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distribution system is supported from channel iron driven into the
snow walls, and the pipelines are suspended from the channel iron by
threaded rods that terminate in circular pipe hangers to permit ad-
Justment. All pipe hangers are spaced 10 ft apart.

To prevent the water from freezing in the distribution
pipelines, four methods are used:

a. Continuous circulation of water at 4.8-fps rate
through the pipe loops.

b. Sufficient insulation thickness is provided on all
pipelines to retard freezing for approximately 2 hr even if no water
flow or heat input exists.

¢. All pipelines are heated with mineral-insulated heat-
ing cable thermostatically controlled to maintain temperatures of
40O F.

d. Automatic injection of steam to the water stored in
the water supply building where water temperatures are maintained at
LoO F.

These four methods to prevent water from freezing in the pipeline

proved satisfactory during the 1960 winter. In the main corridor,
an 800-ft section of the 2-in. pipe loop was exposed to -60° F am-
bient for several weeks. No interruptions of water service caused
by frozen waterlines took place during that period.

7. Camp Century Waste Disposal System. At Camp Century, a
water-borne sewage system is used for the disposal of liquid wastes
from the latrines, laundry, mess hall, dispensary, and water supply
building. The wastes from all the buildings (except wastes from the
water supply building which are pumped) flow by gravity through k-
in. victaulic pipelines to a central collection tank of 1,500-gal
capacity. The tank is suspended in a 10-ft cube pit in the floor of
a special trench located between the latrines. The tank is insu-
lated and electrically heated with thermostatically controlled strip
heaters. The liguid stored in the tank is maintained at a tempera-
ture of about 50~ F. When the tank is full, the sewage is automati-
cally pumped to a subsurface sewage sump by a 100-gpm at 100-ft-TDH
sewage pump. The sewage is pumped to the sump through 500 ft of
b-in. victaulic pipeline.

All the pipelines from the buildings to the collection
tank and from the tank to the sewage outfall are covered with l% in.
of insulation and are also electrically heated with thermostatically
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controlled mineral-insulated heating cable. The pipelines are
sloped 6 in. per 100 ft to improve drainage and prevent the deposi-
tion of solids., Some pipelines are supported from wooden posts
driven into the trench floors; most of them are supported from the
trench walls in a manner similar to the waterlines.

The subsurface sewage sump was formed by the warm sewage
discharged from the outfall line. As the sewage poured downwards,
it melted a shaft to the more impermeable ice layers, and additional
sewage formed into a pond at the bottom of the shaft. The shape of
this sewage sump cavity or the extent of lateral infiltration of the
sewage into the surrounding snow 1s not known.

In 1954 at Site II Greenland, observations of the sewage
sump were made by Bader and Small,l They concluded that the dis-
charged sewage begins by rapidly melting out a vertical pit until
solids accumulate to form an impermeable bottom. Melting then
spreads sideways, with spillover producing new vertical holes. It
appears likely that the repeated processes of vertical and horizon-
tal penetration take place in a conical volume, with the axis in-
clined in the direction of inclination of the snow layers. Depth of
penetration is limited by the permeability of the snow, which at
Site II approaches zero at a depth of 200 ft. The apex of the cone
lies at a depth of 70 ft. A state of near equilibrium will be
reached after many years, when the surface area of the cone becomes
large enough to permit escape of all heat input of the sewage, which
then freezes. In the meantime, an extremely large volume of snow is
honeycombed by cavities, saturated with water, and made more plastic
than its surroundings as a result of higher temperature. The in-
creased plasticity or the snow will be counteracted by less plastic
masses of ice. It 1s considered certain that no serious collapsing
of cavities will occur, the only possible consequences being in-
creased settlement of the overlying snow surface.

In another study made by the U. S. Army Medical Corps at
another camp site, core drillings were made from the surface around
the sewage sump area to determine the extent of contamination.
Figure 16 shows the probable shape of the contamination as obtained
from the core samples. The shape is conical with the apex 38 ft be-
low the pipe outfall and the base between 80 to 120 ft in diameter.

At present, personnel of the Office of the Surgeon General
are completing a study to determine the size and shape of the Camp

1. H. Bader and F. A. Small, Sewage Disposal at Ice Cap Installa-
tions (Greenland: Snow, Ice, and Permafrost Research Establish-
ment, October 1954),
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Century sewage sump. Preliminary information indicates that the
Camp Century sewage sump cavity is shaped much like a subsurface
water well cavity. The bottom of the bulb is 160 ft below the
trench floor, and the cavity which is 120 ft in diameter has a sew-
age depth of 46 ft. Several factors such as the amount of sewage
discharged daily, the heat content of the sewage, and the year-round
operation of Camp Century could be responsible for the differences
in shape of the Camp Century sewage sump and that of the sewage sump
observed at other locations.

I1I. DISCUSSION

8. Proposed Design for Future Glacial Installations. The
design of the Camp Century water supply and sewage systems had to be
operational, and time and funding did not permit detailed develop-
ment of new equipment. Because of the absence of similar installa-
tions from which to obtain design criteria, maximum use was made of
conventional sanitary engineering practices and readily available
commercial equipment. Careful consideration was given to design
systems that would be functional under the unusual and adverse con-
ditions encountered in the ice cap and to the ease of installation,
operation, and maintenance by troops in a remote area. For example,
to facilitate installation of the systems, the main components were

preassembled and each part was marked prior to shipment to Greenland.

The installation of the systems at Greenland required 8,494 man-
hours, and the costs including the equipment, building, and install-
ation labor were $154,80L.2

Since the systems became operational in October 1960,
there have been on-site observations, revealing certain deficiencies
and areas of improvement. Sufficient information has been obtained
to develop design criteria for future camps in glacial areas. The
future camp systems will cost less, as unnecessary items of equip-
ment can be eliminated. Use of more reliable equipment will reduce
the man-hours spent in operation and maintenance, and water conser-
vation practices will reduce operational costs by reducing water
consumption,

The Camp Century water well equipment was functionally
similar to the equipment used in test at the temporary camp. The
equipment was satisfactory for well-supervised tests of short dura-
tion; however, it is now evident that for extended operations like

2. The water supply and waste disposal systems that were installed
at Camp Century are described in detail in the drawings and pur-
chase specifications listed in Appendix A of this report.
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Camp Century, equipment with greater reliability factors, easier to
maintain and operate will be required (Appendix B). At Camp Century,
on several occasions, the well pump motors burned out and the pump
limit switches became inoperative. Replacement of these items re-
quired considerable time and labor because the two pipe strings

into the well had to be removed and reinstalled. During this per-
iod, steam could not be injected into the well, and this condition
resulted in a reduction of the volume of water in the cavity by
refreezing.

In new water well equipment, the wooden A-frame will be
replaced with a well-servicing unit (Fig. 17). The well-servicing
unit will consist of a four-leg angular mast mounted on an I-beam
skid frame base. The mast will be of sufficient height to permit
the handling of 20-ft lengths of 2-in. coupled pipe. The unit will
be equipped with three winches, each of 10,000-1b capacity. Two of
the winches will normally be used to raise and lower two independent
pipe strings leading from the surface to the well. This arrangement
will permit the removal of a damaged pump while steam injection into
the well is continued. The third winch could be used to lower an-
other pipe string with pump into the well prior to the removal of a
damaged pump. To install or remove coupled pipe sections, the unit
will be equipped with well-drilling spiders and slips to support the
pipe strings while a pipe- section is being added. The pipe string
for steam will be equipped at the lower end with a melting bit. The
melting bit will consist of a cylindrical chamber for distribution
of the steam to six nozzles. The pipeline will be covered with 13
in., of insulation to reduce heat losses and minimize well shaft en-
largement. To maintain a relative position between the melting bit
and the water surface, two sonar-type limit switches will be used,.
These switches are completely sealed and are not affected by freez-
ing. The pipe string for water service will be equipped at the
lower end with a well pump of larger capacity than the one in use at
Camp Century. This will permit the filling of storage tanks faster.
The pump also will be equipped with two nonfreezing-type limit
switches, such as inexpensive sonar switches, to indicate the posi-
tion of the pump relative tc the water surface. The limit switches
will also control the pump operation; they will permit pumping when
the pump is immersed, and they will automatically shut off the pump
when the water level drops.

Structurally, the well-servicing unit will support three
independent pipe strings with a combined weight of 18,300 1b. The
new equipment will be capable of operation to a depth of 600 ft.

In future camps, all the buildings with water service
should be located in a single trench or, at the most, in two adjacent
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trenches. This would considerably shorten the distribution pipe-
lines. All cold water pipelines should be of aluminum to reduce
corrosion problems. The coupling of these pipelines should be of
the victaulic type to prevent damage caused by differential settle-
ment. All the pipelines should be suspended from wooden poles on
the trench floors rather than from the snow walls. The insulation
for all the pipelines should be of glass type with an outside metal
cover. This insulation is easier to install and is not affected by
water. For fire fighting, other methods that do not use water
should be investigated. This would shorten the distribution pipe-
lines by more than 1,000 ft. If water is to be used for fire fight-
ing, a separate pipeline should be used. This pipeline should be
kept empty, be insulated, and be electrically heated. All pipelines
should be electrically heated. Controls for the electric heat insu-
lation should be located in the water supply building. The controls
should be equipped with a device to indicate when the system is in
operation or if failure occurs.

The cost of the new systems can be reduced by elimination
of the wanigan-mounted snow melter which is not required to substi-
tute for the subsurface water well. Also, at the water source, the
steam generator wanigan and auxiliary electric generator are not re-
quired. The standby steam generator should be located in the water
supply building. The generator should be equipped with an exhaust
heat recovery system to heat the water in the storage tanks. This
will reduce the amount of heat discharged into the trench and reduce
the settling rate of the snow arches.

To reduce operational costs, water conservation should be
practiced. Personnel should be instructed to conserve water. All
faucets and showers should be equipped with flow controllers to re-
duce waste. Liquid waste from the latrines could be treated by
aerobic digestion and re-used for flushing toilets.

A water-borne sewage system when used wherever water is
plentiful improves living conditions and is a factor contributing to
the high morale of the personnel from an aesthetic and sanitary
viewpoint.

If the present Camp Century sewage disposal system is used
in the future camps, the sewage collection tank should be located
inside a heated building. The tank should be equipped with two
pumps to insure service if one pump fails. Also, as the sewage is
discharged into the same aquifer of the water well the horizontal
distance between the well and sewage sump should not be less than
1,000 ft.
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APPENDIX B

GLACIER SUBSURFACE WATER WELL-DRILLING,
MELTING, AND PUMPING PROCEDURES

I. GLACIFR SUBSURFACE WATER WELL-DRILLING PROCEDURE

1. References: The following U. S. Army Engineer Research
and Development Laboratories, Fort Belvoir, Virginia, drawings
titled "Glacier Sub-Surface Water Supply System" are used as refer-
ences for the water well-drilling procedure.

Drawing Number Sub-Title

a. DI13207E9981-2 Water Well Drilling - Equipment
Assembly

b. D13207TE9981-k Water Well-Servicing Unit - Tiedowns
c. DI13207E9981-5 Wooden Skid Platform - Details

d. Dl3207E9981-6 Water Well-Servicing Unit - Equip-
ment Assembly & Details

e. D13207TE9981-T Water Well Servicing - Equipment
Assembly & Details

f. D13207E9981-8 Melting Drill Bit - Equipment
Assenbly & Details

o, The following procedure presents the principal steps to be
followed in drilling a typical glacier subsurface water well.

a. TLevel an area of trench floor 30 by 1k ft where the
well-servicing unit is to be located.

b. Assemble the wooden skid base as indicated in drawing

D13207E9981-5.

c. Dig a hole in the trench floor of sufficient size to
permit installing the 6-ft-long, 60-in.-diameter ARMCO liner plate
circular section. Fasten the ARMCO liner plate section to the
wooden skid base as indicated in drawing D13207E9981-5. This will
prevent the ARMCO liner from sliding into the well shaft if the
shaft becomes enlarged as a result of wall melting.
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d. Inject steam into the cavity for approximately 10
days (240 hr) in order to form a 50- to 60-ft-diameter cavity prior
to pumping water for consumption. During this 10-day period, water
in the well can be used as feed water for the steam generator.

After the 10-day period, well water can be used for camp consumption.

e. Lower the pipes sufficiently for the green light to
come "on" and no more if the red indicating light of either pipe
string comes "on" while pumping.

f. Add additional pipe, electric cable, insulation, and
the like, when required.

g. Install a spare pump before removal of the damaged
one in the event of a pump failure.

h. Raise the pump completely out of the water to permit
drainage if the steam supply to the well is interrupted and observa-
tions reveal that freezing in the well will occur. When steam is
available again, before lowering the pump and even if there is no
apparent freezing of the water, introduce steam into the well for at
least 1 hr. If freezing has occurred, introduce steam into the well
until all the surface ice is melted before lowering the pump. When
the ice has melted, lower the pump into the water. If possible, do
not start pumping immediately. If pumping of water is required,
check the pump's operation by using the following procedure: Ob-
serve closely the panel ammeter when the pump is started. If start-
ing amperage does not drop to normal running amperage within a rea-
sonable length of time, and if after this time has elapsed the mag-
netic starter fails to break the circuit, shut off the pump immedi-
ately. The above normal running amperage indicates that either the
impellers are frozen to the volute or the motor's rotor is locked.
With the continuation of steam injection wait 1 hr and check the
pump's operation once more. If the pump still fails to operate
properly, install a spare pump before the damaged one is removed.

i. Disconnect the hose and drain after pumping water to
the camp's storage tank. Also, after the steam supply is shut off
disconnect the hose and drain.
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