
The Northern Engineer, Vol. 07, No. 1 (Spring 1975)

Item Type Journal

Authors University of Alaska Fairbanks. Geophysical Institute

Publisher Geophysical Institute, University of Alaska, Fairbanks

Download date 23/05/2023 21:18:30

Link to Item http://hdl.handle.net/11122/1442

http://hdl.handle.net/11122/1442




THE NORTHERN ENGINEER 
'Y.OL. 7, NO. 1 RECEIVED MJG 6 1975 1 !!• • ·ur fl1artl';& &eleMII 

SPRING1975 



A Note 

to Our 

Read.e.rs 

Spring is the time of growth, which 
can be both good or bad depending on 
whether you're nurturing a fledgling en
gineering idea, a tomato plant or a seed 
wart. In the case of The Northern 
Engineer, th is spring is bringing welcomed 
growth - the issues are getting larger, 
circulation is up, and at our annual 
editorial board meeting in March, we 
added two new board members, Drs. 
Warren Denner of NARL and Lloyd 
Pernela of ISEGR, both with the Uni· 
versity of Alaska. 

But unfortunately, growth has its 
drawbacks as well. For along with world· 
wide inflation and increases in the na· 
tional and personal debt, The Northern 
Engineer is forced to raise its subscription 
rates and starting July 1 of this year, we 
will charge $10 a year for a one year 
subscription, $15 for a two year subscrip· 
tion and $35 for a five year subscription. 

And will the readers receive fair 
recompense? We hope so. In the next 
several issues, we are anticipating a series 
of articles on historical northern engineer· 
ing projects. Many people are involved in 
collecting and preserving the scattered 
pieces of information dealing with these 
endeavors and we trust that a good many 
of their notes can be compiled here. While 
some may feel that the trans-Alaska oil 
pipeline is the greatest engineering under· 
taking ever attempted in the North, the 
historical articles should dispel this belief 
and prove that any major engineering 
work carried out under the arduous con
ditions of the North is, by definition, 
great. So here's to a new year of growth 
and we hope TNE can add something 
worthwhile to it. 

Gina Brown, Lee Leonard 
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Lloyd M. Pemala 

Lloyd Pernela is an Associate Professor 
of Transportation and Public Works and 
is employed by ~he Institute of Social, 
Economic and Government Research and 
the Department of Engineering at the 
University of Alaska, Fairbanks campus. 

Mr. Pernela is currently directing a 
three-year U.S. Department of Transpor· 
tation study of Alaska's transportation 
needs and policies and alternative invest· 
ment strategies. He did his Master's work 
at the University of Notre Dame and his 

· Ph.D. work at Northwestern University 
in transportation planning and economics. 
His work experience includes the Alaska 
Department of Highways, the Chicago 
Area Transportation Study, the Twin 
Cities Metropolitan Area Transit Agency, 
the U.S. Environmental Protection 
Agency, NASA, and the Environmental 
Systems Engineering Program at the Uni· 
versity of Pittsburgh as an assistant 
professor. He has worked on a number of 
research projects, including transportation 
control strategies to meet air quality 
standards, a study of the economics of 
rapid transit to airports, regional land use 
and transportation planning in develop
ing countries, and transportation simula
tion models. He has authored a number 
of papers in all of these areas. 

2 

Warren W. Danner 

Warren W. Denner is Director of the 
Naval Arctic Research Laboratory, run by 
the University of Alaska. He is also a 
founding partner of Environmental Re· 
search Associates, Monterey, California. 
Dr. Denner holds a Master of Science 
degree and a doctoral degree in physical 
oceanography from Oregon State Uni· 
versity. Prior to his present position, he 
was an associate professor of Oceanogra· 
phy at the Naval Postgraduale School, 
Monterey, California. He has held profes
sional positions with the Division of 
Earth Sciences, Naval Ordnance Test Sta· 
tion, and the University of Alaska, and 
has performed consulting services for 
various agencies in the fields of ocean 
turbulence measurements, coastal oce
anography, instrumentation and thermal 
structure parameterization. 

Dr. Denner has held positions within 
the Department of Oceanography, Naval 
Postgraduate School, in planning labora· 
tory and ship programs, and in technician 
and instrumentation supervision. He has 
been a member of the Nav.al Postgraduate 
School Faculty Council and is currently a 
member of the advisory committee for 

'the Sea Grant Program in Alaska, 
He has been chief scientist on a variety 

of research cruises and has conducted 
research from the Arctic Ice Island T-3 
and the Arctic Ice Floe Arlis V. During 
1972 he was on sabbatical leave in the 
Department of Physics, University of 
Auckland, New Zealand, where he par· 
ticipated in the design, construction, and 
ins allation of a shallow water acoustic 
range . 

His publications include works on 
thermal stratification in the arctic, 
bathythermography, and 
acoustics. 
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FIGURE 1. The Operations Building of the European Space Research Organization's Fairbanks Telemetry Station. 

Settling A Problem of Settling 

Alaskans have persistently tried to 
solve the problem of building on the 
thermally fragile soils of the subarctic. A 
fairly popular solution has been to use 
piling foundations sunk into the perma
frost to separate the heated structure 
from the ground surf<1ce. Unfortunately, 
this technique frequently fails in the long 
run. For example, the Fairbanks Teleme
try Station of the European Space Re
~earch Organization (ESRO) was built on 
a network of hollow metallic piles in an 
area of seasonally frozen ground and sub
surface permafrost about 20 km north
east of Fairbanks. During the station's 
first three or four years, the pile founda
tions were fairly stable; only minor 
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by Otto Womick, Jr. and 
Roger B. LeGoullon 

movements occurred_ These were either 
from "jacking" (the upheaval of the piles 
from seasonal frost-heaving) or from sub
sidence (the settling movement caused by 
the thawing of the permafrost at the 
bottoms of the piles) . But then the prob
lems became more serious. 

Starting with the fourth year, the 
piling subsidence reached 3 em per year. 
While this in itself was significant enough, 
the situation was made even worse by the 
fact that the subsidence was not uniform 
among all the piles. This uneven settling 
caused the walls to crack and the floors 
to deform. The annual mean temperature 
measurements at the bottoms of the 
piles, recorded monthly throughout the 
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four years, showed that the temperature 
was gradually increasing year by year and 
had reached -0.8° C. The temperature 
of the permafrost was rising because the 
heat from the buildings, the sun, and the 
warm summer ambient air had been trans
ferred to the bottoms of the piles by 
conduction. In addition, the melting 
point of the permafrost had been lowered 
because of the pressure on the load
bearing piling. The building was sinking! 

THE PROBLEM 

The ESRO Telemetry Station opera
tions building and adjacent garage were 
completed in .1967. Prior to their con

struction, test borings were taken to 
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determine the composition of the sub
surface material. The test borings in
dicated that the soil to a depth of 18 
meters consisted of layers of frozen silt· 
and white ice familiarly known as 
permafrost. On this type of soil, poorly 
built structures could suffer catastrophic 
consequences. Aware of this, the design· 
ers were sufficiently· concerned to select 
a foundation plan which used steel pipes 
equipped with anti-heave devices com
monly known as jacking sleeves. Each 
building was supported by a matrix of 
hollow steel pipes spaced approximately 
4.5 meters apart. Each pile consisted of 
4-inch pipe sealed with a steel pad welded 
on the lower end. The piles extended 
6 meters below the ground and were 
exposed from the ground level to the 
under-structure of the buildings. The 
clearance under the buildings varied be
tween 0.5 and 3 meters. This is shown in 
Figure 1. 

Foresighted design insured that a 
system of thermocouples was installed at 
the time of construction. This provided a 
remote means of monitoring the temper
ature at several levels of 9 of the 64 piles 
supporting the two structures (Miller, 
1970). Temperature measurements were 
taken monthly during the first three 
years, then weekly or daily, for all 
thermocouple locations. The graph of the 
temperatures for the bottom of a typical 
pile, J-7, was produced by averaging the 
weekly/daily measurements and plotting 
them on a monthly basis. A careful look 
at Figure 2 will show that the tempera
ture was very gradually 1 but persistently I 
increasing from 1967 to 1971. At that 
time, it was assumed that, unless the 
temperature of the permafrost reached 
0° C., no significant detrimental effects 
were likely to occur. 

Annual surveys determined the extent 
of any vertical shifting due to frost
heaving or subsidence. Table 1 gives the 
results of the survey data for some typical 
piles and shows that the annual move
ment was rather slight until 1971. Up 
until then, no adverse effects on the 
structures were noticed. But, beginning 
in 1971 1 the rate of subsidence increased 
alarmingly. Cracks appeared in the walls 
and ceilings and the floors began to 
buckle. It became dramatically obvious 
that immediate (within a year's time) 
corrective measures were necessary to 
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TABLE I 

Changes in Elevation of Selected Piles Supporting the Operations Building 

Total Total 
Annual Movement (em) Accumulated Accumulated 

Movement (em) Movement (em) 

Pile '68-'69 '69-'70 170-'71 '71-'72 1968 to 1972 Feb ;n to Sep 73 

A-2 -0.85 -0.24 -3.11 -2.93 -7.13 +0.09 

A-4 -0.61 -0.61 -3.14 -3.63 -7.38 -0.03 

B-5 -0.46 -1.37 -2.65 -1.95 -6.43 -0.03 

C-2 -0.61 +0.09 -3.08 -3.05 -6.64 -0.06 

D-5 0.00 +0.37 -1.83 -1.83 -3.29 +0.21 

F-6 -0.91 -1.04 -1.52 -1.46 -4.94 -0.18 

G-7 -0.52 -1.31 -0.79 -1.49 -4.11 +0.30 

The movement in centimeters is shown in two decimal places which indicate the 
resolution of the instrument, not necessarily the accuracy of the measurement. 

avoid the severe and spectacular destruc· 
tion that has so often occurred elsewhere 
in the subarctic (Stutzmann, 1972). 

This turn of events called for a device 
or system which would lower the temper· 
ature of the permafrost around the piles 
so as to provide sufficient mechanical 
stability to stop the settling. While there 
were a number of practical systems avail
able, one had to be found that would be 
the most effective in this case. 

THE TEST PROGRAM 

Proposals were solicited from various 
engineering firms to correct the ESRO 
settling problems. The Donald W. 
Douglas Laboratories of Richland, 
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Washington suggested two possible 
solutions. Thermo · Dynamics, Inc. of 
Seattle also offered a proposal. The 
Stutzmann Engineering Company of Fair
banks submitted several suggestions and 
two configurations were proposed by 
staff personnel of the Bendix Field Engi
neering Corporation, the operating con
tractor at the tracking station. Sketches 
of the six selected designs are shown in 
Figure 3. 

Rigid Cryo-Anchor (A) 

The rigid Cryo-Anchor, manufactured 
by the Donald W. Douglas Labs, had been 
used in a test program by the Golden 
Valley Electric Association {an electrical 
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FIGURE 2. Temperature measurements at the bottom of a typical pile, J-7. 
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FIGURE 3. Schematic representations of the six refrigerating systems tested. 

co-operative in the Fairbanks area) in an 
effort to reduce utility pole jacking 
(Waters, 1971 ). It consisted of 6 to 9 
meters of one-inch pipe with an 8-fin 
radiator on the top end and a similar 
evaporator on the below-ground section. 
The radial fins extended about 5 em out 
from the pipe. The pipe was charged 
with ammonia and sealed. When the 
evaporator section is buried vertically in 
the soil with the radiator section exposed 
to the cold (below 0° C.) ambient air, 
the unit becomes a heat pump. Thin-film 
liquid evaporation occurs along the length 
of the embedded portion; the resulting 
vapor rises to the upper portion of the 
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pipe and releases heat through the radi
ator section. The condensate then trickles 
back down the pipe to continue the heat 

transfer as long as the ambient tempera
ture is lower than that of the embedded 
portion. The pump is uni-directional so 
that when the ambient temperature is 
above that of the soil, the cycle stops. 
The pipe is so small that the heat con
ducted into the ground during warm 

weather is minimal. 

Semi-Flexible Cryo-Anchor (B) 

The semi-flexible Cryo-Anchor, also 
manufactured by the Douglas Labora
tories, works on the same principle as the 

6 

rigid one. However, important differences 
in its construction make it more suitable 
for certain applications (Waters, 1972). 
The evaporator portion consists of a flat 
flexible metallic strip along the pipe per
mitting it to be wound around a pile or 
inserted into a hollow pile. The efficiency 
of the radiator portion is improved by 
replacing the 8 radial fins with about 100 
annular fins, each 20 em square, as 
shown in Figure 3. The radiator portion 
may be installed in a nearly horizontal 
position when the above-ground clearance 
is limited. Of course, if the evaporator is 
inserted into a hollow pile, a heat transfer 
medium must be used to transfeF heat 
from the walls of the pile to the evapora
tor. Either ethylene-glycol or diesel oil 
are recommended for the purpose. For 
this test, ethylene-glycol was used. 

"Tube-in-Tube" Piles (C) 

The Thermo-Dynamics, Inc. design 
was to remove the existing piling and 
support the building on 8 large (50 em 
diameter) "Tube-in-Tube" piles, with 
associated trusses. The tube-in-tube con
figuration was a variation of the use of a 
Thermo-Tube as a "cold" storage system 
(Babb et al., 1971). The large, steel, 
hollow pile was filled with a solution of 
ethylene - glycol and water and was 
thermally insulated from the upper sec
tion which formed the radiator. An inner 
tube in the upper portion allows heat 
from the lower section to rise by convec
tion and be transferred to the upper 
section by conduction. The radiating 
fins then allow cooling of the upper 
liquid and, by natural convection, the 
lower inner tube is cooled. More heat is 
then absorbed by the fluid in the lower 
section and the heat pump continues as 
long as the ambient air is cooler than the 
permafrost. The upper tube in this con
figuration was filled with methyl alcohol 
to increase its refrigerant properties and 
the lower tube was filled with ethylene
glycol and water to increase its "cold" 
storage capacity. 

Ethylene-Glycol/Water System (D) 

This possible solution was suggested 
by a local Fairbanks engineering firm. 
Here, the existing hollow pile is filled 
with a solution of ethylene-glycol and 
water which is pumped from the pile 
through a heat exchanger in the cold 
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ambient air and returned, when cooled, 
to the warmer bottom of the pile. An 
off-the-shelf circulating water space heat· 
er rated at 33000 Btu served as the heat 
exchanger; its electric, motor-driven fan 
forced cold ambient air through the 
radiator. Since this configuration would 
also work in reverse - that is, it could 
transfer heat into the piles when the 
ambient temperature was above 0° C. 
a thermostatic control switch was added 
to make this system work only when the 
outside air temperature was below -5° C. 

Circulating Ambient Air System (E) 

A simple configuration was proposed 
by a member of the station staff: cold 
ambient air is pumped to the bottom of 
the hollow pile and the air convection 
removes the heat through an outlet at the 
top of the pile. The existing piles were 
sealed at the time of the original installa· 
tion and, because a possible need for 
refrigeration was anticipated, a small 
'h·inch plastic pipe had been placed in 
each pile extending to within 15 em of 
the bottom. Connected by hose to the 
squirrel-cage blower, this pipe carried 
cold air to the bottom of the pile. Warm· 
er air escaped to the atmosphere through 
%·inch nipples in the piles. Because of its 
two-way heat transfer capability, this 
system require.d manual shut-off when 
the ambient temperature exceeded 0° C. 

The Propane Charge System (f) 

Since some of the existing station 
structures were satisfactorily supported 
on "Long Piles," it was decided to in· 
elude a similar unit in the test program. 
Named after its inventor, the Long pile is 
a static refrigerant system where the 
hollow pile is charged with carbon· 
dioxide or propane gas (Miller, 1970). 
The warm vapor rises to the top of the 
pile, is cooled by radiation, and the 
condensate trickles back down the walls 
of the pile. The existing antennae, 
radomes, and calibration tower at the 
station are supported on this type of pile 
foundation which is charged with carbon

dioxide; however, the summer heat raises 
the pressure in these piles to about 50 
atmospheres. The piles supporting the 
operations building were not designed to 
withstand that kind of pressure so the 
test pile was charged with propane gas to 
a pressure of 4 atmospheres. No 
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TABLE 2 

Test Results of the Six Test Elements 

Measured 
Element Temperature 
Tested Mar. 1, '72 

oF. 

A 28.8 
B 31.0 
c 28.0 
D 30.1 
E 29.2 
F 29.7 

Control 30.0 
Control 30.8 

additional radiating surfaces were added 
to the pile. 

Each test specimen was instrumented 
with thermocouples at depths of 3.0 m, 
4.5 m and 6.0 m below the surface. 
Additional thermocouples, also at depths 
of 3.0 m, 4.5 m and 6.0 m, were placed 
at a horizontal distance of 48 em from 
the test specimens. Two previously instru· 
mented piles were used as control ele
ments. Daily temperature measurements 
were recorded for each of the six test 
specimens, for the two control specimens, 
and for the ambient air. The test pro
gram was begun on March 1, 1972 and 
was terminated on June 15, 1972. 

Not only were tests run to see which 
system worked best, but a study was 
undertaken to evaluate each configura
tion in terms of cost, reliability, ease of 
installation and its particular applicability 
to the specific situation existing at the 
ESRO station. 

RESULTS OF THE STUDY 

Within a week after starting the test, 
four of the six test systems had lowered 
the temperature at the bottoms of the 
piles by several degrees. The propane
charged Long pile and the circulating 
ambient air systems did not lower the 
temperature appreciably; the data for 
them were comparable to the data from 
the two control piles which had no 
refrigerating elements. 

Within about a month, the effects of 
the lower temperatures at the bottoms 
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Measured Measured 
Temperature Temperature· 
Apr. 1, '72 June 15, '72 

oF. oF. 

19.0 31.8 
18.6 30.7 
15.0 28.2 
10.0 27.2 
26.0 26.6 
29.0 30.0 
29.5 29.6 
30.0 30.0 

of the piles were observed 48 em from 
the piles, indicating some enhancement 
of the frost bulbs. 

By the middle of April and early May, 
two factors started altering the data 
expected: (1) ambient temperatures were 
above freezing, which interrupted the 
refrigerating cycles, and (2) the five· 
month lag in seasonal variations (Miller, 
1970) was starting to influence the 
measurements. The lower winter temper· 
atures are seen at a depth of 6 meters 
about five months later than at the 
surface. This interesting feature, easily 
seen in Figure 2 for the years 1967 to 
1972, was not taken into account when 
examining the data and hence, added 
some confusion to the interpretation of 
the test data. 

Unfortunately, the test period was 
short and was conducted a little late in 
the season to obtain data which would 
establish one system as definitely superior 
to all others. However, the data were 
indicative of what one could reasonably 
expect to happen in an interior Alaskan 
winter. The significant results are shown 
in Table 2. 

The pile filled with the ethylene
glycol/water solution produced the most 
convincing results in terms of lowering 
the temperature at the 6 m depth. The 
rigid and flexible Cryo-Anchors and the 
Tube-in-Tube element all demonstrated 
an acceptable capability to remove heat 
from the near thawing permafrost. 
Although the data from the circulating 
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TABLE 3 

Results of Refrigerated Pile Study 
(February to July, 1972) 

Element Performance Advantages Disadvantages Installed 
Tested Indication 

(A) ' Rigid good 
Cryo-Anchor 

(B) Semi-
Flexible good 
Cryo-Anchor 

(C) Tube-in- good 
tube 

(D) Ethylene- very 
Glycol/ good 
Water 

(E) Circulating inconclusive 
Ambient 
Air 

(F) Propane not 
Charge effective 

ambient air system did show a lowering 
of temperature, the change was not 
of sufficient magnitude to conclude that 
the element was effective. It is believed 
that the performance of the Long pile
prop(!ne charged system could have been 
enhanced had the pile been capable of 
withstanding a greater pressurization, or 
if the radiating surface area had been 
increased. 

As was stated, it was also necessary to 
evaluate each system in terms of its 
direct application to the problem at 
hand. Table 3 compares the costs, per
formance, advantages and disadvantages 
of each system. This comparison made it 
an easy task to select the semi-flexible 
ammonia element insert as the most suit-
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cost/unit 

No moving parts. Clearance under existing 
Non-reversible heat building is not sufficient $278.00 
pump. No maintenance for installation. 
required. 

No new drilling 
required. No moving None known $271.75 
parts. Non-reversible 
heat pump. No main-
tenance required. 

No moving parts. Non- New 50 em dia. holes must be 
reversible heat pump. drilled. Extensive trussing $2,745.50 
No maintenance required under building. 
required. 

No new drilling Extensive plumbing required. 
Moving parts in winter. 
Heat pump is reversible. $383.50 
Maintenance required. Significant 
power consumption 

No new drilling Extensive plumbing required. 
Moving parts in winter. 
Heat pump is reversible. $ 98.00 
Maintenance required. Significant 
power consumption. 

No new drilling Existing piles not designed for 
required. No moving high pressure. Possible 
parts. Non-reversible fire hazard. $ 42.00 
heat pump. No main-
tenance required. 

able solution to the problem. 

THE SOLUTION 

After the ESRO staff completed the 
test program and selected a stabilizing 
system to correct the settling problem, 
they ordered 65 McDonnell Douglas 
ammonia element inserts. Figure 4 shows 
some of the elements as they were being 
unpacked. 

reduce the adfreeze bond strength at the 
active layer of soil (near the surface). An 
access port, 7.5 x 25 em, was cut in the 
above-ground section of the pile. The 
semi-flexible evaporator section of each 
element was inserted into the pile 
through the access port until the end was 
at the bottom of the pile. The upper 
radiating section was suspended under 
the building with the fins nearly vertical. 
The center tube was sloped so that the 
liquid condensate would always drain 
into the below-ground section. Figure 5 
shows several of the elements after they 
were installed under the building. Each 
pile was filled with diesel fuel to a level 
of 10 to 15 em below the access port; in 
this way the fuel acted as a non-electro-

Installing the elements inside the 
existing piles involved several steps. First, 
the existing jacking sleeves were removed. 

Had they later been lifted sufficiently, 
they might have interfered with the 

inserts. The oil and wax compound 
originally placed between the sleeve and 
the pile, however, was left in place to 
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Photograph of the semi-flexible ammonia element 
inserts. 

FIGURE 5. View of the ammonia element inserts installed in the 
existing piles. 

lytic heat transfer medium. The access 
ports were then sealed with cloth tape. 

At a later time, inexpensive ther
mometers were taped to the central tube 
near the fins. These thermometers verify 
the effective operation of the elements 
during the periods of cold ambient tem
peratures. When the elements are operat
ing, the temperatures of the central tubes 
are 2° to 5° C. above that of the 
ambient air, indicating that the elements 
are in fact pumping heat out of the lower 
section of the pile. 

Installation of the ammonia element 
inserts was completed in October 1972. 
The effects of the elements were im
mediate and spectacular. As shown in 
Figure 2, the temperatures at the lower 
ends of the piles began to follow the 
profile of ambient temperatures during 
the winter months and remained lower 
during the warm summer months. The 
average annual temperature in 1973 was 
more than 3.3° C. lower than in 1971 
(Table 4). 

The effect of the lower average annual 
temperature was to stabilize the piling 
system and all but elimif!ate any vertical 
movement. The largest movement 
measured after the stabilizers were in
stalled was 0.3 em. Returning to Table 1, 
one can see that the accumulated move
ment from 1972 to 1973 was very small. 
Differences of this magnitude are small 
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enough to be disregarded or attributed to 

measurement inaccuracies. In any case, 
all physical evidence of settling or struc
tural distortion has ceased. 

Since removing the jacking sleeves had 
been necessary when the stabilizers were 
installed, there was again the question of 
the susceptibility of the system to frost
heaving. Another look at the tempera
ture plot of a typical pile (Figure 2) 
shows that during the cold winter period 
when the jacking phenomenon is most 
prevalent, the adfreeze strength or bond 
between the permafrost and the lower 
section of pile is also the greatest. So 
with respect to jacking, the stabilizers 
provide the greatest stability when it is 
most needed. 

CONCLUSION 

After only one winter season, the heat 
removed from the permafrost was 
sufficient to lower the annual mean tem
perature nearly 3.5° C. and the subsi
dence was arrested. The seasonal tem
perature profile shown for pile A-7 in 
Figure 6 demonstrates clearly the tem
perature alteration obtained just by 
adding a refrigerating element to an exist
ing pile. The expense of adding these 
elements to · the piling was certainly 
justified in order to preserve the integrity 
of the structures. 
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Neither the problem nor the solution 
in this case were unique. Of the whole 
episode, perhaps the most noteworthy 
contribution to the store of knowledge 
about arctic construction is the amount 
of data gathered: over a period of seven 
years, more than 20,000 temperature 
measurements and 640 elevation measure
ments were collected. These data bear 
out many previous predictions, conjec
tures and superstitions and will perhaps 
put some to rest. 

A look at the temperatures at the 
lower end of a typical pile in Figure 2 
shows that, in addition to the immediate 
lowering of the mean annual temperature, 
there is a gradual decrease in the maxi
mum and minimum temperatures. One 
would expect this gradual decrease to 
continue until thermal equilibrium is 
reached. This occurs when the heat that 
flows into the immediate field of perma
frost from both the large (almost infinite) 
mass of permafrost under and around the 
immediate field and from the conduction 
of heat down the piles is equal to the 
heat removed by the ammonia inserts. 
Further calculations or predictions of 
the actual point of thermal stability and 
the corresponding increase in load 
capacity due to the increase in adfreeze 
bond is beyond the scope of this article. 
In this particular instance, the objective 
of stopping the subsidence was met; how
ever, considering that the present loading 
on each pile is approximately 10,000 
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1967 
1968 
1969 
1970 

Average Annual 
Temp. in °F. 

29.7 
29.9 
30.1 
30.4 

TABlE 4 

Temperature. Measurements 
At bottom of Pile J-7 

Maximum Summer 
Temp. in °F. 

30.0 
30.0 
30.5 
30.7 

Author's Note 
The selection of the Cryo-Anchor does 
not constitute an endorsement of that 
product by the European Space Research 
Organization or Eurosat, S.A. The 
tion of other thermopiles tested does 
imply an inferiority of the oth 
products. Selection was made solely on 
the basis of specific applicability to 
particular problem. 

EDITOR'S NOTE 

1971 30.6 Pile Subsidence 3 ern/year• 31.0 
Since this article was written, the authors 
have learned from a McDonnell Douglas 
spokesman that 120,000 rigid 
Anchors, similar to the ones men 

1972 28.9 Cryo-Anchors installed Sep-Oct '72 31.0 
1973 24.2 
1974 24.1 

kilograms, it would be an interesting 
project to determine how much more 
weight could safely be supported by a 
similar piling using this type of stabilizing 
element. Can multi-storied structures in 
permafrost be long in coming? 

REFERENCES 

Babb, A. L. et al. (University of Wash
ington) and E. M. Woodruff 
(Thermo-Dynamics, Inc.), The 
Thermo-Tube: A natural convection 
heat transfer device for stabiliza
tion of arctic soils in oil producing 
regions, Society of Petroleum Engi
neers SPE3618, 1971. 

Miller, J.M., Pile foundations in thermally 
fragile frozen soils, ESRO Note 
TN-85, January 1970. 

Stutzmann, Paul E., Preliminary report: 
Foundation piling settlement, Stutz
mann Engineering Company, Feb
ruary 1972. 

Waters, E. Dale, Cryo-Anchor, McDonnell 
Douglas Astronautics Company, 
September 1971. 

Waters, E. Dale, Cryo-Anchor soil stabiliz
ers, Donald W. Douglas Labora
tories, 1972. 

Otto Womick, Jr. is the Director of the Fair
banks Station of the European Space Research 
Organization's satellite tracking network. 

Roger B. leGoullon is the Station Manager for 
the prime contractor, Eurosat S.A. of Geneve, 
Switzerland, for the operation of the Fairbanks FIGURE 6. 
station. 

Vol. 7, No.1 

29.6 
29.7 

in this article but somewhat larger 
more rngged, have been purchased by the 
A lyeska Pipeline Service Company 
will be used to support approximately 
390 miles of the Trans-A Iaska oil pipeline. 

TE/"fP£1/ATt/RE IN OGGRE£S CE'NTIGRAOE 

Seasonal measured temperature profile for ~ typical pile, A-7, before and after 
installation of the ammonia element insert. 
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THE YURT 
seventeen foot diameter 

WHAT IS A YURT? 

Picture a cupcake-shaped, skylighted 
dwelling built with timbers or logs and 
you have a yurt. Used since the days of 
Genghis Khan, the traditional yurt, made 
of light poles covered with heavy felt, 
was a portable tent which the nomadic 
Mongolian herders carried with them on 
their search for grazing lands. The circular 
walls of the traditional yurt rise vertically 
to a height of about four feet, and from 
them, the cone-shaped roof slopes up
ward to a center ring which acts as a 
skylight and smoke or stove-pipe hole. 

The nomadic yurt builders appear to 
be the first people to use the principle of 
the tension-band to hold up their houses. 
This was a simple band of yak, camel or 
goat-hair ropes encircling the yurt at its 
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FIGURE 1. Standard yurt with folded roof. 

YlJBTS 
by William S. Coperthwaite 

eaves and taking the stress of the outward 
thrust of the roof. This advance allowed 
the roof, or roof-wall, of a structure to be 
raised above the ground without the use 
of internal poles or trusswork. This also 
solved a basic architectural problem - the 
elimination of the "negative space" (in 
most tent structures, the space formed 
by the walls as they meet the ground). 
The challenge was to have neither nega
tive space, posts or trusswork blocking 
the interior of the dwelling. These ancient 
people made this ingenious discovery 
which, in one simple design, gave their 
tent a positive wall angle, a clear inner 
space, and a strong circular structure 
which could fend off the fierce winds and 
intense cold of the steppes and high 
plains of Asia and yet remain portable. 

11 

--.2nc1 
CABLE I'IER£ 

The world has used the tension-band 
principle for many purposes, chiefly in 
the construction of light-weight con
tainers (buckets, boxes, barrels and 
baskets), tubs, tankards and silos and, at 
times, for large masonry domes as in the 
Levant and ancient Rome. However, only 
the central Asian nomad appears to have 
applied the principle to domestic struc
tures. It is out of profound respect for 
the technical genius of these people that 
the name "Yurt" was chosen for a similar 
contemporary structure. 

My experiments with circular struc
tures stem from a fascination with the 

economy of surface-to-area ratio they 
offer. This interest served no consciously 
practical purpose until 1962 when I 
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taught at the Meeting School in Rindge, 
New Hampshire. There, a group of 
students were excited about math, but 
had taken all the courses offered. So we 
agreed to work together exploring the 
geometry of roof structures. During this 
time I saw an article in the National 
Geographic (March, 1962) which pic
tured Mongolian yurts. My immediate 
response upon seeing the skeletons of the 
structures was that the roof could be 
changed in a significant way to make a 
new - and for some purposes, improved 
- roof. We cut poles and erected the 
roof. 

In the spring of 1964, the first com
plete example of the new yurt design 
was built at the John Woolman School in 
Grass Valley, California. It differed from 
the Mongolian yurt by having a wall that 
sloped outward at the top and a roof 
structure that eliminated the heavy 
wooden central ring of the traditional 
dwelling. This outwardly sloping wall in
creased the rigidity and strength of the 
structure, provided a gentle back rest 
along the interior walls and gave one a 
feeling of greater spaciousness. 

The response of the students and 
others who came into contact with the 
structure was -exciting. More than half the 
student body volunteered to help build 
it. The pleasure shown by those who took 
part made me realize that this was an 
approach to learning that had great 
potential. At this point, the yurt was a 
spacious tent with a complex skeleton of 
new design. It had not yet solved the 
problem of providing a simple, inexpen
sive permanent dwelling. These problems 
accompanied me on my travels for about 
a year. Then one day, while hiking in 
Sweden, it occurred to me that to make a 
solid-walled structure using the yurt plan, 
it was only necessary to increase the 
width of each wall and roof member until 
it overlapped with its neighbor. In other 
words, where poles had been used, lumber 
could be substituted. Then there would 
be a structure which united skin and 
skeleton: the interior and exterior wall 
could be erected as one, eliminating the 
skeleton and the perishable and costly 
tent skin of the past. By cutting the roof 
boards diagonally, I ittle waste was 
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incurred in making the tapered elements. 

Upon my return from Sweden, we 
built one of these structures (with a sod 
roof) in the spring of 1966 on the Cox 
farm in Plaistow, New Hampshire. It is a 
pleasant dwelling and solved a number of 
technical problems nicely. However, it 
was still not simple enough for unskilled 
people to construct. The problem of 
simplifying the yurt troubled me for some 
time, when suddenly the next step be
came clear. The new yurt design would 
be based on another geometric concept. 
Instead of having a hyperbolic paraboloid 
curve in its walls, as did all the yurts up 
to this time, this structure would be 
conical. It would appear as an immense 
water bucket with its members tongue
and-grooved together. The roof would be 
the same in principle, but a much flatter 
cone. 

The concept proved sound when we 
built the first conical yurt in College, 
Alaska in the spring of 1967. It was a 
delightful structure both to build and live 
in. Although I was pleased with the 
new structure in many ways, cutting 
the tongue-and-groove on the tapered 
boards still required too much skill. 

After continuing to analyze the yurt 
design, it became clear that there was no 
need to tongue-and-groove the boards nor 
to taper the wall members. My thinking 

had been limited to the structural ele
ments of liquid containers that needed to 
be forced together with bands to keep 
them from leaking. But this wasn't a 
consideration in the yurt. Its outward 
thrust and stability came from the roof. 
The wall could be untapered boards, over
lapped for ease of nailing, and lapped 
more at the bottom than at the top to 

produce the outwardly sloping wall. The 
complicated tongue-and-grooving of the 
tapered boards in the roof was eliminated 
by the folded roof (Fig 1 ). Then, only a 
power saw was needed to rip the roof 

boards. The result was a simpler roof 
structure and an immensely stronger one 
as well. A by-product of this design is the 

ring of triangular windows fitted under 
the eaves. Although sufficient light comes 
through the central skylight, the quality 
of light entering through the peripheral 
windows adds greatly to the attractive-
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ness of the structure. 

SPACIAL QUALITY 

The quality of space in the yurt is 
quite different from that which I have 
experienced in any other structure. View
ed from the outside, the yurt is un
imposing. The low eaves, sod-covered or 
shingled roof and ou_tward sloping wall 
of the weathered pine help the yurt to 
snuggle into the landscape. The curved 
form, which gives as little resistance to 
the eye as to the wind, added to the im
pression of smallness. From without, the 
possibility of standing erect inside seems 
doubtful: the impression is of a tiny 
space, perhaps designed for elves or 
leprechauns. But this appearance is decep
tive. Upon entering the yurt, it is a 
surprise to find not only head room, but 
spaciousness. All of the structural ele
ments described here are functionally 
important and either make the yurt a 
stronger structure, less expensive or 
simpler to build. The esthetic qualities of 
the building are by-products of these 
elements. 

Perhaps the yurt's most satisfying 
quality is the effect it has had on the 
majority of people who have visited it. 
They talk not only about the beauty of 
the enclosed space, but also about the 
space as an environment for group inter
action. In trying to formulate the differ
ence between this space and others they 
have known, visitors often become 
conscious of spacial quality for the first 
time. At a time when visual pollution is 
so great, it is of extreme importance to 
develop sens1t1v1ty to environmental 
quality. The spacial qualities of the yurt 
are conducive to discussion. As a seminar 

room, the structure has the advantage of 
bringing people together in a face-to-face 
relationship. It is unnecessary to arrange 

chairs in a circle; there is no need to ask 
people not to sit behind one another. The 
curved bench echoes the wall, is set at a 
comfortable angle to lean against and 
places people within pleasant conversa
tional distances. It promotes group 
process since there is no one place more 

prominent than the other. 
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SIGNIFICANCE 

Educationally, this building is signifi
cant because it provides people with the 
opportunity to build something large and 
important for which they previously have 
had neither the opportunity nor experi
ence. The concept of simple structural 
beauty as a part of the environment is an 
important one. It gives satisfaction to the 
participants to find that they can make 
useful structures that are esthetically 

pleasing as well. 

The design of the contemporary yurt 
is the result of 12 years' effort to develop 
techniques to make it possible for 
children and unskilled adults to par
ticipate in a major way in the creation of 
their own shelter. Taking part in the 
ordering of an environment means having 
a better chance of understanding and 
appreciating that environment. The con
struction of the standard yurt allows a 
person to see the total erection of a build
ing in three or four days' time. Speed of 
construction provides an opportunity for 
more people to feel a sense of accom
plishment before reaching their threshold 
of discouragement as well as providing 
permanent shelter in the shortest possible 

time. 

KINDS OF YURTS 

The Standard Yurt 

The standard yurt is seventeen feet in 
diameter at the eaves. It is the basic one
room yurt and works well as a seminar 
room for up to 15 people, as a student 
living quarters, a summer camp, a 
mountain retreat or a private office. 
Material costs vary from $500 to $800, 
depending upon the knowledge of the 
buyer and the local prices. The plan costs 

$3.50. 

The Concentric Yurt 

Thirty-two feet in diameter at the 
eaves, this yurt is really one yurt within 
another. The inner yurt supports the roof 
of the outer one, saving in material costs. 

FIGURE 2. 

This yurt was developed from a need for 
a larger amount of space under one roof. 
This concentric way of dividing the area 
gives a delightful flowing space to the 
outer ring and a shelter and seclusion to 
the inner one. The flow of the unbroken 
space proved, in our experiments, to be 
so pleasant that a small, satellite yurt for 
the toilet and shower was made as an 
addition rather than dividing the larger 
yurt. The inner yurt of the concentric 
yurt is raised half a story - the resulting 
under-story can be used as a couch, book
shelf, pantry, storage area, or bunk. Con
centric yurts are in use from Maine to 
Alaska as permanent homes, as common 
rooms in communities and as seminar 
and library spaces. They have about five 
times the room of a standard yurt and 
make exciting day care centers. With 26 
windows, each 32 x 34 inches, they have 
abundant light. Prices of material range 
fr<?m $2-$3000, again, depending upon 
the knowledge of buying and local prices. 
The plan costs $5.00 and is to be used in 
connection with the standard plan. Both 
plans are necessary for building the 
concentric yurt. 

Clerestory yurt. 

Clerestory 
Yurt 

The Little Yurt 

Like the others, the little yurt appears 
smaller than it is - outside. Inside, it is 
hard to believe that it is only 8 feet in 
diameter at the floor. This small yurt was 

designed to fill the need of a small one to 
go with the others. Its most important 
use is that of the toilet/shower unit to 
accompany the concentric yurt. (It takes 
standard plumbing; however, the small 
commode made for mobile homes works 
well.) A shower is less costly and takes 
less space than a tub. But, if you insist on 
tubbing, you can always lock the door 
and flood the yurt when you want to 
soak. Another use for this small-sized 
yurt is as a guest house; to a thick rug, 
add a roll-up foam pad and you have an 
elegant wall-to-wall round bed of princely 
proportions. It is also a fine size for a 
yurt complex (dining room and guest 
room combine nicely). It works well as 
an office too. Imagine yourself seated in 
a swivel chair in the center of a 20-ft. 
curved desk. The little yurt is also a good 
size for a family sauna 1 and can be used 
as a children's room, workshop, garden 

1 A sauna/office combination can be made to work but it is a little tricky, requiring either a dry sauna or water

proofed stationery. 
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(Above)-Genevieve Westwick stands on a saw horse and pokes her 

head through the skylight of the almost-completed "inner" yurt. 
Diameter at the eaves is 17 feet. 
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(Above)-The floor panels being moved into place. Filled with 6 inches 
of fiberglass insulation, the trapezoidal panels are pre-built and then 
placed to form the floor panels of the outer ring. Note the cable band 
around the wall near the eaves on the inner yurt. Another cable 
(hidden) is threaded through the roof members for strength. 

(Opposite)-The inner yurt's roof being prepared for polyurethane 
insulation. Longer roof V's extend from the inner yurt to the outside 
walls of the outer yurt. The cable is threaded through these members 
as well, and therefore a cable is not needed at the eaves of the larger 
·yurt. Built at the same slant, the outer yurt's roof is a continuation of 
the inner one. 

(Above and opposite)-Marian Westwick nails the inside walls ... and 
her mother nails the outside. Wall nailing must be done with two 
people to absorb the shock of the hammering and to clinch the nails. 
The concentric yurt will measure 31 feet at the eaves. Note that the 
triangular windows, formed by the "folded" roof, exist for both the 
inner and outer yurts. 

A Yurt 
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(Above)-The four-burner propane stove is used for cooking and pro
vides more than adequate heat for the cozy yurt. According to the 
owners, three burners going during the coldest months keep the yurt 
a toasty +70° F. The sheet metal over the stove deflects the heat 
rising directly to the roof. Most of the furniture is built into the walls. 
The curved benches around the walls (not shown) provide much 
storage under their hinged seats. 

• 1n Fairbanks 
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(Opposite)-The yurt appears like a mushroom in the trees. The 
entire structure was sprayed with 3 inches of polyurethane foam. 
Along with the insulation in the floors, this protects the yurt from the 
plunging temperatures of subarctic Fairbanks. 

(Below)-Even more camouflaged in winter, the yurt is hardly notice
able to skiers who pass within several yards of it. 

(Below)-Because it is heated by a propane stove, the yurt's relative 
humidity is a good indicator of the oxygen available for combustion. 
More than 20-25% relative hu!"idity and builder Orwin Westwick 
briefly opens either a window or a door. He asserts that this is rarely a 
problem with the in- and out-going traffic. The warm roof is also a 
good breeding place for icicles. 
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house or field station. The plan for it is 
not yet available, but will cost $3.50. 

Clerestory Yurt2 

The clerestory yurt is for those who 
seek further adventure and who wish to 
see out the upper story of their concentric 
yurt as well. This makes a delightful 

building but demands much more skill in 
building. This second, raised roof is made 
possible by allowing some of the wall 
boards of the inner yurt to extend up
wards about 18" higher than the others 
(as in the outer wall) and by ending the 
lower roof on the wall of the upper 
story (Figure 2). These extended wall 
boards need to be doubled to carry the 
roof load. 

The Sunken Yurt 

A yurt built into the ground is for 
those wanting the earth's added warmth 
in winter and its cooling effect in summer. 
A thick layer of gravel in the excavated 
hole, as well as proper drainage, is re
quired for this type of yurt. Special 
measures, such as using rot-resistant wood 
and tar-coating, must be taken to insure 
against wood rot. The low profile of the 
sunken yurt blends well with the land
scape. (Don't be surprised, however, to 
see a stray moose peering in your sky
light.) 

The Log Yurt 

For those with the skills for hewing 
or sawing logs into shape (or with the 
inclination to learn). the log yurt is one 
of the finest. Log construction has the 
advantage of providing support, insula
tion (less in higher latitudes). and inside 
and outside finish all at the same time. 
Although this is a very satisfactory way 
to build a yurt, it is also very demanding 
and requires much skill and labor. 

The Yurt Complex 

As was mentioned earlier, yurts can 
be used either as separate units or 
attached at the doorways. In this way, 
complete houses can be made. They can 
be built in varying sizes and proportions 
and added to as time and resources 
permit. Concentric yurts permit flexi
bility. A yurt kitchen and bathroom can 
be made using conventional plumbing 
and electricity, if one wishes. 

Heating and Ventilation 

Heating a yurt can be done with any 

small heater. A central fireplace is not 
recommended, however, as it drastically 
reduces the feeling of spaciousness. 
Small, hanging wall fireplaces work well. 

Ventilation is controlled by opening 
the skylight and the door. Side windows 
can be screened and a louvre cut in the 
door. 

WORKSHOPS IN YURT BUILDING 

The purpose of a workshop is to pro
vide more people with the opportunity 
to learn the techniques of yurt building. 
Although the design for the yurt is as 
simple as I have been able to make it, 
there are those who need training in the 
basic skills involved and others, who 
have the basic skills, but who have not 
built with. these techniques before. A 
workshop allows the gaining of both skills 
and confidence, while at the same time 
building a well-constructed yurt in a short 
period of time. A workshop to build the 
standard yurt takes about four days 
when there is a minimum of 10 to 12 
people available. The concentric yurt 
takes seven days. It can be done in four 
if the foundation and platform have been 
completed in advance. (These estimates 
refer to erecting the structure to the 
point where two people could easily 
finish it.) Most workshops have been 

sponsored by schools or by individuals 
wanting yurts. 

A typical workshop includes seminars 
to discuss the variety of possibilities in 
yurt design and their role in social design. 
Special yurts of various sizes, proportions 
and styles can be built to meet individual 
needs. The consulting fee for directing 
the workshop is $400 for the standard 
yurt and $800 for the· concentric. This 
fee goes toward the Yurt Foundation, a 
private, non-profit corporation whose 
purpose is to collect folk knowledge on a 
world-wide basis. It is the foundation's 
belief that the "primitive" way of life 
practiced by small rural cultures through
out the world - the Finns, Lapps, 
Eskimos, for example - can provide the 
"modern" world with alternatives and 
perspectives that are badly needed. Often 
the old knowledge can be blended with 
modern information and materials to 
achieve new and different ways of doing 
things- which, like building a beautiful, 
inexpensive home, in the case of the 
modern yurt -will preserve an important 
link with the rich heritage of the past. 

Editor's Note 

For plans and/or information on yurts, 
write: 

Dr. WilliamS. Coperthwaite, Director 
Yurt Foundation 

Bucks Harbor, Maine 04618 

William S. Coperthwaite is the Director of the 
Yurt Foundation in Bucks Harbor, Maine. 

2 Oerestory is an architectural term for a roof piercing through another roof to provide more light. 
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A Commentary 

The author found that efforts preliminary 
to the Fairbanks Transit study were twice 
as time-consuming, exhausting and 
controversial as the study itself. 
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Fairbanks - regional city for Alaska's 250,000 square miles of supposedly 
pristine subarctic interior- has bad air, bad enough to rank among the nation's worst. 
Air quality can be quickly improved by implementing a transportation control policy 
which incorporates public transit, but, to date, a large portion of the populace has 
mesmerized itself into believing that the problem will go away if it is never mentioned. 
A court order has been obtained to keep the Environmental Protection Agency (EPA) 
far enough from town so that the secret won't get out. But it is just a matter of time 
before one of three things will happen to Fairbanks: the local citizens and their gov
erning body will develop and implement transportation controls; EPA, armed with 
new powers, will return and impose a plan which could be disruptive to local com
merce and inconvenient to everyone; or the EPA will be rendered ineffective by the 
courts and Congress while the State and local governments sit by, permitting air 
quality to deteriorate. 

In recent years, Fairbanksans have been breathing air that exceeded federal 
health standards nearly every day during the winter months. Vehicle travel, the major 
source of carbon monoxide, has greatly increased. Urban air quality has decreased 
proportionately. For example, according to the Department of Highways which 
monitors such things, traffic volume on one of the bridges spanning the Chena River 
which divides the city has increased 112 per cent between 1972 and 1974. A limited 
access, east-west expressway carried 44 per cent more vehicles in 1974 than in the 
previous year. The increases in the business district are not well documented, but it is 
estimated that traffic on some streets has doubled during the last year. These figures 
are not surprising when one considers that the Fairbanks North Star Borough ( FNSB) 
has grown nearly 40 percent since 19 7 3. 

" ... it's only a matter of time before Fairbanksans must come up for air." 

This population boom is almost entirely attributable to employment on the 
trans-Alaska oil pipeline, its economic multiplier effect and the influx of those who 
have no job prospects but who are attracted by the promise of high pay. Fairbanks, 
the significant urban center on the pipeline route (borough population: 63,350), is the 
recipient of the brunt of this impact. And the growth is accelerating. 

Past issues of The Northern Engineer have documented the thermal inversions 
that lock the city beneath a layer of stagnant air during much of the winter season 
(Volume 4, no. 2; Volume 5, no. 3). The results of the increasing number of pollution 
sources under this blanket are obvious; it is only a matter of time before Fairbanksans 
must come up for air. During the past winter, a meteorological near-miracle occu"ed 
when unusual air movements broke up inversions before critically high levels of 
ambient carbon monoxide were reached. The chance of providence again granting such 
a reprieve are indeed astronomical. 

A community is in violation of federal air pollution laws if its ambient CO levels 
exceed nine parts per million for an eight hour average more than one day a year. This 
level, criticized locally as being arbitrary and unrealistic, has been reaffirmed by the 
National Academy of Sciences as indeed being a level beyond which health is impaired. 
During November, 1973, however, the standard was exceeded in Fairbanks on 22 days. 
In December, the standard was exceeded every day; in January, 1974, on all but two 
days; in February on all but four, and so on ( FNSB, 19 74 ). 

But the danger was not unpredicted, nor was the administration of the FNSB, 
which is responsible for air quality, negligent or unresponsive. An air quality improve
ment plan, which featured public transit provisions, had been devised. Transit opera
tions were expected to begin by the fall of 1974, a year after application was made for 
a federal technical studies grant. But because of bureaucratic red tape, the design 
study did not officially begin until January of this year, when a contract between the 
FNSB and John Graham Company was executed. This was more than a year behind 
schedule. Following is the na"ative of how a project of critical need can get bogged in 
unnecessary delays. 
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Advocates of urban transportation for 
Fairbanks have become increasingly vocal 
in recent years, The League of Women 
Voters Environmental Quality Committee 
has supported transit continuously. The 
Association for Community Transporta
tion (ACT) was casually formed in 1973 
by a group of individuals motivated by a 
desire to inform the public. The organiza
tion incorporated later and an active 

nucleus provided significant support in 
the campaign for the Borough to assume 
transportation powers. Repetitive efforts, 
both organized and spontaneous, effec
tively made an issue of the transportation 
problem. Interest was further stimulated 
by the Fairbanks Town and Village 
Association (TVA) transportation work
shop in September 1973. In late 1973, 
too, international events put transit in a 
new perspective. Rising fuel prices and 
the threat of rationing made believers out 
of critics and new voices were added to 
those of transit-dependent housewives, 
children and poor. Then, of course, there 
were those erstwhile supporters who 
emerged during the cold weather when 
the discomfort factor was high and auto 
performance was low. 

EPA is empowered to obtain immedi
ate court orders in the event of an air 
quality episode (40 parts of CO per 
million, 8 hour average) which require the 
closing of public and commercial build
ings in affected areas. This point has 
nearly been reached on occasions. Oddly, 
few businessmen in the problem areas 
seemed to be concerned. There appears to 
be a feeling that CO concentrations can 
be changed by political decree, without 
any physical action. 

When the staff capability permitted it, 

the Borough administration responded by 
making application to the Urban Mass 
Transportation Administration (UMT A) 
for a technical studies grant. The timing 
may have been due more to the deterior
ating air quality than demand for public 
convenience, but this was not emphasized 
because ofthe public's resentment toward 
what it deemed an inflexible attitude on 
the part of EPA. Fairbanks' unique com
bination of frequent ground temperature 
inversions and stable meteorological con
ditions had received national attention on 
July 27, 1972, when EPA notified the 
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State of Alaska that a transportation 
control plan to control CO in Fairbanks 
must be submitted by February 15, 
1973. 

"EPA quickly discovered the folly of 
tampering with Fairbanksans' right 

to asphyxiate one another." 

During the same month, EPA issued a 
report entitled, Transportation Controls 
to Reduce Motor Vehicle Emissions in 
Fairbanks, Alaska. On March 20, 1973, 
EPA, acting in response to a court order, 
notified the Governor of Alaska that the 
plan should be submitted by April 15, 
1973. On June 22, EPA published a dis
approval notice in the Federal Register 
(38 F R 16564) because the State had 
neither held hearings to consider alterna
tive transportation and land-use control 
strategies, nor submitted a plan. On July 
16, EPA published their own proposed 
plan in the Federal Register (38 F R 
18938). From September on, EPA held 
a number of public hearings in Fairbanks 
which were expected to focus the public's 
attention on solutions to the problem 
(Federal Register, 1973). EPA reasoned, 
though fallaciously, that the people of 
Fairbanks would agree there was a prob
lem. Instead, the meetings took on the 
atmosphere of rather surly confrontations 
and at times appeared headed toward 
debacle. 

The visiting EPA contingent quickly 
discovered the folly of tampering with 
Fairbanksans' right to asphyxiate one 
another. Because of these encounters, 
Fairbanks once again was in the national 
news and the mandate for action was 
clear. However, during this period, EPA 
was being assured that the Borough staff 
was concentrating its efforts on finding 
solutions, and that these solutions, if 
implemented, would likely be as effective 
and less disruptive than the EPA plan. 
Eventually public resentment cooled and 
opinion subsided into three general 
categories: the situation merited serious 
concern; EPA was manufacturing the 
problem in order to usurp local self
determination; the local government 
could provide the best solution. 

Also in February, 1973, the Environ
mental Sciences Branch of the Arctic 
Health Research Center came forth with 
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a modest, compact plan, Arctic Rapid 
Transit System: A Proposal. It was 
praised but not implemented. In August 
of that year, the Borough Assembly 
authorized the development of an air 
quality improvement plan and it was 
produced by the Borough's Environmen
tal Services Department and Pollution 
Control Commission in November, 1973. 
But this plan, which contained a transpor
tation alternatives element, was not 
adopted by the FNSB Assembly until one 
year later. Regardless of timing, the adop
tion of the Commission's plan emp~asized 
the need for public transportation and 
the opinion of the local environmental 
staff was that, without a public transit 
system, the sum of all other feasible air 
quality measures would fall short of legal 
standards. 

(A confusing epilog was written to the 

story of the EPA and its Transportation 
Controls Strategies Plan on April 15 of 
this year when the U.S. Court of Appeals 
for the ninth circuit ruled in favor of the 
State of Alaska and struck down the plan. 
The State contended that there was no 
evidence that the EPA plan would im
prove air quality and that the Borough 
and EPA had not properly calibrated and 
positioned the air sampling monitors. In 
view of the fact that the law provides for 
the incorporation of any reasonable 
amendment and that the problem had 
been documented by the Arctic Environ
mental Research Laboratory in 1969 and 
by the Borough many times since, people 
are asking what this "victory" means to 
the public at large. At least no local 
official should be tempted to refer the 

pr~blem to the State. 

In the meantime, Fairbanks - like 
other municipalities -is subject to review 
by the Council on Municipal Perform
ance and its reputation could be impaired 
in the eyes of the bond market and 
private investors. The Council rates Fair
banks at the bottom of its list of the 
worst 43 cities for particulate pollution. 
In addition, it rates only six other cities 
in the nation as having heavier CO con
centrations: Baltimore, Chicago, Denver, 
Miami, Minneapolis and Portland [Council 
on Municipal Performance, 1974].) 
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" ... applying for federal funds 
was labelled as 'immoral' " 

Still, after all the evidence pointing to 
the need of some form of public transpor· 
tation, the Borough Assembly still in· 
dicated it would not entertain a proposal 
to organize a transportation department 
even though it did adopt an ordinance in 
February, 1974, which committed $9,000 
plus staff effort as its local share of the 
transit design study costs. The ordinance 
also authorized the staff to make applica
tion to UMTA for the technical studies 
grant. Some of the Assembly felt that no 
new department should be created within 
the Borough government. The assumption 
of transportation powers could be 
accomplished by Borough action, but 
opponents suggested that such an im· 
portant matter should be put to a 
referendum. The Assembly, however, 
chose to act merely by considering an 
ordinance, which is permissable by 
statutes. That meant another hearing. 

Most of the testimony, coming from 
transit advocates, was favorable. However, 
after the hearing, action on the ordinance 
giving the Borough transportation powers 
was postponed and proponents became 
anxious. It was believed that these powers 
needed to be assumed before a June 30 
deadline in order for the Borough to be 
eligible for state-shared revenues in fiscal 
1975. Differences in interpretation of the 
statute now make it unclear as to whether 
the mere assumption of the power would 
qualify the Borough for revenue or 
whether actual transit operations must be 
underway. In any event, the Borough will 
apply for funds during this fiscal year. 

With the increased public demand, a 
potential for shared revenue, a federal 
mandate and a great deal of activity, one 
would have assumed the routine adoption 
of the ordinance. One would have been 
wrong. When the ordinance was resur
rected on June 13, the Assembly, in its 
omniscience, defeated it. A breath of life 
remained in it, however, in the form of a 
reconsideration request. It is interesting 
to note that community polarization 
usually occurs in Fairbanks when official 
action is imminent, and then rhetoric 
abounds. Public transit, with its subsidy 
implications, was a ripe target and pro
vided a ready sounding-board. Extreme 
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voices suggested that the Borough staff, if 
not actually part of an international 
conspiracy, was at least advocating federal 

expansion into local affairs. The act of 
applying for federal funds was labelled as 

"immoral." 

Although there was a sudden upturn 
when the ordinance barely passed the 
Assembly on June 20 (some of the 
opposition were absent). the staff had 
suspended the application procedure dur
ing the setbacks. It felt that in view of the 
Assembly's anti-transit attitude, study 
funds would be accepted in bad faith. In 
other words, it would be unreasonable to 
provide public money for a transit study 
if the grantee is clearly committed to a 
policy of no transit. The UMTA position 
was that, though it was loath to provide 
funds in such a situation, it realized that 
the obstruction would eventually be 
swept aside by EPA directive and the 
procedure would resume. It also antici
pated that a transportation strategy plan 
would be forced upon the Borough and it 
might as well be progressing with the 
transit element of the plan. 

Even a $200,000 grant from the State 
Legislature, which can be used by the 
Borough as its 20 per cent share of the 
UMT A capital grant, has remained un
encumbered at this time, and special 
permission has to be obtained to continue 
it into the next fiscal year. 

Some citizens feel that transit equip
ment should be acquired with less delay. 
Some of the more impulsive feel that the 
study grant could be better used on 
capital expenditure. Though it is difficult 
to defend the 15 month period from pre
liminary application to contract approval, 
it must be recognized that extensive study 
is required to insure that public funds are 
put to the most effective use. Further, 
UMTA planning requirements must be 
met in order to qualify for current and 
future funding programs. The Assembly 
properly advised the staff and Adminis
tration that the results of the study were 
prerequisite to the commitment of any 
capital funds, regardless of their source. 
However, at times, it is difficult to refrain 
from short-circuiting this procedure in the 
face of near-emergency conditions. 
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"Call it 'rapid-planned transit' 
from here on." 

Proposals were solicited from local 
consultants who were affiliated with na
tional firms that had transit design 
capabilities. The consultant was selected 
after a technical committee conducted a 
meticulous, and lengthy proposal 
evaluation, and there was a feeling of great 
relief. But another snag slowed up the 
process once again. The consultant 
announced that his project manager had 
resigned. Since this individual's credentials 
had been decisive in the selection of the 
consultant, a re-evaluation of his proposal 
was called for. The consultant quickly 
re-staffed the project, but negotiations 
faltered when it was discovered that the 
cost of doing business in Fairbanks had 
greatly increased during the year since the 
original estimates had been made. And 
UMTA rejected requests for 

supplementary funding. 

Eventually the contract was re
negotiated for $60,550 after the environ
mental impact assessment and system 
marketing sections were deleted. But with 
these deletions, the scope of the project 
had diminished considerably. Now the 
UMT A would not fund it. The stalemate 
could only be broken if the Borough staff 
could find alternative funding. It did. In 
November, 1974, the Alaska Department 
of Highways agreed to fund a number of 
Borough air quality-related studies and 
research projects, including the two de
leted sections of the original project. 
$95,000 came from Federal Highway Act 
monies, $24,500 from a Highway Re
search and Planning grant, and $10,000 
from EPA. UMTA reinstated the project 
and after a complete revision of the 
budget and an agonizingly slow contract 
review, the final approval was received, 
some 15 months after the project had 
been initiated. 

A portion entitled "immediate action 
plan" was included in the study work 
program. Its purpose was to provide for 
an emergency system of vehicle leasing, 
school bus mobilization, park-and-ride 
lots, car pools or similar measures in the 
event of an air quality episode. Recom
mendations for equipment had to be 
made to meet the fall delivery deadline, 
but it was suspected that the project 

Continued on page 25 
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by H. C. Stenbaek-Nielsen and larry R. Sweet 

Heating 'Nith Grouncl Heat: 

An Energy Saving Methocl 
lor 

Home Heating 
The extraction of ground heat by a heat pump system can result in savings for 

h~me heating. This article discusses a proposed installation for a single family dwelling 
in Fairbanks, Alaska and includes data on Danish heat pump systems for comparison. 

It may be possible for you to save 
60·80% on your home heating bill if you 
use a heat pump system to extract heat 
from the ground. Heat pump systems have 
been used for some years to heat both 
large buildings such as the Sydney Opera 
House in Australia and the Royal Festival 
Hall in london, as well as small private 
homes. But although they are simple and 
efficient (3-4 calories of heat for each 
calorie spent to run the pump), they have 
never gained wide usage. This is due 
largely to their relatively high installation 
costs compared to "conventional" heating 
systems, and also, because of public un
familiarity with them, they are usually 
not taken into consideration when a heat
ing system is planned. 

The increased cost of energy and the 
almost certain prospect of further in
creases, together with the overall need to 
save energy, make the heat pump system 
more and more appealing. Not only can 
the individual homeowner save nearly 
70% on his heating bill (this is especially 
attractive for Alaskans who often pay 
more than $100 a month for heating). 
but substantial savings in oil consumption 
may also be obtained on a nationwide 
scale. Another advantage is that the sys
tem is relatively pollution-free. 

Air conditioning/heating systems em-
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playing heat pumps are already on the 
market but are mainly used in the 
southern parts of the United States. In 
these systems, however, heat is extracted 
from the air; in colder climates this is less 
efficient and therefore uneconomical. 

A Ground Heat Pump Installation 

The principle of the heat pump is the 
basic refrigeration cycle, shown schemati
cally in' Figure 1. Inside the evaporator, 
buried in the ground, a refrigerant is 
boiled off and extracts the heat of evapo
ration from the ground. The vapor is 
compressed and thereby heated. In the 
condenser, this vapor is liquified, releas
ing the heat to the medium surrounding 

the condenser which then distributes the 
heat throughout the house. The· refrigera
tion loop is closed with the refrigerant 
passing through the pressure reduction 
valve and out into the ground coil. In the 
summer, the unit may be used for cooling 
simply by reversing the circulation of the 
re·frigerant. If this is done, heat will then 
be stored in the ground for use again in 
the winter. 

The theoretical coefficient of perform
ance, the effect-factor n,' is tl:le ratio 
between the heat released in the condens
er and the energy required to run the 
pump. n is given by 
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273+T[°C] 

T[°C]-T
0

[°C] 

where T is the condensation temperature 
and T 0 is the evaporation temperature. It 
should be noted that n depends on the 
absolute temperature, °K, and thus heat 
extraction is not prevented in frozen soil. 
If, as an example, T = 50°C and T 

0 
= 

-4°C, n = 6. In reality, n is 30-50% lower 
than this theoretical ideal value due to 
various losses. A more realistic valbe for n 
would be 3-4; this value for the co
efficient of performance has been obtain
ed by various experimental installations. 

The heat pump unit which would 
replace the conventional furnace is a 
standard compressor and heat exchanger 
(see Figure 1). A fan may be added to the 
unit to circulate the heated air through 
the house. The temperatures at which the 
unit operates are generally the same as 
those for ordinary refrigerators, i.e., the 
volume to be cooled (the ground) has a 
temperature near freezing while the tem
perature at the condenser or heat 
exchanger is higher than the temperature 
of the house so that the heat can escape. 
It therefore appears that a normal refrig
erator type unit may be used without any 
modific-ations. 

The Northern Engineer 



HOUSE 
HOT AIR 
HEATING 
SYSTEM 

MOTOR 
CONTROL 

\ 

FREON 

EVAPORATOR 
GROUND COIL 

I 

FIGURE 1. Typical heat pump system. The "refrigeration" system takes heat from the evaporator coils in the ground and expels it into a home 
hot air heating system. 

The size of the unit is determined by 
the required peak heating load. Refrig
erator units are measured in "tons of 
refrigeration," where 1 ton corresponds 
to the freezing of 1 ton of water at 0°C 
per day, equivalent to 12000 Btu/hr or 
3.5 kW. To obtain the amount of heat 
delivered at the condenser, the work done 
by the compressor has to be added. As a 
rough rule of thumb for installations of 

this size, the compressor requires 1 hp 
(746 W) per ton of refrigeration. Thus, a 
1-ton unit should be capable of delivering 
4.2 kW of heat. 

The heat pump system uses the same 
heat distribution design as does conven
tional central heating systems. The· pump 
unit itself is approximately the same size 
as an ordinary furnace, is clean and has no 
associated pollution problems. In 
addition, it should require less mainte
nance than an oil furnace. In existing 
housing with central heating the only 
modification inside the house would be 
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the substitution of the furnace with the 
pump unit. 

Outside, a relatively large area, 
approximately 1000 m2 (Y.. acre). is 
required for the evaporator which con
sists of a grid of interconnecting pipes 
buried in the ground. To obtain the best 
average coefficient of performance, n, the 
ground grid should be buried deep enough 
to avoid the major part of the seasonal 
variation in the soil temperature. From a 
practical (and economical) standpoint, 
the capabilities of the trenching equip
ment (a ditch-witch) will be the critical 
factor in determining depth. With nor
mally available equipment, a reasonable 
depth would be near 1.5 m (5 ft). The 
siz~ of the ground coil (the length of the 
pipe to be installed) depends on the heat
ing requirements, soil characteristics and 
on climatological factors. More about the 
ground coil problems will be discussed 
later. 

It should be noted that, basically, the 
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heat collected from the ground is stored 
solar energy. This means that for use in 
interior Alaska, the heat extracted during 
the winter months cannot be replenished 
before the following summer. (For a dis
cussion of annual variations in solar heat 
flux in Alaska, see Mirth, 1974.) The true 
geothermal heat-flow in non-active areas 
is only of the order of 75 mW/m2 
(300 watts/acre), wholly insignificant in 
this context. Utilization of geothermal 
energy would require deep boreholes and 
it might be considered for dry holes and 
empty wells resulting from oil exploration 
and production. 

Typical Fairbanks Single-Family Home 

A typical, one-family house ( 1500 tt2) 
in the Fairbanks area was chosen for the 
design and cost analysis of a heat pump 
installation. Following guidelines used by 
a local utility company, such a house 
should have an approximate 17.5 kW 
peak heating capacity, and the typical 
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FIGURE 2. Ground grid installation. This Danish installation has operated for 11 years with 
500 m of 1/2" copper pipe supplying sufficient energy to heat the 2300 sq ft 

house. 

annual power consumption would be 
around 43000 kWh if heated electrically. 
Of the total power consumption, about 
30000 kWh would be used for heating, 
5000 kWh for hot water and the remaind
er for lights and utilities. Naturally, the 
numbers vary greatly from house to 
house, depending on the quality of the 
insulation in the home and, to a lesser 
extent, on the number of occupants, 
especially children. 

A Danish Ground Heat Pump Installation 

m of %-inch copper pipe layed out as 
shown in Figure 2. 

Very recently, a mass-produced ground 
heat pump system has been introduced 
by V. M. Christiansen A/S in Copen
hagen. According to newspaper accounts, 
the system has been well-received and is 
being installed as the standa.rd heating 
system in homes in several new sub
divisions. 

The system is modular and designed to 
minimize installation efforts and costs. 

The basic principle is shown in Figure 3. 
The refrigeration loop is entirely closed 
within the module. The ground heat is 
collected by a water-alcohol mixture cir
culating in a simple plastic hose buried at 
a depth of 1.5-2 m (5-7 ft}, and the heat 
is distributed to the house by hot water. 

To insure the lowest possible power con
sumption rate, the hot water temperature 
is automatically regulated relative to tlie 
outside temperature. The system is com
posed of a base module containing various 
safety features and circulation pumps, 
plus one to five heat pump modules each 
capable of delivering 4.9 kW. For 17.5 
kW, four modules would be needed, giv
ing a maximum capacity of 19.6 kW. 
Table 2 summarizes details of the two 
systems. 

Considerations of the Ground Coil 

The Danish heat pump systems are 
;onstructed to deliver about the same 
.1mount of heat as is required in the 
tYPical Alaskan home. However, because 
of Fairbanks' higher latitude, the solar 
flux onto the ground varies seasonally 
much more here than in Denmark. Due 
to the different climates, the seasonal 
requirements for heating differ markedly, 
as do the soil characteristics. These facts 
must naturally be taken into account 
when calculating the area of the ground 
coil. 

To estimate the impact on the soil, a 
simple one-dimensional computer model 
was made to calculate the change in tem
perature at various depths (Carslaw and 
Jaeger, 1965). The model used a homoge
neous ground whose soil surface tempera
ture was equal to the air temperature. The 
values for the heat conductivity, the 
capacity of the soil and the annual tem
perature variation of the air were those 
typical for the Fairbanks area. A heat 
sink {ground coil) was located at a depth 

In 1962, a private power company in 
Denmark financed and installed a ground 
heat pump system in a single-family 
dwelling to investigate whether such 
systems could be used by the general 
public. The system has worked very well 
and required little maintenance. However, 
with the lower energy prices which pre
vailed throughout the 1960's, the eco· 
nomic advantages were very slight. This, 
of course, has now changed. 

TABLE 1 

The house itself is a relatively large, 
single-family dwelling built of brick and 
is apparently poorly insulated by today's 
standards. Data on the installation 
(ELRA, 1972) include heating records 

covering 11 years of operating and, as 
seen in Table 1, compare very favorably 
with the typical Fairbanks home. 

The heat pump installation is as shown 
in Figure 1. The evaporator is buried in 
the ground and the heat distributed by 
forced air. The evaporator consists of 500 
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Alaska Denmark 

Living area 1500 ft2 2300 tt2 
Peak heating 17.5 k\IV 17.5 kW 
Total annual power consumption 43000 kWh 27000 kWh 
Space heating 30000 kWh 52000 kWh* 
Hot water 5000 kWh 5000 kWh 
Light and utilities 8000 kWh 8000 kWh 
Climate subarctic, continental 

dry with little wind wet and quite wi 
Heating index {degree days) 15000 7000 

*Delivered as heat by heat pump with an actual electric power consumption 
14200 kWh/y. 
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TABLE 2 

Data on Two Danish Heat Pump Systems 

Danish Installation Modular System (4 units) 

( 11 years of data) (from sales datal 

Peak load 
Effect factor 

17.5 kW 19.6 kW 

3.7 3-4 

Av. power consumption 
Heat distrib~tion 

14,236 kWh/year 
forced air hot water 

temp at condenser 
volume 

Compressor 

35-40°C max 55°C 

3200 m3 /hour 2.1 m3/hour 

5 H.P. 
35% Av. duty cycle 

Refrigerant Freon-12 Freon-12 

Ground coil 
length 
depth 
coolant 
volume 

1 /2" copper pipe Plastic hose 

500 m 300-480 m* 

1.5 m 1.5-2 m 

Freon-12 Water-alcohol 

*if dry soil, add 10-50%. 

of 1.5 m and extracted heat from an area 
of 1000 m2 (%acre) approximately equal 
to the Danish installation. The amount of 
extracted heat was inversely related to 
the outside air temperature and the total 
heat produced in one year was equivalent 
to 30000 kWh. 

The soil established a new thermal 
equilibrium after a few years of operation. 
A decrease in the summer soil tempera

ture of 0.3°C at 0.6 m, 1.0°C at 1.5 m 
(the depth of the heat sink) and 1.1°C at 
5 m was observed. The corresponding 
decreases in winter (maximum heat ex
traction) were 1.1 °C, 2.5°C and 1.5°C. 
The amount of extracted heat was about 
20% of the annual heat flow into the 
ground. 

The model calculations are, however, 
only a very crude estimate and in a real 
installation, the numbers may be differ
ent. The soil temperature is to a large 
extent determined by the characteristics 
of the surface (Wendler, 1971). The snow 
cover in the winter will insulate the 
ground during the cold months. Disturb
ance of the top soil will change the 
vegetation and tend to increase the soil 
temperature, e.g., increase the heat flux 
into the ground during the summer 
(McKay, 1971 ). Extraction of heat will 
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3.6 m3/hour 

tend to increase the soil moisture con
tent and will thus increase both the heat 
capacity and conductance of the soil 
(Vestal, 1949). It may very well be that a 
smaller ground coil area than the 1000 
m2 used in the calculation would be 

sufficient. 
It follows that, in an experimental 

installation, the heat budget ofthe ground 
should be followed closely. Experiments 
should be conducted with different types 
of surface cover to establish guidelines for 
optimizing the heat accumulation in the 
ground as well as for determining the 
impact of the ground coil on different 
types of vegetation. It may be that the 
thermal regime and the moisture content 
of the soil will change and effect vegeta
tion in an unacceptable manner. Or put 
another way, that which is saved in 
heating costs is lost on the potato harvest. 

Annual Savings 

With an average price of electricity of 
3.0¢ a kWh, the estimated heating equiva
lent of 30000 kWh/year corresponds to 
an annual heating cost of $900. (The 
current fuel surcharge on electricity in 
Fairbanks makes this figure too low.) 
With the present price of heating oil, this 
should not differ dramatically from the 
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cost for oil heat. In the heat pump 
systems described above, the measured 
effect factor (n) was 3.7 in the installed 
(power company) system, and 3-4 in the 
modular system. Even if the value were 3 
for a conservative estimate, the resulting 
annual savings would be $600. 

Installation Costs 

To estimate the cost of installing a 
heat pump system, it is assumed that a 
conventional central heating system is 
already in existence or is planned for new 
construction. All that is required then is 
the installation of the 500 m ground coil 
and the replacement of the furnace with a 
5 hp heat pump and heat exchanger. 

A 5 hp refrigerator unit for the heat 
pump can be installed for approximately 
$2000. The installation of the 500 m 
ground coil at a depth of 1.5 m costs 
about $4000, of which $3000 is for 
trenching and backfill. (The locally 
obtained $3000 quote appears to be quite 
high considering that the job can be done 
in less than 2 days and that a new ditch
witch suitable for the job is presently 
available in Fairbanks at a purchase price 
of $1 0,980.) The total installation cost, 
based on current Fairbanks prices, is then 
$6000. This admittedly is high, but if 
heat pump systems become popular, the 
price should drop considerably. For what
ever it is worth, newspaper articles claim 
that the Danish modular system can be 
purchased and installed for only $1700. 

Financing and Amortization 

In new construction, the installation 
cost may be regarded as part of the 
over-all construction costs and can thus 
be covered by a mortgage to be amor
tized in 20 to 30 years. To install the 
heat pump system in existing homes, a 
loan may be obtained, but it will pre
sumably have to be paid off in a shorter 
period of time. Table 3 gives the annual 
payments on a $1000 loan at different 
interest rates and amortization periods. 
The installation of the heat pump will 
provide an annual savings of $600 in the 
example treated here. If the cost of con
version is the present Fairbanks price of 
$6000, the savings can only carry the 
amortization if long-term financing (20 
to 30 years) at a reasonable interest rate 
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FIGURE 3. Danish modular system utilizing an antifreeze solution in a ground coil made from plastic hose. After passing through a heat 

exchanger, hot water is circulated in a conventional baseboard heat system. Additional modules are added as required. 

(8% or less) can be obtained. Some 
further savings may be obtained from 
taxes since the interest paid is fully 
deductible. 

If the heat pump system is mass
produced, the price should decrease. In a 

new home, the extra cost may be little 
more than $1000 above conventional 
central heating. In that case, the annual 
savings of $600 seems very attractive. 

Other Uses for Heat Pump Systems 

In the discussions above, it was 
assumed that heat would be extracted 
from the ground. However, other low
grade heat reservoirs such as rivers, fakes 
or the sea may be used. Even better 
reservoirs would be luke-warm cooling 
water from power plants as has been 
suggested by Aamot (1974) or water from 
geothermally active areas. 

The heat pumps could be operated 

directly by windpower or by electricity 
generated by the wind. This possibility is 
especially attractive for remote areas of 
Alaska where energy is at a premium. 

A quite different type of benefit may 
be obtained from cooling the soil. Large 
areas of the subarctic and arctic are 
unsuitable. for building because of the 
underlying permafrost. Where buildings 
are constructed on permafrost, special 
efforts must be made to prevent the 
ground from thawing.1 To heat buildings 
with ground· heat appears to be an ideal 
solution in such cases. The ground grid is 
installed under the foundation and not 
only does it provide cheaper heat, it also 
keeps the soil frozen. 

Concluding Remarks 

In the present tight energy situation, 
it is important that savings be realized 
rapidly and without large investment by 
either consumer or government. Using 

1 See Womick and LeGoullon 's article in this issue. 
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ground heat to warm buildings could 
result in considerable savings in fuel and 
in money, and more importantly, such a 
system could be implemented within a 
few years. 

The ground heat pump appears not 
only to be feasible, but to be ideal for use 
in Alaska where a large part of the 
population lives in smaller homes built on 
large lots that allow plenty of room for 
the necessary ground coil. 

In order to gain wide acceptance, 
which is required to facilitate mass pro
duction, it is important to have firm 
facts and figures. To obtain these, one or 
more heat pump systems should be in
stalled in the subarctic and be sufficiently 
instrumented to provide data on perform
ance and environmental impact. 

Although ground heat pump heating 
appears to be financially advantageous, 
further advantages may also appear in the 
form of federal and state aid, or tax 
benefits, which may soon be forthcoming 
for energy-saving measures. Finally, one 
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TABLE 3 

Annual Installments on a $1000 Loan at Various 
Interest Rates and Amortization Periods 

Amortization period (years) 

%per year 5 10 20 30 

6 
8 

10 

237.40 
250.46 
263.80 

should remember that heat pump users 
will feel only a minimal effect from 
future energy price increases; while the 
price of their conventionally supplied 
1 kW rises, their heat pump will supply 
them with two other kilowatts, free of 
charge. This naturally assumes that 
ground heat will remain available at no 
charge and untaxed. 
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CORRECTIONS 
We regret to report that there was an 

error in the article by J. A. Heginbottom 
entitled, "Permafrost and Ground Sta
bility," which appeared in the last issue 
of The Northern Engineer (Volume 6, 
no. 4). The last sentence of the second 
paragraph (1st column) on page 8 should 
read: "These sites were all known to have 
been recently disturbed (not 'distributed') 
in one way or another." We hope that 

the author. 

Also, Charles Dart, owner of the hot 
springs at Manley, Alaska, called our 
attention to an error in the article en
titled, "What's Old in Geothermal 
Energy?" Frank Manley's alleged real 
name was Willard Knowles, not Willard 
Beaumont, as reported by Mr. Leonard 
on page 4, near the end of the first 

this error has not caused too much con- column. 

fusion and offer our sincere apologies to -Editor 
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RED TAPE EXPRESS .- continued from 
page 19. 

would be delayed again and that this 
couldn't be done in time. Without the 
equipment, there would be no system in 
operation during the cold winter months. 
But though the winter referred to was the 
winter of 1974-75, this portion of the 
study has not been deleted. New, longer 

delivery dates on most transit equipment 
will probably necessitate that the emer
gency plan be implemented for the winter 

of 1975-76. 

Fairbanksans may see some such 
interim plan or one which incorporates 
used equipment. The latter method has 
the disadvantages of mai ntai ni ng old 
equipment and of keeping on hand a 
large parts inventory; also, UMTA finds 
granting capital for used equipment very 

distasteful. The study is scheduled for 
completion by July 7, 1975 and recom
mendations for types of equipment will 
be made even earlier. If any choices 
remain by that time, they will have to be 
made in a speedier fashion than was the 
habit during the preliminaries. Up to now, 
this transit-planning business has not been 
for the impatient. The anticipated modes 
will not be "rapid transit" in the jargon 
of the profession, but the system will 
have to be "rapid-planned transit" from 
here on. 

Tom Graham is a planner for the Fairbanks 
North Star Borough's Planning Department. He 
has degrees in engineering, industrial manage
ment and community planning and has been 
involved in transportation studies in Rochester 
and Buffalo, New York; Toronto, Canada; and 
in Iran. 
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FIGURE 1. Landsat scene 1624·22201 obtained April 8, 1974 showing Katie's Floeberg. Just north of the floeberg and running diagonally across 
the image is a quite identifiable shear line. When compared to the Landsat scene for the previous day, the drag effects are found to be 
confined to the immediate vicinity of this shear line. NOAA satellite imagery shows this to be a major ice motion boundary between 
ice moving with the Pacific Gyral and ice moving toward the Bering Strait. Another shear line is located just south of the floeberg. 

Katie~s Floeberg 
by William J. Stringer and 

Stephen A. Barrett 

During the past few years, there has experiments have been carried out re· 
been a moderate amount of attention cently to determine stress-strain laws, the 
directed to ice in the waters surrounding 
Alaska and northern Canada. Chief among 
the reasons for this are the constraints 
that the arctic ice places on petroleum· 
related activities. While just a few short 
years ago the mechanics and morphology 
of ice were the domain of only a few 
arctic scientists. now engineers are show· 
ing great interest in these areas. Numerous 
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crushing strength, and other properties of 
sea ice. Besides experiments designed to 
measure specific properties of ice, natural 
ice phenomena are under observation to 
determine its other physical properties. 
This article concerns a naturally occurring 
island of ice whose favorable location 
enables it to demonstrate several prop
erties of sea ice. 

26 

Ice Islands vs Floebergs 

Certainly the largest ice features 
found in the Arctic Ocean are "ice 
islands" - sometimes over 30 meters 
thick and up to 10 kilometers across. 
These ice islands are believed to have 
broken off the Ellesmere ice sheet in the 
Canadian Arctic. Because the summer's 
sun melts the surface, ice islands decrease 
in thickness 20·30 em per year - de· 
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(a) 

April 12, 1973. Shows Katie's Floe· 
berg and companion. Companion has 
temporary attached portion. 

(c) 

May 2, 1973. Most recent extensions 
have been rounded off. Note indica
tions within floebergs of previous 
extensions following the same 
pattern. 

(b) 

May 1, 1973. Ice motion from NE 
(parallel to long axes of floebergs) 
has caused considerable extension of 
the floebergs. Most recent extensions 
are the pointed segments comprising 
the northeast tips of the floebergs. 

(d) 

March 20, 1974. During summer. 
Katie's Floeberg was greatly reduced 
in size and may have been consider
ably smaller than shown here. 
Companion floeberg has vanished. 

(e) 

FIGURE 2. Sequence of drawings,of Katie's Floeberg starting April, 1973 and ending April 
8, 1974. These drawings were traced from Landsat enlargements produced at a 
scale of two miles to the inch. 

April 8, 1974. Even though ice 
motion was again parallel to the long 
axis of the floeberg, no extension has 
taken place. 
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pending on their location. Although they 
generally tend to drift with the arctic ice 
pack, ice islands, because of their deep 
draft, are more influenced by currents 
than is the pack ice. 

Though much smaller, another species 
of large ice features found in the Arctic 
Ocean are floebergs. These are extensive 
collections of multi-year ice and mostly 
consist of· the remains of large pressure 
ridge systems. Floebergs are often several 
"melt" seasons old. The voids in the 
original pressure ridge have been filled 
in with fresh-water ice which comes from 
the summer melting of the exposed 
portion of the pressure ridge. (By mid
summer, sufficient brine drainage has 
taken place in the pressure ridge so that it 
is relatively fresh.) 

Pressure ridges have been documented 
with 13 m sail heights and keel depths in 
excess of 50 m. Therefore, it would not 
be entirely unreasonable to expect floe
bergs with dimensions approaching these 

values. Yet statistically, only 1 per cent 
of pressure ridge keel depths are greater 
than 18 m and only 0.1 per cent are 
deeper than 30 m. 

Katie's Floeberg 

For several years, members of the 
Navy sea ice reconnaissance patrol have 
noted occasional floebergs stranded on 
two seamounts west of Barrow, Alaska. 
One of these seamounts is located at 
70°30'N, 171°30'W, and since 1972 the 
Navy has noted a large floeberg stranded 
on the other at 72°N, 162°W. 

Quite independently of the Navy dis
covery, the stranded floeberg was "dis
covered" and brought to our attention by 
Mrs. Katherine (Katie) Martz, the Uni
versity of Alaska Landsat 1 data librarian. 
We have since called it "Katie's Floe
berg." As part of the University's Landsat 
program, the Geophysical Institute re
ceives and catalogs those Alaskan Landsat 
scenes with less than 20 per cent cloud 
cover. The data collection area covers all 
of Alaska and offshore areas. Since Mrs. 
Martz routinely examines all Landsat 
data, she had been requested to watch 
out for possible ice islands for the Uni
versity of Alaska's sea ice study group. 

Last spring she mentioned to us that 
there was a feature in the ice, west of 

Barrow, which didn't look like an ice 
island but which had been there the 
previous year. Upon inspection, it was 
evident that the feature was moving very 
little, if at all, from one year to the next 
and that pack ice was being driven around 
it (Figure 1 ). 

Several interesting research possibilities 
became obvious at once. In the first place, 
the feature itself was interesting because 
it appeared to be at least semi-permanent 
and stranded in water at least 20 m deep. 
Its large size, 5 km by 9 km, appeared too 
large to be a single floeberg and raised the 
possibility that at least part of the object 
has been created in situ. Its building 
process would be interesting to study 
and might yield information on the pro
cesses involved in pressure ridge construc
tion, In addition, though man-made 
islands are being built to act as drilling 
platforms, very little information exists 
on the interaction of the pack ice with 
such structures. Thus, this isolated object, 
situated where pack ice must pass around 

it, offers the likelihood of supplying 
needed data. Being far removed from the 
coast, the result of a single obstruction to 
pack ice motion could be studied in the 
absence of coastal effects. 

Shortly after our "discovery" of the 
floeberg, we were provided a reconnais
sance flight by Dr. Warren Denner, 
Director of the Naval Arctic Research 
Laboratory at Barrow. This flight was 
made on July 11, 1974. By that time, the 
ice pack was moderately broken up, and 
there was considerable open water. Be
cause of navigational problems, it took 
some time to locate the floeberg. By the 
time we found it, the R4-D in which we 
were flying had developed one bad 
magneto on each engine. As a result, our 
aerial examination of the floeberg was 
brief. 

The floeberg does have the appearance 
of old, weathered, multi-year pressure 
rid!les. In many of the Landsat images we 
examined, the southwest end had a 
polynya open to the southwest. This end 
appeared to contain the greatest free
board - 5 m or more - and the most 
solid appearance. There were no large, 
flat areas anywhere although some of the 
ice was well-rounded. 

lNASA has decided to name the Earth Resources Technology Satellite "Landsat." 
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About 4 km northeast of the south
west tip was a small patch of water which 
appeared to be moderately deep, if not 
open to the bottom. A similar patch of 
water was also found on a Landsat image 
taken in June the previous year. 

Growth and Decay of Katie's Floeberg 

Although we do not as yet have a 
complete set of available Landsat images 

of Katie's floeberg, the sequence of draw
ings taken from Landsat enlargements 
(2 miles-to-the-inch) shown in Figure 2 
gives some information about the possible 
mechanism of its creation and continuing 
existence. 

The first drawing, from an image made 
on April 12, 1973, shows not only the 
floeberg, but also a companion to the 
north (Figure 3). The second and third 
drawings, taken from images obtained 18 
and 19 days later, show both the floe berg 
and companion considerably larger. 
Additional ice had been accrued on their 
northeastern ends. The direction of 
growth is anti-parallel to the ice 

motion between these two days. It was 
somewhat questionable whether the 
additional ice was grounded since it didn't 
remain even as late as June 5 of that year. 
Interestingly enough, images taken almost 
a year later reveal ice flowing past the 
floeberg without piling up and extending 
its length. We are investigating the 
possibility that the ice which piled might 

have been young, thin ice while the ice 
which did not might have been older and 
thicker (1 to 2m). 

Even though the new ice did not remain 
long, the way it attached itself to the 
floeberg followed a pattern which can be 
seen on the permanent portion of the 
floe berg as well, indicating that this may be 
the process by which additional ice is 
collected by the floeberg. The pattern, 
which can be clearly seen on the drawings 
for May 1 and May 2, seems to be that a 
pointed extension is added to the existing 
forward tip. The points do not necessarily 
fall into direct line but oscillate slightly 
from side to side. 

We do not have a clear unclouded picture 
of the floebergagain until March 20,1975. 
At that time it was considerably shorter, 
though somewhat wider, and although ice 
could be seen flowing past it during the 
next two weeks, no major change in the 
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FIGURE 3. Landsat image 1282-22261 for May 1, 1973 showing Katie's Floeberg and companion. Ice motion is nearly parallel to the long 

axes of the floebergs. 

floeberg took place. The companion 
floeberg no longer existed. 

A fortuitous sequence of two Landsat 
image pairs eighteen days apart allowed us 
to observe the influence ofthe floeberg on 
the motion of the arctic ice pack. Figure 4 
shows displacement vectors of identifiable 
ice features between March 21 and AprilS, 
1 ~74. During this time, the winds at 

Barrow (located approximately 200 km to 
the east) were generally from the east and 
northeast at speeds from 15 to 20 km/hr. 
At the same time, the ice flow past the 
floeberg was almost due west. We had 
anticipated that the shear caused by the 
presence of the floeberg would vary 
smoothly with distance, perpendicular to 
the direction of the flow. However, as can 
be seen in Figure 1, there are two shear 
boundaries defining a column of slower 
moving ice approximately two or three 
times as wide as the cross-section presented 
by the floeberg. While the ice to the north 
moved 60km and the ice to the south 
moved 40 km, the ice within the column 
moved only 25 km. 
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As more data become available, it will be 
interesting to see if the pattern observed 
here is repeated. One circumstance which 
may be related to this pattern is that the 
displacement vectors diverge. This diver
gence takes place across the entire scene 
and is ·not likely to be a result of the 
presence of the floeberg. It is more 
likely that the diverging pattern is a result 
of the wind system. The diverging ice field 
would tend to allow expansion of the 
partially blocked ice column so that 
pressure would not be applied at the shear 
boundaries. In this way, friction would be 
reduced and we would not see any drag 
effect on the other side of the shear 
boundary. 

Origins and Age of Katie's Floeberg 

We have good evidence that this 
particular floeberg has been in existence 
since at least 1972. Its appearance and the 
suggested growth mechanism described 
here give reason to believe that at least part 
of the floeoerg was constructed at its 
present location. It would seem plausible 
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that, at least some time in the past, either a 
rather deep draft (but much smaller) 
floeberg grounded on the seamount or that 
a first year, deep keeled pressure ridge was 
formed at that location. A third possibility 
is that an ice island fragment grounded 
there and is either no longer in existence or 
not identifiable. In any of these cases, the 
floeberg has very likely had additional ice 
added to it. 

Stability 

It would be interesting to know if the 
floeberg is being slowly pushed across the 
seamount in the direction of the prevailing 
pack ice motion. So far, we have only 
utilized bulk processed Landsat data. It has 
up to a 1.0 km error in image positional 
accuracy (the center point) and a smaller 
possibility for error because of the 
distortion within the image. Within the 
limits imposed by these errors, the floeberg 
has not moved. 

It would also be interesting to know if 
the floeberg was being built up on one end 
(probably the north end) and breaking off 
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on the other. Some of the images we have 
show the ice field breaking off from the 
southern tip and leaving open water 
between itself and the floeberg. In none of 
these instances does part of the southern 
end of the floeberg also break off. Another 
hint we have, which may at least establish a 
limiting order of magnitude for this sort of 
behavior, is that the June 5, 1973 image 
shows a pond in approximately the same 
location it was seen on our July 1974 aerial 
inspection trip. If both these observations 
were indeed of the same pond, then 
certainly no more than 1/4 ofthefloeberg 
was replaced by this process during one. 
year. 

Based on all this information, one would 
tend to think of the floeberg as a rather 
stable platform. However, it is well known 
that ice islands break up quite readily 
(partly because they are entirely brittle, 
fresh water ice) when grounded. So it 
would seem reasonable to expect the 
floeberg to readjust its position 
occasionally with resulting cracks and 
fissures. When the weather (during the 
summer, especially) is too warm for these 
fissures to freeze together, they may emit 
audible moises as they work against each 
other and give the appearance of 
instability. 

Research Possibilities 

The floeberg offers numerous 
possibilities for sea ice research. We have 
already mentioned its potential in studying 
the effect that a single isolated obstruction 
has on pack ice flow. In addition, the 
almost continuous passage of ice past the 
floeberg results in a down-stream polynya. 
The polynya is constantly refreezing and 
thereby enables the freezing rates vs 
temperature and wind values to be 
constantly measured. Farther 
downstream, the new ice in the polynya is 
being crushed because of internal stress 
within the pack ice. It is possible that 
pressure ridging of young ice could be 
studied in this area. At the other end of the 
floeberg, pack ice of various thicknesses 
and ages is being piled against the floeberg. 
Here, measurements of the crushing 
strength of ice could be carried out under 
entirely realistic conditions. 

Relationship to our Research Interests 

As we reported earlier in The Northern 
Engineer (Vol. 6, No.1, Spring1974), our 
particular interests in sea ice are centered 
on shorefast ice. That article stated that 
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FIGURE 4. Diagram shows displacement vectors of identifiable ice features between 
March 21 and April 8, 1974. This diagram was taken from 1:250,000 scale 
prints of Landsat images. Three distinct zones, each with equal displacement, 
can be identified. When compared with Figure 1, it can be seen that these 
zones are delineated by the shear boundaries visible on that image for AprilS, 
1974. Katie's Floeberg is shown at the center of the diagram at the same 
scale as the displacement vectors. 

shore-fast ice is usually bound by grounded 
pressure ridges and hummock fields. Also, 
the location of shore-fast ice in outer 
Harrison Bay appears to be governed in 
part by an ice feature which may recur 
annually on shoals in that area. In many 
respects, this ice feature resembles Katie's 
floeberg and it is suspected that the 
building mechanism may be similar. Unlike 
Katie's floeberg, however, the Harrison 
Bay structure melts and breaks up 
annually. 

A Peaceful, Quiet Place to do Ice Research 

Based on the several research 
possibilities, several institutions are carry
ing out sea ice research programs involving 
Katie's floeberg. Just what sort of 
environmental conditions their personnel 
will find on the floeberg is an interesting 
question to ponder. There is no place on 
the floeberg to land a fixed-wing aircraft. If 
such an aircraft is used, then the most 
likely landing spot is the refrozen polynya. 
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That area is useful only if the ice motion 
around the floeberg has stopped. Should 
the ice motion begin, the refrozen polynya 
presents the disquieting possibility of. 
leaving the floeberg behind - thereby 
stranding the landing party on it. We have 
already discussed the possibility that the 
floeberg may occasionally crack (with the 

attendant noises) under changing strain 
conditions. Finally, there is wildlife 
biologist John Burns' observation last 
summer that the floe berg appeared to be a 
gathering place for polar bears. 
Considering all these things, the floeberg 
may be a rather lively place to carry out ice 
research. 

Dr. William Stringer is a Research Associate 
with the Geophysical Institute and is currently 
researching near shore ice in the Bering and 
Beaufort Seas. 

Stephen Barrett is a Masters Degree candidate 
in Geophysics and is studying the geomagnetism 
of volcanoes. He is also working as a technical 
assistant with Dr. Stringer on floeberg and sea ice 
projects. 
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by Lewis Robertson 

We Can Use Our Wilderness 

and Have It Too • • 

An Opinion On Building the New State Capital 

But what men have made of the promised land - the 
granted land - is enough to make the gods blush. The 
child who breaks a toy, the animal that lays waste its 
pasture and muddies its drinking water, the bird that 
fouls its nest, are no stupider. Oh, the squalid 
approach to our towns. Ugliness, discord, stench! I 
think of the gardens our city belts might become with 
the help of a little understanding and love ... I think 
of what our leisure might be! The benediction of joy 
over the spirit's play time. And work, work itself, 
redeemed, retrieved from its primeval curse. 

Alaska's new State Capital. That was 
the main topic at the 1974 convention of 
the Alaska Chapter of the American 
Institute of Architects. After two days of 
guest speakers, interested architects sat 
down for a "brain storming" session to 
generate ideas on the new capital. My 
ideas in this article, which had been 
brewing for some time, jelled during 
those discussions. 

Although my vision for Alaska's new 
state capital may seem something of a 
pipe dream to some, the bases of my 
1 

-Andre Gide 

scheme are proven 20th century methods 
of city planning that take into account 
the political and economic realities as I 
see them. They do not necessarily repre
sent the views of other architects or 
architectural institutions. 

The site I have chosen for my plan is a 
hypothetical one (between Talkeetna and 
the Alaska Range (Figure 1), but it is 
within those areas designated for possible 
selection under the conditions set forth in 
the August 1974 voter initiative.l Person
ally, I feel that this is the site that will 

ultimately be chosen, provided the con
ditions of selections are not changed. The 
appropriateness of locating our new state 
capital as near to Mt. McKinley as pos
sible seems basic to me. 

The primary ambitions of my plan for 
the new state capital call for 

(1 )concentrating its development and 
maintaining 95% of the site in its 
natural state, 

(2)minimizing private vehicular traffic 
within the city, 

Essentially, Initiative No.1, passed by the voters of the State of Alaska in the 1974 primary, was an act "relocating the capital oftheState of Alaska and 
providing for selection, planning and construction at the new location." According to Sec. 44.06.100 (Capital Site) of Anicle 2, the "capital site of the 
State of Alaska shall be selected and located west of the meridian 141° west longitude commonly known as Western Alaska .•• " which leaves under 
consideration the entire state other than what is usually referred to as the "Panhandle" or "Southeastern." Earlier this year, the Capital Site Selection 
Committee selected three large general areas in Western Al&fka for funher consideration; in early May, the Committee eliminated one of the larger areas 
and narrowed its choices down to seven smaller areas within the remaining two. By December of this year, the Committee is mandated to have chosen not 

more than three potential capital sites (each not less than 100 square miles in areal and must hold public hearings on them. Then, at the next general 
election after the conclusion of these hearings, the voters will select one capital site, In the summer issue of The Northern Engineer we will bring you a 
detailed article on the relocation Initiative and on the deliberations and selections made to date by the Capital Site Selection Committee. 

-Editor 
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51 T E PLAN 

FIGURE 1. Hypothetical site somewhere between Talkeetna and the Alaska Range. The 
diagram portrays the author's idea of "a single spinal city which extends from the 
main highway of the state and out through the wilderness toward the highest 
peak on the continent. At the city's end, surrounded on three sides by virgin 
country, lies the seat of !'tate government." 

(3)grouping activity centers around 
enclosed open areas (like "linked" 
Astro-Domes), and 

(4)encouraging some form of light 

industry for an additional economic 
base. 

Rather than dividing the approximately 
100 square mile city site into 5-acre home 
sites, my plan limits all construction to a 
core area, perhaps several hundred feet in 
width, which extends linearly several 
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miles. The residential areas would be on 
the perimeter of the spinal core and 

would consist of row·type housing. These 
houses would face the natural wilderness 

on one side, and recreational fields on the 
other (Figure 2). This is not to preclude 
developments of a more conventional 

type, but they would be confined within 
strict limits to prevent them from sprawl
ing uncontrollably from the core area. 

This city plan may seem unusual to 
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some. Basically, however, it is like an 
elongated pre-industrial city. That is, a 
concentrated city - with a center -
closely surrounded by residential housing 
and, beyond that, fields and woods. The 
validity of concentrating development 
and maintaining 95% of the site in the 
natural state is apparent, I believe, when 
one considers the many negative aspects 
of most modern cities: suburban sprawl, 
freeways, lack of community spirit, city 
centers choked by vehicular traffic, and 
the myriad of related problems. Knowing 
all of these, one must then consider the 
alternative possibilities where growth and 
development are confined to rational 
limits, where man is not pushed away 
from contact with nature (a contact 
which, incidentally, drew many to Alaska 
in the first place), where a transportation 
system exists as a reasonable substitute to 
private motor vehicles, and finally, where 
human, not vehicular, city centers exist. 
Aware of these alternatives, we have the 
potential - if not the panacea - to pro
vide for our future as well as our present 
city needs. 

Today it is generally agreed that no
body stands to gain when suburbs sprawl 
endlessly in all directions. Certainly not 
the unlucky worker who must commute 
5 to 50 miles by car into a decaying city 
where there is no place to park. In the 
19th century, h was observed by Patrick 
Geddes that, "Slum, semi-slum and super
slum, to this has come the Evolution of 
Cities." To this unfortunate heritage, we 
of the 20th century have added sprawl 
and super-sprawl, to the point that some 
cities completely disappear. As the 
popular song asks, "Do you know the 
way to San Jose?" If you didn't re
member where it was, it would indeed be 
difficult to find it today.2 

But it is not just that the "ticky
tacky" associated with urban sprawl is 
ugly and unappealing, but new economic 
forces, such as increased energy prices, 
will make commuting to work by car 
obsolete within the very near future. 
Clearly then, we have arrived at a point 
where some new approaches are justified. 

We may well ask ourselves what happens 
when we no longer have the kind of 

PLAN op TYPiCAL. ResiDef'\TIAL STRIP 
w I ~ow ttol..l.elf'l() eoTH 510Ee OF T!'tANefbi'UAI/0/i CO~E 

I'I!I!T 

FIGURE 2. Originally, I hadn't intended to show an actual city layout; I had wanted merely 
to stress the point that some new and unconventional city planning ideas are 
practical, appropriate and timely. However, after some discussion with the.editor, 
it was agreed that something specific - some "grist for the mill" - might better 
serve to stimulate creative thought among the readers and to focus on some 
possible starting point for planning a capital city. This scheme is intentionally 
loose and does not purport to have all the technical problems solved. I hope that 
you, the reader, will see the "natural wilderness" and not focus too closely on the 
"trees." 

mobility we have enjoyed and have come 
to take for granted. 

Alternative plans have been success
fully carried out, especially in England 
and Scandinavia, but also in this country. 
Reston, Virginia is a good example of a 
community where a successful attempt 
was made at concentrating development 
to maintain open-space, of separating 
vehicular traffic from pedestrian traffic 
and of developing viable community 
centers. If we take that approach and also 

organize our State Capital plan around an 
efficient public transportation system and 
set finite limits on growth, then surely 
we are headed in the right direction. If 
we then place our city centers under pro
tective domes, life in the northern city 
would be further enriched. 

Transportation 

An efficient mass transit system is a 
natural outgrowth of the kind of high 
density plan I have outlined for our state 

2 I recall one time on a hunting trip in the Alaska Range, walking along a game trail that led into the mountains and coming across 
a "No Trespassing" sign blocking the trail. Somebody had built a hunting cabin there and had claimed the whole mountain. 
Super-sprawl knows no bou17ds! 
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FU.iURE 3. Covered plaza showing interior gardens and transportation core. Note the community centers, schools, apartments and shopping 
centers built around the perimeter. 

capital. The spine of the city acts as the 
transportation link between the different 
areas of the city as well as defining the 
direction and limits of ultimate growth. 
This transportation corridor would con
tain a rail system as well as a road. The 
practicality of a public transportation 
system in northern regions is well under
stood by anyone who has attempted to 
start and drive an automobile at -40° F. 
Additionally, when the days of prohibi
tively high-priced gasoline arrive and/or 
gasoline rationing is begun, some alterna
tive form of rapid transportation would 
be a great comfort. Building a linear city 
is not a new idea; the logic in the 
approach has been apparent to some for 
a number of years. 

The transportation spine could run at 
right angles, e.g., secondary spines could 
cross the primary one at certain intervals. 
However, for my plan, I like the idea of a 
single spinal city which extends from the 
main highway of the state and out 
through the wilderness toward the high
est peak on the continent. At the city's 
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end, surrounded on three sides by virgin 

country, would lie the seat of state 
government. 

Growth 

The main criterion for success in this 
scheme would be a good set of rules 
placing limits on growth. Rules governing 
maximum growth must be made a part of 
any plan, even if the design is based on a 
kind of Jeffersonian concept of self
sufficient 5-acre communities. There is a 
fable, author unknown, about a man who 
discovered a beautiful meadow. He visited 
it often and enjoyed it so much that he 
decided to build his house on it. After he 
built his house, however, he realized that 
the meadow no longer existed. If we do 
not place a limit on the growth of our 
new state capital, we would, like the man 
in the fable, soon realize that we had not 
used our building site wisely. Better to 
build beside the meadow and enjoy view
ing it than to build in its midst and 
destroy it. We have learned there are 
optimum sizes to cities and that they do 
not necessarily become better propor-
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tiona! to their growth. On the contrary, it 
seems a megapolis tends to "self
destruct." 

Domes 

The proposal to place protective 
domes (or some form of shelter) over the 
community centers in northern regions 
has been advanced in the past and seems a 
logical one to use in planning the state 
capital. It is, after all, well within our 
technological means and is done with 
regularity (over shopping malls), in other 

parts of the country where the climatic 
incentive is not nearly as great. In prin
ciple, it appears that the cost of providing 
such shelter, over a plaza, for instance, 
would be off-set by the higher prices that 
property facing the plaza would bring. 
For the new state capital, it is desirable to 
generate high land values (as a means of 
capitalizing the city). and since large 
tracts of land for development will not be 
available for sale, the attractiveness, and 
consequent value, of those sites offered 
should be maximized. 

One may better visualize the concept 
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by picturing a covered sports arena, but 
inside, instead of the usual bleachers, 
there would be trees, walkways, gardens, 
and recreation fields. Around the outside 
perimeter of one such covered plaza 
could be the capitol building; around 
another, ,Perhaps adjacent to the capital 
seat, could be hotels, shopping centers, 
apartments and entertiJinment centers, all 
about 5 stories high (Figure 3). I believe 
it would be economically feasible to con
struct such a cover over a play field 
around which schools could be situated. 
Economic feasibility notwithstanding, it 
would be a fine environment for Alaskan 
school children. Of course, the linear core 
of the city, for the most part, would not 
be covered by a dome; rather it would be 
a continuous "green" strip, several 
hundreds of feet wide, with structures on 
both sides. And the two, more-or-less
continuous, rows of houses might be 
scarcely visible to each other through the 
trees. 

Industrial zones could be integrated 
suitably at points along this "ribbon" 
city. The need exists fbr some kind of 
economic and tax basis, other than gov
ernment, if a "company town" atmos
phere is to be avoided. Perhaps an 
economy derived in equal proportions 
from government, tourism and light 
industry would be a sound objective. Just 
what kinds of industry are appropriate 
and how they may be intelligently 
situated so as to be assets rather than 
liabilit!es to the community should be
come clear as a sound plan is developed. 
It is axiomatic that the quality of life in 
this new city and its appropriateness to 
our needs of today and tomorrow will 
only be achieved with solid and rational 
planning. If planning decisions are based 
on political favors, the new capital is 
liable to be no more than a bureaucratic 
quagmire. 

We Alaskans have voted ourselves a 
challenge that few people have ever had, 
and perhaps none will have again. It is the 
challenge of building a new city in the 
wilderness. If we meet this challenge, 
resolved to learn from past mistakes, and 
willing to try new ideas, we will have the 
satisfaction of achieving what very few 
people ever have. 

Lewis Robertson is an architect with Philleo 
Engineering and Architectural Service, Fair
banks, Alaska. 
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Letter to the Editor 

5 May 1975 

Dear Editor: 

This letter is written with regard to Mr. Timothy D. Buzzell's article "Community Resource 
Evaluation in Sewage Treatment Plant Selection" which appeared in the fall 1974 edition of The 
Northern Engineer. The correction appearing in the winter 1974-75 edition is also material. 

Although I'm sure Mr. Buzzell's article was well intentioned, his attempt to shoot from the 
hip included several errors of fact which require clarification. 

First of all, Mr. Buzzell states that "Several treatment processes capable of producing 
secondary quality effluent are in common use today." He then goes on to list six processes includ
ing "septic systems," "facultative ponds," and "aerated lagoons." By no stretch of the imagination 
can a septic tank be classed as capable of providing secondary treatment. Whereas facultative and 
aerated lagoons can, under ideal conditions, provide treatment approximating secondary, normal 
effluent quality from these lagoons in the lower forty-eight is considerably less than secondary. 
(Lewis and Smith. 1973. Upgrading existing lagoons. U.S. Environmental Protection Agency 
Technology Transfer Design Seminar Program, Cincinnati, 31 pp.). Such lagoons in cold regions 
during the winter may only provide the equivalent of primary treatment (Clark, Coutts, and 
Christianson. 1970. Biological waste treatment in the far north. Alaska Water Laboratory, College, 
36 pp.) although properly designed and operated aerated lagoons can do much better. 

The U.S. Environmental Protection Agency's Alaska Village Demonstration Project (AVDP), 
with all the faults which it may have, should not be termed a failure. It is appropriate that Mr. 
Buzzell corrected that statement. The A VDP is a demonstration project and such projects are by 
nature inordinately expensive. It is widely recognized that the cost of providing safe water and 
proper waste disposal for remote, small communities in cold regions will be higher than in urban 
areas like Fairbanks. The AVDP is useful in experimenting with different techniques. I am 
confident that the information which it is generating will be valuable. F<?r two years the AVDP 
has provided Emmonak with a source of safe water, thereby eliminating the serious problems of 
water-borne diseases which had been endemic there. 

Mr. Buzzell acknowledges the problems of extremely poor treatment which have occurred 
at Alyeska Pipeline Service Company construction camps. He attributes these problems primarily 
to inadequate operator training. There can be no question that inadequate operator training was a 
factor, however, even the best trained operator cannot achieve satisfactory treatment results with 
grossly overloaded treatment plants. Treatment plant failures due to overloading (hydraulic or 
organic or both) occurred at Five Mile, Old Man, Chandalar, Atigun, and Happy Valley camps last 
year. Other types of failures occurred elsewhere. The treatment plant at Toolik was improperly 
designed to treat the influent waste and consequently performed unsatisfactorily without requir~ 
ing process or mechanical failure and without regard to the quality of operator training. The 
pattern of overloading followed by treatment plant failure recurred when personnel were placed 
back into camps again in January and February 1975 and treatment plant failure or reduced 
effluent quality was seen at virtually every camp north of the Yukon River. This was after Mr. 
Buzzell's article and doesn't indicate to me the "growing success" he talks about. I am not con
vinced that the recent installation of new physical-chemical treatment plants along the pipeline 
route will solve the problems, however, the refusal of the Department of Environmental Conserva
tion to comply with public disclosure laws has prevented me from following this situation. 

I think one further point should be mentioned concerning sewage treatment plant selection. 
State water quality standards require a minimum of secondary treatment (18 AAC 70.080). 

Although some have argued about the justification of this standard with regard to remote, small 
villages it is presently the law and should be properly considered. 
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Sincerely yours, 

G. M. Zemansky 
1179 Kodiak Street 
Fairbanks, Alaska 99701 
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