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2/1/07 DRAFT
Electric and Magnetic Field Best Management Practices

For the Construction of Electric Transmission Facilities in Connecticut

I. Introduction

The Connecticut Siting Council (Council) recognizes that the potential for adverse h
from exposure to power-line electric and magnetic fields (EMF) is a matter of f
Studies conducted from the late 1970’s to date have addressed a range of concerns regarding
potential health risks from exposure to EMF, whether from electric transmission facilities or other
sources. To address these concerns, the Council (in accordance with Public Act 04-246) issues
this policy document “Best Management Practices for the Construction of Electric Transmission
Facilities in Connecticut” It references the latest information regarding scientific knowledge and
consensus on EMF health concems; it also discusses advances in transmission-facility siting and
design that can affect public exposure to EMF.

Electric fields are proportional to electric voltage, decrease rapidly with distance from the source,
and are interrupted by conductive materials such as buildings and vegetation. Magnetic fields
(MF) are proportional to electric current and also decrease with distance from the source, but are
not interrupted by most materials. In addition to power lines, common sources of EMF include
substations, transformers, household electrical wiring, electric tools, and household appliances
such as hair dryers, televisions, and electric ovens. Grounding currents contribute to power line
MF. Estimated average background levels of 60-Hz magnetic fields in most homes, away from
appliances and electrical panels, range from 0.5 to 5 milligauss (mG) (NIEHS, 2002). MF near
operating appliances such as an oven, fan, hair dryer, television, etc. can range from 10’s to 100’s
of mG. As a point of comparison, the Earth has a magnetic field of about 570 mG.! Aside from the
difference in time variation, the Earth’'s steady magnetic field has the same characteristics as
magnetic fields associated with alternating current.

Concerns regarding the health effects of EMF arise in the context of electric transmission lines and
distribution lines, which produce time-varying EMF, sometimes called extremely-low frequency
electric and magnetic fields, or ELF-EMF. In the U.S., EMF associated with electric power have a
frequency of 60 cycles per second (or 60 Hz). Health concerns regarding EMF are focused on
magnetic fields rather than electric fields, since the weight of scientific evidence indicates that
exposure to electric fields, beyond levels traditionally established for safety, does not cause
adverse health effects. Safety concerns for electric fields are sufficiently addressed by adherence
to the National Electrical Safety Code, as amended.

MF levels under transmission lines vary greatly, increasing and decreasing throughout the day as
the demand for electric current in the lines increases and decreases. MF levels in the vicinity of
transmission lines can range from about 5 to 150 mG, depending on electric-current load, height of
the conductors, separation of the conductors, and distance from the lines. The level of the MF
produced by a transmission line drops off with distance from the conductors, becoming
indistinguishable from levels typically found inside or outside homes (away from operating
appliances) at distances beyond approximately 300 feet (The National Institute of Environmental

1. United States Geological Survey: http:/geomag.usgs.gov/intro.html
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Health Sciences, 2002). F

In Connecticut, existing and proposed transmission lines are designed to carry electric power at
voltages of 69, 115, or 345 kilovolts (kV). Distribution lines typically operate at voltages below 69
kV and may produce levels of MF similar to those of transmission lines. The purpose of this
document is to address MF guidelines and engineering practices for proposed electric transmission
lines with a design capacity of 69 kV or more, but not other sources of MF.

il Health Effects from Power-Line MF
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DPH has produced an EMF Health Concerns Fact Sheet (January 2004) that incorporates the
|

[http://www.dph.state.ct.us/Publications/brs/eoha/emf 2004.pdf]

There are no state or federal health-based exposure standards for 60-Hz MF

1. Policy of the Connecticut Siting Council

The Council recognizes that a causal link between power-lme MF exposure and adverse healt
ff h

2 hitp://www.cpuc.ca.gov/PUBLISHED/FINAL DECISION/53181.htm)

3 http.//www.cpuc.ca.gov/static/energy/environment/electromagnetic+fields/
california+guidelines-+for+electrical+facilities+072106+published.pdf
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4 CPUC Decision 93-11-01 3, §3.3.2, p. 10; California Guidelines, at 1.
{NO759001}




DRAFT EMF Best Management Practices
Modified to Reflect Stakeholder Consensus Position

Page 5

he Council notes two general policies it follows in updating its EMF Best Management
Practices and conducting other matters within its jurisdiction. One is a policy to support and monitor
ongoing study. Accordingly, the Council will periodically request an update on changes in public-
health consensus-group positions on EMF, and on any research that identifies adverse health
effects from exposure to power-line electrical and magnetic fields. The second is to encourage
public participation and education. The Council will continue to improve the accessibility of its open
hearings and meetings, its website, <http://www.ct.gov/csc>, its numerous reports and findings—
particularly this one—and the many other proceedings or documents through which it carries out its
mission
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the construction of new electric

A z
0 it _public need. These practices are intended for use by public
service utilities and the Council when considering the installation of such new or modified electric
transmission lines. Such practices are based on the established Council policy of reducing ROW-
edge MF levels with low-cost and practical engineering approaches that do not compromise
syst liability orker safety, or envi Al ; ihetic project ¢ . Ec
of SC JOSE the Council will require calculation of post-
), with MF being projected at the seasonal

construction, in-operation MF levels (i.e., “all lines in”

maximum 24-hour average current load on the line anticipated within five years after the line is
placed into operation.

A. Pre- and Post-Construction MF Calculations

When preparing a transmission line project, an applicant shall provide design alternatives and pre-
construction calculations of MF resulting from each alternative, under 1) peak load conditions, and
2) projected seasonal maximum 24 hour average current load on the line anticipated within five
years after the line is placed into operation. This will allow for an evaluation of how MF levels differ
between alternative power line configurations. The intent of requiring various design options is to
achieve reduced MF levels when possible through practical design changes. The selection of a
specific design will also be affected by other practical factors, such as the design’s cost, effects on
system reliability, visual, and environmental impacts.

!yIF values shall be calculated from the ROW centerline out §

In accordance with
the calculation shall be done at the location of maximum line sag (typically mid-
span), and shall provide MF values at 1 meter above ground level, with the assumption of flat
terrain and balanced currents. The calculations shall assume projected load growth five years
beyond the time the lines are expected to be put into operation, and shall include changes to the
electric system approved by the Council.

As part of this determination, the applicant shall provide the locations of, and anticipated MF levels

encompassing, residential areas, private or public schools, licensed child day care facilities,
licensed youth camps, or public playgrounds within 300 feet of the proposed transmission-line.
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B. Buffer Zones and Limits on MF

As enacted by the General Assembly in Section 4 of Public Act No. 04-246, a buffer zone in the
context of transmission line siting is deemed, at minimum, to be the distance between the
proposed transmission line and the edge of the utility ROW. Buffer zone distances may also be
guided by the standards presented in the National Electrical Safety Code (NESC), published by the
Institute of Electrical and Electronic Engineers (IEEE). These standards provide for the safe
installation, operation, and maintenance of electrical utility lines, including clearance requirements
from vegetation, buildings, and other natural and man-made objects that may arise in the ROW.
The safety of power-line workers and the general public are considered in the NESC standards.
None of these standards include MF limits.

Since 1985, in its reviews of proposed transmission-line facilities, the Massachusetts Energy
Facilities Siting Board has used an edge-of-ROW level of 85 mG as a benchmark for comparing
different design alternatives. Although a ROW-edge level in excess of this value is not prohibited,
it may trigger a more extensive review of alternatives.

policy to MF. it
required new high-voltage transmission lines to be designed so that the maximum magnetic fields
at the edge of the ROW, one meter above ground, would not exceed 200 mG if the line were to
operate at its highest continuous current rating. This 200 mG level represents the maximum
calculated magnetic field level for 345 kV lines that were then in operation in New York State.

The Florida Environmental Regulation Commission established a maximum magnetic field limit for
new transmission lines and substations in 1989. The MF limits established for the edge of 230-kV
to 500-kV transmission line ROWs and the property boundaries for substations ranged from 150
mG to 250 mG, depending on the voltage of the new transmission line and whether an existing
500-kV line was already present.

The Council will continue to monitor the ways in which states and other jurisdictions determine MF
limits on new transmission lines.

C. Engineering Controls that Modify MF Levels

When considering an overhead electric transmission-line application, the Council will expect the
applicant to examine the following Engineering Controls to limit MF in publicly accessible areas:
distance, height, conductor separation, conductor configuration, optimum phasing, increased
voltage, and underground installation. Any design change may also affect the line’s impedance,
corona discharge, mechanical behavior, system performance, cost, noise levels and visual impact.
The Council will consider all of these factors in relation to the MF levels achieved by any particular
Engineering Control. Thus, utilites are encouraged to evaluate other possible Engineering
Controls that might be applied to the entire line, or just specific segments, depending upon land
use, to best minimize MF at a low or no cost.

Consistent with these Best Management Practices and absent fine performance and visual

impacts, the Council expects that applicants will propose low- or no-cost measures to reduce
magnetic fields by one or more measures including:
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Distance

MF levels from transmission lines (or any electrical source) decrease with distance; thus, increased
distance results in lower MF. Horizontal distances can be increased by purchasing wider ROWs,
where available. Other distances can be increased in a variety of ways, as described below.

Height of Support Structures

Increasing the vertical distance between the conductors and the edge of the ROW will decrease
MF: this can be done by increasing the height of the support structures. The main drawbacks of
this approach are an increase in the cost of supporting structures, possible environmental effects
from larger foundations, potential detrimental visual effects, and the modest MF reductions
achieved (unless the ROW width is unusually narrow).

Conductor Separation

Decreasing the distances between individual phase conductors can reduce MF. Because at any
instant in time the sum of the currents in the individual phase conductors is zero, or close to zero,
moving the conductors closer together improves their partial cancellation of each other's MF. In
other words, the net MF produced by the closer conductors reduces the MF level associated with
the line. Placing the conductors closer together has practical limits, however. The distance
between the conductors must be sufficient to maintain adequate electric code clearance at all
times, and to assure utility employees’ safety when working on energized lines. One drawback of
a close conductor installation is the need for more support structures per mile (to reduce conductor
sway in the wind and sag at mid-span); in turn, costs increase, and so do visual impacts.

Conductor Configuration

The arrangement of conductors influences MF. Conductors arranged in a flat, horizontal pattern at
standard clearances generally have greater MF levels than conductors arranged vertically. This is
due to the wider spacing between conductors found typically on H-frame structure designs, and to
the closer distance between all three conductors and the ground. For single-circuit lines, a
compact triangular configuration, called a “delta configuration”, generally offers the lowest MF
levels. A vertical configuration may cost more and may have increased visual impact. Where the
design goal is to minimize MF levels at a specific location within or beyond the ROW, conductor
configurations other than vertical or delta may produce equivalent or lower fields.

Optimum Phasing

Optimum phasing applies in situations where more than one circuit exists in a ROW. Electric
transmission circuits utilize a three-phase system with each phase carried by one conductor, or a
bundile of conductors. Optimum phasing reduces MF through partial cancellation. For a ROW with
more than two circuits, the phasing arrangement of the conductors of each circuit can generally be
optimized to reduce MF levels under typical conditions. The amount of magnetic field cancellation
will also vary depending upon the relative loading of each circuit. For transmission lines on the
same ROW, optimizing the phasing of the new line with respect to that of existing lines is usually a
low cost method of reducing MF.

MF levels can be reduced for a single circuit line by constructing it as a “split-phase” line with twice

as many conductors, and arranging the conductors for optimum cancellation. Disadvantages of the
split-phase design include higher cost and increased visual impact.
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Increased Voltage
MF are proportional to current, so, for example, replacing a 69-kV line with a 138-kV line, which
delivers the same power at half the current, will result in lower MF. This could be an expensive

mitigation to address MF alone because it will require the replacement of transformers and
substation equipment.

Underground Installation

Burying transmission lines in the earth does not, by itself, provide a shield against MF, since
magnetic fields, unlike electric fields, can pass through soil. Instead, MF can be reduced by certain
inherent features of an underground design. The closer proximity of the currents in the conductors
provides some cancellation of MF, but does not eliminate it entirely. Underground transmission
lines are typically three to five feet below ground, a near distance to anyone passing above them,
and MF can be quite high directly over the line. MF on either side of an underground line, however,
decrease more rapidly with increased distance than the MF from an overhead line.

The greatest reduction in MF can be achieved by “pipe-type” cable installation. This type of cable
has all of the conductors installed inside a steel pipe, with a pressurized dielectric fluid inside for
electrical insulation and cooling. Low MF is achieved through close proximity of the conductors, as
described above, and through partial shielding provided by the surrounding steel pipe.

Lengthy high-voltage underground transmission lines can be problematic due to the operational
limits posed by the inherent design. They also can have significantly greater environmental
impacts, although visual impacts are eliminated. The Council recognizes the operational and
reliability concerns associated with current underground technologies and further understands that
engineering research regarding the efficiency of operating underground transmission lines is
ongoing. Thus, in any new application, the Council may require updates on the feasibility and
reliability of latest technological developments in underground transmission line design.
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