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AN EDITORIAL ••• 
A friend of mine once said that every time Alaskans got together, their conversation 

quickly turned to the really important things in Northern life: the weather and toilets. 
Weather we have no control over: either dress warmly and use common sense or 
freeze. It's very elementary. The toilet situation, unfortunately, is not. 

Somehow I feel-like a Classicist embarking upon a controversial treatise-that an 
apologia of some sort need be given here. For the last several years I have lived with a 
non-conventional toilet that requires a minimal amount of water, and water that can 
be non-potable as well. This has engendered in me a deep dissatisfaction with those 
toilets, ubiquitous even in the Arctic and subArctic, which consume gallons of fresh 
water at every flush. As many people who haul their water know, this is a waste 
because less water, dropped from a greater height, can readily and neatly flush even a 
conventional toilet. So for a long time now I have felt that a new type of toilet is 
sorely needed, a toilet that uses less or even no water for operating. 

Yet I certainly do not mean to detract and taxes, the use of the toilet is a cer
from the work of men who furthered tainty, and man, try as he may to ignore 
man's crawl from barbarism to civiliza- the fact, must cope with the result. 
tion. One was Sir John Harrington, god- There is even more urgency to this 
son of Elizabeth I and developer of the problem in the Arctic and subArctic. As 
water closet. Another unsung hero was Mr. Alter's article so emphatically states, 
the Victorian, Thomas Crapper, a Chelsea the arctic environment is even less capable 
plumber who perfected the "Water Waste than others of handling the abuses mani-
Preventer," the cistern as toilet users 
throughout the world know it today. 
What they did in their time was mani
festly for the betterment of mankind and 
sanitation. We could not be walking 
through the streets of the Old World, nor 
indeed many of the New, if it were not 
for these men of vision ancj dedication. 
But what must be realized now is that 
their contribution to civilization is fast 
paving the way for another, and equally 
dangerous, kind of pollution. The water 
flush toilet is, alas, becoming obsolete in 
our civilization .... a civilization where 
people are crowded into cities and 
suburbs, where water is abused in such a 
myriad of ways that our potable supply is 
diminishing faster than we can purify and 
reuse it, and where our pollution has 
extended vast distances out into the great 
Oceans. 

Re-Evaluating Our Life Style 

This means we need to re-evaluate our 
aesthetics. It means we need to decide 
whether fresh water is more desirable as a 
long range goal than an expedient, puri
tannical desire to wash away the bother
some residue of our bodies. For thou
sands of years, personal hygiene and the 
aesthetics accompanying it were a matter 
of transient and varying concern depend
ing upon the cultural mores and religious 
taboos of society. Yet the perfection of 
the flush toilet, culminating as it did dur
ing the prudish years of Victoria, ushered 
in a fastidiousness in toilet matters that 
has persisted to this day. But like death 

fested by a water-borne sewerage system. 
The Arctic, because of the cold, the soil 
conditions, and (most important) the lack 
of water, is the last place on earth that 
should welcome the construction of the 
conventional water-borne system, and 
still, as Alter's article implies, cries for the 
"modern conveniences" are heard over
whelmingly from Pt. Lay to Eagle. It is 
becoming increasingly apparent to many 
arctic researchers that this can no longer 
be encouraged and that a new life style 
and new type of toilet need to be 
developed to take care of the special 
problems in the polar and subpolar re
gions. 

It is my own opinion that this is not 
simply a problem relegated to the North, 
but a world-wide one. I feel that, with the 
existing distribution of water, the fresh 
water supply on this planet is not ade
quate enough to give every household on 
this planet a flush toilet. And what's 
more, without a substantial investment in 
waste water treatment, I don't think 
there's enou~h world to soak up all the 
waste water this would engender. 

Building A Better Mousetrap 
A hundred or so years ago when our 

planet was not so overcrowded, when 
water was plentiful because we didn't 
pollute vast quantities of it for other 
reasons, flushing toilets and dispersing the 
wastes with water was perhaps not such a 
bad idea. It hailed a new era of sanita
tion; a water-borne system that dispelled 
wastes into the rivers was a great improve-

ment over slinging the contents of a cham
ber pot out the window onto the heads of 
unwary pedestrians below. A great im
provement, yes, but not the ultimate 
answer. Yet technology for the most 
part has stopped where Thomas Crapper 
left off 100 years ago. The cistern today 
may be cantilevered and pastel, and the 
toilet paper perfumed, but on the whole, 
modern science hasn't improved upon 
Crapper's original conception of "pull and 
let go," at least not for the general public. 
Only when water has been at a premium 
has anyone given serious thought to a 
system that uses less or no water at all. 
Thus the Space Age investigations and 
arctic and antarctic research are !!bout 
the only areas (save recreational) that 
have prompted investigation of a new 
type toilet unit for long-term usage. Since 
the problems of space toilets are even 
more mind-boggling than the ones en
countered in the frozen North and limited 
to so few people, it appears that the 
pioneering work on a new toilet rests 
with the polar researchers. And this is 
how it should be; we who live in the 
polar areas will be the first to benefit 
from any improvements in this aspect of 
life. And the rest of the world will bene
fit too. If a recirculating, non-water 
using, and non-polluting toilet is even
tually put on the market, we will have a 
cleaner world, a world with more fresh 
water, and a world that is more sanitary. 
We· do need to rearrange our priorities. 
Water, a natural resource of infinite capa
city for man's betterment, must be viewed 
as far too precious for dissolving effluent 
and flushing into sewers. Only when we 
can appreciate the value of water and 
understand what the wasting of it will 
eventually lead to can we give Lip the 
easy-come, easy-go flush system that we 
have had until now. Perhaps people will 
need a more compelling reason before 
they demand a less wasteful system, such 
as legislating water usage; but before any
thing as drastic as that is necessary, most 
of us, I'm sure, would prefer that science 
and research come up with an acceptable 
alternative that works as well as the sys
tem we're used to. And like the man who 
builds a better mousetrap, the builder 
and promoter of the non-polluting, water
less toilet will have the world beating a 
path to his doorway and building a 
memorial in his honor. ,. 

-Gina Brown, Managing Editor 



THE NORTHERN ENGINEER 
ARE WE MISSING THE BOAT? 

-an open letter to our readers 

The recent amalgamation of the I nsti
tute of Arctic Environmental Engineering 
with the Geophysical Institute at the 
University of Alaska will not greatly 
affect The Northern Engineer. The only 
change planned at this time is to be one 
of administrative residence. But while the 
movers shuffle desks and typewriters, we 
are presented with an opportune time for 
a little self-examination-a time to look 
back and see where we have been and 
ahead to see where we're going. On-cam
pus discussions have revolved around pos
sible longer term changes to broaden the 
scientific and engineering material carried 
in The Northern Engineer. Maybe you, 
the reader, would like to share in this 
critique. It is our hope that you will. 

Gray is Beautiful 

This publication has always existed in 
that great gray wasteland somewhere be
tween The Physical Review and Popular 
Mechanics. While this, of course, has been 
the intent, it is not always easy for us to 
determine reader reaction. As a quarterly 
of moderate circulation, without the ben
efit of commercial guidance, we are hard 
put to identify the reaction of subscribers 
to an issue other than by subscription 
cancellation or an increase in new sub
scribers. The phase lag inherent in this 
method, needless to say, does not allow 
us to keep our finger on the pulse of the 
readership. There are many shades of gray 
and we want to know which one suits 
you best. 

Give Us the Word 

So-are we missing the boat? If we are, 
give us the word. We invite your com
ments. If you have any suggestion or 
complaint, jot it down and send it to us. 
Don't stand on formality: our staff has 
been instructed to accept any form of 
written communication without preju
dice. Help us make a better Northern 
Engineer. 

-The Editors 
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'The Polar Palace ' 
by Amos J. Alter 

INTRODUCTION 

Does an igloo have a bathroom? Do 
people of the North use an outside privy 
at fifty below? Why do so many people 
in the Arctic rely upon the old-fashioned 
"chamber pot" rather than use modern 
water-flush toilets? What part do the 
habits and customs of the people play in 
this delicate phase of northern life? If it 
is true that the ground may be frozen to a 
depth of several hundred feet in the 
Arctic the year round, how are water and 
sewer pipes kept from freezing? What is 
the best toilet for arctic use? For all these 
questions and many more, there are 
answers that are examined here in depth. 

This particularly intimate phase in the 
relationship between man and his environ
ment has become the hallmark of cultures 
and a subject of conversation, history, 
architecture, engineering, biology, anthro
pology, law, philosophy, religion, econ
omics, medicine, literature, education, 
geography and climate. Moses, kings, 
Parliament, Congress, legislatures, Chic 
Sales, Robert Service, and many others 
have delved deeply into the enigma of the 
toilet. Local, national and international 
"summit meetings" and other aspirations 
for pollution control are partially the 
result of inadequacies in current "toilet
technology." Water pollution, no doubt 
aided and abetted by the persistent use of 
water-carried waste systems, was one of 
the topics included in the 1972 environ
mental agreement negotiated between 
President Richard Nixon and Soviet 
leader Leonid I. Brezhnev. This and 
other negotiated agreements were hailed 
as gestures of friendship and improved 
international understanding. 

Few subjects provoke more merriment 
than the proverbial "chamber pot," out
house, and toilet. Whether the facility 
is a water flush device, a plain pot, an 
outdoor architectural creation with a 
half moon in the gable, or a device for 
collecting and incinerating wastes, it is 

Amos J. Alter, BSCE, MPH, CE, is an Environ
mental Research Engineer with the Department 
of Environmental Conservation, State of Alas
ka, Fairbanks, Alaska. 

always good for a joke and a laugh. And, 
appropriately or inappropriately, arctic 
and subarctic dwellers have fallen heir to 
the vast storehouse of humor and "toilet· 
technology" bestowed by the history and 
custom of their temperate climate fore· 
bearers. The stories have been modified 
to fit the cold regions and some new ones 
have been developed, but a truly com
patible cold region toilet unit and life 
style remains to be developed. The toilet 
holds some special implications for arctic 
and subarctic peoples, and although at 
first it might be thought that the primary 
concern would be how to keep warm, 
there are other serious implications. 

WATER, WATER EVERYWHERE, .... 

... But Too Much Can Be Bad 

When choosing a toilet for indoor use, 
the problems that exist inside are insep
arable from those that exist outside. 
Regardless of what waste di~posal method 
is used or what treatment is provided for 
human wastes, there is always some resi
due remaining. Whether the residue is an 
inoffensive debris or an affront to society, 
the pocketbook, or common decency 
depends upon a wise and carefully con
sidered choice. 

And the choice of a particular toilet or 
commode to a large degree predetermines 
not only the comfort and convenience to 
the user, but also numerous environ
mental effects. Furthermore, the resul
tant environmental effects, in chain-like 
fashion, can present even more serious 
consequences to the user. Fundamen
tally, if wastes may be kept concentrated 
and confined at the point of origin until 
they can be rendered completely non
objectionable, it is simple to control 
them. Yet, in Western society, aestheti
cally speaking, there is a natural tendency 
to hide or disperse body wastes as soon as 
possible. The conventional water-carried 
sewage disposal system satisfies these 
natural inclinations. Given enough water 
for flushing the system and enough water 
for diluting the wastes so that they are no 
longer recognizable, the user of the inside 
water closet sees no evil in a water-borne 

system, even though the water-borne sys
tem has magnified the problem by dis
tributing the wastes vast distances. 

And Too Little Can be Just as Damaging 

In many places in the Arctic, year
round, dependable water supplies are 
unavailable. Where they are available, it is 
difficult and expensive to keep them 
operating. Except for a brief period 
during short summers, Nature keeps most 
of the water in a frozen state. Water, 
where it is available in the Arctic, must 
not be wasted: it is too precious. Thus, 
conventional flush systems may demand 
more water than there is available. 
Approximately forty percent of the nor
mal total household demand for water 
may go to meeting requirements for 
conventional water flush toilets. And an 
unrestrained use of water depends upon 
the resiliency of the environment to 
absorb all that waste water and refuse 
diluted in it. 

THE CLIMATE: 
A NATURAL INHIBITOR 

The natural environment in Alaska has 
even less resiliency than that in the more 
populous states and the insult to it does 
not go long unnoticed. The result might 
be termed a "commode crisis"; it exists 
in both Alaska and the older states. But 
the commode crisis discommodes Alas
kans even more severely as prevailing low 
temperatures in the Arctic aggravate an 
already sensitive situation. Numerous 
methods are employed for disposal of 
sewage in the arctic; however, the effec
tiveness and safety of most of them are 
greatly impaired by low temperatures. 
Treatment processes, also, are relatively 

costly. 
The biological and chemical reduction 

of organic materials proceeds very ~lowly 
under low temperatures. Normal putre
fa-ction and decomposition do not appear 
to occur within permafrost, the perenially 
frozen ground that underlies, either con
tinuously or discontinuously, most of the 
high latitude regions. Organic materials 
exposed on the surface of the ground, or 
placed within the shallow top layers of 
seasonally thawed ground (the active 
layer), decompose, but slowly. (See 
Table 1.) 

The Northern Engineer 



TABLE I. 

APPROXIMATE MONTHLY MEAN GROUND AND AIR TEMPERATURES AT CERTAIN POINTS 
IN THE ARCTIC PERMAFROST AREA.* 

BARROW, ALASKA: 
Air Temperature: 

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC ANN 
-19.1 -12.8 -14.9 1.8 10.9 29.8 40.1 36.7 31.6 16.2 4.6 - 6.6 9.9 

Depth in Feet from 
Ground Surface: 0.0 - 7.0 - 4.9 - 3.9 4.2 18.6 38.1 53.6 43.3 34.5 20.0 9.5 0.5 17.2 ) 

0.5 -4.3 -2.6- .6 4.6 18.4 33.1 45.7 41.6 34.0 21.5 11.0 2.5 17.1 ) Active Layer 
1.0 -2.8 - 1.7 .2 4.8 17.6 29.8 38.9 37.2 33.5 23.0 11.5 4.0 16.3 ) 
2.0 3.0 1.9 2.6 5.5 12.7 22.3 26.2 29.9 30.0 25.5 17.5 9.0 15.5 ) 
4.0 6.8 5.0 5.0 7.1 13.3 17.6 23.2 26.9 27.0 26.5 20.0 14.0 14.5 ) 
7.0 7.8 9.1 7.7 8.2 9.8 14.0 18.7 22.3 23.0 24.5 21.5 17.5 15.3 ) Permafrost 

11.0 15.8 13.0 11.1 10.7 10.7 12.2 15.8 18.6 20.0 21.0 20.5 19.0 15.7 ) 
16.0 14.3 15.2 16.3 12.2 11.4 12.2 13.9 13.1 11.5 17.5 18.5 13.0 14.1 ) 
22.0 16.8 16.8 15.8 15.1 14.1 14.3 14.1 15.0 15.0 16.0 16.5 17.0 15.5 ) 

McGRATH, ALASKA: 
Air Temperature: -4.1 -2.2 6.2 24.7 43.7 57.4 57.2 51.8 40.3 23.1 2.6 - 5.2 24.6 
Depth in Feet from 

Ground Surface: 0.5 30.7 30.5 30.6 31.3 40.7 56.1 58.9 56.1 44.3 
1.0 31.0 30.7 30.5 31.0 39.8 54.7 58.7 56.4 45.1 
2.0 31.1 30.5 30.7 30.7 38.8 52.5 57.5 55.5 45.7 
4.0 32.9 32.3 32.1 32.0 34.9 44.9 51.3 52.0 46.5 
7.0 34.9 34.1 33.8 33.5 33.8 38.7 42.1 45.3 44.9 

11.0 36.5 35.3 35.0 34.7 34.4 36.1 37.8 39.1 41.3 
16.0 37.5 36.6 36.4 36.1 35.5 36.0 36.1 36.8 39.0 
22.0 37.3 36.6 36.6 36.3 35.8 36.1 36.0 35.9 36.8 

*Arctic Sanitary Engineering, Alaska Department of Health, Juneau, 1949, 102 pp. 

Permafrost, too, may serve as an im
pervious stratum which will retain viable 
pathogenic organisms in shallow ground 
water. Thus the sluggish action of the 
arctic soil in assimilating wastes, coupled 
with the existence of permafrost, tends to 
make the use of surface water supplies 
and shallow ground water even more 
precarious in arctic communities than 
such a practice may be in temperate 
climates. 

At present it appears that the inhib
iting biological state and difficult physical 
state of arctic soils almost preclude use of 
conventional biological and drainage prac
tices now used in temperate climates for 
sewage disposal. Drains in the Arctic 
freeze during the long winter months and 
often septic tanks serve little purpose 
other than to collect sewage until it may 
be hauled away.. Unless the heat in 
sewage can be better retained, or methods 
for waste disposal that are better adapted 
to the cold region environment can be 
developed, proper waste disposal in the 
Arctic will be costly, damaging to the 
environment, undependable, or all three. 
The search for, and discovery, culturing, 
and use of effective psychrophilic organ
isms to accomplish desired results have 
been suggested. The development of 
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better methods of waste disposal such as 
incineration, or other methods which do 
not depend upon use of large quantities 
of water, must be a priority in scientific 
investigations and engineering. 

Yet despite the scientific and engineer
ing knowledge available to those interes
ted in re-evaluating a more compatible 
life style and sanitary system for arctic 
regions, various groups and agencies insist 
that polar and subpolar regions must be 
served by the same system that is con
sidered standard in the lower United 
States. In 1960 the following article 
appeared in the official Bulletin of the 
Alaska State Department of Education, 
Vol. 1, No.3: 

"The other day one of our supervisors 
came back from a visit to outlying 
schools with fire in his eye. Before his 
righteous indignation had time to cool, 
he had hurled himself and his entire 
department into a campaign which, if it 
succeeds, may one day be hailed as a 
highly significant victory in Alaskan edu
cation. We have thrown dull caution out 
the window, burned our bridges behind 
us, and combined forces for a finish 
fight! Would you care to join us? 

Briefly stated, our objective is this: 
Final and complete abolition of the 
outdoor toilet. 

We propose to begin now an active 
and vigorous campaign to get rid of this 
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32.0 30.6 40.2 
32.2 31.4 40.2 
32.3 31.0 39.7 
35.4 33.7 38.9 
38.2 36.1 37.8 
39.1 37.4 37.0 
39.2 38.4 37.0 
38.1 37.9 36.7 

Active Layer 

horrid remnant of the middle ages. Our 
efforts will not cease until that happy 
day when every school and teacher's 
quarters in Alaska is equipped with 
modern, streamlined plumbing in good 
working order. We contend that no 
expenditure of effort, time and money is 
too great if it will result in a decent 
standard of living. We invite any and all 
interested persons to join this non-par
tisan, humanitarian movement." 

Even the publication Science, in an article 
entitled, "Science in Antarctica: Prob
lems and Opportunities 'On Ice,' " gives 
the following news and comment: 

... "The environment is a hazardous 
one; but, with increasingly sophisticated 
technological aids, the danger and incon
venience originally associated with Ant
arctica have greatly diminished .... 

... Serving high quality food is regar
ded as essential in maintaining 'good 
morale' as is the provision of flush toilets 
at the more isolated stations such as 
Byrd or Pole. (Most of those stationed 
at McMurdo, the largest U.S. Post, are 
still consigned to using less sophisticated 
latrines.) One researcher complained 
that the continuing use of such facilities 
at McMurdo was 'inexcusable'; he said 
that it would be difficult to get pres
tigious scientists to work in Antarctica 
if such primitive conditions were allowed 
to remain. The New Zealanders pride 
themselves on having Antarctica~s only 
bathtub, and the American stations are 

The Northern Engineer 



equipped with showers, though people 
are told not to shower more than once a 
week-because of the constant scarcity of 
water." 

These excerpts exemplify the cloudy 

perspective of society, the scientific com

munity, engineers, architects and all those 

who have addressed themselves to the 

problem of conquering space and other 
worlds such as the Arctic. They acknow

ledge the lack of water, but in the same 

breath demand water flush toilets. 
Yet there are alternative systems to 

the conventional flush toilet, water-borne 

waste system, and some are in active em

ployment in the North. 

ALTERNATIVES 
The Box-and-Can and Scavenger System 

The chamber pot and box-and-can sys

tem of waste disposal (Figure 1) are the 

most common types of waste disposal 

systems in the Arctic. In many small 

communities, chamber pots are dumped 

indiscriminately on the ground surface 

near the homes. This is a dangerous 

practice which should be abandoned. 

Arctic soil conditions may retain patho

genic organisms that exist in excrement, 

and the cold may keep these viable for 

great lenghts of time. The excrement 

freezes almost immediately during the 

winter; however, it thaws and becomes a 

stinking and disgusting, as well as disease

producing, accumulation during warm 

weather. 

In some small communities, excrement 

from chamber pots is dumped into re

ceptacles such as empty barrels, which 

are placed near the homes, until they are 

filled. They are then hauled away and 

dumped on the tundra or at some other 

convenient point. In coastal areas, filled 

containers may be placed illegally on 

nearby ocean ice and allowed to drift 

out to sea when spring thaw comes. 

E.E. Echelberger, in his article "Waste 

Disposal at 55° Below," Alaska's Health, 
Vol. V, No. 3, March 1947, very aptly 

redescribed conditions found in Alaska at 

the turn of the century and still existing 

in some places: 
"Where running water is not available 

permanently or during the severe winter 
months and where a scavenger company 
is in operation, the pail method of 
sewage disposal is used. This system 
employs galvanized cans which are ex
changed for clean ones at regular inter
vals. A truck is used to convey the 
contents to the disposal area. The cans 

are washed and disinfectant is usually 
satisfactory only when all the operations 
from prompt collection to sanitary dis
posal are carried out with efficiency .... 

Unfortunately there are private dwell
ings in Alaska where the only method of 
waste disposal is upon the open ground. 
Conditions of this nature undoubtedly 
lead to typhoid, dysentery, and 'summer 
complaint.' " 

Yet there were attempts to improve 

this unsavory condition as is seen by this 

sales promotion letter gleaned from the 

files of the former Alaska Territorial 

Department of Health. It demonstrates 

man's persistent will to improve and 

achieve, even in what some persons con

sider a humorous predicament. Eli Ni

choli, the oldest practicing scavenger in 

Nome, held a monopoly in his field. 

This following letter, ingeniously exe

cuted by some witty entrepreneur, was 

sent out by the Horn Brothers Scavenger 

Service of Nome in 1939 in hopes of 

winning Nicholi's customers: 

"Everyone Who Eats is Our Friend. 

Dear Friend: 

Nome, Alaska 
May 5, 1939 

As a consumer of groceries and sub
ject to the inevitable consequences there
of, we know you will be vitally interested 
in the following message. 

We feel that the antiquated method 
of Drut gathering now employed in our 
fair city is a foul odor in the nostrils of 
the community. It reeks to high heaven. 
The Gods Themselves are offended. Un
fortunate mortals are nauseated. 

There is an olfactory need for reform; 
As the Can-Bearers of theN ew Cause we 
propose to put this sadly degenerated, 
but worthy humanitarian enterprise on a 
modern, scientific basis. We refuse 
longer to be the Ishmaels of the Arctic. 
We are determined that no longer shall 
our good home be bandied in slighting 
reference and off-odor stories on the 
same level with Brain Trusters and Inter
national Bankers .... 

... The day is past when you had to 
turn your head and hold your breath 
while an uncouth agent of the now 
obsolete Bucket Brigade stole through 
the dining room during the dinner hour. 
Rather, the ladies will smile and the 
gentlemen rise as you invite our charm
ing operative to be seated and join the 
party in liquers and coffee. Of course, 
he will refuse as our fieldmen are strictly 
enjoined against entertaining or being 
entertained (outside of their regular line 
of duty) on company time, but anyway, 
that will be your natural reaction .... 

... It is our firm conviction that not 
only have we eliminated all the old 

objectionable features, but we have en
deavored to add an aesthetic touch. 
Receptacles will be decorated on the 
inside with genuine hand-painted crossed 
pansies in oils, or nasturtiums in natural 
colors done by the company's staff 
artist absolutely free with a year's sub
scription to our Super-Service. At each 
servicing, receptacles will be thoroughly 
checked for mileage and slow leaks after 
which they will be washed inside and out 
with Fairy Soap and sprayed with Eau 
de Cologne. 

In line with the company's policy of 
fair play, we shall stamp out such forms 
of racketeering as the collection of delin
quent accounts on Saturday nites by 
operatives suddenly appearing in the 
drawing room among the guests with 
precariously full receptacles swinging 
from each elbow, endeavoring to em
barrass the penniless host by a vulgar 
display of low witticism and reckless
ness .... 

. . . Our research department is at 
present working on a rubber composition 
container which we fondly expect to 
permit of indefinite expansion. This 
great boon to the trade will be available 
to our clients only, as soon as it is per
fected, and should entirely obviate the 
necessity of hurry-up midnight calls, 
visits to the neighbors at unreasonable 
hours and retiring in partial or complete 
distress. 

We ask only that you give us a trial. 
You will look forward with pleasure to 
our second visit, and after the third your 
wife will bear watching. 

Yours for recognition 
of the Forgotten Man, 

The Horn Boys, Cape and Fog" 

The Privy 
In general, the outdoor privy in the 

Arctic has been considered impractical 

for use, though numerous examples are 

still seen. Lack of heat in the structure 

makes its use undesirable in winter. The 

privy in permafrost may not adequately 

dispose of the excrement so as to pre

clude the possibility of it contaminating 

ground water supplies or food stored in 

underground pits. During warm months, 

ground water may fill the pit of the pit 

privy, and during the winter all material 

in the pit remains frozen so that it is un

certain if the pit serves for much more 

than a temporary storage point for the 

waste. 
Chemical Toilets 

Small, chemical toilets for individual 

premises cannot be operated satisfactorily 

without heating. Heating is not generally 

feasible except where such a system is in 

a building and is a part of a home or 

business establishment. 
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Oceanic-Lunar Model. It flushes twice daily. 
(Photo by Randolph Bayliss, Sanitary Engineer, 
Alaska Department of Environmental Conser

vation) 

ADVANTAGES AND DISADVAN

TAGES OF COMMODES AVAILABLE 

FOR NORTHERN USE IN TODAY'S 

MARKETPLACE 

For purposes of comparison, most 

commodes can be grouped into four 

general categories: (A) Dry, (B) Wet Self

Contained, (C) Wet Type Flow-Through 

and (D) Wet Type Recirculating Flushing 

Fluid. Figures 1, 2, 3, and 4 illustrate 

examples of units of each type. For a 

breakdown of available commodes, see 

Table II. 

Dry Units 

Dry units (A) have the advantage of 

being relatively non-frost susceptible, al

though it is most disconcerting to find a 

unit which has been too long in an un

heated bedroom and must be thawed on 

the stove before it can be dumped. This 
is particularly unnerving when the only 

stove for accomplishing the thawing oper

ation is the range on which the morning 

sausage and eggs are being cooked. Just 

as an added precaution, and for the sake 

of peace and harmony in the home, the 

dry units must not be allowed to get too 

hot while thawing. Dry units, however, 

are inexpensive, relatively versatile, some

times very cold and always a potential 

source of disease transmission. It is 

especially difficult to find a proper place 

to dump them when snow has drifted 

around the cabin, unless sufficient 

planning and forethought is exhibited to 

VoL 5, No.2 

TABLE II 

COMMODES AVAILABLE IN TODAY'S MARKET PLACE 

A- DRY TYPE (Self-contained; Non-flushing; residue removed manually) 

1. Chamber pot or slop jar (formerly china, porcelain; now metal or plastic) 

2. Cabinet and chamber pot (commode, box and can, cabinet and pail) etc. 

3. Chemical Toilet with removable receptacle (deodorant powder or solution added) 

4. Metal cabinet and bag-type receptacle (fitted with plastic or paper bags) 

5. Folding metal frame fitted with molded seat (for use with disposable bags) 

6. Latrine (pit for direct use by individuals or receipt of residues) 

7. Privy (small building with bench with holes through which the user may evacu
ate) 

8. Improved privy (basic unit is improved by use of porcelain, metal, concrete, or 

plastic riser instead of bench; a molded seat is utilized) 

9. Improved privy with burning pit (pit for periodic burning of waste) 

10. Chemical Toilet--privy type (wastes drop into large charged holding tank; a mix

ture of strong alkali and water digests wastes into a slurry; pumping equipment 

is required to remove slurry) 

11. Incinerator toilet (wastes are fired in commode unit; vent required; firing may 

be with electricity, gas or fuel oil as a source of energy) 

B- WET TYPE; SELF-CONTAINED 2 (Flushing fluid reused; residue removed man

ually or pumped periodically) 
1. Commode and holding tank (3-50 gallon); electric hand operated flushing fluid 

pump; flushing fluid screened or unscreened; may be constructed of plastic, 

metal, china or various combinations of materials; deodorant type chemicals to 

be added with each recharge of fluid in the unit and number of uses between 

recharges depends upon room temperature, holding tank size and other factors; 
flushing fluid may be water of a synthetic transport agent such as anti-freeze 

C- WET TYPE; FLOW-THROUGH 1 • 2, 3 (Flushing fluid is used only once; wastes 

must be treated by other devices for stabilization such as that provided by 
biological, chemical or physical treatment devices; septic tank aeration unit, etc. 

1. Conventional water flush commode (flushed from storage tank or with water 

under pressure other than gravity and use of pressure actuated flushometer type 

valve; uses 3-5 gallons per flush 

2. Minimum-water use, flushing commode (special design of fixtures allows them 

to be flushed with only a few quarts rather than the 3-5 gallons required for 

flushing conventional facilities) 

3. Frost-proof commode (flushing accomplished in a manner similar to C1, or C2 

but special design of the commode unit allows the fluid trap preventing odors 

from backing into the living space from the sewer to be located at a point 

warmer than where the seat unit is located or the fluid trap is replaced with a 

mechanical closure intended to eliminate sewer odor. 

4. Commode unit designed for flushing with a synthetic flushant such as fuel oil 

which may be fired in a boiler along with transported wastes 

D- WET TYPE; RECIRCULATING FLUSHING FLUID 1· 2• 3 (Holding tank and 

processing units are not integral part of commode and are located away from 
commode) 

1. Flush Commode (commode may be vitreous, metal or plastic; it may be mini

mum flush or use larger quantities of flushing fluid; discharge piping from com
mode connects to holding tank or processing unit rather than sewer as in con

ventional units; flushing may be accomplished by manual operation of pump or 

electrically operated; flushing medium is reused after biological, chemical or 
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physicill processing and the flushant may be either water or a synthetic flushant) 

NOTES 

1Types in groups "C" and "D" may utilize flushing agents for collection and transport 
of wastes by so-called gravity flow fluid systems (flushing fluid is stored in a tank, 
either filled from a piped central system or manually) direct connection to a pressure 

fluid system (use of a flushometer type valve; 15 to 20 pounds minimum pressure 
required) or by use of a vacuum system. 

2
A small grinding unit may be included as a part of units of types "B," "C" or "D" to 

specially prepare wastes for easier transport or improved treatment 

3Marine, mobile home, bus and aircraft installations of compact, minimum flush facili
ties are perhaps the best examples of water-saving devices although by modification of 

valves and bowl design or use of special transport methods, such as transport of wastes 
by vacuum, numerous conventional units have been developed which greatly reduce 
water use. 

provide a disposal pit or slop barrel at a 
convenient location. Then there is always 
the problem of what ultimately to do 
with the contents after emptying them 
from the chamber pot and collecting them 
in a storage pit or barrel. If a proper 
place for ultimate disposal were available 
at the outset, the dry method probably 
would not have been used. The incinera
tor type gets extremely hot when used 
repeatedly without sufficient time lag. 
It is difficult to burn wastes at a high 
enough temperature to prevent foul odors 

FIGURE 1. Dry Type Commodes (A) 

TYPICAL UNIT IN USE IN ALASKA 

Vent 
Pipe 

Metal 

Can 

(
Vent to 

Clo~FIW)b nRoof 
Cover ' 

Metal Cabinet 

Removable Pail with Plastic Cover 

and even under the best of conditions, 
with a good roof vent, downwind neigh
bors may complain. When the unit jams, 
it may be very difficult to find a repair
man willing to tackle the cleaning and 
repair job. 

Wet Self-Contained Units 

Wet type self-contained units (B) 

appear to be glorified dry type units but 
they do not have to be emptied as often. 
Although they are a little more expensive 
than the dry type, they are prettier and 
they are good for much greater mileage 
between services. For the person who 
must flush a toilet, they provide flushing 
fluid and a flushing handle. If they have 
been charged with a sufficiently strong 
dose of pine oil or other odor-masking 

agent, they are respectable housemates; 
however, there is always an unmistakable 
odor unless effective forced ventilation is 
provided. During winter, when a building 
is tightly sealed and ventilation is shut off, 
the unmistakable odor may permeate an 

entire building. 

Wet Flow-Through Units 

Type C units, the wet type flow
through commodes, are common to most 
persons and are standard in the contigu
ous states. These are the conventional 
water flush toilets. For flushing, most of 
them require a large supply of water 
under pressure, and in the Arctic, even 
the so-called frost-proof units are highly 
susceptible to freezing. In addition to 

their increased water requirements, they 

greatly magnify waste disposal problems. 
All of the water used for flushing must be 
discharged somewhere as waste. Unless 
there is a city or other community system 
nearby where the discharge pipe may 

connect, it may be better to wait for this 
luxury until someone builds a community 
system. After all, operation of a septic 
tank is not a cinch either in frozen 

ground. Neighbors will object if wastes 
are allowed to discharge to the surface of 
the ground. 

A synthetic flushing agent such as 
fuel oil has been used as a flushing 
medium in the flow-through unit; if this 
is done, "No Smoking" signs should be 
placed in a conspicuous place near the 
bowl and the rule should be enforced 
rigidly for the safety of persons and 
property.* 

Wet Recirculating Flushing Fluid Unit 

Certain Type D, wet type recirculating 
flushing fluid commodes, offer the most 
promise of ultimately meeting the needs 
for a flushing toilet, especially in the Arc

tic. They are expensive, however, some
what complicated in operation and main
tenance, but attractive. Yet even these 
units eventually collect a certain amount 
of solids which cannot be reduced further 

Basic Fiveplex. The lower units are sometimes 
hard to rent. (Photo courtesy of J.W. Grainge, 
Head Arctic Technology Section, Environment 

Canada) 

*For a humorous commentary on what can happen under these 
circumstances, the reader is urged to look up "The Three Bares" 
by Robert Service from More Collected Verse, published in 1967 

by Dodd, Mead & Co., NY., pp. 67-68. The Bard of the 
seems, by this account, to have chronicled just about every 
of life in the North and every privy user will appreciate 
eulogizing this experience. -Editor's 
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FIGURE 2. Wet Type Self-Contained Commodes (B) 

ELECTRIC MODEL 
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Gasket 
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4 Gal. Sewage 
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Trap 

MANUAL MODEL 

Water Pump 

Plunger 

PORTABLE MINIMAL FLUSH UNIT* 

*From "Report on Toilet Units" by J.W. Grainge and J.W. Slopsky. 

and must be discharged. ·Unless there is a 
septic tank pumper at hand, ultimate dis
posal of solids may be a problem. Physi
cal and chemical processing of the flush
ing fluid prior to reuse appear to offer 
more promise than biological processing 
methods, because the heating, nourishing 
and maintenance of a colony of living 
organisms which would do the reductive 
job in a biological treatment unit is 
about like raising African violets at the 
North Pole. It can be done, but not 
everyone has the expertise, patience, or 

willingness to do it. It is difficult to 
maintain proper operation of a compli
cated sewage treatment plant in a munici
pal setting with paid labor, and these 
difficulties are multiplied in the individual 
home setting or in the bush. There are 
more plants of this biological reduction 
type that are not operated properly than 
there are plants that are. If one happens 
to have a malfunctioning plant in his 
home, he may want to move out if the 
plant is not moved. 

The simplest unit of the recirculating 

FIGURE 3. Wet Type Flow Through Commodes (C) 
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flushing fluid type has been nicknamed 
the "homesteader" and it consists of a 
commode with piping to discharge anti
freeze flushed wastes into an oil barrel 
located outside of the living unit where 
the solids may freeze. For a small family 
during the winter, such a unit may be 
good for two or three months' use with
out needing service. 

Perhaps a word of caution is advisable 
when a marine-type toilet is used with a 
recirculating flushing fluid; sometimes 
the valve works improperly when pump
ing the unit and the user may getl an 
eyeful of waste water if he does not 
stand back slightly from the bowl while 
pumping. 

FIGURE 4. Wet Type Recirculating Flushing 
Commodes (D) 

Toilet ' -------------~ ~~ Pump 

Supernatant 
for Flushing 

...... 
Grinder 

Toilet 

Holding or 
Aeration 
Tank 

L--------...... Waste 
Solids 

Flushing 

Fluid Vapor 

CHEMICAL-PHYSICAL SYSTEM 

SUMMARY 

In contrast with the time when every
one installed cooking facilities inside the 
house and the toilet was located in the 
garden, we now aspire to cooking in the 

garden (the barbeque age), and locating 
the toilet in th~ house. Regardless of the 
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quantities of water and energy wasted in TABLE Ill 
maintaining this typical temperate-climate 

lifestyle, cold region inhabitants still seek CHARACTERISTICS OF A COMMODE SUITABLE FOR USE IN POLAR REGIONS 
it. They seek it even when water is 
extremely difficult to obtain at some 
places in the North and may cost as much 
as a dollar a gallon, and when energy is 
normally very costly and skilled man
power for construction, operation and 
maintenance of water and waste disposal 
systems is in short supply. 

What This Country Needs ... 

Cold region inhabitants, however, can 
maintain a comfortable and comparable 
standard of living, but with a cold region 
toilet that satisfies the characteristics of a 
commode suitable for use in arctic and 
sub-arctic regions. The characteristics for 
such a toilet are shown in Table Ill. 

If toilets for use in the North were 
evaluated according to these criteria, the 
"Polar Palace" is the only toilet unit 
which has all of the desirable characteris
tics and meets the required objectives. It 
is a unit which is practical where the 
weather is more commonly freezing than 
thawing, where frozen ground may exist 
to a depth of several hundred feet, where 
water is priceless and must be conserved 
and even reused, where total fuel costs 
for an individual may be as much as 10 or 
more times greater than for an individual 
in California, where it is not possible to 
get a repairman the instant something 
goes wrong, and where the individual 
must be self-reliant in the absence of 
organized community or community ser
vices. 

"The Polar Palace" flushes with a 
flushing fluid which can be reused rather 
than being discharged to pollute the en
vironment; it does not present danger of 
flash fires or explosions; there can be no 
objectionable color, turbidity or odor; 
and residue is reduced to a minimum and 
may be readily incinerated or discharged 
harmlessly to the environment. Unfor
tunately, the "Polar Palace" is only in the 
conceptual and research stages, though 
diagrams showing how this kind of unit 
might operate can be seen in Figure 4. 

There are significant social, aesthetic, 
economic, hygienic, structural, biological, 
chemical and physical aspects to cold 

region waste collection and disposal which 
must not be ignored. The environment of 
the Arctic parada>lically enhances normal 

VnL !'i Nn_ 2 

Objective To Be Achieved 

1. Serve as an effective barrier against 
disease transmission 

2. Be' aesthetically acceptable 

3. Not degrade the quality of the natural 
environment 

4. Provide the maximum of comfort and 
safety necessary in man's adjustment 
to cold region living 

5. Be capable of relatively dependable 
"fail safe" function at all times 

6. Be compatible with the pattern 
and sequence of community develop
ment 

7. Be economically feasible 

8. Be simple to build and operate 

9. Be compatible with efficient use of 
energy, water and other resources 

values accruing from adequate, healthful 
housing and the amenities of life. Yet it 
must be remembered that that same en
vironment can greatly magnify the inade
quacies of an ill-adapted technology. 

* 
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DEPTH AND TIME OF FREEZING OF SILTY SOILS 

A FROZEN WASTE DISPOSAL SYS· 

TEM CAN BE A POLLUTION 

PROBLEM 

Depth and time of frost penetration 
are important design criteria that control 
or limit underground domestic water sup· 
ply and waste disposal systems in any 
climate where winter temperatures cause 
soils to freeze. In Alaska, especially the 
Interior, these factors become important 
because of the extreme cold and the 
duration of below-freezing temperatures. 
Many areas of Interior Alaska are free of 
permafrost but still experience deep sea
sonal freezing of soils. Near Fairbanks a 
range of low hills, mantled with silty 
soils, is becoming important for home 
sites. All these slopes with a southerly 
exposure are free of permafrost. On such 
sites it is important to know the seasonal 
depth of freezing because a frozen waste 
disposal system here poses a serious 
pollution problem that may be a signifi
cant health hazard. The temperature 
station discussed below was established 
because data on soil freezing were not 
readily available. 

SITE, INSTALLATION, AND METHOD 

The site for this station is about 
eight miles northwest of Fairbanks on a 
deep, silty soil under a birch and aspen 
forest with trees growing 40-50 feet tall. 
This site was representative of soils, 
vegetation, and other aspects of much of 
the permafrost-free building sites in the 
vicinity of Fairbanks. The surface at the 
site has a slope of 17 percent at south 
70° west. 

Temperature sensing was by thermis
tors imbedded in the soil at eleven 
depths, one in the shallow duff layer and 
others at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, and 
7 feet deep. A twelfth thermistor mea
sured air temperature about 4 inches 
above the ground or snow surface. Mea
surement was with a Yellow Springs 
Instrument Co. Telethermometer. Before 
being installed, thermistors were tested 
in a water bath at 26° and 1 °C and found 

by Frederick B. Lotspeich 

FIGURE 1. Closeup of the temperature measuring station. The switch box had been removed the 
previous fall. ( 19 September 1969) 

to read within 0.5°C. 
To install thermistors, a pit was dug 

by hand to a depth of six feet on the 
afternoon of October 5, 1966, and mois
ture samples were collected for each 
horizon; the installation was complete 
and the pit refilled by noon of October 
6. The thermistor at seven feet was 
emplaced in a small hole (one inch in 
diameter) bored into the bottom of the 

1 

pit. All other sensors were emplaced in 
holes 12 inches deep, bored perpendicu
larly into the upper face of the pit. All 
bored holes were backfilled with material 
from the same depth by tamping with a 
wooden rod. Leads from thermistors 
were brought to the surface and led 

Dr. Fred Lotspeich is a Research Physical 
Scientist for the Environmental Protection 
Agency, Fairbanks, Alaska. 
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through a three-foot section of electrical 
conduit whose lower end was about six 

inches below the surface. This measure 

was taken to prevent rodents from gnaw

ing the insulation off the leads. All leads 

plugged into a switch box that permitted 

readings to be taken by plugging a single 

lead to the Telethermometer and switch

ing from one thermistor lead to the next. 

The terminal box was housed in a metal 

can mounted atop the conduit to protect 
it from weather and animals (Figure 1). 

After each thermistor was emplaced, 

the pit was backfilled to the next level 

by material approximating that in which 

the thermistor was placed. As backfilling 

progressed, the material was compacted 

by tram piing with the feet in three- or 

four-inch increments. This compacting 

proved effective since all material taken 

out during excavation was returned with

out an excess; slumping after three years 

was not more than one to two inches. 

Temperatures were first read on Octo

ber 7, about 26 hours after installation. 

For the remainder of October, tempera

tures were read twice a week to deter
mine if opening the pit had caused a 

temporary disruption of the soil thermal 
regime. Apparently it had not because 

temperatures at depth remained constant 

until cold weather set in. Table 1 
presents data showing moisture content 
and two sets of temperature measure
ments. 

After October 1966, temperatures 

were measured weekly throughout the 
year, usually between the hours of 1200 

and 1300 every Monday. Temperatures 

were read for two fu II years and term i

nated on October 14, 1968, although 
the sensors were left in the ground. The 

switching box was removed and used on 
another project. 

On January 23, 1969, a set of readings 

was made by hand switching with a short 

section of wire through phone jacks. The 

reason for this set of readings was to 

compare soil temperatures after the se

vere winter of 1968-69 with those of the 

previous two years. Another set of 
readings was made on April 1 to deter

mine maximum depth of freezing after 
the severe winter and compare it with 
previous years. A final set of readings 
was taken on September 14, 1969, after 

TABLE 1 
DEPTH OF INSTALLATION, MOISTURE CONTENT 

AND INITIAL TEMPERATURE 

PROBE DEPTH 
NUMBER (INCHES) 

Air about 
4" above 

surface) 

2 2" (duff) 

3 6" 
4 12" 
5 18" 
6 24" 
7 30" 

8 36" 
9 48" 

10 60" 
11 72" 
12 84" 

%WATER AT 
INSTALLATION 

NA 

25.8 
7.5 
7.4 
6.3 
6.4 

6.3 

6.0 

6.1 

7.5 

9.2 
10.7 

which all thermistors were removed from 
the soil and the experiment terminated. 

RESULTS AND DISCUSSION 

Moisture content at the time of instal

lation was low and was near wilting point 
for this soil texture down to about four 

feet deep. The summer of 1966 was 
extremely dry with almost no rain from 

August 1 through the date of installation. 
Table 1 includes these data. After 

breakup in 1967, moisture from melting 
snow penetrated to 21 inches as noted in 

a post-hole near the temperature mea
suring site. 

Temperatures measured on October 
7 and 14 are also shown in Table 1. It 

will be noted that soil temperatures to a 
depth of 30 inches are gradually decreas

ing as ambient temperatures decline. Be

low 30 inches, temperatures at both 
dates were identical and form the basis 

for the earlier statement that opening the 
pit caused a minimal disturbance of the 
temperature regime. 

Subsequent data for a two years' 

record are presented in Figures 2 and 3 

with some selected data presented in 
Figure 4. Temperatures at each depth 
were averaged monthly and grouped by 

six-month intervals. Group A represents 

a cooling trend in fall from October, 

when deep horizons are at maximum 
temperatures, through March, when these 

horizons are nearly at their coldest. 

TEMPERATURE, °C 
26 HOURS AFTER 8 DAYS AFTER 

INSTALLATION INSTALLATION 

+5.5 +2.5 

+3.5 +2.5 
+4.5 +3.0 
+5.5 +4.0 
+5.5 +4.0 
+5.5 +4.5 
+5.5 +5.0 
+5.0 +5.0 
+5.0 +5.0 
+4.5 +4.0 
+4.0 +4.0 
+4.0 +4.0 

Group B represents the six months of 
warming of deep horizons from April 

to September when these horizons are 
gaining heat through the summer. 

Although the graphs are self-explana

tory for the most part, several interesting 
points will be discussed briefly. The most 

rapid cooling is from October to Novem

ber for the entire profile; this trend held 

for both years as shown by A in Figures 

2 and 3. However, total cooling was 

much less in 1967-68 than for 1966-67 
because the winter of 1967 was milder 

than normal (see Table 2). By November 

1966 the soil had frozen to a depth of 

two and a half feet. From November 
through the cooling phase, cooling pro

gressed slowly until February, when final 
depth of freezing reached five feet. It 

appears that the entire profile cools and 
warms as a unit with different portions 
responding at different rates; i.e., the 
amplitude decreases with depth. During 
the mild winter of 1967 total depth of 
freezing was only two and a half inches 
and was reached by February, the same 

month as for the previous year, which 
was near normal; depth of freezing after 

the severe winter of 1968-69 was six feet. 
Warming curves are almost mirror 

images of the cooling curves with maxi
mum warming occurring in the interval 
from May to August. Part "B" of 

Figure 2 shows that the entire profile 
was just at freezing by May and above 
freezing by June. From June until 



TABLE 2 

TEMPERATURE--MONTHLY AVERAGE AND DEPARTURE FROM NORMAL 

IN CELSIUS DEGREES 

WINTERS OCT. NOV. 

1966-67 Avg: -4.6°C -17.3°C 
Dep: -1.1 co -1.8 C0 

1967-68 Avg: -3.9°C -12.4°C 
Dep: -0.8 C0 +3.1 co 

1968-69 Avg: -5.4°C -16.3°C 
Dep: -2.3°C -0.9 C0 

September the deeper horizons continue 
to warm although surface horizons (0-36 

inches) start to cool with the onset of 
fall weather and shorter days. Similar 

trends are shown by "B" of Figure 3 for 

1968 with the depth of freezing much 

less. In 1968, the deep horizons reached 
a slightly higher temperature than for the 
previous year, 5.5° as opposed to 4°C. 

In 1968 the maximum temperature at 
seven feet reached 5°C even though the 
minimum at this depth on October 1968 
was 1.5°C. 

DEC. JAN. FEB. .MAR. 

-28.7°C -26.0°C -21.4°C -12.2°C 
-6.8 C0 -2.3 C0 -2.2 C0 +0.5 C0 

-18.5°C -23.7°C -20.4°C -10.6°C 
+3.4 C0 +0.1 co -1.2 C0 +2.1 co 

-27.3°C -32.3°C -21.6°C -12.0°C 
-5.5 C0 -8.5 C0 -2.4 C0 +0.7 C0 

as being +1, +6, and +4 degrees above 

normal and rainfall for the same period 
as being +0.1, +1, and -1 inches from 
normal. However, winter temperatures 

were considerably below normal. A 

record for prolonged cold temperatures 

was set for the period from about Christ

mas 1968 to near the middle of January 

1969. Temperature for January 1969 

showed a -8.5C0 departure from normal 
because of this prolonged cold snap. 
Despite the varying seasonal temperatures 

throughout the year, the final tempera-

tures near October 1 are close. The curve 

for September 1969 will probably move 

close to the October curve as plotted, 

since at the one-foot depth on 1968, the 

temperature was 10°C, yet by October 
it had dropped to 5°C. 

Part "B" of Figure 4 depicts minimum 
soil temperatures following three winters 
with varying weather. Again, as for 

maximums, the final temperatures are 
close, although they do follow trends 
established by the nature of the previous 

winters. Thus, temperatures after a 

mild winter are higher than those follow
ing a severe winter. It is interesting that 

warming commences as cold weather 
ends, as indicated by the curves for 

January 23 and April 1, 1969, even 
though a snow cover remains. 

It should be pointed out that these 

measurements were made under undis
turbed conditions in birch and aspen 

forest. If the forest is removed, the shape 

of curves and depth of freezing will be 
different. If a measuring site is disturbed 

by trampling or other traffic, the depth 
of freezing will increase. 

Based on the first year's data, a waste 

disposal system was installed for a new 

Figure 4 presents soil temperatures at 
times of the seasons when maximum 
warming had occurred, shown in "A," 
and at maximum cooling shown in "B." 
In "A," curves for three years show that 
temperatures for all horizons are only a 
degree or so apart even though individual 
years had widely different climatic condi
tions. 1966 was very dry with average 
summer and winter temperatures. Ac
cumulated snowfall during 1966-67 
reached about 26 inches on April 3 with 
about 16 inches on the ground by No
vember 2, so insulation was present 
during cold weather. The summer of 
1967 was much wetter than normal. 
Weather Bureau records show the com

bined rainfall for July and August was 
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FIGURE 3. Temperature cooling curves for 1967-68 (A) and warming curves for 1968 (B). 

home built in 1967. This system consists 
of a steel septic tank followed by a con
crete block leaching pit. Both of these 

structures were buried deep enough so 
that the top was at least four feet deep. 
During an average winter such as that of 
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FIGURE 4. (A) Maximum soil temperature at the onset of cooling in autumn, (B) Minimum soil 

temperature at the end of cooling cycle. 

1966-67, it was January before the soil 
was frozen to four feet and the minimum 
reached at this depth for the three win

ters was only -1°C. Moreover, heat in 
wastewater is sufficient to add to a heat 
sink build-up throughout the year and 
helps prevent freezing to greater depths. 

The system referred to earlier has func
tioned satisfactorily for five winters, one 
of which (1968-69) was abnormally cold. 
Although the forest had to be removed 
during construction, the area overlying 
the septic tank and leaching pit is not 
disturbed during the winter to minimize 
loss of heat caused by trampled snow. 

CONCLUSIONS 

Depth of freezing of silty soils on a 
forested site near Fairbanks, not under
lain by permafrost, ranged from two and 

a half feet for a mild winter to six feet 
for a severe one. These depths were for 
undisturbed forest; disturbance will in
crease the depth of freezing and severe 
trampling of snow may cause much 
deeper frost penetration. 

The entire profile cools and warms 
as a unit, but different portions do not 
react at the same rate; the amplitude of 
change decreases with depth. Maximum 
temperature measured at seven feet was 
5.5°C and the minimum was 0.5°C. 
At the one foot depth the coldest tem
perature measured was 4°C below freez
ing and the warmest was 12.5°C. 

A domestic waste disposal system, in
stalled with its uppermost surface at a 
depth of four feet, functioned satisfac
torily during a severe winter. Such a 
depth of installation is deemed satisfac
tory if the site remains undisturbed dur
ing the winter season. Deviation from 
conditions described in this study such 
as presence of permafrost, traffic over 
the disposal system, texture of the soil, 
and soil moisture at the site, will cause 
significant differences in depth and time 
of freezing as reported here. 

An additional precaution is that the 
slopes on which these measurements were 
made are generally 11-13.8C0 warmer 
during severe cold than are the nearby_ 
lowlands. As cold snaps persist, a strong 
inversion develops over the lowlands and 
slopes a few hundred feet higher in eleva
tion become warmer. Therefore, data for 
depth of freezing from slope sites should 
not be extrapolated directly to ViJIIey 
stations. * 



The model basin after a test run in level ice. 

Wartsila Ice breaking Model Basin 

The Wartsila lcebreaking Model Basin 
laboratory was built in 1969 in connec
tion with an icebreaking tanker design 

for Esso International. Tests have been 
made for both the shipyard's domestic 

purposes and customers in Finland and 

abroad. When built, the laboratory had 

the largest basin for the testing of ice

breaking capabilities in model scale. The 
objective of the work in the laboratory 

is to simulate all possible existing ice 
conditions and to test ship models under 
these conditions. Thus the work is 

concentrated on practical questions and 
not on fundamental investigations which 

By Eero Makinen 

belong to the work of universities and 
other institutions of pub I ic ownership. 
However, since this kind of testing work 

is of a very recent date, many problems 

necessary to solve were faced before the 
practical testing could be started; thus 
the WIMB has performed some funda

mental research as well. 
Most tests have been resistance tests in 

uniform level ice. This kind of ice is the 
easiest to simulate in a laboratory. Still, 
there are many other important ice con
ditions in which ships run. Various 
types of special tests have been per
formed to determine a ship's ability to 

maneuver in level ice and out of a 

broken channel, of its resistance in ice 
ridges and in a broken channel, and of 
its ability in starting (releasing) and 

backing (extraction from an ice field 
or from a ridge). Other tests to 

investigate the effect of bow screws 
both in level ice and in ice ridges and to 

determine the influence of the "Wartsila 

Air Bubbling System" on the icebreak

ing resistance of a ship have also been 

Eero Makinen is a Naval Architect and is the 
head of the lcebreaking Model Basin Depart
ment (WIMB), Oy Wartsila Ab Helsinki Ship

yard, Helsinki, Finland. 
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carried out. 

Tests of ships in level ice fields and 

ridges under external pressure are being 

planned. In the future, the work will be 
extended to cover the measurement of 
the ice pressure on the hull of the 

model. Technical data of the tank and 
instrumentation include: 

-·basin length 50 m (ice basin 39 m) 

--basin beam 4.8 m 

--water depth 1. 15 m 

--salinity of water 10-20 °100 (depend· 

ing on the desired properties of ice) 

·-freezing cycle, one ice cover per day 
--normal ice thickness range 12-60 mm 

·-ice strength from 0.2 · 105 N/m2 

up, will be determined depending 

on model scale and the desired full 
scale conditions. (The strength of 
natural ice is different in different 
sea and lake areas.) 

--measured values during tests: towing 
force, model speed, accelerations, 
pitch, propeller revolutions when 
testing self-propelled models, and 
rudder angle in steering tests. 

--daily ice measurements: ice thick
ness at 0.5 m intervals, ice strength 
and elasticity from 12 cantilever 
beams, ice salinity 

-·measurements recorded on paper by 

a 25-channel UV-recorder 
··model scales from 1 :5 to 1 :50 have 

been used 

--ship models of glass-fibre-reinforced 
plastics 

··tank equipped with watertight win· 

dows for underwater observation 

In one year about 230 ice fields can 
be frozen and broken. Since a "com· 
plete" testing of one hull form in level 
ice (three ice thicknesses, speed range 
0-6 ( 12) kn, one draft value) takes about 
15 workdays, only about 15 models can 
be tested in a year. Compared to the 
work in laboratories for open water re· 

sistance tests, the work in an icebreaking 
laboratory is time-consuming and very 
expensive. 

The high salinity of ice used in the 
WIMB will lead to an ice strength value 

which is correct to scale but will not 

lead to a correct elastic modulus value. 

The most important thing is that the 

form and size of the broken ice pieces 

correspond to those in full scale. This 

was not the fact in model ice simulated 

by paraffine wax and other artificial rna· 

terials used earlier in some laboratories. 

However, the incorrect property of 

the elastic modulus of the model ice in 
the WIMB means that the ice resistance 

component due to breaking the ice has 
to be handled separately when calcula· 

pleted. Resistance tests in level ice and 

steering tests were performed on the 

Esso arctic tanker designs and the exist· 

ing tanker S/S Manhattan. Tests for the 

calibration of the analyzing method for 

resistance in level ice were done on 
three ships: the ro-ro ferry M/S Finn-

A model running in level ice with constant speed. 

ting a ship's ice resistance in full scale 

based on model tests. In 1971, after a 
great amount of ice strength tests in 
model as well as full scale ice (mainly 

in the Gulf of Finland) and after an 
investigation of the theory of breaking 

ice cusps and cantilever beams in situ, a 

method was developed to take the dif· 

ference in elastic modulus into account 
when analyzing the test results. The 

fact that a reliable full scale prediction 

can be made requires, of course, that 

several ships of different types have been 
tested both in full scale and model 

scale. This demand has been necessary 
for making the prediction for open water 

resistance, too, although (due to a more 
complicated process) this has been more 

important for ice resistance predictions. 
To sum up, it can be said that rela· 

tively reliable full-scale predictions can 
be made for ships' movements in "sim· 

pie" ice conditions such as level ice and 

broken channels, while the prediction 

of full scale resistance in ridges will' re· 
quire additional research work. 

During a period of almost three years, 
various model test series have been com· 

carrier, the polar icebreaker 1/B Vlad· 

ivostok, and the icebreaking tug M/S 
Jelppari (owned by the shipyard). Model 

tests were run for bow shape, rudder 

arrangement, and form of the forward 
propeller bossings on the Urho·class ice· 
breakers as four ships of this class will 

be completed by the Helsinki Shipyard 
of Wartsila in 1974-76. The first ice 
resistance test series with systematically 
varying parameters (level ice, broken 
channels, and steering) were performed 
on nine hulls of bulk carriers for the 

Great Lakes ordered by the United States 
Maritime Administration. Tests in level 
ice were run on three hulls of arctic 

ships for the EOS-study by the German 
shipyard A. G. Weser and two hulls for 
Imperial Oil of Canada; tests in level 
ice and in ridges--both with and without 
WABS (Wartsila Air Bubbling System)·

were performed on a LNG-tanker design 
for the Finnish company Neste. 

As mentioned above, it is necessary to 

know the correlation between the model 

scale and full scale measurements even if 

the properties of natural and model ice 
are completely to scale. 

All ships built by the Helsinki ship-



Testing of cantilever beams in sea ice. Sawing of cantilever beams for an ice strength test in the laboratory. 

yard of Wartsila for navigating in ice The knowledge of the mechanical The ice model tank has emerged as a 

conditions have been tested in Baltic ice 

before completion. In addition, some 
icebreakers have been tested after some 

years of use. A group of WIMB
personnel participated in the first trial of 

the S/S Manhattan through the North
west Passage in 1969 as technical con
sultants and in the same year in the 

trial of the 1/B Murmansk (22 000 SHP 
polar icebreaker built by Wartsila). All 
these full scale tests have been extremely 
important for the WIMB work. 

properties of full scale ice is naturally 
very important. During the trials with 
ships built by the shipyard, the ice 

thickness, strength ·and snow cover have 

been measured along the broken path. 
In addition to this, two expeditions 

have been launched in 1970 and 1971 
to investigate ice strength and elasticity 
by breaking about 4 m long cantilever 

beams in situ. This work has been done 

jointly with the Institution of Marine 

Research in Helsinki. 

MS Finncarrier during a trial in the Gulf of Finland. 

useful tool for the design of icebreakers 

and icegoing ships. The calibration of 

the tank facility by using the results of 

numerous full scale tests has been suc
cessful. Further work is necessary for 

the modeling of ice ridges and icefields 
under pressure, and this work is under

way at the WIMB. 
One of the main advantages of the 

ice model tank is that innovations and 
improvements may be tested almost im

mediately and not, as before, after the 

time it takes to build a full scale ship. • 

The Northern Engineer 



THE IDEAL ARCTIC HOUSE -11 
Wa lis, Windows ,Doors & Floors 

(This is the third of a series by Dr. Rice 
on building in the North. The prior 
articles, "Permafrost-Its Care & Feed
ing" and "Northern Construction: Siting 
& Foundations, " appeared in the North

ern Engineer in Winter 1972 and Spring 
1973. ) 

INTRODUCTION 

What makes a dwelling "ideal"? 

A tr icky problem that sometimes be
devils the arctic designer is to determine 

what constitutes a proper house. For 

many people the "ideal dwelling" is 
identical to whatever is the fashion 
"stateside": if this means Ranch-Style

with-Sliding-Glass-Patio-Walls, so be it. 
If it means New-England-Salt-Box, that 
too can be done. Believe it or not, there 
are colonnaded Southern Colonial man

sions in Anchorage and Fairbanks. 

For me, an ideal house is one that 
combines convenience, comfort, and 

economy. To attain these also requires 

that a house must be in close harmony 

with the terrain and climate while doing 
no serious violence to the prior habits of 

its occupants. To provide such a struc

ture should lead to an indigenous Arctic 

Archite~ture, a style which does not exist 
just yet . Nor am I prepared to invent it. 

I can, however, point to some of the 
characteristics that must surely distin

guish the arctic architecture of the future, 
and the following comments are intended 

to be both practical and prophetic. For it 
it my belief that when the principles of 
handling the arctic environment are ap
parent, the Arctic Architecture will e
volve, limited in its beauty, quality, and 
individuality only by the genius of its 
architects and engineers. 

Ecce Igloo 

Consider the igloo, the famous snow 
house of the Canadian Archipelago. 1 It 

By Eb Rice 

would hardly meet the conditions of 

comfort, convenience, and durability re

quired of a permanent dwelling. But it 

does have some features, derived from the 

harsh climate, that could well be imitated 
by the modern engineer or architect. Its 
shape-a hemisphere-not only is struc-

turally perfect for the I ight, weak mater

ial used in its initial construction, but 
also has a minimum ratio of surface area 

to volume. This is exactly what is needed 
to conserve heat. 

Not only that, but its masonry-type 
construction requires no falsework; the 

FIGURE 1. In Spring a Young Man's Fancy . .. The snow for this house had to be " wind-packed" 
artifically . There is no arctic-type wind for the job in Fairbanks. Even so, it is strong 
and student Bill Kneeland, the builder, is triumphant. (Photo by Stu Rothman) 

Th e hemispherical igloo of snow biocks, far from being ubiquitous among Eskimo 
people, was unknown in Alaska, Siberia and Greenland. It was common only 
among the few nomadic Eskimos of the Canadian north. Of course, in Eskimo, 

Dr. Rice is a Professor of Civil Engineering at 
the University of Alaska, Fairbanks, and does 
consulting work in both City and Regional 
Planning and in Arctic Engineering. 

"igloo " merely means "house. " 



whole dome can be completed by a sealed entrance. Controlling the vent 

practiced builder in less than an hour. therefore controls not only the tempera-

Furthermore, within an hour or so of its ture but also the ventilation, minimizing 

completion, a snow house will sinter to a both drafts and heat loss. 2 

solid monolith under the combined in- The snow house can teach us several 

fluence of warmth and time until it is things that can be usefully incorporated 

strong enough to qualify as a small fort

ress against both bears and storms 

(Figure 1). 

A plan and elevation of a typical igloo 

are shown in Figure 2. Several points 

should be noted: Entry is through a 

"cold trap" which contains still, cold air 

beneath the bubble of trapped warmth. 

A mere curtain of hide is sufficient to 

ensure that the interior climate is not 

greatly affected by the outside cold. The 

entry is placed to avoid drifting and to 

prevent the intrusion of the direct force 

of the wind. To accommodate changes 
in wind direction, snowblock tunnels or 

walls may be appended to the house. 

The "basement" through which one 

enters is also the quarry from which the 

snow for the house was taken. This pro

cedure wastes very little snow or handling 

time. But the true living quarters are on 

the benches-the original snow surfaces 

which are now elevated above the level of 

the "basement floor." These benches 

constitute the cooking and the sleeping 

places and are where most human activity 

takes place inside the dwelling. The 

basement floor is the deep-freeze, and 
serves not only for storage but also to 

' keep food waste and other debris from 

being offensive. 

into the design of the ideal arctic house. 

To wit: 

1. The trapped air bubble. When 

entrances are below floor level, 

comings and goings do not cause 

drafts or a chanqe in indoor eli-

mate.3 

2. The controlled Fent. Totally with

out auxiliary power, astutely lo

cated vents control air circulation 

to remove unwanted heat and stale 

air. 

3. The favorable surface-to-volume
ratio. Minimizing the area exposed 

to the weather conserves heat and 

materials, both of which can be 

hard to come by in the North. 

Since the snow house is so efficient as 

a heat trap, there is some danger-even in 

midwinter-that the heat of the occu

pants, plus that of cooking, could cause 

melting and eventual destruction. This is 

controlled by placing a vent hole near the 

top of the igloo. The vent can be closed 
at will by stuffing it with cloth or scraps 

of fur. Hot air can emerge through this 

hole, to be replaced by a gentle flow of 

fresh, cold air through the incompletely FIGURE 2. The Snow House. Snow houses have a lot of factors going for them .... 

2 For long-term occupance, some snow house users install a wood "chimney" as the air vent so that emerging warm air will not 
melt and enlarge the hole. 

3 To use a contemporary illustration, entrance to the Boeing 737 Jetliner is through the side of the aircraft. In winter when the 
door is opened, the stewardesses don their bulky arctic garb, for the cabin's warm air rushes out to be replaced by cold. In con
trast, the Boeing 727 is entered through the floor. Even when the door must remain open for a long time, cabin heat is retained 
and the stewardesses may greet their oncoming passengers in miniskirted comfort. This is true conservation of heat and pulchri
tude. 
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4. The adaptable entrance. An en-

trance so arranged that it can be 

easily adapted to varying wind con

ditions is a blessing fully appre

ciated only by those who have 

experienced awkward entries in 
windy country. 

5. Material resistant to heat .flow. The 

snow house, because it has so many 

things going for it (trapped heat, 

low surface area, controlled ventila

tion, ingenious doorway), can get 

so warm from the heat of.its occu

pants that it might begin to melt. 

In fact, snow is such a good insula

tor that Eskimos must sometimes 

shave off part of the outside walls 

of the igloo so that it can keep cool. 

Modern houses, however, are un

likely to encounter the "too-warm" 

syndrome. This is partly because 

insulation costs money, but mostly 

because they are uncrowded; the 

occupants' heat production is not 

significant. The point is, heat can 
be conserved, through wise use of 
insulation. 

INSULATION 

Everyone knows insulation is 
important, but ... 

Myths surrounding insulation are wide
spread, frequently erroneous, and totally 
unnecessary: there is plenty of true 

information available to protect the pru

dent builder from wrong ideas. Yet I en

counter daily the wildest ideas about 

how much insulation is "right," about 

what is the best kind of insulation, about 
what is the best buy, and so ... 

How much insulation is too much? 

The answer to that question is more 

economic than technical. It depends on 

J 
j 

0 

FIGURE 3. How Insulation Affects Annual Cost. Once you've found the "low spot," you're 

close enough. A little thinner or a lot thicker doesn't change the annual cost much, 

for near the low spot what you save for fuel you spend for insu I at ion and vice versa. 

could maintain even a tent at a habitable 

temperature in the coldest weather. But 

it wouldn't be comfortable. The walls 

would be frigid and frosted, and the 

inhabitants would find it difficult to keep 

things warm and unfrozen. Besides, the 

air would be highly stratified: too warm 

at the top, freezing at the bottom, and 

comfortable nowhere. So it is a fact that, 

regardless of cost, there is a minimum 
thickness of insulation needed for the 

sake of comfort. This irreducible mini

mum may turn out to be too costly. In 

cold regions it is usually cheaper in the 

long run to use thicker-than-minimum 

insulation: a person can save more money 

in fuel costs than he would spend for the 

flow through it. Adding some insulation 

would cost more, but it would save some 

heat. If the value of heat saved exceeds 

the minimum attractive rate of return on 

the invested capital, re-calculate using 

some additional insulation, and so on 

until the return on the investment in 

insulation is no longer attractive. 

Another common way is to compare 

annual costs for various thicknesses. 

cost: cost of insulation, cost of con- extra thickness. 

Annual cost of heating is made up of 

the cost of fuel plus operation and main

tenance of the heating system. Annual 

cost of a capital inFestment is figured by 

multiplying the in-place cost of the insu

lation in a wall by a "capital recovery 

factor," (crf). This capital recovery 

factor is available from any financial 

handbook, and it accounts for the rental 

value of money (interest) as well as the 

expected life of the structure. It yields 

the amount calculated to pay the interest 

on the invested money plus enough more 

to pay off the investment at the end of 

the life of the facility. 4 

struction, cost of heating, cost of money. 

But it also depends on climate and on 
comfort. Provided that ventilation is 

adequate, a person can't have too much 

insulation: more is always better, if he 
doesn't go broke. 

Having too little insulation can be 

bad. If fuel and furnaces were free, one 

How to tell when the thickness 
is right 

Calculating the "best thickness" can 

be done in two ways. One way is to 

start with a wall design, evaluate the cost, 

and calculate the annual cost of heat With the graph (Figure 3) in mind, 

4 Some people fall into the trap of thinking that if they already own the money, and do not have to borrow, the interest rate 
should be zero. Not so: that mone.v could have been invested elsewhere than in insulation, and it could have yielded income. 
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some fundamental truths can be observed. 
Foremost, it shows that there is a "low
est point"-a "correct thickness" of in
sulation where the annual cost is least. 
Much more insulation than this, and a 
homebuilder would be paying too much 
for capital: much less than this and he'd 

for any time, to calculate what is the 
best (cheapest annual cost) insulation 
thickness for any particular installation. 

be paying too much for fuel. The low 
spot represents the happy balance that 
ensures the lowest annual cost over the 

life of the structure. 

Having plotted such a graph for a 
particular project with appropriate fuel 
costs, life, interest rate, and so on, a 
builder can not only tell what the proper 
insulation is, all things remaining equal, 
but he can also do some pretty effective 
prophesying about "what if's." 

What if, for instance, he's expecting 
prices to rise, generally. Should be select 
insulation thinner, thicker, or just the 
same as the graph indicates? The answer 
is simple once he knows how the graph 
was contrived: he'd select thicker insula
tion to take advantage both of today's 
low (?) prices and the expected higher 
prices for fuel in the future. What if he 
expects that the life of the structure will 
be shorter than that originally figured? 
(Perhaps he's thinking of a heated struc
ture for a four year construction job, and 
the structure must be removed at the 
end of it.) In that case, fuel prices are less 
likely to change much over the life of the 
structure, and the capital changes for 
depreciation are very high. In such a 
case, a thinner insulation would be 

chosen. 
Suppose he is a speculative builder, 

and wishes to sell his house cheaply and 
quickly to serve a need and turn a profit. 
What then should be choose? I'd say 
he should choose what's best for his cus
tomer-and make sure the customer 
knows he will have the optimum thick
ness. Only a person who's persuaded 
that he is getting by for the least annual 
cost can be expected to pay a higher 
initial price. (A speculative builder should 
perhaps apply this consumer principle to 
his selection of all design alternatives.) 

Moral: It is possible, for any location, 

Naturally, the "best" could conceiv
ably turn out to be a thickness not com
mercially available. The graph demon
strates that it doesn't make much dif
ference in annual cost to change to a 
standard thickness-it usually happens 
that it is best to choose thicker, rather 
than thinner, insulation than the ideal 
optimum. By selecting "on the thick 
side" of the optimum thickness, the 
situation is improved with regard to: ( 1) 
comfort, (2) slow cool-down time after 
malfunction, (3) conservation of fuel, and 
(4) hedging against inflation. 

What kind of insulation? 

The available kinds of insulation in
clude the "mass insulations" which are 
bars to the conduction of heat, and 
"reflective insulations" which fight radia
tive heat loss. The mass insulations in 
practice may be categorized as fibers or 
foams. Fiber insulations are made of 
mineral or organic "wool," and the foam 
insulations are made from glass or plastic, 
foamed with a gaseous agent to a pre

selected density. 
For all kinds of mass insulation, the 

resistance to heat flow decreases as den
sity increases, to a point. That is, the 
lighter the better. Most insulations useful 
in construction have about the same con
ductivity. [Conductivity is reciprocal to 
resistivity and is close to 0.25 BTU (in) 
per (hour)(ft2)(F 0

). Soon we will be 
using Sl ( Systeme International ) units 
which will express conductivity in terms 
of (cal) per (em) (sec) (C0

) .] Unfor
tunately, structural strength of rigid 
foams is also related to density, but con
versely, so that sometimes one has to 
decide whether to choose a good insula
tor which is weak or a poor insulator 
which is strong. In general, however, 
insulation is not self-supporting and does 
not need to be strong, so the lightest 
insulation that will hold together will do 

the job. 

Foams, usually of glass, polystyrene, 
or polyurethane, are unsurpassed for cer
tain jobs. Certainly there are no insula
tions so useful in contactwith the ground 
as those made of polystyrene, none so 
resistant to chemical attack and high 
temperatures as framed glass, and nothing 
comparable to polyurethane for foam-in
place versatility. The thing to watch for 
in foams is their cost, their toxicity when 
burned, and their saturability. Yet for 
industrial work of many kinds, foams 
are unexcelled and their use as insulation 

is sensible and increasing. 
For wood-frame dwelling-house con· 

struction, however, fibrous glass insula
tion is the thing to use. Why? Because it 
uses only space available within the walls 
or joists, because it is far cheaper than 
an equivalent insulator of any other 
type, and because it is not smoky nor 

toxic when heated. 
While a number of people, including 

some dealers of building materials, be
lieve that foamed plastic is superior to 
fibrous glass as insulation. Apparently 
this opinion comes from years of exper
ience in a world where "you get what 
you pay for." And foamed plastic insu
lation costs, alas, four to five times as 
much as its thermal equivalent in fibrous 
insulation. Yet its thermal resistance is 
only slightly better. So, in home con
struCtion, foamed plastic should be used 
only where the cheaper fibrous mats will 
not work at all-such as underground or 

in damp places. 5 

From a practical point of view, fibrous 
insulation is the heavy-duty material to 
use above ground. It's by far the cheap
est (in frame construction, especially) 
and very handy to install. Some fibrous 
insulations are marketed with a reflective 
foil backing on a thick waterproof paper 
membrane. An arctic builder would be 
wise to avoid these. Such insulation was 
designed to be used at lower latitudes 

where the optimum thickness is smaller 
than the usual space within a frame wa11.

6 

In the Arctic one does not need foil
backed insulation because ( 1) there is no 
advantage to the foil. Foil needs to have 

5 The foamed-in-place urethanes have an additional characteristic: they are foamed with a heavy gas, which gives them phenomen
al resistance to the passage of heat. When hermetically sealed, this resistance lasts a long time. Out in the open, though, or at low 
temperatures, most urethanes revert to about the same thermal resistance as polystyrene foam or glass fibers. 

6 I'd be willing to use reflective insulation-multiple layers of foil-as insulation under a floor even in the Arctic. But not, at 

present, in walls and roofs. Reflective insulation is perfect, however, for space vehicles. 
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a space to "reflect into," and the designer 
of arctic houses will always choose to 

completely fill the wall with insulation 
because it is a better thermal barrier in a 
wall than air space even if one side of it 
is aluminum foil. And (2) the vapor seal 
inherent in foil-backed insulation is il

lusory and inadequate for a long, cold 

winter (although quite satisfactory for 
"stateside" applications). So the practical 

thing to do is to use thick "friction fit" 
batts of insulation which do not need 
any fasteners other than components of 
the wall itself. Friction fit is cheaper to 

buy and cheaper to install. In a few 
hours, a child could insulate a whole 

house with "friction fit" batts, though it 

would require days for a trained carpen
ter, working hard, to install the house 
with equivalent foil-backed insulation 
rolls. In either case, a large vapor-proof 
blanket will be required on the warm 

side to avoid the buildup of water (ice) 
in the wall. 

The optimum thickness for wall insu
lation in Alaskan houses at today's prices 
(1973), figuring about 8 per cent interest 
rates on home loans, usually comes to 
six or eight inches-considerably thicker 
than is commonly found. Much fuel and 
money is wasted because the walls are too 
thin for best economy over the years. For 
roofs and ceilings, the gap between prac
tice and calculation is even wider. Ceiling 
insulation thickness should approach 12 
or 15 inches of fiber. Often one finds 
less than half these amounts. The "best" 

ceiling thickness is greater than for walls, 

of course, because ceilings can usually be 
insulated merely by laying more insula
tion in space that is already available, so 
that for minimum cost one can get maxi
mum results. Walls, by contrast, have to 
be built thick from the start to accom

modate the desired insulation. That can 
be expensive in both material and floor 
space. Hence the difference between the 
"best thickness" for ceilings and that for 
walls. 

Floors, on the other hand, have a lot 
going for them: the external films of 
adsorbed air that augment the thermal 
resistance of insulation are at their best 
when heat flow is down, and the insula
tion itself is somewhat better in resisting 

downward heat flow. Also, air at floor 
level tends to be somewhat cooler than 
air near ceilings and walls, so there is a 
smaller thermal gradient. When one com-
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bines these factors with the large spaces 

available between floor joists, one can 
see that insulating floors can be especially 
simple. Six to 10 inches in elevated 
floors proves to be about right, and if the 

floor should still seem uncomfortably 
cool, a carpet can disguise the fact. 

If foam insulation is used, much thin
ner values are found to be optimum. This 
is not because foam is superior to fiber. 
Rather, it's the other way around: it is 
because foam insulation costs so much 
more than fiber; therefore, one can bet
ter afford to buy fuel than to purchase 
greater thicknesses of that expensive ma
terial. The cheapest in-place costs of 
foamed plastic approach 30 to 40 cents 

per board foot (a board foot, or "foot, 
board measure," FBM, is one square 

foot, one inch thick) as contrasted to 
five or six cents per FM B for common 
glass-fiber insulation, so naturally home 

owners buy foam chiefly for those areas 
where fibers won't work well-against 
the ground. 

Other insulations are sometimes tried: 
granulated cork, popcorn-like expanded 
minerals, sawdust, "reindeer moss," and 
others. When these are the only things 
available, they are fine. And some of the 
natural materials are plenty cheap. 

It is often better, though, to use IJlanu
factured insulation. It fits, it doesn't 
burn well, and it costs little compared to 
the cost of a house. Manufactured fibrous 
insulation is not very susceptible to water 

An Itchy Rodent. It's not unusual to open up 

one's cabin in the spring and find a veritable 

cornucopia of dried herbs and mushrooms 

neatly stored in the fiber glass insulation. Un

fortunately, this can occur in a home with year 

round occupancy as well: somehow squirrels 

especially seem to delight in caching their booty 
in such itchy places. 

damage, it won't settle or pack into the 
lower parts of a wall, and it won't rot. (I 
have, however, seen glass fiber insulation 
used as nests by some very itchy rodents.) 

VAPOR BARRIER 

Heat cannot be stopped from flowing; 
if a te!TJperature gradient exists, heat will 
flow from a warm place toward a cooler 
one. Insulation can only slow, not stop, 
the transfer of heat. In a curious analogy, 
water vapor also "flows" wherever a 
vapor-pressure gradient exists. Vapor 
pressure varies more or less directly with 
temperature; therefore, water vapor flows 
in the same direction as heat does, from 
warmer to colder areas, unless stopped by 
some impermeable barrier. If no barrier 
exists, water vapor continues to flow 
"toward the cold" until it encounters a 
plane where the wall is as cold as the dew 
point. There the moisture condenses. 
Since there is little opportunity to re
verse the vapor flow, the collected mois

ture remains indefinitely, and the wall 

and its insulating material become even 
more soaked. People new to this phenom
enon sometimes express surprise at find

ing the walls or ceilings full of ice. During 
occasional warm intervals in the arctic 
winter, some of the ice melts, and the 
meltwater runs into the house from a 

host of improbable places: I ighting fix
tures, window frames, baseboards. This 
unexpected appearance is usually attri
bute"d to a "leaky roof." The common 
cure is heroically to shovel the snow from 

the roof and break the ice from the 
eaves. The roof, now without its insulat
ing blanket of snow, gets cold. The re
maining water in the insulation re-freezes, 
the drip stops, and the problem is con
sidered cured until the next warm period, 
when it is typically discovered that there 
are real leaks this time-caused by the 
careless shovelmanship during the first 
go-around. It takes time and soul-search
ing to discover that the original problem 
was not external leaks at all, but internal 
ones. The vapor barrier is either faulty or 
missing, and the water is that which was 
initially evaporated from a hundred 
household sources. 

Two actions will cure this problem for 
all time: first, a builder must provide the 
best vapor barrier he can. This is usually 
a large sheet of polyethylene film. It's 
even better doubled, with joints lapped 



generously and taped with freezer tape 
or some other waterproof seal; it should 
not be punctured during the installation 

of electrical wiring. This barrier will 
always be toward the warmer side of an 
outer wall or ceiling, lying between the 
panels and the insulation they cover. 
Second, (and this is important) the home 
builder must recognize that the vapor 
barrier is imperfect and that some mois
ture will make its way through. Thus he 
should provide for the "venting" of all 
study spaces to the outside only, so that 
normal "breathing" of the wall (due to 
atmospheric pressure changes) will carry 
away the moisture. Again-( 1 l A good 
vapor barrier must be made on the warm 
side of the insulation. The "vapor-proof 
backing" on roll insulation is not enough 
for the Arctic. (2) The vapor barrier 
should be assumed to have some holes in 
it somewhere, and ventilation must be 
provided for the water trapped in the 
wall to escape to the outside. The water
in-the-wall syndrome will be cured if and 
only if these two things are done. 

DOORS 

Doors are necessary evils ... 

Sometimes the only ventilation in a 
dwelling is the air exchange of people 
going in or out. The syndrome is well 

· known: a cloud of vapor-rich warm air 
billows up and out from the open door, 
and a surf of frigid air washes across the 
floor and breaks upward at the opposite 
wall. This can be so annoying that people 
feel compelled to build "storm locks." 
This consists of a series of two doors 
which are meant to be opened only one at 

a time.7 

Further. doors tend to warp, bind 
frost-over and break. They tend to be 
torn from the hand in strong arctic winds 
and even wrenched from their building. 
This can cause consternation among the 
inhabitants, and gives rise to heated com

ment-possibly the only heat immediately 
available. Even if these major catas-

trophes are avoided, the crack along the 
hinge line may fill with hard-packed snow 
when the door is slightly ajar (jammed 
open, perhaps). Later, when the door is 
forcibly closed, the enormous leverage 
against the snow may crack the hinges or 

lock is vital. A storm lock should be 
straight-through for the passage of furni
ture and for seeing out on a still, sunny 
summer day. But it might also be given a 
spare door in another direction to avoid 
the possibility of entrapment by wind or 

ICE AND PACKED SNOW 

DOOR JAMB 

FIGURE 4. Enormous leverage breaks hinges or pulls the screws. 

pull the fasteners loose. In time, the door 

comes off. (See Figure 4). 
How does one avoid these problems? 

First, one should "trap the warm air 
bubble" by providing a house with entry 
from below. Where this is possible

8 
the 

presence of an open door is hardly 
noticeable, so there is no serious urgency 

if: that door is left open, it is warped, it 
is missing, etc., etc. Things can be taken 
slow and easy, and less spirited advice 
will be given the person attempting re
pair. The second way to avoid problems 
is to develop a door more like the ones on 
refrigerators. These close over, rather 
than within, the door jam. This would 
allow hinges to be all on one side of the 
wall, where they would not serve as 
frosty cold-conductors. And it would 
minimize the tendency for packed sn9w 
to prevent closure. Third, if entrance 
cannot be through the floor, the storm 

by snowdrifts. The entry hall can be 
used, and usually is, for a lot of other 
things too. If large enough, it can hold 
boots, parkas, food, guns, skis, and game. 
The heated quarters open only into a cool 
but windless area. Again, no immediate 
troubles erupt if the outer door blows 
open. The inside door, protected, is 

nearly immune to problems. 

ABOUT WINDOWS 

Windows are costly. To me, though, 
they are necessary, and I I ike to have 
them facing all four directions. The 
"best number of panes" may be figured 
in about the same manner as the "best 
thickness" of insulation. It turns out that 
in most of Alaska at present-day costs, 
three panes are cheaper than two, and 
four panes cost about the same as two 
panes, on an annual basis.9 The more 

1 Commercial structures commonly use revolving doors to avoid unwanted drafts in winter. Don't try this in snowdrift country! 

8 It is possible where the lower floor is a garage, workshop, or storage area and the upper floor the living quarters, or where there 

is enough space to walk beneath an elevated house. 

9 I'm figuring for ordinary window glass here, not the "insulating glass" that is so well advertised. It is very good (though no 

better than an equal number of panes of regular glass) and very expensive. 
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spaces the heat must pass through, the 
better the thermal resistance. Unfor
tunately, glass is so costly, even when 
you don't consider the high costs of 
breakage and washing, that the "most 

economical configuration" costs from 

seven to 10 times as much as an insulated 
wall, annually and forever. It should 

make a designer think twice before sen
tencing a client to the high cost of 
senseless windows. Especially is this 
true at high altitudes, where the low 
angle of the sun makes the illuminated 
window even less tolerable than in cli
mates where overhangs and foliage can 
offer partial shade. 

Yet, windows have their virtues. They 
allow people to see outside when there is 

daylight out there. They serve as emer
gency escape routes in case of fire or in 
case the doors are drifted shut. They 
seem to help relieve a feeling of claustro
phobia which may be a part of the wilder
ness winter's famous "cabin fever." 

For all these reasons, one should exam
ine carefully how windows should be 
placed, how large they should be, and of 
how many panes of glass. I suggest that 
in addition to being large enough to es
cape through, with enough panes to dis
courage frosting-over, windows should be 
so situated that both seated and standing 
people can see out. Windows need not
should not-reach either the ceiling or the 
floor. 

Of course, windows do tend to fog or 
frost over during the winter. There are 
many residents of the North whose view 
of the world is blocked from autumn 
until spring by frosted windows. This is 
almost always an unnecessary shame. 
Using well-understood technical consider
ations, one can contrive windows that do 
not frost-or at least not severely. It is a 
matter of having the inner pane sealed 
like a vapor barrier, together with a 
modest opportunity for the other spaces 
to breathe to the outside. Then the only 
condensation will be on the interior, ac
cessible, pane. This one can be kept 
clear either by keeping the humidity of 
the air low through careful ventilation, 
or by blowing a stream of air against the 
window. 

But, make no mistake about it: Large 
windows are far too costly and wasteful 
to be accepted without careful scrutiny. 
One must expect his money's worth when 
he plans windows. They are to see out of, 
to introduce light and air, to serve as 
emergency exits, and to provide a certain 
psychological comfort. If windows 
don't do these things, they are frivolous 
luxuries. 1 0 

CONCLUSION 

The Arctic is not familiar to the 
"ordinary designer who comes from "the 
outside." For example, arctic snow is not 
fluffy: it is usually so solidly wino
packed that those who walk on it leave 
no tracks. The winds that pack it can 
often be so strong that outward-opening 
doors can be snatched from the grasp and 
whirled into the months-long night
provided, that is, that the door is open
able and not totally blocked by concrete
hard drifts. "Southern" designers some
times fail to understand this sort of 
thing, so they routinely follow building 
codes that require doors to open "out." 

There are hundreds of similar exam
ples where the standard solution is in
adequate or even wrong for the Arctic. In 
this article we have tried to pick out a 
few. If these remarks should add momen
tum to a drive for an "Arctic Archi
tecture," I shall be delighted. 

For the next issue, we will concentrate 
on heating systems for homes. 
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FROSTBITE 
F also have a higher attack rate of 
freezing injury than do those people 
coming from colder climates. There 
appears to be an inverse relationship be
tween risk of freezing injury and educa
tion, in that those people with educa
tional levels above high school have a 
lower attack rate of freezing injury than 
do those with lower levels of academic 
achievement. Cigarette smoking and 
blood flow in the arms, legs, and the 
heart have been a matter dear to many 
physicians and other scientists. Earlier 
epidemiologic studies conducted in re
gions more temperate than central Alaska 
have made it clear that smoking did not 
rise as a factor of risk in freezing injury. 
In an epidemiologic study conducted in 
interior Alaska, however, it was apparent 
that smoking was a factor of risk and 
that while all smokers had a higher attack 
rate of freezing injury than did non
smokers, there seemed to be some dif
ference in the susceptibility to freezing 
between heavy smokers and light smo
kers. Those who smoked less than one 
package of cigarettes per day seemed to 
be at a greater risk than heavier smokers. 
This statistical observation would seem 
to fit with some experimental data which 
shows that the colder the environmental 
temperature, the greater impact of nico

tine on peripheral blood flow. 

By LTC William H. Doolittle, MC 

The opinions and assertions contained 
herein are the private views of the author 
and are not to be construed as official 
or as reflecting the views of the Depart
ment of the Army or Department of 

Defense. 

It is no big surprise to a resident of 
interior Alaska to hear of someone suf
fering frostbite or even death from 

"exposure." 

to survival of the cell and its function 
varies with the specific enzyme in ques
tion. Although there is little question 
that a relationship exists between tissue 
survival and the lowest tissue temperature 
and the total time frozen, this tempera
ture-time relationship does not seem to 
be the major determinant of survival. 

News reporting, being concerned with 
the immediate and interesting, never cap
tures the ·real tragedy of adjustment, 
months after the headlines, of an 18-year 
old boy with both lower extremities 
amputated because of frostbite, one hand 
missing and one hand barely functional. 
Cold injury can cause minor deformities 
of the hand, can increase cold sensitivity, 
or cause painful joint changes, but these 
are clinical problems that rarely come to 
the attention of the public. The actual 
incidence of freezing injury in a civilian 
population, although not known, is prob
ably quite small and only during periods 
of major military conflicts do the num
bers of cold injuries reach sufficient 
proportion to get appropriate research 

attention. 
The tragedy of tissue loss from freez

ing injury is more devastating because, 
unlike most crippling diseases, it is com

pletely preventable. 

CAUSES OF TISSUE LOSS IN 

FREEZING 
Although frostbite is far from a new 

clinical entity, the precise mechanism by 
which the freezing of tissue results in 
death of that tissue is not known. That 
frostbite involves the actual formation of 
ice in the tissues is well accepted. That 
the ice forms between the cells of a parti
cular tissue in most clinical freezing in
juries is equally well established. During 
cooling and subsequent formation of 

intercellular ice in a tissue, measurable 
changes occur in nerve function, osmolal
ity of tissue fluids, shape of cells, struc
tural relationships of proteins and the 
functional integrity of the enzyme sys
tems within the cell. The temperature 
dependence of enzyme systems essential 
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There is evidence to suggest that the 
changing concentrations of cellular fluid 
during the thawing period and an in
creased susceptibility to damage from 
these concentrations during rewarming 
(hysteresis) are more important deter
minants of tissue survival. In addition, 
promptly after thawing has occurred, 
there are variations in blood flow to the 
injured part. These variations are such 
that the nutritional blood flow to the 
cells through the tissue capillaries is 
obstructed; this results in the death of the 
cells. These two concepts have formed 
the basis for modern management of 
freezing injury and for experimental pro
grams designed to increase survival fol-

lowing frostbite. 

EPIDEMIOLOGIC FACTORS OF RISK 

Although it remains that cold injury 
is a one hundred per cent preventable 
injury, there are some factors of host risk 
that have been identified in epidemiologic 
studies (Schuman, 1953; Sumner, et al., 
In Press). Even without statistics sup

porting the fact, one would know on an 
intuitive basis that the greatest preventive 
against cold injury, aside from heat, is 
experience. All other factors of risk, 
however compel! ing the statistical ev i
dence of their dominance, must be 
weighed in light of the fact that preven
tion is possible and that experience in 
arctic environments is the major differen
tial between survival and injury. Too 
frequently, we are inclined to fix on 
these separate risk factors as being abso
lute and dictating total abstinence from 
cold exposure. Such, of course, is not the 
case. In all of the epidemiologic studies 
related to cold injury that have been 
done, the Negro appears to be at a higher 
risk than Caucasians. Individuals whose 
home of origin is in areas where the 
mean January temperature is above 35° 

25 

Although based on only 72 frostbite 
cases, there is some evidence to suggest 
blood type impacts as a risk factor in 
freezing injury. In a small group of 
Caucasian males compared to the United 
States and local controls, it appeared that 
those individuals with 0 type blood had a 
higher attack rate of freezing injury than 
one might expect based on the control 
distribution of 0 type blood Individuals 
with A type blood would appear to have 
a lower risk. The significance of this 
observation, if it is reconfirmed, is diffi
cult to assess. For the present, it is of 
interest only in that the distribution of 
A type blood seems higher in Alaskan 
Eskimos, Scandinavians, and Australian 
aborigines than in the United States 
average. This might lend some credence 
to the concept of genetic resistance to 
freezing injury if one were looking for 
such evidence. It would appear that age 

LTC William H. Doolittle, MC, is the Director 
of the Arctic Medical Research Laboratory, 
Alaska, Ft. Wainwright, Alaska. 
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and other disease processes, such as those 
affecting the heart and blood vessels, do 
not increase the risk of freezing injury 
although the number of cases analyzed 
for those factors has been sufficiently 
small that this may reflect more a natural 
selection than a variation in host risk. 

GRADES OF INJURY 

It has been customary over the years 
to grade freezing injury in the same 
fashion as burn injury, i.e., first, second, 
third, and fourth degree. Where such 
gradations have had use in scientific 
investigation, it must be realized that 
these gradings are exclusively retrospec· 
tive. That is, one can rarely be sure that 
a given injury is going to be second or 
third degree until the entire clinical 
course has run out. The ability to make 
clinical judgment early in the course of 
disease is just slightly over 50 percent or 
about the same as flipping a coin. Dis· 
tinguishing grades of injury, however, is 
more than just an academic exercise, 
since evaluation of any program of man
agement, in order to be valid, must 
compare results with that of therapeutic 
intervention in equally severe injuries. 
Consequently, a great deal of energy has 
been devoted to methods of distinguish
ing tissue-losing freezing injury from 
that of more benign, superficial freezing 
InJUry. Recent reports (Sumner, et al., 

September 1970, January 1970, June 

1971; Marshall, 1972) suggest that there 
is capability now for making this distinc
tion. It is occasionally possible on just 
clinical grounds to distinguish the most 
superficial from the most obviously se
vere or deep freezing injury and for 
purposes of management this would seem 
to be adequate. That is, the superficial 
injuries, those previously referred to as 
first and second degree, in which no 
tissue loss is expected in the absence of 
some complicating infection, can be 
treated conservatively without major in
tervention. Deeper injuries, however, 
which result in some tissue loss or major 
tissue loss including bone, require dedi
cated application of the most sophisti
cated management available. 

The observations on which the clinical 
distinction between degrees of injuries 
can be made are fairly simple, though 
not universal. For instance, after thaw
ing, a first degree injury is tender and 
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becomes red and warm. Sensation is 
intact. Second degree injury will fre
quently develop large blebs or blisters 
that are quite tense and will usually 
extend to the tips of the involved part. 
These blebs will develop within the first 
24-72 hours, and there will be no sensa
tion to light touch over them. One can, 
however, identify blood flow in these 
areas by special techniques and have the 
assurance then that the part wi II survive. 
In third degree injury (a deep injury) and 
in some fourth degree injuries, the part 
will remain dusky after thawing and 
those blisters which do develop are us
ually sparse, smaller, and frequently will 
show reddish-blue discoloration indicative 
of bleeding into the bleb. Sensation is 
lost over these parts. In the more 
severe fourth degree injuries there may be 
loss of volume of the part from the be
ginning of thawing over the next few 
days, indicative of absence of blood flow 
and inevitable loss of the tissue. Pain, 
when present in these more severe freez
ing injuries, is usually a deep discomfort 
and arises higher on the frozen part. 

There are complicating features of any 
freezing injury which can convert a rela
tively mild injury into a tissue-losing 
injury of some magnitude. Those injuries 
which arise from contact with metal are 
frequently more severe than either the 
duration of the exposure or the absolute 
temperature would indicate. A major 

risk for outdoorsmen and mountain 
climbers is the fact that tissue loss will 
invariably be greater if a frozen part is 
thawed and then frozen again. Such a 
circumstance will frequently arise when 
an individual freezes his foot during a 
day's activity in the cold and then thaws 
it that night, only to face the requirement 
of being reexposed and, because of the 
same inadequate protection, refrozen the 
following day. Tissue destruction under 
such circumstances is universally severe. 
Infection compounds the problem and 
increases tissue loss. 

TREATMENT 

As suggested earlier, the current con
cepts of mechanisms of tissue loss in 
freezing injury dictate that the rewarming 
of a frozen part be rapidly effected. In 
general this consists of immersing the 
frozen part in a water bath of a tempera
ture ranging from 100°-104° F for a time 
sufficient to bring about complete thaw-

ing. This usually means from 20 to 45 

minutes. During this time in superficial 
injuries, sensation will return and some 
discomfort may be associated with thaw
ing_ In all instances, the part is usually 
red after thawing and indicates some 
evidence of transient blood flow. In the 
more severe injuries, the blood flow 
following rewarming will diminish and 
subsequently disappear in those parts 
where tissue loss is inevitable. Treatment, 
from the point of thawing on, is basically 
aimed at preventing complication. This 
includes daily bathing of the affected 
part in a pHisohex whirlpool bath with 
early encouragement of exercise in the 
bath so that stiffness of joints and loss of 
function on a disuse basis does not occur. 
Injury of tissue, as in weight bearing on 
thawed feet or the use of the hands in 
even normal activities, will complicate the 
convalescence by increasing the likelihood 
of infection. Tissues that are compro
mised by freezing injury tolerate infec
tions poorly and every effort to avoid this 

complication is worthwhile. As in burns, 
the period of healing is prolonged and 
the balance between survival and loss of 
tissue throughout that period of time 
can easily be swung one way or the 
other. 

Even after clinical healing, there are 
some sequelae associated with superficial 
freezing injuries. For instance, it is not 
uncommon for people who have suffered 
cold injury of any degree to report in
creased sensitivity to cold in that part. 
Careful evaluation of this change has 
pointed up that people suffering cold 
injury are better able to distinguish small 
changes in temperature in the cold range 
than they are changes in temperature in 

the warm range. This is usually reported 
as an increased discomfort to a relatively 
superficial exposure to subsequent cold. 
Other changes that are frequently associ
ated with deeper freezing injury are 
changes in the sweating control of the 

affected area, such that excessive sweating 
is noted with minimal temperature eleva
tions. This symptom is usually self
limiting although persistence over many 
years has been observed. Because even 
superficial freezing injuries may be asso
ciated with changes in bones around 
joints, some joint discomfort may arise 
as a sequela to freezing injury. In child
ren this bone change following freezing 
injury may take the form of premature 



closure of the growth centers and a fore
shortening of the affected extremity. 

PREVENTION 

Because of the vagaries of management 
of freezing injury and the general pessi
mism which must be maintained regard
ing the efficacy of management in most 
clinical cases, the major thrust in pre
venting deforming freezing injury then is 
prevention. With the present state-of-the
art in clothing engineering, prevention is 
not beyond the reach of most sojourners 

in the Arctic. The basic requirement for 

prevention. which is the one usually left 
unfulfilled, is an awareness of the prob
lem. Too frequently frostbite develops in 
individuals who had not anticipated a 
weather change or had not been ade
quately prepared for the mechanical 
breakdown that occurred 20 miles down 
the road. This awareness of the danger of 
freezing injury and the effort required to 
preclude such injury must be a second 
nature to the sojourner in the Arctic. 
Venturing out on a 25 mile snowmachine 
trek without survival type equipment is 
not a badge of courage, but an act of 

foolishness. 
The state of the clothing engineering 

art is sufficiently high that we occasional
ly become too dependent on the skill of 
this industry. For instance, it is too easy 
to forget that dirt and petroleum satura
tion of clothing significantly modifies the 
insulating value of the clothing. Moisture 
accumulating in the felt insert of an 
otherwise adequate boot from a day's 
trek or more likely from wearing the boot 
indoors all day, leaves the wearer with 
grossly inadequate insulative protection 
in the face of serious cold weather. This 
type of insulation must be dry or re
placed on a regular basis if the engineered 
insulation is to be beneficial. Even with 
vapor barrier type footwear where accum
ulation of moisture in the insulation 
layers is not possible, the requirement to 
periodically change wet socks for com
fort, if not for the foot hygiene itself, is 
an important and frequently forgotten 
concept. Protective clothing in order to 
be efficient, then, must be clean; it must 
be sufficiently loose to avoid restriction 
of blood flow, and it must be dry. 
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Although the emphasis on the fore
going comments have related to cold, 
one further remark regarding protective 
clothing should be made. People vigor
ously exercising at any temperature, run 
a real risk of overheating, and clothing 
should be ventilated or shed with in
creasing levels of activity to avoid 

sweating. 
To be able to function in serious cold 

weather in and around home is natural 
and commonplace for residents of Alaska. 
To be able to function when removed 
from familiar surroundings and to be able 
to withstand and survive unscathed the 
unexpected event makes all the sweeter 
the enjoyment of the Alaskan environ

ment. 
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RESEARCH 

REPORTS 

FAIRBANKS --- The University of 
Alaska's Mineral Industry Research Lab
oratory has issued a two-volume report 
on computer storage and retrieval of in

formation on Alaska minerals. 
The report, titled A Computer Proces

sable Storage and Retrieval Program for 
Alaska Mineral Information, is number 
24 of the M I R L series. The authors 
are Lawrence E. Heiner and Eve Portor. 

The report is based upon a program 
developed by the lab to facilitate re
source studies of Alaska mineral infor
mation. The basis for the file is the 
Division of Geological Survey Mineral 
Kardex system which contains an entry 
for every mineral property in Alaska 
that has been claimed under the mineral 

staking laws. 
Volume 1, MINFILE, contains the 

following computer programs: MINFILE 
1, a program that stores mineral informa
tion on magnetic tape; MINFILE 2, a 
retrieval program; MIN FILE 3, a program 
to correct and make additions to the 
file; and MINFILE 4 and MINFILE 5, 
utility programs used for maintenance of 
the system. Volume 1 will be of parti
cular interest to people engaged in com

puter applications. 
Volume 2, Alaskan Mineral Proper

ties, contains a computer printout of all 
known Alaskan mineral deposits. There 
are 6,675 properties and 52,483 claims 
listed. The information for each deposit 
includes location, name, commodity, and 
some indication of merit and work done. 
This volume is designed to be a refer
ence book for Alaskan mineral deposits. 

The two volumes can be obtained 
from the Mineral Industry Research Lab
oratory, University of Alaska, Box 
95303, Fairbanks, Alaska 99701, at $1 
for Volume 1 and $2 for Volume 2. 
Both volumes need not be purchased 

simultaneously. 

The Northern Engineer 






