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CHAPTER 1
GENERAL

1-1. Purpose.

The purpose of thismanud isto provide criteria and
guidance for design of utility systems for military
facilitiesin arctic and subarctic regions. Only design
criteria unique to cold regions (the Arctic and
Subarctic) are provided. Where conventiond
practice is acceptable, appropriate references are
given.

1-2. Scope.

This manual appliesto all U.S. Army and U.S. Air
Force instalations in the Arctic and Subarctic.
Topics covered include water supply, wastewater
collection, treatment and disposal, fire protection,
utility distribution systems and the thermal calcu-
lation techniques needed for their cold regions
design.

1-3. References.

Appendix A contains a complete list of references
for this manual. The bibliography lists additional
selected technical information on the subject.

1-4. Environmental conditions in the Arctic
and Subarctic.

The design, construction and maintenance of utility
sysems are dl affected by the specia environmenta
conditionsfound in the Arctic and Subarctic. These
conditions include adverse temperatures, wind, and
snow; high costs, remoteness of locations, limited
avallability of congtruction materials and labor; need
for fuel additives, synthetic lubricants, oils and
greases for construction equipment; thermal
stresses; frost heaving and permafrost.

a. Temperature. Thelow temperature prevailing
in the cold regionsis the most critical environmental
factor. The intensity of the cold is important, but
equally critical is the duration of the cold period.
Mean annual air temperatures in the Northern
Hemisphere are presented in TM 5-852-1/AFR 88-
19, Vol. 1. Air temperatures in arctic locations
range from highs of 80 degrees F in summer to lows
of -75 degrees F in winter. Interior locations away
from the tempering effects of oceans or large water
bodies tend to have the greatest extremes. Sub-zero
temperatures can persist for months and it is not

uncommon for air temperaturesto remain below -30
degrees F for a week or more at many locationsin
Alaska

b. Permafrost. Permafrost is defined as any per-
ennially frozen ground. The presence of frozen soil
has the greatest impact on design and construction,
S0 permafrost is typically amajor design considera-
tion. Figure 4-1in TM 5-852-1/AFR 88-19, Val.1,
illustrates the approximate distribution of perma-
frost in the Northern Hemisphere. In the zone of
continuous permafrogt, frozen ground is absent only
at a few widely scattered locations such as at the
bottoms of lakes and rivers. In the discontinuous
zone, permafrost isfound intermittently. TM 5-852-
VAFR 88-19, Vol.1, contains detailed discussion on
both permafrost and seasonal frost.

c. Wind and related factors. Mean annual wind
speeds for most arctic and subarctic locations are
usudly about 5 to 10 miles per hour in the interior
and 10 to 20 mph at coastd locations. The combina
tion of wind and low temperatures results in very
large heat losses from exposed facilities and presents
hazards for personnel. Blowing and drifting snow
can create mgor construction and operationa
problems even when the total precipitation is low.
The location and layout of utility systems and access
points for operation and maintenance must be given
careful consideration during planning and design to
avoid problems with drifting snow.

1-1
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CHAPTER 2
PLANNING UTILITY SYSTEMS

2-1. General considerations.

In the Arctic and Subarctic, utility systems are
usually the most costly component in construction
of military ingtalations. The layout of a new installa-
tion is often controlled by the type of distribution
and collection systems selected for the utilities net-
work. Asaresult, planning for anew installation in
the cold regions must include consideration of utili-
ties at a very early stage to ensure overall cost
effectiveness.

a. Useful life. The useful life for utility systems
and equipment in cold regionsis shorter than for the
same units operated in more temperate climates.
Items of equipment that must operate throughout
the winter are particularly critical. Trucks used for
water delivery or waste collection are examples.
Table 2-1 presents typical useful lives for some
utilities components in the Arctic and Subarctic.

Table 2-1. Approximate useful life of utility
system components in cold regions

Useful Life

Component (years)

Wells 30

Pumps and controls 5
Storage tanks 40
Water distribution lines 40
Meters 10
Valves 10
Sewage collection lines 30
Lift stations (not pumps) 30
Buildings 30
Paint (exterior) 10
Service connections 10-15
Trucks 4
Tracked vehicles ;
Backhoe (occasional use) 6-10

Compressor H

b. Construction methods. The three basic
construction techniques used are modular, stick
built, and prefabricated. The method sel ected must
depend on site conditions and transportation
facilitiesavalable. Modular construction, where the
entire facility or amaor component is preassembled
and shipped via barge to the point of use, has been
widely used at oil field developments on the
northern coast of Alaska. It is advantageous in these
locations since large barges can be used, the
construction season is short, and labor is very
expensive. Barges can usualy begin to arrive in
Barrow, Alaska, and the Eastern Arctic around the

first of September. This means that non-modular
construction materials must be shipped a year in
advance and stockpiled for the next construction
season. The stick-built approach, where all
fabrication is done on site, and the prefabrication
approach, where some components are
preassembled at the point of manufacture, are more
common at interior locations where transport is
limited to air or small rivers. Prefabrication of
insulating piping units has been shown to be cost
effective for remote locations. The norma
construction season varies from two or three
months along Alaska s Arctic Coast to six or eight
months in southern areas of Alaska.

2-2. Installation layout.

The arrangement of buildings and other facilities at
military ingalations must be as compact as possible
to reduce utility construction and operation and
maintenance (O&M) costs. Unserviced areas and
large open spaces such as storage yards, parks and
playgrounds must be located on the outskirts of the
ingdlation. If possible, buildings must be located so
as not to "shade" smaller structures from either sun
or wind. Improper location of large buildings results
in excessve snow drifting and burial of smaller
structures. Doors and entry-ways to buildings must
not be on the windward or leeward sides if possible
to avoid drift interference. Orientation of the
structure with thelong axis parallel to the prevailing
wind direction will reduce drifting problems. Roads
and wakwayswill be constructed dightly above the
general ground surface to avoid drifting problems,
and construction in cut sections will be avoided if
possible. Access points (manholes, service boxes,
etc.) for utility system maintenance must be located
so that entry can be guaranteed during the winter
months.

a. Utility networks. The truck delivery of water
and collection of wastesis till used at many civilian
communities in Alaska, Canada and Greenland.
However, a most U.S. military installations in the
Arctic and Subarctic it will be more cost effective to
provide piped systems for water supply and waste-
water collection. The capital costs for piped systems
are higher than for the truck delivery but operation
and maintenance costs are significantly lower. The
critical planning decisions for utility networks are
(1) whether the pipes should be above or below
ground, and (2) whether the pipes should be

2-1
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ingtalled as individual units or combined with other
utility servicesin a utilidor. Above-ground utilidor
systems offer easier access for maintenance and
repair, and are cheaper to build where site condi-
tions are poor. However, there are disadvantages.
Above-ground units are exposed to extreme winter
conditions and must have additional thermal pro-
tection (see chapter 12) as compared to a buried
system. Above-ground systems are susceptible to
vandalism and traffic damage, they disrupt pedes-
trian and vehicle traffic patterns, and create snow
remova problems. In general, below-ground instal-
lation will be adopted wherever possible. In the
Subarctic, an unfrozen zone may exist between the
maximum seasonal frost penetration and the top of
the permafrost. This condition can also exist in the
Arctic near lakes and rivers, and on slopes with
southern exposure. Pipes buried in permafrost or in
the seasonal frost zone must not only be protected
from freezing but must also resist the structural
effects of heaving in the seasona frost zone or
thawing of permafrost. The terrain isrelatively flat
in much of the Arctic, and maintenance of the neces-
sary grades for gravity sewersin either the above-
ground or buried mode is difficult. Small pump
stations, or pressure or vacuum sewer systems must
be used to overcome these constraints.

b. Network layout. A compact installation layout
will make acentral heating plant practical. This will
reduce costs and energy consumption and also
reduce the risk of fire. Service lines from utility
mainsto individual buildings are the main source of
freezing problems. Buildings will be as close to the
mains as possible with service lines 60 feet or lessin
length. It istypica practice in temperate climates to
bury most utility linesin the streets. However, there
are thermal disadvantages to this practice in cold
regions since clearing the roads of snow will alow
greater frost penetration. Burying water and sewer
mainsin the front or back yards of dwellings, and in
open areas where snow will not be removed, will
maintain warmer ground and pipe temperatures.
Installation layouts should not be designed with
dead-end streets. Dead-ends are difficult and
expendve to service with circulating water systems
and snow removal is more difficult. The largest
consumers of water will be located at the extremi-
ties of the distribution system, if possible.

2-3. Equipment.

For remote arctic installations the initia cost of
most utility equipment is not as important as its
reliability. A large inventory of critical spare partsis
recommended and standardization of equipment to
reduce the parts inventory will prove economical.

2-2

Standby units for critical equipment are essential
and are particularly important for emergency power
and for heating systems. Humidity is a critical factor
in enclosed spaces and both high and low extremes
can be experienced in arctic Stuations. Since natural
humidity is extremely low due to the low winter
temperatures, humidifiers (to maintain humidity at
about 30 percent) may be desirable in personnel
spaces. Very high humidity is experienced in pump
stations and enclosed treatment works, and thus
condensation may occur on cold surfaces causing
damage and inconvenience.

2-4. Revegetation.

Areas excavated and backfilled for utility systems
must be revegetated to prevent erosion. A revegeta
tion procedure is summarized in table 2-2 for tundra
aress. These grasseswill dieout in four to five years
but the natural vegetation will have developed by
that time. The initial seeding and fertilization will
take place after the ice breaks up on local streams
but before mid-summer. Asindicated in table 2-2, a
nitrogen-phosphorus-potassium (N, P, K) fertilizer
will be applied with the initia seeding and then
supplemental nitrogen at the beginning of the
second growing season.

Table 2-2. Revegetation for tundra areas

Girass Seed Type Rate (Ib/acre)

Meadow foxtail (common) 18

Hard fescue (Durar) 18

Red fescue (arctared) 27

Annual ryegrass { Lolium multiflorum) 27
Total 90

Fertilizer Rate (Ib/acre)

First year (apply with seed)

10(N} - 20(P) - 10(K) 358

Second year
33-0-0 90
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CHAPTER 3
WATER SOURCE DEVELOPMENT

3-1. General.

The water requirements and design capacity factors
for domestic, fire and other functiona uses are
specified in TM 5-813-1/AFM 88-10, Volume 1.
Both ground and surface waters are available in the
Arctic and Subarctic but the environmental condi-
tions require somewhat specia approaches for their
development. In addition, ice and snow are some-
times used for water supply augmentation or as
emergency or stand-by sources.

3-2. Environmental constraints.

In mogt of the Arctic and Subarctic, precipitation is
light, terrain is relatively flat and runoff is concen-
trated in the short period during ice breakup. There
are many smal, shalow lakes and ponds and
numerous rivers and streams. Ice cover varies
according to local conditions but generaly lasts
from 6 to 10 months and approaches 6 feet in depth
in small quiescent water bodies (see paragraph 12-
9a for procedures to estimate thickness of ice for-
mation). Hydrologic data for these regions are
scarce so it is difficult to predict reliable yields.
Permafrost is essentially impermeable so there is
little direct recharge of most aquifers. Any penetra-

100.000

tion of the permafrost for exploration or for well
development requires special engineering consid-
eration and is costly.

3-3. Surface waters.

Many shallow lakes and small streams freeze com-
pletely in the winter, diminating them temporarily as
awater source. Some ingtallations pump water from
such sources in the summer months and store the
winter supply. Larger streams and deep lakes can
have liquid remaining beneeth the ice but the volume
available is limited since there is no contribution
from precipitation in the winter. The large quantity
of ice and snow results in mgor annual flows
occurring during the spring "break-up." Figure 3-1
shows a hydrograph for a typica medium-sized
arcticriver.

a. Rivers. The volume of flow is low in the
winter but water quality is excellent since sediment
trangport from glacial sourcesis minimal and surface
runoff recharges do not occur. Winter water
temperatures are very low (33 degrees F), which
creates difficulties for treatment, and intakes can
clog due to formation of frazil ice. Floating ice
during freezeup and breakup periods can damage or

10.000

10C0

Mean daily discharge (ft.3/s)

100 ;

|
<
Unit runoff (f(.3/s x mile?)

T T T

June I July

U.S. Army Corps of Engineers

T T T T
September

Fligure 3-1. Hydrograph of mean daily discharge, Kuparuk River.
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destroy intake structures. Some facilities remove the
intake structure during those periods and rely on
temporary storage. Development of intake galleries
or wells in the stream bottom is successful for
avoiding ice problems, but it is difficult to locate the
permanent channel in aluvial and braided streams.
The summer flows are higher in volume than the
winter flows but they are poorer in quality,
containing sediments and glacia silts which may be
difficult to remove. For example, the Kenai River
near Soldotna, Alaska, has suspended sediment
concentrations up to 151 milligrams per liter (mg/L)
in the summer months. These sediments are
primarily glacid sltsand are amost colloidal in size.

b. Lakes. Deep lakes are a reliable, continuous
source of water. The quality of any liquid beneath
the ice in a shallow lake or pond is typically poor.
Impurities, such as most salts, are rejected from the
freezing water, making the ice relatively pure but
concentrating the impurities in the remaining liquid.
A survey isrequired to identify lakes and ponds that
may freeze deeply enough to create this condition.
Chapter 12 discusses the thermal aspects of such an
analysis.

c. Salinewaters. Distillation or reverse o0smosis
is used to treat saline or brackish waters; these
procedures are costly and energy intensive, so such
sources will be avoided except as the last resort.

d. Augmentation. In the Arctic most of the
annual precipitation is in the form of snow.
Although total precipitation is low, advantage can
be taken of the windy conditions to induce snow
drifting at selected locations. Collection of the
melting snow augments the summer water supply.
Snow fences were used to induce drifting in the
watershed of the Barrow, Alaska, water reservoir.
It was shown that at |east 800 gallons of water was
collected for every linear foot of 5-foot-high snow
fence that was installed, with the fences about 250
feet apart.

3-4. Ground water.

Ground water can be a more reliable water source
than surface supplies. It is usualy available on a
year-round basis and is more consistent in its
temperature and mineral qudity than surface
sources. Very shallow ground waters are unsuited
for potable water supplies without extensive treat-
ment and the yidd islimited. Subpermafrost ground
water or permafrost zones thawed by large rivers
and lakes are the most reliable sources. Sub-
permafrost wells are technicaly feasible when the
permafrost extends to a depth of afew hundred feet
or less and they have been successfully used in cen-
tral Alaska. Costs for drilling and maintenance of

3-2

such wells are high. The water must be protected
from freezing and the permafrost must be main-
tained in a frozen condition. This requires special
well casings or grouting methods and unique opera-
tiona methods. Subpermafrost water is generaly
deficient in dissolved oxygen and can also contain
high concentrations of dissolved iron and manga-
nese salts. Hardness is aso common. Dissovled
organics can also create serious treatment problems
due to interactions with the dissolved iron and the
color imparted to the water. The most reliable and
economical ground water sources in the Arctic and
Subarctic are in the thawed zones adjacent to large
rivers and lakes. Most of the rivers are braided
streams and have shifted their channels many times.
The former stream channels may Hill be underlain by
thawed material and represent a potential water
source depending on the type of soilsinvolved.

3-5. Other water sources.

Snow, ice and direct catchment of rainfal are
potential water sources that must be considered for
augmentation or emergency supplies and for small
or temporary facilities. The natural quality of these
sources is good but a stockpile of snow or ice can
be easlly contaminated. Large volumes of snow are
required to produce even small quantities of water
and the costs for harvesting and melting are high. It
is estimated that 4 to 5 cubic feet of snow are
required for every 5 gallons of water produced, and
to melt this volume of snow would require about a
pint of diesd fued for the snow melter. Brackish and
saline ponds have been improved in quality by
pumping out the concentrated brines that remain
under the ice near the end of the winter and allow-
ing fresh spring runoff to recharge the pond. If
repeated severd times the procedure allows the use
of aninitially unacceptable water source.

3-6. Structures.

Structures range from wells and their appurtenances
or simple temporary intakes on river ice to a
complex dam structure located on permafrost. The
complete structural design of any of these is beyond
the scope of this manual (TM 5-852-4/AFM 88-19,
Chap. 4, discusses embankment construction on
permafrost). It isthe intent of this section to point
out those features that may require special attention
in the cold regions.

a. River intakes. A permanent intake structure
will usually be employed for large-scale permanent
military facilities in the Arctic. Structural damage
from moving ice in the spring and in the fal is the
major concern.

(1) Temporary intakes. These are less expen-
sive, and are removed from the river during spring



ice breakup, and storage is relied on as the water
supply. This approach is suitable for small popula-
tions. A temporary intake consists of a pump and a
simple shelter.

(2) Permanent construction. Numerous ar-
rangements and configurations have been designed.
Figure 3-2 illustrates the intake in the river at Fort
Norman, Northwest Territories, Canada. Figure 3-3
illustrates the water intake at Cambridge Bay,
Northwest Territories, Canada. Special features of
this design include the insulation provided, heat
tracing in the wet well and in the intake line, and the
recirculating line from the town site. Dua intakes
are recommended to ensure reliability. Continuous
water circulation is then used to prevent freezing.

3in. P.E. Pipe with
polyurethane
insulation

2 in.

Shaft No. 1

U.S. Army Corps of Engineers
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Frazil ice can be a serious problem for intakes
during the freeze-up period. Frazil ice occurs as
smdll crystalsin flowing water dightly below 32°F
in temperature. It will adhere to and accumulate on
any submerged object it contacts. Water intakes,
trash racks and similar structures can become
completely choked by frazil ice in a few hours. It
can be avoided by locating the intake in along calm
reach of the river where surface ice will occur
before the water becomes supercooled. The surface
ice cover then prevents rapid heat |oss and precludes
frazil ice formation. Heating the intake and bar
screens to about 33 degrees F will prevent
formation of frazil ice. This can be done electricaly
or by backpumping hot water or steam.

Temperature sensors on heat trace
cable and on the wall of supply pipe

f - . .
3)://,’, 10 in. Screen in river
g

"' Pump

R XSR)
;o:':‘::':‘
0% ]
RN

l8in. Corrugated metal
pipe at river intake

Figure 3-2. Piping schematic for water intake.
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Figure 3-5. Water intakes.
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Gravel packed ditch

Water stratum

Vertical gallery French drain
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Figure 3-4. Infiltration galleries.
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b. Infiltration galleries. Infiltration galleries re-
move the structure from risk of ice damage and
thereby offer advantages over direct intakes. Figure
3-4 illustrates several configurations of infiltration
galleriesthat have been used successfully in the cold
regions. The gallery is placed in thawed material in
the stream bed or adjacent to it. The yield will
depend on the type of soil present. Importation of
coarse-textured material will be necessary for
gdlery congtruction in fine-textured silty and clayey
soils. Both electrical and steam lines have been used
in galleries to prevent freezing. Steam lines are
usually placed on the upper surface of the intake
laterals and on a second level about 1.5 feet above
that. The heating elements or steam lines are not
normaly operated continuously but are used only in
emergencies to restore a frozen or partially frozen
system. Springs can aso be developed with these
same techniques.

Jet pump pitless adapter (altered)

. 25 Pump lift pipe
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c. Wells. The basic procedures for water well
design are discussed in TM 5-813-1/AFM 88-10,
Vol.1. The specia concern for subpermafrost wells
is not to alow thawing of the permafrost during
drilling and during operation of the well. The former
may require either compressed air or non-toxic
drilling muds or fluids with rotary drilling
procedures. Avoidance of permafrost thawing dur-
ing well operation may require multiple casings so
that cold air can circulate in the annular spaces.
Concurrent with protection of the permafrost is the
necessity of maintaining the water in an unfrozen
state and this will require heat addition for an
intermittently used system. Figure 3-5 illustrates a
typicd cold regionswell with a submersible pump in
non-permafrost conditions but designed for frost
and heave protection in the surface soils. Bentonite,
mixtures of oil, wax and sand, and various plastic
coatings have been used on these casings to prevent

Sanitary well seal

.o

100 Casing

Electric wire for submersible pump

Machined out area

between the two

25 Hot water from pumphouse (4.5°C) -7
e et
=é

passage ways in adapter

25 Plug

Air inlet to allow water
to drain out of drop pipe
to submersible pump

0.5°C Water from submersible pump

U.S. Army Corps of Engineers

40 Mixed hot and cold water from well (3.5"0)X

40 Check valve to prevent hot
water from going into well when
submersible pump is not operating

40 W.I. Pipe

AN Allow for movement around

the connection (insulation, etc.)

Figure 3-5. Well seal.
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the bonding between the frozen soil and the pipe
and thereby eliminate heave damage. Figure 3-6
illustrates the critical features in the well head and
pump house design for larger facilities.

OEFLECTING APRON
.

puUMP_HOUSE FLOOR
R - v

ROOF ING
PAPER
L e RS TS ST RSTRS
i o N Z at
N Well compacted | !
g | K&~ GRAVEL , well graded D
LN __ firmly tom }_T
1
[
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la

U.S. Army Corps of Engineers

Figure 3-6. Casing head construction for water well in shallow
permafrost when surface soils are susceptible to heaving.
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CHAPTER 4
WATER TREATMENT

4-1. General.

The basic requirement, criteria and procedures for
water treatment systems for military facilities are
covered in TM 5-813-1/AFM 88-10, Val. 1. This
chapter will discuss only those aspects unique to the
Arctic and Subarctic. There are three major process
concerns. the low temperature of the raw water,
removal of glacia st from surface sources and
removal of dissolved mineras and organics from
surface or groundwater sources.

4-2. Temperature effects.

The temperature of surface water sources during
winter will be at or very near 32 degrees F, while
ground-water sources in permafrost regions may be
afew degrees warmer and maintain that level year-
round. The water must be preheated to at least 40 to
50 degrees F or the unit processes must be designed
for low temperature operation. The effect of low
temperatures on equipment operations must also be
evaluated during facility design.

a. Preheating. A number of methods have been
successfuly used to heat water in arctic systems.
Safeguards are necessary to avoid contamination
(and cross connections) during the heating process
and the corrosion induced if dissolved oxygen is
released from solution. Very cold surface waters
may be at or near saturation with respect to dis-
solved oxygen. Oxygen isthen released asagas as
the water iswarmed and can cause severe corrosion
in iron and steel pipes, pumps, and tanks. Use of
non-ferrous metals in the heating stage and control -
ling the release point for this oxygen will reduce
corrosion problems.

(1) Liquid-liquid heat exchangers. Hot water is
the preferred source of heat for these devices to
eliminate problems from tube leakage and contam-
ination. The source of hot water might be a central
heating system or cooling water from an engine.
Double wall, or double liquid to liquid exchangers
are necessary to prevent any possibility of contami-
nation of potable water.

(2) Blending. In some cases a source of clean
hot water may be available and can be blended
directly with the cold water to achieve the desired
temperatures. Condenser water from a steam system
was successfully used in this way in Fairbanks,
Alaska

(3) Direct-fired boiler. These systems use ail,
gasor cod furnaces to maintain the contained water
at just below boiling temperature. This is then
blended with the cold water source or used in a heat
exchanger.

4-3. Low temperature treatment.

Almost al of the physical, chemical, and biological
processes used in water treatment are sensitive to
temperature either through viscosity effects or as an
influence on reection rates. Figure 9-1 illustrates the
influence of viscosity, and the multiplier shown must
be used to adjust the design of a water treatment
process component for temperature.

a. Mixing. Mixing isstrongly dependent on tem-
perature because of viscosity changes in the water.
The power input for mechanica flocculation is
directly dependent on fluid viscosity as defined by:

P=G\u (eq 4-1)
where P = power input
G? = veocity gradient
V =tank volume
w = absolute fluid viscosity.

To maintain the same velocity gradient in the tank
as the liquid temperature decreases, it is necessary
to adjust the 68 degree F power requirement by the
multiplier from figure 9-1. This relationship will be
valid for any kind of mechanical mixing. Detention
time for mixing is determined separately. Detention
times for flocculation range from 15 to 30 minutes
and tend to be arbitrarily based on successful
performance. The multiplier from figure 9-1 must be
used for this adjustment. Multiple basins are
recommended when surface water is the source and
warmer temperatures are expected in the summer.
In this way some of the units can be taken out of
service when not needed.

b. Sedimentation. Settling of discrete particulate
materia is retarded by the increased viscogity in
cold waters. As shown in figure 9-2 the effect of
low temperature decreases as the solids
concentration increases. Plain gravity sedimentation
of individua particles would be subject to full
viscosity effects and the detention time must be
adjusted with the multipliers from figure 9-1.

4-1
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Upflow and dudge blanket clarifiers are not as
sengtive to viscosity effects and the multipliers from
figure 9-2 will be used in these cases (solids
concentrations >2000 mg/L). Another concern for
any type of clarifier is the presence of density
currents induced by strong temperature differences
between the incoming fluid and the tank contents.
These currents will disrupt the settling process and
are particularly critical for upflow clarifiers. If
possible these units will be maintained at nearly
constant temperature and the incoming fluid
adjusted to that same level.

c. Filtration. Filtration is influenced by low tem-
perature since the head loss through the filter is
proportional to viscosity. Mixed media filters will
provide amore efficient use of space in cold regions
fecilities. The multiplier values from figure 9-1 will
be used to adjust filtration efficiency. Backwashing
of filtersis aso affected since power for pumping
will vary with temperature, due to the increased
water viscosty. The minimum upflow velocities will
be reduced because of the increased fluid density at
low temperature.

d. Disinfection. TM 5-813-3/AFM 88-10, Vol.
3, should be consulted for basic criteria on
disinfection procedures, chlorine dosages and
resduals. The solubility rate of chlorine decreases at
very low water temperatures, but for practical
purposes this will not occur at the dosage rates
commonly used. The effectiveness of chlorination is
hindered in cold water, and the exposure times must
be increased in order to provide adequate
disinfection. Contact time of about 1 hour is
recommended for cold water below 40 degrees F.

e. Fluoridation. If fluoridation is practiced at
remote cold regions facilities, the U.S. Public Health
Service (USPHS) recommends that the dosage
should be increased since the actual per capita
consumption of drinking water tends to be some-
what less than in temperate |ocations. Fluoride con-
centrations of about 1.4 mg/L are recommended for
the Arctic and Subarctic. Table 4-1 relates the

Fluoride Limits (mg/L.)
Lower  Optimum  Upper

Annual Average (3yr +)
Maximum Air Temperature
°F

n4 0.9 1.4 2.4
54-58 0.% 1.1 2.2
58-63 0.3 1.0 2.0
63-70 0.7 0.9 1.8
70-80 0.7 0.8 1.6
£0-90 0.6 0.7 1.4

USPHS recommended fluoride limits to the annual
average ar temperature at the design location. (See
TM 5-813-3/AFM 88-10, Vol.3, for specific guid-
ance at military installations.)

4-4. Removal of minerals and organics.

lon exchange water softening is commonly used at
smdler installations with hard water. Lime-soda
softening is frequently used when the water is both
turbid and has a high hardness. Dissolved iron is
common in cold regions ground waters and can foul
zeolite and greensand ion exchange resins so that it
must be removed prior to ion exchange processes.
Aeration or chemical oxidation with chlorine have
been successful for precipitation of elementa iron.
However, iron/organic complexes are present in
many cold regions groundwaters. Ozone has been
shown to be effective in treating such waters. Ozone
and carbon adsorption are very effective for color
and organics removal.

4-5. Treatment of brackish and saline
waters.

Distillation, reverse osmosis and freezing have all
been used in the cold regions to reduce salt concen-
trations to potable levels.

a. Didtillation. Didtillation is expensive, requiring
relatively high skill levels to accomplish, and will be
considered only if other aternatives do not exist.

b. Reverse osmosis. Reverse osmosis (RO) is
temperature sensitive, with best results obtained
when water temperatures are in the range of 68 to
85 degrees F, and the cost is aso high. Packaged
reverse 0SMoss units are available from about 1000
to 1,000,000 gallon/day capacity (gpd). Power
requirements are approximately one kilowatt-hour
of power for each 100 gallons of potable water pro-
duced. These RO systems must be protected from
freezing at dl times, from the point of manufacture,
during storage and during use.

c. Freezing. This process takes advantage of nat-
ura low temperatures to separate the saline brine
from the ice which is then melted (naturally in the
spring and summer) and used for water. Trenches
have been filled with brackish water, allowed to
freeze severa feet deep, and then the remaining
liquid under the ice pumped out. Spray freezing
involves sprinkling brackish water through a nozzle
to form alarge cone of ice, with the brine draining
away continuoudy during the winter. In a pilot-scale
test in Saskatchewan, chloride content was reduced
from 2000 mg/L to 500 mg/L in the melted ice. The
recovered water represented about 75 percent of the
volume sprayed.
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CHAPTER 5
WATER STORAGE

5-1. General.

Badic criteriafor determination of capacity require-
ments and for design and construction of water
sorage facilities can be found in TM 5-813-4/AFM
88-10, Vol. 4. This section discusses only those
aspects unique to the Arctic and Subarctic. Water
storage is provided for domestic and fire protection
services. The requirements for water will typicaly
be lower at remote facilities in the Arctic and Sub-
arctic than at similar operations in the temperate
zone due to conservation and lower external water
needs. The water needs will vary with the type of
facility, so genera criteria are not possible. A spe-
cia design study to determine specific water needs
will be undertaken for each new facility so that cost-
effective designs for water supply, water storage
and wastewater systems can be ensured.

NN

%
%

Ladder T
4 in. Qverflow
2.5in. Recirculating return line

P,

P o~ Tank shell

5-2. Tank materials.

Common construction materials for water tanks
include wood, steel, and concrete. Wood stave
tanks are constructed with prefabricated pieces that
can be shipped relatively easily to any remote Site.
Leakage is a problem with intermittent or fill-and-
draw operations since the joints can open dightly if
the wood is dlowed to dry. Figure 5-1 illustrates the
cross-sectional details of a wooden tank with an
internd liner and insulation constructed in the
Canadian Arctic on a pile foundation. In Alaska
welded sted tanks are most commonly used. Tanks
have been insulated with polystyrene or polyure-
thane boards or with sprayed-on polyurethane.
Figure 5-2 shows a welded stedl tank with board
insulation and metal cladding resting on an insulated
gravel pad. Concrete tanks have been used
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Furure 5-1. Wood tank with :mulatmn and Imer on nwzde
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where aggregate is available and the foundation
conditions permit slab construction. Concrete tanks
will be covered with earth and insulated if necessary
to reduce heat losses as shown in figure 5-3.

replacement isvery high in remote locations so that
the type of coating initially selected should be of
high qudity and properly applied. Cathodic protec-
tion is aso required.

Access hatch \l\

Metal cladding

S\ Welded stee

[

&2 in. Polystyrene board insulation

Insulation anchors at 2 ft spacing

| tank wall

V————l in. Polystyrene board insulation, joints vertical
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Stainless steel bands |8in. spacing
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S Tank floor
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U.S. Army Corps of Engineers

Figure 5-2. Steel tank with board insulation and metal cladding.
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Figure 5-3. Insulated buried concrete tank.

Selamic conditions must be evaluated prior to selec-
tion of arigid concrete tank. Welded steel tanks are
more cost effective for high-risk seismic areas.

a. Corroson protection. Steel water tanks must
be painted in accordance with applicable standards.
Manufacturers ~ recommendations  regarding
acceptable temperature limits for the application of
these paints must be strictly followed to avoid pre-
mature failure. The cost of sandblasting and liner

5-2

b. Insulation. Successful tank insulation has been
provided by earth cover, wood, glass fiber, cellular
glass, polyurethane and polystyrene block materias.
Tanks can aso be enclosed with a protective shell.
Such an exterior shell is either constructed against
the tank or a walkway provided between the tank
and the exterior wal as shown in figure 5-4. The air
gap and the wind protection will reduce heat |osses,
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Figure 5-4. Above-ground concrete tank, Greenland.

and this heat loss reduction can be further enhanced
by ingdling insulation. Moisture-resistant insulation
materials must be installed in contact with the tank
at inaccessible locations since moisture from leaks,
condensation, rain or ground water can drastically
reduce the insulating effect.

c. Foam insulations. Near-hydrophobic plastic
foam insulations are readily available and commonly
used. Polyurethane can be obtained as either
prefabricated boards or foamed in place by spraying
directly onto the tank. The latter has been the more
common approach in Alaska. To ensure a good
bond dl loose scde or paint flakes are removed, the
surface solvent-cleaned if it is oily, and a compatible
primer applied. Foaming-in-place requires a dry
surface, winds less than 3 miles per hour, ar
temperatures above 36 degrees F and tank surface
temperatures above 50 degrees F. The hardened
foam must then be protected from vandalism,
weather and ultraviolet light. Thisis commonly done
with low temperature elastomers or similar coatings
compatible with polyurethane that are sprayed onto
the insulation. Two or three coats are recommended
with the first application within one day of foam
gpplication. Polystyrene or polyurethane boards can
be glued and strapped (with 1-1/2 inch wide
stainless steel banding, 18 inches on center) to the
exterior of the tank. Large tanks will require clips.
The insulation boards will be less than 3 inches thick

to alow installation on a curved tank surface. Two
layers of insulation are preferred so that the joints
between boards can be staggered (see figure 5-2).
Sheet metd cladding is then gpplied for weather and
vandal protection. Insulation boards composed of
high density foams (compressive strength about
1500 ps) are sometimes placed under atank (figure
5-3) for protection of the frozen subgrade.

5-3. Tank design.

Water storage tanks must be designed to prevent the
formation of ice in the tank under all foreseeable
crcumstances and tanks must be completely drain-
able. Floating ice in the tank can destroy interior
appurtenances, and ice formed on the walls can
collapse and cause structural failure or puncturesin
the tank bottom. Surface icing can be avoided by
maintaining the water temperature above 39 degrees
F and there will be a continuous circulation. In some
cases the return line of a circulating water
digtribution system is discharged to the storage tank
to promote circulation and maintain temperatures.
In other cases a smal amount of water is
withdrawn, heated with a boiler or heat exchanger
and pumped back into the tank.

a. Appurtenances. Breather vents will be located
on theingide of the tank and vented into an attached
pumphouse or building rather than directly to the
outside. Ice will form in an exposed vent due to

5-3
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condensation and a vent blocked with ice will result
inan vacuum in the tank as water is withdrawn and
possibly cause the tank to collapse. Overflow piping
will either beingde the tank or protected with insu-
lation and heat tracing if placed on the exterior.
Since ice can damage float type water level indica
tors, the pressure transducer type is recommended.
Temperature monitoring at various levels for control
and for darms will be included in the design.

b. Thermal considerations. Whenever practical,
tanks must be buried or covered with soil to reduce
the effect of low air temperature. Elevated tanks
must be avoided unless they are absolutely neces-
sary for the water distribution system since they
expose the greatest surface area to the worst cli-
matic conditions. All exposed tank surfaces and ris-
ers for elevated tanks must be insulated. The eco-
nomica thickness of insulation can be determined by
the calculation procedures in chapter 12, paragraph
12-9i. Therma calculations are also necessary to
gzethe heating systems used to replace heat |osses
or to heat the water for distribution. The unit
capacity of aheat exchanger or boiler must be equal
to the maximum rate of heat loss.

5-4. Tank foundations.
Foundation considerations are similar to those for

other arctic and subarctic structures and are covered
in TM 5-852-4/AFM 88-19, Chap. 4. Foundation
design for tanks is complicated by the very high
loads imposed by the stored water and the need to
keep the water in the unfrozen state. The unfrozen
water is a heat source that can have an adverse
effect on the underlying permafrost and must be
considered during design for atank on grade.

5-5. Earth reservoirs.

Water impoundments for domestic and industrial
water supply and for hydropower have been suc-
cessfully constructed in the Arctic and Subarctic.
The most likely configuration for military facilities
is an earthen embankment to either increase the
storage capacity of an existing lake or stream or to
impound water in a natura drainage swale. Con-
struction of these embankments must be in accor-
dance with TM 5-852-4/AFM 88-19, Chap. 4. A
liner is necessary within the embankment or to seal
the entire reservoir, when permeable soils are
present or used for construction. Successfully used
liner materias include Hypaon synthetic rubber,
chlorinated polyethylene (CPE) and dasticized poly-
olefin. (See EPA 600/8-79-027 for further detail on
linings.)
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CHAPTER 6
WATER DISTRIBUTION

6-1. General.

The basic criteria for design and construction of
water distribution systems can be found in TM 5-
813-5/AFM 88-10, Vol. 5. This section presents
information that is unique to the Arctic or Subarctic.
Pressurized, pipe distribution systems are used for
exterior utilities and interior plumbing in most
military facilities in the cold regions. An exception
might be small facilities a locations remote from the
main distribution network. If individual wells are not
feasble then vehicle delivery of water would be
necessary. Truck delivery systems are common at
remote civilian communities in Alaska, Canada and
Greenland. Vehicle specifications for this specid
purpose can be obtained from the U.S. Public
Health Service-Indian Health Service, 701 C &,
Box 65, Anchorage, Alaska 99513. The location of
pipe distribution systems and whether they should
be buried or above ground are discussed in chapters
2 and 12 of this manual.

6-2. Single pipe recirculation system.

The single pipe recirculation system is recom-
mended for arctic conditions. As shown in figure 6-
1 it consists of one or more uninterrupted loops
originating at arecirculation facility and returning to
that point without any branch loops. This layout will

From source
Recirculating
pumphouse

i—— = ola
o|g
t D|o
oo
00
qjo
Water mains \ oo

U.S. Army Corps of Engineers

Figure 6-1. Layout and location of mains for single pipe recirculation.

eliminate dead ends and related freezing problems
and requires the minimum amount of piping as
compared to other circulation methods. A ssimple,
positive control of distribution is possible with flow
and temperature indicators on the return lines at the
recirculation facility. Normally water is pumped out
at between 39 and 45 degrees F and returns at 33 to
39 degrees F. Pipe network design uses the same
procedures used for standard water systems. The
return line does not have to be of the same size as
the delivery pipe because of withdrawals in the
network. Expansion of the system is provided by
congtruction of temporary links to close the loops at
the end of the present system when the system is
expanded, the link is valved off and the pipe link left
empty. If possible, the mains will be located at the
rear of buildings, rather than in the streets, as shown
in figure 6-1. This will provide greater thermal
protection (since snow is not typicaly removed),
result in lessrisk of damage to manholes and other
appurtenances, and will alow shorter, less costly
service connections to the buildings. There are
gpecial advantages to this gpproach for barracks and
family housing areas where large numbers of similar
structures tend to be laid out in aregular pattern.

6-3. Alternative systems.

Conventiond water pipe mainswith no recirculation
are possible in very specia situations, but require
careful planning in the initial site layout for military
installations. In these cases, there may be enough
flow in the system so that return loops are not
needed if a high volume consumer is placed at the
ends of the main line. Sizing of the pipe network
and other design details follow conventional prac-
tice. A dual pipe system relies on a large diameter
supply line and a small diameter return line placed
ddeby sdein autilidor or a preinsulated conduit as
shown in figure 6-2. Thereturn lineis sized to main-
tain the desired flow in the system. Figure 6-3 isa
schematic illustration of typical service connections
from adua system. The service lines are taken off
the main and returned to the smaller diameter return
line. The pressure differential between the delivery
and the return line must be sufficient to induce
circulation in the service loop. The system is
complex and control mechanisms tend to be elabo-
rate. For example, varying consumption in different
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locations can result in stationary water in certain
areas at certain times. As shown in figure 6-3,
thermostatically controlled solenoid valves are used
at regular intervasto overcome this problem. Some

Typical Utilidor Box

facilities have utilized seasonal transmission mains
to convey the water from a summer source to stor-
age tanks. Such lines do not need specia thermal
considerations.

Foam insulation

T o 2
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Heat line return
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Figure 6-2. Typical utilidor and packaged preinsulated pipe.
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Figure 6-3. Schematic diagram of a dual pipe system.



6-4. Service lines.

The design of service lines must prevent freezing of
the contained water but must aso consider the
effects of permafrost thawing, frost heaving and
differentia settlements between the pipes and the
building. These structural concerns are covered in
TM 5-852-4/AFM 88-19, Chap. 4. Circulation in
these service connections is the recommended
method to prevent freezing. Heat tapes are also
commonly installed as a backup. The two most
common methods for circulation are either a small
pump insde the building or the use of pit orifices. A
typicd pit orifice installation is shown in figure 6-4.
There will be asmall velocity-induced pressure dif-
ferentia between the upstream and downstream
orifices, which in turn induces flow in the service
loop. To operate properly, the flow velocity in the
man must be at least 2 feet per second and this can
be technicdly difficult and energy intensive for large
diameter water mains. If the service lines are longer
than 80 feet, the pressure differentia inthe main is
not sufficient and the pit orifice will not function. A
smdl circulaion pump must be added in the building
for longer distances. The presence of these pit
orificeswill result in head losses in the main. A head

/

7

Copper wire connected to both
copper service pipes to form
an electrical connection
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loss of about 0.2 feet per service connection is
suggested as a conservative design value. The head
losses in the plumbing in the pumphouses used for
circulating water in the mains must also be
congdered as they are substantial on most systems.
Backup freeze protection is usualy provided by a
thermostatically controlled electrical heat tracer. If
copper pipeisused for the service lines, an electrica
connection between the two service pipes a the
main will allow electrica resistance thawing from
within the building as a second backup system.
Figure 6-4 illustrates both of these approaches.
Typica details of above-ground service lines and
connections are shown in figures 6-5 and 6-6.
Figure 6-7 illustrates the details of an underground
valve and box on water mains. The vave box
assembly should be packed with alow temperature
non-harden mg grease to prevent infiltration and
freezing of water around the mechanism in the
winter. A pair of adjacent buildings can employ a
common service loop as shown in figure 6-8. This
will be less expensive than individua service
connections and will be more reliable because of the
two circulation pumps on the single loop.

—e—— Service line from main to building——o—i

Check valve
/;/— Gate valve

Dielectric couplings —/ /
Electric heat tape

Wall of building

4 in. PVC Pipe
1.5 in. Polyethylene pipe
Electric heat tape

Polyurethane insulation

U.S. Army Corps of Engineers

polyurethane
insulation

Pit orifice

Section A-A

Fligure 6-4. Water service line, with pit orifices.
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U.S. Army Corps of Engineers

6 in. Watermain

6in. sewer line
with 3in. insulation
and metal outer jacket

Figure 6-5. Typical above-ground service line takeoffs.
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Figure 6-6. Typicl above-ground service line.
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Figure 6-7. Underground valve and bour.
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6-5. Materials.

The basic sdlection of pipe materids will be in
accordance with TM 5-813-5/AFM 88-10, Vol.5.
The discussion that followsis intended to give some
indication of the performance of these materiasin
the Arctic and Subarctic.

a. Copper. TypeK copper is commonly used for
service lines because it can be thawed by using
electrical resistance while plastic pipes cannot be
thawed in this manner.

b. Ductileiron. Ductile iron pipe can take some
shock loadings and is dightly flexible. It has poor
corrosion resistance and lining is necessary. It isa
heavy, durable pipe often used in rocky areas or
where adequate pipe bedding materiads are not
available. Ductile iron pipe with specia joints is
used where bridge strength is required to span piles
or where differential settlements are anticipated in
buried systems. It can be thawed with electrica
resistance.

c. Sed pipe. Sted pipeislighter, more flexible,
and more corrosion resistant than ductile iron. Con-
tinuoudy welded steel pipe has been used to obtain
maximum span between piles. It can aso be thawed
using electrical resistance. Expansion and contrac-
tion, including necessary thrust anchors, must be
consdered. The differential expansion and contrac-
tion between a steel pipe and rigid heat tracing
components or insulations attached to the pipe must
also be considered.

d. High density polyethelene (PE). Pipe of this
materid is very flexible and impact resistant, with a
high coefficient of expansion and contraction, high
corrosion resistance and a smooth interior, but it
cannot be threaded. Butt-fused polyethelene pipe
has been used extensively in Canada for water and
sewer mains. Typically the water pipe is insulated
with urethane and then covered with a thin polyeth-
elene jacket. Field joints are insulated and covered
with heat shrink couplings. The most common use
has been in buried systems, and experience has
shown that the pipe and contained water can freeze
solid without breaking the line.

e. Polyvinyl chloride (PVC). This is the most
common type of plastic pipe used for water mains.
It can be threaded, is corrosion resistant and has a
smooth interior but is not as flexible as PE, and may
rupture if pipe and contents freeze. Asaresult PVC
pipe is not the best choice for single pipe systems
buried in permafrost areas.

f. Acrylonrile-butadiene-styrene (ABS). This
pipe has a higher impact strength and flexibility but
a lower mechanical strength than PVC. It has a
smooth interior and does not become brittle at cold
temperatures. ABS pipe has mostly been used for

6-6

non-pressure drainage, sewer and vent piping. Itis
not recommended for single pipe systems buried in
permafrost areas.

g. Asbestos-cement (AC). This pipeisreatively
inexpensive, light weight, corrosion resistant and
has a smooth interior. However, it is brittle and is
not suited for buried installations in the Arctic or
Subarctic where differential settlements and frost
heaving are expected.

h. Others. Reinforced concrete is usualy used
for large transmission lines. Wood stave piping has
been successfully used in the past. It is corrosion
free, has a smooth interior and can usually be re-
stored after afreezing event, but cannot be thawed
electricaly.

i. Insulation. Pipe units composed of the mate-
rials (except wood and concrete) described above
are typically insulated with high density urethane
foam at the factory and covered with either a steel
or a 40-mil high density polyethelene jacket,
depending on the find conditions of exposure in the
field. Design calculations to determine insulation
thickness are described in section 12 (see example in
para12-91). These prefabricated pipe units are then
shipped to the job site with preformed half shells of
urethane insulation for the joints. Heat shrink
deeves or specia tapeis used to complete the field
joint when PE is used as the outer jacket. Prefabri-
cated sections are used for steel-jacketed pipes. Pipe
insulation is not normally done on-site because of
high costs and labor. Factory prefabrication will
usualy ensure a better quaity insulation. Exceptions
are appurtenances such as hydrants where foamed-
in-place urethanes are commonly employed.

6-6. Appurtenances.

On typical water distribution system these include
hydrants and valves.

a. Hydrants. Figure 6-9 illustrates the typical
details of a hydrant installed on an above-ground
water main. The insulated hydrant box must be
specially designed and fabricated to fit the equip-
ment to be used and the particular location. The
riser from the main to the hydrant base will be as
short as possible so that heat conducted from the
water flowing in the main can keep the hydrant from
freezing. A typical hydrant connection to a buried
water main is shown in figure 6-10. The hydrant is
normally on-line to minimize the possbility of
freezing, with a frost-isolating gasket between the
hydrant barrel and the tee into the man. The
hydrant barrel is insulated with 3-inch prefabricated
polyurethane insde a polyethelene deeve. The
annulus between the deeve and the insulated barrel
isfilled with an oil and wax mixture to prevent frost
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heave damage. Isolating valves are typicaly putin ~ the pipe with or without heat contact cement.

the main or both sides of the tee to alow for
hydrant repair or replacement. After use the hydrant

Removable preformed
polyurethane sections

Foamed in place polyurethane

Angle valve

Common wattages used are 2.5 waitts per foot for
service lines and 4 watts per foot for main lines.

Handwheel

Metal cap
Drip lip

B Siamese
2 hydrant

W—-—- Insulation
- >} Watermain

U.S. Army Corps of Engineers
Figure 6-9. Above-grou

must be pumped out since frozen ground conditions
may prevent self draining.

b. Valves. Typicd details for valve installations
are shown in figures 6-5 and 6-7. The riser stem for
buried vavesisinsulated in a manner similar to that
described above for hydrants. Non-rising stem-gate
valves are most practical for buried or completely
insulated locations.

6-7. Backup freeze protection.

These are reserve systems to either prevent freezing
if circulation stopsin the lines or to thaw the system
if freezing occurs. The procedures apply to both
main lines and service piping. These include
electrical heat or steam tracing to prevent freezing
or to thaw, and electrica resistance heating and
steam or hot water to thaw systems.

a. Heat trace systems. A heat trace system is the
standard back-up used in most piped water distri-
bution systems. While it is effective, both the initial
capital cost and operating cost for this type of pro-
tection are substantial. Constant monitoring must be
carried out on such electrical systemsif they areto
perform as intended. If the controlling thermostats
are not working properly or the sensing bulbs are in
the wrong location, either too much e ectric energy
will be expended at great cost or it will fail to do the
job when required. Easy replacement of heat trace
lines should be a standard feature of any system.
The heat trace normally used is the constant watt
per foot type placed in a conduit or channel next to

nd hydrant,

Fire hydrant

— Permagum seal

/ Isolating gasket
J Metal cap

Grade

—

——20in. Polyethylene sleeve

|
a - R i
LRI

~—— QOil and wax mixture filled to metal cap

3in. Preformed polyurethane

LU.— Shr nk sleeve

i [”—-Zin. Polystyrene bottom plug

/— Insulation
Watermain

—— 4=

- T _ ‘ £ - -

: HL__;
o

‘ L “ield applied polyken tape

Fie d applied sealant on insulation_surfaces

U.S. Army Corps of Engineers

Figure 6-10. Beloiwr-ground hydrant,

This method is less efficient on plastic piping. In
Greenland and northern Scandanavia the heat trace
is placed inside plastic pipes. The caculation
procedures presented in chapter 12 can be used to
determine heat tracing design requirements.

b. Seamor hot water thawing. This system uses
asource of steam, such as a portable steam jenny, or
hot water introduced under pressure into the frozen
pipe viaa suitable hose or tube to thaw out the pipe.
This system can be used with most types of pipe

6-7
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materias. It is not recommended for plastic pipes
which could melt or be damaged if the procedure
used is improper.

c. Service line thawing. Small-diameter service
lines of any material may be quickly thawed by
pushing aflexible 0.5 in. or smaller, plastic tube into
the frozen pipe while pumping warm water into the
tube. Water pressure can be obtained from a nearby
building, either directly or by connecting to the
building plumbing. A conventional hand pump filled
with warm water can aso be used (fig. 6-11). A
commercia unit produces a pulsating stream of
water to pump warm water through a tube attached
to the frozen pipe by a specia fitting to ease the
installation and reduce spillage.

d. Electrical resistance thawing. The thawing of
metd pipesusing dectricity isfairly common. Either
portable gasoline or diesel generators, welders, or
heavy service electrical transformers (110 or 220
volt) have been used (fig 6-12). AC or DC current
at high amperage and very low voltage (seldom
more than 15 volts) can be used. The amount of
heat generated when current is passed through a
pipeis

W = I2R (eq 6-1)

where W = heat or power in watts (or joules/second)
I = currentin amps
R = resistance in chms.

The rate of thawing of a frozen pipe is directly
proportiona to the square of the current applied, the
mass of the pipe (cross-sectiona are times length),
and the materid’ s effective resistance to the passage
of electricity. For example, doubling the current (1)

Control valve —/
N Meter temporarily removed
;w_ Hand pump tank

Operation: Meter is removed, probe tube 15 fed into the
frozen line up to the blockage while hot

will increase the heat generated by afactor of four.
Generaly, as much current (heat) as practical, with
safety limits, must be provided so that the thawing
timeisreduced. The approximate times required to
thaw different sizes of steel pipe using different
currents are given in figure 6-13. Copper pipe has
about one-ninth the resistance of steel and a smaller
cross-sectional area. Therefore, when thawing
copper pipes, these current values must be increased
by about 10 percent for 1/2-inch pipe, 25 percent
for 1-inch pipe, and higher values for larger copper
pipes. However, when copper pipe with soldered
jointsis to be thawed, it must not be heated to the
point where the solder melts (silver solder can be
used to alleviate this). Steel lines with continuous
joints can be expeditiously thawed with welders.
The following precautions must be taken when
thawing pipes electricaly:

(1) Useon underground or protected pipe only
(not indoor plumbing).

(2) Don't use ahigh voltage. Twenty volts with
50 to 60 amps is sufficient. (Do not use a constant
voltage power source because there is usually no
control for limiting the current.)

(3) Make good, tight connections to the
pipdine.

(4) When conventiona arc welders are used for
thawing, do not operate them at their maximum
rated amperage for more than five minutes. Only use
about 75% of rated amperage if longer times are
needed.

(5) Disconnect electrical wires grounded to the
water pipes in the buildings, or disconnect the

- / Probe tube

3\

o -

;- Frozen water service ImeX

Basement wall

water is pumped from the tank to thaw the line

U.S. Army Corps of Engineers

Figure 6-11. Thaw tube, thawing method.



service pipe from the house plumbing. Failure to do
this could cause afire.

(6) Remove meters that may be in the service
line.

(7) A problem may be encountered with the
thawing current jumping from the water service line
into nearby gas or other lines. These should be
separated by a 1-inch wood block or wedge.

Wood gost
Thaw cable
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Figure 6-13. Approximate times and current for thawing steel
pipes.
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Figure 6-12. Alternatives for thawing service lines.
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CHAPTER 7
WASTEWATER COLLECTION

7-1. General.

The basic criteriafor design of sewarage systems for
military facilities are in TM 5-814-1/AFM 88-11,
Vol.1, and TM 5-814-2/AFM 88-11, Vol.2. The
unique aspects of design and construction of these
systems in the cold regions are in this section. In
addition some further detail isincluded on the use of
pressure and vacuum sewers since the flat terrain
and permafrost makeit difficult to design a conven-
tional gravity sewer system in the Arctic. Combined
utility systems caled utilidors are covered in chapter
8. Table 7-1 compares the characteristics of gravity,
vacuum and pressure systems for use in cold
regions. Vehicle hauling of water and wastewater is
still used at some remote sites, but for the generd
case, military facilities will be serviced by piped
collection systems. Normally, a conventiona gravity
sewer system will have the lowest life-cycle cost and
must be used whenever practicable. Gravity systems
have an additional advantage over pressure systems
in that they seldom flow full. As a result gravity
pipes are less likely to break if freezing occurs.

7-2. Design considerations.

As described in chapter 2, the location of the pipe,
above or below ground, is critical to satisfactory
performance. An above-ground location with the
piping installed on piles may be necessary because
of soil conditions. However, the grades necessary
for gravity flow are difficult to maintain with above-
ground sewers. Above-ground sewers aso hinder
trangportation, block surface drainage and snow
removal, have high heat losses, and are more
susceptible to vandalism. The operation and main-
tenance costs for above-ground systems are about
three times higher than those for smilar systems
buried undergound. Above-ground construction
costs for a single pipe depend on the foundations
required. If the pipe can be laid directly on the
surface, construction costs will be 20 to 40 percent
of that required for the same pipe installed on piling.

a. Sawage temperatures. Domestic wastewater
from barracks, mess halls and family housing on
military installations in the cold regions will range
from 50 to 60 degrees F at the source. Wastewater
from facilities not having hot water heaters can be as

Table 7-1. Characteristics of wastewrater collection systems.

Soil Desirable

Type Condition Topography Economies Other

Gravity Non-frost-susceptible Gently sloping to Initial construction Low Maintenance.
or Slightly frost prevent deep cuts costs high but Must have adequate grade.
susceptible with or lift stations. operational costs low Flushing of low use lines
gravel backfilling unless must install may be necessary.
material. above ground or use Large diameter pipes

lift stations. necessary.

Vacuum Most useful for frost Level or gently Initial construction “Traps” every 300 ft.
susceptible or bedrock sloping. cost moderately Low water use. Must
conditions, but can be high. have central holding
used with any soil tank for each 30 to 50
conditions. services with additional

pumps to pump waste to

treatment facilities.
Operational costs Can separate gray and
moderate. black water. Uses small

pipes. No exfiltration.

Pressure Most useful for frost Level, gently sloping Initial construction costs Low water use if water

susceptible or bedrock
conditions, but can be
used with any soil
conditions.

or hilly.

moderate. Operational
costs moderately high.

use fixtures are installed.
Number of services not
limited. No infiltration.
Uses small diameter pipes.

7-1
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low as 35 degrees F. The temperature of wastewater
in utilidors (chapter 8) can be increased if steam or
hot water lines are also included in the utility
package. The thermal design of the sewer piping
(chapter 12) must include these wastewater
temperatures for cost-effectiveness. Storm water
will not be admitted to sewers in cold regions. It
lowers the temperature of the wastewater and
increases the cost of pumping, treatment, and
disposal.

b. Pipe materials. The materials selected for
sewerage systems will be in accordance with the
criteria given in TM 5-814-1/AFM 88-11, Vol.1.
Paragraph 6-5 in section 6 of this manual discusses
the cold climate aspects of these materials.

7-3. Appurtenances.
These include manholes, cleanouts, building or ser-
vice connections, and flushing siphons.

a. Manholes. Figure 7-1 illustrates typical details
for a buried sewer manhole structure in the cold

6 n. under unpaved road.
Flush with surface elsewhere

regions. A plastic film wrapped around the outside
of the manhole will be required to prevent bonding
of the soil to the structure and thereby prevent
damage from frost heaving. Typically, such man-
holes have been insulated with a minimum of 3
inches of polystyrene or urethane around the out-
dde, with a plastic film or other external coating to
prevent moisture damage to the insulation. An insu-
lated cover will be provided over the wastewater
chamber to further reduce heat loss. A firm founda
tion is essential, and may require either piling or
excavation, and then sand and gravel backfill. If a
poured-in-place concrete invert is used in the man-
hole as shown in figure 7-1 and permafrost is at a
relatively shalow depth, the concrete will be placed
on insulation board to reduce the downward heat
losses. Spacing of manholes will be in accordance
with TM 5-814-1/JAFM 88-11, Vol.1. Solid manhole
covers will be required to prevent entry of surface
water.

3 Wraps of 6 mil. polyethelene film -—/

48in. Corrugated aluminum pige

\ Lifting rope
/Ein. Insulation(.

Variable

/ Plywood .
3

Field foamed urethane ——j S M
Concrete
Corrugated metal pipe

2

Grout seal

S s %«/ N\
! 3in. Field foamed urethane

Support bolted to culver:

Rty

U.S. Army Corps of Engineers

Ve

Figure 7-1. Typical sewer system manhole.
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b. Cleanouts. Cleanouts are typically used in
building connections and in some cases are installed
in place of manholes as described in TM 5-814-
VAFRM 88-11, Vol.1. They must be used with cau-
tion in cold regions since they are difficult to protect
and are susceptible to frost heaving. Figure 7-2
illustrates details of a cleanout that has been suc-
cessfully used in Canada.

Under unpaved road.Fh-Jsh
with sur face elsewhere.

-12in.
e

Cast iron frame
and bolt-down cover
with lift hole

Urethane insulation

Corrugated metal pipe

2 TR

Wrap with 3 layers of
6 mil polyethelyne film

U.S. Army Corps of Engineers

Figure 7-2. Typical cleanout.
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c. Sphons. Sewers subject to low flows and
velocities must be avoided if possible in the system
design since a trickle flow may result in gradua
freezing and ice build-up in the pipe. If such sewers
are necessary, then a pump station or a flushing
gphon must be included. These must be designed to
discharge a dug of relatively warm water into the
system. If there is insufficient wastewater available
to operate the siphon frequently enough to avoid
freezing, it may be necessary to add water as shown
infigure 7-3, with proper precautions taken to pro-
hibit cross connections.

d. Building connections. Figures 7-4 and 7-5, for
buildings on pile or post foundations, show typical
connections for a gravity sewerage system in cold
regions The wall penetration shown in figure 7-4 is
more flexible than the floor penetration in figure 7-
5, and will permit more differential settlement
without damage to the sewer line.

7-4. Pump stations.
The basic hydraulic design of pumping stations will
be in accordance with TM 5-814-2/AFM 88-11,
Vol. 2. Specid requirements and concerns for use in
cold regions are discussed below.

a. Insulation. The outsde of the station structure
will beinsulated with at least 3 inches of urethane or
polystyrene, with an outer covering to protect the

f—_— Manhole

Frost cover

From water main =———e-

-t

Vaive and vacuum breaker Air gap

Concrete

v)

Overflow and flush well

Tee wye

To sewer
—

Reducer
Siphon

SINGLE LINE SIPHON

U.S. Army Corps of Engineers

Figure 7-3. Typical siphon.
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insulation from moisture. Insulation will aso be
placed benegth the station when permafrost is pres-
ent at a shallow depth to prevent settling due to
ground thaw. A plastic film or some other bond
breaker will be required to reduce frost jacking in
the active layer (see further discussion, para 11-3).
If thawing and settling under the station are antici-
pated, pile foundations extending well into the
permafrost will be required. All stations must be
attached to concrete base dabs to provide sufficient
weight to overcome the buoyancy of the station.
Pressure couplings or flexible connections are
required for the inlet and outlet pipes to prevent
station differential movement from breaking the
lines.

b. Condensation. A prefabricated, below-grade
pumping station must not be installed without
immediately placing the heater and dehumidifier into
operation. Condensation caused by the surrounding
cold earth could corrode the controls and electrical
equipment before the system is actualy put into
service.

c. Alarms. Alarms must be provided in accor-
dance with the requirements of TM 5-814-2/AFM
88-11, Vol. 2. All critica components, such as
pumps and compressors, must be duplicated in each
station. In addition, alarms must be set to warn of
freezing temperatures in the station and to warn of
sump pump malfunctions. Alarms must be annun-
ciated as described in TM 5-814-2/AFM 88-11,
Vol.2.

d. Sandby power. Due to the dangers of freezing
associated with extremely low temperatures, stand-
by power facilities must be provided for each major
pump station.

e. Maintenance. During freezing conditions,
each pump station must be checked daily by the
operator. All entrance manholes must extend
sufficiently above the ground surface to be above
any flooding or snow drifts. All pump stations will
be supplied with devices for measuring flow rates.
Corrosion protection must be provided in
accordance with TM 5-814-2/AFM 88-11, Vol.2.
Sacrificid anode type systems do not work well
when the ground surrounding the anode or pump
station is frozen.

f. Forcemains. Force mains will be designed to
have scour velocities during pumping (2.5 to 3.5
feet per second) and to drain between pumping

TM 5-852-5/AFR 88-19, Volume 5

cycles. This can be accomplished by an electrically
operated bl valvein thelineto allow drainage back
into the wet well between pump cycles. If thisis not
possible the line must be placed in a heated utilidor
or heat traced. Another option would be to time the
pumping cycle so that wastes stay in the line for a
calculated period, and to size the wet well at the
pump station to hold at least the volume of the force
main.

7.5 Pressure sewerage.

The main advantage of pressure sewers is that spe-
cific grades need not be maintained throughout the
system. Typicaly grinder pump units are used so
that smaller diameter pipes can be installed without
therisk of clogging. Grinder pumps may be installed
in each building or in a holding tank serving several
buildings. An dternative to grinder pumps is to
install a two-compartment septic tank with a
conventional submersible pump in the second
compartment. The hydraulic design of these
pressure systems is not unique in the cold regions
and criteriafound in TM 5-814-2/AFM 88-11, Vol.
2, will be used. The pressure piping must be
designed to drain by gravity to alow point or sump
in case the system has to be shut down in the winter.
The grinder pump units, holding tanks and septic
tanks must have a firm foundation and must be
protected from frost heaving as discussed previousy
for manholes (para. 7-3a). Water conservation
measures in each of the buildings served is required
to reduce the costs of equipment and energy for

pumping.

7-6. Vacuum sewerage.

Vacuum sewers do not depend on a specific grade
for successful operation. They operate at a vacuum
of 8-10 pg, and so are limited to an elevation differ-
ence of 15 to 20 feet within the system. The hydrau-
lic design is not unique to the cold regions. The
concept depends on providing traps in the system to
maintain a vacuum. Since these traps are full of
water for extended periods, they must be insulated
and/or heated for extreme low temperature condi-
tions. The traps should also be drainable under
emergency Situations. A 50 house vacuum system in
Noorvik, Alaska, was installed in 1977 and has
operated successfully, since that time.
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CHAPTER 8
UTILIDORS

8-1. General.

A tilidor is a conduit that contains multiple utility
systems such as water, sewerage, fuel oil, gas, elec-
trical power, telephone, and central heating in var-
ious combinations or in some cases al together.
They have been used at a number of military instal-
lations and civilian communities in the North
American Arctic. Utilidors are very expensive and
can only be justified for specia situations. In most
cases individually insulated pipes in a common
trench or on a common pile will be more
economical. Utilidors have been constructed above
and below ground, and range in size from asmple
insulated conduit to a walk-through passageway.
Figures 8-1 and 8-2 illustrate typical utilidor
configurations that have been constructed recently
in the cold regions. These new designs typicaly
incorporate lighter construction materials than the
reinforced concrete used previoudy at many military
installations.

8-2. Design considerations.

The thermal design of the utilidor is made in accor-
dance with the procedures in chapter 12. The foun-
dation design must be in accordance with TM 5-
852-4/AFM 88-19, Chap. 4. Both designs are
influenced by the types of utilities that are included.
The inclusion of power, telephone, and gas lines
along with water and sewerage in a utilidor will not
cause design or operational problems. However, the
inclusion of centra heating lines is more complex.
Their heat losses are usudly great enough to protect
the water and sewage pipes from freezing but the
utilidor usually has to be much bigger to provide
continuous easy access to steam and condensate
lines, and therefore construction costs will increase.
Problems also occur because this heat source is con-
stant and must operate al or most of the year. In the
summer, undesirably high domestic water supply

temperatures can result due to exposure to the
excess heat (<80°F). The heating of a large air
space in the utilidor is less efficient than direct
heating and circulation of the water supply in the
winter. Thermal stratification can cause freezing of
the lower pipes in large utilidors even when the
average air temperature is adequate. Figure 8-3
illustrates the temperature variation within a small
utilidor. The cold water line was placed on one side
to maintain desirable temperatures for the consu-
mers and the hot water lines on the other side.
Under extreme conditions this cold water line froze
and burst due to the thermd shielding, in spite of the
continuous circulation of hot water. When transport
methods permit prefabrication of the magjor utilidor
components is recommended to reduce construction
costs in the field. The heat sources for freeze
protection should be located near the bottom of
large utilidors if possible to ensure distribution of
heat. Sensitive piping (e.g. water) should not then
be shielded from these heat sources. If the heat
sources (i.e. steam and condensate lines) are
operationa dl year, separate insulation of domestic
water lines is recommended to maintain acceptable
cold water temperatures for domestic use. The
utilidors shown in Figure 8-1 al have prefabricated
components. All of these units can be entirely
prefabricated in a convenient unit length. A hydrant
unit on an above-ground utilidor of the type in
figure 8-2b is shown in figure 8-4. When both water
and sewage lines are exposed in the same utilidor,
the sewer access cleanouts must be sealed to
prevent cross connections. Flanged elbows or pipes
larger than 8 inches in diameter are large enough to
insert cleaning or thawing equipment. Standard
fittings or smaller pipes do not provide adequate
access in both directions. Figures 8-5 illustrates
details of sewer cleanouts that have been used for
this purpose.
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Flexible sealant at overlap points

6in. Asbestos cement watermain

\ Galvanized banding at pipe saddles
/—Fuberghss or polyurethane insulation

Corrugated metal pipe

Flexible sealant

Asbestos cement sewermain
Wood pipe saddie

8in. Timber pile

Utilidor, Inuvik, NW.T.

Wood frame
6 in. Asbestos cement sewermain

t.51in. Polystyrene insulation
/" boards.sides and top (giued)

g 6in.
.~ Asbestos cement watermain

Loose polystyrene insuiation
0.75in. Plywood
| in. Drain hele with screen

—— Wood pipe support
Wood pile cap and beam

: \
o

8in. Timber pile at 15ft spacing

Plywood box utilidor, Inuvik, NW.T.

U.S. Army Corps of Engineers

Steel Jacket and top

1 4 in. Polyurethane
P 4

\—I- 2.5in. PVC Vacuum sewer
= l I in. Copper heat trace pipe

3in. F’VC Water main
Wood beam and supports as required

Utilidor with vacuum sewer, Noorvik, Alaska

4in. polyureihane
L 4 in. Sewer force main
Plywood

1 in. Copper heat trace

Single pipe with heat tracing, Noorvik, Alaska

Figure 8-1. Various utilidors installed in cold regions.



/—- Polyurethane insulation
< 6in. Carrier pipe

— .5 n. Potable water
M//——I.Sin Gray water

coal )
O\I.S in. Pipe heat trace-suppiy

l
Z—1.5in. Pipe heat trace-return
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/

Utilidor with many small pipes,
Wainwright, Alaska

12 in. Corrugated metal pipe
Polyurethane insulation
Electric heating cable

0.75in. Copper service lines

\

1.5 in. Plastic isolation pipe
4in. Carrier pipe

Service connection
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Buried accessible utilidor, Mirryl, U.S.S.R.

Granuiar backfill
Fitter fabric

Active ayer ]
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~CE 2:in. Extruded polystyrene board insulation (6t wide)
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Adjustable chan pipe hanger

Wood stave sewer pipe

Corrugated aluminum

Ice-rich
permafrost

12n, ;ﬁg
Granular base

if
o

Extruded polystyrene board insulation (6 ft. wide)
{minimum) i——SH-—J

Steel,cement lined circulated watermain

Buried accessible utilidor, Nome, Alaska

Fibergiass-reintorced
piastic filanient wound pipes

Insulation surface treated
with mastic or paint

Walkway

§§=§/— Electric heating cable (optional)

Potyurethane toam insulation

Fiberglass-reinforced
plastic exterior casing

Water recircuiation pipe (optionat)

Condensate return —

J}

Galvanized bolt

/L

Electncal\

Aluminum or galvanized
steel channel

Prefabricated utilidor

Walkway utilidor, Cape Lisburne, Alaska

U.S. Army Corps of Engineers

Figure 8-2. Typical utilidors.
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24 in.

2in. Rigid insulation
Aluminum cover
34 in. Plywood

‘ ‘/:T—BZinA x 10 in. Wood beam
- o /4 in. Hot water return
é i 3/4 in. Hot water supply

Approximate isotherms

\
?

o s e T ——

RESRE

v .

C7*—4 in. Pipe pile
Ambient air temperature: ~20°F

Hot water input temperature: 156°F

U.S. Army Corps of Engineers

Figure 83. Temperature variation in a small utilidor with central hot
water distribution.

Flanged tee
Hydrant housing filted
with loose batt insuiation

SN 2-Way siamese connection
Utitidor — / Removable end cover

Watermain —

Butterfly valve with

f 30in,

Steel stub flange
—]
|
Rl

U.S. Army Corps of Engineers

Figure 8-4. Above-ground utilidor hydrant.
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!
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\-— Fiberglass reinforced plastic

Cloth impregnated rubber gasket to
indicate when pipe is under pressure

I18in. i

\—— Steel

U.S. Army Corps of Engineers

Fligure 8-5. Sewer cleanouts.
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CHAPTER 9
WASTEWATER TREATMENT

9-1. General.

Basic design criteria for domestic wastewater
treatment systems can be found in TM 5-814-
3/AFM 88-11, Volume 3. This chapter provides
information and guidance on those aspects unique to
cold regions and presents general design criteriafor
those trestment systems most commonly used in the
Arctic and Subarctic.

9-2. Wastewater characteristics.

Wastewater characteristics in the cold regions will
generdly be different from those in temperate
regions, with respect to quantity, quality, and
temperature. The total quantity of wastewater dis-
charged a military ingadlationsin cold regions tends
to be very close to the quantity supplied for potable
water use since there is little external or industrial
use, storm water is usualy excluded, and
groundwater infiltration is not a factor in the newer
insulated and tightly sedled pipe systems. As aresult
wastewater in the Arctic and Subarctic tends to be
more domestic in nature and higher in strength than
at comparable facilities elsewhere.

a. Quantity. The determination of design flows
should be based on a specia anaysis of the installa-
tion. The population equivalents and capacity fac-
tors presented in TM 5-814-3/AFM 88-11, Vol.3
will tend to overestimate the volume of flow to be
expected at remote instalations in the Arctic and
Subarctic with smal populations. This may result in
operationa problems with some biological treatment
units. Selection of less senditive processes or use of
two smaller unitsin parallel will avoid the problem
if the design cannot be based on actual flows.

b. Quality. The massof pollutantsin cold region
wastewaters is comparable to that in other locations
but the concentration will generally be higher
because of lower water usage rates. For example,
™™ 5-814-3/AFM 88-11, Vol.3 adlows a
biochemica oxygen demand (DOD) loading of 0.2
pound per captia per day. At flow rates of 100
gallons per capita per day, that results in a BOD
concentration of about 240 milligrams per liter
(mg/L). At remote installations in the cold regions
the DOD concentration will normally be over 300
mg/L for domestic wastewater, at the typical flow

rates ranging from 60 to 80 gallons per capita per
day.

c. Temperature. The wastewater temperature at
many cold region facilities tends to be at least 50
degrees F due to transmission in insulated and
sometimes heated lines. The heat available in this
incoming wastewater should be considered during
process design.

d. Flow variations. The diurna flow pattern at
military ingalations tends to be the same regardiess
of climateand TM 5-814-3/AFM 88-11, Vol.3 must
be used to determine peak and minimum flow ratios
for design purposes.

9-3. Unit operations.

Practically all of the basic unit operations used in
waste water treatment are affected by temperature
through liquid viscosity changes or changes in
chemical reaction rates. An analysis during the early
stages of design is required to predict the thermal
status of mgjor componentsin the treatment system.
If wastewater temperatures above 50 degrees F are
expected and the entire system isto be housed in a
heated building, then conventional practice as
defined in the TM 5-814-3/AFM 88-11, Val. 3 will
be used. If temperatures below 50 degrees F are
expected, or significant temperature changes are
alowed to occur within the system, then
adjustments will be necessary in the design of the
unit operations. Figure 9-1 will be used to make the
necessary adjustments in design to compensate for
viscosity effects. The power requirements for
mixing, the detention time or size of grit chambers
and primary clarifiers and the efficiency of gravity
filterswill dl be adjusted usng figure 9-1 where low
temperature liquid is expected. For example, a
detention time of 2 hours is typiclly specified for
primary clarifiers. If wastewater at 35 degrees F is
expected, then the detention time will be increased
asfollows:

Multiplier = (3.07) €™ (from figure 9-1)
At 35°F = (3.07) €005
Adjusted time = (2 hr)(1.723)
= 3.45 hr.

9-1
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Figure 9-1. Viscosity effects vs. temperature.

a. Gas transfer. The solubility of oxygen and
other gasesin water increases as the liquid temper-
ature decreases. However, the viscosity of the liquid
also increases so that the opportunity for contact
between gas bubbles and liquid molecules is
decreased. The net practica effect is little im-
provement in overall gas transfer in cold waste-
water without additional mixing.

b. Adsorption and chemical reactions. Adsorp-
tion is not affected by low temperatures, with the

range of values experienced in wastewater treat-
ment. Most chemical reaction rates are slower at
low temperatures. This can affect treatment and
must be considered in preparing chemical solutions
for use in wastewater treatment. The solubility of
some common treatment chemicalsis given in table
9-1.

Table 9-1. Solubility of common treatment chemicals

Pounds per gallon at

32°F 60°F
Alum 6.0 7.3
Ferrous sulfate 0.5 2.0
Sedium hydroxide 24 4.4
Calcium hypochlorite 1.8 1.9

c. Flocculent sedimentation. Secondary clarifiers
and dludge thickeners generally receive relatively
high concentrations of solids and are not dependent
on temperature as predicted by Stoke's law. The
multipliers shown in figure 9-2 will be used to adjust
the size or detention time of these units, depending
on the design solids concentration. At solids
concentrations of 2000 mg/L or less, and for
primary clarification, temperature effects are close
to that predicted by figure 9-1, but as the solids
concentration increases, the influence of tempera-
ture decreases and figure 9-2 will be used. Density
currents can completely disrupt the operation of
settling tanks and thickeners, so protective ele-

200

Multiplier

35 40 45

50 55 60 65

Temperature (°F)

U.S. Army Corps of Engineers

9-2

Figure 9-2. Settling detention time vs. temperature.



ments will be required in cold regions to maintain
the temperature of tank contents as closaly as possi-
ble to that of the incoming liquid.

9-4. Unit processes.

These include preliminary treatment, primary
treatment and a variety of biologica or chemical
processes for secondary treatment. All are subject to
temperature influences on their performance.

a. Preliminary treatment. This commonly in-
cludes screening, grit and scum removal and grind-
ing or comminution. Conventiona equipment can be
used and basic design criteriawill be in accordance
with TM 5-814-3/AFM 88-11, Vol.3; adjustment in
grit chamber detention time will be as described in
paragraph 9-3 above. Protective, insulated shelters
will be constructed over trash racks, bar screens,
and grit chambers to avoid icing problems in the
winter. Where structures are  unheated,
condensation and icing may occur on the inner
surfaces of exterior walls. In these instances,
materials and coatings will be selected accordingly
and controlswill be located on dry interior walls, or
in another remote location.

b. Primary treatment. The design detention time
of primary clarifierswill be adjusted, as described in
paragraph 9-3 above. In genera the tanks will be
designed in the conventional manner as buried or
partialy buried structures. However, the presence of
shallow permafrost, particularly icerich, fine-
textured soils, will require above-ground tanks or
specid foundations (see TM 5-852-4/AFM 88-19,
Chap. 4). Temporary covers for heat retention pur-
poses are recommended for winter operation of bur-
ied and exposed tanks in the Arctic and Subarctic.
Tanks above grade will aso require sidewall insu-
lation or enclosure in a protective structure. Con-
struction details are similar to the procedures des-
cribed for water tanks in chapter 5.

c. Biological processes. Biological systems for
secondary trestment that have been sucessfully used
in cold climates include lagoons or ponds, both
facultative and aerated, several activated sudge
variations, and attached growth systems. Each has
specia requirements for successful cold regions
performance.

(1) Facultative lagoons. Where sufficient land
area and suitable soil conditions exist, facultative
lagoons are the most economical aternative in the
cold regions because of their low construction cost
and smplicity of operation. Treatment performance
during winter is greatly reduced by low
temperatures and by ice and snow cover, with re-
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mova rates roughly comparable to those of primary
treatment alone. Total retention of wastewater dur-
ing winter months will be required with controlled
discharge commencing in late spring and in early
fall. Thisis a common practice in Canada and the
north-central United States. Three or more cells will
be used to avoid short circuiting. Each cell will be
isolated briefly and then discharged in turn during
the specified period. Rectangular cells with a
minimum 3:1 length to width ratio are recom-
mended to further reduce short circuiting. For a
three-cell system, gpproximately one half of the total
volume needed will be provided in the primary cell,
with the remainder equally divided among the other
cells (a four-cell system will have two-fifths the
volume in the first cell). The design BOD loading
over on the total areawill be 20 pounds per acre per
day maximum. The design volume for controlled
discharge ponds will be fixed by the time interva
between discharges, and not by the minimum
detention for BOD, reduction. The BOD, loading
on thefirst cell in controlled discharge systems will
not exceed 50 poundsacre/day to avoid odor
problems.

() Design depth. The design depth will be
based on winter conditions and will alow a free-
board of 1 foot plus the ice thickness, plus 5 feet
from the underside of the ice to the lagoon bottom.
Adjustable weirs will be provided at the outlet so
that the water level can be raised to provide the
necessary depth at the start of winter, and then
lowered to the normal operating depth in the
summer. Ice thickness will be best determined from
actual records or from observations made at small
ponds or lakesin the area. An approximation of the
maximum ice cover that can occur will be calculated
with the following equation, applicable only to
unaerated ponds:

d=m(l,)" (g 9-1)

where

d maximum ice depth, inches

m = coefficient depending on site conditions
= 0.8 for windy Ste, no snow cover onice
= 0.68 for moderate snow cover (seetable

12-4 for other conditions), in (°Fed)™
/A = theannua air freezing index, in degree

days, °Fed). See TM 5-852-1/AFR 88-
19, Voal. 1 for procedure to determine
the air freezing index and for typical
values.
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For example, if Fairbanks, Alaska, has a mean air
freezing index of 5500°F+d, and a moderate snow
cover on the lagoon is assumed, then the

maximum depth of ice = 0.68 V5500
= 50.4 inches.

See section 12, paragraphs 9a and b for additional
detail on ice formation.

(b) Special construction features. Standard
construction techniques can be used except where
permafrost is present. Fine textured, ice-rich per-
mafrost must be avoided if possible, since thawing
will result in failure, or at least require frequent
repair of dikes and berms. Lagoons may be installed
in permafrost that is physically stable after thawing.
Construction techniques for dikes and berms, and
the use of lining materials are essentialy the same as
those described in chapter 5. Synthetic rubber has
been most commonly used for lagoon liners at
military installations in Alaska (see EPA report
MCD 54 for additional information). Details of
inter-basin transfer structures and outlet works are
shown in figure 9-3. The use of the stop-log

manhole concept as shown in this figure will permit
easy control of depth in the lagoon cells and is an
aternative to adjustable weirs.

(2) Aerated lagoons. Partially mixed aerated
lagoons, also called facultative-aerated ponds, have
been used successfully in cold regions. They require
less land area, but more energy and more op-
erationa attention than facultative lagoons. Basic
process design criteria are similar to those of tem-
perate regions. The design is based on:

S, 1

= (eq 9-2)
S 1+kt
where
S, = effluent BOD,, mg/L
S, = influent BOD,, mg/L

—
I

total detention time, days
=V/Q

V = Total volume of lagoon,
millions of galons (mg) or ft3

/- valve box and valve stem extension {see fig. 6-7 for details)

Frost heave protection

Ice cover —g

.

<= S minimum } e

— X L

Gate vave—" Gravity outfall—-/

Maximum frost penetration

Insulated, electric heat traced pipe
2-3 - f

Upturned elbow <
Anchor block

R SRRNCL 2 2y A

Frost heave protection if required
Insulated cover

lce cover —,

U.S. Army Corps of Engineers

Adjustable stop logs
Detail

Figure 9-3. Lagoon construction details.
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Q = averagedaily flow, millions of gallons per
day (mgd) o
k = overdl reaction coefficient (base e), days

! as used in Alaska and northwest
Canada:

typica winter value = 0.14 (= 33°F)
typica summer vaue = 0.28 (60°F-70°F)
One can aso use: Ky = K,,(0)(T-20)
with k,, =0.28, 0 = 1.036, see table 9-3.

For severa cellsin series, the equation becomes
S. 1
= (eq 9-2)
S (1+kt1 N
N

o

where N = number of cells (other terms are defined
above). This equation can be solved to determine
the optimum number of cells in the system. In
generd, winter conditionswill determine the number
and sze of cellsand summer conditions will control
the design of the aeration equipment. For example,
assume the following conditions:

influent BOD = 240 mg/L
efflfuent BOD = 30 mg/L
winter = 0.14.

Then determine the optimum number of cells using

eguation 9-3. For one cell:
1

1 240 | . 1
t = 2 [(£2)] -1] = 50days
0.14[( 20 )] -1] y

and other combinations are shown in the following
table.

Number of cells
N t, days

50
26
21
19
18

Total detention time

Tt WO DN —

There is no further significant decrease in total
detention time after three cells, so the design should
be based on three. The first cell in athree-cell unit
should contain about half of the design volume.

(@) Design depth. The effective lagoon depth
must alow for ice cover in the winter and sudge
accumulation on a year-round basis. Ice will not
form continuously over the surface of aerated
lagoons. Even under extreme winter conditions
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(-50°F) there will be small areas of open water
where air will bubble to the surface from a sub-
merged aeration system. Aerated lagoons in central
Alaska (freezing index >5000°F days) have been
successfully designed assuming a 12-inch ice cover.
A single-cdll lagoon near Anchorage, Alaska (freez-
ing index 2500°F days), receiving warm sewage has
an ice cover of less than 3 inches in the winter. If
gpecific values are not available from similar lagoons
inagmilar climate, an assumed value of 15 percent
of the total for design depth is recommended for ice
cover alowance in arctic and subarctic regions.
About 5 percent will be alowed for dudge
accumulation on the bottom. The depth required for
treatment in the winter isin addition to both of these
factors.

(b) Aeration design. A submerged aeration
system isrequired for year-round operation in arctic
and subarctic regions since icing problems can
interfere with performance of surface aerators. The
aeration design for these partiad mix lagoons is
based on supplying the required oxygen, not on
keeping al of the solids in suspension. As aresult,
there will be settlement of sludge on the bottom of
the lagoon, and some algae growth in the liquid
portion. Summer conditions control aeration design
since biologica reaction rates are the highest and
the amounts of oxygen that can be dissolved are the
lowest. The oxygen required for partial-mix lagoons
will be set at double the organic loading:

0, =2(BOD)(Q)(8.34) (eq9-4)

where

O, = oxygen required, Ib/day
BOD = influent BOD,, mg/L
Q = design flow, mgd.

Under standard conditions, air contains about
0.0175 pounds per cubic foot (pcf) oxygen (specific
weight of air at standard temperature and pressure
15 0.0750 pcf, with 23.2 percent oxygen), so the air
required in cubic feet per minute (cfm) is

2(BOD)(Q)(8.34)(60)
(E)(0.0175)(86,400 sec/day)

Air required (¢cfm) =

L OEREDQ@. g

where E = efficiency.
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The aeration efficiency depends on the depth of
water, type of diffuser, mixing turbulence and basin
configuration. For example, atypical efficiency (E)
of submerged tubing is 16 percent. Therefore, for a
design flow of 1 MGD and a BOD; of 240 mg/L,
the air requirements would be

(0.662)(240)(1)

Air required = 0.16)

993 cfm .

(c) Aeration system operation. Aeration
systems that have been successfully used in cold
region lagoons include perforated tubing, tubing
with diffuser inserts, air guns, and helical diffusers,
al available from a number of commercial sources.
Table 9-2 summarizes the characteristics of these
devices. The vaues in the table along with equation
9-4 will be used for a preliminary estimate of the
number of devices and length of tubing that will be
required for a particular system. Manufacturers
literature is then consulted for the final design of a
specific system. About 65 percent of the aeration
capacity will be located in the first cell of the lagoon
system. Submerged tubing and, to a lesser degree,
air gun systems are susceptible to clogging due to
precipitation of carbonate and bicarbonate salts
around the air outlets. The potentia severity of the
problem increases with the hardness of the sewage.
A number of tubing systems in Alaska have been
replaced because of this problem. The problem is
overcome by including a gas cleaning system using
anhydrous hydrogen chloride gas. The acid pro-
duced at the air outlets dissolves the incrustations.

!

Sd ‘L
b

(d) Configuration and construction. The
prevention of short circuiting and minimization of
heat losses must both be considered in design. The
optimum configuration for minimal heat 1oss would
be a circular basin with vertica sde walls, but
construction costs would be prohibitive. A square
basin with sloping sidewalls would be dightly more
efficient thermally than a rectangular basin of the
same volume, but would be prone to greater short
circuiting. In general, hydraulics will control design
and long rectangular cells (Ilength to width ratio
greater than 3:1) will be used to reduce short
circuiting. A maximum slope of 1 on 3 is required
for interior sidewalls. Figure 9-4 will be used to
calculate dimensions of the cells. Inlet and outlet
structures, and other construction details, are the
same as those described in paragraph 9-4 (1)(6) for
facultative lagoons. The general provisions for con-
struction of dikes and lagoon structures will be as
required in TM 5-814-3/AFM 88-11, Vol.3.

Table 9-2. Typical aeration equipment.

Oxygen Provided*  Common Depth
(Ib/day) (ft)

3-10/100 LF 8-15
80-150/unit 12-20
100-400/unit 10-20

Equipment

Submerged tubing
Air gun
Helical Diffuser

*These values can be used to estimate the number of units or
linear feet (LF) of tubing required to satisfy the oxygen require-
ments as defined by equation 9-4. Manufacturers, literature
should be consulted for absolute aeration efficiency ratings.

Volume = V = d[(a+S5d) (b+8d) + .333 S* &?]

Note: The last term (0472 $2 d?) can

be dropped for preliminary estimates

U.S. Army Corps of Engineers

Figure 9-4. Dimensions of lagoons.
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(3) Activated dudge systems. Systems that have
been successfully used in cold regions include
conventional and pure-oxygen activated sudge,
contact stabilization, and extended aeration con-
cepts, both in package plants and in oxidation
ditches. Basic design criteriafor these processes can
befoundin TM 5-814-3/AFM 88-11, Vol.3. When
the system is enclosed and incoming waste-water
temperatures exceed 50 degrees F, basic design
criteria will apply. Special measures are necessary
only when incoming wastewaters are below 50
degrees F or if a significant temperature drop is
expected within the system. All of the biological
reaction rates involved are temperature sensitive,
and must be adjusted using:

(T -20)

ky = k@ (9-5)
where

k; = reaction rate coefficient at temperature T
k,, = reaction rate at 20 degrees C

T = design wastewater temperature, degrees C
0 = temperature coesficient.

The 0 vaues given in table 9-3 will be used in
eguation 9-5 to adjust the reaction rate for the
design wastewater temperature. The basic reaction
rate coefficientsare found in TM 5-814-3/AFM 88-
11, Vol.3.

Table 9-3. Temperature coefficients for biological treatment.

Temperature Range

Process ] (°F)
Oxidation pond 1.072-1.085 37-95
Facultative lagoon 1.06 -1.18 39-86
Anaerobic lagoon 1.08 -1.10 41-86
Aerated lagoon 1.026-1.058 36-86
Activated sludge 1.00 -1.041 39-113
Extended aeration 1.037 50-86
Trickling filter 1.035 50-95
(conventional)
Biofilter 1.018
(plastic media)
Rotating dise
Direct filter 1.009 50-86
recirculation
Final effluent 1.009 55+
recirculation
Final effluent 1.032 40-55

recirculation

TM 5-852-5/AFR 88-19, Volume 5

(a) Special requirement. A permanent ice
cover must be avoided in the aeration compartments
of activated dudge systems. An ice cover will inhibit
atmospheric aeration and will entrap solids, both of
which reduce treatment efficiency. The design must
provide for a minimum of exposed liquid surface
area to reduce heat losses. An unheated shelter, a
temporary tank cover or a wind break is required
during the winter. Clarifiers associated with these
systems will require ssimilar protection to avoid
freezing and to inhibit density currents. A
continuoudly heated building is not necessary to
maintain treatment efficiency. Operator comfort and
convenience are the only justifications for such
energy inputs. If the incoming sewage is 50 degrees
F or warmer there is sufficient heat in the liquid to
sustain a protected treatment process. A standby
heat source and emergency power are recommended
for extended power failures and other emergencies.

(b) Extended aeration. Extended aeration
units have been successfully operated with liquid
temperatures as low as 33 degrees F and have still
produced high quality effluent. Design organic
loadings (food/microorganism ratio) of up to 0.08 Ib
BOD (biochemica oxygen demand)/Ib ML SS/day,
and mixed liquor suspended solids (MLSS) concen-
trations of 3000-40000 mg/L are recommended for
low temperature operation. Small packaged treat-
ment units must be covered and must be protected
from the wind. Pumps, motors, blowers, external
pipes, vaves and similar appurtenances will require
heat as well as a protective shelter. These systems
must not be oversized or overdesigned with respect
to hydraulic capacity, because low organic loadings
usualy result in poor performance. Dual units are
required for low, intermittent flows at remote
installations. Only one unit is operated during low
flow periods. This unit is operated with a MLSS
concentration. Sludge is then transferred to the
second unit during peak flow periods allowing an
immediate start-up. Figure 9-5 illustrates the special
features of an oxidation ditch in the Subarctic. The
aeration basin has vertica sidewalls and a vertica
centra divider. This reduces exposed surface area
and heat losses by about 32% as compared to the
conventiona ditch with doping sidewalls and center
island. The only heated space in this treatment
system is the office/laboratory clarifier equipment
and aeration brushes are housed in simple concrete
block construction. Condensation and ice forms on
the interior surfaces of exterior walls. Thus
switches, control panels, etc., must be located on
dry interior walls. These features are not unique to
oxidation ditches and can usually be incorporated
into other systems as well.

9-7
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Brush housing (see detanl)\
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Figure 9-5. Oxidation ditch for the Subarctic.

(4) Attached growth systems. These include
trickling filters, rotating biological discs, and other
devices with plastic, rock or wooden media. Effec-
tive treatment depends on maintaining a thin film of
liquid over the media These units are susceptible to
freezing and must therefore be enclosed in a pro-
tective structure. Criteria from TM 5-814-3/AFM
88-11, Vol.3, will be used for design, along with the
temperature coefficients given in table 9-3. The need
for additional hesat in the protective structure will
depend on the temperature of incoming waste-water
and on the degree of treatment required.

9-5. Sludge management.

Large-scale, conventional treatment facilities and
those operating in a heated environment can be
expected to produce sludge at rates similar to those
of conventional temperate zone practice. Typica
values for systems in use in the cold regions are
presented in table 9-4. Thickening, digestion, and
dewatering of dudge al follow temperate zone
practice as defined in TM 5-814-3/AFM 88-11,
Vol.3.

a. Freeze-thaw dewatering. Sludges from water
or waste water treatment operations can be flooded
onto conventional open sand drying beds in layers
and dlowed to freeze. The depth of sludge that can
be frozen (or thawed) is calculated with:

X = mg(l,)”* (eq 9-6)
where:

X = depth of dudge that can be frozen, inches

9-8

m, = proportiondity coefficient for udge, use
0.6 for dudge concentrations in range O-
7 percent solids (higher concentrations
are difficult to sporead on bed), in (°Fed)™*

l, - Air freezing (or thawing) index, °Fed
(use warmest winter of record for
freezing calculations)

(1) Sludges with an undrainable jelly-like

consstency will dewater immediately upon thawing
and then have a granular consistency.

Table 9-4. Typical sludge production rates”.

Dry solids Solids content
Process Ib/person/day  of wet sludge
(%)
Primary settling 0.12 6
Trickling filter (TF) 0.04 4
Secondary
Primary plus TF 0.16 5
Secondary
Conventional activated sludge 0.07 0.5-1
(AS), secondary clarifier
Primary plus conventional 0.19 2-3
AS secondary
Extended aeration 0.09 2
Lagoons 0.13 20°

a Average, 24-hr values, from temperate climate experience.
b High value due to long-term consolidation of sludge on lagoon
bottom. Data from partial-mix aerated lagoons in Alaska.



(2) Solids concentrations of 20-25 percent
immediately after thawing aretypica and after afew
more weeks of drying will approach 50 percent. The
total depth of dudge that can be frozen isrelated to
the depth of frost penetration that will occur in a
particular location. Repeated applications in thin
layers is recommended to ensure that each layer
freezes completely. The following equation can be
used to estimate the potential total depth of sludge
that could be frozen (applied in 3-inch layers) if the
maximum depth of frost penetration for a site is
known:

YX = 1.76 (f,) - 40
where;

>X = totd depth of dudge that could be frozen
in 3inch layers, in.

F, = maximum depth of frost penetration for
area (see TM-5-852-1/AFR 88-19, Vol.
1),in.

(3) At most facilities it will not be cost-
effective to depend entirely on freezing since this
would require sludge storage during the warmer
months. The optimum design, to avoid storage, will
determine the amount of material that can be frozen
and then thawed by early summer so that the beds
can be used in the conventional drying mode for the
balance of the warm season. Polymer additions (in
the summer only) will be necessary to condition
alum and other metallic hydroxide sludges for
conventional dewatering on the sand beds.

b. Sudge disposal. Landfills or land application
of sludge are the most appropriate techniques for
disposal in cold regions. Temporary sludge storage
will be necessary where winter conditions or frozen

(eq 9-7)

Insulated electric heat

traced outfall pipe
D
°
-

Wastewater
discharge

TM 5-852-5/AFR 88-19, Volume 5

ground prevent surface application or landfill
operations.

9-6. Qutfalls.

Ouitfall structures require special consideration to
prevent freezing of the effluent and to prevent
structural damage from ice in the receiving waters.
In some cases these problems can be avoided by
designing for seasona discharge. However, an
unused outfall is still exposed to damage by icein
the winter and during spring thaw. Exposed outfall
piping will be insulated and hesat-traced. The thermal
design will be accordance with section 12. A
submerged outfall is recommended wherever pos-
sble. However, in shalow streams the pipe must be
protected from ice scour that can occur during
spring breskup. If possble, the pipe will be installed
underground with the outlet completely submerged
in water and below the maximum penetration depth
of winter ice. If these conditions cannot be satisfied
an elevated outfal will be required. Figure 9-6
illustrates a typica elevated outfall detail. The
support piling will be designed in accordance with
TM 5-852-4/AFM-88-19, Chap. 4, to resist the
uplift forces generated by a floating ice sheet. This
is particularly critica at coastal locations with
significant tidal action. It is usually not practica to
design simple pile supports to resist the laterd
forces from ice movements during spring breakup.
As shown in figure 9-6, break-away couplings will
be used to prevent complete destruction of the
outfall structure. Elevated outfalls will, in generd,
be designed to discharge on top of the ice since an
open water surface cannot always be maintained.
Most of the effluent will then freeze and form a
large mound of ice as the winter progresses.

Break-away couplings so that ice
movement may destroy pile
without interruption of service

Dratt control over end of pipe ]

Pile supports —* L

U.S. Army Corps of Engineers

Figure 9-6. Example of an elevated outfall design.
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The pipe must be of sufficient height so that the ice
mound does not plug the outlet. A dual outlet con-
structed as a wye with a valve on each branch has
been successfully used to overcome this problem.
When the ice mound approaches one outlet, dis-
charge is shifted to the other leg for the remainder
of the winter. Figure 9-3 illustrates design details for
the buried outfall for atypical cold regions lagoon.
A submerged outfdl will be smilar in concept to the
water intake shown in figure 3-3.

9-7. Alternatives to treatment/disposal.

At many remote installations that have small popu-
lations or with intermittent usage, it may not be cost
effective or technically feasible to construct one of
the treatment/disposal options discussed above.
Small-scale on-dite systems may be feasible for these
situations and will be considered. Conventional
septic tanks and soil absorption systems have been
used throughout Alaska with mixed results. Sludge
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accumulates at high rates in septic tanks in low
temperature soils. Annua dudge removal is required
to avoid clogging problems in the adsorption field.
Design procedures are similar to conventional
practice for these systems. Insulation of the septic
tank is desrable; a 2-inch thickness of rigid
polystyrene board will retain heat and is recom-
mended for intermittently operated systems. Where
feasible, deep seepage pits are preferred over
conventional absorption fields because of ther
greater thermal efficiency. In locations where in--
ground disposal is not practical or feasible, vault
storage and truck haul will be required. Electric
incinerator toilets have been successfully used since
1977 at remote Alaskan stations. These units are not
recommended for recreational areas or for transient
users. The “grey water” (kitchen, bath and laundry
wastes) at these remote stations is discharged to a
gravel pad on the ground surface.
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CHAPTER 10
FIRE PROTECTION

10-1. General.

Requirements for fire protection are covered in
MIL-HDBK-1008. Protection of Air Force installa-
tions should be in accordance with AFR 88-15.

10-2. Hydrants.

Fire hydrants were discussed in chapter 6 paragraph
6-6a, and specia features for cold regions use
shown in figures 6-9 and 6-10. Hydrants must be
accessible and operable at al times (regardless of
frost depth, snow cover and temperature).

10-3. Truck systems.

Motorized fire pumping apparatus with booster
tanks and hoses will normally be provided for pro-
tection of remote buildings not serviced by the
water distribution system. Winter operation in the
Arctic will require tank trucks on standby in heated
garages and a protected water point with a pumping
capability of at least 350 to 500 gallons per minute
for refilling the tank trucks if hydrants are not
avallable.

10-4. Chemical and gas methods.
A hadon gas system is recommended in high hazard

buildings where sensitive electrical or mechanical
systems could be destroyed by water. Guidance and
criteria for systems of this type can be found in
DOD 4270.1. Foaming equipment will not function
at optimum levels below -15 degree F air tempera
tures since aspiration of the foam is not complete.
Standard carbon dioxide fire extinguishers will also
not function properly at below-freezing tem-
peratures. Dry chemical extinguishers have been
used successfully and range in size from hand-held
unitsto large dolly-mounted units containing about
350 pounds of chemical.

10-5. Alarm systems.

Central aarm systems must be designed in accor-
dance with TM 5-813-3/AFM 88-10, Vol.3. In
many cases it is advantageous to integrate the
systems with other utility system sensors for
protection of the water distribution network and
sawage transmission lines (see section 6 and 7). All
of these signals can be transmitted to the fire
department and other central alarm centers where
appropriate action can be initiated.

10-1
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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

DIAGRAMETRIC-CABLE SYSTEM

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

SECTION VIEW OF PAD OR ROADWAY

TERMINATIONS

SPLICES :

INSULATION/JACKET

Gravel pad

Active layer

Cables buried in
toe of roadway

j=-Roadway |

| N

Freeze /thaw zone

Permafrost

Recommendations

Insulation Jacket - Low temperature flexibility favor solid dielectrics. and
ethylene propolene types

Splices - Manufacturers kits, instant slip-on terminators to eliminate pouring
hot compounds, and building taped stress cones in field.

Terminations - Taped stress cones in field.

U.S. Army Corps of Engineers

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.

NFS
Grovel / \

Annucl Frosf Lme :2 Z —

Trussed Tower Guyed Tower
a. Gravel mat with surface footings

b. Gravel mat with buried footings

NFS backfill

avoids frost

thrust against
sloping member

C. Gravel backfill with buried footings

d. Gravel backfill with surface footings

Alternate

U.S. Army Corps of Engineers

Figure 11-2. Granular pad utility tower foundations (NFS =
non-frost-susceptible material).

11-3



TM 5-852-5/AFR 88-19, Volume 5

Orainage

d. Non-frost-susceptible (NFS) foundation with shatlow footings.

Support members i Backfill with

ground must be excavated

paraliel to direction material Backfill
of heave / 7

e

b. Frost susceptible foundation with footings below frost line.

Backfill with Backfill with
excavated excavated
material material

[

;

Steel
grillgge

- Footing &

/) 2 Timber

EIXIXEDIXDIDE]7 | courses RE SN

C. d. Granular Mot
Alternate foundation details.

S |

e. Pile foundation f. Crib foundation

U.S. Army Corps of Engineers

Figure 11-3. Foundation designs employing minimum and no
granular material for utility towers and power poles.

11-4



TM 5-852-5/AFR 88-19, Volume 5

CHAPTER 12
THERMAL CONSIDERATIONS

12-1. General considerations.

The thermal aspects of utility system designs are
among the most critical elements for cold regions
systems. The potential problems are failure of pipes
dueto freezing of water, thaw settlement or heaving
of foundation soil, thermd strains and the associated
stresses, the cost-effective selection of materials and
insulation thicknesses, and economical operation.
This chapter presents criteria and design examples
for the most critical thermal calculations that might
be required for design of pipes, utility structures and
appurtenances.

12-2. Freezing of pipes and tanks.

Damage or failure occurs due to the expansion of
water changing to ice. The hydrostatic pressure on
the still-unfrozen liquid can reach several hundred
atmospheres and it is this pressure, not the contact
of theice, that typically causes pipe failure. Preven-
tion of freezing is accomplished via the most cost-
effective combination of insulation, heat trace, cir-
culation, etc., using the methods presented in this
section. Insulation done will not necessarily prevent
freezing. It reduces the rate of heat loss and extends
the freeze-up time. Smal diameter service
connections may have a freeze-up time measured in
minutes or afew hours. These are the most vulnera-
ble portion of the system and will usualy freeze
first. Thawing capability is mandatory for these
small diameter pipes.

12-3. Thawing of frozen pipes.

Remote electrical thawing methods that can be
incorporated in the origina design include skin
effect, impedance, and various resistance wire and
commercia heating cable systems. Frozen wells
have been thawed by applying a low voltage from a
transformer to a copper wire located inside the riser.
Once a smal annulus is melted, the flow can be
restarted and it will thaw the remaining ice. Chapter
6 contains details on thawing of frozen pipes.

12-4. Heat loss from pipes.

The total heat loss and the freeze-up time are
dependent on the ambient and internal temperatures
in the pipe system. Above-ground piping systems
must be designed for the lowest expected air

temperatures, which range from -40 to -75 degrees
F. These extreme surface temperatures are attenu-
ated by buria depending on the thermal properties
of the soil. For example, the air temperature at the
surface might have an annual range of 150 degrees
F. At adepth of six feet the temperature may vary
dightly with the season, and at 30 feet seasond
temperature fluctuations are negligible. Frost
penetration will be greatest in rock or bare, dry
soils. A snow cover will typically reduce the depth
of frost penetration by an amount equal to the snow
depth. Locating utility lines away from snow-
plowed surfaces will take advantage of this poten-
tid. Thereisatime lag involved with frost penetra-
tion so that maximum depth of frost penetration will
occur long after the extreme winter temperatures.
At adepth of six feet the lag time may be one to five
months after the onset of freezing conditions at the
surface. The specific time depends on soil properties
and moisture conditions.

a. Direct burial. Water and sewer mains are typi-
caly buried below the maximum depth of seasonal
frost. In cold regions, the frost penetration is often
greater than the common pipe buria depths of 6 to
10 feet, and may be 20 feet or more in exposed dry
soil or rock. Deep frost penetration, high ground-
water, hilly terrain, rock or other factors will make
it more practical and economical to install all or
portions of the utility system within the frost zone.
In these cases, the degree of freeze protection
necessary will depend upon the ground temperatures
at the pipe depth. Where pipes ae only
intermittently or periodicaly within  frost,
conventional bare pipes will be adequate, provided
a minimum flow can be maintained by circulation,
bleeding or consumption. Frost-proof
appurtenances, stable backfill and some heating will
also be necessary. Heat loss and freeze danger are
sgnificantly reduced by insulating the pipes.
Insulated pipes can be ingalled in shallower trenches
or within berms at ground surface. In these cases,
the minimum depth of cover would be 1.5 to 3.0
feet for exposed ground surfaces. Greater depths
will be necessary if heavy surface traffic is expected.

b. Insulation barrier far buried pipes. Buried
pipes within seasonal frost can also be protected by
placing alayer of insulation board, usually polysty-
rene, above the pipe (fig 12-1). This method, using
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bare pipes and fittings and board insulation, is often
less expensive (for materials) than use of prefabri-
cated insulated pipe; however, the construction cost
will be higher and the effectiveness of the insulation
is lower than direct insulation on the pipes. The
board method has been used where the soils under-
lying the pipe are frost-susceptible, since frost
penetration beneath the pipes can be prevented by
the insulation board. The necessary thickness and
width of the board increases for shallower pipes and
deeper frost penetration, such as dry soils or rock.
The relative economics, compared to that for insu-
lated pipes, isimproved when pipes are placed in a
common trench under a board and when warm
sewer or central heating lines are included. Gener-
ally, the insulation should be a minimum of 4 feet
wide for a single pipe, and the thickness will be
determined by the proposed depth of burial and the
expected or cdculated frost penetration. In terms of
reducing frost penetration, two inches of polysty-
rene foam insulation (k = 0.02 BTU/hrefteF) is
roughly equivalent to 4 feet of sand or silt or 3 feet
of clay cover over the pipe. The heat loss and trench
width will be reduced by placing the insulation in an
inverted U. The design example in paragraph 12-9c
illustrates frost penetration cal culations beneath an
insulation board.

: G ]/— Expanded polystyrene board

Rigid board insulation
placed horizontally

Rigid board insulation
placed as an inverted-U

Insulation
placed around pipe

B x Pre-foamed insulation

U.S. Army Corps of Engineers

Figure 12-1. Methods of insulating buried pipe.
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c. Deep burial. Deeper pipes will experience less
extreme ambient temperatures, lower maximum
rates of heat loss and alonger safety factor time for
freezing. However, the heating period will be
longer, and pipesingaled in permafrost will require
freeze-protection al year.

12-5. Physical methods for reducing heat
loss.

The primary physical method of reducing heat loss
is insulation. It is impractical to prevent gound
moisture, humidity or water from pipe failures from
reaching the insulation and, since moisture content
is a key fctor in determining the thermal
performance of insulations, only near-hydrophobic
insulations will be used. Even these insulations will
usuadly require some physical and moisture
protection.

a. Amount of insulation. An economic andysisto
balance heating and insulating costs must be per-
formed to determine the minimum amount of insu-
lation that is required (see para 12-9i) and will
include factors, such asthe freeze-up time, the max-
imum rate of heat loss and practical dimensiond
congderations. Hest |oss estimates for pipe systems
must consider exposed sections of pipes, joints and
appurtenances, and thermal breaks such as at pipe
anchors. For example, a 5-inch gate valve has a
surface area equivalent to 3 feet of bare pipe. If this
vave were left exposed it would lose as much heat
as about 200 feet of 5-inch pipe insulated with 2
inches of polyurethane insulation and freezing would
occur a the valve first. To ensure a safe design, the
thermal resistance around appurtenances must be
1.5 times that required around the adjacent pipe
sections.

b. Location of insulation. Heat loss and the
volume of materias will be reduced by minimizing
exposed surface area. This is most important for
above-ground pipes and facilities. Insulation is most
effective when it is placed directly around the source
of heat. These characteristics are illustrated by the
ample shapesin figures 12-2 and 12-3. Where there
isan ar space, the thermal resistance of the pipe air
film can be quite Sgnificant and must be considered.
For a single pipe, insulation is best applied in an
annulus directly around the pipe. Heat loss from
severa pipesin acompact utilidor is less than that
of the same number of separate pipes insulated with
the same total volume of insulation. Heat loss will
also be reduced and freeze protection improved by
installing one water pipe inside of a larger one,
rather than using two separate pipes. This technique
isapplicable for freeze protection of small-diameter
recirculation pipes used to maintain aflow in supply



lines, or dead ends within a water distribution
system.
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Figure 12-2. Relative heat loss from single pipes insulated with

same volume of insilation.
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Figure 12-3. Relative heat loss from two pipes insulated ivith
same volume of insulation.

12-6. Heat loss replacement.

If ambient temperatures are below 32 degrees F,
freezing Will eventually occur in the pipe unless heat
is added to the fluid. Heat can be added either
continuously or at point sources.

a. Fluid replacement. Freezing will not occur if
the liquid residence time in the pipeline is less than
the time necessary for it to cool to the freezing
point. The quantity and temperature of the
replacement water must be sufficient and the flow
must be reliable. Operation without additiond
heating is restricted to situations where relatively
warm water supplies, such as ground-water, are
used or where the flow rateisreliable and high, such
asin some water supply pipelines or mains. Bleeding

TM 5-852-5/AFR 88-19, Volume 5

of water has been used to maintain or enhance the
flow in service lines, dead ends and intermittent
flowing pipdines, but the wasting of large quantities
of water isinefficient and resultsin water supply and
wastewater treatment problems. Recirculation will
maintain a flow and a uniform temperature within
the system, and prevent premature freezing at loca-
tions with lower-than-average ambient temperatures
or a poorly insulated sections. However, the water
temperature will till decline unless warmer water is
added or the recirculating water is heated.

b. Point sources of heat. Water may be heated at
the source, treatment plant, pumping stations, or
along the pipeline or within distribution systems as
required. Heat is commonly obtained from oil-fired
boilers;, however, smple electric water heaters have
been used where the heat requirements are very low.
The heating of water can be practical with low-
temperature waste heat, such as from electric power
generation. There must dso be sufficient flow within
the piping system to distribute the heat. If the
norma water demand is too low or is intermittent,
then bleeding or recirculation is necessary. A
minimum water temperature will be maintained with
the piping system by increasing either the flow rate
or the input water temperature while keeping the
other parameters constant, or by adjusting them
simultaneoudly. As a genera rule, the temperature
drop along a pipeline must aways be kept to less
than 10 degrees F, and preferably less than 5
degrees F, by insulation, higher flow rates, or
intermediate heating along the pipeline. Velocities
greater than 0.3 foot per second for 6-inch pipes
and 1.5 feet per second for 2-inch pipes are of little
benefit in reducing total energy input to maintain a
specified minimum water temperature. Higher
velocities must be balanced with the electrical
energy requirements for pumping and are not usu-
ally practical for large diameter mains.

c. Heat tracing. Replacement of heat losses and
maintenance of a minimum temperature can aso be
accomplished with hesat tracing systems. Circulation
of warm air has been used in large, open utilidors
but the most common heat tracing systems are
either separate fluid or electrica lines as the heat
source.

(1) Fluid tracers. For pipe heat tracing, hot
water, generally between 175 and 200 degrees F, is
much ssimpler to use than either steam or higher
temperature water. The use of an antifreeze solution
protects the heat trace piping, alows start-up during
winter and provides a means of thawing frozen
pipes. The viscosity of low freezing point glycol and
water mixtures is greater than that of water;
therefore, the required pumping capacity and
friction losses will be higher. The heat transfer
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characteristics are also poorer than for water. For
example, a 50% mixture of glycol and water would
require a 15% increase in flow rate to achieve the
same heat transfer. Design information on these
heating systems is available from the American
Society of Heating, Refrigeration and Air-
Conditioning Engineers (ASHRAE) (ethylene glycol
iIs toxic and cross-contamination must be
prevented). Propylene glycol, which is non-toxic,
but more expensive, can be used. Glycol solutions
are corrosive to zinc and can leak through joints and
pump sedlsthat will not leak water at the same pres-
sures. Some boiler manufacturers void their war-
ranty if glycol solutions are used. Mechanical sed
pumps should be utilized to prevent leakage. Special
organic fluids can aso be used instead of water-
glycol solutions.

(2) Electric heat tracing. Electric heat tracing
sysems arereaivey easly installed and controlled.
They can be installed continuously on water and
sewer pipelines, or only at freeze-susceptible
locations, such as road crossings, service connec-
tions or at appurtenances such as fire hydrants.
Because of the relatively high cost of electrica
energy, these systems are usudly installed for
freeze-prevention or system restoration in the event
of operating upset, such as a prolonged no-flow
condition, rather than as the primary method of
maintaining a minimum operating temperature in the
system.

() Types. A variety of eectric heat tracing
systems and products are available from a number of
manufacturers. Res stance-type cables and wires are
available for installation with pipes or for exterior
tracing. Smdl-diameter metal pipes, such as service
lines, can be heated or thawed by induction heating
from an dternating current in a wire wrapped
around the pipe which induces eddy currents within
the pipe. The most common electric heat tracing
systems used are zone-parallel and self-limiting
continuous parallel heating cables and strips. Since
they contain separate conductor and resistance buss
wires or conducting material in the same casing,
they produce a constant heat output per unit length,
and can be conveniently cut to the desired length.
Maximum lengths are usually 250 feet to 650 feet.
One type has a carbon-filled polymeric heating
element with saf-adjusting properties that decreases
heat output as the temperature increases. This cable
will not burn itself out or overheat plastic pipes, and
the heat output modulates, to some extent, with
temperatures along the pipe.

(b) Location. Maximum heat transfer effi-
ciency will be obtained if the heating cables are
installed inside the pipe. However, the coating and
joints of only afew cables, such as mineral insulant
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(M.1.) resstance cable, are approved for installation
within water pipes or for submerged conditions. In-
line cables are more practical for long water supply
transmisson mains, but are impractica in the
distribution network because valves and other
fittings must be bypassed. They may be subject to
vibration damage when fluid velocity is greater than
4 feet per second, and the cables must be removed
to clean the pipes and when some types of pipe
repairs are made. Heating cables are more
conveniently and commonly located on the outside
pipe surface. The required capacity for heating
cables must be increased by a factor of 1.5 unless
flat or wide heating strips or adequate contact
between the cable and the pipe, preferably with heat
transfer cement, is maintained. Exterior cables for
pre-insulated pipe are commonly installed within a
raceway or conduit attached to the pipe surface,
which facilitates fabrication, installation, removal
and replacement. In this configuration, the air space
and poor contact of the heating cable with the pipe
can further reduce the heat transfer efficiency and
the heat input for plastic pipes may need to be two
to six times that for a heating cable within the pipe.
It is difficult to make the joints in the exterior
heating cable channel watertight, asis required for
most cables or their joints when used undergound.

(c) Overheat protection. Plastic pipes, insu-
lations and the electric heat tracing system itself
must be protected from overheating unless the self-
limiting heating cable is used. For conventional
cables, a high temperature thermostat cut-off is
usudly installed and set at about 85 degrees F and
the sensor is placed on the surface of the heat cable.

(d) Controls. To provide freeze protection,
automatic control systems must activate the electric
heet tracing system at a set point above 32 degrees
F to provide some lead time and allow for variances
in the temperature detection sensitivity of the
thermostat and sensor. To provide economical
operation, the controls also cut off the power supply
when heating is not required. These controls are
often a magor cause of mafunction and wasted
energy. Mechanica thermostats with capillary tube
sensing bulbs are limited to about 16 feet in length
and temperature control is only possible within a
few degrees. Electronic thermostats are much more
sensitive but they are expensive. The resistance
sensors they use can be located any practica
distance from the controller and the system can be
selected to maintain fluid temperatures within 0.1
degree F. Thistype of system, which is commonly
used in Greenland, alows the utility system to be
reliably operated at near-freezing temperatures. The
sensors must be located with care to provide proper
control, freeze-protection, and prevent the waste of



energy. To accurately measure the fluid
temperature, they should be put in a pipe well or
attached to the pipe surface with heat transfer
cement, particularly for plastic pipes. They should
be located where the lowest pipe temperatures
within the section being controlled are expected,
such as at exposed windswept areas or shallow bur-
ied sections.

(3) Pipe friction. Friction heating is negligible
for smooth pipeswith fluid velocities less than 6 ft/s
(feet per second), which is aout the desirable upper
limit for flow in pipes. At high velocities frictiona
heat is significant, but deliberately increasng the
velocity for this purpose is an inefficient method of
heating since the energy is supplied by pumping.
The equations for frictional heat input are presented
in figure 12-4.

12-7. Insulation materials.

Common insulating materials are plastics, minerals
and natural fibers, or composite materials. For
design purposes, the structural and thermal prop-
ertiesfor the worst conditions must be used. These
conditions occur after aging, compaction, saturation
and freeze-thaw cycles. Other selection consid-
erations are ease of installation, vapor transmission,
burning characteristics, and susceptibility to damage
by vandds, animds, chemicals and the environment.
The insulating value of a material depends more or
less directly on the volume of entrapped gas in the
material. If the material becomes wet and the voids
filled with water, the insulating properties are lost
gnce the thermal resistance of air is about 25 times
that of water and 100 times that of ice. In the past,
the lack of a near- hydrophobic insulation made the
design of piping in moist environments very difficult
and isamgjor reason for the development of above-
ground utilidors.

a. Polyurethane foam is used extensively in cold
regions to insulate pipes and storage tanks, and is
also used in some buildings and foundations. Ure-
thane will bond to most materials. Piping or other
components can be pre-insulated or polyurethane
can be applied on-site from the raw chemicals,
which are about 1/30th the fina volume. Field
applications are restricted by climatic conditions,
and the density and thermal conductivity will often
be higher than values attainable under factory con-
ditions. The foam must be protected from ultraviol et
radiation. A metal skin has proven effective to
prevent the loss of entrapped heavy gas which can
increase the thermal conductivity by about 30%
above the theoreticd minimum vaue. Densities over
6 pounds per cubic foot are essentialy impermesble,
but lighter foams, which are better insulators,
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require coatings to prevent water absorption, since
freeze-thaw cycles of the moisture can lead to
deterioration of the insulation.

b. Extruded polystyrene, particularly the high
density products (3 pounds per cubic foot), suffer
the least from moisture absorption and freeze-thaw
but the outer 0.25 inch of unprotected buried insula-
tion should be disregarded in thermal analyses.
Molded polystyrene will absorb some moisture and
should not be used in moist conditions. Polystyrene
isavalablein board stock or beads. The former has
been extensively used to reduce frost penetration.
Beads are useful for filling voids in utilidors while
retaining easy access to pipes. Although the thermal
conductivity of polystyrene is higher than that of
urethanes, the volumetric cost is usually lower.

c. Glassfiber batt insulation is the most common
building insulation, primarily because it is fire-
resistant and relatively inexpensive. Its insulating
value is gignificantly reduced when wet, and is
reduced by half if 8% by volume is water. For this
reason, glass fiber should not be used underground
but may be considered wherever dry conditions can
be ensured. Cdlular glassis very water-resistant but
is seldom used because it is brittle and difficult to
work with. Lightweight insulating concrete made
with polystyrene beads, pumice or expanded shale
can be formulated with relatively high strength and
therma resistance. It can be poured in place around
piping but must be protected from moisture to
prevent freeze-thaw deterioration.

12-8. Thermal calculations.

The analytical therma equations presented below
use a number of simplifying approximations. The
user must determine their applicability for particular
problems and consider the various models and a
range of values for physical and temperature condi-
tions. This chapter includes time-independent
steady-state heat flow procedures as well as calcula
tions to determine ground temperature and the
depth of freezing and thawing. The symbols used
are defined in table 12-1 and the thermal conductiv-
ity of common materials in table 12-2. Solutionsto
typicdl utility system problems are given to illustrate
the procedures involved.

a. Seady-date pipeline heat loss. These include
typica casesfor bare and insulated pipes, and single
and multiple pipes in above- and below-ground
configurations. These methods are presented in
figures 12-5,12-6 and 12-7.

(1) Figure 12-5 dedls with heat flow from a
bare pipe, an insulated pipe, a single pipe in an
insulated box, and autilidor carrying multiple pipes.
In each case, some of the magor approxima
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Heat Loss and Temperature Drop
in a Fluid Flowing Through a Pipe

Freeze-Up Time For a Full Pipe
Under No-Flow Conditions (V

:o)

i Length. ¢ :

l

Fluid mearc/velocity.

ot

Fluid flow rate,

-

w Q Fluid volumetric heat capacny C Latent heat, L

Cutput fluid

q(=Vemr,?

Input fluid temperature, T,

xterlor (ambient) temperature. T,
Thermal resistance of unitiength. R

temperature. T,

Comments: The above sketch is schematic. R and T, appearing in these equations can be replaced by the
thermal resistance and corresponding exterior temperature for any shape or configuration

D= ar, V-C*R

Caiculate T, or T, ,Given R, T, or T,, T

T,: Ta- (T, Ta)' exp(-£'D)
- Ta - (T, Tu) (1-£D) itfD- 01
T,= T +(T, - T,) exp(-£/D)

Calculate R. Given T, T,, Ty

R=-{ ar,2-V+ C «In[(Ty- Ta) (0T, - Ta)]
J(T. T, mr2eR-C (T, -TyitkD- 0.1
Calculate V. GivenT,. T, T4, R
V== 31,2+R- C «In[(T, T (T, Ta)]
AT, T mrg2eVeC(T, Ty ffD- 01
Calculate Heat Loss (Q), GivenTyor T, . Ta, V. R
Q ORI Ty[1 exp( £D)]
({RT, Tn forfD- 01

= /R (1. -T4) [exp(£/D) -1]

Calcuiate Friction Heating. Given V. {

Q, FeorgieVet
Where Q, BTU h-ft
F 0.2515BTU H*
roft
vV ft h
t fncticn head loss. ft - ftlength
NotsignificantforV.. 23x10*ft h
or Q J s'm
F 3074x10*J m*
r m
V. om s
t  friction headtoss. m  mlength
NotsignificantforV. 2m s

Freeze-Up Times; Given R, T,, T

Assume that thermal resistance of the ice. as itforms.

and the heat capacity of the pipe and insulation are
negligible.

Design Time (Recommended)

tp ~ Time for the fluid temperature to drop to the
freezing point.

zer 2 R- C

-in[ (T

Safety Factor Time

tsr
temperature. Same as

to but with Tp
replaced by 270F

Complete Freezing Time
te = Time for the fluid at freezing point, 32
to completely freeze sohd

mer2eReLe (Tg Ta)

STa) (Tg=Tp) ]

Time for the fluid to drop to the nucleat.on

OF,

U.S. Army Corps of Engineers

Fligure 12-4. Temperamre drop and freeze-up time in pipes.
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Table 12-1. List of symbols used in thernial ecalewlations

Symbols
A = Amplitude
A = Thermal factor = T" arecosh Hl/rp
B = (nC/kp]
C = [Hz-r2]1/2 ft

@}

d&t

O avo O x~L>cmEY

"
n

- N

‘7
X

X

wonowon

n

Mass heat capacity, BTU/lb-°F
Volumetric heat capacity, BTU/ft3-°F

Thickness, ft

Scaling parameter, ft

Young’s modulus, 1b/ft?

arccosh (H/r)

Thermal film coefficient (or surface conductance), BTU/h-ft2°F
Depth of burial, ft

Freezing or thawing index, °F-h
Thermal conductivity, BTU/h-ft-°F
Length, ft

Volumetric latent heat, BTU/ft3
Period, sec, hr

Perimeter (mean), ft

Fluid flow rate, ft3/sec

Rate of heat loss per unit longitudinal length, BTU/ft-hr
Radius, ft

Thermal resistance of unit longitudinal length, hr-ft-°F/BTU
Time, sec, hr

Temperature, °F

(T, -TINT, - T

Coefficient of thermal expansion, ft/ft-°F

Moisture content of dry weight, %

Velocity ft/hr
Depth
Depth to freezing (82°F) plane, ft

a = Thermal diffusivity, ftz/hr
vy = Unit weight (density), 1b/ft3

a, u, A = Coefficients in modified Berggren equation

Subseripts

A - refers to air

« = thermal diffusivity, ft¢/hr

Py

unit weight (density), 1b/ft3

a, u, Ao ground freezing index

G

B

b

t

refers to ground

refers to heating index

refers to insulation

denotes 1,2,3, . . ..

refers to thermal lining (of utilidor)
refers to mean

refers to (zero) freezing point of water
refers to pipe

refers to soil

refers to thawed soil

refers to utilidor

refers to water (fluid) within a pipe
refers to depth

refers to zone of thaw
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Table 12-2. Thermal conductivities of common materials

Unit
Weight Specific
(dry) Heat BTU/
Material Ib/ft3 Capacity ft-h-°F

Air, no convection (32°) 0.24 0.014
Air film, outside, 15 miles-hr wind (per air film) 0.50
Air film, outside (per air film) 0.14
Polyurethane foam 2 0.4 0.014
Polystyrene foam 1.9 0.3 0.020
Rock wool, glass wool 34 0.2 0.023
Snow, new, loose 5.3 0.5 0.05
Snow, on ground 19 0.5 0.13
Snow, drifted and compacted 31 0.5 04
Ice at -40°F 56 0.5 1.54
Ice at 32°F 56 0.5 128
Water at 32°F 62.4 1.0 0.34
Peat, dry 16 0.5 0.04
Peat, thawed, 80% moisture 16 0.32 0.08
Peat, frozen, 80% ice 16 0.22 1.0
Peat, pressed, moist 71 0.4 0.40
Clay, dry 106 0.22 0.5
Clay, thawed, saturated (20%) 106 0.42 1.0
Clay, frozen, saturated (20%) 106 0.32 1.2
Sand, dry 125 0.19 0.06
Sand, thawed, saturated (10%) 125 0.29 19
Sand, frozen, saturated (10%) 125 0.24 24
Rock typical 156 0.20 1.3
Wood, plywood, dry 37 0.65 0.10
Wood, fir or pine, dry 31 0.6 0.07
Wood, maple or oak, dry 44 05 0.10
Insulating concrete (varies) 12 0.04

to 94 to 0.35
Concrete 156 0.16 1.0
Asphalt 156 042
Polyethelene, high density 59 0.54 0.21
PVC 87 0.25 0.11
Asbestos cement 119 0.38
Wood stave (varies) — 0.15
Steel 486 0.12 25
Ductile iron 468 30
Aluminum 169 0.21 115
Copper 550 0.1 220

(1) Values are representative of materials but most materials have variable properties.
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Figure 12-5. Steady-state thermal equations for above-surface

pipes.
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Figure 12-6. Steady-state thermal equations for below-surface
pipes.
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Fligure 12-7. Steady-state thermal resistance of various shapes
and bodies.
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tions, in addition to the implied time-independent
steady-state assumptions, are indicated. Some
comments intended to facilitate application of the
equations are also included. Where applicable,
procedures are given for relevant thermal resistance,
rates of heat flow and insulation thicknesses.

(2) Figure 12-6 gives similar information for
uninsulated and insulated buried pipes. In each of
these two cases, the presence of thawed ground
around the pipe is considered, and equations are
included to determine the dimensions of the result-
ing thaw cylinder.

(3) Figure 12-7 presents procedures for cal-

culating the therma resistance of typical shapes and
bodies. Equations are given in figure 12-4 for
estimating the temperature drop (or gain) along a
pipdine system, and Smple procedures to determine
freeze-up times under no-flow conditions are
included.

(4) To facilitate computation, numerical
values for certain variables in some of the calcula-
tions may be read directly from figures 12-8, 12-9
and 12-10. These curves present a partial solution
for some of the heat loss equations. Their use is
demonstrated in paragraphs 12-9d and f.

= o

R, Thermal Resistance (hr-ft-°F/8TU)
®

i,/ 1, (outer/inner radius ratio}

U.S. Army Corps of Engineers

Figure 12-8. Thermal resistance of a hollow cylinder, solution to
the equation R = In(r,/r )/2nk.
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Figure 12-9. Arccosh (H/r) versus H/r | for solution of thaw
zone equations.
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Figure 12-10. (H | /¢) and (7 ,/c) versus A factor for solution of

thaw zone equations.

(5) Steady-state therma influences in iso-
tropic, homogenous soils can be summed and geo-
metric modifications and approximations can be
made to the basic steady-state equations. For
example, a layered soil can be represented by an
“effective’ soil thickness with the same total thermal
resstance asthe layered soil. When pipes are buried
below the area influenced by short-term air
temperature fluctuations, the ground temperatures
around the pipeline resemble a dowly changing
series of steady-state conditions. The heat 1oss from
deeply buried pipes can be calculated from steady-
state equations for a cylinder of material around a
pipeif the fluid temperature and the soil temperature
at a known distance from the pipe are measured,
and the soil and insulation therma conductivities are
known. Heat loss from deep pipes can adso be
conveniently estimated by replacing the ground
surface temperature in the steady-state equations
with the undisturbed ground temperature at the pipe
depth. Heat loss from a buried pipe over a time

period can be calculated from the heating index
during that period (see paragraph 12.9h):

Heatloss = (eq 12-1)

R

3 (Pipe temperature - Ambient temperature)
Thermal resistance

(eq 12-2)

or =

where

I
R

heating index °F (time period).
thermal resistance hrefte°F/BTU.

b. Depth of freezing or thawing. The depth of
freezing or thawing of soil and the ice thickness on
water bodies are best obtaned by fied
measurements, but they can be estimated using one
of the many analytical solutions available. Because
of the assumptions necessary in these andytica
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solutions, such asassuming astep changein surface where
temperature or neglecting the soil temperature _ . _
changes, they generally overestimate the maximum k = ;%%\%ilhzof?gh‘gﬁgag‘fnfng?gﬂm <

freezing isotherm depths for the given conditions . -
: o penetration and k, for thawing calcula-
and are, therefore, conservative for engineering tions, BTU/hrefts°F.

goplications. They are generally Neumann or Stefan-

based solutions which have the basic form: L = volumetric latent heat of the material
) undergoing phase change, BTU/cf (for
X =m(l,)” (eq 12-3) water L =[(144 BTU/Ib) (62.4
pcf) ] = 8986 BT U/cf)
where _ . . :
C = volumetric heat capacity of the material
X = depth of freezing or thawing, feet above the freezing isotherm, C, or C,.
o o For thawed soil: C,=y [ C,;+ C,
m = coefficient of proportionality (w/100) ] and for frozen soil: C; = y[ C,
, + C(w/100)]
|, = ground surface freezing (l;) or _ _ _
thawing (1,) index, °Fehr y = dry unitweight of soil, pcf
. . . . C, = mass heat capacity of mineral matter in
The following equations incorporate various as- soil: assume avalue of 0.2 BTU/Ib

sumptions, and are useful for specific conditions: i
C, = mass heat capacity of water = 1.0
BTU/Ib

ok-I. \ % C, = mass hesat capacity of ice, assumed value
X = - L (eq 12-4) of 0.5BTU/Ib

W = moisture content of soil, %

2k-1 Y% T, = mean annual site temperature, °F
X = u (eq 12-5)

t = freezing or thawing period, consistent
units

& - L, Y T, = freezing point, 32°F for water
< K, . 21, - 2k, > d = thicknessof layer of material, feet
(—d,) +

k, Lz A = acorrection coefficient which takesinto

consideration the effect of temperature
K change in the soil, and primarily
221y (a)) (eq 12-6) accounts for the volumetric specific heat

K, effects. It isafunction of two
parameters. the thermal ratio (a) and the
fusion parameter (1), and is determined
from figure 12-11:

o2k -1 \ % C- I, (T -T.) (T,-T,) t
- g ; 12-7 Rl R m- "o
X-( > (1-—=r—) (eq12:7) 8= — I
I

1
L+C(Tm-T0+§’_)

t

m g

g

C -
w=

L-t
2k - I, € (eq 12-8)
X = A a T. = I Jt, surface freezing or thawing index

Ivided by the time period t, °F.

Subscriptsf and t refer to freezing and thawing, and
subscripts 1 and 2 refer to the surface layer and the
underlying material (all symbols are dso defined in
table 12-1).
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Fligure 12-11. Correction coefficient X, for use in Berggren
equation.

(1) Equation 12-4 is the Stefan solution for a
homogeneous materid with astep change in surface
temperature (see example 12-9a). Thisis modified
in equation 12-5 to account for the temperature
changein the freezing or thawing soil. Equation 12-
6 isatwo-layer solution of the Stefan equation that
is useful for calculations involving snow cover, a
gravel pad or aboard of therma insulation, in which
the surface layer has no latent heat and the equation
issmplified (see para 12-9b and c). Equation 12-7
is a close approximation of the Neumann solution
when the ground temperatures are near freezing.
Equation 12-8, the modified Berggren equation, is
perhaps the most commonly used approach for
determining thermal responses of soils. When the
soil has a high moisture content the X coefficient
approaches unity, and the equation isidentical to the
Stefan approach (equation 12-4). In climates where
the mean annua temperature is near or below
freezing, the thermal ratio approaches zero and the
[A] coefficient is greater than 0.9. In very dry soils,
the soil warming or cooling can be significant and
should be included. Multilayered soil systems can be
solved by determining that portion of the surface
freezing or thawing index required to penetrate each
layer. The sum of the thicknesses of the frozen or
thawed layers whose indices equal the total index is
equal to the depth of freeze or thaw. The E)artial
freezing or thawing index to penetrate the n" layer
is

TM 5-852-5/AFR 88-19, Volume 5

L,-d, n-l .
I, = > R+ (eq 12-9)
Al 1 2
where
1, = thepartia freezing or thawing index
required to penetrate the n™ layer,
°Fehr
L, = volumetric latent heat in the n™ layer,
BTU/ft
d" = thickness of the n™ layer, ft
A = the coefficient based on the weighted
average values for i down to and
including the n™ layer (see figure 12-
13)
nil R+ R, = the sum of the thermal resistances
1 2  of the layers above the nt" layer
R, = d/k, thethermal resistance to the n"

layer, hr « ft « °F/BTU.

(2) The solution for multi-layered systemsiis
facilitated by tabular arrangement of the interme-
diate values. The penetration into the last layer must
be solved by trial and error to match the tota
freezing or thawing index at the site. It is necessary
to determine the temperature condition at the
ground surface to determine subsurface therma
effects, including the depth of freezing and thawing.
Since air temperatures are readily available, but
surface temperatures are not, a correlation factor
which combines the effects of radiation, and
convective and conductive heat exchange at the air-
ground surface is used:

(eq 12-10)

ly=nel,

where

ground surface freezing or thawing
index, °F e hr

air freezing or thawing index, °F < hr
n-factor, ratio of the surface and air
temperature indices.

Q
I

The n-factor is very significant in analytical ground
thermal considerations. It is highly variable and is
usualy estimated from published observations such
asthevaueslisted in Table 12-3.
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Table 12-3. Typical values of the n-factor for correlation of air temperature with surface temperature of various materials (see eq 12-10).

n-factors

Surface Thawing Freezing
Snow e e 1.0 General application
Pavement free of snow andice i 0.9 General application
Sand and gravel 2.0 0.9 General application
Turf 1.0 0.5 General application
Spruce 0.35t0 0.53 0.55to 0.9 Thompson, Manitoba
Spruce trees, brush 0.37 to 0.41 0.28 Fa%rbanks, Alaska
Above site, cleared, moss surface 0.73t0 0.78 0.25 Fairbanks, Alaska
Stripped, mineral soil surface 1.72t0 1.26 0.33 Fairbanks, Alaska
Spruce 0.76 e Inuvik, NWT
Willows 0.82 e Inuvik, NWT
Weeds 0.86 e Inuvik, NWT
Gravel fill slope 1.38 0.7 Fairbanks, Alaska
Gravel road 199 Fairbanks, Alaska
Concrete road 203 e Fairbanks, Alaska
Asphalt road 1.74t02.70 .. Fai.rbanks, Alaska
White painted surface 0.76t01.26 ...l Fairbanks, Alaska
Peat bales on road 1.44t02.28 ...l Fairbanks, Alaska
Dark gravel 1.15401.78 ... .. Fairbanks, Alaska

(3) Icethickness on water bodies can be esti-
mated from the previous depth of freezing equations
or from equations 12-3 with the m values in table
12-4 (see example 12-9a8). Snow cover has a
significant insulting effect and can significantly
reduce the maximum ice thickness (see example 12-
9b). Theice formation can be greater than calculted
if the weight of snow or the lowering of the water
level causes cracks in the ice and water overflows
onto the surface. This water is drawn into the snow
and the mixture refreezes and bonds to the original
ice.

Table 12-4. m-factors for ice thickness estimation

m-factor

inch [°F-d] 12 Conditions

0.9-0.95 Practical maximum for ice not covered with
snow

0.8 Windy lakes with no snow

0.7-0.8 Medium-sized lakes with moderate snow cover

0.6- 0.65 Rivers with moderate flow

04-05 River with snow

0.2-0.4 Small river with rapid flow

12-9. Design examples.

Eight typical examples are given below to illustrate
the utilization of the calculation procedures des-
cribed above.

a. Egimate the practical maximum ice thickness
on awater reservoir with no snow cover when the
annual air freezing index (l,) is 3000 °F » d. Use
eguation 12-3:

x= m(ly)¥

12-16

—From table 12-4, m = 0.95 inch/(°F)¥2(d)Y2

x = (0.95)(3000)v2
=52 inches
= 4.33 feet.

—The Stefan equation (equation 12-4) can also be
used:

c= |2k )%
L

where

= thermal conductivity of materia above
the freezing isotherm, ice in this case, 0
from table 12-2:

Kice=1.28 BTU/ft e hr s °F

L = volumetric latent heat of material
undergoing phase change, in this case
water, So:

Latent heat of water at 32°F =
144 BTU/Ib
Density of water at 32°F = 62.4 |b/ft3

L = (144 BTU/Ib)(62.4 Ib/ft?) =
8985.6 BTU/ft®

l,= (3000°F « d)(24 hr/day) = 72,000 °F « hr

(2)(1.28 BTU/ft * hr - °F * hr)(72,000 °F+ hr)] Ve
8986 BTU/ ft*

=45ft.



b. Edimatetheicethickness on the reservoir when
there is an 8-inch snow cover on top of the ice and
l,=3000 °F « d.

—From equation 12-3, and Table 12-4:

X m(lg)¥2
0.7(3000)v2
38 inches

3.2 ft.

—Or, use the Stefan equation (equation 12-6) for
atwo-layer system:

[ L @k - ——-—‘d;’;fL‘)] &
X = (Tl dif + | )

ke
-(—kl- 1)(di)

—Thefirst layer is snow, d, = 8 inches = 0.667
feet, assumed to be drifted and compact. From
table 12-2, k, = 0.4 BTU/ft « hr « °F. Since no
phase change occursin the snow, L, = 0.

—Ilce: k,=1.28 BTU/fte hre °F

L, = (144)(62.4) = 8986 BTU/ft*

_ 1.28 2(1.28)-(3000)(24)] Z
X = [ [(W ) (0.667) I + 8986

-(128 . 1) (0.667)

0.4

= /4.55+20.5 - 1.47

= 3.5 ft (includes the 8 in. of snow).

c. The Stefan equation (equation 12-6) can also
be used to estimate the depth of frost penetration
beneath agravel pad or an insulation board. The L,
in either case would be zero. The L, in this example
would be the latent heat of fusion for the soil and
would be dependent on the moisture content in the
soil.

TM 5-852-5/AFR 88-19, Volume 5

—Assume: sandy soil, dry density 125 pcf, mois-
ture content 6% and afreezing index (l,) = 3000 °F
«d

—Find depth of frost penetration under 3-inch-
thick polystyrene board. From table 12-2:

k, =0.020 BTU/ft » °F » hr (for polystyrene),

k, =1.0BTU/ft » °F « hr (for sand) and thus

d, = 3/12 = 0.25 feet. The moisture content in the
soil = (0.06)(125 pcf) = 7.5 |b water/ft* soil.

Latent heat of water = 144 BTU/Ib

L, = (144 BTU/Ib)(7.5 Ib/ft*) = 1080 BTU/ft* of

soil
ke 2k [ %
X = [ —di )2 + g]
(4 Tz

L,=0
(2 1)
Tk H)

_ - 1.00 (2)(1.00)(3000)(24) | %
X = [“ 0.020)(0'25) o 1080 ]

1.00

—— - 1)(0.25).
0.020 )" )

-(

156+133 - 12.25

4.75 ft.

—The depth of frost penetration would be 11.5
feet in the same soil, under the same conditions, if
the insulation board were not in place.

d. Determinethe rate of heat loss per linear foot
of above-ground pipe from a 5-inch-ID (wall
thickness ¥z inch) plastic pipe encased in a 2-inch
thickness of polyurethane insulation. Water inside
the pipe is maintained a 40°F, ambient ar
temperature is -40°F, and wind speed is 15 mph.
Therma conductivity of pipe materia s
0.208BTU/°F e ft « hr and thermal conductivity q of
the insulation material is0.0133 BTU/°F « ft « hr.

— Use equations aand b from figure 12-4:

ln(roquin)
(2)(m)(k,)

Thermal resistance of pipe R, =
Insideradius =r,, = 2.5 inch

Outsideradius=r,, =25+ 0.5=3.0inch
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R = In(3.0/2.5) - 0.182
° (2)(3.14)(0.208) 1.306
= 0.139hr ft F/BTU

— Thermal resistance of insulation
R, = In(r,/ri,)27k;:
Inside radius, r,, = 3 inches
Outside radius, r,,, = 5 inches

R = In (5/3)

' T(2)(3.14)(0.0133)

= 6.115hr«fte °F/BTU.

— To determine the thermal resistance of the air
film (R,) it is necessary to estimate the surface
conductance (h,). From figure 12-4a:

Ts

“Ta yw.

r,

— From figure 12-4a, N = 0.23 and w =
(12.5V+1)* where V + windspeed, mph:

h,=N [

W = ((12.5)(15)=1)"
=13.73

— In this case R, is to the outer surface of the
insulation = 5/12 = 0.417 ft. For the first iteration
one must assume a surface temperature (TJ). This
will be close to air temperature. Assuming T, =
-39°F, then:

h o= (023 [239-(-497(13.73)
0.417

a

= 7.573 BTU/hr « °Fsft

— Then, to calculate thermal resistance of air
film:

- 1
R, = — =~
A 2rrph,

- 1
(2)(3.14)(0.417)(7.573)

0.0504 hr-ft-°F/BTU

1l

— Then, check the assumed air film tempera-
ture:

12-18

R
T. =T +[T, -T - A
S A [w A] [RAIRI|RP

0.0504
0.504 + 6.116 + 0.1396

=-40+[40 - (-40)](

= -40 + (80)(0.00799)

= -39.4 vs assumed -39.0, which is close
enough.

— If the values did not check it would be
necessary to repeat the calculation with another
assumed T, until areasonable check is attained. The
combined thermal resistance (R,) is

R. = R,+R+R,

0.0504 + 6.116 + 0.1296

6.306 hrefte°F/BTU.

—Therate of heat loss (Q) is
(T,-T,
R

c

Q:

- (40-(-40)
6.306

12.7 BTU/hr-linear foot of pipe.

—Figure 12-8 can be used to obtain an estimate
of heat loss if it is assumed that the thermd
resstance of the air film and of the pipe materid are
negligible:
= 1.667

out =

W,

K, =0.0133 BTU/fe°Fshr.
—Then, enter figure 12-8 with these values and
R =6.4.

- [40-(40) ]
6.4

—So: Q

=125 BTU/hr linear foot (LF) of pipe.

e. Compare the heat |osses for the water pipein
the example above if installed at Barrow, Alaska,



above ground or at a depth of 4 feet. Assume the
minimum air temperature is-58°F, and the minimum
mean daily soil temperature at a depth of 4 ft is
1.4°F. Therma conductivity of soil is 1.2
BTU/ftehre°F.

(1) Above-ground installation. Assume a 5-inch
ID plastic pipe, with 2 inches of polyurethane
insulation:

R, = 6.306 hrefte°F/BTU (from previous
example).

—The water insde pipe will be maintained at
40°F, so that the maximum rate of heat loss

(Tw - TA)
R

Q =
[40 - (-58) ]
6.306

= 15.5 BTU/hreLF pipe.

(2) Buried ingtallation. Assume that the top of the
pipe is 4 feet below the surface, the radius to the
outer surface = 5 in. = 0.416 feet, the depth to
center of the pipe H, = 4.416 ft, and the radius of
pipe = 0.416 feet (see equations, fig 12-5a) and H,
is> 2rp. So the thermal resistance of the soil (RY) is

- 1n(2Hp/rp)
2 kk

j=e}
|

1n [(2)(4.416/0.416)]
(2)(3.14)(1.2)

~
I

= 0.405 hr-ft-°F/BTU.

—Theair filmis not afactor for a buried pipe of
this type so the combined resistance R, equals

R.=R,+R +R,

=0.1396 + 6.116 + 0.405 (R, and R, from
previous example)

= 6.66 1 hr~ft~OF/BTU.
—S0, the heat loss Q equals

w (T, in this case is soil
R, temperature 1.4°F)

Q =

- (40-1.4)
6.661

TM 5-852-5/AFR 88-19, Volume 5
=5.79 BTU/hrelinear foot (LF) of pipe.

—This is about one-third the heat loss rate
calculated for an above-ground installation in the
same location. The responsible factor is the
attenuation of the extreme surface temperature at
the 4-foot depth.

f. Determine the mean size of the thaw zone and
the average rate of heat lossfrom a 6-inch sted pipe
buried 4 feet below the surface in a clay soil, where
the soil thermal conductivities are k; (thawed) =
0.60 BTU/hrefte°F and k; (frozen) = 1.0
BTU/hrefte°F. Mean soil temperature at the ground
surface is 27.5°F and the water in the pipe is
maintained at 45°F. (See figure 12-sb, for
schematic, symbols and equations.) A bare steel pipe
has negligible thermal resistance so

R,=0.
—Outer piperadiusr, = 6 inch/(2)(12) = 0.25 ft
—Depth to center of pipe H, = 4.0 ft.

T, = é(TW—TOHTO

f

where
T, = water temperature inside pipe
T, = soil temperature at interface of
thawed zone
= 32°F

T, = (28)45-32)+32=398°F
1.0

T’ = To - TG
T, -Tg
T, =temperture and ground surface

- (82-27.5) - 4.5 _( 366°F.
(39.8-27.5) 12.3

—Depth to center of thawed zone, H,:
H, = (c)(coth A)

—Radius of thawed zone, r,:
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r, =(c)(cschA)
c=(H% =r?)*=[(f)*- (0.252]"* = 399 ft
A =T arccosh (H/r,)
—If H, > 2r,
A =T1In(2H/r,)
= (0.366)(1n 8/0.25)
= (0.366)(3.466)
= 1.268
H, = (3.99)(coth 1.268)
= (3.99)(1.172)
= 4.68 ft
r, = (3.99)(csch 1.268)
= (3.99)(0.5215)
= 2.08 ft.

—The thaw zone, under steady state conditions
will be a cylinder of soil enclosing, and paralld to,
the pipe. Theradius of this zone will be about 2 feet
and the axis will be about 5 inches bel ow the bottom
of the pipe:

Theaxis=H, - (H, +r,)) =4.68 - 4.25=0.43ft =
5.2in. below pipe

The heat loss (Q) from this pipe would be

- T.-T

Q _—R—S—l

R = arccosh(hp/rp)‘

) (2)(k ()
If H, > 2r,;
r' = In(2hp/rp)
(2)(k)(m)

— 1n (8/0.25)

(2)(1.0)(3.14)

= 3.466 - (552 hrft-°F/BTU
6.28
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(39.8 - 27.5)

N

= 22.3BTU/hr LF of pipe.
—Figures 12-9 and 12-10 can be used to assist in

calculations of thistype:
H, _ i = 16, From figure 12-9, arccosh (ﬂ)
=3.48 r
r 0.25

A =T (arccosh (E_".) )
r
(0.366)(3.48)

1.27.
—Then from figure 12-10, with A = 1.27

H, _ 118
C
> =06
C
e =[(H)2-(r,)?]/2=[16-0.0625]'/
= 3.99 ft.
—So:
H, = (1.18)(3.992) = 4.7 ft
r, =(0.6)(3.992) = 2.39 ft
and
R = arccosh(H /r)
] @)(k)(m)
- 3.48 _
(2)(1)(3.14)
—So:
_  (39.8-217.5)
< 0.554

= 22.2 BTU/hr LF of pipe.

This agrees closaly with the 22.3 BTU/hr vaue
determined previoudly.



g. Determine the design time, the safety factor
time and the complete freezing time for the pipe
designed in paragraph 12-9d if the water stopped
flowing. From paragraph 12-9d, assume a 5-inch 1D
plastic pipe with 2-inch polyurethane insulation,
constructed above ground. Water temperature t,, =
40°F, air temperature T, = -40°F, and wind speed
15 mph. Use equations from figure 12-4.

—Dedgn time = time for water in pipe to drop to
freezing temperature (32°F); see figure 12-4 for
definition of terms.

to= anW-R-C-ln [(Ty-TA)(T,-THl

Design time = (3.14)(0.208)(6.306)(62.4)
[1n (0-(-40));
32 - (-40)

= (53.5)(0.105)
=56hr

—Safety factor time = time for water in pipe to
reach nucleation temperature for ice formation.
Assume 27°F.

Substitute 27°F for T, in previous equation:
Safety factor time = (3.14)(0.208)%(6.306)(62.4)
[1n (40~ (-40));

27 - (-40)
= (53. 5)(0.177)

=9.5hr.

— Complete freezing time = time for water at
32°F in pipe to freeze completely solid.

(m)(r AR L)
(T,-Ty

L = volumetric latent heat of water
= (144 BTU/Ib)(62.4 1b/ft3)
= 8986 BTU/ft>.

Other factors are as defined above.

—Complete freezing time
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(3.14)(0.208)%(6.306)(83986)
[32 - (-40) ]

_ 7698
72
107 hours.

h. Estimate the total annua heat loss from the
above-surface pipe design described in paragraphs
12-9d and e if it were located at Barrow, Alaska
The maximum rate of heat loss (Q) was calculated
in paragraph 12-9e for extreme winter conditions.
Extrapolation of that rate to an annual value would
serioudy overestimate the total heat losses. An
estimate is possible by determining the annud
heating index (equation 12-1). Mean monthly
temperatures (°F) for Barrow, Alaska, are:

J FMAMJJ ASOND
-9 -13-11 2 11 30 40 37 32 16 5 -6

—The temperature of water in pipe T,, = +40°F
—Heating index = X(T,, - T,) (equation 12-2)
—Tabulate heating index by months:

Jan (40 - (-40)] =80
Feb [40-(-13)] =53
Mar [40-(-22)] =62
Apr (40- 2) =38
May (40- 11) =29
June (40- 30) =10
July (40- 40) = 0
Aug (40- 37 = 3
Sept (40- 32) = 8
Oct (40- 16) =24
Nov (40- 5 =35
Dec [40-(- 6)] =46

—Heating index = 388°Femonth

= (388°F-month) (30.4 2veragedays )
month

(24 hr/day)
= 283,0850Fhr

R, = 6.306 hrefte°F/BTU (see example 12-
9d)

—Annual heat loss = heating index/R,
= 44,891 BTU/yrelinear foot
of pipe.
This is considerably less than extrapolation of the
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maximum hegt loss rate calculated in paragraph 12-
9e (134,904 BTU/yr LF pipe).

i. Determinethe economical thickness of insula
tion for an above-ground 6-inch-OD water main to
be located at Barrow, Alaska (temperature
conditions as defined in paragraph 12-9f). Assume
fud ail cost (140,000 BTU/gallon) at $1.05/gallon,
and an 85% efficient heating plant. Assumed
installed costs of polyurethane foam are tabulated
below for various available thicknesses. Thermal
conductivity  for  polyurethane is 0.014
BTU/ftehre°F. Assume a 20-year design life at an
interest rate of 8%.

—Neglecting air film and steel pipe materia, the
combined thermal resistanceis

1n (r,,/0.25)
(2)(m)(k)

- 1n (r/0.25)
(2)(3.14)(0.014)

R

c

= (11.37) [In(r/0.25)

—The heating index for Barrow, Alaska, would
be 275,059° Fshr (see example 12-9g).

—The cost of heat = $1.05/gal.
(140,000 BTU/gal)(0.85)

= $0.0000088/BTU

—The economical thickness will have the lowest
total cost for construction plus the present worth
of the annual heating costs:

Present worth factor

(PWF) = [A+)"-1]
DA+

wherei = interest rate (as adecimal)
n = design period
for 1=08andn=20
[1.08)® - 1]
(0.08)(1.08)2°
—Present worth of heating costs = heating
index/R, x (PWF)(cost of heat)
- 275,059
(11.37) [1n (r/0.25)]

PWF = = 9.818.

(0.0000088)(9.818)
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- 2.09 $/ft
1n (r/0.25)

at an insulation thickness of 1 in., r = (/12 in.) +
(0.25 ft) = 0.33 ft. Therefore, the present worth of
heating costs

- 2.09
1n (0.33/0.25)

= $7.53/linear foot.

—Repeat calculations, and tabulate, for typica
insulation thickness:

Insulation thickness Present worth of heat
{in.) (3/ft)

7.53

4.09

3.02

2.47

2.13

QU O DN =

—Ingtalation costs for polyurethane insulation
(assumed for this example only, obtain from
suppliersin actual case):

Insulation thickness Installation Costs

(in.) (3/1)
1 3.60
2 4.70
3 5.40
4 6.20
5 7.10

—Combining heeting and construction costs give:
Insulation thickness Total Present Worth of Costs
(in.) ($/ft)
11.13
8.79
8.42
8.67
9.23

O O N =

—Plot these results on arithmetic graph paper to
determine the lowest cost. Then select the available
nomind thickness of insulation that is closest to the
graphical value. In this case a 3-inch thickness
would be the most cost effective for the conditions
assumed.
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