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I ntroduction

Field management minimizes the impad that magnetic or eledric fields have ontheir
surroundngs. It may be necessary to reduce éedric- or magnetic-field interferenceor to alay
pulic or employee @ncern. The management of magnetic or eledric fields may invalve the
foll owing:

* educaional and measurement programs
e prudent avoidance
e sSite arangement
e design change
» cancdlation
» shielding
or a ambination d these methods.

A variety of field-management techniques has been developed so that they are avail able for use
shoud they be nealed to reducefields[1,2,3,4,5,6,7,8]9 Management of eledric fields, when
required, is usually acampli shed through materia shielding or sourcerearangement. Examples
of eledric-field shielding techniques are mnductive suits used by transmisson live-line workers
and conductor rearangement or compadion d power lines. Power-line phase arangement or
compadion can be used to reduce éedric fields, athough corona dfeds such as audible noise,
radio ndse, and coronalossmay increase. Grids of wires, grounded metal-covered walkways, or
appropriately placead trees may also be used to reduce éedric fields and associated eledric
shocks that may be due to the dedric fields. Eledric-field shielding techniques are discussed in
Reference9. Management of magnetic fields can be more difficult because they are not
effedively shielded by many materials. This s/nopsiswill focus on magnetic-field management.

Magnetic-field Management Technology

Figure 13-1 providesinsight to several field-management strategies. It provides the magnetic-
field equations for four different wire configurations. Thefirst isasingle arrent-carrying wire.
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The secondis an example of lines carrying equal but oppasite airrents, such asthewiringin a
residence. Thethird example hasthe arrent in ore of the condictors lit and pasitioned on
either side of the other conductor. The fourth wiring example isa aurrent loopsimilar to the
current flow that might be foundin many common appli ances.
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Figure13-1. Magnetic-field equationsfor four different wire
configurations. | isin Amperes; A isin square
meters; R isin meters; and B isin milligauss.

Five methods of field management can be derived from observation d Figure 13-1.

* Increase distance (R) from the conductors.

* Match the aurrent (1) in a cnductor with an oppaing current in aneaby condtctor.
* Deaeasethe distance (P) between the condictors or the aea(A) of theloop.

» Split the arrent (1) of one conductor and pasition aroundthe other condictor.

* Deaeasethe arrent (1).

A sixth field-management optionisto reducethe field in seleded areas (shielding) by use of
condwcting materials that cancd the field through induced eddy currents, or by flux-shurting
materials that redired the magnetic field. Essentialy al field-management strategies make use
of one or more of these techniques.

Distance

Distancefrom magnetic-field sources can be obtained by rearanging a site, such as an dfficeor
room in ahome, so that areas with higher magnetic fields are lessfrequented. In some cases, the
magnetic-field sources can be relocated to increase the distance

Current Reductions

The magnetic field can be reduced by deaeasing the aurrent in asource For transmisson and

distribution lines, ore methodto reducethe aurrent isto increase the voltage. Thiswill deaease
the aurrent for the same anourt of power transfer (Power = Voltage xCurrent = 2 Voltage x¥2
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Current). While this may be aviable option for new power lines, it would require extensive
changes for existing lines and transformers. Simil arly, this option might be posgble for new
buildings (if equipment and appliances were realily avail able & the higher voltage), bu would
require extensive changesin wiring, outlets, or transformers for existing buil dings.

Idedly, the net current (vedor sum of currents) on aset of condwctorsis zero; however, thisis
nat aways the cae where there ae multi ple groundng paths in the power distribution system, as
illustrated in Figure 13-2. Current may return to atransformer through bah the service neutral
and multi ple neighbarhoodgroundng paths[10,17. Overal improvement of the power-system
neutral and its conredions, dieledric coudersin the water system, or Net Current Control
Deviceson service @nductors (Figure 13-3) [12,13 can reduce stray groundng current and the
resulting magnetic fields.

Figure13-2. Multiple grounding pathsin a neighbor hood.
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Figure13-3. Net Current Control device inductively couplesthe neutral
and voltage conductor stogether, encouraging current to
return on the neutral instead of on alternative ground
paths.
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Currents can be reduced by improving the power efficiency of devices. Devices at higher
operating voltages will also deaease their current use for the same power usage.

Design Changes

Design changes can reduce the magnetic field of sources. Thisisusually acamplished by
deaeasing the distance between conductorsl] for instance, deaeasing the loopsize in appliances
to provide better cancdlation d the airrents. Figure 13-4 provides an example of thisfor an
eledric-range dement [14].
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Figure13-4. Exampleof alow-field electric range element
compared to atypical electric-range element. Inthe
low-field range element, the current returnsalong
the same path, minimizing the current loop size.

Reducing the phase spadng of power lines, knowvn as compadion, can lower their magnetic
fields. Figure 13-5 ill ustrates the midspan compadion d an existing line using interphase
insulators [15]. Not only isthe phase spadng of the line reduced, bu aso the groundcleaance
of thetwo outer phasesisincreased. The use of interphase space's may not be gpropriate for all
lines due to concerns with structural loading, line tensioning, or corona performance.

EXAMPLE OF IN-SPAN COMPACTION

Figure13-5. Midspan compaction of an existing line using inter phase-
insulator swithout line structure changes.
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Other power-line design changes that can reduce the magnetic field include phase arangement
onmultiple-line corridors and phase splitting. The aurrent phasing of multi ple power lines onthe
same tower or corridor can be aranged to provide some cancdlation d the arrents and thus
lower fields.

Phase aurrents of power lines can also be split and dace, as ill ustrated in Figure 13-6 for two
split-phase line designs to further reducethe magnetic field [15]. This provides even better
cancdlation d the aurrents than for a cmpad line, so that the magnetic fields deaease with the
cube of the distanceinsteal o just the square of the distance Figure 13-7 compares the
magnetic-field profile of a ompad verticd split-phase 115kV lineto the field profile of a
conventional 115kV line with aflat configuration.
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Figure13-6. Two split-phase line designs.
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Figure13-7. Exampleof a compact vertical 115-kV low-field split-phase
line. The magnetic-field profileiscompared to the
magnetic-field profile of a conventional flat 115-kV line
with a 12-ft. phase spacing.

Compadion and phese-current splitti ng are dfedive only when the line has essentially no ret
current and the aurrents are well-balanced. Thisisusualy the cae for higher-voltage
transmissonlines, but it isnat necessarily true for distribution lines and for some lower-voltage
transmissonlines[16]. Low-field line design ogions such as compadion and phase-splitti ng are
discussed in severa references[1,2,7,8,1%. Compadion can provide field reductions of afador
of 2 ar 3, whil e phase-current splitti ng can provide field reductions by afador of 10, depending
onlocation.
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Even greaer field-reductionfadors are possble for compaded and split-phase lines designs [ 2]
through extreme compadion d theline design. Extreme compadionispaossbleif theline
conductor motionis limited through the use of interphase spaces, very short span lengths, or
very high linetensioning. The cnductor motion must be limited in order to maintain sufficient
conductor separation to adequately prevent line flashovers; however, other line-design fadors
such asinsulation strength, condictor vibration, a maintenance accesmay then become the
limiti ng fador.

Any change in power-line design will affed the line impedance, corona performance, mechanicd
behavior, flashowver, andtota system performance These fadors must also be cnsidered when
evaluating line design changes for magnetic-field management.

Field Cancellation with Current Loops

Loops of current can be placed to reduce or cancd the magnetic field in speafic aeas sich as
rooms with equipment sensiti ve to interference from magnetic fields. The arrent in the loops
can be ather adively driven (adive loops) or passvely induced by existing fields (passve
loops). A discusson d field cancdlation with loops is provided in Reference 3.

ActiveLoops

Active loops generally have amagnetic-field sensing coil | ocaed in the field of interest. The
signa from the sensing coil provides feedbadk to control the anourt of current driven in the
loop.[17]. The adiveloopislocaed such that its magnetic field reduces or cancdsthe existing
magnetic field.

Active loops can consist of multi ple-turn coil swith small condtctors, because the arrent is
adively drivenin theloops. The adively driven current can also contain harmonics of the power
frequency, if necessary, to reduceor cancd harmonicsin the existing magnetic field. An adive
loopcan be amulti ple-frequency device bu it doesrequire externa power. Active loops can
esentialy cancd the magnetic field at spedfic locaions, bu will i ncrease the field at other
locaions.

Passveloops

Like adive loops, passve loops are oriented so that their field will reducethe existing magnetic
field. Current isinduced in passve loops, however, by the existing field. Passve loops usually
consist of single large condictors to minimize impedance A series cgpadtor is often paced in
theloopto help cancd the loop sinductive readance thus lowering the loog s overall
impedance. Sincetheloopcurrent is passvely induced, low overal im pedance of the loopis
criticd.

Passve loops are self-regulating, couded dredly to the externa field, and require no externd
power. Passveloops are optimized for pe& field-cancdlation performance d a spedfic
frequency (usualy the power frequency) [18,19. They are esentially single-frequency devices.
If harmonics are present, multi ple loops tuned to spedfic harmonic frequencies are required.
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Passve loops can dften be designed to reducethe magnetic field in an areaby fadors of 3 to 8,
but will i ncreese fields in ather aress.

Material Shielding

Field management can aso be atieved through use of materia shielding. Materia shielding of
acmagnetic fields uses either condictive material or ferromagnetic material. To be more
effedive, materia shields s1oud enclose ather the magnetic-field sourceor the aeato be
shielded, asill ustrated in Figure 13-8. Connredions between sedions of shielding material
shoud be seaurely joined by soldering or welding [6,20.
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Figurel3-8.  Tominimizefringing of the magnetic field around the
edges of the shield, the material shield should essentially
enclose either (a) theareato beshielded or (b) thefield
source. Thiscan beaccomplished by extending the shield
material up past theareato be shielded or down past the
field source.

Conductive Material (flux cancedlation)

Conductive material ads asashield because induced eddy currents produce amagnetic field that
oppases the existing magnetic field. A conductive shed is smilar to an infinite number of
microscopic passveloops. Thefield perpendicular to the cmnductive shed induces the eldy
currents. Thus, a mnductive shed is most effedive in shielding magnetic fields perpendicular to
its aurface It haslittle dfed onfields parall el to its surface[1,6,21,22.

Ferromagnetic Material (flux-shurting)

Ferromagnetic material shields by redireding the magnetic field. Ferromagnetic materials, such
asiron a sted, shurt the magnetic flux past an areg essentially providing a short cut between
two pants, or short circuit, for the magnetic field. It is most effedive shurting flux that is
parale toits surface it haslittl e dfed onthe magnetic field perpendicular to its surface An
effedive flux-shurting material is one with ahigh permeability. Ironand sted have high
permeabiliti es, bu some dl oys[] such as mu-metal, amix of nickel, iron, copper and
chromiuml] have even higher permeabiliti es. These dl oys have higher permeabiliti es than just
iron a sted but are more expensive and can be difficult to handle [6,21]; however, they can be
quite dfedive for shielding small regions (PC monitors).

Combination o Materials

Some materials provide both flux-shurting and condtctive-eddy current shielding. Iron and sted
are bath flux-shurting and conductive materials. They can provide flux-shurting at DC and low
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frequencies and conductive-eddy current shielding at higher frequencies. The geometry of source
and shield interads with these materialsin a ammplex way. Changing the source - shield distance
may produce poarer shielding at low frequencies, bu better shielding at higher frequencies. An
effedive method d providing both conductive and flux-shurting shielding isto use layered
conductive and high-permeability materias, such as an aluminum-sted sandwich. An
aluminum-sted sandwich can often provide better shielding than a single material layer of

similar thickness[1,6,20,23.

Aluminum or sted plates can reduce magnetic fields by fadors of 5 or 10in many situations.
Speda materias, such as mu-metal, can reducefields by even larger fadors in certain situations.

Field Management Situations

RAPID Engineeing Projed #8 considered six distinct sources of magnetic fields. They are &
follows:

e transmisgonlines

e distributionlines

* substations

* building wiring

e gppliances

e trangportation systems.

Ead source presented a unique set of limitations and pashiliti es for field-management options.
The dfediveness cost, environmental impad, and safety concerns of the field-management
options were mnsidered for ead of the six sourcesituations[1].

Transmission Lines

Magnetic-field management techniques of line cmpadion, phase-splitti ng, voltage upgrading,
underground ppe-type cdles, and passve cancdlation loops were evaluated. A 500-kV or 765
kV option could na be identified to med 50- to 100mG field levels on the right-of-way. A
passve loopmight be an eff edive methodto keeo the field levels below 50 mG at the elge of the
right-of-way. Costsfor a345kV line could triple or quadruple to med a20-mG level onthe
right-of-way, and increase by as much as 50% for 230-kV linesand 2®% for 69-kV to 115kV
lines. Underground ppe-type cdles would likely be needed to reat a2-mG level nea thelines,
but they are not commercially avail able for voltages excealing 345 K/ [1]. Outside the right-of-
way, magnetic fields could be kept below 5 mG for most new 69-kV to 230kV linesfor an
approximately 25% to 50% increase in cost using compadion and split-phase designs [7].

Distribution Lines
Magnetic-field management techniques of line compadion, phase-splitti ng, voltage upgrading,
and ret-current control were evaluated for balanced phese - current condtions. For balanced

current condtions, significant cost increases were seen orly when field levels of 5 mG or lessin
the right-of-way were used. Costsincreased upto 40% for 13.2kV line designs, and 50% or
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more for 34.5kV lines, in order to read a2-mG level in theright-of-way. Heavily loaded
distribution circuits would likely require undergroundcondut to read a2-mG level in areas nea
theline.

For balanced current power lines, the use of space cable (small distance <1’, between insulated
condwctors) would reducethe fieldsin neaby residencesto below 2 mG. However, untalanced
current (zero sequence airrent) condtions on dstributionlines are mmmon [24]. If 2-5-mG
levels were set as targets, control of zero sequence arrent (net current) would be necessary. This
would require dhangesin dstribution-voltage seledion, groundng methods, line design, and
transformer sizing [1].

Substations

Most of the magnetic field at a substation perimeter is due to transmisson and dstribution lines
entering and existing. Costs and limitations would be similar to those listed for transmisson and
distributionlines. A low-field substation might require an expansion d the perimeter fence
Methods for reducing the fields in the substations encourtered by workers include shielding of
metal-clad switchgea and gas-insulated buses [1].

Building Wiring

A variety of resident/utility customer-owned power-distribution equipment exists: for instance,
transformers, switchgea, buses, service panels, and general wiring. Groundng beyondthe
service panel can be asignificant field sourceif alternate return-current paths are aeaed.

For new buil dings, magnetic fields in frequently occupied areas can likely be minimized through
caeful planning and pasitioning of equipment with littl e or no additional cost. The magnetic
fields due to transformers, buswork, and feeders pase amore difficult problem to manage, if
necessry.

Field management includes wiring to avoid or corred stray return-current loops, install ation d
net-current control devices (Figure 13-3), use of metal condut, and material shielding of buses,
feeders, and transformer vaults. A 2-mG to 5mG target level in al areas could increase the
install ation cost of vaults, buses, and feeders by 50to 100%.

Magnetic-field management in existing buil dings will be more difficult than for new
construction. Wiring changes and materia shielding will li kely be required with costs dependent
onthe target magnetic-field level and situation. Some office buil dings have dready had to
retrofit with magnetic-field shielding to reduce mmputer-display interference [1].

Appliances
The primary sources of magnetic fieldsin end-user devices are resistive heding elements,

motors, transformers, power cords, and general wiring. Field-management options for these
include use of adjacent return (Figure 13-4) or bifili ar heding elements, replacement of
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inexpensive motors with more expensive heavier-duty motors, use of torodial transformers,
compadion d wiring, andinstallation d shielding for most sources. Some industrial-welding
and eledricdly heaed metal-melting processes would present extraordinary costs and design
chall enges to med low-field limits[1].

Transportation Systems

Power and low-frequency magnetic-field limits would affed eledric transportation systems sich
asrallways. Field limitswithin the transportation right-of-way would be difficult to med, given
the design of the system. Field-management techniques might include dual overhead bus-type
feed systems, use of higher voltages, and shielding [1].

Summary

A variety of field-management strategies has been developed for use if needed. Some of these
management tedhniques for magnetic field have been used to reduceinterferencewith
equipment, such as PC monitors, or to alay pulic or employee oncern. Field management can
be acomplished through separation, source modification, a shielding with loops or material.
The st of field management depends grongly onthe magnetic-field source and the target field
criteria. Field management becomes much more @stly and complex when source modificaion
or material shielding become necessary. Eledric-field management, when necessary, can usualy
be acomplished with condictive materia shielding.

Key Questions
1. How cost-effedive ae various field-management options in reducing popuation exposure to

magnetic fields?

2. How could field-management techniques be gplied to oltain the best field reduction for the
most people?

3. How shoud field management, engineaing, and cost asessnents be evaluated for new lines
versus retrofit of existing lines or total line gplicaion versuslocd site gplicaions?

4. What inconveniences and lifestyle dhanges will t he various field-management options
impose?

5. What field-management options will society accept?

6. Arethere wllateral benefits provided from field-management options? Possble examples
would be: more dficient apgiances from reducing currents; smaller apdiances dueto
compact wiring; small er transmisgontli ne right-of-way resulti ng from compact lines,
stronger buildings andless pace between floors due to more sted andlessconcrete.

7. Arethereincreased risks (downsides, such as sfety isaues) to the field-management options?
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