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Man and the land: Multiple Use, No Abuse
Guest Editorial
Arion Tussing
Land use planning is not a new
concept, but it has become a very
fashionable slogan in the last three years.
Almost every bill recently introduced in
Congress dealing with land or resources
provides for some kind of land use
planning. The notion has been pushed
hardest by conservationists and by certain
industries with very specific land use
needs - for example, the electric power
industry, which is running into increasing
difficulty obtaining land for power plants
and transmission lines. But the demand
for planning arises from almost every
quarter. It was used by the
representatives of 12 national
conservation organizations in opposing a
large land grant to Alaska Natives and the
lifting of the Alaska land freeze. Earlier
this month in an Anchorage hearing, the
same concept was used by spokesmen for
com mercia I development to oppose
wilderness classifications in Glacier Bay
and Katmai national monuments.
Even Leo Mark Anthony, representing
the Alaska Miners Association, asked,
"Why are there no multi-agency studies
followed up by a Department of the
Interior master plan with some total-view
scientific credentials to support it?"
IN ALASKA, AND TO SOME
EXTENT IN OTHER WESTERN
STATES, the big land issues involve the
disposition of public lands, mainly federal
lands. More than 95 per cent of Alaska is
still in federal title, and Alaska accounts
for almost two-thirds of the remaining
unreserved public domain in the United
States. Most of the talk about land use
planning for Alaska concerns what
happens to the public domain.
Obviously, the conservation
organizations and the Alaska Miners
Association want different things, often
conflicting things, from a land use plan.
But their seeming agreement on the
principle reflects a tacit recognition that
frontier days are over in Alaska as well as
in the lower 48. The same land can no
The Northern Engineer

longer be available without restriction
both to the miner and to the wilderness
recreationist. In earlier, less crowded
generations, miners could have free access
to the public domain without creating a
shortage of unspoiled land for those who
loved the wilderness. On the other hand,
parks and other reserves could be set
aside without substantial loss of
com mercia I resource potentials. The
demand for all uses of land, except
perhaps for agriculture and grazing, is
increasing rapidly in the United States.
There is growing demand for homesites,
for minerals, for pulpwood, and for
wilderness and recreational land. Not all
those demands can be totally satisfied.
There have always been conflicts over
the treatment of specific parcels of land;
local interests have opposed almost every
existing reserve established for national
purposes or_ for future generations. Today
for the first time the question is seriously
posed of the total acreage that ought to
be reserved from some or all commercial
resource development, in the United
States and in Alaska. How much of the
old growth rain forest of Southeast
Alaska ought to be excluded forever from
logging? How much of Alaska should be
closed to mineral location? Members of
the various land use lobbies like the
miners, the loggers and the Sierra Club,
each seem to want everything their own
way. The miners are in principle opposed
to the exclusion of any land from mineral
exploration. The timber industry, and in
many instances the Forest Service, set as
a goal the early liquidation of all old
growth timber stands and their
replacement by commercially more
efficient second growth. And
conservation organizations tend to
oppose any new timber sale and any new
mining venture. Yet, to the extent that
they all speak of land use planning, they
recognize ultimately that a line must be
drawn, and that the line will be drawn
somewhere less than 100 per cent in their
own favor. In the long run, the uses of
land, and particularly of public land, will
be determined by some combination of
federal, state and local political authority.
These agencies will make their decisions
on the basis of comprehensive plans and
guidelines set down in law.
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Alaska's own land laws, which are
more recent than those dealing with the
federal public lands, depart even farther
from the 19th century tradition of
first-come first-served. Although the state
still has the claims system for metallic
mining, it does in many cases require
permits to operate tracked vehicles, to
build roads or otherwise to disturb the
surface of the land in the course of
mining. The state does not give the miner
title to either the mineral deposit or to
the surface of the claim. In contrast to
the federal Homestead Act, state law
allows land to be disposed of for
agricultural purposes only if it has been ·
classified as suitable for agriculture. The
mineral leasing laws and regulations of
Alaska require competitive leasing for oil
and gas wherever there is a competitive
interest, and thus maintain control over
development and assure the public fair
value for its resources.
This is clearly the direction future land
law and land use planning will move as
the demands upon public lands intensify.
I am confident that the next 10 years will
see a public lands management regime
with the following features:
* The Homestead Act and the other
settlement laws will be repealed or
inactivated, and the mining laws will be
changed so that private individuals may
no longer unilaterally decide the fate of
the public lands. Lands will be classified
for the use or uses for which they are
most suitable, and other activities will be
regulated subject to protection of the
dominant use.
* The disposal or use of public lands
or their resources at no charge or at a
nominal charge will be ended. In general,
commercial resource users will pay fair
market value for minerals of all kinds, for
timber, and for grazing rights.
Competitive leasing will become universal
or nearly so for oil and gas. In congested
areas, even the recreational use of the
public lands will be rationed in some way,
and will increasingly be subject to fees.
Some form of claims system may
continue in the case of metallic minerals,
but miners will pay a royalty and they
Continued on Page 4.
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will not receive title either to the mineral
deposit or to the surface. I expect
eventually that metallic minerals, like the
fossil fuels and building materials, will be
disposed of by lease or sale, but this will
require a different system of discovery
incentives than we have used so far.

free or liberal access to public lands under
the existing laws. As in most cases of this
sort, neither side will be 100 per cent
successful.
This paper is reprinted with Dr. Tussing's
permission from The Anchorage Daily
News, December 1, 1971.

* Each permit, lease or sale will be
subject to environmental stipulations.
These stipulations will generally require
the appearance and productivity of land
and waters to be maintained in, or
restored to, approximately their original
condition. Activities that present a
serious risk of environ mental damage,
especially where the enterprises are small
and may go out of business, will have to
be bonded to assure restoration or
compensation .
* The main responsibility for land use
planning, both in Alaska and elsewhere,
will be at the state level. However, the
author ity and incentive for the states to
take an active planning role, will be
established in federal legislation. This
authority will apply both to public and
private land use, and will in some
instances override local zoning powers
and federal agency decisions.

There is not space here to detail the
recent or pending legislation, and court
decisions, that point in the direction of
the foregoing developments. However,
they are all "in the works" and have
growing public support. The timing of
some of the changes is still uncertain
because certain user groups, like the
miners, who get favored treatment under
the old land laws, still have sufficient
political influence to delay the inevitable
changes.
Important issues of land
administration in Alaska will be decided
before the new planning and management
regimes are established. The most
important development is, of course, the
Native claims settlement. Forty million
acres is almost 50 times the present
extent of private land in Alaska! Little
wonder that the timing of this grant in
relation to state land selection, and the
establishment of new national parks, is so
controversial. The turmoil over the land
withdrawal and land use planning
provisions of the House and Senate bills is
really about who gets first crack at the
public domain after the legislation is
passed and before the new planning
machinery starts working- the Native
groups, the state of Alaska, the federal
The Northern Engineer

Second
International
Symposium

IAHR
conservation agencies, or the prospectors,
noncompetitive oil lease applicants and
others who want to take advantage of the
of the traditional first-come-first-served
land laws while they are still in effect.
I believe each side overestimates the
seriousness of the conflicts over land
among them. The miners in particular
should have little to fear from the claims
legislation itself. "Valid existing rights"
(e.g. mining claims) are preserved in both
versions. Neither the House nor Senate
bill "freezes" state-selected land, so that
the Alaska Miners Association's lobbying
effort would be more productive if it
were directed not against the withdrawal
of federal lands, but toward the state, to
select the areas of most promising
mineralization. Conservationists ought to
favor this move too, because the state has
far stronger authority to control the
environmental effects of mining activities
than the federal government has on the
unreserved public domain.
Federal- state cooperative land use
planning is necessary, and it is coming,
but in the meantime the slogan of
planning will be used by each interest for
its own purposes. Conservation
organizations are using the prospect of
future land use planning as an argument
for postponing resource development and
preserving de facto wilderness until the
planning machinery is established and a
plan is formulated. Would-be commercial
users like the miners are beginning to use
the possibility of land use planning in the
future to oppose withdrawals now for
park, wildlife or wilderness purposes,
because they hope to take advantage of
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ICE AND ITS ACTION ON HYDRAULIC
STRUCTURES

The 2nd International Symposium
formed by the International Association
for Hydraulic Research (IAH R) entitled,
"Ice and Its Action on Hydraulic
Structures," w ill be held in Leningrad,
U.S.S.R., September 26-29,1972.
The purpose of this symposium is to
promote
international
cooperation
between engineers and scientists engaged
in the field of ice engineering and united at
the 1st Symposium which was held in
Reykjavik, Iceland, 1970. The Organizing
Committee has set the following as the
standards of subject orientation :
1. Structure, physical and mechanical
properties of ice, including procedures and
apparatus for their measurement both in
the laboratory and in the field.
2. Freezing and break-up on natural
rivers and reservoirs with ice obstructions
and jams taken into account.
3. Ice regime and control in the vicinity
of
hydraulic
structures
including
preventive measures against harmful
effects of ice on the structures and the
ways of prolonging the navigation period .
For those persons interested in further
information, please contact Mr . B.P.
Lebedev, Committee for the U.S.S.R.
Participation in International Power
Conferences, Sovmek, 11 Gorky Street,
Moscow K-9, U.S.S.R.

Pollution
Free
Power?
A. Ronald McKay

Power generation using warm surface
sea water as a heat source al'ld the colder
water at depth as a heat sink has been
under consideration for some time. The
Carnot Principle affirms that where a
temperature difference exists power generation is possible, and the first to suggest the
use of the sea as both sink and source was
0' Arsonval in 1882.
The first practical demonstration of
power from the sea was made by Claude
(1930), a student of D' Arsonval, at an
installation in Cuba. The Claude installation used vapor from boilingseawaterasa
working fluid. The vapor was produced by
creating and maintaining a vacuum in an
evaporator. This vapor then passed
through a turbine and was condensed in a
direct-contact condenser. Water for the
condenser was obtained from the sea at an
approximate depth of one mile. The unit
produced 22kw of power with boiler and
condenser temperatures of 77° F and 59° F
respectively, and a sea water consumption
of 53 gallons per second.
Salle and Capes1an (1957) describe the
previous work by Claude and give in forma·
tion on tests carried out at Bercy, Chaton,
Brest, Taulong, and Abijan. These tests
were concerned with the more practical
aspects of the system such as intake of the
cold sea water at depth and methods of air
extraction from the evaporator. Later tests
at Dakar in 1955 showed that it was
possible to raise the sea water source
temperature some go F by the use of solar
energy. These systems, as did Claude's,
used the vaporized sea water itself as the
working fluid fort he open thermodynamic
cycle. The Dakar tests appear to be the first
attempt to use so1ar:eAergy to augment the
heat source.
Anderson and Anderson (1965, 1966)
describe a system tor generating power
from the sea using the warm surface water
ar.d the colder water at depth as sink and
source respectively, however, with a major

important difference: They considered
propane as the working fluid for the closed
t~rmodynanic cycle. This change of
working fluid considerably reduced the
physical size of the power plant per unit
output because of the more favorable
thermodynamic characteristics of the
fluid, in particular, those of density and
saturation pressures and temperatures.
Roels. Gerard, Haines, and CW~teno
(1970) in a multidisciplinary paper consider the simultaneous use of cold sea
water for mariculture purposes, condensation of usable fresh water from the moist
air, and the development of usable power.
Though it is not definitely stated, their
drawings suggest that the power generation
will result from an atmospheric air heat
source rather than a warm sea water
source. Again, deep cold sea water is used
as a sink. The implication is that the power
generation will be done by way of a
closed-loop thermodynamic cycle.
In all of the cases previously described,
a vertical temperature distribution in the
sea water, or a high ambient atmospheric
temperature and a lower sea water temperature at depth is required. These
operating conditions are normally found in
the temperate and tropic geographic zones.
The important parameters for power
generation are the temperature differences
between, and the availability of, large
energy sinks and sources. Claude (1930}
has postulated that the ability to develop
power from these low-level sources varies
as the square of the temperature differ·
ence. Thus, a small increase in source
temperature or decrease in sink temperature produces a marked increase in
power output.
ARCTIC AND SUBARCTIC HEAT
SOURCES AND SINKS
Geographic areas in which very vast
heat sources and sinks, as well as large
temperature differences between them,
may be found in the Arctic and Sub-Arctic
regions. Sea water beneath the permanent
Arctic polar ice cap, at 2go F. may be used
as a heat source while the cold ambient
atmosphere above, with temperatures as
low as .Sfi' F at certain times of year, may
be used as a sink. Alternately, during the
short summer the atmosphere and radiation may be used as a heat source while the
cold sea water becomes the sink. It is
interesting that Rice (1969) suggests the
use of Arctic sea water as a possible heat
source but does not elaborate on how the
power may be extracted.
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Further possibilities exist in the Arctic
and Sub-Arctic regions. There· are many
large rivers with winter temperatures
slightly above the freezing point of water.
In the winter, these rivers could become
energy sources and perhaps even sinks in
the summer. The cold ambient atmosphere, in combination with long wave
radiation losses to outer space, could be
used as a sink, or, considering the contin·
uous diurnal solar radiation gains during
the summer, radiation itself could become
the source. Hot springs in close proximity
to large rivers exist, partieularly in interior
Alaska, and the temperature difference
potential is greater for this case than those
presented using warm sea water, cold sea
water, temperature atmosphere and cold
atmo11phere or any combination of these
sinks and sources.
It is not the object of this paper to
evaluate all the possible combinations of
Arctic and Sub·Arctic source and sink
conditions. It is, however, the object to
demonstrate that using a simple Rankine
cycle with a known flourocarbon as
working fluid, that power may be
produced using the Arctic sea water as the
energy source. Atmospheric and sea water
conditions, as found at Barter Island in the
Beaufort Sea off the north coast of Alaska,
are used for the case presented.
Ambient air temperatures for these
regions may be presented with reasonable
accuracy as sinusodial functions with time,
after Johnson (1969.}. ConditiOns repre·
sentative of Barter Island, Alaska, are
shown in Figure I. It will be noted that
with the 2go F sea water source, there is a
definitive portion of the year when the
ambient air temperature exceeds that of
the sea water source. This condition
dictates that with a sea water source and an
atmospheric sink that only intermittent
power generation is possible.
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Figure I. Air and Ocean Temperature
Histories at Barter Island, Alaska (lat. 70"N).
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Figure I also shows that reversal of the
sink and source is possible during that time
of year where the ambient air temperature
is above that of the sea water. With this
reversal, two periods of zero power generation exist and there would be a pronounced variation in level with time of
year. This condition may be acceptable if
energy storage devices were to be used,
storing the excess power generated over
the demand during periods of maximum
temperature difference. The pronounced
variations and zero output may be
removed if other energy sources are considered.
During what is normally referred to as
tht! very short Arctic summer, there is
appreciable energy gain at the surface as a
result of radiation from the sun. This
radiation energy may, in fact, exceed that
which may be obtained convectively from
the atmosphere. Surprising as this latter
fact may seem, it is understandable if one
considers that for most of this short
summer, the sun does not fall below the
horizon and, except for the immediate
coastal regions, clear sky exists during
most of this period.
Figure II shows the total direct solar
radiation calculated after Scott (1964), the
ambient air temperatures as previously
shown in Figure I, and the long wave
re-radiation calculated after Geiger (1950).

CLOSED SYSTEM
(FLUOROCARBON)
. REFRIGERANT

Figure Ill.
the sea water. If hot spring source and
either rivers or atmosphere be used as sink,
then the temperature differences are
greater than any of the previously mentioned cases. These combinations will
resu It in greater power generation.
THERMODYNAMIC CYCLE
AND WORKING FLUIDS
For the purposes of this paper, the
simple Rankine cycle has been chosen.
Such a cycle is represented diagramically
on Figure Ill.
Considering the temperature range
which would be experienced by the cycle,
certain limitations are placed on the choice
of thermodynamic working fluids. An
appropriate fluid would have the following
characteristics:

5. The latent heat of vaporization should be
large in comparison to the heat supplied
to the fluid. This results in small volumes
of working fluid. In addition, this suggests
thatthe heat capacity oftheworking fluid
in the liquid phase of the cycle be small.
6. The entropy of the saturated vapor at the
evaporator outlet should be approximately the same at the maximum and
minimum temperatures of the cycle. This
eliminates excessive condensation during
expansion in the turbine.

Table I lists the thermodynamic
characteristics of several readily available
fluids which could be used in the cycle.
TABLE I
WORKING FLUID PROPERTIES
ref. ASH RAE Hnlbaok
TEMP.

Figure II. Temperature and Radiation Data
The re-radiation has been assumed to
occur from a surface at the ambient air
temperature. This represents a condition
more severe than a probable case, as with
long wave radiation the "green-house"
effect may be used to advantage. The net
radiation available for power production
under the above considerations is also
shown in Figure II.
It is not considered necessary to fully
discuss other possible heat sources or heat
sink combinations; however, some
comment should be made. Should large
rivers or hot springs be used as a source,
then their temperatures are above that of
The Northern Engineer
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R-114

94.76
477.00
989.30

6.6
68.5
163D

6.368
42.381
a8.870

8.818
68.330
168.330

11.884
32.859

103.000
88.883
77.943

85.268
69.313
54.89S

..0.0121
0.0401
0.0584

-o.ooes

0.2456
0,2219
0.2129

0.1534

OS71

LAtent H•t of Vaporization BTU/lb.
.fjl)of

+29°F
+80°F

2. The critical temperature should be well
above the highest temperature in the
cycle.

A-12

Saturation Pressure PSi A

-60°F
+29°F

1. The freezing point of fluid should be
lower than the lowest temperature in the
cycle.

NH 3

C02

145.8
104.0
46.0

610.8
545.6
498.7

74.880
85.680
68.917

Saturated Liquid Entropy STUfF

.eo
+29
#JIJ

.OD221
0.0742
0.1489

..0.0517
0.1541
0.2749

..0.0102
0,0368
0.0548

OD327
O.D5697

Saturated Vapor Entropy BTU/°F

3. The vapor pressure should be moderate at
the highest temperature in the cycle,
allowing lower strength components to be
used in the evaporator.

.eo
+29
+80
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1.4769
1.2808
1.1991

0.1771
0.1666
0.1839

0.1~

0.15788

.saturated Vapor Specific Volume F,-3/lb.

.eo
+29
+80

4. The vapor pressure should not be too low
at the lowest temperature in the cycle
because of the large volumes of working
fluid involved.

0.3429
0.2856
0.2305

0.9260
0.1762
0.0600

44.730
4.922
1.955

6.4770
0.9333
0.41136

5.4844
0.7956
0.3462

26.566
2.4948
0.9628

Specific Heat of Liquid@ 86° F BTU/LB° F
0.236

0.306

0.246

Considering these characteristics and
those which have been previously described as being desireable, the refrigerant
R-2~ (CH Cl F2 ) appears to be the best
cho1ce for use with the anticipated
temperature range. The Rankine Cycle as
described in Figure II I has been oonsidered
to operate under the following oonditions:

Conventional thermal power cycles
normally operate with fixed temperature
differences and the working fluid mass
flow rate varied to satisfy the demand.
With the proposed system for generation
using the cold sea water and atmospheric
temperatures as heat sinks or sources, the
temperature difference in the cycle may
not be fixed. Thus, it is logical to assume
1. The temperature in the evaporator equal
that, with varying temperatures, a constant
. to that of the heat source.
mass flow rate of working fluid would be
2. The temperature in the condenser equal
used. The consequence of the fixed mass
to that of the heat sink.
flow rate and the varying temperatures
results in varying power output with time
3. The turbine or expander is assumed to
of year.
have an efficiency of 80% as related to the
isentropic.
If the power demand is to be constant
over the entire year at a fixed level, then
the power generated when the greatest
- N o Radiation
----With Radiation
temperature difference and thermal effi,,
'
ciency exists must supply the demand and
'I
I'
I
I
generate an excess which will be stored.
I
The total amount of this excess must equal
~5
~
the deficiency when the temperature
differences and thermal efficiencies are
~ ~-----\-\---+---~\~low. To graphically demonstrate this, a
fixed
size of plant and its components
o-t----;:-+t----;'--+--!~~:~::~ &
must be chosen.
Figure IV indicates that for the case
including the radiation energy, the thermal
efficiency averages approximately 4% over
the year. With conditions representative of
••~
when this occurs, a cycle mass flow rate of
TIME
840 po·unds per hour per kilowatt output is
required. Using the above values of
· Figure IV. Thermal Efficiency with
efficiency and mass flow rate, the heat
Time of Year
rejected for this case is obtained. The
\
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Figure IV shows the calculated thermal
efficiencies with the source and sink
temperatures varying as to time of year.
When the ambient temperature equals that
of the sea water, the cycle has been
reversed. It will be noted that the efficiencies vary markedly for the entire year
and there are two periods oftimeatwhich
the efficiency will equal zero.
Also shown on Figure IV is the effect of
radiation on the thermal efficiency. With
the addition ofthe radiant energy gain, one
of the periods of zero power generation
disappears. The other, however, remains .
The thermal efficiencies as calculated by
the Claude (1930) data and that of
Anderson and Anderson (1965, 1966) are
also shown.
With both the Claude and Anderson
systems, the temperature difference is
constant over the entire year. With the
proposed system, the temperature
difference varies and thus, if continuous
power generation is required, storage of
the excessive power generated over
demand must be provided for.

exchanger which transfers the rejected
heat to the atmosphere will have an area
greater than the exchanger which transfers
the heat from the sea to the cycle. This is a
result of the overall heat transfer coefficients involved. When the cycle is reversed
and the air exposed exchanger is transferring heat to the cycle, the large area
assists in the radiation energy gain. It is
assumed that the heat rejected from this
exchanger is constant over the entire range
of operating conditions, and that its area is
sufficient to satisfy the heat gain requirements.
Figure V shows the resu It ofthe output
in kilowatts with time of year as calculated
with the fixed mass flow and fixed heat
exchanger conditions. The area under this
curve represents kilowatt hours and the
average value obtained is shown. The areas
above this value during periods of power
generation are equal to those below when
there is no generation or generation does
not equal the average value. The areas
above represent the amount of energy
which must be stored and is representative
of the storage capacity required.
With energy storage systems, 100%
conversion is not possible. There are losses ·
when the energy enters and is removed
from storage. To compensate for this loss,
the average power level must be reduced.
The amount by which this value will
decrease will depend on the conversion
efficiencies of the storage system.
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Figure V. Power Output with Time of Year
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CONCLUSIONS AND DISCUSSION

The implications of Figure V are such
that it is possible to generate power and
have continuous availability over the entire
year when using the atmosphere and cold
sea water as heat sources or sinks. The
question of whether or not power generation with the system described is practical
will of necessity be based on the economics
involved. However, for large size plants
with lower temperature differences, the
economics appear favorable, Anderson and
Anderson (1966).
One immediate area in which such a
system could be used is that of manned or
unmanned research stations on the per·
manent Arctic polar ice cap. With these
stations and the logistics involved, fuel
costs for conventional power generation
are very high. Energy from the atmosphere
or sea water is essentially free of cost.
Within the usable life of the system, the
equivalent conventional fuel costs may be
traded off against the capital costs of the
plant equipment. Furthermore, because of
the working fluid selected, the implication
is that a sealed system will be used. For the
case of an unmanned station, infrequent
servicing .of such a system would be
required. The power generated could be
used to operate the necessary data acquisition and storage equipment. This data, on
demand, could be released to either an
over-flying aircraft or polar orbiting satel·
lite.
The pollution potential of such a
system is virtually non-existent. Other
power systems which could be used are
those utilizing hydro-carbons or nuclear
energy as fuel sources. In contrast with
systems using these fuels, there would be
no smoke or atmospheric pollution and, in
addition, there would be no radiation
hazard or radioactive waste disposal problems.
It is of interest to note that the earth
itself acts as a gigantic heat engine receiving
solar energy at the·equator which is stored
in the sea water. The heat is rejected at the
poles. The proposed power generation
system emulates the natural process in that
it receives and rejects energy either to or
from the sea water or the atmosphere
directly. It may be argued that whenever
man departs violently from the processes
of nature or fails to reduce a nonrenewable resource to its lowest thermal
level, that pollution results.
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Considering the mechanical aspects of
such a system, the present state of knowledge is sufficient to cope with the design
of all the necessary components in the
system with the exception of the heat
exchanger, which extracts energy from the
sea. The cold seawater immediately below
the permanent Arctic polar ice cap is very
close to its equilibrium condition with ice.
With the extraction of energy, freezing wi II
no doubt occur. A possible method of
The Bureau of Land Management and
overcoming this freezing is to force the sea Mr. Ronald McKav of the University of
water over the exchanger surfaces with - Alaska's Institute ot Arctic Environmental
sufficient velocity that minimum ice build
Engineering have been working' on an
up on the surface will result. There are experimental project located at the BLM
indications in the literature which suggest
thatthis is feasible.
Fairbanks heating plant. McKay, who
- acted as director of this project in
Another possibility is to make use of collaboration with BLM Engineer William
the warmer sea water currents which have C. Stringer, is enthusiastic about the
been found to exist at some depth below success of this idea, as this particular type
the polar cap. The voyages of the nuclear of equipment control may revolutionize
submarines under the cap indicate that the difficulty of the ice-fog problem often
such warm currents exist. In addition, the hazardous in the far northern regions.
·recent voyage of the Manhattan measured
In Fairbanks, many davs' air pollution
temperatures as high as 40° when the
temperature at the surface of the sea water levels have been recorded at three times
was close to 29° F. Should these warm that of the Los Angeles, California area.
water currents be prevalent over most of (For an overview of this situation, see the
the area covered by the polar ice cap, then HOL TY article in this issue.)
placement of the source heat exchangers at
The effectiveness of the unit is being
this warmer level would remove the icing
problem and, in fact, increase the thermal studied and will be monitored in a
year-long study directed by Professor
performance of the system.
McKay. The intent of the device is to cool
the flue gases with outside air to a point
A paper presented at the Combined where exhaust condensation is eliminated
Second Annual Thermal Power Confer- or reduced to an acceptable level. This will
ence and Eighth Biennial Hydraulics effectively remove one importance source
Conference at Washington State Univer- of man-caused ice fog. Condensation of
moisture in the flue gas will naturally
sity, Pullman, Washington.
remove a certain amount of the other
pollutants that are soluble in water.

BlM Heat
Exchanger
Reduces
Ice Fog

The anti-pollution heat-exchanger
device was manufactured by the 0 and M
Manufacturing Company at the Houston,
Texas, plant from specifications developed
by Stringer. A full article describing this
project is forthcoming in the Spring Issue
of THE NORTHERN ENGINEER. Any
further inquiries about this particular
project will be welcomed at either the
Institute of Arctic Environmental
Engineering,
University of Alaska,
Fairbanks, Alaska 99701, or write to the
Director
(430),
Bureau of Land
Management, U.S. Department of the
Interior Bldg., Washington, D.C. 20240.
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Solid Waste: The Third Pollution
Timothy Tilsworth
Since the time that man set foot on correct. Should man continue to ignore
earth he has been plagued with problems of this situation, future generations of man's
waste disposal. Initially he lived in a cave offspring shall have as scenery a
and discarded his garbage in an isolated countryside littered with garbage and
corner of his home. As the waste material trash. Worse yet, they may be forced to
degraded and obnoxious odors prevailed, pay the price our present day society was
the cave man sought a new residence. unwilling to put forth to protect our
Eventually he learned that by transporting environment.
his refuse further from his cave he would
not be faced with the problems the waste
A WASTEFUL SOCIETY
created for him.
Anthropologists have found in their
studies that as. civilization developed the
Man has yet to achieve sufficient
problems of solid waste management control of the solid waste disposal
increased. History bears out the fact that problem. Historically, the human race has
from the time of the cave man, humans disposed of its refuse by simply discarding
have had an attitude of "out of sight, out materials of little value onto unwanted
of mind," relating to garbage and trash. It land and allowing nature to take its course.
has been documented that the City of Troy Unfortunately. this concept exists to a
in Asia Minor, famed as the site of the limited extent today. ·
Trojan Wars, was actually a series of nine
The present generation rate of solid
separate developments constructed one on waste in the United States is estimated to
top of each successive city's rubbish and be near 5.5 pounds per person per day.
waste products.
Throughout the years man has learned
COMPOSITION OF REPRESENTATIVE
MUNICIPAL REFUSE
that he must more effectively manage his
waste products. Crisis after crisis made a
PERCENT BY WEIGHT
vivid but short-lived impression on him. ITEM
The Black Death in Europe during the
25.70
Corrugated paper boxes
Fourteenth Century and the Great Plague Newspapers
10.34
of London during the Seventeenth Magazine paper
7.47
Century resulted in numerous unnecessary Brown paper
6.13
deaths due, in part, to improper refuse Mail
3.02
disposal. More recently, the garbage strike Paper food cartons
2.27
2.18
in New York City during the Twentieth Tissue paper
Century indicated that solid waste crises Plastic coated paper
1.68
could yet occur. These are but a few of the and wax paper
Subtotal 58.79
many episodes from which man should
4.20
have learned not to ignore his garbage. Vegetable and fruit wastes
Meet scraps (cooked) and
Lack of proper solid waste management fried tats
5.04
has currently confronted man with a
Subtotal 9.24
deplorable situation almost unfit for the
human race. Man has tainted the soil he Wood
2.52
walks and lives on with his rubbish and Ripe tree leaves, flower garden
waste! He has defiled the atmosphere plants, evergreens, and lawn
7.56
which provides him the air he breathes! He vass (green)
Subtotal 10.08
has fouled the water which should be
clean, attractive, and safe for his
7~52
consumption! He has desecrated that Metal
Glass, ceramics, ash
8.49
which surrounds him - his environment!
Man has disturbed the environment by Miscellaneous; plastics, rags,
rearranging the earth. This process of leather and rubber goods,
rearrangement could be considered logical, paints and oils, parts and dirt
5.88
however, leaving behind man's residue of
Total 100.00
devastation is anything but logical. *Extracted from: Abrahams, John, H., Jr. "Wealth
Mismanagement and neglect has resulted in Out of Waste," Nation's Cities, 7:9,20, September,
a situation that will require a great effort to 1969.
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Nationwide, this amounts to a staggering
daily total of one billion pounds plus.
Affluence continues to increase the
magnitude of the solid waste problem.
While the per capita production of refuse
in the United States approaches almost a
ton per year, India produces only 200
pounds per person per year.
During the last half of the Twentieth
Century our Nation developed into a
"throw-away" society. We invented
throw-away
beverage
containers,
throw-away
flashlights,
throw-away
underwear, and other items that we did not
care to be bothered with. We now package
products
beyond
reasonable
need
including such things as three wrappers per
stick of gum, several sacks per bag of
groceries, and a multitude of wrapping
with any product purchased. Americans in
searching for a way to dispose of their
yearly production of 35 million tons_ of
packaging including 48 billion cans, 26.
billion bottles and jars, and 65 billion
metal and plastic caps have ultimately
developed a means of illogically
rearranging their environment. Affluence
has changed not only the amount of solid
waste but its characteristics as well.
Modern society scraps better than six
million cars per year in the U.S. Urban
renewal programs are resulting in a
phenomenal amount of demolition and
construction waste. Increased use of
plastics and rubber have resulted in waste
materials that are creating havoc with
today' s engineering waste treatment
technology. As our population increases so
does our demand for an increased food
supply thus resulting in more and more
agricultural waste materials. There is little
doubt that society is changing, along with
its waste products, and so must waste
treatment technology change to meet the
challenge.
TECHNOLOGY IGNORED?
In 1965 Congress passed Public Law
89·272 which was titled "The Clean Air
Act of 1965." The Solid Waste Disposal
Act stemmed primarily from the fact that
solid wastes were one of the many sources
contributing to the Nation's air pollution
problem. This was, perhaps, the "third
pollution," that being improper solid
The Northern Engineer

waste
management.
A
significant
achievement of this Congressional Act was
the resulting impact on public awareness
and an understanding that environmental
pollution is a single entity consisting of
interrelated considerations of air, water
and land.
The
environmental/ecological
awareness of the late 1960's focused much
needed. attention on the control of
pollutants in an effort to maintain our
environment in a liveable and pleasant
condition. Even though a major fight has
been directed at air and water pollution,
little has been done in controlling of solid
waste. Refuse disposal problems continue
to multiply but technology remains
virtually stagnant in this area.
Current practice of solid waste disposar
of municipal refuse consists basically of
four different and unique processes.
Disposal methods include unacceptable
open burning dumps, sanitary landfills,
incineration, and composting. All of these
processes, through improper management,
can lead to pollution of the environment
via the land, air and water. Nonetheless it is
-a recognized fact that all solid waste must
eventually be returned to the land, but
only with proper waste management.

Many of the past and present solid
waste disposal systems have been designed
with a minimal regard for the economics
and the efficiency of the method
employed. Most often, selection of the
disposal process is based solely on the least
cost and ignoring the end result desired. In
general, the cost perton of refuse disposed
of, not includjng collection costs, is
approximated as $2-3 for sanitary land
filling, $4-7 for incineration without air
pollution control, and $5-15 for composting.
Open dumping of refuse has been
deemed unacceptable as a disposal process
because of its attendant pollution to the
water and air. Furthermore, the open
dump is a harborage for rats, rodents, and
other vectors capable of transmitting
disease to man. Because of these negative
effects, attempts nationwide are underway to eliminate the open dump as a solid
waste disposal process.
Sanitary landfilling, because of its
comparatively low cost and its degree of
The Northern Engineer

A desecrated environment
improvement overthatofopen dumps, has
been widely proclaimed. In any event,
sanitary landfills are little more than an
"engineered burial" which will perpetuate
sites for archaeologists of the future to
study. Although sanitary landfills are not
the ultimate solution to solid waste
processing they are better than open
dumps and their use will continue to be
widespread because of economic considerations. Certainly sanitary landfills will
serve as an interim solution until society is
willing to pay the price of improved
alternatives. Of immediate concern is the
need to educate engineers and municipal
officials as to the difference between open
dumps, landfills, and sanitary landfills.

the heterogeneous material they are
attempting to burn. Processing of certain
items such as rubber tires, metal, glass, and
plastics can be a mechanical engineer's
delight. Recent design criteria have
dictated incinerator temperatures in excess
of 1800° F. and studies of waste heat
recovery have made the process appear
more-lucrative. incineration of solid waste
will find maximum application where
available land for disposal is limited. As
with the sanitary land-filling process,
incineration shall continue to be used but
it too is not an ultimate solution to solid
waste disposal.

Conversion of solid waste into reusable
products is most closely approximated by
the composting process and its modificaUncontrolled burning of refuse event- tions. Of the solid waste disposal
ually led to the confined physical process techniques presently being used, compostknown as incineration in which combust- ing is by far the most advanced from the
ible waste is reduced to inert residue. standpoint of approaching an optimum
Because of its high cost, potential air microbial environment for biological
pollution, and problem of end-product degradation. Nevertheless, composting
disposal, incineration has not been processes have suffered severe setbacks
overwhelmingly accepted. Incineration at because of economic failure, due to the
best is a relatively effective short-range facts that 1) the composted end-product is
solution to one facet of the land pollution not salable as a fertilizer because its low
problem. It has a limited future particular- nutrient content makes it uncompetitrtie
ly when today's society realizes it cannot with today's commercial fertilizers; and 2)
present separation and grinding techconvert all of the nation's resourcP.S to
gaseous by-products for use by future nology have not been sufficiently
generations.
Engineering design of developed to make composting economincinerators is a complex art and in the past . ically competitive with the alternative
many engineers have failed to recognize solid waste disposal processes.
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ALASKA- THE LAST FRONTIER

Although solid waste problems in
Alaska are somewhat the same as in other
areas of the United States, a large amount
of the material which ultimately becomes
refuse has been imported from outside
Alaska. Also, as with other parts of the
nation, some of Alaska's solid waste is
being indiscriminately scattered throughout the countryside. Of the disposal
processes previously mentioned, all are
applicable for use in Alaska with certain
reservations. Capital and operating
expenditures are anticipated to be about
150 to 200 percent of those experienced
nationally. However, little data is available
to substantiate these figures.
Biological degradation in sanitary
landfills is seriously impeded by the
reduced temperatures found in the
arctic/subarctic areas. Nonetheless, conventional sanitary landfills have never been
designed with the intention of rapidly
stabilizing biodegradable materials. Sparsely populated areas of Alaska will find the
use of sanitary landfills a necessity until an
economic base can be established which
will allow the use of a more sophisticated
disposal process. Care must be exercised in
the selection of sanitary landfill sites in
order to insure protection of Alaska's
water resources. Additionally, it is generally concurred that disposal of solid waste in
permafrost regions should be prohibited.
Use of the incineration process will be
widespread throughout Alaska particularly
when refuse is considered for use as a fuel
or when waste heat recovery becomes
more lucrative. However, there are several
considerations to weigh prior to endorsing
the incineration process: 1) Refuse is
generally considered to have a heat value
comparable to a low grade coal - about
5,000 Btu per pound of refuse. 2) The
heterogeneous makeup of refuse can result
in undesired operational problems. 3)
Extreme caution must be exercised in cold
regions because refuse has an approximate
20 percent moisture content which could
add to the ice fog problem. An example
relating to the potential ice fog would be
an incinerator for the City of Fairbanks
that could result in upwards of 50 tons of
water vapor being released daily to the
atmosphere.

A resource out of place?
Although composting processes rely
heavily upon increased temperatures
necessary for optimum biological degradation of refuse, the process can be utilized in
Alaska. This could be accomplished by
housing of the processes to achieve
optimum temperatures or possibly by
storing and stabilizing the materials during
the warmer summer months. These
concepts, no doubt, would be experimental and comparatively costly.
The general American public views
Alaska as a vast domain of untainted,
untouched wilderness which should remain free from pollution and development. They see Alaska as a chance to do
what they did not - pay the price to
prevent degradation of the environment.
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Wi II Alaska be able to meetthe challenge of
progress and development without making
the same mistakes that have marred the
surroundings of the other states 7

THE ULTIMATE SOLUTION

The Resource Recovery Act of 1970
(Public Law 91-512) encourages maximum
recovery of reuseab le materials and energy.
This law emphasized research and development, demonstration prog-ams, technical
and financial assistance to state and local
governments, and promulgation of federal
guidelines for solid waste collection,
disposal, separation and recovery. AtThe Northern Engineer

Solid waste- "Out of sight, out of mind."
though refuse disposal costs arnount to
approximately 20 percent of the collection
and disposal systems, there is a definite
need to develop new and better disposal
processes which will permit rapid stabilization of the biodegradable materials,
reduction of the volume of inert wastes,
and reduction of the land required for final
disposal.

this time, the benefits from the end result
will far outweigh the cost. The public must
be informed so they can make the best of
their community resources and so that

their choice will be dear. That choice will
be to pay more for better waste disposal or
to risk impairment of environmental
health and attractiveness.

Even though new schemes for handling
solid wastes are being proposed there are
no magic solutions available to make these
materials disappear. The "magic black
box" does not and will not solve the
problem. Environmental pollutants are
generally thought of as waste materials,
but they are, simply stated, a resource out
of place. Major efforts will be needed to
redirect these resources to a proper
placement in the environment for the
benefit and use of future generations.
The ultimate solid waste disposal
process will consist of separation and
recycling of salvagable materials to the
maximum extent. This will require an
enormous effort on the part of both
industry and the consumer. Currently,
salvage markets are not readily available
. but this can be changed through public
demand . Reorientation of our solid waste
resources is a must if our environmental
concerns are sincere.
Although the price to pay for solid
waste management appears unrealistic at
The Northern Engineer

A "green bag" (garbage) raided by a dog.
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Waste Treatment in Northern Canada
Jack Grainge and J. W. Shaw
Pollution control in the Canadian north
presents many unusual and difficult problems. The most difficult and also the most
important of these is the design of piped
sewage collection systems. The design of
suitable sewage treatment facilities is
simpler, but more difficult, due to low
temperatures and associated phenomena,
than in warmer climates. The planning and
design of piped sewage collection systems
must be integral components of the overall
community plans, because of the high.
costs and greater dependence on topography and ground conditions in the north.

Limited studies of sewage lagoons at
lnuvik and Yellowknife, N.W.T. 1 have
shown that long-retention sewage lagoon
treatment is a satisfactory method of
domestic sewage disposal for small northern settlements. The study lagoons are
covered with ice eight months of the year.
Winter temperatures frequently drop to
50° F for extended periods. Both lagoons
also have serious construction deficiencies
which interfere with their operation; i.e.
emergent growths, uneven bottoms, shallow areas, irregular shaped berms and inlets
close to berms, however, they provided
satisfactory degrees of treatment.

SEWAGE TREATMENT
Secondary treatment of sewage has
been set as the objective in the Canadian
north. However, because ofthecasualway
in which drinking water is so often taken,
the most important criterion for sewage
effluent is its bacteriological quality.
Our experience to date has shown that
long-retention sewage lagoons have been
the only successful and economical method of community waste disposal practised
in the ·Northwest Territories to date. The
use of lagoons is expanding because of high
capital, power, heating, and operating
costs necessary for other types of treatment processes, (e.g. activated sludge,
extended aeration and physical-chemical)
and because of the difficulties in obtaining
reliable, competent operators and in providing the necessary supervision by the
regulatory authority.
We recognize that a well-designed and
treatment plant would provide a high quality effluent, but our
experience with extended aeration plants
in the north leads us to question the
advisability of using such plants unless a
satisfactory operator is absolutely assured.
There will, however, be places where there
is insufficient space for lagoons. The
Canada Ministry of Transport imposes
restrictions on the siting of lagoons near
airports. In such cases, treatment plants
will be required.

Comparison of the operation of a single
cell system with a combination shortretention and long-retention system at
Yellowknife showed that the combined
system had the advantage of better efficiency in winter and simplified inflow
sewer design.

activity is accelerated. The solids reductions are generally greater in winter. This is
because the very heavy algae growths in
summer are included in the suspended
solids analysis and to a lesser extent
because, in winter, ice cover protects the
lagoon from wind currents which may
disturb sludge deposits.
These recent examinations of lagoon
operations in the north have substantiated
previous proposals for design criteria in
arctic and subarctic regions. 2 In most
cases, a sewage pond, which provides a
year's retention time, is suitable. The
sewage is stabilized during the summer
months and then discharged.
The Province of Alberta, Department of
Environment has shown that a sewage
oxidation pond system of at least two cells,
providing a total of 24 months' retention
will provide a very high quality effluent
almost free of coliforms and very low in
suspended solids, BOD and nutrients such
5
as nitrogen and phosphorous. 3 Twentyfour months' retention is now a standard
requirement in ecologically sensitive areas
in the Province of Alberta.

The results of recent examinations of
the lagoons in the Mackenzie District are
summarized in Table 1. In general, BOD
5
and coliform reductions are greater in
summer than in winter. There is negligible
biological activity in a sewage pond during
Sewage lagoon effluent could be used
the winter, but during the summer when for irrigation particularly in the high arctic
the sun shines 24 hours per day, the · where the ground is very barren. Even the
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lnuvik

68°21'N

Norrren Wells

e&"N

City of Yellowknilo

62°N

.........

1,500
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Dolly

•

..... Copllo

190.000

IIP<II

A
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,.,.

.__....

.....

.. 80011

43.5

3112

2

OD1

.49

Cormlne1ion
1 day Short Retention
LongR.-.tion

12
3.2

0.1
21.0

1134

Single Cell

3

0.09

12

0.263
81Ch

136

6
3

1.67
0.75

113

Cells

Single Cell,

4

10

216

6

1.1

111

.._Type

ft.

127

~ell-operated

3,500 1'661

373,000

110

6,000 1'701

6119,200

117

44

1,440

836

Yellowknife Correctional
Cllmp

62°N

Long Retllntion,
Following E ktonuod
Aer8tion Plent.
Hey River

60°60'N

1,200

180.000

160

Two Short R.-.tion
Cells

Pine Point

The basic objective of a lagoon is that is
should provide an effective method of
wastewater disposal without creating
objectionable conditions or pub lie health
hazards in the receiving water source.

Single Cell
Short Retention.
Fol-lng Septic Tonk

Town of Fort Smith

61°40'N

60°N

goo

2.000

136,000

100,000

150

50

Two Short Retention

Long Retention

Fort Smith Airport

60°N

120

4,600

Single Cell

Long Retention
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TABLE II. Summary of Oxidation Pond Installations, Mackenzie District, Northwest Territories

Efficiency
Loading
lb BOD5 t 3 11 BODsf
1.000 ft I d acre/d

LOCATION

Theoretical
Retention
Time
(Days I

BOD
%Reduction
Summer Winter

lnuvik**

9

180 Summer*
300 Winter

85

Norman Wells**

49

23

67

0.6 & 49
0.3 &26

City of Yellowknife'**

14.8
17.7

Yellowknife
O:>rrectional
Camp**

SOLIDS
%Reduction
Summer Winter

---

45

91

90

99.9

99.8

73
59

60
39

91

98
69

99.99

97.7

52

Hay River**

3.07

513

1.5 Each

41

43

69

81

Pine Point**

68

17
5.3

3:)

42

15

82

Town of Fort Smith***

21.5

110

87

53

95

72

Fort Smith Airport***

10

365

80

21

46

56

-~------

COLIFORM
%Reduction
Summer Winter

99.99

......

* - Retention time reduced by surface runoff to lagOOn.

*"- O:>ntinuous effluent discharge.
*"* - Periodic effluent discharge.

"fragile" tundra may benefit from the
nutrients in a lagoon effluent.
Where effluent is to be disposed of into
a salt-water sea, secondary treatment may
also be given low priority because of its
high cost. Fundamentally, the most important objective is the removal of visible
solids and the location of the outfall point
so as to avoid pollution of the beaches
where people dock their boats, etc. However, the eventual objective should be to
provide secondary treatment.

GARBAGE DISPOSAL
In southern Canada, low land is
commonly chosen for disposal sites. In
permafrost regions low land is wet on the
surface in summer and frozen below the
surface. Therefore, such sites are inaccessible in summer and it is virtually
impossible to compact and cover the
garbage. Even if the garbage were to be
buried, it would be frozen and its decomposition would be very slow. Therefore,
the best disposal site is on high land. If a
site is chosen over the brow of a hill, it may
be conveniently close, while being out of
the sight of the residents.
The Northern Engineer

Combustible material, which makes up
the bulk of the refuse, should be segregated
and burned at the site rather than being
burned in garbage cans in the community.
The non-combustible material should be
compacted and covered at intervals. The
general lack of soil makes this an objective
that is seldom realized.
Incinerators that are well designed and
operated provide superior disposal. However, they may be too expensive for general
use in the north, except for example in oil
drilling camps, because the oil companies
are anxious to create a favorable image.

oil·tight berms around the tanks to contain
oil spills.

SEWERS
The most difficult problem in northern
communities is the provision of sewers.
The laying of sewers is very expensive in
cold regions and the problem has been
aggravated by the almost total neglect of
this consideration in the initial planning of
northern communities. Experience has
shown that if sewers are not considered in
the earliest stages of community planning,
then sound engineering of sanitary services
is not possible.

INDUSTRIAL POLLUTION
Industrial pollution is confined to
mining wastes and occasional oil spills.
Arsenic and lead are two mineral pollutants which have caused some problems,
but these have not been insurmountable.
The control of oil pollution is more
difficult because of the use of the less
expensive bolted tanks rather than welded
steel tanks for fuel oil storage in northern
settlements. Also, the soil conditions are
usually very poor both for providing stable
foundations for the tanks and for making
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In non-sewered communities, pollution
is in its worst form, namely, around the
houses. Water and sewage are hauled
respectively to and from government
employees' residences, schools and offices
which have complete internal-plumbing
systems and holding tanks. The other
houses have water delivered to storage
barrels. The toilet sewage is hauled away in
plastic bags. Other inferior individual
household waste disposal systems also
exist including pit privies, bucket toilets,
recirculating flush, economy flush and

incinerating toilets. Various attempts at
subsurface disposal of septic tank effluent
have also been tried from time to time, but
these have usually been unsuccessful.
Liquid wastes are spilled outside of those
residences without plumbing and sewageholding tanks; and because the ground
surface is frozen for most of the year, the
liquid does not seep away.
In the spring, the melted wastes combine with the snow melt in a settlement to
form pools around the houses and bigger
pools in the upper road ditches which are
usually dammed by ice-choked culverts.
Children play in this polluted water and
mosquitoes breed prolifically.
The very. best of homes in the north are
quite modest and the occupants are frequently troubled by freeze-ups and other
breakdowns in the sewer and water
systems. However, the differences between
homes in unserviced and serviced areas of a
settlement and the effective segregation
which results are creating serious social
problems in many northern communities.
Sewers are an absolute necessity for a
community if it is to become a pleasant
place to live.

provides a key to the solution of many of
the problems.
REFERENCES
A number of community planning and
engineering concepts have been proposed4·5 to reduce the cost of providing
piped sewage collection systems. Consolidation of a community reduces the length
of utility services and hence the cost.
Careful use should be made of the topoiap-hy in order to provide suitable gradients and layout for a gravity sewer system,
which, in permafrost areas, may need to be
laid either in above-ground utilidors or in
shallow burial. This is very important
because lift stations are particularly expen~
sive to install in the north, and both very
costly and difficult to maintain. Collector
sewers in utilidors should run from one
building to the next instead of existing as a
stem with service branches.
·
It is not difficult to build pleasant
districts or small communities for affluent
people, however, it requires careful planning to build a community where the rich
and the poor, the natives and the nonnatives, and the administrator and his
subordinates can live together in harmony.
It will take more than just removing the
pollution from the backyards, but that is a
necessary first step.
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Regions." Jour. W.P.C.F., Vol. 41, No.2,
Part 1, pp. 237-246, Feb., 1969.
3Private Communication, Alberta
Department of the Environment, 1971.
4 Grainge, J.W. and Shaw, J.W., "Community Planning for Satisfactory Sewage
Disposal in Permafrost Regions," presented at Second International Symposium on
Circumpolar Health, Oulu, Finland, June
1971.
5 Grainge, J.W., "Arctic Heated Pipe
Water and Waste Water Systems," Water
Research, Vol. 3, pp. 47-71, 1969.
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This paper was presented by Grainge and Shaw at the recent 22nd Alaskan Science
Conference held at the University of Alaska during August 17-19, 1971.

In non-sewered communities, pollution is in its worst form, namely,
around the houses. (Photo by Amos J. Alter)
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Steps Must be Taken

•••

Julian K. Greenwood

Alaska, in most people's minds, has a
virtually endless water resource which is at
present almost untapped. In overall
quantity, this is perfectly true; Alaska's
rivers produce an annual estimated runoff
of some 800 million acre-feet, roughly a
third of the total runoff of all watersheds
in the United States. The Colville River
drainage is estimated at 9 million
acre-ftJyr. and the drainage from Arctic
Alaska river basins east and west of the
CofVille is another 20 million acre-feet
annually. (See Fig. 1 ).
In a sense the coastal plain is an arctic
desert, since it receives very little
precipitation. Annual figures vary from 4
inches per annum near the Arctic Ocean to
10 inches p.a. in the mountains. It remains
characteristically "wet" in the summer
because percolation into the ground is
prevented by the permafrost, because the
ground itself is extremely flat,
discouraging rapid runoff, and because
evaporation is low by comparison with
warmer regions. Moreover, there are major
variations both in quality and quantity of
waters ·found locally around the state, and
conditions in any one place alter
enormously over the year. Hence the
search for a suitable water supply, of
year-round reliability can be very difficult.
Permafrost markedly affects the
distribution of water. Since it underlies
virtually all the land area, it prevents
subsurface drainage, and creates an
artificially high "perched" water table on
top of the frozen soil. Where this water
table intersects the land surface,
"wetlands" result. Swampy "muskeg"
vegetation covers most of the Arctic
Coastal Plain and much of the foothills.
This type of groundwater is generally very
high in organic and iron content, and of
course exists only seasonally. It cannot be
used forcommunitywatersupply.
Breaks in the permafrost do occur, but
only under large, deep lakes (greater than 8
feet deep and more than perhaps 2,000
feet in diameter) 2 , or under one or two of
the largest streams such as the Colville
River (Fig. 2). In the foothills, breaks in
the permafrost may occur near the
summits of low hi lis, and near a few
perennial "hot" springs. These are the only
areas where surface melt-water can sink
below the permafrost, and conversely
The Northern Engineer

where "sub-permafrost" water can break
through to recharge surface water bodies.
"Sub-permafrost" water is by far the
largest course of year-round warm water, if
it can be reached. It may, however, require
an excessively deep well to reach it, and the
problem of keeping the well free from ice
has to be faced all year. Moreover, on the
Arctic Coastal Plain most sub-permafrost
water is extremely brackish, with salinities
of 2,000 ppm common 3 . Coastal
communities, such as Barrow, find thatthe
groundwater salinity may be considerably
higher, where sea water intrudes under the
permafrost.
In the foothills the problem of brackish
water still occurs under the permafrost.
Here the only reliable sources of
groundwater are the few perennial springs.
The largest of these are the Shublik

Springs, which feed the Canning River, at a
mean flow of 1,000 gpm. The Tulugak
Springs in Anaktuvuk Pass is of similar size.
Surface water supplies seem equally
capricious. Since only the largest rivers and
lakes maintain a substantial "thaw bowl"
around them, only these large water bodies
have reliable year-round water. Lakes less
than 6 feet deep freeze solid each winter;
and other lakes, only slightly larger, may
remain unfrozen on the bottom, but this
water will contain most of the
concentrated impurities from the frozen
upper layers and may become unsuitable in
winter. Smaller rivers will similarly freeze
solid, and even the largest rivers appear not
to flow at all in winter. For a description of
the flows in the Colville River in 1962 see
Figure 1.
Probably the best supply of year-round
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good quality water is to be found in the
alluvium near the large perennial rivers and
lakes. The warming effect of surface water
bodies on the permafrost is well described
elsewhere 4 (See Figure 2, adapted from
Lachenbruch et al., 1962 ). A "thaw bowl"
exists in the alluvium around the water
body. These thawed zones may be
hundreds of feet deep, and may extend
appreciably in the terraces to either side of
the body. In general the storage available in
such alluvial aquifers is greater under
perennial rivers, which can continually
recharge them, than it is under lakes.
Williams5 estimated that in the Colville
River valley yields from the alluvium under
the river should be several hundred
gallons/minute, and that the quality
should be high.
It is clear from the above discussion that
in spite of the apparent abundance of
water flowing over the Arctic Slope each
year, suitable water supplies for human use
are in fact available only at isolated points.
This places a serious restriction on the size
and location of planned communities.
Only a few rivers are suitable for water
supply, and these include the Colville
River, the Sagavanirktok River where
much of the oil development is taking
place and the Kuparuk River. The main
water source for the Prudhoe Bay
establishment has been the "Sag" River.
However, this supply could easily be
rendered unsuitable both by salt-water
intrusion during periods of lower flow, and
by pollution from upstream camps. These
facts emphasize the necessity for planning
and close cooperation amongst
communities and camps in the North.
Thousands of lakes cover the coastal plain
during the summer, but only a small
fraction of these are large enough to
become permanent water supplies. Water
distribution systems have to be heated in
the winter; for this reason it may be
impractical to site camps and communities
at any distance from their water supply.
The practice for many isolated
communities has long been to melt snow in
the winter. This arrangement has serious
limitations, as Alter6 points out, in that
the collection and melting of snow is
expensive, and that the resulting water is
subject to contamination by contact with
animals and with human waste and refuse.
These problems must all be considered
in any development plan for the Arctic.
Indeed the job of planning for arctic
development would be eased if a detailed
inventory were prepared, mapping the
major sources of potable water. This study
would start by mapping all the known

1cmgs, open stream channels (indicating nearest river. One camp uses an aerated
the presence of springs) and deep lakes. lagoon, and another has a
Further additions to the inventory would Physical-Chemical unit of the same design
be gathered through t~ slower process of as that mentioned above.
test drilling in the alluvium of rivers and
There are a number of inherent
lake beds.
operating problems associated with these
WATER USE IN THE ARCTIC
small isolated camps which mitigate
Water on the Arctic Slope is reported to against the effectiveness of a biological
cost between $0.04 to $1.00 per gallon, treatment plant. The most important are
with 35 cents a reasonable average, so there the wide variations in waste load which
is a very real economic advantage to be occur diurnally, and the high percentage of
gained from reducing the demand. The "down time" associated with seasonally
quantity of water used is very much occupied camps. It now appears that
dependent on the natureofthesupply and biological units cannot be expected to
hence the size and permanence of the reach optimum operating conditions for
camp, but as a generalization the per capita the first two or three months of operation,
demands will be low by comparison with by which time the usefulness of the site
usage in large cities. "Permanent" camps in may have passed. This exorbitant start-up
the Arctic are averaging 84 gal./cap./day, time could be reduced by an operator who
and of this, probably 80% goes to uses such really understood the process and who
as washing, laundry, and toilet flushing for carefully seeded the plant initially, but
which water of drinking quality is really such men are rare in the North. For reasons
not necessary. The importance of this is such as these, agency Qersonnel are now
that recycling systems, (which are not yet recommending that strong consideration
widely used). could exert a tremendous . be given to physical·chemical processes for
saving on the water bi lis. As an example, up waste treatment, especially in temperary
to 25 gal./cap./day may be used for toilet situations. These plants have yet to be
flushing alone; this job can be completely properly tested in the North, but the
taken over by recycled water which need indications are that they will work
receive only partial treatment to render it cons ide rab I y more effectively. ·
bacteriologically and aesthetically Furthermore they should begin to be
acceptable.
effective immediately after they are put
Under pressure from the State, the into use, they occupy very little space, and
waste treatment facilities in the Arctic can be easily and cheaply housed.
have been considerably improved in the Operating costs are higher, because of
past two years. There are now 17 chemical costs, and the need to dispose of
treatment plants using either biological large quantities of sludge, but at least one is
methods or an equivalent physical or paying for results.
physical-chemical process, operating on
Other new approaches that beg
the oil field or along the proposed pipeline consideration for reducing the cost of
route8 . Eight of these plants are on the water include the use of vacuum flush
oi Ifield, most dealing with design systems (which eliminate flush water), and
populations of 50 75 people. All except the use of saunas to cut down the demand
two are extended aeration systems which for showers. But in any discussion of
discharge their wastes into tundra ponds. treatment systems for the Far North, it is
No arrangement is made for wasting apparent that many approaches are
sludge, though fortunately the sludge from feasible, though some are unconventional,
an extended aeration unit in good working and that the real task is to ensure that
order should be relatively ·inert. The adequate treatment is carried out
exceptions include one Physical-Chemical everywhere, n.o matter what system is
plant, and one experiment in recycling used. Unfortunately, the biggest
using a "pasteurization-incineration" restriction on treatment efficiency is
process, in which culinary waste water, and usually the lack of experienced and
shower and laundry wastes are heat treated concerned personnel to manage these
and chlorinated before recirculating to the plants, and without good operation no
toilets. In view of the water cost, it is system will be adequate. A good case can
surprising that more systems of this kind be made for making waste treatment of all
have not been installed.
the arctic facilities the responsibility of a
The camps along the pipeline route are single professional group which could
in general large, and the treatment units recommend the best system for each type
(again nearly all extended aeration plants) of camp, install all the units, advise on their
are designed for some 250 people each. operation and perform frequent service
Most of these camps discharge into the checks and ana lyses.
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It is proposed that the development of
Alaska's North Slope oil provinces imposes
a threat of uncertain dimensions to the
wilderness character of the region, and that
the best way to protect the water resources
of the area would be to view the problem as
a regional one, and to develop regional
management procedures and philosophies
governing all water related activity. Some
of the factors which should affect water
management of the region were discussed,
including the rather limited state of
knowledge of Far North ecosystems and
the pressure of man on them, and the very
difficult problem of analyzing and
evaluating any future development plans
with proper regard to thetimevalueofthe
land in its wild state.
One has to conclude that no means
exists, or is likely to exist, of evaluating
wild ecosystems in a traditional economic
framework. This conclusion is by itself
rather unhelpful, since development in the
Arctic is undoubtedly taking place, and the
only course is to suggest the wisest way of
directing and controlling such
development. Wherever development will
significantly alter the existing wild state,
then the associated benefits and costs of
that projected development would be
subjected to the closest public scrutiny
through the regional management board. It
must be realized, however, that traditional
methods of carrying out benefit-cost
analysis are insufficient for dealing with
such indefinable values as the preservation
of "natural habitats," or of "wild areas,"
and that other methods of presentation of
the benefits and "risks" (as they might be
ca lied), have to be found.
Evaluations of the benefits and costs (in
economic terms) of any proposed project
should surely be carried out, alongside
descriptions of the ecological significance
and overall value of the area affected. But
there need be no attempt to translate all
such values into monetary units.
A first step in planning in the
preparation, through guided research, of
"ecological evaluation maps" of the entire
region, as mentioned earlier in the paper.
This concept, which was used by Tubbs
and Blackwood9 for a rather densely
developed "country" area in Southern
England, and again by McHarg 10 in a
similar context, (though with an
intriguingly flexible approach ),has yet to be
tried and proven on large and truly wild
areas. The essence of the technique is that
it achieves an ordering of natural surface
features in terms oftheir values for wild life
habitat, and ecological importance.
McHarg's approach is flexible in that it
The Northern Engineer
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--Schematic representation of the effect of bodies of water on configuration of
permafrost in the continuous permafrost zone. (Modified from Lachenbruch et al,

1962).
allows non-ecological values to be ordered
in importance in the same way. Thus one
could build up maps showing areas of
greatest importance for recreation, or for
aesthetic appeal, as well as for the
maintenance ofwi ldlife.
The usefulness of such maps to planners
would be their ability to exercise a rational
protection over certain areas in preference
to others. Areas of lesser ecological
importance would effectively be "zoned"
for development, though the level of
development and the standards of
operation insisted upon clearly would still
depend on the "importance" of that area
in its wild state.
It has been pointed out frequently in
this report that man's ignorance of such

qualities as "ecological importance" of a
lake or river or stretch of tundra may be
much greater than his knowledge of those
areas. However, the attempt can still be
made to order these areas relative to one
another. Ignorance can then be
compensated for by the preservation of
sti II operating standards and low
development levels over most of the
region. It is envisaged that only small areas
of the arctic tundra would ever be "zoned"
for any significant level of disturbance.
The concept of regional management,
then, is forwarded as an efficient means of
controlling the development of the natural
water resource of the Arctic Slope in a
manner consistent with a true concern for
the wilderness nature ofthat region.

FOOTNOTES
1

J. R. Williams, Groundwater in the
Permafrost Region of Alaska, U.S. Geol. Survey
Prof. Paper No. 696. (Washington: U.S.
Government Printing Office, 1970).
2 oavid M. Hopkins, Thor Karlstrom et al,
Permafrost and Groundwater in Alaska, U.S.
Geol. Survey Prof. Paper No. 264-F.
(Washington: U.S. Government Printing Office,
1955).
3
1t is theorized that this brackish water is
inherited from one or more marine transgressions
of the Pleistocene epoch. Ibid.
4
Lachenbruch et al, "Temperatures in
Permafrost: Temperature- its Measurement and
Control," Science and Industry v. 3, 1, p.
791-803 (1962)
5 J. R. Williams, A Review of the Water
Resources of the Umiat area, U.S. Geological
Survey Circular No. 636 (Washington: U.S.
Gov't. Printing Office, 1970)

18

6
Amos J. Alter, Water Supply in Cold
Regions, Cold Regions Science and Engineering
Monograph III-C5a, Published by Cold Regions
Research and Engineering Laboratory, Hanover,
N.H. (Hanover: 1969)
7
S. E. Clark et al: Alaskan Industry
Experience in Arctic Sewage Treatment. Paper
presented at 26th Ind. Waste Conference, Purdue
Univ., Lafayette, Ind. (May 1971 ). (Much of the
information in this section was taken from this
paper).
8

This may not represent a very high
proportion of the sites occupied when one
includes all the temporary exploratory camps,
but it covers most of the larger sites.
9
C. R. Tubbs, and J.W. Blackwood,
"Ecological Evaluation of Land for Planning
Purposes," Biological Conservation v. 3, 3 (1971)
10

1an L. McHarg, Design with Nature
(Garden City, N.Y.: Natural History Press,1969)
pp. 31-41.

Fairbanks Faces Unique Pollutant
Joseph A. Holty

Periods of ice fog have increased
steadily in Fairbanks, Alaska, concomitant
with the increase in automobile traffic. Ice
fog has been commonly associated with
temperatures of -30° F .o r colder, and
usually occurs for two to three weeks of
winter. Carl S. Benson, in a study published by the Geophysical Institute, University of Alaska, was the first to treat the
phenomenon itself as a pollutant 1 . Further
studies of ice fog in the mid- and late 60's
showed that other "air f.ollutants" occurred along with ice fog •3 , A study by
Benson and Weller on the climatology of
the Fairbanks area clearly indicated that
atmospheric stratification could severely
limit ventilation in the area 4 . They also
suggested that air volume per capita may
approach that of the Los Angeles area.
In 1967-68, air quality surveys were
made in Fairbanks by the Arctic Health
Research Center (AHRC), College,
Alaska 5 and the National Air Sampling
Networks (NASN). Cincinnati, Ohio.
Twenty-four random samples were taken
annually at the Post Office in downtown
Fairbanks by NASN; AHRC took samples
at four other locations within the city.
Gases and particulates were collected in
both surveys. The gases measured were
nitric and nitrous oxide, sulfur dioxide,
and aliphatic aldehydes. The particulates
collected were analyzed for lead, sulfate,
nitrate, chloride and ammonia and total
weight .

demonstrated that while N0 2 contamination was not pronounced during this
monitoring CO levels ranged above 11 ppm
for a 12-hour average to a maximum hour
average of 69 ppm.
During the 1969-70 monitoring program, there was considerable local interest
in air pollution, mainly because of ice fog .
After an offensive burn from land clearing
in October 1969 (during severe atmospheric stratification), and a seminar on air
pollution sponsored by the local chapter of
the American Meteorological Society
(AMS). a political action group, and some
other interested citizens organized an Ad
Hoc Committee on Air Pollution. By the
spring of 1970 the Ad Hoc Committee had
completed the draft of a proposed ordinance for presentation to the Fairbanks
North Star Borough, the area-wide agency
given authority for air pollution control
under a State statute passed in May 1969 7 .
The Borough Chairman was sympathetic towards air pollution control, but

advised against presentation of the draft at
that time. Under his sponsorship the draft
ordinance was changed to provide for: (1)
a seven-man Pollution Control Commission charged with drafting an air pollution
control ordinance and (2) the employment
of an air pollution control officer. The
ordinance was passed by the Borough
Assembly in May 19708 .
By fall 1970, the newly formed
Borough Pollution Control Commission
was actively engaged in drafting an air
pollution control ordinance, utilizing
much of the material prepared by the Ad
Hoc Committee. At the same time, the
AH RC was again monitoring CO, taking
low-level temperature profiles, and measuring wind velocity at the Federal Building. Monitoring was continued until the
spring of 1971. Correlations have been run
on the CO levels and atmospheric stratification, and the results are currently under
review.
The Environmental Protection Agency

Results of the two surveys confirmed
that during periods of ice fog contamination was about three times greater than the
average for Fairbanks. Total particulates
measured were five times the national
urban averages (NASN, 1966), and nitrogen dioxide, lead and aldehyde averages
approached the national urban average 6 .
The following winter (1969-70) AHRC
monitored two gases, nitrogen dioxide
(N0 ) and carbon monoxide (CO). N0
2
2
was sampled weekly, Monday through
Friday, at four locations, and CO was
monitored continuously at one of the
locations and taken in grab samples from
the other three. The results of this survey

Ice fog, shown here at 2nd Avenue and Cushman Street, has catalyzed
efforts to control air pollution in Fairbanks. The ice fog, an obvious
detriment to visibility, does not necessarily indicate worst pollution
conditions in Fairbanks.
19

The Northern Engineer

IOOr-------------------------------------------------------------------~

-•
&

•

::J

,.,..

·0

-"'
,Q

.-

0

)(

0

z

10

0

-----------------~-

2

--------------FEDERAL PRIMARY STANDARD

z

0

CD

a:
c
u
E

Q.
Q.

•
10

20

30 40

~0

60 70

80

90

99

PROBABILITY (0k) OF CONCENTRATION EQUAL TO OR LESS THAN
The above graph shows a log normal distribution of eight hou~ average carbon monoxide concentrations measured in the winter of 1970-71.
Superimposed on the chart is the Federal Primary Standard (9.5 ppm by volume I which is not to be exceeded in eight hours (aggregate period I
more than once a year. During this sampling period, the most probable daily eight hour high (50% probability I is 8.5 ppm. More than half of the
day's (data pointsl during the sampling period exceed the Federal Standard.

(EPA). formed in December 1970, was
designated the responsible agency for air
quality control at the Federal level. This
agency aggressively outlined a nation-wide
control plan which included national air
quality standaf'ds, to be met by 1975, and
require~:f:submissfnn of "how to" plans by
state authorities within a given time
frame9 •1 0 . In Alaska the state authority is
the Department of Environmental Conservation.
Fairbanks' air quality does not meet
Federal Primary Ambient Air Quality
The Northern Engineer

Standards. Average particulate levels exceeded the Federal primary standard of
75pg/m 3 for the annual geometric means
by a factor of over two. Twenty-four hour
samples-often exceeded the Federal pri3
mary s.tandard of 26 Opg!m , not to be
exceeded ih 24 hours more than once a
year.
Carbon monoxide was also in excess of
the limit established in the Federal primary
standards. Averages of hourly averages for
a 24-hour composite of 32 consecutive
days of monitoring in February and March
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1970 exceeded the Federal primary standard of 9 ppm for more than 12 hours. The
primary standard is not to be exceeded for
more than 8 hours once in a year.
In spite of the frequently visible evidence of a pollution problem in Fairbanks,
public support for control measures has
not been enthusiastic. Nevertheless, a basic
second ordinance was passed by the
Assembly in late spring 1971 11 . The
ordinance set up the framework for implementation of a Borough pollution control

program. It places some restrictions on
open burning and other emissions which
constitute a nuisance, and visible emission
restrictions on stationary sources and on
vehicles. This amounts to a limit on the
degree of opacity of a plume as it comes
from its source for a specific interval of
time. It is a basic Ringelman restriction.
However, much of the time a visible
emission restriction will be unenforcible
because in cold weather, plumes will be
opaque-white with steam. Such plumes
with uncombined water are excluded by
the ordinance.
As a resu It of studies made in the past,
the Fairbanks pollution problem will be
given priority status for particulates and
for CO in the State's air pollution control
implementation plan. A need for more
comprehensive regulatory powers is
needed for the State or municipal government to control these pollutants, but the
current success of an air pollution program
for Fairbanks will undoubtedly depend
more on self-imposed restrictions than on
enforcement. The State Department of
Environmental Conservation and the
Borough Pollution Control Commission
and Officer are fully aware of this, and
their initial efforts will seek to create more
public awareness of the air pollution
problem and to sti rnu late individual voluntary action to minimize emissions,
especially particulates and CO. This effort
will be well on the way when the Borough's
second ordinance goes into effect on
January 1, 1972. It is important to
emphasize that the ordinance must soon
comply with the rules and regulations of
the Federal 1970 Clean Air Act. These
regulations are stringent and will not be
met without effort and advance planning.
Suppression of pollution in the Fairbanks area is a unique challenge in which
success may be measured in part by the
degree of improvement in visibility during
extreme cold temperatures. No precedent
has been set for control of water emission
at this time. Success in the abatement or
prevention of ice fog will require the
cooperative effort of government and
citizens.

Same scene as Photograph No. 1, without ice fog.
2 ohtake, T., Studies on Ice Fog, USAG
R-211, Geophysical Institute, University
of Alaska, College, Alaska 1969.
3 winchester, J.W., et. al., Lead and
Halogens in Pollution Aerosols and Snow
{rom Fairbanks, Alaska, Atmospheric
Environment, Pergamon Press, Vol. 1, pp.
105-119' 1967.
4 Benson, C., and Weller, G., A Stu..dy of
Low-Level Winds in the Vicinity of Fairbanks, Alaska, A report to Earth Resources
Co., Geophysical Institute, University of
Alaska, College, Alaska 1970.

7 Alaska Statute Chapter 86, Section 18,
Chapter 31, Air Pollution.
8 Fairbanks North Star Borough Ordinance No. 70-15, An Ordinance Creating
the Fairbanks North Star Borough Pollution Control Commission, May 1970.
9 Environmental Protection Agency, Part

II Requirements for Preparation, Ado,r
tion, and Submittal of Implementation
Plans, Federal Register, Vol. 36, No. 158,
Title 42, Chapter IV, Saturday, August 14,
1971.
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Giants of the
North
William R. Hunt
The huge oil rigs that stand in the waters of
Cook Inlet constitute the largest machines
now operating in the North. Prior to their
construction, pride of place went to gold
dredges that operated near Fairbanks, on
the Seward Peninsula and elsewhere.
Interior of old dredge (location unknown).

Gold dredges were not designed to be
graceful. They wallowed clumsily in their
own man made ponds, functioning to dig
into gold bearing dirt, sluice it to recover
the gold that would be caught in the
riffles and discharge the waste. Swinging
to and fro as its hungry chain of
buckets, each weighing as much as two
tons, the dredge clawed at the ground like
some primeval leviathan. The debris cast
out from the rear end of the dredge
formed piles of tailings that still
picturesquely dot the landscape wherever
the machines were employed.
Larger dredges chewed up 10,000 cubic
yards in a normal days operation. Bucket
capacity was ten cubic feet and the
dredge could digest twl!nty-two buckets
every minute. With such capacity even
low yield dirt or areas that has been
mined early by more primitive means
could be economically productive.
Dredges were expensive to operate and
extremely awkward to move from one
place to another. Mining costs were
heavily increased by the necessity of
thawing the ground in advance of dredge
operation. Originally, steam points were
driven into the ground for this purpose,
but later a cold water process
accomplished the task at less cost.
The first gold dredge used in Alaska was
built on the Snake River at Nome in
1899. By 1914, forty-two of them were
working in Alaska, most of them on the
Seward Peninsula.
In the North a good portion of
technology developed has related to
mineral industry. The stampeders to
Klondike in 1897-98, Nome
The Northern Engineer
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1899-1900 and Fairbanks in 1902-03 to name. only the three greatest rushes did not carry much in the way of
equipment. They owned shovels, washing
pans and fierce determination. Later they
got their steam boilers and winches and
other more sophisticated equipment.
But the march of technology did not
progress smoothly from shovel to dredge.
Some hapless mechanical devices littered
the mining scene - particularly at Nome.
There mining was not restricted to the
usual placer deposits. Incredibly, to the
prospectors inured to the tedious process
of thawing, digging, hauling and sluicing
for the pay dirt, there were qualities of
gold mixed in among the fine beach sands
along the Bering Sea. Never had mining
been easier. No slow burning of a shaft
through sixty feet of permafrost to the
bedrock was necessary. Each man set up a
crude rocker on the beach, shoveled in
the sand, shook it down to trap the gold
particles, and that was it. This simple
process netted the miners some
$2,000,000 in the 1899 season, and
perhaps $350,000 the next season. No
miner needed to be without pocket
money. The saloons of Nome did a
roaring trade.
But why restrict the take to what the
crude rocker could recover, mused the
miners, and what about all the gleaming
dust that must be in the sands of the
ocean bed? Here was the challenge to the
inventor. It was met - but with some
bizarre results.
Aspiring inventors and engineers in
workshops across the nation labored over
22

the 1899-1900 winter to produce the
machine that could more efficiently
comb the beach and sea bottom. Then
with the hoards of gold seekers whose
arrival in the spring of 1900 swelled
Nome's population to some 20,000 souls,
came the new mechanical wonders. Most
were intended to suck up the sand by one
method or another.
One fine looking monster was designed to
run right out into the water on its
barrel-like wheels where its endless chain
of scoops would carry the sand to the
scow's platform and its sluice boxes. With
considerable labor the thing was landed,
set up and assembled on the beach and
there it remained. Its great weight
prevented it from moving.
Another impracticable behemouth was
that brought to Nome by Rex Beach,
later to be the famed novelist of Alaska.
Beach's dredge was equipped with sand
suckers intended to reach out into the sea
"and rob the ocean bed of its virgin
wealth." Its poor performance kept
Beach knee deep in the surf continually
trying to keep the sand from clogging the
machinery. His machine, like scores of
others scattered along the beach, could
not perform the task. On the occasional
periods of effective operations, no gold in
paying quantities was discovered. Scores
of different devices sought out the el.tJsive
gold. But, as Beach ruefully reflected, the
only suckers that really worked were the
machine owners.
The largest of the rigs running_ on the
centrifugal pumping principle was
operated by L.H. French of the Cape
Nome Hydraulic Mining Company.

French laid a track on the sand which
allowed his dredge to run smoothly out
into the water. But, although "the
machinery was admirably designed, doing
all and more than had been claimed for it,"
and it had handled thousands of tons of
sand, the sad truth became apparent: the
gold just was not there.
Nature lent a hand in ending this activity
on the Nome beaches when a fierce gale
battered these costly machines into litter.

IAEE Gift
The International Telephone and Telegraph Corp. has donated $3,000 to the
University of Alaska's Institute of Arctic
Environmental Engineering in support of
its electromagnetic propagation studies in
the Arctic. The studies, to be carried out
jointly with the university's Department of
Electrical Engineering, have application to
navigation over the arctic ice.

looking Forward
Mark W. Fryer

ERRATA:

NEW MANAGING EDITOR

The editors of THE NORTHERN
ENGINEER would like to extend their
apologies for the gross error committed in
omitting radical signs from the article
submitted by George McCormick, entitled,
"Frost Penetration Factors" (see Volume
3, Number 3). The following section of the
formulae may help clarify any doubt
which entered the readers' minds as they
were studying the text. Again, our error.
Sorry!

Mr. Paul Neff, Jr., our Managing Editor
since fall 1970, has returned to warmer
climates. We were very sorry to see him go.
Hopefully, he will remain in contact.

X=~
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X(in) = 12v48
Rand V. Araskog, ITT vice president and
group executive of ITT's Defense Space
Group, presented a $3,000 check to
university president William R. Wood on
Jan. 3. Among those at the presentation
were Dr. Charles E. Behlke, director ofthe
university institute, and Or. Tunis Wentink
Jr., associate director, who will administer
the funds.
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In his place, Mrs. Gloria Barclay will take
on the responsibilities of Managing Ed it or.
She comes to THE NORTHERN
ENGINEER with experience in many
different phases of scholastic areas and
worked with federal and state inter-agency
programs. She is a life-long Alaskan, having
lived in Southeastern and Interior Alaska,
and has traveled extensively throughout
the state and the adjoining Canadian
provinces of British Columbia and the
Yukon Territory.
It is the belief of the editorial staff of the
Northern Engineer that Mrs. Barclay's
experience and first-hand knowledge will
help to increase the quality of your
magazine.

Equation 3 can be re-written in the form:
X(in) = 1v48 (A+Bwi/F;
1 .43 WD
~

V

The expression

'Aln

( --

1;/48 (A+BW)
1.43 WD

CHANGE= QUALITY?
Our regular readers will note that this issue
of THE NORTHERN ENGINEER has a
noticeably revised format. This change is
due to a program of upgrading the magazine both in style and in content. Our
recent solicitation for paid subscriptions
has been quite successful and our semiannual sales campaign will off-set any
deficits we have seen in the past.
We have attributed our growth to the fine
articles we have been able to publish and to
the increasing interest in the far northern
sectors of the world.
After The Old Prospector, at Sitka's
Pioneer's Home.
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LET US KNOW
THE NORTHERN ENGINEER is the magazine for th~ special people who appiy
physical science to the problems of cold
regions: arctic, subarctic and antarctic. We
sincerely hope that you will treat this
magazine as your own, and would like to
think that you will let us know what you
think about its performance. We want to
encourage you to comment on quality,
specific articles, if you agree or disagree
with certain concepts, whatever. We are
planning on maintaining a balance of
subject matter, however, and in spite of an
increasing number of articles which lean
toward pollution control or confinement,
we will be dealing with building science,
soils mechanics, resources, and cold
regions operations. We will be calling on
you for contributions, but most important
do NOT wait for a special invitation to
submit an article. Write to us for our style
sheet which includes all specifications for
drafting, pictures, and the manuscript. We
look forward to hearing from you.

The Northern Engineer

•

This photo shows the construction of the
dispersion field for diverting various
discharge waters from the old and new
heating plants of Municipal Utilities
System
in
Fairbanks,
Alaska.
Construction costs are estimated at
around $250,000.

