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CHAPTER 11
POWER DISTRIBUTION AND COMMUNICATION SYSTEMS

11-1. General.

The basic design requirements for wire and cable
networks for power transmission and communica-
tion Systems are not unique in the cold regions and
TM 5-811-1/AFM 88-9, Chap. 1, should be used for
the design of these systems. Special concern is
needed to ensure proper grounding in permafrost
areas, to maintain stability of towers, poles, guy
wires and anchors, and for direct burial of cables.

11-2. Grounding.

Areas with permafrost do not provide acceptable
grounding conditions due to the high resistance of
frozen ground. In these locations al the facilities are
tied together, including electrical wiring, petroleum,
oil, and lubricant (POL) piping meta building, POL
storage tanks, water and sewer lines, etc., to form
one large grid network. This network is then
connected to awater well casing that penetrates the
permafrost layer and results in an acceptable
ground. If no well casing exists, the grid system is
connected to a ground rod that does not penetrate
the permafrost. Thiswill provide a common floating
ground with everything a the same electricd
potential. Thisis an acceptable approach aslong as
everything is bonded to that common ground.
Another possibility is to place a grounding cable
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grid into a nearby lake.

11-3. Underground Systems.

Power and communication networks have been
successfully installed in the utilidor systems des-
cribed in chapter 8. The direct buria of cablesin the
active layer in frost-susceptible soils must be
avoided. The freezing and expansion of these soils
will result in structural failure of the cable or severe
mechanical damage. Buried conduits or ducts must
be placed in non-frost-susceptible backfill materials.
Prime congderation will be given to placing a gravel
and non-frost-susceptible material pad on the
existing ground surface and burying the cables in
this new pad if a buried system is required. As
shown in figure 11-1, the gravel pad also serves as
aroad or walkway.

11-4. Aerial Systems.

Ice buildup will be a problem for aerid cables,
particularly in coastal locations. Preventive mea-
sures have included the use of a steel conductor to
increase tensile strength and to alow resistance
thawing. The mgor engineering problem with aeria
systems in the cold regions is the stability of the
supporting towers or poles. The upper soil layer,
known as the active zone, goes through a freezing
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Figure 11-1. Underground cable guidelines.
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and thawing cycle on an annual basis. In the spring
this zone may go through severa freezing cycles
due to warm days and cold nights. This freezing
causes significant expansion, depending on the soil
type and moisture content. The expansion is very
significant with fine-textured gty soils when a
source of unfrozen water is available. Further details
on this soil “heaving” can be found in TM 5-852-
4/AFM 88-19, Chap. 4. The practical effect on
towers and polesisto apply an upward force to the
unit that may result in overstress and mechanical
falureor in differential vertical movement between
components. It is necessary to design the towers or
poles to resist these upward forces, or to allow the
unitsto "float" up and down with the expansion and
contraction caused by heaving of the active layer, or
to replace the frost-susceptible soils with clean
gravel. In many cases the utility pole will move up
due to the heaving forces but cannot return to its
origind postion because of the flow of soil into the
void. The net effect is an annua increment of
upward movement that will eventualy "jack" the
pole out of the ground.

a. Towers Typicd desgnsfor tower foundations
on gravel pads and on or in frost-susceptible soils
are shown in figures 11-2 and 11-3. Technicd
detallsfor these designs are discussed in TM 5-852-
4/AFM 88-19, Chap. 4. The above-surface gravel
pads provide some surcharge for resistance to heav-
ing forces but some vertical movement is likely. At
the end of the thaw period the pad will settle to its
original position. The anchors for guyed towers
provide the maor resistance to uplift and provide
latera ability. If the footings for towers are placed
in the frost-susceptible material they will be moved
upward during the heaving phase, but as described
in the previous section, the footing will not then
settle back to its original position when seasondl
thawing is complete. A progressive failure will result
because the footing will be moved upward another
increment each year until the resistance to
overturning is insufficient.

b. Poles. A very strong bond can develop
between the frozen soil and the surface of an
imbedded power pole. This bond, if developed in
the active layer with frost-susceptible soils, will lift
the pole out of the ground. Wooden poles are
commonly used for both power and communications
systems. Two measures are commonly taken for
permanent construction where permafrost is
relatively close (3-5 feet) to the surface:

— Sufficient imbedment in permafrost is pro-

vided so that the bond developed in that zone
can resist the uplift forces due to heaving in
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the active layer.
— The active zone portion of the hole is
backfilled with non-frost-susceptible materials
or this portion of the pole is wrapped with a
10-mil polyethylene deeve to prevent
development of a bond.
The “rule-of-thumb” for polesin the 50-foot range
is to place 10 percent of the above-ground height
plus another 4 feet into the permafrost (example-50
feet above ground height would require 9 feet of
embedment). A "rule-of-thumb" for shorter polesis
to provide an embedment in permafrost for a depth
equal to about 2-1/2 times the thickness of the
active layer. Holes for these poles or support piles
are made with a drill or soil auger and are made
dightly larger (3-4 inches) than the diameter of the
pole. A dlurry of native soil or sand with water is
then placed around the pole to the top of
permafrost. This construction is often done in the
winter when the active layer is also frozen. Thiswill
allow easier access with minima environmenta
disturbance. Rock-filled cribs (fig 11-3) are used
where permafrost is very deep, or rock very
shallow, or for temporary or semi-permanent
construction. Tripod or "tepee" pole configurations
using local tree saplings or poles in gravel-filled
drums have been used for lightweight wires and
cablesin expedient situations.

c. Anchors. Anchors for tower guy wires will be
designed in accordance with TM 5-852-4/AFM 88-
19, Chap. 4. The mgor concern is progressive
movement or "creep” of the anchor in ice-rich soils
with temperatures just below the freezing point.
Manufacturers ratings for design capacities of
commercidly available earth anchors will be reduced
by 75% if placed in thawed soil above the
permafrost layer. As described in TM 5-852-4/A
FM 88-19, Chap. 4, special helical anchors have
been developed for installation in permafrost.

11-5. Special considerations.

There are other special considerations that relate to
construction of electrical distribution systemsin the
cold regions due to responses to low temperatures
or other environmental factors:

a. Nylon-jacketed conductors (type THWN),
when used at low ambient temperatures, tend to
experience separation of the insulation from the
jacket.

b. Molded case circuit breakers and stored
potential switches are not always dependable at ex-
tremely low temperatures. The alternative use of
fuses should be considered or supplementa heat
provided to raise the ambient temperature of the
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equipment enclosure. ficult to start. Either the lights must remain ener-
c. Low temperature, specia aloy sted is fre- gized continuoudy during extreme low temperatures
quently used for transformers, circuit breakersand  or provided with integral thermostats to turn on the
other exterior electrical distribution apparatus. lights when the temperature drops below -22
d. Cold westher starting of street lighting can be  degreesF, the present low limit of the typical ballast
a problem. Mercury vapor lights are especialy dif- manufacturer's ratings.
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Figure 11-2. Granular pad utility tower foundations (NFS =
non-frost-susceptible material).
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Figure 11-3. Foundation designs employing minimum and no
granular material for utility towers and power poles.
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