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• Background & Objective:

• The California Oregon Transmission Project (COTP) Capacitor Replacement Project (the “Project”) is 
being implemented because the fixed series capacitor banks (FSCB) on the COTP are fast approaching 
their 30-year operational life. 

• The Project will install a new set of modern fixed series capacitors, associated relays and equipment, 
including the motor-operated disconnects (MOD). 

• It will replace all the existing 525 kV FSCB with new but the same identical capacitor sizes, ratings, 
two-switching step or segment configuration and maintain the same line series compensation level 
as the existing one.
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System Model:

The 340-mile 525-kV transmission system that will be represented in the EMTP model will consist of the
boundary equivalent 525-kV WAPA lines from Tracy – Olinda North. Tracy-Maxwell-Olinda line section is
modeled in detail using EMTP’s frequency dependent line model option. At a later point in time the
system from Tracy to Los Banos and Tracy to Tesla and Olinda to Captain Jack will be modeled using the
frequency dependent line re-build option. Bus work at Tracy and Olinda will be modeled.

Figure 1: System Boundary Equivalent
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Purpose of EMTP Simulation:

The EMTP study will have simulations run to determine the energy requirements for the MOV protective
devices across the series capacitors at Tracy, Maxwell, and Olinda substations.

The basis for selecting the MOV shall have adequate capability to avoid by-passing the MOV for all
external faults with fault durations of 5 cycles or less, also the series capacitors shall not be by-passed
during maximum swing current conditions and the protective level of the MOV shall not exceed 2.2 per
unit.
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Figure 2: EMTP System Boundary Equivalent Model
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Figure 3: Tracy Substation modeled in EMTP:
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Location Steam Turbine (pf) Surge Arrester (pf) Outdoor Bushing (pf) Instrument XFMR (pf) CCVT (pf) BUS (pf) Circuit Breaker (pf) Disconnect Switches (pf) Misc (pf) XFMR Total (pf) Total (nf)
A2 VT1A-JT3A,B 0 0 150 600 5825 3537 175 300 50 0 10,637 10.637
B2 VT2A-JT4A,B 0 0 150 600 5825 3537 175 300 50 0 10,637 10.637
A3 JT3A-JT4A 0 0 150 300 0 900 175 300 50 0 1,875 1.875
B3 JT3B-JT4B 0 0 150 300 0 900 175 300 50 0 1,875 1.875
A4 Bus-Breaker 0 0 300 600 0 2700 250 250 50 0 4,150 4.15
B4 Bus-Breaker 0 0 300 600 0 2700 250 250 50 0 4,150 4.15

5 JT6B-JT6C 0 100 600 300 5825 900 1400 1200 150 0 10,475 10.475
6 JT6C-VT6A 0 100 600 300 5825 900 1400 1200 150 0 10,475 10.475

Table 1: Stray Capacitance Values used in model from tables in Annex B of IEEE C37.011-2019

Stray Capacitance Approximation
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Moving North from Tracy along Tracy to Maxwell is the Line Breaker and Series Capacitor Bank.

Figure 4: Tracy Series Capacitor Bank diagram:
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Figure 5: Tracy Series Capacitor Bank EMTP model:
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Table 2: Manufacture Provided MOV VI curves
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Figure 6: VI input for EMTP’s ZnO Data Funtion tool
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Below is the EMTP test circuit that was used to compare EMTP’s modeled arrestor with 
manufactures MOV VI values. The curve below in figure 4 shows that EMTP’s model is 
within an acceptable range.

Figure 7: Zno Test Circuit and MPLOT Verification
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Line Modeling Using Standard Conductor Data:

Figure 8: Archived Tower Geometry and EMTP’s Line Data Tool
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Figure 9: Excel Spread Sheet to go from ASPEN OneLiner to EMTP Line Rebuild

Line Modeling Using EMTP’s Line 
Rebuild Tool.
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Line Modeling Using Line Rebuild Tool (Cont.):

Figure 10: Line Rebuild input and WAPA’s test circuit
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MOV Energy dissipation:

Below is the method for obtaining the duty cycle and maximum continuous operating voltage 
of a surge arrester that will withstand a continuous voltage corresponding to the 4,300 Amps 
30 minute rating of the capacitor bank:

The corresponding MCOV at 38.7-kV from Table 1 of ANSI C62.11 is 39-kV with a duty cycle of 
48-kV. This rating matches the existing MOV, therefore the existing MOV VI curve provided by 
GE was used as a starting point in the EMTP simulation to find the energy dissipated during 
various faults. The main 2 faults of concern are an internal line fault and and external line 
fault. If the fault occurs within the section of transmission line where the series cap is 
located, it is referred to as an internal fault. Anywhere the fault occurs outside of that is an 
external fault. An internal fault would result in fast or instantaneous clearing time and an 
external fault in COTP’s case will also have high-speed tripping 5 cycles. 
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External 3 phase to ground fault 5 cycles (83 ms) on Tracy - Maxwell 525-kV transmission line. Bypass 
breaker logic disabled. The case simulated is an external fault on the Line side of the Tracy series 
capacitor bank. All COTP series caps are included and the COTP reactor banks are excluded.

Fault occurs at 100ms
Line Breakers clear the fault at 183ms
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Figure 11: Phase A current through segment 1 of Tracy  series capacitor bank 
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Figure 12: Phase A current through segment 1 of Tracy  MOV
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Figure 13: Phase A voltage across segment 1 of Tracy  series capacitor bank 
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Figure 14: Phase A voltage across segment 1 of Tracy  MOV
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Figure 14: Energy dissipation of segment 1 Tracy  MOV Approximately 129MJ
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Simulation with Bypass logic enabled

Figure 15: Existing Tracy series capacitor bank protection for triggered air gap & bypass logic
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Figure 16: Phase A current through segment 1 of Tracy  series capacitor bank with Bypass logic   
enabled 
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Figure 17: Phase A current through segment 1 of Tracy  MOV with Bypass logic   
enabled 
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Figure 18: Phase A voltage across segment 1 of Tracy  series capacitor bank with Bypass logic   
enabled 
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Figure 19: Phase A voltage across segment 1 of Tracy  MOV with Bypass logic   
enabled 
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Figure 20: Energy dissipation of segment 1 Tracy  MOV Approximately 5.3MJ with bypass
logic enabled.
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Summary:

• The methods and model presented will be used to evaluate the MOV energy 
dissipation at the other 3 substation in the WAPA COTP corridor.

• The data obtained will be provided to the manufacture to provide the best 
fitting MOV and Series CAP protection. 



Questions?
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www.wapa.gov

@westernareapowr

western-area-power-administration

WesternAreaPower1

westernareapower

wapa.gov

Leopoldo G. Gallegos Jr.
gallegos@wapa.gov
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