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NOTICES

When US Government drawings, specifications, or other
data are used for any purpose other than a definitely related
government procurement operation, the government thereby
incurs no responsibility nor any obligation whatsoever; and
the fact that the government may have formulated, furnished,
or in any way supplied the said drawings, specifications, or
other data is not to be regarded by implication or otherwise,
as in any manner licensing the holder or any oth er person or
corporation, or conveying any rights or p ermission to manufacture, use, or sell any p a tente d invention that may in any
way be related thereto.
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ABSTRACT

The U. S. Air Force has selected an Air Force Base
located in interior arctic Alaska as the site for its first major
sewage oxidation pond in A l aska. Through an Inter service
Agreement with the Air Force, the Environmental Sanitation
Section (ESS) of the Arctic Health Research Center (AHRC)
has prepared design criteria for the construction of an experimental anaerobic pond followed in series by an aerobic pond
for treating sewage from the Base. Because of the annual
6-month period of ice cover in this locale, the anaerobic pond
has been designed large enough to store the entire winter
sewage flow of 1 2 million gallons. During the summer months
the stored sewage will be fed into the aerobic pond for a 10-day
retention period with subsequent discharge . It is hypothesized
that the almost continual summer sunlight will greatly increase
algal action and satisfaction of Biological Oxygen Demand (BOD),
resulting in adequate treatment with a shorter detention time and
higher BOD loadings than are generally used. ESS will monitor
the operation of the pond upon its completion to determine operat ing efficiencies, optimum loading and bacterial and chemical
phenomena during the different seasons. R e sults of the study
should permit establishm.ent of more exact design criteria for
future arctic sewage oxidation ponds.
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DESIGN CRITERIA FOR A SEWAGE
OXIDATION POND IN ARCTIC ALASKA

SECTION 1.

BACKGROUND

Adequate disposal of sewage wastes from isolated Air Force installations
in arctic regions of Alaska has long presented problems to the engineers and
maintenance personnel responsible for designing and operating these systems.
Severe winters with temperatures reaching the - 40° to -60° F range will
freeze sewage when sewer pipes are located close to the surface. The customary practice of burying the lines below the seasonal frost level offers
little protection against freezing, since tl:~e permafrost zone extends upward
and meets the seasonal frost depth in many arctic regions. The soil temperature in the upper layers of permafrost is generally between 22° and 32° F.
The usual method of overcoming this problem involves the use of utilidor s to
house both sewer and water lines. Utilidors are generally constructed of
wood and form a box-like enclosure around the lines. Within the utilidor
either the lines are insulated, or if the installation uses a central steam or
hot water heating system, that is installed alongside the sewer and water
pipes to provide the necessary heat to prevent freezing.
Even with a satisfactory method of collecting and transporting the sewage,
a major problem of providing a feasible and satisfactory method of treatment
still exists. Some Air Force installations in Alaska currently use primary
treatment in the form of enclosed septic tanks; some provide no treatment
at all.
The Alaska Department of Health and Welfare requires minimum acceptable primary treatment with disinfection prior to discharge of sewage into
watercourses used for domestic, agricultural, industrial and recreational
purposes (1). The President of the United States has directed all federal
installations to provide adequate sewage treatment as an example for the rest
of the country to follow (9). Therefore, the Air Force is interested in the
development of satisfactory sewage treatment methods that will be feasible
for its installations in arctic climates and will be acceptable to the State
health authorities. Problems of constructing and operating secondary sewage
treatment plants, such as trickling filters or the activated sludge process,
are generally impractical and prohibitive in cost for these small Air Force
sites. Most of these installations house between 100 and 200 men, rarely
more than 500.
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The Environmental Sanitation Section (ESS) of the Arctic Health Research
Center has been investigating arctic waste disposal problems for a number
of years. Two treatment methods developed by the Center utilize the
enclosed system principle, in which the"waste fluids are recirculated as the
flushing medium (4, 15, 16). These systems are satisfactory for a small
group of men or a single household but are not practical for the larger
remote installations of 100 or more people.
ESS has also investigated the use of oxidation ponds as a secondary
sewage treatment system possibly suitable to arctic climates. Advantages
of oxidation ponds are: reasonable construction costs, minimum technical
operating skill required and low maintenance costs. These factors make the
ponds particularly desirable for use by Native villages and remote military
or private installations. This method has proved satisfactory in northern
sections of Continental U. S. and in Canada, but there has been some skepticism about whether this type of treatment would function in arctic climates
because of the long winters when the ponds would be ice covered and hence
receive little, if any, sunlight to support algal action. To determine the
extent to which oxidation ponds would function in the arctic, Arctic Health
Research Center (AHRC) developed experimental design criteria for the
construction of two small sewage oxidation ponds. One serves a state elementary school at the Indian village of Fort Yukon, located just north of the
Arctic Circle (latitude 66. f, 0 N), and the other is located at the Lazy Mountain
Children 1 s Home near Palmer, Alaska (latitude 61. 6°N). The operating
efficiency of these ponds, as monitored by ESS personn~l, has shown that
they constitute a feasible method of waste treatment and disposal without
sacrificing the. advantages mentioned above (7, 14).
Many Air Force installations with sewage disposal problems have large
areas of unused land that would be suitable for construction of sewage pond
sy·stems. On the basis of the satisfactory results obtained from the AHRC
studies, the Air Force, under an lnterservice Agreement, requested the
technical assistance of the ESS in providing consultation and design criteria
for a prototype oxidation pond for an Air Force installation. The Air Force
Base at Galena was selected as the site for the first major Air Force sewage
oxidation pond in arctic Alaska.

SECTION 2.

OBJECTIVES

The objectives of this study are: (1) to furnish the Alaskan Air Command
with design criteria and recommended operational procedures for the proposed Galena sewage oxidation pond and (Z) to monitor the system after construction, with a view to developing firm design criteria for future
installations.
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This project will provide an opportunity to· conduct extensive and thorough
investigation and evaluation of a large and c-ornplex·oxidation pond under
arctic conditions. Through this controlled operation (for 1 or 2 years),
optimum operating procedures can be established for the Galena system. In
addition, the study will provide research data for use in preparing design
criteria for future oxidation pond construction in Alaska. The latter objective will be met by: (1) determination of the efficiency of the experimental
pond in terms of Biological Oxygen Demand (BOD) reduction, ·b_acte_ria~ ·
reduction and reduction of organic compounds, i.e., nitrogenous matter,
phosphorus and suspended solids; (2) determination of the optimum loading,
on the basis of observed performance and chemical and biological analyses;
and (3) utilization of the above parameters for subsequent design of oxidation
ponds built at these latitudes.

SECTION 3.

AVAILABLE DATA AND INFORMATION

0

Climate. Galena (latitude 64. B N) is located on the Yukon River approximately 600 miles from its confluence with the Bering Sea. Although Galena
is less than 150 ll"liles from the coastline of the Berin·g Sea (Norton: Sound), it
has an "interior" climate caused by the coastal mountain range which separates it £ro:rn the windier but less severe coastal climates. The next village
downstream from Galena, excluding fish camps which dot the river banks
during the summer xnonths, is Koyukuk, approximately 30 miles to the northwest. The Air Force Base is located just behind the village of Galena, in
which houses are built on the banks of the Yukon River. The base is protected from the annual spring floods of the Yukon by a man-made 1 7-ft dike
completely surrounding the base. During these floods, the water level of
the r~ver is sometimes higher than the ground level of the base.
Information obtained from the U.S. Geologicai Survey and the U.S.
Weather Bureau shows that: (1) the breakup of the Yukon River ice at Galena
usually occurs ar~und 20 May; (2) the average daily temperature reaches
freezing (32° F) arounci 20 September, signifying the start of "freeze-up, " .
and the average daily temperature warms up to 32° F in the spring around
25 April, indicating the start of the thaw period; and (3) the average daily
temperature drops to 25° F by 1 October.
According to investigations conducted by·Dr. Max Brewer, of the Arctic
Research Laboratory, on arctic lakes near Barrow, lakes deeper than 6 or
7 ft do not freeze to the bottom (3). These findings are supported by other
investigations ( 1 O).
-

Population. The permanent base population at Galena presently consists
of 291 Air Force personnel (military and civilian) and 60 Federal Aviation
3

Agency personnel. The Air Force and FAA do not anticipate any future population increase at this site. Additional temporary duty personnel may run
as high as 70 to 90 (construction crews, visiting Inilitary per'sonnel or visiting agency personnel) but do not average more than 50 persons in any
I-month period. Therefore, the total base population on a monthly basis is
approximately 400.
Water Use. Based on the daily logs kept at the water plant, the average
water cons\lm.ption at the base in 196 3 was 2 million gallons per month
(Table 1). Measurement of sewage flow to the existing plant shows close
correlation to the water consumption fig:ures.

TABLE I
GALENA AIR FORCE BASE WATER CONSUMPTION*

1963
Water Pumped (106 Gallons)

Month

January
February
March
April
May
June
July
August
September
October
November
December
Total
Average

*

Main Water Plant

Alert Hangar

1. 9
1. 6

o. 1
o. 1
o. 1

1. 9
1. 9
2. 0
1. 8
2. 2
2. 3
2. 3
2. 3

No
No
No
No
No
No

1. 6
1. 6

0.2
o. 1
o. 2
Report**
Report
Report
Report
Report
Report

o. 8
o. 1

23.4
1. 9

Total
2. 0

1. 7
2.
2.
2.
2.
2.
2.
2.
2.

0
1
1
0
2
3

3
3

1. 6
1. 6
24. 2
2. 0

Compiled from Galena Air Force Base daily water utility operating logs.

** Error due to absence of these reports not considered significant.
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Existing Sewage Treatment Facilities. Sewage flows by gravity to a
pumping station where it is pumped at intervals to the treatment plant by two
150 gpm pumps. The existing sewage treatment plant consists essentially of
a baffled open settling tank about 35 ft long, 15 ft wide and 8 ft deep with
alternating "flow-over" and "flow-under" concrete weirs. The detention
time in this tank is 0. 5 days, which does not allow sufficient time for effective bacterial action. There is no routine scum or sludge removal operation; therefore, little if any effective sewage treatment is accomplished in
the plant. After leaving the treatment plant, the sewage is pumped through
the dike and flows into an inoperative leaching well (ll). The overflow from
this well flows through a pipe to an open ditch, which eventually empties into
the Yukon River.

SECTION 4.

DESIGN FACTORS AND ASSUMPTIONS

On the basis of climatological data and a review of the literature, it is
assumed·: (1) Raw sewage in a sewage pond will not freeze before 1 October
or after I April, and the pond containing
stored winter sewage will thaw or
break up before 1 June. (2) Raw sewage from the base will contain approximately 0. 17 lb of BOD per capita per day. (3) During the summer months
with maximum sunlight available, a shallow pond will provide a rapid and
high degree of treatment to sewage. (4) A deep pond will provide some
anaerobic bacterial reduction in the lower strata and some aerobic algal
action in the upper strata during the summer months. (5) An average
monthly population of 400 people will be used as the design population.
(6) Some reduction in BOD from anaerobic action in the deep pond will occur
during the winter months. (7) The design flow of the ponds will be based on
66, 000 gpd. The hourly and daily fluctuations in sewage flows are not
critical to the design of the system. (8) The deep pond will have a winter's
storage capacity. (9) The shallow pond will operate during the summer
months and have a 10-day detention time. (10) BOD reduction will be
approximately 20% in the deep pond and approximately 90% in the shallow
pond.· (11) Bacteria reduction will be greater than 99% through the system.

SECTION 5.

PLAN OF OPERATION AND DESIGN CALCULATIONS

The proposed location of the ponds is outside the diked area of the Base,
so they will have to be protected against possible spring flooding. This location, in the same general area as the existing leaching well, will require
clearing of brush and willows, but little leveling will be necessary.
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The system as designed consists 0£ two ponds, a deep anaerobic pond and
a shallow aerobic pond. A proposed layout that appears feasible £or the
Galena system is shown in Figure I.* The proposed plan 0£ operation
(Figures Z and.3) includes the following stages:
Stage I. Approximately I October (start of freeze-up), the daily sewage
flow_ will be routed into the empty deep pond until approximately I April, the
start of the thawing period; (at this time the deep pond would be filled to
capacity).
Stage II. Beginning approximately I April, the daily flow of fresh raw
sewage will be discharged into the shallow pond, and the effluent from this
pond, after it reaches the operating level of 3 ft, will discharge to the Yukon
River.
Stage III. After breakup occurs in the deep pond (approximately 1 June)
an aerobic condition should be established near the surface, thus speeding up
biological treatment. This partially treated sewage will then be discharged
to the shallow pond for further treatment. During the summer months the
shallow pond will provide complete treatment to the daily raw sewage flow
from. the base and secondary treatment to the sewage stored in the deep pond
during the winter. The long periods of sunshine and the warm temperatures
during the summer should maintain biological activity at a maximum.
Stage IV . . By fall the depth of the deep pond should be sufficiently reduced
(5-ft level) to provide ·complete aerobic treatment, thus eliminating the need
for final treatment in the shallow pond. The sewage in the deep pond will be
retained for an additional 30 days, undergoing aerobic treatment with no
effluent being discharged.
Stage V. Just before freeze-up, around 1 October, sewage in both the
shallow and deep ponds will be drained into the Yukon River. The cycle will
thus be completed, and the operation will be repeated, starting with Stage I.
Design criteria. The following design criteria have been established:
(1) The deep pond will have a 12-ft operating depth with 2 ft of freeboard.
This will provide a dike of 14 ft for flood protection and will minimize the
acre3.ge needed in the deep pond to provide adequate winter storage capacity.
The depth is not critical to anaerobic operation, and a 12-ft pond will have
less percentage of ice cover (per unit of volume) than a shallow pond would
have. (2) An operating depth of 3 ft will be utilized in the shallow aerobic
pond, with a 10-day retention time. As mentioned previously, the long
periods of sunlight during the summer months will provide a maximum of
algal activity and treatment in the aerobic pond, thus reducing the retention
time necessary for treatment to below standa·rds of the "Lower 48" states
(12, 13). In practice, effective sewage treatment has occurred in other
locales with. detention ti:rnes of 15 days and less (6).

*

Figures appear at end of paper.
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Design and operation for the deep anaerobic pond. Assuming 0. 1 7 lb
BOD/person/day (5) and a population of 400 persons, 68 lb BOD/day will be
produced, or 22. 6 lb BOD/acre/day. The pond will store sewage from
1 October to 1 April, or approximately 180 days. Therefore, a load of
68 lb BOD/day for 180 days will produce 12, 240 lb BOD to be stored between
1 October and 1 April.
A flow rate of 66, 000 gallons per day is equal to O. 20 acre-feet per day,
so for 180 days 36 acre-feet of effective storage will be needed. Using an
operating depth of 12 ft, 3 acres will be needed. The effective area is measured at a depth of 6 ft, or when the pond is approximately haµ filled to
capacity.
The pQnd will be drained to the 5-ft level by approximately 1 September;
thus 23 acre-feet will be drained between 1 June and 1 September. This is
equal to 0. 25 acre-feet/day, or 82, 000 gallons/day. By 1 June, it is expected
that the BOD in the deep pond will have been reduced by 20%, from a strength
of 68 lb/66, 000 gallons (fresh raw sewage) to 55 lb/66, 000 gallons. Thus,
O. 83 lb BOD/ day will be discharged to the small pond between 1 June and
1 September.
Design and operation of the shallow aerobic pond. The total flow into the
shallow pond during the summer will include the flow from the deep pond
(O. 25 acre-feet/day) plus the raw sewage flow (O. 20 acre-feet/day) from the
Base for a total of O. 45 acre-feet/day. Using a 10-day retention time, 4. 5
acre-feet of storage will. be required. With a 3-ft operating depth, an effective area of 1. 5 acres will be needed in the shallow pond, measured at the
1. 5-ft level.
The sewage received by the small pond during the summer will contain
68 lb BOD/day from the daily raw sewage flow and 68 lb BOD/day f~om the
deep pond., or a total of 136 lb BOD/day. With 1. 5 acres, the net loading is
approximately 91 lb BOD/acre/day. This is higher than the standard loading
of 20 to 30 lb BOD/acre/day generally used in the Continental U. S. However,
many ponds have been loaded above 50 lb BOD/acre/day with 90 to 100%
purification (6 ). As stated above., the high rate of algal activity during the
summer months is expected to handle a consi~erably higher loading eff~c
tively. The BOD reduction is expected to be 90%; however., monitoring of
the system in actual operation will be necessary to determine its true
efficiency. .
·
Some of the assumptions and criteria used in preparing the design and
operating procedures for this pond do not meet the tentative standards established by the Alaska Department of Health and Welfare (2). However, the
Northern Regional Sanitary Engineer for the Department of Health and W elfare has reviewed and approved the plan presented here on the basis that:
(1) No definite data is now available on the capabilities of large oxidation
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ponds in the Arctic, and (2) the data obtained by AHRC in monitoring and
evaluating the system after completion will help provide needed information
on the operational capabilities of sewage oxidation ponds in arctic Alaska.

SECTION 6.

SPECIAL RECOMMENDATIONS

The final plans and specifications for any lagoon system should be prepared only after a thorough soil investigation has been made. The strength,
stability and permeability of the soil should determine the slopes and berm
widths needed on embankments, the amount and kind of sealant needed to control seepage, the extent of excavation needed and many important additional
criteria.
Adequate dikes (embankment protection) are necessary to prevent damage
and overtopping of the deep anaerobic pond by spring flooding of the Yukon
River. The pond should be located adjacent to and on the river side of the
shallow pond, to utilize the same embankment on two common sides and to
prevent flood waters from damaging the shallow pond. If overtopping of the
small pond occurs during the floods, the sewage will have been sufficiently
treated by aerobic action to prevent any undesirable pollution of the Yukon
River.
The draining and transfer control structures and piping should provide
operational flexibility in controlling sewage depths in the ponds from maximum capacity (12 and 3 ft in the deep and shallow ponds, respectively) to
complete draining. To provide a settling basin for sludge accumulation in
the deep anaerobic pond, the influent line should be located on the bottom
and discharged into a trench approximately 1 ft deeper than the pond bottom.
This trench should be approximately 5 ft wide and 30 ft long.
In the layout shown in Figure 1, minimal embankment slopes of 1 on 3
and freeboard of 2 and 1 ft for the deep and shallow ponds, respectively,
were used. It is acceptable for the effluent from the ponds to flow by an open
ditch to the Yukon River, as this treated effluent will be equal to that from
standard secondary treatment plants.
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