
5. Electric Transmission

5.1 Introduction

This section discusses the transmission interconnection between the proposed MEC and Pacific Gas & Electric Company (PG&E). The existing transmission system, the proposed transmission line route and interconnection, the impact of the interconnection on the existing system, and alternatives are discussed. An analysis of the interconnection and potential nuisances is presented along with a description of the applicable LORS. 

Existing transmission resources in the vicinity of the MEC are owned by PG&E and are part of its East Bay and Mission Trail service areas. This transmission network will deliver power generated at MEC to the California power pool. The location of MEC was selected, in part, for its proximity to PG&E’s Metcalf Substation, which is located approximately 2,000 feet to the northeast of the MEC site. Figure 5.1-1 (attached in a separate pouch) shows the location of MEC in relationship to the Metcalf Substation and the existing electrical transmission network.

An examination of the local transmission system concentrated on the anticipated MEC power flows, capacity and location of existing lines, availability of substation capacity, and physical distances involved with the anticipated interconnection. The interconnection feasibility analysis included the use of multiple connection points on existing 115-kV lines and looping configurations with 230-kV and 500-kV transmission lines. System analyses concentrated on the existing 230-kV transmission network because of the 600-MW design capacity for MEC. Figure 5.1-1 illustrates the existing transmission system in the immediate area of the proposed MEC.

The proposed interconnection will connect MEC to the PG&E power grid at a point approxi​mately 2,000 feet west of the Metcalf Substation by “looping” into PG&E’s existing Metcalf-Monta Vista No. 4, 230-kV transmission line. The loop will exit the MEC switchyard and tie into the transmission line approximately 200 feet north of the plant. The interconnection will be a double-circuit, 230-kV line spanning the distance between the MEC switchyard and the existing Metcalf-Monta Vista No. 4 ROW. Figure 5.1-1 illustrates the location of the tap point on an existing tower and line alignment in relation to MEC and the Metcalf Substation.

The proximity of the Metcalf Substation to the MEC site allowed the consideration of a few different conceptual interconnections. Primary consideration in the analysis was given to the ability of the existing transmission lines to carry the anticipated output of MEC. Additional aspects considered included environmental effects of building and maintaining the new interconnecting transmission line, ROW acquisition, and engineering constraints. After analyses of these data and review of PG&E’s operating diagram for their Mission Trail Region (Figure 5.1-2, attached in a separate map pocket), alternative interconnection options were identified. From further analysis, based on PG&E’s Interconnection Data Sheet (see Appendix 5.1 A-1), the proposed transmission line and construction techniques were selected. Discussion of the proposed interconnection, its alignment, and the alternatives is in Sections 5.2 and 5.3.

5.2 Transmission Interconnection Engineering

Preliminary engineering of the proposed transmission interconnection was completed as a result of the above activities. This section discusses the existing transmission facilities in the vicinity of the MEC project and associated electrical facilities.

5.2.1 Existing PG&E Transmission Facilities

The MEC site is approximately 2,000 feet southwest of PG&E’s Metcalf Substation, which is located in southeastern San Jose between U.S. 101 and Monterey Road. An inventory and assessment of the transmission facilities in the immediate geographic area of MEC were conducted. The regional transmission line assessment focused on the number of lines, rating of each line, existing loads, and the ability of the existing transmission grid to safely and reliably transport the amount of power to be generated at MEC.

Based on the 2002 power flow base case provided by PG&E, PG&E’s Mission Trail Region has 1568 MW of peak load and 134 MW of generation. The transmission system in the vicinity consists of 500-kV, 230-kV, and 115-kV transmission lines. These and other lines are shown geographically in Figure 5.1-1. Typical 230–kV line ratings for the area are between 324 and 439 Megavolt Amperes (MVA), with the Metcalf to Monta Vista 230-kV circuits #3 and #4 rated at 1106 MVA each. Local 115-kV ratings are less than 280 MVA. Table 5.2-1 lists the ratings and conductor types for selected lines.

To evaluate the Metcalf Substation, an approach called the “first contingency rated exit capability,” or FCREC, was used. The evaluation started with the year 2002 extreme summer peak case provided by PG&E. This information was supplemented with connection information and line ratings from the Mission Trail Operating Diagram (Figure 5.1-2) taken from PG&E’s Form 715 previously submitted to the Federal Energy Regulatory Commission (FERC). From this database, an inventory of substation buses, generation, load, and line capacity was developed for the Metcalf Substation. This inventory, starting with the substation itself, serves as a starting point for the FCREC method of evaluation. The objective is to find the rated exit capability for a bus or group of interconnected buses. To find the rated capability, the following steps are undertaken:

1. Add the rating of all lines leaving, or exiting, the group.

2. Subtract the rating of all generators attached to any bus within the group.

3. Add the rating of all loads attached to any bus within the group.

The sum of Steps 1, 2, and 3, above, yields a number called the “normal total rated exit capability,” or NTREC, for the group. (The group of buses may also be call a “cut set.”) The NTREC represents the maximum possible additional generation that can be accommodated at the cut-set location under the best of conditions. This is an optimistic number, but it can be refined easily using standard power-flow methodology. 

The FCREC is the refined estimate of capacity. This number takes into account the most severe single contingency, or line outage. It provides a more realistic limit for added generation than does the NTREC found in Steps 1, 2, and 3 above. To calculate the FCREC, or the final estimate of system capability, add Steps 4 and 5 to the process:

4. Find the line exiting the cut set that has the highest rating.

5. Subtract the rating of the line in Step 4 from the value of the NTREC. 

Table 5-2.1

Selected Line Capabilities in the Vicinity of the Proposed MEC

From
Substation
Bus
Number
To
Substation
Bus
Number

Description

Voltages
Rate
(MVA)
Conductor








Type
Rate (Amps)

Metcalf
30042
Tesla
30040
Metcalf to Tesla
500
2121
2300 AL
1706

Metcalf
30042
Moss Land.
30045
Metcalf to Moss Landing
500
2385
2300 AL
1706

Metcalf
30735
Newark E
30631
Metcalf to Newark #1
230
328
795 ACSR
803.6

Metcalf
30735
Newark E
30631
Metcalf to Newark #2
230
328
795 ACSR
803.6

Metcalf
30735
Vasona
30733
Metcalf to Monta Vista #1
230
439
1113 AAC
1079

Metcalf
30735
Hicks
30730
Metcalf to Monta Vista #2
230
439
1113 AAC
1079

Metcalf
30735
Monta Vista
30705
Metcalf to Monta Vista #3
230
1106
1113 AAC
1079

Metcalf
30735
Monta Vista
30705
Metcalf to Monta Vista #4
230
1106
795 ACSR
803.6

Metcalf
30735
Moss Land. 1
30755
Metcalf to Moss Landing #1
230
324
795 ACSR
803.6

Metcalf
30735
Moss Land. 2
30750
Metcalf to Moss Landing #2
230
324
795 ACSR
803.6

Metcalf 
35642
IBM-HR J
35621
Metcalf to El Patio #1
115
167
715.5 AAC
823

Metcalf 
35642
Baily J3
35651
Metcalf to El Patio #2
115
167
715.5 AAC
823

Metcalf 
35642
Edenvale J1
35641
Metcalf to Edenvale #1
115
280
715.5 AAC
823

Metcalf 
35642
Baily J2
35653
Metcalf to Edenvale #2
115
280
715.5 AAC
823

Metcalf 
35642
Morgan Hill
35646
Metcalf to Morgan Hill
115
140
715.5 AAC
823

Metcalf 
35642
Morgan J1
35654
Metcalf to Green Valley
115
140
715.5 AAC
823

Metcalf 
35643
Swift
35622
Metcalf to Newark #1
115
228
715.5 AAC
823

Metcalf 
35643
McKee
35626
Metcalf to Newark #2
115
228
715.5 AAC
823

Metcalf 
35643
Evergreen J
35645
Metcalf to Evergreen #1
115
167
715.5 AAC
823

Metcalf 
35643
Evergreen 1
35636
Metcalf to Evergreen #2
115
167
715.5 AAC
823

Metcalf 
35643
Coyote Pump.
35644
Metcalf to Coyote Pumping Plant
115
97
715.5 AAC
823

The FCREC gives the maximum possible export that might be expected without necessitating system improvements. Detailed estimates of the system impact will be determined in the Detailed Facilities Study (DFS) sponsored by Calpine/Bechtel that is being conducted by PG&E in accordance with their standard procedures.

Table 5.2-1 gives the ratings for the elements connected to the Metcalf Substation buses.

Since there is no load or generation at the Metcalf Substation, the NTREC for the substation is, therefore, 10,961 MVA. The FCREC is 8,576 MVA, which is the maximum amount of generation that one might expect to add to the Metcalf Substation without necessitating system improvements. In addition to the capability of the line exits at Metcalf, there is also substantial transformation capability at Metcalf. There are two 500/230-kV transformers rated at 1,120 MVA each and three 230/115-kV transformers rated at 403 MVA each. Based on this abbreviated analysis, generation addition near the Metcalf Substation will result in minimal transmission impacts. A more accurate estimate of system impacts will be available once PG&E completes the DFS.

5.2.2 Proposed Transmission Interconnection System

The proposed interconnection between the MEC and Metcalf Substation consists of the following major facilities:

· A new double-circuit overhead line extending approximately 200 feet to loop into the existing Metcalf-Monta Vista, No. 4, 230-kV transmission line
· A new 230-kV breaker-and-a-half switchyard within the MEC
The proposed transmission interconnection exits the proposed plant site to the north. As a result of the proximity of PG&E’s Metcalf-Monta Vista No. 4 line, the route alignment will extend from the MEC switchyard to the existing corridor, a distance of approximately 200 feet. Figure 5.1-1 shows the location of the proposed electrical interconnection alignment. The proposed transmission line route crosses a small stream (Fisher Creek) when exiting the MEC switchyard and immediately joins the existing transmission corridor adjacent to the stream to the north.

5.2.2.1 MEC 230-kV Switchyard Characteristics

The MEC 230-kV switchyard will consist of nine 230-kV gas circuit breakers and one 230‑13.8-kV power transformer. A breaker-and-a-half arrangement will be used at MEC to obtain a high level of service reliability. An electrical one-line diagram of the proposed MEC switchyard arrangement appears in Figure 5.2-1. The air-insulated switchyard layout is shown in Figure 5.2-2.

The switchyard and all equipment will be designed for a 63-kA interrupting capacity. The main buses, as well as the bays, will be designed for 3,000A continuous current. As depicted in Figure 5.2-1, each generator will be provided with an independent tie to the switchyard. In addition, the MEC switchyard will be equipped with two 100 percent output circuits for connection to the 230-kV grid. This feature will allow removal of a single circuit without limiting plant output. A single 230-13.8-kV power transformer will be installed to provide service to an anticipated future load and for auxiliary loads within the MEC plant. Power will be distributed via 15-kV metal-clad switchgear. Controls and protective relay systems for the 230-kV switchyard as well as the 15-kV switchgear will be located in a control building separate from the power plant. Auxiliary AC and DC power will derive from auxiliary power transformers and a station battery system, respectively.

5.2.2.2 Overhead Line Characteristics

The proposed electrical interconnect transmission line will be built overhead for a distance of approximately 200 feet, from the two take-off structures located inside the MEC switchyard to an existing tower in the Metcalf-Monta Vista No. 4, 230-kV transmission line. Figures 5.2-3, 5.2-4, and 5.2-5 illustrate the design and placement of the double-circuit tap structure in relation to the proposed take-off structures in the MEC switchyard. 

The design and placement of the take-off towers will limit the strain on the double-circuit tap structure. The take-off towers will be spaced approximately 50 feet apart. 

The double-circuit tap structure is 174 feet high. The intention is to reinforce the existing 230-kV tower to accommodate the new lateral forces that will be imposed on the tower by the new interconnection.

The recommended conductor for the proposed electrical interconnect transmission line is “2300 AL bundle.” This is a standard PG&E conductor that is presently installed for the Metcalf-Monta Vista No. 4 transmission line. 

5.3 Proposed Transmission Interconnection Alternatives

This section describes alternatives to the proposed electrical transmission interconnection discussed in Section 5.2. One of the results of the transmission resource analysis was the development of several additional conceptual transmission interconnect options. Factors considered in the development and selection of the preferred transmission interconnection were the ability of the existing transmission resources to carry the power generated by MEC, environmental consequences, ability to secure any additional ROWs, and engineering considerations and constraints. Several alternatives were identified, analyzed, and discounted due to subjective differences with the proposed transmission interconnection. These alternatives are presented below. Other alternatives were delineated, assessed, and rejected as clearly inferior.

5.3.1 Alternative 1—Express Connection to the Metcalf Substation

This alternative transmission interconnection consists of the following major elements:

· A single-circuit, high-pressure, fluid-filled (HPFF) pipe-type underground cable system connecting each generator step up transformer (three) to the Metcalf Substation.

· Extension of the 230-kV bus at the Metcalf Substation and installation of three new 230‑kV circuit breakers.

Alternative 1 would involve directly connecting the MEC step up transformers to the 230-kV bus at PG&E’s Metcalf Substation with HPFF pipe-type underground cable systems. This alternative would exit the power plant site on the eastern side immediately adjacent to the MEC step up transformers and extend to the east approximately 2,000 feet to an extended 230-kV bus in the Metcalf Substation. Field inspections indicate that space is available in the Metcalf Substation to extend the 230-kV bus to the southeast by three bays to accommodate the underground electrical interconnection. PG&E already plans a fourth bay to separate the Metcalf to Monta Vista circuits #3 and #4 that are currently sharing a single breaker. The bus configuration would be PG&E’s. 

Installation of the underground portion of the interconnection would involve directional drilling beneath the UPRR and Monterey Road ROWs that run between the MEC site and the Metcalf Substation. In addition, the angle drilling would extend under Coyote Creek County Park, which includes Coyote Creek immediately adjacent to the Metcalf Substation. The directional drilling would terminate inside the Metcalf Substation.

This alternative was not selected because its costs, environmental impact, and societal disruption (during construction) are thought to be marginally higher than the proposed interconnection. 

5.3.2 Alternative 2—Interconnect to Existing 500-kV Transmission Line

Alternative 2 involves looping into the existing Metcalf-Moss Landing 500-kV transmission line. The major elements of this alternative are:

· A new double-circuit, 500-kV interconnect transmission line

· A 500-kV switchyard

· 500-kV step up transformers

This alternative was rejected because:

1. The 500-kV loop would have to cross several 115-kV and 230-kV lines, decreasing the reliability of both the 500-kV interconnection and the lines it crossed.

2. The 500-kV line and switchyard is a part of the Pacific Intertie and disruptions or changes to it would have wide impacts.

3. The local demand greatly exceeds the local generation, implying that the power from MEC would flow through the 500/230-kV and 230/115-kV transformers, increasing losses and potentially overloading these units.

4. 500-kV construction is more expensive than the proposed plan.

5.3.3 Alternative 3—Interconnect to Other Existing 230-kV Transmission Lines

Several other 230-kV lines exit the PG&E’s Metcalf Substation and run in a westerly direction in proximity to MEC (Figure 5.1-1). The Metcalf-Monta Vista No. 3 shares the same tower structures as No. 4, and Metcalf-Monta Vista Nos. 1 and 2 pass within approximately 425 feet of the take-off structures. The major elements required to tie into any of these lines would be the same as discussed in Section 5.2. However, engineering the tap line to cross existing transmission lines in this area might require underground cable systems due to the varying heights of these lines. Because of the proximity of the Metcalf-Monta Vista No. 4 line to MEC, these alternatives were discounted as viable options for the electrical interconnection.

5.3.4 Alternative 4—Interconnect to Existing 115-kV Transmission Lines 

Interconnection to the 115-kV system at Metcalf could be accomplished by either direct connection to the Metcalf 115-kV bus or by looping into the 115-kV lines. Direct connection to the 115-kV bus was rejected because the Metcalf 115-kV bus is restricted on both the southern and northern ends by transmission lines that would have to be relocated. 

With looping, it would be necessary to loop two of the existing 115-kV lines into a switchyard at the proposed plant to meet the first contingency requirement because of the relatively limited capability of the local 115-kV lines. In addition to the added complexity that four terminals would imply, implementing this alternative would require crossing existing 230-kV lines.

While not studied in detail, either 115-kV alternative would have more potential problems with system impacts. As evidenced by the fault current limiting reactors that are on the Metcalf to Edenvale lines, adding generation at the 115-kV bus might require protective equipment replacements that would not be required at 230 kV. Under light load conditions, connection at 115 kV is more likely to overload 115-kV lines in the vicinity. 

For the reasons given above, 115-kV interconnection was judged inferior and rejected.

5.4 Interconnection System Impact Study

Interconnection studies include analysis of power flow, short circuit, transient stability, and other factors to assess the impacts of the proposed transmission interconnection on the integrated transmission grid. Following the procedure outlined by PG&E in its regulatory filings, Calpine/Bechtel initiated a DFS on January 13, 1998. A status report describing the initial findings of the PG&E study is included as Appendix 5.4A-1. The Interconnection Data sheet submitted by Calpine/Bechtel is included in Appendix 5.1A-1. These are included for information and to document the chronological development of the system impact studies.

5.5 Transmission Line Safety and Nuisances

5.5.1 Electrical Clearances

Typical high-voltage overhead transmission lines are composed of bare conductors connected to supporting structures by means of porcelain, glass, or plastic insulators. The air surrounding the energized conductor acts as the insulating medium. Maintaining sufficient clearances, or air space, around the conductors to protect the public and utility workers is paramount to safe operation of the line. The safety clearance required around the conductors is determined by normal operating voltages, conductor temperature, short-term abnormal voltages, wind-blown swinging conductors, contamination of the insulators, clearances for workers, and clearances for public safety. Minimum clearances are specified in the National Electric Safety Code (NESC). Utilities, state regulators, and local ordinances may specify additional clearances. The clearances are specified for: 

· Distance between the energized conductors themselves

· Distance between the energized conductors and the supporting structure

· Distance between the energized conductors and other power or communication wires on the same supporting structure, or between other power or communication wires above or below the conductors

· Distance from the energized conductors to the ground and features such as roadways, railroads, driveways, parking lots, navigable waterways, etc.

· Distance from the energized conductors to buildings and signs 

· Distance from the energized conductors to other parallel power lines

The proposed MEC transmission interconnection will be designed to meet all code clearance requirements. Since the designer must take into consideration many different situations, the generalized dimensions provided in Figures 5.2-3, 5.2-4, and 5.2-5 should be regarded as typical for 230-kV lines and not absolute. The minimum ground clearance for 230-kV trans​mission per the NESC is 22.4 feet, based on the road-crossing minimum. This is the design clearance for the maximum operating temperature of the line. Under normal conditions, the line is operating well below maximum conductor temperature and, thus, the average clear​ance is much greater than the minimum. More in keeping with PG&E guidelines, 30 feet was chosen as representative for making electrical effects calculations. The final design value will be consistent with General Order 95 (GO-95) of the California Public Utilities Commission (PUC) and PG&E’s guidelines for electric and magnetic field (EMF) reduction.

5.5.2 Electrical Effects

The electrical effects of high-voltage transmission lines fall into two broad categories: corona effects and field effects. Corona is the ionization of the air that occurs at the surface of the energized conductor and suspension hardware due to very high electric field strength at the surface of the metal during certain conditions. Corona may result in radio and television reception interference, audible noise, light, and production of ozone. Field effects are the voltages and currents that may be induced in nearby conducting objects. The transmission line’s 60 Hertz (Hz) electric and magnetic fields cause these effects.

5.5.2.1 Electric and Magnetic Fields

Operating power lines, like the energized components of electrical motors, home wiring, lighting, and all other electrical appliances, produce electric and magnetic fields, commonly referred to as EMF. The EMF produced by the AC electrical power system in the United States has a frequency of 60 Hz, meaning that the intensity and orientation of the field changes 60 times per second.

The 60-Hz power line fields are considered to be extremely low frequency. Other common frequencies are AM radio, which operates up to 1,600,000 Hz (1,600 kHz); television, 890,000,000 Hz (890 MHz); cellular telephones, 900,000,000 Hz (900 MHz); microwave ovens, 2,450,000,000 Hz (2.4 GHz); and X-rays, about 1 billion (1018) Hz. Higher frequency fields have shorter wavelengths and greater energy in the field. Microwave wavelengths are a few inches wide and have enough energy to cause heating in conducting objects. Higher frequencies, such as X-rays, have enough energy to cause ionization (breaking of molecular bonds). At the 60-Hz frequency associated with electric power transmission, the EMFs have a wavelength of 3,100 miles and have very low energy that does not cause heating or ionization. The 60-Hz fields do not radiate, unlike radio-frequency fields.

Electric fields around transmission lines are produced by electrical charges, measured as voltage, on the energized conductor. Electric field strength is directly proportional to the line’s voltage; that is, increased voltage produces a stronger electric field. The electric field is inversely proportional to the distance a sensor is from the conductors, so that the electric field strength declines as the distance from the conductor increases. The strength of the electric field is measured in units of kilovolts per meter (kV/m). The voltage, and therefore the electric field, around a transmission line remains practically steady and is not affected by the common daily and seasonal fluctuations in usage of electricity by customers.

Magnetic fields around transmission lines are produced by the electrical load or the level of current flow, measured in terms of amperage, through the conductors. The magnetic field strength is directly proportional to the amperage; that is, increased amperage produces a stronger magnetic field. The magnetic field is inversely proportional to the distance a sensor is from the conductors. Like the electric field, the magnetic field strength declines as the distance from the conductor increases. Magnetic fields are expressed in units of milligauss (mG). However, unlike voltage, the amperage and therefore the magnetic field around a transmission line fluctuate daily and seasonally as the usage of electricity varies and the amount of current flow varies.

Considerable research has been conducted over the last 30 years on the possible biological effects and human health effects from EMF. This research has produced many studies that offer no uniform conclusions about whether long-term exposure to EMF is harmful or not. In the absence of conclusive or evocative evidence, some states, California in particular, chose not to specify maximum levels of EMF. Instead, these states mandate a program of prudent avoidance whereby EMF exposure to the public would be minimized by encouraging electric utilities to use low-cost techniques to reduce the levels of EMF. This EMF reduction approach is integral to the design of the proposed MEC project.

Additional information on EMF is provided in Appendix 5.5A-1.

5.5.2.1.1 EMF Study Assumptions

It is important that any discussion of EMF include the assumptions used to calculate these fields. It is also important to remember that EMF in the vicinity of the power lines varies with regard to line design, line loading, distance from the line, and other factors. The electric field depends upon line voltage, which remains nearly constant for a transmission line in normal operation. The magnetic field is proportional to line loading (amperage), which varies as power plant generation is changed by the system operators to meet increases or decreases in demand for power.

Figure 5.5-1 illustrates the existing PG&E transmission system at the Metcalf Substation. Fig​ure 5.5-2 is a cross section of the existing PG&E transmission line corridor immediately to the north of the proposed MEC site. The corridor consists of five 115-kV, 230-kV, and 500-kV lines as shown in the figure, with the 230-kV and 115-kV lines having two circuits on each structure (double-circuit). The interconnection will be made to the closest circuit, the Metcalf-Monta Vista No. 4 230-kV circuit, which connects the PG&E Metcalf and Monta Vista substations. Figures 5.2-3, 5.2-4, and 5.2-5 illustrate the proposed transmission interconnection structure. The circuit will be looped into MEC; that is, the existing circuit will be cut and brought into MEC so that generated power can flow to the PG&E system through either the Metcalf Substation or the Monta Vista Substation. After interconnection, the MEC-Metcalf circuit will be about 2,000 feet long and the MEC-Monta Vista circuit will be approximately 31 miles long.

The overhead lines in this study are rated for a nominal voltage of 230 kV for the interconnection and PG&E transmission line. Line loading values assumed for the PG&E lines on the corridor are from the California Independent System Operator (ISO) power-flow case for the summer of 2002, as modified by PG&E for the DFS. The Metcalf-Monta Vista No. 4, 230 kV is loaded at 220 MVA, or 556 amps per phase, at peak system load and 160 MVA, or 392 amps per phase, at off peak. These values are used in the EMF study.

The MEC plant is assumed to be operating at 620
 MW at a 0.85 power factor. At 230 kV, this power output is 1,830 amps. Since the outgoing 230-kV transmission consists of a loop, each side of the loop (to Metcalf or to Monta Vista) could carry up to 1,830 amps per phase. However, the power flow shows a maximum normal current of approximately 1074 amps. These values are used in the EMF study.

Another assumed parameter for these studies is the phase arrangement of the lines, both existing and after the interconnection is made. The phasing (i.e., relative location of A, B, and C phases on the structures) may offer some field cancellation, which results in reduced magnetic field values at the right-of-way edge. Studies have shown that cross phasing double-circuit lines provides magnetic field reduction. In cross-phasing, the circuit on one side of the structure is configured with phases A, B, and C arranged from top to bottom, while the other circuit is configured C, B, A, from top to bottom. As shown in Figure 5.5-2, PG&E has installed cross-phasing configurations on the four double-circuit lines in the corridor. 

5.5.2.1.2 EMF Calculations

A power flow model was developed from a data set used by PG&E to perform the DFS. Current flows were calculated for each of the 500-kV, 230-kV, and 115-kV transmission line circuits at the PG&E Metcalf Substation. The data were developed for the year 2002 for both peak and off-peak conditions. Each of the circuits and the calculated power flow in terms of MWs and amperage are listed in Appendix 5.5A-2a for peak and off-peak loads.

Power flow representing four different electrical conditions was simulated for the study:

1. Without the proposed MEC operating.

2. With the proposed MEC generation of 620 MW added and generation reduced an equivalent amount in the north at the PG&E Malin transmission interconnection point. This would tend to cause MEC power to flow primarily to the north in the PG&E transmission system.

3. With the proposed MEC generation of 620 MW added and generation reduced an equiva​lent amount in the south at the Vincent transmission interconnection point. This would tend to cause MEC power to flow primarily to the south in the PG&E transmission system.

4. With the proposed MEC generation of 620 MW and former PG&E fossil generating units reduced an equivalent amount. This would tend to cause MEC power flow to be dispersed throughout the PG&E transmission system.

The simulation results show that the effect of the proposed MEC plant will be very small. The largest change in power flow was from the dispersed power flow condition under peak loads. The transmission power flows in amperage are summarized in Table 5.5-1.

Table 5.5-1

Calculated Power Flows in Amps, Peak Load 2002 for PG&E Metcalf Substation Transmission Lines


Without MEC
With MEC a
Increase/Decrease

500-kV Transmission Lines

Metcalf - Tesla
1309
1138
-171

Metcalf - Moss Landing 
842
675
-167

230-kV Transmission Lines

Metcalf - Monta Vista #4
556
-
-

MEC - Metcalf
-
1062
-

MEC - Monta Vista
-
603
-

Metcalf - Monta Vista #3
556
587
31

Metcalf - Monta Vista #2
770
798
28

Metcalf - Monta Vista #1
634
664
30

Metcalf - Newark #2
366
496
130

Metcalf - Moss Landing #2
437
324
-113

Metcalf - Moss Landing #1
435
322
-113

115-kV Transmission Lines

Metcalf - El Patio #1
598
644
46

Metcalf - Edenvale #1
405
397
-8

Metcalf - Morgan Hill
256
275
19

Metcalf - El Patio #2
596
646
50

Metcalf - Edenvale #2
423
416
-7

Metcalf - Green Valley
88
57
-31

Metcalf - Newark #1
774
855
81

Metcalf - Newark #2
546
606
60

Metcalf - Evergreen #2
536
570
34

Metcalf - Coyote Pumping Plant
50
49
-1

Metcalf - Evergreen #1
535
569
34

a Under simulated dispersed power flow throughout PG&E transmission system.

Using the dispersed power flow under peak conditions, the existing and anticipated electrical and magnetic fields were then calculated for the PG&E transmission corridor immediately north of the proposed MEC interconnection site (Figures 5.5-1 and 5.5-2). The calculations were made one meter above the ground perpendicular to the lines at mid-span, where the overhead line sags closest to the ground. The mid-span location provides the maximum ground-level values for the fields.

5.5.2.1.3 Results of EMF Calculations

Table 5.5-2 summarizes the values of EMF at the edge of the ROW, and graphs are provided as Figures 5.5-3 and 5.5-4. As shown, the proposed 620-MW MEC does not change the electrical field strength at either side of the PG&E transmission line corridor ROW. MEC increases the magnetic field strength on the south side of the ROW slightly from 5.381 mG to 5.847 mG, an increase of approximately 8 percent. However, MEC reduces the magnetic field strength on the northern side of the ROW from about 40.728 mG to 32.656 mG. The large 500-kV transmission line is on the northern side of the ROW, and MEC generation is acting to reduce the power flow in this line at this location.

TABLE 5.5-2

Calculated Electric and Magnetic Fields at Edge of ROW on PG&E Transmission Corridor, 
Peak Load in 2003


MEC Operational Status
Electrical Field at 
Edge of ROW (kV/m)
Magnetic field at 
Edge of ROW (mG)

Without MEC Operating
0.075 left side (south)
5.381 left side (south)


2.044 right side (north)
40.728 right side (north)

With MEC Operating
0.075 left side (south)
5.847 left side (south)


2.044 right side (north)
30.656 right side (north)

Note: Under simulated conditions of power flow to both the northeast and southwest.

5.5.2.1.4 Transmission Line EMF Reduction

While California does not require any particular limit for electric and magnetic field levels, the CPUC mandates EMF reduction as a practicable design criterion for new and upgraded electrical facilities. From this mandate, the regulated electric utilities, including PG&E, have developed their own design guidelines to reduce EMF at each new facility. The CEC requires independent power producers to follow the guidelines that have already been established by the local electric utility or transmission-system owner.

In keeping with the goal of EMF reduction, MEC will be designed and constructed using the principles outlined in the PG&E publication, “Transmission Line EMF Guidelines.” These guidelines explicitly incorporate the directives of the CPUC by developing design procedures compliant with Decision 93-11-013 and General Orders 95, 128, and 131-D (see also Table 5.6-2 concerning EMF LORS). That is, when the towers, conductors, and ROWs are designed and routed according to the PG&E guidelines, the transmission line is consistent with the CPUC mandate.

From Page 12 of the PG&E guidelines, the primary techniques for reducing EMF anywhere along the line are to:

1. Increase the distance between conductors and EMF sensors

2. Reduce the spacing between the line conductors

3. Minimize the current on the line

4. Optimize the configuration of the phases (A, B, C)

A single span approximately 200 feet long will connect the proposed MEC to the existing PG&E Metcalf-Monta Vista No. 4 transmission line. Due to the directness of the connection and the short distance involved, there is little opportunity to select a route for the conduc​tors that will further minimize the risk of EMF exposure. The area of the interconnection is at a distance of approximately 250 feet from motorists on the Monterey Road and more than 1,500 feet from the nearest residence along the road. The existing PG&E transmission corridor crosses the highway immediately northwest of the interconnection point.

To reduce the spacing between the line conductors, the overhead towers are designed to the spacing dimensions given by the PG&E guidelines for 230-kV towers.

Selection of a 230-kV interconnection will minimize the current on the line compared to a 115-kV interconnection. At 230 kV, the line current is reduced by a factor of two compared to 115 kV. That is, when the operating voltage is doubled, the same power output requires only one half the line current.

To optimize the phase configuration, the line phasing will be coordinated with that of the existing lines. This will balance currents by cross-phasing the MEC circuits with respect to each other and the adjacent circuits.

EMF levels have been calculated for the MEC interconnection as designed. The CEC requires actual measurements of pre-interconnection background EMF for comparison with measurements of post-interconnection EMF levels. If required, the pre- and post-interconnection verification measurements will be made consistent with Institute of Electrical and Electronic Engineers (IEEE) guidelines and will provide sample readings of edge of ROW EMF. Additional measurements will be made upon request for locations of particular concern. 

5.5.2.1.5 Conclusion on EMF

Calculated EMF levels with the proposed MEC operating at 620 MW are not anticipated to change greatly. Electrical field levels are projected to remain the same at the edge of the adjacent existing PG&E transmission line corridor ROW. Magnetic field levels will rise slightly on the southern side of the ROW and decline somewhat more on the northern side of the ROW. 

Although the 200-foot interconnection span is very short, EMF reduction will be an integral consideration during the final design of the interconnection between MEC and the existing PG&E transmission line. Since the PG&E “Transmission Line EMF Guidelines” embody the CPUC directives for EMF reduction, the guidelines are the primary criteria for EMF consideration in this project.

5.5.2.1.6 Induced Current and Voltages

A conducting object such as a vehicle or person in an electric field will have induced voltages and currents. The strength of the induced current will depend upon the electric field strength, the size and shape of the conducting object, and the object-to-ground resistance. Examples of measured induced currents in a 1-kV/m electric field are about 0.016 mA for a person, about 0.41 mA for a large school bus, and about 0.63 mA for a large trailer truck.

When a conducting object is isolated from ground, and a grounded person touches the object, a perceptible current or shock may occur as the current flows to ground. As before, the amount of current depends upon the field strength, the size of the object, and the grounding resistance of the object and person. Shocks are classified as below perception, above perception, secondary, and primary. The mean perception level is 1.0 mA for a 180-pound man and 0.7 mA for a 120-pound woman. Secondary shocks cause no direct physiological harm but may annoy a person and cause involuntary muscle contraction. The lower average secondary-shock level for an average-sized man is about 2 mA. Primary shocks can be harmful. Their lower level is described as the current at which 99.5 percent of subjects can still voluntarily “let go” of the shocking electrode. For the 180-pound man this is 9 mA; for the 120-pound woman, 6 mA; and for children, 5 mA. The NESC specifies 5 mA as the maximum allowable short-circuit current to ground from vehicles, trucks and equipment near transmission lines.

The mitigation for hazardous and nuisance shocks is to ensure that metallic objects on or near the ROW are grounded and that sufficient clearances are provided at roadways and parking lots to keep electric fields at these locations sufficiently low to prevent vehicle short-circuit currents below 5 mA.

Magnetic fields can also induce voltages and currents in conducting objects. Typically, this requires a long metallic object, such as a wire fence or aboveground pipeline that is grounded at only one location. A person who closes an electrical loop by grounding the object at a different location will experience a shock similar to that described above for an ungrounded object. Mitigation for this problem is to ensure multiple grounds on fences or pipelines, especially those that are oriented parallel to the transmission line.

Where railroads are crossed or are parallel to the transmission line, coordination is required with the railroad company to ensure that the magnetically induced voltages and currents in the rails do not interfere with railroad signal and communications circuits, which often are transmitted through the rails.

The proposed 230-kV interconnection will be constructed in conformance with GO-95 and Title 8 CCR 2700 requirements. Therefore, hazardous shocks are unlikely to occur as a result of project construction or operation.

5.5.2.2 Corona Effects

Corona is the ionization of the air at the surface of the energized conductor and suspension hardware due to very high electric field strength. Corona may result in radio and television reception interference, audible noise, light, and the production of ozone.

Corona is a function of the voltage of the line, the diameter of the conductor, and the condition of the conductor and suspension hardware. The electric field is directly related to the line voltage and is the greatest at the surface of the conductor.

Large-diameter conductors have lower electric field gradients at the conductor surface and, hence, lower corona than smaller conductors, everything else being equal. Also, irregularities (such as nicks and scrapes on the conductor surface) or sharp edges on suspension hardware concentrate the electric field at these locations, increasing corona at these spots. Similarly, contamination on the conductor surface, such as dust or insects, can cause irregularities that are a source of corona. Raindrops, snow, fog, and condensation are also sources of irregularities. Corona typically becomes a design concern for transmission lines having voltages of 345 kV and above.

No changes are required on the conductors and voltage of the existing 230-kV Metcalf-Monta Vista No. 4 circuit. The proposed 230-kV conductors for the interconnection will use a large-diameter conductor. The hardware used to connect the conductors to the structures will be of low-corona design. Special care is employed during conductor stringing to 

minimize nicks and scrapes to the conductor. These actions will ensure a low-corona design. The corona-generated phenomena of the proposed 230-kV interconnection will not be significantly different from the existing 230-kV transmission line.

The highest levels of corona and, hence, audible noise and radio noise will occur during foul weather, when the line conductors are wet. For these conditions, the conductor may produce a small amount of corona. However, no significant change in audible noise or radio noise over the existing line is expected since conductor and voltages are the same as those of the existing system.

5.5.3 Aviation Safety

The closest airfield is Canyon Creek Heliport at Morgan Hill, California, 7.2 nautical miles southwest of MEC. The next closest airport is Reid-Hillview Airport in San Jose, 7.6 miles northwest of MEC.

Federal Aviation Regulations, Part 77, establishes standards for determining obstructions in navigable air space and sets forth requirements for notification of proposed construction. These regulations require notification for any construction over 200 feet above ground level. Also, notification is required if the obstruction is less than specified heights and falls within restricted air space in the approach to airports. For airports with runways longer than 3,200 feet, the restricted space extends 20,000 feet (3.2 nautical miles) from the runway. For airports with runways 3,200 feet or less, the restricted space extends 10,000 feet (1.6 nautical miles). For heliports, the restricted space extends 5,000 feet (0.8 nautical mile).

The new structure for the proposed 230-kV interconnection will be less than 200 feet tall and will not fall within restricted airport air space.

5.5.4 Fire Hazards

The 230-kV transmission interconnection will be designed, constructed, and maintained in accordance with GO-95, which establishes clearances and tree trimming to mitigate fire hazards. The transmission line ROW will be kept clear of brush and other combustible material. Calpine/Bechtel will contract with trained and qualified maintenance personnel to maintain the interconnection and immediate area in accordance with accepted industry practices.

5.6 Applicable Laws, Ordinances, Regulations, and Standards

This section provides a list of LORS that apply to the proposed transmission line, substations, and engineering. The following compilation of LORS is in response to Section (h) of Appendix B attached to Article 6 of Chapter 5 of Title 20 of the California Code of Regulations (CCR). Inclusion of these data is further outlined in the CEC’s publication entitled “Rules of Practice and Procedure & Power Plant Site Certification Regulations.”

5.6.1 Design and Construction

Table 5.6-1 lists the LORS applicable to the design and construction of the proposed transmission line and substations.

Table 5.6-1

Design and Construction LORS

LORS
Applicability
AFC Reference

General Order 52 (GO-95), CPUC, “Rules for Overhead Electric Line Construction”
CPUC rule covers required clearances, grounding techniques, maintenance, and inspection requirements.
Section 5.2.2.2

Title 8 CCR, Section 2700, et seq. “High Voltage Electrical Safety Orders”
Establishes essential requirements and minimum standards for installation, operation, and maintenance of electrical installation and equipment to provide practical safety and freedom from danger.
Section 5.2.2

General Order 128 (GO-128), CPUC, “Rules for Construction of Underground Electric Supply and Communications Systems”
Establishes requirements and minimum standards to be used for the station AC power and communications circuits.
Section 5.2.2.3
Section 5.1.2.4

General Order 52 (GO-52), CPUC, “Construction and Operation of Power and Communication Lines”
Applies to the design of facilities to provide or mitigate inductive interference.
Section 5.2.2.2
Section 5.2.2.3

ANSI/IEEE 693 “IEEE Recommended Practices for Seismic Design of Substations”
Provides recommended design and construction practices.
Section 5.2.2.1

IEEE 1119 “IEEE Guide for Fence Safety Clearances in Electric-Supply Stations”
Provides recommended clearance practices to protect persons outside the facility from electric shock.
Section 5.2.2.
Section 5.5.2.5

IEEE 998 “Direct Lightning Stroke Shielding of Substations”
Provides recommendations to protect electrical system from direct lightning strokes.
Section 5.2.2.1

IEEE 980 “Containment of Oil Spills for Substations”
Provides recommendations to prevent release of fluids into the environment.
Section 5.2.2.1

ANSI = American National Standards Institute

5.6.2 Electric and Magnetic Fields

The LORS pertaining to EMF interference are shown in Table 5.6-2.

Table 5.6-2

Electric and Magnetic Field LORS

LORS
Applicability
AFC Reference

CPUC Decision 93-11-013.
CPUC position on EMF reduction.
Section 5.5.3

General Order 131-D (GO-131), CPUC, Rules for Planning and Construction of Electric Generation, Line, and Substation Facilities in California.
CPUC construction-application requirements, including requirements related to EMF reduction.
Section 5.5.3

PG&E “Transmission Line EMF Design Guidelines.” 
The local electric utility’s guidelines for EMF reduc​tion through tower design, conductor configuration, circuit phasing, and load balancing. (In keeping with CPUC D.93-11-013 and GO-131)
Section 5.5.3

ANSI/IEEE 644-1994 “Standard Procedures for Measurement of Power Frequency Electric and Magnetic Fields from AC Power Lines.”
Standard procedure for measuring EMF from an electric line that is in service
Section 5.5.3

ANSI = American National Standards Institute

5.6.3 Hazardous Shock

Table 5.6-3 lists the LORS regarding hazardous shock protection for the project.

Table 5.6-3

Hazardous Shock LORS

LORS
Applicability
AFC Reference

Title 8 CCR Section 2,700, et seq., “High Voltage Electrical Safety Orders.”
Establishes essential requirements and minimum standards for installation, operation, and mainte​nance of electrical equipment to provide practical safety and freedom from danger.
Section 5.2.2

ANSI/IEEE 80 “IEEE Guide for Safety in AC Substation Grounding”
Presents guidelines for assuring safety through proper grounding of AC outdoor substations.
Section 5.2.2.1
Section 5.5.2.1

NESC, ANSI C2, Section 9, Article 92, Paragraph E; Article 93, Paragraph C.
Covers grounding methods for electrical supply and communications facilities.
Section 5.2.2
Section 5.5.2.1

5.6.4 Communications Interference

The LORS pertaining to communication interference are shown in Table 5.6-4.

Table 5.6-4

Communications Interference LORS

LORS
Applicability
AFC Reference

Title 47 Code of Federal Regulations (CFR) Section 15.25, “Operating Requirements, Incidental Radiation.”
Prohibits operations of any device emitting incidental radiation that causes interference to communications. The regulation also requires mitigation for any device that causes interference.
Section 5.2.2
Section 5.5.2.2

General Order 52 (GO-52), CPUC.
Covers all aspects of the construction, operation, and maintenance of power and communication lines and specifically applies to the prevention or mitigation of inductive interference.
Section 5.2.2
Section 5.5.2.2

CEC staff, Radio Interference and Tele​vision Interference (RI-TVI) Criteria (Kern River Cogeneration Project 82-AFC-2, Final Decision, Compliance Plan 13-7).
Prescribes the CEC’s RI-TVI mitigation requirements, developed and adopted by the CEC in past siting cases.
Section 5.2.2
Section 5.5.2.2

5.6.5 Aviation Safety

Table 5.6-5 lists the aviation safety LORS that may apply to the proposed construction and operation of MEC.

Table 5.6-5

Aviation Safety LORS

LORS
Applicability
AFC Reference

Title 14 CFR Part 77 “Objects Affecting Navigable Air space.”
Describes the criteria used to determine whether a “Notice of Proposed Construction or Alteration” (NPCA, FAA Form 7460-1) is required for potential obstruction hazards.
Section 5.2.2
Section 5.5.3

Federal Aviation Administration (FAA) Advisory Circular No. 70/7460-1G, “Obstruction Marking and Lighting.”
Describes the FAA standards for marking and lighting of obstructions as identified by Federal Aviation Regulations Part 77.
Section 5.2.2
Section 5.5.3

Public Utilities Code (PUC), Sections 21656-21660.
Discusses the permit requirements for construction of possible obstructions in the vicinity of aircraft landing areas, in navigable air space, and near the boundary of airports.
Section 5.2.2
Section 5.5.3

5.6.6 Fire Hazards

Table 5.6-6 shows the LORS governing fire hazard protection for MEC.

Table 5.6-6

Fire Hazard LORS

LORS
Applicability
AFC Reference

Title 14 CCR Sections 1250-1258, “Fire Prevention Stan​dards for Electric Utilities.”
Provides specific exemptions from electric pole and tower firebreak and electric conductor clearance standards, and specifies when and where standards apply.
Section 5.2.2
Section 5.5.4

ANSI/IEEE 80 “IEEE Guide for Safety in AC Substation Grounding.”
Presents guidelines for assuring safety through proper grounding of AC outdoor substations.
Section 5.2.5
Section 5.5.4

General Order 95 (GO-95), CPUC, “Rules for Overhead Electric Line Construction” Section 35.
CPUC rule covers all aspects of design, construction, operation, and maintenance of electrical transmission line and fire safety (hazards).
Section 5.2.5
Section 5.5.4

5.6.7 Jurisdiction

Table 5.6-7 identifies national, state, and local agencies with jurisdiction to issue permits or approvals, conduct inspections, and/or enforce the above-referenced LORS. Table 5.6-7 also identifies the associated responsibilities of these agencies as they relate to the construction and operation of MEC.

Table 5.6-7

Jurisdiction

Agency or Jurisdiction
Responsibility

CEC
Jurisdiction over new transmission lines associated with thermal power plants that are 50 MW or more. (PRC 25500)

CEC
Jurisdiction of lines out of a thermal power plant to the interconnection point to the utility grid. (PRC 25107)

CEC
Jurisdiction over modifications of existing facilities that increase peak operating voltage or peak kilowatt capacity 25 percent. (PRC 25123)

CPUC
Regulates construction and operation of overhead transmission lines. (General Order No. 95)

CPUC
Regulates construction and operation of underground transmission and distribution lines. (General Order No. 128)

CPUC
Regulates construction and operation of power and communications lines for the prevention of inductive interference. (General Order No. 52)

FAA
Establishes regulations for marking and lighting of obstructions in navigable air space. (AC No. 70/7460-1G)

Local Electrical Inspector
Jurisdiction over safety inspection of electrical installations that connect to the supply of electricity. (NFPA 70)

Western Systems Coordinating Council (WSCC)
Establishes power supply design criteria to improve reliability of the power system.
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� Power flow studies for the EMF calculations were performed with an assumed plant output of 620 MW, which is greater than the maximum 600-MW output for the plant. Under extreme conditions, if certain equipment is added, MEC might generate 620 MW. This would give the worst-case flows and was therefore used in the EMF analysis. Setting the output at the plant to 600 MW or 620 MW, or even a large range, does not impact the conclusions on EMF.
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