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1 EXECUTIVE SUMMARY

This report focuses on the Electric and Magnetic Fields (EMF) studies that were performed on the Crocker
Wind 345kV Transmission Line. The purpose of the EMF analysis is to determine the maximum electric and
magnetic fields that will be produced by the proposed 345kV Transmission Line. The study is broken into
two separate calculations: Electric field and Magnetic field. The electric field is a function of the overall
operating voltage of the proposed transmission line, which increases in intensity around a given conductor as
voltage increases. Magnetic field is a function of the maximum operating current of the proposed
transmission line, which increases around a given conductor as current increases. Both electric field and
magnetic field values are affected by line geometry and distance from the energized conductor.

The electric and magnetic field calculations in this report were based on the use of 954 54/7 “Cardinal”
ACSR conductor in a 2-bundle configuration. Wire heights were based on a minimum ground clearance of
27°-9”, and the typical tangent structure. The typical tangent structure upon which the calculations were
based is a single pole, braced post structure with 15’ vertical phase spacing and braced posts that extend
horizontally approximately 14.5° from the pole centerline. The right-of-way width being studied is 150 feet.
The Crocker Wind Farm turbine output will be 200MW, which equates to approximately 375 amps at
345kV.

The calculated maximum electric field intensity for the Crocker wind 345kV transmission line is 6.74kV/m
occurring at 15 feet from the proposed transmission line centerline, and 1.11kV/m at the edge of the
proposed right-of-way. The calculated maximum magnetic field intensity for the Crocker Wind 345kV
transmission line is 62.98 MilliGauss at 10 feet from the proposed transmission line centerline, and 12.41
MilliGauss at the edge of the proposed right-of-way.

These calculated values are well-within industry standards, and no adverse impacts are expected due to the
presence of the electric and magnetic fields caused by the proposed Crocker Wind 345kV transmission line.

2 STUDY CRITERIA

2.1 Study Purpose
The purpose of this EMF analysis is to determine the maximum predicted electric and magnetic field levels

produced by the 345kV Transmission Line at the location of their maximum intensities, and at the edge of
the proposed right-of-way.

2.2 Software Used

The software used for both electric and magnetic field calculations was developed by Bonneville Power
Administration (BPA). Two different programs were used; MF CALC (for the magnetic field), and EF
CALC (for the electric field). The BPA method for calculating electric and magnetic fields is an empirical
method developed from long-term measurements on a number of full-scale operating or test lines. It is
specifically designed to calculate electric and magnetic fields based on phase configuration, conductor size,
number of conductors, and voltage (electric field), and current flow (magnetic field).

2.3 Assumptions

The proposed conductor for the 345kV Transmission Line is 954 54/7 ACSR “Cardinal.”

¢ 1.196 in. diameter
»  Two conductors per phase
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Typical single circuit direct-embedded steel poles in delta configuration

* 15.0 feet spacing between phases
*  Minimum ground clearance of 27°-9” feet when conductor is at max sag

Right-of-way width is 150 feet for the purposes of these calculations.

3 RESULTS

Magnetic Field

Magnetic fields are present around any electrical conductor and electrical device, including household
wiring, electrical distribution lines, substation equipment, and household appliances. The magnetic field
intensity, or magnetic flux density, is measured in MilliGauss, and is proportional to the current flow on the
transmission line. It is calculated at one meter (3.28 feet) above the ground, with maximum turbine output
and at the lowest point of sag. Measurable magnetic field will only occur in the immediate vicinity of
transmission lines, as it decreases in strength the further away from the energized conductors.. Some
examples of common sources of magnetic fields, and their intensities, measured in MilliGauss (mG), is listed
below.

Appliance Distance from Source
6 inches 1 foot 2 feet
Hair Drier 300 1 -
Electric Shaver 100 20 -
Can Opener 600 150 20
Electric Stove 30 8 2
Television NA 7 2
Portable Heater 100 20 4
Vacuum Cleaner 300 60 10
Copy Machine 90 20 7
Computer 14 5 2

Source: EMF In Your Environmeni (EPA 1992).

The calculated peak magnetic field expected from the proposed Crocker Wind 345kV transmission line is
62.98 mG, which occurs at approximately 10 feet from the proposed transmission line centerline. At 75 feet
from the proposed centerline transmission line (the edge of the right-of-way), the calculated peak magnetic
field is 12.41 mG. The peak magnetic field intensities occur at the maximum turbine output from the
Crocker Wind farm, which is approximately 375 amps at 345kV. The magnetic field’s maximum intensity
occurs at 10 feet from the centerline due to the delta phase configuration of the transmission line tangent
structure (two phase conductors are on one side of the pole, and the third phase is on the other side of the
pole). Maximum field levels occur under the conductors on the side of the structure with two phases.

Because the magnetic field varies with current flow through the conductors on the transmission line, the
normal magnetic field when the Crocker Wind project is in operation will be of much weaker intensity.
Actual current flow (and associated magnetic fields) will vary throughout the day as wind speed changes, and
turbine output varies. Peak output of the wind project is only anticipated a limited number of times
throughout a given year.
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There are no federal regulations on maximum magnetic field intensity, however, Florida and New York both
limit the magnetic fields on new transmission lines to 200 MilliGauss at the edge of the right of way. The
peak magnetic field intensity on the Crocker Wind project, as described above, is far below this level.

Table 1: Input Data, with maximum combined turbine output

Conductor | X-feet Y-feet Amps Phase (deg)
1 14.5 57.5 375 0
2 -14.5 42.5 375 120
3 14.5 27.5 375 240

Table 1a: Calculated Magnetic Field Results

Magnetic Field Results, MilliGauss

Left CL Right

Feet from CL | -75 -70 -60 | -50 | -40 -30 | 20 | -10 0 10 20 30 40 50 60 70 75

MilliGauss | 12.41 | 14.05 | 18.29 | 24.37 | 33.06 | 44.75 | 57.06 | 62.98 | 59.45 | 51.16 | 41.77 | 32.87 | 25.38 | 19.58 | 15.26 | 12.07 | 10.81

Graph 1: Maximum Magnetic Field (in MilliGauss) at one meter above ground at distances in feet
from centerline of transmission line (single pole delta configuration).
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Electric Field

Electric fields, like magnetic fields, generally only occur within the immediate vicinity of transmission lines,
and are present around any electrical device. The further away from the energized conductors (or device),
the weaker the electric field strength. However, unlike magnetic fields, electric fields increase intensity with
voltage, rather than current. Electric fields can induce current on nearby conductor objects, such as metal
shovels, metal tanks, metal fences, etc. It is also possible for humans to also become electrically charged
when underneath a transmission line. This normally goes unnoticed, and is generally harmless.

The electric field is measured in kilovolts per meter (kV/m) and is proportional to the voltage on the
transmission line. It is calculated at one meter (3.28 feet) above the ground, with maximum line voltage, and
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at lowest point of sag. Maximum conductor voltage is defined as the phase-to-ground operating voltage plus
5% to account for potential overvoltage situations. (5% overvoltage is an industry standard value used as
voltage can vary slightly depending on system conditions.) This equates to 209 kV when considering a
transmission line with phase-to-phase voltage of 345kV. Table 2 below shows the input values for the
calculation.

The maximum electric field for the Crocker Wind project is calculated to be 6.73 kV/m at 15 feet from the
proposed transmission line centerline. At 75 feet from the proposed transmission line centerline (the edge of
the proposed right-of-way), the calculated electric field is 1.11 kV/m. The maximum electric field occurs 15
feet offset from the transmission line centerline due to the delta phase configuration of the transmission line
poles (two phase conductors are on one side of the pole, and the third phase is on the other side of the pole).
Maximum field levels occur directly under the phase conductor on the side of the structure with two phases.
Graph 2 below illustrates the electric field intensity as compared to the proposed transmission line centerline.

Table 2: Input Data at 5% overvoltage

Conductor Phase-Ground
Conductor | X-feet Y-feet N cond Diameter voltage (with Phase (deg)
(in.) overvoltage)
' kV)
1 14.5 57.5 2 1.196 209 0
2 -14.5 42.5 2 1.196 209 120
3 14.5 27.5 2 1.196 209 240
Table 2a: Calculated Electric Field Results
Electric Field Results, kV/m
Left CL Right
Feet from CL | -75 | -70 | -60 | -50 | -40 | -30 | -20 | -10 0 10 20 30 40 50 60 70 75
kV/m | 1.11 | 1.26 | 1.63 | 2.10 | 2.62 | 3.01 | 2.98 | 2.67 | 3.99 | 6.24 | 6.55 | 4.82 | 3.01 | 1.88 | 1.29 | 1.00 | 0.90

Graph 2: Maximum Electric Field in kV per meter at one meter above ground, at distances in feet
from the centerline of the transmission line (single pole, delta configuration)
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There are currently no regulations in the state of South Dakota for maximum electric field intensity from a
power transmission line. However, neighboring states North Dakota and Minnesota do require that new
transmission lines limit maximum electric fields to 9 kV/m and 8 kV/m, respectively, within the right-of-
way. The Crocker Wind project electric field levels will be below these thresholds.

4 CONCLUSIONS

Based on the results in Section 3, both the electric and magnetic field levels are well within industry
recommendations when calculated with 2-bundle 954 54/7 ACSR “Cardinal” conductor. No adverse impacts
are anticipated based on the study results, therefore no mitigation is required at this time.
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