided for the purpose.

In addition, the transformer base shall consist of steel beams that will equalize the load and provide permanent support to the tank when the transformer is in its service position. The beams shall be oriented and positioned so they align directly with the existing transformer leveling channels and be provisioned for fastening directly to the channels via welding or bolting. See specification drawings MC-392, D-23990, and D-23991 for dimensions.

Base design shall include the seismic requirements of Section 9.9.4.

[bookmark: _Toc66150682][bookmark: _Toc395082056][bookmark: _Toc17364018]Provisions For Handling

[bookmark: _Toc66150683][bookmark: _Toc395082057]Lifting Hooks, Eyes, and Bosses

Each 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 of areas for entrapment of foreign debris.

[bookmark: _Toc66150684][bookmark: _Toc395082058]Center of Gravity

Each 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.

[bookmark: _Toc66150685][bookmark: _Toc395082059][bookmark: _Toc17364019]Bushings

[bookmark: _Toc66150686][bookmark: _Toc395082060]General

Each transformer shall have three (3) low-voltage (primary), three (3) high-voltage (secondary), and one (1) secondary neutral lead brought out from the tank through bushings and designed for connection for three phase (3Ø) operation. All bushings shall be manufactured and tested in accordance with IEEE C57.19.00-2004 and IEEE Std. C57.19.01-2017. They shall be capable of withstanding the standard tests for their respective insulation classes as specified in the IEEE Standards for apparatus bushings. Color shall be gray. 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 manufacture by ABB Inc, Alamo, TN USA, be of a type and style under current production at the manufacturer, and be designed for outdoor service.

Access ports shall be provided on the transformer tank for attaching winding leads to all bushings and shall be located, as practical, on the transformer tank above the core of the transformer. The access port shall be adjacent to the bushing leads for ease of connecting and removing the bushing connections (see also Section 9.9.6.2). The access ports shall be oriented and sized so the winding leads can be attached to the bushings without personnel entry into the transformer tank.

Bushing seismic qualification design shall be as required in Section 9.9.4.

[bookmark: _Toc66150687][bookmark: _Toc395082061]Primary Bushings

The low voltage primary winding bushings connected to the 14.4 kV source terminals shall be located on the side of the transformer tank as indicated in Figure 2 and positioned exactly as shown on Specification drawing SK-190811 in order to connect directly to the isophase generator bus terminals.

The primary bushings shall be ABB Type “T” bushings, Style No. 025T1200JN, Catalog No. W15B714BB and approved for mounting 90 degrees from vertical. The specified bushings are bottom connected, 25 kV-class, rated at 12,000 continuous amperes and have a minimum BIL of 150 kV.

[bookmark: _Secondary_Bushings][bookmark: _Toc66150688][bookmark: _Toc395082062]Secondary Bushings

The high voltage secondary winding bushings connected to the 242 kV line terminals shall be mounted on top of the transformer tank as indicated in Figure 2. The secondary bushings shall be of the condenser type, PCB free, oil-impregnated, oil-filled and shall be provided with a suitable oil level gauge or indicator, oil drain, and a power factor test tap. All secondary bushings shall be draw-lead connected, current-rated for 800 amperes continuous duty, rated not less than the 196 kV voltage class, and 900 kV BIL. All Secondary bushings shall be ABB Type “O Plus C” bushings, Style No. 196W0800XA, Catalog No. W11B430BB, be approved for mounting 0-20 degrees from vertical. and manufactured in accordance with IEEE C57.19.01-2017.

All secondary bushings shall be provided with power factor test terminals rated not less than 1200 amperes with a NEMA 4-hole flat pad terminal at the top and threaded connector at bottom of the test terminal. Test terminals shall be PCORE Type 3, Catalog No. 63042-70.

[bookmark: _Toc66150689][bookmark: _Toc395082063]Secondary Neutral Bushings

The secondary neutral lead shall be brought up from inside the transformer case and brought out through a bushing mounted on top of the transformer tank as indicated in Figure 2 for grounding outside the tank.

The secondary neutral (H0) bushing shall be 25 kV class, 150 kV BIL minimum. The H0 bushing shall be ABB Type “O Plus C” bushings, Style No. 025W0412AT, Catalog No. W7B522BB, and be approved for mounting 0-60 degrees from vertical.

A copper ground bus rated for 1200 Amps shall be connected to the secondary neutral bushing and run to a ground pad at the base of the transformer tank.

Bushing Access

All transformer winding connections to external bushings shall be accessible through handholes or manholes as described in Section 9.9.6.2. The draw leads and winding terminals shall be positioned to allow for easy connection and fastening to the bushing terminals during installation. No personnel entry into the main tank shall be necessary to make bushing connections.

[bookmark: _Toc17364020]High Voltage Bushing Turrets

Due to the dimensional constraints of the transformer bays, the Seller shall endeavor to minimize the secondary bushing turret height that extends above the transformer main tank. Overall transformer height while in the operation must meet the dimensional requirements of Specification drawing SK-190810 which includes the height of bushing test terminals installed on each secondary bushing. Minimal bushing turret height allows for easier bushing installation and the ability to safely perform maintenance and testing functions (see also Section 9.9.6.5).

[bookmark: _Potential_Devices_(PD’s)][bookmark: _Toc66150690][bookmark: _Toc395082064][bookmark: _Toc17364021]Current Transformers (CT’s)

[bookmark: _Toc66150691][bookmark: _Toc395082065]Primary Bushing CT’s

One 10,000:5 ampere bushing-type current transformer shall be mounted on each of the 14.4 kV line bushings and shall be wired to shorting-type terminal blocks in the control cabinet. CT’s of all primary bushings on the transformer shall be wired for primary Delta operation. These current transformers shall have dual accuracy class of 0.3 B1.8 metering and C800 relay, be designed and manufactured in accordance with IEEE Std. C57.13-2016, and have a continuous thermal current rating factor (RF) of 1.5 at the applicable ambient temperature defined by Table B.1 of the Standard. The polarity of the CT’s shall be such that the X1 terminal of the CT secondary is coupled of the 14.4 kV primary bushing. Once the transformer is installed and primary windings are connected to the isolated phase bus in a delta configuration, the primary CT’s shall be wired to provide primary line current to external relaying and metering devices.

[bookmark: _Toc66150692][bookmark: _Toc395082066]Secondary Bushing CT’s

Three (3) 800:5 ampere multi-ratio bushing-type current transformers shall be mounted on each of the 242 kV line bushings and two (2) on the neutral bushing and shall be wired to shorting-type terminal blocks in the control cabinet. These current transformers shall have a relay accuracy class of C800, be designed and manufactured in accordance with IEEE Std. C57.13-2016, and have a continuous thermal current rating factor (RF) of 1.5 at the applicable ambient temperature defined by Table B.1 of the Standard. The polarity of the CT’s shall be such that the X1 terminal of the CT secondary is coupled to the 242 kV secondary bushing. Once the transformer is installed and the secondary windings are connected in a wye configuration, the secondary CT’s shall be wired to external relaying and metering devices.

Current transformers seismic qualification design shall be as required in Section 9.9.4.

[bookmark: _Terminal_Connectors][bookmark: _Toc66150694][bookmark: _Toc395082067][bookmark: _Toc17364022]Terminal Connectors

The terminal stud of each 14.4 kV terminal shall be copper, rated for up to 10,000-A continuous current, and provided with an approved flexible-type connector with alignment guide for connecting the terminal stud to the isolated phase bus conductors inside the bushing housing as indicated on the Specification drawings. High voltage neutral terminal studs of each bushing rated 25 kV shall be provided with an approved clamp-type connector with NEMA 4-hole flat pad. The 242 kV bushing terminals shall be connected directly to the test terminal described in Section 9.9.9.3. The NEMA 4-hole pad of each test terminal shall be connected to a 2” IPS-to-flat terminal pad. All contact surfaces of external terminals shall be silver-plated, using pure silver free of copper.

[bookmark: _Toc66150695][bookmark: _Toc395082068][bookmark: _Toc17364023]Grounding

One grounding 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 500-750-kCM bare stranded copper ground conductors and shall meet the requirements of Section 5.5 of IEEE Std. C57.12.10-2010.

In addition, a solid-copper ground bar shall be installed at each ground pad for connection of surge arresters and high voltage neutral bushing grounds.

[bookmark: _Toc66150696][bookmark: _Toc395082069][bookmark: _Toc17364024]Surge Arresters

[bookmark: _Toc66150697]The 242 kV windings shall be protected by gray polymer, 192 kV, metal-oxide varistor (MOV), station-type surge arresters. The arresters shall have an energy capability of not less than 7.0-kJ/kV arrester rating and shall have a pressure relief capability such that failed arresters will withstand fault current of 65,000 amperes or greater without violent disintegration. All arresters shall be designed, manufactured, and certified for operation in accordance with IEEE Std. C62.11-2012. The arresters shall be of the following style or an approved equal:

ABB - “PEXLIM”

General Electric – “TRANQUELL”

Discharge counters shall be provided for each 192 kV 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. 

Insulating bases shall be provided for insulating the arresters. Connections from the arresters to the surge counters and the counters-to-ground shall be provided via 250 kcmil copper cable or equivalent solid-copper conductor and be fastened securely to, but insulated from the transformer tank. A solid-copper conducting path to ground shall be provided; the transformer tank shall not be used as a path to ground.

Surge arrester seismic qualification shall be as specified in Section 9.9.4.

[bookmark: _Toc17364025]De-Energized Tap Changer (No-load Taps)

Each transformer shall be equipped with an external manually-operated tap changer for changing connections to the taps in the high-voltage windings. Taps will be changed only when the transformer is de-energized. The tap changer control shall be mounted on the side of the transformer tank at a convenient height for operation from the floor on which the transformer is mounted, and shall include an operating handwheel, indicating pointer and dial, and means for locking the tap changer in any desired tap position. 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. The operating handwheel, if removable, shall be mechanically interlocked with the tap mechanism to prevent its removal when the mechanism is not in a completed tap position. Transmission of motion from operating the handwheel shaft to taps shall be by interaction of rigid members. 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 tap changing mechanism shall render it impossible to leave a winding open or short-circuited when the operating wheel is placed in a locked position.

The Seller shall provide non-ferrous padlocks with duplicate keys for the local tap-changer mechanism or kiosk to prevent all unauthorized access and operation.

[bookmark: _Toc17364026]Fire Detection System

Each transformer shall be supplied with means for detecting the presence of heat and/or fire condition. Each transformer shall have eight (qty. 8) heat sensors spaced evenly around the top of each transformer (Fenwal DETECT-A-FIRE or approved equal). Heat sensors shall have normally-open (NO) contacts and activate at 225° F. The heat sensors shall be located so as to not interfere with typical transformer operation and maintenance activities, be connected together in a parallel circuit, terminate on terminal blocks inside the control cabinet, and be wired as an input to the transformer control system. An additional pair of empty terminal blocks adjacent to the heat sensor terminations shall be provided for Owner use. Wireway between heat sensors and to the control cabinet shall be fastened securely to the transformer and adequately protect the wiring from physical damage and the elements. See Section 9.9.18.1 for additional wireway requirements.

[bookmark: _Toc66150698][bookmark: _Toc395082071][bookmark: _Toc17364027]Service and Control Power

[bookmark: _Toc66150699][bookmark: _Toc395082072]AC Power

The AC power supply for cooling system pump motors will be 480 volts, 3-phase, 60 Hz provided by the Owner. All equipment and devices except the cooling system (such as utility outlets and compartment lighting) furnished with the transformer shall be supplied from a single phase transformer sized appropriate for the load, but rated minimum 3 kVA, 480:120/240V, 60 Hz mounted inside or near the control cabinet (Section 9.9.18). Compartment heaters shall be 120 or 240 volts, single phase, 60 Hz.

[bookmark: _Toc66150700][bookmark: _Toc395082073]DC Power

The DC control power for energizing control devices and critical electronic components will be supplied from a 125-volt station battery to be furnished by the Owner. All alarm circuits operate at 125-volts DC. 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.

[bookmark: _Control_Cabinet][bookmark: _Toc395082074][bookmark: _Toc66150701]
Figure 4.  Control System Block Diagram



[bookmark: _Control_Cabinet_1][bookmark: _Toc17364028]Control Cabinet

[bookmark: _General]General

Each transformer shall be provided with a control and terminals cabinet mounted in a readily accessible location as shown in Figure 2. 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 incoming wiring which will facilitate easy disconnection of external conduit and wiring for moving the transformer. 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, wherever possible, in galvanized rigid metal conduit and connected to terminal blocks in the cabinet. All conduit shall be supplied with watertight fittings and all runs installed by the Seller shall be terminated at devices or connection boxes and at the terminal cabinet in tapped holes having not less than three-inch (3”) pipe threads, or in standard pipe-threaded couplings or nipples integral with or welded to the device or cabinet. Other conduit connections shall be made with cast metal boxes and outlet fittings having threaded outlets and gasketed covers. No running threads on conduit and no electric metallic conduit will be permitted. All conduit, boxes, fittings, and connections shall be Listed by Underwriters Laboratories (UL), fully watertight, and thus capable of withstanding prolonged discharge from the fire suppression system without moisture ingress. No weep holes in any raceway device will be allowed.

All raceways shall be made of galvanized rigid metal conduit having a fill of not more than the recommended fill tables in the National Electric Code. All flexible conduits, if required, shall be LiquidTight metal conduit, and flexible conduits will be allowed only on conduit sizes of 1” or less, with a maximum run of 3-feet. All flexible conduits, piping or other systems which are exposed and could be damaged will be protected by a substantial cover.

Internal Accessories

One 120-volt, light-emitting diode (LED) lighting fixture providing a minimum of 1600 lumens, 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 120-Volts-AC, 3-wire, 15/20-ampere, duplex grounding type receptacle, NEMA 5-15R, shall be provided in each cabinet. A 120-Volts or 240-Volts thermostatically controlled electric space heater of adequate rating shall be provided in each cabinet to prevent condensation when the outside temperature is as low as -30°C. 

Serviceability

[bookmark: _Toc395082075]All parts and equipment in the control cabinet and other positions supporting the transformer shall be readily available from local (U.S.A.) suppliers. Whenever possible, NEMA standard fans, motors, and related devices shall be included so that replacements can be locally sourced by the Owner. For compatibility with on-site spares, preferred manufacturers of control cabinet equipment are ABB, Allen-Bradley, Phoenix Contact, Schneider/Square D, and Schweitzer Engineering Labs (SEL). Other manufacturers must be shown to be equivalent and approved by the Owner.




[image: ]
Figure 4. Control System Block Diagram.

[bookmark: _Toc17364029]Control System Equipment

Each transformer shall include an integrated control and protection package, configured as shown in Figure 4.

Circuit Control and Protection

All 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 240-Volts AC. Additional circuit breakers for branch circuit protection of oil pump and fan circuits shall be provided as required. All air circuit breakers shall be molded case type of proper voltage and current rating, but not less than 20 amperes, conforming to NEMA Pub. No. AB 1. All circuit devices used as a disconnecting means must include provision for padlocking in the open position for the purposes of Lockout-Tagout (LOTO) in accordance with National Electrical Code (NEC) 110.25.

In both AC and DC circuits, no fuses shall be used in place of molded case circuit breakers. Only in places where a molded case circuit breaker cannot replace a fuse due to system requirements will fused protection be accepted.

All equipment provided in this section shall be manufactured by Allen-Bradley, Square D, or other approved manufacturer.

[bookmark: _Resistance_Temperature_Devices][bookmark: _Toc395082076]Resistance Temperature Devices (RTD’s)

Each transformer shall be equipped with RTD’s for measuring ambient temperature, transformer top oil temperature, and winding hot spot temperature. All RTD’s shall be minimum 100 ohms platinum with three lead, shielded cable. For best lead-resistance compensation, all three leads shall be the same length and wire gauge with a maximum lead resistance of 25 ohms. Operating range shall be -40°C to 200°C.

The ambient temperature RTD shall be mounted in a protected housing, external to the transformer, and in a location suitable for providing ambient temperature data, i.e., unaffected by transformer operating temperatures.

Top oil and winding hot spot temperature RTDs shall be provided with thermowells of brass or stainless steel. Thermowells shall be as described in Section 6.4, “Thermometer wells,” of IEEE Std. C57.12.00.2010. Thermowells shall be mounted to dedicated flanges on the transformer main tank located just below minimum tank oil level where they will be exposed to a constant flow of oil. A top oil temperature RTD for measuring the hottest oil shall be installed on each transformer and winding hottest spot temperature shall be simulated by the heated thermowell, i.e. “thermal plate” method. The thermowell heater shall be sourced from a dedicated current transformer and RTD resistance measured at the heated thermowell to determine winding hottest spot. Data obtained from the Temperature Rise Test (Section 10.1.9) shall be used to adjust the winding hottest spot temperature time constant to match as closely as possible to the time constant of the windings.

[bookmark: _Transformer_Thermal_Monitor][bookmark: _Transformer_Automation_Controller][bookmark: _Toc395082077]Transformer Automation Controller

Each transformer provided in accordance with this Specification shall be integrated with an SEL-2240 Axion Modular Control System by Schweitzer Engineering Laboratories, Inc. (SEL), 509-332-1890, www.selinc.com. The Axion shall consist of a 4-slot chassis mounted in the control cabinet swing panel (or back panel), be protected externally with an approved molded case circuit breaker of the proper voltage and current rating, and be populated with the following modules:

Slot A – Real-Time Automation Controller (RTAC), SEL Part No. 2241X2X213X01TXXXX

Slot B – Power Coupler, SEL Part No. 224312X0

Slot C – Digital Input Module, 24 inputs, 125 VDC, SEL Part No. 22442424X0

Slot D – Analog Input Module, 16 inputs, ±20mA, ±10V, SEL Part No. 22452121XX0

The SEL-2241 RTAC module shall be configured to communicate with the other control equipment installed in (and on) the transformer using DNP3, Modbus, or SEL Fast Messaging protocols. All configuration settings shall be made via acSELerator RTAC SEL-5033 Settings Assistant Software by Schweitzer Engineering Laboratories, Inc. The SEL-5033 software is included with the purchase of the RTAC hardware. This software and all software and licenses associated with control and monitoring equipment on the transformer shall be provided to the Owner with each transformer.

The SEL-2241 RTAC shall be configured to integrate all connected devices on the transformer and to transmit the status of all connected control and monitoring devices and their digital and analog values via fiber optic cable for display on the local Human Machine Interface (HMI, by Owner) in the powerhouse Unit Control Board (UCB).

The SEL-2241 RTAC shall also be configured to log all status and events (SER) information on the transformer and all RTD temperature data to monitor overheating of the transformer.

[bookmark: _Transformer_Thermal_Monitor_1]Transformer Thermal Monitor

Each transformer cooling system shall be controlled by an SEL-2414 Transformer Monitor by Schweitzer Engineering Laboratories, Inc. mounted on the control cabinet swing panel. The monitor Part Number is 241421A2X9X3A851830 with mounting gasket and FT-1 test switches to isolate the digital outputs and short the current inputs. Automatic control of transformer cooling shall be enabled by a Unit Auxiliaries permissive contact (provided by Owner) and be local-remote selectable via 43 switch in the local control cabinet. Each oil pump and associated set of cooler fan contactors shall be initiated by an output contact from the monitor. Oil pumps startup shall be time offset to prevent inadvertent activation of the gas accumulator relay. The transformer monitor shall be protected externally with an approved molded case circuit breaker of the proper voltage and current rating.

Transformer top oil rise over ambient temperature, hot spot winding rise over top oil temperature, and ambient temperature shall be measured by the thermal monitor elements via RTD information supplied to the RTD Input card in the SEL-2414 Transformer Monitor. The thermal element shall use the measured top oil and ambient temperatures in addition to current input measurement of X1, X2, and X3 windings to calculate winding hot spot temperature, insulation aging factor, (FAA), daily rate of loss of life, (DLOL), and total loss of life (TLOL). This winding hot spot temperature value shall be derived independent of the value obtained from the heated thermowell method described in Section 9.9.19.2. The Thermal Element function of the transformer monitor shall initiate an output contact for thermal alarm conditions to the plant annunciator (by Owner) and an output contact for thermal trip condition to a trip and lockout relay (by Owner), both located in the Powerhouse Unit Control Board (UCB). Connection between the transformer monitor and the SEL-2241 automation controller (RTAC) module shall be made via heavy-duty fiber-optic cable. The fiber optic cable shall run between the fiber optic serial port (ST connector) on the thermal monitor and shall be terminated into an SEL Fiber-Optic Transceiver/Modem, SEL Part Number SEL-2812MT connected to a COM port in the RTAC.

Thermal monitor LED outputs shall be labeled and illuminate for cooling system lockout, AC undervoltage, cooling group undercurrent, RTD failure, and low ambient temperature. All protective and alarming events detected by the transformer monitor shall signal the SEL-2241 automation processor (RTAC) for logging and Owner use.

The thermal protection monitor shall be factory-calibrated, with the calibration values included in the maintenance manual, for determining the simulation parameters for the hottest spot of each winding.

[bookmark: _Input/Output_(I/O)_Module(s)][bookmark: _Digital_Inputs_to]Digital Inputs to the Transformer Control System

Digital input cards in the Axion Transformer Automation Controller and the SEL-2414 Transformer Thermal Monitor shall receive and communicate contact status of all connected devices, annunciate all alarm points of the transformer, and also be capable of transmitting a trip condition to a trip and lockout relay located in the powerhouse UCB. All status indication shall be communicated to the SEL-2241 Automation Controller (RTAC), as described in Section 9.9.19.3. Critical functions shall be given priority for wiring to the digital inputs of the SEL-2414. All digital inputs to the Axion controller and thermal monitor shall be capable of isolation at the terminal block via knife-disconnect style terminal blocks.

Contact status indication shall be monitored via digital inputs to the transformer control system and communicated for the following:

· Oil Level Low

· Oil Level High

· Buchholz

· Fault Pressure

· Pressure Relief #1

· Pressure Relief #2

· Dehydrating Breather Error

· Fire Detector

· Pump #1/Cooler #1 Running

· Pump #2/Cooler #2 Running

· Pump #1 Low Flow

· Pump #2 Low Flow

· Pump/Cooler #1 Loss of AC Voltage

· Pump/Cooler #2 Loss of AC Voltage

· Unit Auxiliaries (by Owner)

· Trip and Lockout Relay (by Owner)

· Loss of DC Voltage

· Loss of 480 AC Voltage

· Loss of 120 AC Voltage

· Oil Temperature High Alarm

· Oil Temperature High Trip 

· Winding Temperature High Alarm

· Winding Temperature High Trip

· DGA - Dissolved Hydrogen High

· DGA – Moisture in Oil High

· DGA – Carbon Monoxide High

· DGA – Relay #4

· DGA – Relay #5

Digital Outputs from the Transformer Monitor

Digital output contacts in the SEL-2414 transformer monitor shall be used to initiate alarm and trip conditions to the Plant annunciator and trip and lockout relays. Any auxiliary contacts needed to separate non-critical from critical conditions shall also be brought to a terminal block for the Owner’s use only. Any auxiliary relays used shall have a 125-VDC, 10-ampere rating.

Digital outputs from the transformer monitor shall be wired and programmed for the following:

· Pump/Cooler #1 Initiate

· Pump/Cooler #2 Initiate

· Top Oil or Winding Temperature Trip

· Transformer Miscellaneous Trouble

· Cooling System Trouble

Analog Inputs to the Transformer Automation Controller

The SEL-2245-2 Analog Input card of the Axion Transformer Automation Controller shall be wired and programmed to monitor analog values for the following:

· 480 AC – Phase A-to-B Voltage

· 480 AC – Phase B-to-C Voltage

· 480 AC – Phase B Current

· DGA – Dissolve Hydrogen Value

· DGA – Moisture-in-Oil Value

· DGA – Carbon Monoxide Value

The Seller shall provide all potential and current transformers and transducers required to produce the signal quantities for input to the analog input card.

[bookmark: _Communications_Processor][bookmark: _Automation_Controller][bookmark: _IRIG-B_Time_Source]Local Area Network (LAN)

All electronic devices provided by the Seller in or on each transformer shall be inter-connected to form a stand-alone data communications network utilizing multi-mode fiber optics. Each electronic device containing a MAC address, including but not limited to SEL-2241 RTAC, SEL-2414 Transformer Thermal Monitor and Morgan-Schaffer Calisto 9 Online Dissolved Gas Analyzer shall be connected to a fiber optic Modular Industrial Patch Panel (MIPP) located in the local control cabinet. The MIPP shall be Belden Part No. BMIP-BD-1L1P or an approved equivalent and provide at least three (3) spare fiber-pair connections. 

[bookmark: _Toc395082080][bookmark: _Toc17364030]Terminations and Wiring

[bookmark: _Toc395082081]All devices requiring an external connection by the Owner shall have dedicated terminal positions available and located in an accessible location in the control cabinet. Prior to manufacturing the control panel, a layout diagram and schematic drawings shall be provided. Upon written approval from the Owner, the Seller may proceed with the manufacture of the control panel. All power circuits should make first strike at a circuit breaker.

Terminal Blocks

Terminal blocks for digital inputs shall be rated not less than 600 volts, 16 amps. Terminal blocks for all other control wiring shall be rated not less than 600 volts, 30 amps. Terminal blocks for power wiring shall be rated not less than 600 volts with a current rating suitable for the purpose, but not less than 30 amps. Separate terminal blocks shall be provided for power and control wiring with barriers between block sections. All terminal block connections shall be the approved modular-screw-terminal “Clipline” blocks manufactured by Phoenix Contact, Middletown, PA, 800-888-7388, www.phoenixcontact.com. Blocks shall be mounted on 35mm x 15mm steel mounting rails (high profile DIN rails). 

All terminal blocks shall be labeled physically and on the connection drawings by the physical number of slots from the beginning, not by wire number. All Seller installed terminal blocks in the control cabinet shall be labeled with a unique, two-letter designation starting with “T” and be numbered incrementally starting with “1” from left to right or top to bottom, depending on the layout of the cabinet. In no case shall a single terminal block designation have greater than fifty (50) terminal points associated with it.

All terminations (except CT’s) shall be crimped-type, hexagonal or square pin ferrule type with no more than one (1) termination per screw-terminal. All ferrules shall be crimped using only the crimping tool designated by the manufacturer for the purpose. All wiring terminations shall be tightened in the screw terminal to the torque value designated by the manufacturer for the terminal block used. Circuit designation and wire name shall be clearly marked on each wire with an approved marking system within one inch of each termination. Multiple wires terminated into single-pin ferrules will not be allowed. All wiring from Seller-installed equipment shall terminate distinctly and consistently on one side of the terminal blocks, leaving the opposite side for Owner’s connections. The terminal arrangement shall be subject to the approval by the Owner and shall have at least 15% of all terminals of each block or group of blocks available as spares. Connection drawings shall have sufficient space to allow for the addition of Owner’s external connections.

All secondary leads of all current transformers shall be terminated to Phoenix Contact type RT-5 shorting terminal blocks. All first strikes for CT’s shall be terminated in the shorting terminal blocks with ring lug ferrule appropriate for the wire size used and crimped with a crimping tool designated by the manufacturer for the purpose.

[bookmark: _Toc395082082]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 #16 AWG and power wiring shall be #12 AWG minimum, 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. External cable bundles shall be secured throughout their length for support and protection. Connections to all instruments shall be flexible. Wire stripping shall be accomplished with a tool that assures that the wire will not be nicked and the wire stripped to the length appropriate for the lug or ferrule being used.

All CT and PT secondary wiring shall be four-conductor, #10 AWG cable that is compliant with Seattle City Light Material Standard 6404.11 and NEMA Method 1/E-1 color code. Similarly, for all wire runs to Seller-supplied equipment longer than twenty feet (20’) in length and with more than four (4) conductors, multiconductor cable rated for the raceways used and compliant with Seattle City Light Material Standard 6404.11 is preferred. All power circuit wiring shall be sized and protected for the current required.

Instrument cables shall be rated for not less than 300 volts and have PVC/Nylon insulation with a PVC jacket meeting NFPA 70 requirements and UL listed as type PLTC. Instrument cable conductors shall be individually shielded #18 AWG or larger stranded copper twisted pairs or triads (for RTD’s). Overall shield shall be aluminum-polyester foil, 100% coverage.

All fiber-optic cable shall be multi-mode capable, SEL-C800 Series or approved equal. All fiber optic runs integral to the control cabinet shall be protected from damage and abrasion along the run and UL rated as OFNR. Fiber optic runs exiting the control cabinet shall be high-strength, heavy-duty with PVC jacket for outdoor use.

[bookmark: _Toc395082083]Device Identification

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

[bookmark: _Toc401748932][bookmark: _Toc401752668][bookmark: _Toc401834982][bookmark: _Toc401835725][bookmark: _Toc407009029][bookmark: _Toc407009249][bookmark: _Toc408818536][bookmark: _Toc408824522][bookmark: _Wiring][bookmark: _Toc395082084][bookmark: _Toc17364031]Cooling System

[bookmark: _Toc66150702][bookmark: _Toc395082085]Forced Oil Coolers – General

Each transformer shall be provided with a sufficient number of coolers (heat exchangers) to maintain proper heat dissipation for uniformly cooling the transformer oil under all operating conditions. The coolers shall be so located on the tank to ensure uniform circulation of the oil through the windings. The coolers shall be constructed of mono-aluminum extruded finned tubes or extruded aluminum fins on copper or stainless steel tubes. Tube to tube sheet joints shall be expanded using roller expanding. All plate fins shall include an approved anticorrosive protection such as Heresite. Tube sheets shall be 316L stainless steel welded into stainless steel headers of substantial construction. The headers shall be designed to accommodate differential thermal expansion and vibration between the tube bundles and side casings. All weldings, fittings and surfaces shall be smooth and free of crevices and pits in which water could collect. The coolers shall be designed to withstand both maximum positive operating pressure and full vacuum to permit filling the transformer under vacuum with coolers in place and all cooler valves open. Flanged ball valves shall be installed on each header connection to the main tank so that coolers may be removed for repairs without removing oil from the main tank. All valves shall be provided with O-ringed blanking covers to seal the valve openings when the coolers are removed. Provisions shall be made for draining and venting the coolers. Lifting eyes or other suitable means shall be provided for handling the coolers.

The Seller shall include in the Operation and Maintenance Manual (Section 3.5.8), a derating factor for determining the derated 3Ø load capacity of the transformer with one cooler out of service or disconnected from the transformer tank.

Connection of the coolers to the main transformer tank shall be in conformance with IEEE Std. 693 Section D.5.1.e. The coolers shall not be supported by the foundation and bracing shall be supplied to each cooler to prevent seismic deflections greater than L/500.

[bookmark: _Toc66150703][bookmark: _Toc395082086]Forced Oil Coolers – Location

The transformers will be located where limited space is available for positioning the coolers. The coolers must be located to achieve optimum cooling efficiency while minimizing the adverse impacts on safety and aesthetics to the greatest degree possible. Each transformer will be located in a semi-enclosed space with one opening as shown on the Specification Drawings, thus optimum cooling efficiency must be achieved while maintaining the maximum transformer dimensional requirements as shown in Specification drawing SK-190810. The coolers shall be affixed directly to the transformer tank. No external, detached cooling units will be allowed. Adequate vibration dampening shall be provided at the cooler-to-main tank and at all piping and oil pump connections to prevent cooler and tube fatigue failures under continuous operation over the life of the transformer.

[bookmark: _Toc66150704][bookmark: _Toc395082087]Forced-Air Equipment – General

Suitable NEMA rated forced-air equipment shall be provided so that the continuous cooling capacity of the transformer coolers are optimized while in operation without exceeding the allowable transformer temperature rise specified in Section 9.2. The forced-air equipment shall include propeller-type fans that direct the air stream laterally across the cooling fins to prevent recirculation of discharged air and may include baffles or louvers to direct the air flow out of the transformer bay opening. The fan motors and propellers shall be dynamically balanced, be designed for long-term continuous duty, be easily accessible for maintenance, and include OSHA-approved hot dip galvanized or stainless steel fan guards. The fan motors shall operate at 480 volts AC, 3-phase, 60 Hertz at maximum 1200 rpm, be designed to operate between -30°C to 60°C ambient, and be rated for outdoor weatherproof (wet locations) duty. The fan motors shall also be of the totally-enclosed induction type without commutator or internal starting switch construction, be provided with antifriction (not plain) sealed bearings, have minimum 1.15 SF, and have individual thermal overload protection.

[bookmark: _Toc66150706][bookmark: _Toc395082089]Forced Oil Components

Oil pumps shall be hermetically sealed and made of cast iron housing to withstand full vacuum and positive operating pressures over the life of the transformer. Oil pumps shall be isolated on the inlet and outlet seal-off flanges by suitable ball valves to allow removal of the pump without removal of transformer oil. The oil pumps shall operate at 480 volts AC, 3-phase, 60 Hertz, have individual thermal overload protection, and be designed specifically for use with the transformer coolers supplied by the Seller. Inlet and outlet piping to the oil pumps shall have no bends or elbows within twelve inches (12”) of the pump body, be equipped with suitable vibration and thermal expansion dampeners and include a differential pressure gauge or dynamic flow switch located between the outlet of each cooler and the inlet of each oil pump. Oil pumps shall be mounted below the coolers to be accessible for maintenance and inspection.

Forced-Air and Oil Control Equipment

All necessary protective and control equipment for the oil pumps and cooling fan motors shall be furnished and installed in a NEMA-4 rated weatherproof steel cabinet mounted on the transformer tank as described in Section 9.9.18. The cooling control equipment shall be fully automatic, designed to start and stop the pumps and cooling fan motors primarily as the transformer is energized and secondarily as the transformer winding temperature and operation requires. Cooling equipment shall be controlled by an SEL-2414 Transformer Monitor as described in Section 9.9.19.5 and shown in Figure 4. The start-up or shutdown of any cooling equipment shall not cause mal-operation of any gas or oil-actuated relay or impair other equipment, e.g., gas monitors. Provision shall be made so that when a cooler must be removed for repairs, it can be disconnected and removed without disturbing or disconnecting other cooling system components and piping not associated with the repair.

To allow for flexibility in operating the cooling system, the control scheme shall include a Hand-Off-Auto switch on each cooler bank and have means for manual selection at any time of the order and time delay in which the cooling system equipment enters automatic operation.

[bookmark: _Toc395082090][bookmark: _Toc17364032][bookmark: _Toc66150707]American Standard Sizes

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.

[bookmark: _Toc66150709][bookmark: _Toc395082091][bookmark: _Toc17364033]Oil Thermometer Gauges

Each transformer shall be equipped with an oil thermometer used to indicate top oil temperature of the transformer. This gauge shall have a dial easily readable from the ground and shall have non-grounded alarm and trip contacts wired to terminals in the control cabinet and to the I/O cards described in Section 9.9.19.5. A second oil thermometer gauge shall be installed on the bottom of the tank to monitor bottom oil temperature. Gauges shall be scaled in degrees Celsius and Qualitrol 104 Series or approved equal.

[bookmark: _Toc395082092][bookmark: _Toc17364034]Transformer Oil

[bookmark: _Toc66150711][bookmark: _Toc395082093]Quantity and Certification

Sufficient insulating mineral oil shall be furnished to fill each transformer to normal level. The oil shall be standard inhibited type with suitability for use in accordance with ASTM D3487-00.

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

[bookmark: _Toc395082094]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.

[bookmark: _Toc66150712][bookmark: _Toc395082095][bookmark: _Toc17364035]Oil Preservation

[bookmark: _Toc66150713][bookmark: _Toc395082096]General

The oil preservation system for the transformers shall be an air-cell, constant-pressure, reservoir tank (conservator) system. The system installation, operation, and maintenance shall be compatible with the transformer dimensional limitations as set forth in Section 9.9.1. The oil preservation system shall conform to the applicable requirements as follows:

Gas Accumulator Relay (Buchholz) 

A gas accumulator relay (Buchholz, Device No. 63B), shall be provided on each transformer for detection of low magnitude faults. Shutoff valves shall be provided to allow removal of the relay without lowering the oil level. This device shall have a normally open contact wired and connected to a Qualitrol 909 Series Seal-In relay (Device No. 63BX) or approved equal. The ALARM (63BX1) contacts shall be wired to a digital input card in the transformer control system for status indication and the TRIP (63BX2) contacts shall be wired to terminals in the control cabinet for Owner-supplied direct wiring to the transformer protective equipment in the powerhouse.

Dehydrating Breather

The ambient air expansion and contraction of the air cells or diaphragms shall be filtered for moisture using a Messko MTraB maintenance-free dehydrating breather sized accordingly. The breather shall employ a regenerative silicagel with a heated high grade steel filter, be designed for outdoor use and be securely attached to the transformer. Power to the breather shall be supplied from the auxiliary circuit in the control cabinet and be protected with an approved molded case circuit breaker or fuse of the proper voltage and current rating. Indication of device malfunction shall be transferred directly to the transformer control system.

[bookmark: _Toc401748938][bookmark: _Toc401752674][bookmark: _Toc401834988][bookmark: _Toc401835731][bookmark: _Toc407009035][bookmark: _Toc407009255][bookmark: _Toc408818542][bookmark: _Toc408824528][bookmark: _Toc401748939][bookmark: _Toc401752675][bookmark: _Toc401834989][bookmark: _Toc401835732][bookmark: _Toc407009036][bookmark: _Toc407009256][bookmark: _Toc408818543][bookmark: _Toc408824529][bookmark: _Toc401748940][bookmark: _Toc401752676][bookmark: _Toc401834990][bookmark: _Toc401835733][bookmark: _Toc407009037][bookmark: _Toc407009257][bookmark: _Toc408818544][bookmark: _Toc408824530][bookmark: _Toc401748941][bookmark: _Toc401752677][bookmark: _Toc401834991][bookmark: _Toc401835734][bookmark: _Toc407009038][bookmark: _Toc407009258][bookmark: _Toc408818545][bookmark: _Toc408824531][bookmark: _Toc401748942][bookmark: _Toc401752678][bookmark: _Toc401834992][bookmark: _Toc401835735][bookmark: _Toc407009039][bookmark: _Toc407009259][bookmark: _Toc408818546][bookmark: _Toc408824532][bookmark: _Toc401748943][bookmark: _Toc401752679][bookmark: _Toc401834993][bookmark: _Toc401835736][bookmark: _Toc407009040][bookmark: _Toc407009260][bookmark: _Toc408818547][bookmark: _Toc408824533][bookmark: _Toc66150717][bookmark: _Toc395082100][bookmark: _Toc17364036]Oil Level Gauges

[bookmark: _Toc66150718]Magnetic-type oil gauges are to be included which will indicate continuously the level of the insulating oil in the main tank and in the various compartments. These gauges shall be readable from the ground and shall have two (2) non-grounded alarm contacts wired to terminals in the control cabinet and to the Input Card of the SEL-2414 as described in Section 9.9.19.5. The first contact shall indicate a low oil level alarm condition. The second contact shall indicate a high oil level which is considered critical and will be used to trip the transformer. The oil level gauges shall be Qualitrol 032 Style or approved equal.

[bookmark: _Toc17364037][bookmark: _Toc395082101]Continuous On-Line Dissolved Gas Analyzer

An on-line gas-in-oil and moisture-in-oil gas analyzer (Device No. 45) shall be provided on the transformer. The analyzer shall be made by Morgan-Schaffer, Model Calisto-9, with stainless steel sampling tubes isolated by ball valves. The analyzer shall be able to interface with the control system local-area network 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 five (5) Form C output contacts 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 have a minimum of three (3) 4-20 mA analog outputs for Dissolved Hydrogen, Moisture in Oil, and Carbon Monoxide level monitoring connected to analog input card of the Axion control system in the transformer control cabinet.

4. The device shall provide communication protocols in DNP3, ModBus, TCP/IP, and communicate using RS232, RS485, Ethernet, and fiber optics mediums. Connection between the device and the SEL-2241 automation controller (RTAC) module shall be made via heavy-duty multimode fiber-optic cable. The fiber optic cable shall run between the RS-232 port on the device and connect to a COM port in the RTAC. Both fiber optic cable ends shall be terminated into SEL Fiber-Optic Transceiver/Modems, SEL Part Number SEL-2810.

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

6. The device shall be designed for outdoor service with relatively high humidity, and Sun and rain exposure and be housed in a NEMA-4X rated enclosure mounted to the main transformer tank.

[bookmark: _Toc17364038]Valves

Adequate valves shall be furnished for drains, top and bottom filter press connections, liquid sampling, and top and bottom cooler shut-off. Fittings for filter press connection shall be 2 inches in diameter.

A one-inch NPT valve shall be provided at the bottom of one cooler or near the bottom of the main tank 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.

All valves shall be ball or gate valves; no butterfly valves will be accepted.

[bookmark: _Toc66150720][bookmark: _Toc395082102][bookmark: _Toc17364039]Pressure Relief Device

A spring-operated tank pressure relief device (Device No. 63P1) with non‑grounded trip contacts shall be furnished on each transformer. 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 pressure relief device is to be located such that oil will not escape from the transformer when the device has been operated and is in the open position. The pressure relief device shall also have a shield around the relief cover with piping that directs the oil safely to the oil-containment sump at the base of the transformer in the event of discharge. The relief shield shall not impede the oil release or resetting of the relief device operation.

If the Seller determines that the size and configuration of the main tank inhibits consistent, reliable detection and operation of the device during a pressure event, a second, duplicate pressure relief device (Device No. 63P2) shall be provided. The two pressure relief devices shall be located so that reliable detection of a pressure event can be ensured under all operating conditions.

The pressure relief device shall be Qualitrol XPRD Series or approved equal. Device operation shall be designed for use in a fault protection scheme and shall include auxiliary relays and/or high-current contacts (125 VDC, 10 A) as required. One set of contacts shall be wired to the transformer control system inputs for status indication and another set of contacts shall be wired to terminals in the control cabinet for Owner-supplied direct wiring to the transformer protective equipment in the powerhouse.

[bookmark: _Toc66150721][bookmark: _Toc395082103][bookmark: _Toc17364040]Rapid Pressure Rise Relay

[bookmark: _Toc66150722]A rapid rate-of-rise (fault) pressure relay shall be provided (Device No. 63F) which will close its contacts upon a sudden rise of pressure in the transformer tank. This relay shall operate in accordance with requirements of IEEE Std. C57.12.10-2010/Cor 1-2012 

The rapid pressure rise relay shall be Qualitrol 900 Series with a Qualitrol 909 Series Seal-In relay (Device No. 63FX) or approved equal. The ALARM (63X1) contacts shall be wired to the SEL 2414 Transformer Monitor inputs for status indication and the TRIP (63X2) contacts shall be wired to terminals in the control cabinet for Owner-supplied direct wiring to the transformer protective equipment in the powerhouse.

[bookmark: _Toc401748949][bookmark: _Toc401752685][bookmark: _Toc401834999][bookmark: _Toc401835742][bookmark: _Toc407009046][bookmark: _Toc407009266][bookmark: _Toc408818553][bookmark: _Toc408824539][bookmark: _Toc66150724][bookmark: _Toc395082104][bookmark: _Toc17364041]Paint and Finish

The exterior surface of each transformer shall be prepared by sandblasting or shotblasting and derusting to a clean metal surface and primer 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” Grey or approved equal. 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.

[bookmark: _Toc66150725][bookmark: _Toc395082105][bookmark: _Toc17364042]Nameplates

Transformer Nameplate

A nameplate shall be fabricated in accordance with ANSI C57.12.10-2010 and affixed to each transformer. The nameplate shall also contain the City of Seattle purchase order number under which the transformer is being purchased and a statement indicating PCB content is less than 0.1 ppm.

Instrument Transformer Nameplates

Each transformer shall display manufacturer’s nameplates of all instrument transformers installed thereon. The nameplates shall be affixed in an easily visible location on, in, or near the main control cabinet. All instrument transformer nameplates shall include the minimum information required by Section 6.8 of IEEE C57.13-2016. In addition, each instrument transformer nameplate shall indicate the installed location on the transformer.
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[bookmark: _Toc66150727]Section
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[bookmark: _Toc395082106][bookmark: _Toc17364043]Required Measurements and Tests

[bookmark: _Toc17364044][bookmark: _Toc66150728][bookmark: _Toc395082107]Transformer

[bookmark: _Toc17364045]General

Measurements and tests shall be conducted at the factory at the Seller’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, and oscillograms, and be detailed enough to allow the test(s) to be repeated and verified. The Seller shall notify the Owner and provide a factory test procedure at least three (3) weeks in advance of said tests if performed in the United States or at least five (5) weeks if outside the USA in order that the Owner may exercise his/her 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 Seller and the Owner. Seller shall furnish six (6) certified printed paper copies of all test reports, including oscillograms and complete data on all tests as described in this Section.

Each transformer shall be subjected to the following tests and measurements in accordance with Standards C57.12.00-2015 and C57.12.90-2015. 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 shall be performed in the three phase connection arrangement as appropriate for the test purpose.

[bookmark: _Toc66150729][bookmark: _Toc395082108][bookmark: _Toc17364046]Resistance Measurements

The cold resistance of each winding on the rated-voltage connection shall be measured on all transformers. The hot resistance of windings shall be measured on the transformer which is given by the temperature test (see Section 10.1.9). Tests shall be in accordance with Section 5 of IEEE Std. C57.12.90-2015.

[bookmark: _Toc66150731][bookmark: _Toc395082109][bookmark: _Toc17364047]Polarity and Phase Relation

The angular displacement and relative phase sequence on the rated-voltage connection shall be tested and the lead marking checked on the transformer in accordance with Section 6 of IEEE Std. C57.12.90-2015.

[bookmark: _Toc66150730][bookmark: _Toc395082110][bookmark: _Toc17364048][bookmark: _Toc66150732]Ratio Measurements

The turns ratios of the windings on the rated-voltage connections and on all taps shall be determined for each transformer in accordance with Section 7 of IEEE Std. C57.12.90-2015.

[bookmark: _Toc395082111][bookmark: _Toc17364049]No-Load Losses and Excitation Current

No-load losses and excitation current shall be measured on each transformer and computed in accordance with Section 8 of IEEE Std. C57.12.90-2015 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 all transformers.

[bookmark: _Toc66150733][bookmark: _Toc395082112][bookmark: _Toc17364050]Impedance Voltage

Impedance measurements shall be taken on each transformer to demonstrate compliance with Section 9.1.2 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 9 and Table 19 of IEEE Std. C57.12.00-2015 and measured in accordance with Section 9 of IEEE Std. C57.12.90-2015.

[bookmark: _Toc66150734][bookmark: _Toc395082113][bookmark: _Toc17364051]Loss Tests

Loss tests shall be made on each transformer and compared with guaranteed values. Loss tests shall include no-load losses at 90 percent, 100 percent, and 110 percent of rated voltage; load losses at 180 MVA and 270 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 180 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.

[bookmark: _Dielectric_Tests][bookmark: _Toc66150736][bookmark: _Toc395082114][bookmark: _Toc17364052]Dielectric Tests

The following insulation tests shall be performed on each transformer with the test levels corresponding to the basic impulse insulation levels of the windings in Section 9.3 and in accordance with IEEE Std. C57.12.00-2015. Tests shall be performed in accordance with the procedures outlined in Section 10 of IEEE Std. C57.12.90-2015 for Class II power transformers:

1.	Switching Impulse Test

2.	Lightning Impulse Test

3.	Applied Voltage Test

4.	Induced Voltage Test

5.	Partial Discharge Test

6.	Insulation Power-Factor test

7.	Insulation Resistance 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.

[bookmark: _Temperature_Rise][bookmark: _Toc66150735][bookmark: _Toc395082115][bookmark: _Toc17364053][bookmark: _Toc66150737]Temperature Rise

The first transformer to be tested shall be subjected to the standard temperature tests. The temperature rises shall be determined at rated frequency at the forced-cooling rated kVA. If the temperature rise of the transformer exceeds the limits specified in Section 9.2, then another transformer shall also be given complete temperature tests without additional cost to the Owner. Loading for the temperature test shall be by one of the methods described in Section 11 of IEEE Std. C57.12.90-2015 as proposed by the Seller and approved in writing by the Owner.

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.

[bookmark: _Audible_Sound_Level_1][bookmark: _Toc395082116][bookmark: _Toc17364054]Audible Sound Level Measurement

Measurement of the audible sound level shall be performed to demonstrate compliance with Section 9.8 of these Specifications. The sound level shall be measured with the transformer connected and energized at rated voltage and 60 Hz frequency and in accordance with Section 13 of IEEE Std. C57.12.90-2015. The maximum sound level shall be 76.0 dB (A-weighted) with the transformer in operation at no-load, with the no-load tap changer in the nominal voltage position, and with all pumps and coolers in operation.

[bookmark: _Toc395082117][bookmark: _Toc17364055]Regulation

The regulation of each transformer at 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 in the test report using appropriate data derived from the required tests described in Section 14 of IEEE Std. C57.12.90-2015.

[bookmark: _Toc395082118][bookmark: _Toc17364056]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 Std. C57.113-2010. 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.

[bookmark: _Toc395082119][bookmark: _Toc17364057][bookmark: _Toc66150738]Insulation Power Factor Tests

Each winding of each assembled transformer, when filled with oil, shall be given a power factor test in accordance with Table 4, Method II of IEEE Std. C57.12.90-2015, and this data shall be entered upon the test records. Power factor data shall be identified with the transformer serial number and oil temperature. .This testing shall be performed both prior to and following the factory dielectric tests using a Doble M4000 or newer test instrument. The purpose of these tests is to assist in future maintenance testing.

[bookmark: _Toc395082120][bookmark: _Toc17364058]Core Insulation Test

The transformer core shall be insulated from the tank via a core ground strap. The ground strap shall be located on the transformer as described in Section 9.6 and removed for the core-to-ground insulation test. The resistance shall be a minimum of 0.5 mega-ohms.

[bookmark: _Toc395082121][bookmark: _Toc17364059]Short Circuit Design Test

The coil and core design used to manufacture each transformer covered by this Specification shall have been short-circuit tested in accordance with IEEE Std. C57.12.90-2015. The actual transformers 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 Seller’s Bid.

[bookmark: _Toc395082122][bookmark: _Toc17364060]Sweep Frequency Response Analysis (SFRA)

The Seller shall perform Windings Sweep Frequency Response analysis under oil using Doble M5100 Sweep Frequency Response Analyzer prior to shipment from the factory and again following final assembly and oil processing at Boundary Powerhouse. See M5100 Sweep Frequency Response Analysis (SFRA) Instrument Users Guide, Doble Engineering Company for connection details. The tests shall be compared to identify any changes in the transformers during shipment.

[bookmark: _Toc17364061][bookmark: _Toc66150739][bookmark: _Toc395082123]Bushing Power Factor Test

Power factor tests shall be performed on each bushing supplied with each transformer after the bushings have arrived on the project site, but prior to installation in the transformers. The test shall be performed using a Doble M4000 series or later test set and shall include a tip-up test at 1 kV intervals up to 10 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 Std. C57.19.00-2004. The test shall include the manufacturer and type of test equipment used. Data for temperature and humidity shall be recorded at the time of each test. If a Doble M4000 series or later test set was not used for testing the bushings prior to shipment from the factory, then another test by the transformer manufacturer using the Doble M4000 series or later test set shall be provided, thus duplicating the bushing manufacturer’s test procedure with the addition of the tip-up test.

[bookmark: _Toc17364062]Other Tests

Each transformer shall also be subjected to any additional routine tests described in Table 17 of IEEE Std. C57.12.00-2015 for Class II transformers.



[bookmark: _Final_Drawings][bookmark: _Certified_Test_Report]
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