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ELECTRICAL TESTING For 14KV – 240KV GENERATORS
TECHNICAL SPECIFICATIONS

SCOPE

Electrical Testing. To perform Testing as required and as requested by Seattle City Light, to include providing highly skilled Relay Technicians to perform final programming and setpoint modifications to new protective relay installations along with performing quality control (QC) checks of the associated circitry. Perform routine testing procedures on 3-phase 14KV – 240KV main generator step-up transformers and 240KV power circuit breakers including power fractor (Doble), timing and turn-to-turn ratio testing and ductor and relay maintenance and testings on a periodic basis.

The following Section Four is an excerpt from “Boundary Generators/Lines 51-54 Microprocessor Relays Manual”. It is included here for the purposes of identifying the testing and commissioning procedures required of the successful proposer upon issuance of a vendor contract. Each proposer is required by this specification to acknowledge receipt of Section Four and acknowledgement that they know and understand the procedures required by the City of Seattle for Electrical Testing.

Test and Commissioning Procedures

Scope

This test procedure is intended for use by trained electrical workers and protective relay test personnel.


It is assumed herein that journey level qualified persons will read and use this test procedure. 


It is not intended that this document be used as a training guide for those inexperienced in the work. The terminology and information presented is not sufficiently detailed for that purpose.

Table of Drawings

The table below lists all drawings required for performing testing and commissioning of the relay system. These drawings will be referred to by item number from the table in the text. 


The drawings listed are for Generators and Lines 51-54. Other than the drawing numbers referred to, there are no differences in the test procedure for Units 51-54, unless specifically noted herein.

	#
	Title Summary
	Unit 51
	Unit 52
	Unit 53
	Unit 54

	1
	BPA Bus Differential Elementary
	C6677
	C6677
	C6677
	C6677

	2
	UCB Connection Diagram Pnl R1
	D19392-1
	D19392-2
	D19392-3
	D19392-4

	3
	Unit 51 AC Elementary
	D23560
	D23600
	D23640
	D23680

	4
	Auto Start Stop DC Elementary
	D23565
	D23605
	D23645
	D23685

	5
	Shutdown Device DC Elementary
	D23566
	D23606
	D23646
	D23686

	6
	Excitation Control DC Elementary
	D23570
	D23610
	D23650
	D23690

	7
	Annunciator Elementary
	D23573
	D23613
	D23653
	D23693

	8
	Breaker DC (System) Elementary 
	D23581
	D23621
	D23661
	D24260

	9
	Control Relay Board Plan/Elevation
	D23594-1
	D23594-2
	D23594-3
	D23594-3

	10
	Gen & Excitation Connection Diagram
	D24230
	D24240
	D24250
	D24260

	11
	Terminal Connection Diag Pnl R1
	D24235
	D24245
	D24255
	D24265

	12
	Unit Terminal Connection Diagram
	D24236
	D24246
	D24256
	D24266

	13
	Breaker External Connection Diagram
	D24238
	D24248
	D24258
	D24268

	14
	Load Drop Pnl Connection Diagram
	D32078
	D32078
	D32078
	D32078

	15
	UCB Relays Pnl R3 Connection Diagram (Partial R3)
	D34540
	D35206
	D36080
	---------

	16
	UCB Relays Pnl R2 Connection Diagram (Partial R2)
	D34541
	D35207
	D36081
	---------

	17
	Relay Inputs/Outputs DC Elementary
	D34542
	D35208
	D36082
	---------

	18
	311C Logic Diagram (Substation)
	D34543
	D35639
	D36083
	---------

	19
	311C Logic Diagram (Powerhouse)
	D34544
	D35640
	D36084
	---------

	20
	300G Logic Diagram (Powerhouse)
	D34545
	D35641
	D36085
	---------

	21
	Rack Y3/Y4 Connection Diagram
	D35205
	D35206
	D35207
	---------

	22
	Rack Y3/Y4 Terminal Boards Connection Diagram
	D35261
	D35261
	D35261
	D36071

	23
	Excitation Cubicle Connection Diagram
	MD2455
	MD2455
	MD2455
	MD2455

	24
	Panel Y1 Connection Diagram
	MD2683
	MD2683
	MD2683
	MD2683

	25
	Ctl & Relay Board R2 Connection Diagram
	MD3404
	MD3414
	MD3424
	MD3434

	26
	Ctl & Relay Board R3 Connection Diagram
	MD3405
	MD3415
	MD3425
	MD3435

	27
	Control and Relay Board R4 Connection Diagram
	MD3406
	MD3416
	MD3426
	MD3436

	28
	Control & Relay Board Terminal Cabinet Connection Diagram
	MD3407
	MD3417
	MD3427
	MD3437

	29
	Breaker Internal Connection Diagram (Left and Right)
	MD4540
	MD4540
	MD4540
	MD4540

	30
	Breaker Internal Connection Diagram (Center)
	MD4541
	MD4541
	MD4541
	MD4541

	31
	Breaker (Internal) Elementary (Schematic) Diagram
	MD4542
	MD4542
	MD4542
	MD4542

	32
	Substation Panel Elevation
	D23557
	D23557
	D23557
	D23557

	33
	Panel Y2 Connection Diagram
	MD2684
	MD2684
	MD2684
	MD2684


Drawing Conventions

Boundary connection diagrams often are produced in two parts, external and internal. 


By way of example, consider drawings (10) and (28). These drawings show the unit “terminal cabinet.” This cabinet is located directly above the unit control board. The purpose of the cabinet is to provide connections between the manufacturer’s unit control board and the customer’s equipment. 


The cabinet is subdivided into three compartments: U1, U2, and U3. The numbering convention comes from the unit number. So, “1U1” is terminal cabinet compartment 1 in unit 1. “2U1” is terminal compartment 1 in unit 2. The prefix is the unit number. You will find this convention used in nearly all of the original contractors drawings, or in later drawings traceable to the original drawings.

Drawing (28) shows the wiring of the terminal cabinet to the unit control board immediately below. So, it is a “panel internal” wiring diagram. It does not show the external cables used to connect the control board and terminal cabinet to other external equipment. 

Drawing (10) shows how the terminal cabinet is connected to external equipment. You’ll notice that with very few exceptions the only connections shown are external cables to other destinations than the unit control board. One of those exceptions consists of cables to the exciter cabinet, which is part of and next to the unit control board. 

To trace a circuit using the connection diagrams, you’ll ordinarily need two connection drawings for any device or subsystem, the “internal” one and the “external” one.

  Cable Designations

Many of the original cables are designated with labels that indicate where they start and end. For instance, on drawing (10) there is a cable designated “1U11E3-3.” This means that this is the third of several cables that starts in terminal cabinet 1U1 and leads to exciter cabinet 1E3. It will be labeled the same on the other end. The trick to using this system is to know where these places are located.


Due to changes after plant commissioning in the 1960’s, these standards have not been strictly followed. So, you’ll find variations of this system in cables such as “1JV7” which has a similar meaning, but which does not follow the above convention. All this means is that it is cable JV7 in unit 1. “JV” means “joint voltage control panel.” “7” means it is the seventh of many cables. This label is much more vague than the original system would make it.
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Preliminary Work

The following should be done prior to beginning the testing procedure.

  Lock-Out-Tag-Out and Clearance Procedures

  Safety Clearance procedures and Lock-Out-Tag-Out (LOTO) procedures are not included in this document. 

Boundary personnel are responsible for providing orientation, training, information, and support whenever the procedures must be implemented. They will provide this support to any visiting personnel that require it.

Prior to beginning any work, all personnel must be properly informed of their responsibilities and be in compliance with all customarily and legally required safety regulations.
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CO2 Lockout
Some relay systems described by this document can release CO2 fire suppression gas into the generator. This system normally is disabled during maintenance and construction work on the generator. 


Visiting personnel must verify that this system is not operational, prior to beginning testing and commissioning work on the system. They must ensure that it remains disabled until the testing has been completed.

1.0
Testing in the Powerhouse

1.0.1
Initial Testing and Relay Setup


This procedure will load proper firmware into some of the relays, and will verify the proper operation of inputs and outputs. A computer and a relay test set will be used for this test.

Using Drawings (15) and (16), open all Phoenix test switches and remove all fuses supplying the relays. The Phoenix test switches are located in the back of panels R2 and R3. These panels contain the SEL-300G and SEL-311C relays, respectively.

Note: Drawing (15) shows what appears to be two terminal blocks. However, they are stacked on the left side of panel R3 and consist of one terminal block.


The relay side of the Phoenix test switches is on the left side. The external side is on the right. Each side of a Phoenix test switch has a position for plugging in a banana adaptor for testing.


1.0.1.2
SEL-311C (11L


The SEL-311C designated “11L” is located in the upper corner of Rack R3. There is another SEL-311C just below it, designed “11UL.” SCL has adopted the convention of “U” to denote a “backup” or “redundant” device. 


Using Drawing (15), use a relay test set to supply DC power to the relay, via the appropriate terminals (30 and 31 for the 11L) of the terminal block denoted TnnA, where nn is the unit number (i.e., “51” for Generator 51).


Upload Revision 102 firmware into the relay, using the instructions provided by Schweitzer and the disk provided by the SCL engineer. You will need a Schweitzer-compatible cable and a terminal program such as Hyperterminal or Procomm Plus. The purpose of Revision 102 is to provide compensator distance elements in the relay. Compensator elements are necessary for accurate reach through the unit step-up transformer.


Using the Schweitzer 5010 software, connect to the relay and upload the settings provided by the SCL engineer. If you have an existing database, back it up and import the database provided by the engineer. If you do not have SEL 5010 software, then contact the engineer for assistance. After uploading, use the compare function to compare the loaded settings with the database.


Using the various SHOW SETTINGS commands and a terminal program, capture a text file of the relay settings. Compare these settings manually with the database to ensure that they loaded accurately. 


SCL has limited experience with the SEL 5010 software, and continues to follow up with a manual proofreading of the settings to ensure accuracy.


Using a relay test set, connect AC potentials and currents to the relays via the ABB Flexitest test switch (shown on Drawing (26)). Note, as per convention, that the bottom of the test switch is the CT/PT side and the top of the test switch is the relay side.
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Verify, either with the METER command or the LCD display, that the relay can measure and meter quantities correctly. The CT ratio is 8000:5, so with 5 Amperes the metered current value should be 8,000 Amperes. The PT ratio is 120, so with 66.4 Volts per phase the relay should meter 7,970 Volts (13,800 Volts Phase-Phase).


With nominal current and voltage with polarity into the polarity terminals of the relay (i.e., terminals Z01, Z03, Z05, Z09, Z10, and Z11), verify that the relay meters positive power.


Verify that the 50L1 element picks up at approximately 0.50 Amperes on each phase, using the TAR command.


Verify that the 27P element picks up when there is less than 69 Volts between any pair of phases.


Verify that the 59P picks up when there is more than 92 volts between any phase and neutral.


Verify that the DCLOP element picks up when the DC supply voltage to the relay falls below approximately 110 Volts DC.


Using a terminal program, use the PULSE command to cause each output to operate. Verify that each output contact closes, using appropriate test equipment at the Phoenix test switches. Include all outputs in this test.


Using a relay test set and the TAR command, verify that each input is active when from 80 to 125 Volts DC is applied to it. Include all inputs in this test.

1.0.1.3
SEL-311C (11UL)


Repeat the procedure of the preceding section, 1.0.1.2, for the SEL-311C located just below the 11UL relay in panel R3.


1.0.1.4
SEL-300G (11G)


The SEL-300G designated “11G” is located in the bottom of Rack R2. 


Using Drawing (16), use a relay test set to supply DC power to the relay, via the appropriate terminals (40 and 41) of the terminal block denoted TnnC, where nn is the unit number (i.e., “51” for Generator 51).


A new firmware revision, Version 208, will be provided by the engineer to upload into the relay. The revision corrects a bug that Schweitzer reports may cause errors in saving Global settings. Upload the new revision before proceeding.


Using the Schweitzer 5010 software, connect to the relay and upload the settings provided by the SCL engineer. If you have an existing database, back it up and import the database provided by the engineer. If you do not have SEL 5010 software, then contact the engineer for assistance. After uploading, use the SEL 5010 compare function to compare the loaded settings with the database.


Using the various SHOW SETTINGS commands and a terminal program, capture a text file of the relay settings. Compare these settings manually with the database to ensure that they loaded accurately. 


SCL has limited experience with the SEL 5010 software, and continues to follow up with a manual proofreading of the settings to ensure accuracy.


Using a relay test set, connect AC potentials and currents to the relays via the ABB Flexitest test switch (shown on Drawing (16)). Note, as per convention, that the bottom of the test switch is the CT/PT side and the top of the test switch is the relay side.
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Note: Connect the currents so that  IA and I87A, IB and I87B, IC and I87C are in the three phase circuit. For example, with phase “A” current enters terminal Z01, leaves terminal Z02, then enters terminal Z20 and leaves Z19 back to the test set. This will prevent inconvenient differential targets while testing. It also will permit verification of the differential (I87) current metering.

Verify, either with the METER command or the LCD display, that the relay can measure and meter quantities correctly. The CT ratio is 8000:5, so with 5 Amperes the metered current value should be 8,000 Amperes. The PT ratio is 120, so with 66.4 Volts per phase the relay should meter 7,970 Volts (13,800 Volts Phase-Phase).


With nominal current and voltage and polarity into the polarity terminals of the relay (i.e., terminals Z01, Z03, Z05, Z09, Z10, and Z11), verify that the relay meters positive power.


Note: Unlike the IA, IB and IC current inputs, the 87 elements are set as a multiple of tap. The tap value set here is the nominal current of 4.5 Amperes. So, for a U87P (unrestrained differential pickup) setting of  10.0, it would require 45.0 Amperes to pick up the unrestrained element. The unrestrained element is not expected to pick up in this application. See the SEL-300G Instruction Manual, page 13-8. 

Verify that the 50L element picks up at approximately 0.50 Amperes on each phase, using the TAR command.


Remove current from the IA, IB, and IC inputs, and retaining the connections on the three I87 current inputs. 


Test the minimum pickup of 0.45 Ampere (i.e., 0.10 times the tap value of 4.5 Ampere) to pick up the 87R1, 87R2, and 87R3 elements. 


Verify that the 27V1 element picks up when there is less than 40 Volts between any phase and neutral.


Verify that the 27B81 picks up below 63 Volts (phase to neutral), balanced three-phase voltage.

Verify that the 59P1 picks up when there is more than 81 volts between any phase and neutral.


Verify that the 59P2 picks up when there is more than 92 volts between any phase and neutral.

Verify that the 59P1 picks up when there is more than 140 Volts between any two phases.


Verify that the 59P2 picks up when there is more than 158 Volts between any two phases.


Verify that the 81D1 element picks up when the three phase, balanced nominal voltage frequency is above 60.60 Hz. Using Output 104, to which TRIP4 is logically programmed, and while causing Input 208 (the circuit breaker status input) to be true using a DC supply, verify that 81D1T picks up 180 seconds after the frequency is increased above 60.60 Hz. See Drawing (20).

Verify that the 81D2 element picks up when the three phase, balanced nominal voltage frequency is above 61.60 Hz. Using Output 104, to which TRIP4 is logically programmed, and while causing Input 208 (the circuit breaker status input) to be true using a DC supply, verify that 81D1T picks up 30 seconds after the frequency is increased above 61.60 Hz.

Verify that the 81D3 element picks up when the three phase, balanced nominal voltage frequency is below 59.40 Hz. Using Output 104, to which TRIP4 is logically programmed, and while causing Input 208 (the circuit breaker status input) to be true using a DC supply, verify that 81D3T picks up 180 seconds after the frequency is decreased below 59.40 Hz.

Verify that the 81D4 element picks up when the three phase, balanced nominal voltage frequency is above below 58.40 Hz. Using Output 104, to which TRIP4 is logically programmed, and while causing Input 208 (the circuit breaker status input) to be true using a DC supply, verify that 81D4T picks up 30 seconds after the frequency is decreased below 58.40 Hz.


Verify that the 81D5 element picks up when the three phase, balanced nominal voltage frequency is above below 57.80 Hz. Using Output 104, to which TRIP4 is logically programmed, and while causing Input 208 (the circuit breaker status input) to be true using a DC supply, verify that 81D5T picks up 7.5 seconds after the frequency is decreased below 57.80 Hz.


Verify that the 81D6 element picks up when the three phase, balanced nominal voltage frequency is above 57.30 Hz. Using Output 104, to which TRIP4 is logically programmed, and while causing Input 208 (the circuit breaker status input) to be true using a DC supply, verify that 81D6T picks up 0.75 seconds after the frequency is decreased below 57.30 Hz.


Verify that the DCLOP element picks up when the DC supply voltage to the relay falls below approximately 108 Volts DC.


Using a terminal program, use the PULSE command to cause each output to operate. Verify that each output contact closes, using appropriate test equipment at the Phoenix test switches. Include all outputs in this test.


Using a relay test set and the TAR command, verify that each input is active when from 80 to 125 Volts DC is applied to it. Include all inputs in this test.

1.0.2
Verification of Installation


1.0.2.1
Terminal Interface Blocks


Using drawing (15) or (16) as may apply, verify by visual inspection and continuity test the connections between each SEL relay and the relay side of the terminal interface blocks. 


For reporting purposes, mark the verified connections with a green pencil or highlighter as they are checked.


Many of the connections that will be checked in this step are unused inputs or outputs to or from the relays. Those that are unused will have no connection on the equipment side of the terminal interface blocks.


1.0.2.2
Equipment Connections


Using drawings (2), (4), (5), (6), (7), (10), (11), (12), (15), (16), (17), (23), (25), (26), (27), (28), and (29), verify by visual inspection and continuity test the connections between  the equipment side of the Phoenix terminal interface blocks and external connection points. These checks should be limited to only the “additions” and removals on the drawings, rather than all of the connections on the drawings. 


For reporting purposes, mark the verified connections with a green pencil or highlighter as they are checked.


Also verify that the number of wires connected to a terminal is equal to the number shown on the connection diagrams. 


At this point, the relays should be energized through the normal DC source.

1.0.2
Trip and Control Circuit Integrity

 
1.0.2.1
DC Trip Circuits
The shutdown devices shown in drawing (5) include the 86, 86-F, 5A, and 5B relays.


Functionally test each shutdown device by picking it up with every device connected to its associated trip bus. This includes not only the SEL relays associated with the tripping devices, but also the pre-existing devices. So, for the 86F, the lockout relay would be tripped not only by the 11G, but also by the 87G, 87SP, and the 84GFX during the test. 


Remember that the 86F activates the fire suppression system. That system must be disabled during testing. 


As the checking continues, the branches of the circuits checked may be marked using a green pencil or highlighter.

1.0.2.2
Other DC Outputs
Verify that the local alarm annunciator points are activated as shown in the drawings when the appropriate SEL relay outputs are pulsed. 

As the checking continues, the branches of the circuits checked may be marked using a green pencil or highlighter.

1.0.2.3
SEL Relay DC Inputs
By operating the various lockout or shutdown relays tested in section 2.0.2.1, verify that the SEL relays receive the appropriate feedback from those lockout or shutdown devices.

Verify that when those contacts, shown on drawing (17), that are connected to inputs of the SEL relays operate, the input is detected as active by the relay. 

In cases where it is difficult to access a relay contact, it is acceptable to jump the contacts at the terminal block in the originating device. 

As the checking continues, the branches of the circuits checked may be marked using a green pencil or highlighter.

At this point, the relays should be energized through the normal DC source.

1.0.3 
Instrument Transformer Circuits
Refer to drawing (3).  

Current Transformers: Prior to using a test set, verify the integrity of each point on the route of the current circuit using an AC test lamp (or some other suitable circuit tracer), suitable isolating devices such as  “slippers” in the appropriate test switches to isolate any protective short circuits. Branches that have been checked may be indicated by a green pencil or highlighter on the appropriate drawings.

Verify that there is a single ground in each interconnected CT circuit, in the position indicated on the drawing (3). Consult with a plant electrician to locate the designated place where the ground is applied. These grounds will usually be found in the “G5” cabinet.

Verify that the current transformer ratios and polarity are connected as specified in drawing (13).

 
1.0.3.1
Current Transformer Circuits, SEL-311C relay designated as 11L
Short the CT’s affiliated with the circuits nTGQ0, nTGQ1, nTGQ2, and nTGQ3 (n is the number of the generator, “1” for 51 and so on) at the CT terminals. Consult a plant electrician for guidance in the location of the terminals. Lift the wires from the CT terminals  for the next step.

Connect a suitable three phase current source to the wires lifted from the terminals in the preceding step. The test set is substituted for the CT’s.

Apply a suitable test current.

By metering at each relay, test switch, or other device, verify that the appropriate magnitude and polarity of current flow through each device on the proper phase of each. This includes the 11L, and the test switch. 

Proceed to the next section.

 
1.0.3.2
Current Transformer Circuits, SEL-300G relay designated as 11G
Continue with the circuits identified in the preceding section (nTGQ0, nTGQ1, nTGQ2, and nTGQ3) at the CT terminals. With the test set again substituted for the CT’s, apply a suitable test current.

By metering at each relay, test switch, or other device, verify that the appropriate magnitude and polarity of current flow through each device on the proper phase of each. This includes the I87 inputs of the 11G, and the test switch. 

Restore the CT connections when complete.

Short the CT’s affiliated with the circuits nGQ0, nGQ1, nGQ2, and nGQ3 (n is the number of the generator, “1” for 51 and so on) at the CT terminals. Consult a plant electrician for guidance in the location of the terminals. Lift the wires from the CT terminals  for the next step.

Connect a suitable three phase current source to the wires lifted from the terminals in the preceding step. The test set is substituted for the CT’s.

Apply a suitable test current.

By metering at each relay, test switch, or other device, verify that the appropriate magnitude and polarity of current flow through each device on the proper phase of each. This includes the 11G IA, IB, and IC inputs, and the test switch. 

Restore the CT connections when complete.

1.0.3.3
Current Transformer Circuits, SEL-311C relay designated as 11UL
Short the CT’s affiliated with the circuits nTGQ10, nTGQ11, nTGQ12, and nTGQ13 (n is the number of the line, “1” for 51 and so on) at their terminals. Consult a plant electrician for guidance in the location of the terminals. Lift the wires from the bushing CT terminals  in the breaker cabinet for the next step.

Connect a suitable three phase current source to the wires lifted from the terminals in the preceding step. The test set is substituted for the CT’s.

Apply a suitable test current.

By metering at each relay, test switch, or other device, verify that the appropriate magnitude and polarity of current flow through each device on the proper phase of each. This includes the 11UL, and the test switch. 

Restore the CT connections when complete.

 
1.0.3.2
Potential Transformer Circuits
Referring to drawing (3) and (12), remove the fuses associated with the 11L and 11G relay potential circuits. While protecting against backfeed, inject three phase potential at the terminal block. This is shown on the drawings as nU2TY terminals 7, 8, and 9 (phase 1, phase 2, and phase 3). nU2TM terminal 9 is the neutral.  

Verify that all relays on this branch of the circuit see the proper voltage, and that the voltages pass through the appropriate test switches. This can be accomplished by opening the test switches in the circuit. 

The devices fed by this circuit include the 11L, 11G, 40, 32, 51V, and 59G See drawing (3).

Referring to drawing (3) and (12), remove the links associated with the PT source (shown on drawing (3)). Or simply verify that the transformers are drawn out, and that the secondary connections to the transformers are open. While protecting against backfeed, inject three phase potential at the terminal block. This is shown on the drawings as nU1TAA, terminals 1, 2, and 3 (phase 1, phase 2, and phase 3). nU2TAA terminal 6 is the neutral.  

Verify that the 11UL relay on this branch of the circuit sees the proper voltage, and that the voltage passes through the appropriate test switches. This can be accomplished by opening the test switches in the circuit. 

The devices fed by this circuit include the 11UL, the automatic voltage regulator, and the joint voltage control. See drawing (3).

2.0
TESTING IN THE BPA SUBSTATION



Caution: At all times during testing, leave the test switch open for output 103 from the relays being tested. This is the bus section backup trip. It will trip the BPA bus section if the output is picked up. Testing this system will be done under BPA supervision at a later time.


2.0.1
Initial Testing and Relay Setup


This procedure will verify the proper operation of inputs and outputs. A relay test set will be used for this test. Note: A new firmware revision will not be uploaded into the SEL-311C relays in the Substation.
Using Drawing (21), open all Phoenix test switches and remove all fuses supplying the relays. The Phoenix test switches are located in the back of panels Y3 and Y4. These panels contain the SEL-311C relays for Units 51-53 (Y3) and 54-56 (Y4). See Drawing (32).

Note: Drawing (21) shows three terminal blocks per relay. For example—using the Line 51 primary relay (top of Panel Y3)--the left (vertical) terminal block is denoted T51AA, the center (horizontal) terminal block is denoted T51AB, and the right (vertical) terminal block is denoted T51AC. For the secondary relay (11UL) just below it, the terminal blocks are denoted T51BA, T51BB, and T51BC, respectively. This pattern is followed on the pair of relays assigned to each of the six lines.


The relay side of each of these three terminal blocks is in the direction of where the relay is mounted, with respect to its terminal blocks. Each side of a Phoenix test switch has a position for plugging in a banana adaptor for testing.


Prior to the next step, remove the main board from each SEL-311C relay and, using the instruction manual (pages 2-17 & 2-18), reconfigure output 107 to be normally closed.


2.0.1.2
SEL-311C (11L)


The SEL-311C designated “11L” is the top relay of any pair assigned to a line. There is another SEL-311C below it, designed “11UL.” SCL has adopted the convention of “U” to denote a “backup” or “redundant” device. See Drawing (32).


Using Drawing (21), use a relay test set to supply DC power to the relay, via the appropriate terminals (51 and 52) of the terminal block denoted TnnXB, where nn  is the unit number (i.e., “51” for Generator 51), and X is “A” or “B” for the 11L and 11UL, respectively. The top side of these two terminals is the relay side. The bottom side is the station battery side.


Using the Schweitzer 5010 software, connect to the relay and upload the settings provided by the SCL engineer. If you have an existing database, back it up and import the database provided by the engineer. If you do not have SEL 5010 software, then contact the engineer for assistance. After uploading, use the compare function to compare the loaded settings with the database.


Using the various SHOW SETTINGS commands and a terminal program, capture a text file of the relay settings. Compare these settings manually with the database to ensure that they loaded accurately. 


SCL has limited experience with the SEL 5010 software, and continues to follow up with a manual proofreading of the settings to ensure accuracy.


Using a relay test set, connect AC potentials and currents to the relays via the ABB Flexitest test switch (shown on Drawing (32)). Note, as per convention, that the bottom of the test switch is the CT/PT side and the top of the test switch is the relay side. The Flexitest switch assigned to a pair of relays appears directly below the 11UL relay in any pair. The 11L relay uses the left portion of the FT-19 test switch, and the 11UL uses the right portion of the FT-19 test switch. The center portion is shared, with the ground polarizing currents for both relays passing through the switch.


Verify, either with the METER command or the LCD display, that the relay can measure and meter quantities correctly. The CT ratio is 1200:5, so with 5 Amperes the metered current value should be 1,200 Amperes. The PT ratio is 2000, so with 66.4 Volts per phase the relay should meter 132,800 Volts (230,000 Volts Phase-Phase).


With nominal current and voltage with polarity into the polarity terminals of the relay (i.e., terminals Z01, Z03, Z05, Z09, Z10, and Z11), verify that the relay meters positive power. Note that in normal service the relay will meter negative power, or power into the bus. Thus the relay’s tripping direction is toward the powerhouse.


Verify that the 50L1 element picks up at approximately 3.41 Amperes on each phase, using the TAR command. Verify that the 50L2 picks up at approximately 2.00 Amperes on each phase, the 50L3 at 2.39 Amperes on each phase, and the 50L4 at 0.50 Amperes on each phase.


Verify that the 50P1 picks up when there is more than 3.20 Amperes per phase. Verify that the 50P2 picks up when there is more than 0.87 Amperes per phase. Verify that the 50P3 picks up when there is more than 3.33 Amperes per phase. Verify that the 50P4 element similarly picks up above 1.80 Ampere per phase.


Verify that the DCLOP element picks up when the DC supply voltage to the relay falls below approximately 110 Volts DC.


Using a terminal program, use the PULSE command to cause each output to operate. Verify that each output contact closes, using appropriate test equipment at the Phoenix test switches. Include all outputs in this test.


Using a relay test set and the TAR command, verify that each input is active when from 80 to 125 Volts DC is applied to it. Include all inputs in this test.

2.0.1.3
SEL-311C (11UL)


Repeat the procedure of the preceding section, 2.0.1.2, for the SEL-311C located just below the 11L relay in panel Y3 (Lines 51-53) or Y4 (Lines 54-56).


2.0.2
Verification of Installation


2.0.2.1
Terminal Interface Blocks


Using drawing (21), verify by visual inspection and continuity test the connections between each SEL relay and the relay side of the terminal interface blocks. 


For reporting purposes, mark the verified connections with a green pencil or highlighter as they are checked.


Many of the connections that will be checked in this step are unused inputs or outputs to or from the relays. Those that are unused will have no connection on the equipment side of the terminal interface blocks.


2.0.2.2
Equipment Connections

Using drawings (8), (13), (21), (22), (29), (30), and (33), verify visual inspection and continuity test the connections between  the equipment side of the Phoenix terminal interface blocks and external connection points. These checks should be limited to only the “additions” and removals on the drawings, rather than all of the connections on the drawings. 


For reporting purposes, mark the verified connections with a green pencil or highlighter as they are checked.


Also verify that the number of wires connected to a terminal is equal to the number shown on the connection diagrams. 


At this point, the relays should be energized through the normal DC source.

2.0.2
Trip and Control Circuit Integrity

 
2.0.2.1
DC Trip Circuits
In addition to the drawings in Section 2.0.2.2, refer to the drawing listed as (21) that contains the lockout relay used for the Line relays being tested. 

The shutdown devices shown in drawing (21) is the generator lockout relay (86L).


In this case the only devices that operate the 86L are the SEL-311C relays.


To test the 86 lockout relay, it will be necessary to pulse output 102 of both SEL relays. 

The ability of the SEL relays to directly trip the circuit breaker will be tested later.


As the checking continues, the branches of the circuits checked may be marked using a green pencil or highlighter.

2.0.2.2
Other DC Outputs
Verify that the local alarm annunciator points are activated as shown in the drawings when the appropriate SEL relay outputs are pulsed. 

As the checking continues, the branches of the circuits checked may be marked using a green pencil or highlighter.

2.0.2.3
SEL Relay DC Inputs
By operating the 86L tested in section 2.0.2.1, verify that the SEL relays receive the appropriate feedback from the 86L.

Verify that when those contacts, shown on drawing (8), that are connected to inputs of the SEL relays operate, the input is detected as active by the relay. 

In cases where it is difficult to access a relay contact, it is acceptable to jump the contacts at the terminal block in the originating device. 

As the checking continues, the branches of the circuits checked may be marked using a green pencil or highlighter.

At this point, the relays should be energized through the normal DC source.

2.0.3 
Instrument Transformer Circuits
Refer to the following drawings: (3), (13), (21).  

Current Transformers: Prior to using a test set, verify the integrity of each point on the route of the current circuit using an AC test lamp, suitable isolating devices such as a “slipper” in the appropriate test switches to isolate any protective short circuits, or some other suitable circuit tracer. Branches that have been checked may be indicated by a green pencil or highlighter on the appropriate drawings.

Verify that there is a single ground in each interconnected CT circuit, in the position indicated on the drawing (3). Consult with a plant electrician to locate the designated place where the ground is applied. These grounds will invariably be found in either the Y3 or Y4 panels.

Verify that the current transformer ratios and polarity are connected as specified in drawing (13).

 
2.0.3.1
Current Transformer Circuits, SEL-311C relay designated as 11L
Short the CT’s affiliated with the circuits nSLQ0, nSLQ1, nSLQ2, and nSLQ3 (n is the number of the line, “1” for 51 and so on) at their terminals. Consult a plant electrician for guidance in the location of the terminals. Lift the wires from the bushing CT terminals  in the breaker cabinet for the next step.

Connect a suitable three phase current source to the wires lifted from the terminals in the preceding step. The test set is substituted for the CT’s.

Apply a suitable test current.

By metering at each relay, test switch, or other device, verify that the appropriate magnitude and polarity of current flow through each device on the proper phase of each. This includes the 11L, and T5nS. 

Restore the CT connections when complete.

Short the CT’s affiliated with the circuits nSLQ10, nSLQ11, nSLQ12, and nSLQ13 (n is the number of the line, “1” for 51 and so on) at their terminals. Consult a plant electrician for guidance in the location of the terminals. Lift the wires from the bushing CT terminals  in the breaker cabinet for the next step.

Connect a suitable three phase current source to the wires lifted from the terminals in the preceding step. The test set is substituted for the CT’s.

Apply a suitable test current.

By metering at each relay, test switch, or other device, verify that the appropriate magnitude and polarity of current flows through each device on the proper phase of each. This includes the 11UL and T5nS. 

 
2.0.3.2
Potential Transformer Circuits
Do not lift the wires from any PT circuit. Bus potentials at the substation are shared, are used for unit synchronization, and are live even when the generators are disconnected from the system. Instead, apply three phase test potential at the Flexitest switch, with an appropriate test adapter plug. 

There is a separate set of three fuses for the potential inputs for each relay. These are located on the Phoenix terminal blocks to the rear of each relay. These may be removed if desired, without affecting other circuits.

Verify that all three SEL relays meter the proper voltage, and that the voltages pass through the appropriate test switches. This can be accomplished by opening the test switches in the circuit. 

3.0 End to End Testing
3.0.1 Communications
Refer to drawings (18) and (19). 

Check the connection of the fiber modems on serial Port 3 of each relay. 

With a person on each end (one at the Powerhouse and one at the Substation), verify that the receive OK status is true (ROKA) on each end.

Using a computer connected to the relays, send mirrored bit 1A to the Powerhouse. The non-lockout shutdown relay at the Powerhouse should operate.

Send mirrored bit 2A to the Powerhouse. The lockout shutdown relay (86) should operate.

Send mirrored bit 3A to the Powerhouse. Executing a TAR command at the Powerhouse should show the bit is set.

Operate the 86L at the Substation. The relay at the Powerhouse should receive mirrored bit 4A.

Send bits 5 through 8 to the Powerhouse (using the computer to pulse them). The corresponding bits should be received at the Powerhouse.

From the Powerhouse, send mirrored bit 1A. This should place DC negative directly on the circuit breaker trip bus.

From the Powerhouse, send mirrored bit 2A. This should operate the 86L lockout relay at the Substation.

Send mirrored bit 3A. The TAR command may be used at the Substation to detect that the bit is received.

Similarly, send bits 4A-8A. Verify that they are received at the Substation.

This sequence must be repeated for the second pair of relays on the line being tested.

4.0 Operational Testing
Verify that Output 101 actually directly trips the circuit breaker when the output is pulsed.

Verify that Output 102 actually operates the 86L when the output is pulsed and that the 86L trips the circuit breaker.

DO NOT verify that Output 103 activates the BPA bus section trip. This test will be supervised later by BPA. At all times during the testing, leave the test switch from Output 103 open.

Output 104 is not connected to any alarm.

Verify that Output 105 produces an annunciator alarm when the output is pulsed.

Verify that Output 106 produces an annunciator alarm when the output is pulsed.

Verify that Output 107 produces an alarm when the output is forced to zero. Note: This contact is normally closed.

Verify that jumping the relay alarm output contact causes an annunciator alarm.

5.0 Commissioning
Start up testing will be conducted under the supervision of the Generation Plant Operator, and the engineers assigned to various projects relating to the Generator Overhaul. As the relay project was completed as a minor part of the overhaul, it cannot be predicted what the sequence of commissioning tests will be, prior to testing.

Commissioning tests will include operational on line trips, metering tests, and relay state monitoring during startup and shutdown.

DISCOUNT PRICING FORM AND LABOR RATES

(AS APPLICABLE)     

	ITEM 
	DESCRIPTION
	Discount/Labor Rate

	1
	Material  $0-$100 % 
	N/A

	2
	Material $101-$500 % 
	N/A

	3
	Material $501-$1000 % 
	N/A

	4
	Material $1001-$5000 % 
	N/A

	5
	Material $5001 and up % 
	N/A

	6
	Rental Equipment (Cost plus %) % 
	15%

	7
	Electrician(Straight time) /per hour 
	N/A

	8
	Electrician(Nights and Weekends) /per hour 
	N/A

	9
	Electrician(Holidays) /per hour 
	N/A

	10
	Foreman/Supervisor (Straight time) /per hour 
	N/A

	11
	Foreman/Supervisor (Nights and Weekends) /per hour 
	N/A

	12
	Foreman/Supervisor (Holidays) /per hour 
	N/A

	13
	General Laborer (Straight time) /per hour 
	N/A

	14
	General Laborer (Nights and Weekends) per hour 
	N/A

	15
	General Laborer (Holidays) /per hour 
	N/A

	16
	Relay Technician (Straight Time)/per hour
	$125.00/Hr

	17
	Relay Technician (Nights and Weekends)/per hour
	$175.00/Hr

	18
	Relay Technician (Holidays)/per hour
	$215.00/Hr

	
	OTHER (List Below)
	N/A

	19
	
	N/A

	20
	
	N/A

	21
	Helper (Straight time) /per hour 
	N/A

	22
	Helper(Nights and Weekends) /per hour 
	N/A

	23
	Helper (Holidays) /per hour 
	N/A



Per Diem :

$125.00/Per Day

Mileage Rate:   

$0.539/Per Mile


All necessary permits are to be provided by the Contractor and cost included in the proposal price. 
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Caution: Use care around any cable or circuit whose designation contains a “Q”. The circuit will be a current transformer circuit.





Caution: CO2 must be disabled during testing procedures.
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Caution: Avoid back-feeding the potential transformer secondaries when using the test switch to inject potentials.
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Caution: Avoid back-feeding the potential transformer secondaries when using the test switch to inject potentials.
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Caution: Control circuits in the substation use SWITCHED NEGATIVE control voltages. This may differ from your normal experience.





Caution: Avoid back-feeding the potential transformer secondaries when using the test switch to inject potentials.
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Caution: Avoid back-feeding the potential transformer secondaries when using the test switch to inject potentials.
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