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Tak en in 1958 at the site of the Huslia earthquake, this photograph shows so me of the 
severe ground displacement which occurred. Here, seiching action within the water of 
a dying lake cast up la rge blocks of moss onto the shore. Th e lake was approximate ly 
% mile across and entirely covered by a 2-foot thick layer of moss . 
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from th e phys1cal , biological and behavio ral sc iences, also v 1ews and co mment s h avi ng a social or 
pol1t1 ca l thrust . so lo ng as the v1ewpoint relates to technical problems of northern habitation, 
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The Manley Ho t Spr ings Hotel , cir ca 1910 (Un iversity of Alaska Archives photo , Char les Bunnell Collection). 

What's Old • 1n 
Geothermal Energy? 

Putting geothermal energy to practica l 

use is not a new concept, although we 

may be tempted to think of it that way 

during our present search for alternative 

energy sources . Most of us can recall 

images from film and story of young 

maidens trembling at the brink of a 

volcanic crater while the local high priest 

chants some exhortation to an angry god. 

Such scenes sweep the pages of antiquity 

and seem to be a primitive, but very 
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By Lee Leonard 

effective, combination of popu lation and 

weather contro l . 

In the northern regions of the globe, 

the record is vague as to w hether or not 

any such geotherma l techniques were 

employed, but we can probably assume 

they were not for various reasons, not the 

least of which wou ld be the seemingly 

continuous shortage of young maidens in 

northern climes . There was, though, at 

least one practica l geotherma l experiment 

3 

that was made some years ago in Alaska. 

It d id not invo lve t he intense fire of a 

vo lcano, but rather t he p lacid water of a 

few small thermal springs. T he place was 

what is now known as Manley, Alaska. 

The time was the first decade of the 20th 

century. And the story of the experiment 

is a tribute to the energy and ingenuity 

of the men of that time. 

Today, the village of Manley, located 

about 90 air miles northwest of Fair-
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banks, is a small and pleasant community 
of around 70 permanent inhabitants. But 
in 1900 there was no village or inhabitants 
and the present site appeared indistin · 
guishable from the other bottom lands 
along the north shore of the Tanana 
River . There was a difference, however, 
and in 1901 a prospector by the name of 
J. F: Karshner discovered several hot 
water springs issuing from a small depres· 
sian between the two hills about a mile 
north of one of the many slough s which 
meander from the main channel of the 

Tanana. 
Whether Karshner was actua lly the 

first white man to discover the springs is 
not certain, but he has been credited wit h 
doing so, since immediately after hi s dis· 
covery, he staked the land surround ing 
the spri ngs as a homestead, built a cabin 
and took up residence. It is interesting to 
specu late about Karshner's motives for 

settling at the springs . Like most prospec· 
tors, he was undoubtedly familiar with 
vast areas of Al aska, and yet when he 
finally made his stake, it was not a go ld 
claim, but a homestead, miles from the 
nearest settlement, with on ly a few hot 
water springs as a treasure. 

Perhaps Karshner did have a motive 
other than merely an inclination to settle 
down. For within the year, rich gold 
strikes at nearby Tofty and Eureka 
brought thousands of miners to the 
region and soon the banks of the slough, 
only a few hundred yards from Karshner's 
springs, were lined with tents and cabin 
starts. A village was forming within sight 
of his cabin and we can only wonder what 
role Karshner visualized his homestead 
and his ho t springs wou ld play in the 
coming boom. We have no way of know
ing what Karshner, t he prospector, knew 
about t he potential of his hot springs in 
those ear ly days; we on ly know that they 
did not lie idle for long. 

One of the new immigrants to the 
country was a man called Frank Manley. 
Not much is known about him except 
that he was originally from Texas, a state 
which he had left in some haste to seek 
the anonymity of the Al askan gold fields. 
It is alleged that his real name was Willard 
Beaumont, and some years after the gold 
rush, he was to return to Texas to stand 
trial for horse stealing, of which he was 
acquitted. But in the years 1901 to 1902, 
he was Frank Manley, fresh from the 
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Cleary Creek diggings with several 

hundred thousand dollars in gold nuggets 
I ining his pockets, and looking to increase 
his wealth in the new fie lds of Tofty and 

Eureka . 
Apparent ly Manley found something 

he thought more lucrative than digging 
for gold. The camp by the l:wt springs was 
growing into a major supply depot for the 
mines back in the hills. Services were 
needed, and Manley had capital to invest . 
And there sat Karshner w ith his home
stead and hot springs. 

It is not clear exact ly what form the 

partnership between Manley and Karshner 
took, but the result was the largest experi
ment in putting geothermal enerqy to 

work that was known in Alaska at the 
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0 
~ 

0 

0 

time or has ever been attempted since. 
The early prospectors in Alaska did 

place a value on thermal springs, and 1hey 
were developed in several locations -
Circle Hot Springs, Pilgrim Springs, and 

Chena Hot Springs, to name th e major 
ones . But these were mainly used as 
resorts with bathing pools and hot 
running water, small oases of heat in a 
cold and rugged wilderness. The experi
ment into which Manley and Karshner 
entered, however, was something new. 
Today we would call it a "total energy 
concept"; then it was merely considered 
Yankee ingenuity. 

The idea was to create a plantation, 
resort, and hotel less than 120 miles south 
of the Arctic Circle. And the energy 

N 
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Re -creation of a sketch map made by Waring showing the extent of the agricultural improvements 

at the hot springs. 
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Poultry and hog barns near Manley Hot Springs area, 1910. The barns were heated by water carried in buried aqueducts (University of Alaska 

Archives, Charles Bunnell Collection). 

needed for this enterpri se was to be sup
plied hy the water of the thermal springs. 

Land was cleared and cultivated, and 
with logs from the clearing, a sixty-room 
hotel was built and heated with hot water 
piped from the springs. Enclo sed bathing 

pools were built behind the hotel in vary
ing temperatures to suit the taste of the 
most discriminating miner . A dairy was 
started and hay and feed grains were 
grown on the gently sloping hill sides 
above the springs. Greenhouses were con

structed and heated for year-round grow
ing by piped-in hot water . A wide variety 
of vegetable crops were grown on garden 
plots immediate ly adjacent to the springs. 
Several yards down the slope from the 
from the springs, a wooden stockade en
closed approximate ly four acres. Inside 
the stockade was a long building in which 
poultry and hogs were housed. In the 
photograph, a buried conduit can be seen; 
presumably its purpose was to supply 

heat to this building . 
The favorable location of the springs 

permitted all hot water transmission lines 
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to supp ly their water by gravity flow and 
no mechanical pumping devices were re
quired. There is no way for us to make an 
accurate calculation as to the total 
amount of geotherma l energy that the 
Manley-Karshner operation utilized, but 
from Waring's (1917) account of flow 

rate s and temperatures made on ly a few 
years after the peak of agricultural pro

duction, we can make a rough estimate of 
the energy available. If we assume the 
average water temperature to be 128° F, 

the total flow ra te to be 145 gpm, and 

the useful work to be transferred between 

the temperatures of 130° and 90° F, the 

total useful energy availab le wou ld be 

about 2 .7 x 106 Btu / hr. 

Little is known about the financial 

succe ss of the operation, either, but one 
statistica l fragment remains. Waring re

ports that in 1910, the Manley -Karshner 
operation shipped 150 tons of potatos 

down river to the lditarod mining district. 
And if we assume a price of $1 a pound 
as reasonable for potatoes in those in-
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flated gold rus h days, a tidey gross of 
$300,000 could have been realized from 
that single t ra nsaction. Presumably the 
sale of eggs, milk, meat and fresh 
vegetables was restricted to the local 
market at the mines of Tofty and Eureka. 

Unfortunately, this early attempt to 
use the geothermal energy contained in 
the thermal springs was short-lived . By 
1913, the production of the mines began 
to decline, and in April of that same year 
the hotel burned to the ground, never to 
be rebuilt. By the time the United States 

entered the First World War, the village 
by the hot springs, which had become 
known as Manley, was all but abandoned 
and Frank Manley himself was off to 
another adventure in the lditarod district . 
The gold rush in Alaska was over . The 

nation had turned its attention back to 
the Old World, and the native flora 

around the hot springs began to reclaim 
what had been the Manley-Karshne r geo

thermal experiment. 
Today the hot springs are owned and 

operated by Charles and Glady s Dart. 
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A few gold rush sophisticates among the corn and potato fields. Note the stone cribbing surrounding one of the hot springs at the lower left (University 

of Alaska Archives photo, Mrs. Luther Gordon Schooling Collection). 
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A Sunday promenade about the 

plantation. Again , note the stone 

cribbing around the spring which is 

tapped by buried aqueducts (Uni

versity of Alaska Archives photo) . 

The Darts still use the spring water for 
heating their home and a 72' x 120' green

house where each year they raise what 

this author cons iders to be the finest 

tomatoes availab le in the state . The Darts 

often pick fresh asparagus in season, now 

growing wild near the springs - a remnant · 

of the Manley-Karshner gardens. Wild 

strawberries still abound as we ll, but the 

days of a rich plantation in the midst of 

the taiga are over. 

One puzzling aspect of the Manley

Karshner operation is the apparent 

matter-of -fact attitude w ith which it was 

regarded at the time. Thi s must be so, 

since there is such a sma ll amount of 

material in print describing the operation, 

while so many other details about the 

gold rush days and the ways northern 

immigrants dealt with the land are so well 

documented. Perhaps it was taken for 

granted by those early pioneers that any

one with any sense could see the value in 
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the natural energy contained in the hot 

springs and on ly a romantic fool would 

not put it to some use in such a cold and 

host il e environ ment. Or, perhaps in their 

search for gold, they never really noticed . 

In our generation, we can no longer 

afford not to notice. The gold of our 
time is the very energy w hich susta ins 

our civi li zation, and no non-polluting 

source shou ld be overlooked. There are 

more than one hundred hot springs in the 

state of Ala ska alone, and many of these 

should be suitab le for agricultural opera

tions simil ar to the Manl ey-Karshner 

experiment . World food production is an 

ever-increasing problem and as the eyes 

of nations are turning north in their 

search for new energy sources and raw 

materials, why shou ld as basic a com· 

modity as food be neglected? Maybe we 

need to look back 75 years for some new 

ideas. 
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Hay and grain crops were raised on 

the gently sloping hillsides above the 

springs (University of Alaska 

Archives, Charles Bunnell Collec

tion) . 
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b J .. H m ttom 

Permafrost 

and 

Ground Stability 

Currently, there IS an unpreced nted 
demand for information on northern 
terra in . Three combined factors have 
caused this: the recent pressures for 
exploiting northern oil and gas deposits, 
the ongoing need for north rn economic 
development, and the new awareness of 
the undesirable impacts such develop 
ments can have on the environment. 

In an attempt to gather this sorely 
needed information, the Geological 
Survey of Canada initiated a number of 
projects. One was to study the effects of 
ground disturbance to the permafrost 
active layer at several sites on the 
Mackenzie Delta area .1 These sites were 
all known to have been recently 
distributed in one way or another . 

The Approach 

In studymg previously disturbed sites, 

the factors to be considered can be 

1 

Sam eft cts of surface disturbance on 
the permafrost activ lay r, M ckenzie 
Delt re , N.W.T. Can da . 

grou , into (i) thos d sc1 ibing th 
ac 1v1 y, its natur , and its int nsity, and 
(ii) thos descr1bing th terrain b fore 
and aft 1 the activity, and the r su it ing 
effects of that disturbance on the terrain. 
As in many other environmenta l studies, 
it became necessary to substitute a space 
variable for the time variable. In other 
words, details of the terrain before dis
turbance were considered to be essentia lly 
identical wit h details of the undisturbed 
terrain immediate ly surrounding the study 
area. Work began in 1969 at the sit of 
the 1968 forest fire at lnuvik . Oth er 
work for the study was conducted at a 
number of abandoned oil well sit s 
arouru:l the head of the Macken7ie De lta . 

The Acti ve Layer 

The structure of the active lay r in this 
area is an important factor. The most 

obvious featu1 e of th g1 ound su1 far.l ' in 
the Mackenzi D Ita a1ea IS 1ts hummoc y 
nature . The upper laye1 of th qr ound IS 

a complex of mineral so1l hummocks 
separated by shallow, moss -fill d t1 nch s. 
The hummocks are composed of a d n , 
grey-brown clay-silt, showmg l1ttl 01 no 
soi l profile development. In und1stU1b d 
a1 eas, some hummocks have min 1 al oil 
exposed at the surface, but most a1 
covered with a thin laye1 (less than 5 em) 
of humus, mosses and lichens. Th 
hummock s are roughly the same s1ze on 
lev I sites, ene1 ally on 01 two meters 
across . On th steep r slopes, the hum 
mocks grow downhill a na11 owe1, mo1 P 

e longate mass s. The t1 nches between 
th hummocks are between 30 to 80 em 
wide and about 35 ern deep The e eli e 
mos -filled, commonly with bog-mo . 

(.fJ/IGgllul/1), and a1e unrl•1lain by tupel 
mg masse 01 st1mqeJ s of pedt that 

This projecr was carried out partly under the f:'nvironmenta l Social Program. Northern Pi/Jclill<' . . Tasf.. !(1rn· 011 \ (1/lhem 01l 
Development , Government of Canada, and part~l ' under the Kencral fJt"Of~ram of the (,'eological Sttl'l'£'1' oj ti!UJ<Ia. 

Vol. 6, No.4 8 The Northern Engrn er 



.. 

extend well below the base of the natural 

active layer. 

TERRAIN DISTURBANCE IN THE 
MACKENZIE DELTA REGION 

In the area around the southern 

Mackenzie Delta, human settlements and 

related activities, forest fires, and oil and 

gas exploration activities are the three 

chief agencies of terrain disturbance. 

However, only forest fires and oil and gas 

exploration disturbances were examined. 

Settlements, as such, were excluded from 

- - - Tree line 

Ec;lge of Mackenzie Delta 

------ Highway under 
construction 

- · - · - · Proposed highways 

~ Forest fire areas 
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the study because the actual activities 136• 

associated with an observed effect are 

frequently unknown, and the occupation 

of the settlement sites has been relatively 

long (over 130 years at Fort McPherson). 

Because of this, several of the factors 

which should be considered in the study 

of a disturbed site could not be identified 

or described. 

Forest Fire 

In the case of forest fires, though, the 

type of disturbance is known, and the 

area is fairly well defined. Moreover, with 

the more recent fires, their start and 

finish dates are documented. Older fires 

are less well-documented and their record 

is incomplete. The locations of the 

known, large forest fires which have 

occurred since 1960 are shown on the 

map in Figure 1. For this study, "large 

fires" are fires whose final extent was 
4 hectares (10 acres) or larger. 

Detailed studies of the effects of fore st 

fire on the active layer concentrated on 

the 1968 fire around lnuvik. Not only 

are the effects of the fire itself important, 

but so are the effects of the fire fighting 

activities. Usually, fire-breaks are hand

cut or bulldozed. In the case of the 1968 

lnuvik fire, bulldozers were used widely 

to construct some 40 km of fire-break. 

To study the effects of the fire and fire

breaks, the ground surface was levelled 

very precisely and the thickness of 

thawed ground was measured with a thin 

steel probe. The fire and the bulldozed 

fire-breaks had simi lar effects - the 

ground thaws more deeply in summer 

because the insulating blanket of peat, 

mosses and lichens was destroyed or 

removed. This deeper thawing allows 

some of the ice-rich ground below the 

active layer to thaw and as this melt 

water drains out of the soil mass, the 
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FIGURE 1. General location map of the study area, the Mackenzie Delta region, N.W.T., Canada. 

ground subsides. Calculating the volume 

of ground lost because of meltwater 

drainage suggests that the upper meter of 

ground contained about 33 per cent by 

volume excess ice before it was disturbed. 

The effects of bulldozing are much 

more severe than those of burning . This 

is because the bulldozer strips off all the 

surface vegetation material leaving bare 

mineral soil exposed to the summer 

warmth. A forest fire, however severe, 

leaves a more or less extensive cover of 

peat and vegetation that is too wet to 

burn; only the dry, upper layers of the 

vegetation material are destroyed. The 

remaining peat and vegetation material 

continues to provide considerable thermal 

insulation. 
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Oil and Gas Exploration 

Such activities have been widespread 

in the study area for over a decade, with 

seismic teams performing surface profiling 

and crews drilling wildcat wells. Sixteen 

oil wells are shown on the map (Figure 1 ); 

the oldest was completed in 1960, and 

two were still being drilled at the time 

the field work was carried out (summer of 

1972). The trails left by the seismic 

profiling teams are so numerous and 

widespread that no attempt was made to 
map them. 

During the summer of 1972, brief 

visits were paid to eight abandoned oil 

well sites in the south half of the area 

shown in Figure 1 . Most of these oil well 
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sites were similar: a rectangle of land 
from which the trees had been cleared by 
bulldozer. These "squares" were generally 
120 to 150 meters on a side. Runn ing 
through or beside each square were one 
or more trails left by the seismic teams. 
Usually a trail lead from the square to 
either a temporary airstrip, or to a lake or 
river where planes could land. The actual 
well-head was near the center of the 
square with the slush pit beside it. Th e 
remaining camp facilities around the sites 
were occupied for periods between three 
and seven months, mainly during the 
winter. 

At each site, the observat ions docu
mented variations in the depth, apparent 
intensity and type of orig inal disturbance. 
Note was made of the orig inal terrain 
and present conditions as well as varia
tions in the depth of thaw and amount of 
regeneration. 

The effects of the oil rig and well drill
ing activities are d ifficult to assess . Near 
the well -head , gravel and woodchips are 
frequently spread as an insulating 
blanket . Woodch ips are particularly effec
tive if spread thickly. At one site on 20 
June 1972, the ground was thawed for 
only 10 em below the 25 em thick layer 
of woodchips. Th is is in compar ison to a 
61 em thaw under a burned hummock 
outside a rig square. In general, the depth 
of thaw was deepest close to the well
h ad and decreased toward th e edges of 
the square. This is what one would expect 
in view of the concentration of activity 
and of d struction of the vegetation mat 
in the center of the area. 

Cleared airstrips were exam ined at 
three sites. The Attoe Lake airstrip was 
formed simply by bulldozing the trees 
and topmost layer of moss off an area of 
fen , and leaving an adequate insula ing 
layer of peat . An airstrip at Tree River 
was constructed in a similar manner and 
was situated on a gravel terrace h a 
cover of peat . Of the three airstr ips, his 
one e hibited the widest var ia tion in 
t haw depth. The th ird airstrip as on a 

low, level area immediately ~ est of the 
delta. The surface of the center of the 
airstrip was under about 15 em of ater, 
whereas both ends were wa terlogged but 
not flooded. 

Access roads and seismic trails may be 
considered together, as the ir nature is 
very similar. Numerous examples of each 
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were examined and sample profiles across 
six seismic lines are presented in Figure 2. 
The range of conditions seen on the 
seismic lines and trails was very wide . 
Apparently , the way in which a trail is 
cut is the critical factor in determining 
just how much change takes place in the 
terrain after the or iginal disturbance . If 
the trail was cut in summ~r by bulldoz ing 
the trees and the surface vegetation mat 
aside, then subsequent thawing of the 
ground proceeds for several years. The 
effects are the same as those described 
under the discussion on fire-breaks. Th is 

is illustrated in Profile D at Swan Lake 
(Figure 2a) where a strip down the center 
of the trail was cleared by bulldozing. 
This strip slumped and the ground is 
thawed relatively deeply and is com
pletely saturated above the frozen layer. 
The strips on the sides were cleared of 
trees, but the vegetation mat was largely 
undisturbed . The surface is much drier 
and the depth of thaw is less; in fact it is 
very similar to conditions in undisturbed 
areas. Profile E at Swan Lake (Figure 2b) 
refers to a newer seismic line which 
crosses the one just described - both 
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FIGURE 2 {a- fl. Profiles across disturbed area : seismic trails. 
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FIGURE 3. Seismic trails near Swan lake (67° 08' N, 133° 35' W) , 23 June 1972 
(Geological Survey of Canada photographs) : 

profiles were taken 30 meters from the 
intersection. This line was constructed by 
using a bulldozer which knocked down 
and pushed aside just the trees. The on ly 
disturbance of the vegetation mat was a 

Vol. 6, No.4 

TOP : Recent trail with minimum terrain disturbance 
BOTTOM : Older trail with bulldozed central zone. 

few gro user marks. As t he profil e suggests, 
co nd itio ns in t he t rai l were essenti ally 
sim il ar to t hose condi t ions to t he side . 
The contrast between t hese two se ismic 
trai ls is furt her ill ustrated in Figure 3. 

11 

Most of the tra il s exa mined were in fairly 
good co nd itio n, and no real ly severe 
t haw-subsidence effects were seen. Vege
tation regrowth on bulldozer trails 
appears to be slow. 
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DISCUSSION 

It is best to discard such terms as 

"forest fire, oil exploration, and bull

dozing" and replace them with more 

definitive terms such as "compaction of 

ground surface, mechanical damage to 

vegetation, destruction of vegetation, 

removal of vegetation, removal of vegeta

tion-peat mat and removal of surface 

vegetation and soil." Using terms such as 

these, it is possible to compare effects of 

diverse activities and agencies of disturb

ance. Furthermore, the processes listed 

above are parts of a continuum which 

ranges from the very mildest disturbance 

(a single man walking through the forest 

once) to the most severe (repeated bull

dozing and soil stripping). As the 

processes are parts of a continuum, so are 

. their effects, and this is. also a convenient 

framework for discussion. Detailed rank

ings of agencies, processes and severity 

are presented in Table I in terms of the 

intensity of the initial impact. 

The general effect of this continuum 

of processes may be summarized as 

follows: any compaction alters the 

thermal transfer properties of the soil 

material, and removal of any surface 

vegetation alters the albedo. 2 In most 

cases both these changes lead to an 

· increase in the downward flux of heat in 

summer, and thus to deeper thawing of 

the ground and a thicker active layer. 

Mackay (1971) has commented that, 

"The top several feet of the permafrost 

tend to be an ice-rich zone which is easily 

affected by a surface disturbance," and 

he continues by outlining an explanation 

of this observation. A consequence of the 

ice-rich nature of permafrost immediately 

below the active layer is that, when the 

active layer thaws more deeply following 

surface disturbance, it is this ice-rich 

material which melts first. If the excess 

TABLE I 

Ranking of disturbing agencies and processes in terms of 

the intensity of their initial impact 

Intensity 

Least intensive 

Most intensive 

Agency 

Single to few passes of 

man on foot 

Removal of trees by 

hand 

Single to few passes of 

vehicle (with minimal 

removal of vegetation) 

Forest fire 

Multiple passes of man 

on foot 

Shallow bulldozing 

Multiple 

vehicles 

passes of 

Deep bulldozing 

Process 

Minor compaction 

Minor vegetation 

-removal 

Minor to medium com

paction, minor mechan

ical damage and minor 

vegetation removal 

Vegetation destruction 

Medium compaction 

and minor mechanical 

damage 

Vegetation and soil 

removal, compaction 

Severe compaction, 

vegetation removal, and 

severe mechanical dam
age 

Severe vegetation and 

soil removal, compac

tion 

Note: Agencies not ranked because data is inadequate or agency impact is 

too variable: 

Campsites and oilwells 

Alterations of surface and near-surface drain age 

water is able to drain away, there is a 

permanent subsidence of the ground 

surface (Mackay, 1970). 

On sloping -sites, other changes can 

happen in both fine and coarse-grained 

materials. These take the form of slope 

failures, mass movement and landslides 

of various kinds (Isaacs and Code, 1972). 

Severity of Initial Disturbance 

Most of the field work has been 

conducted on level sites or on sites with 

low angles of slope, and the work was 

designed to consider a range of intensities 

of terrain disturbance, as outlined in 

Table I. Not all the agencies and intensi

ties listed in the table have been studied 

2 The% of the incident energy, namely, the incident visible light that is reflected by a natural surface such as ground, water, snow, 
ice. (Editor) 
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yet. Therefore, the effects of minor 

amounts of compaction such as those 

produced by varying intensities of foot 

traffic have not been measured. Various 

National Parks and Landmarks have been 

suggested for permafrost areas of Canada, 

and if these become popular, measuring 

foot traffic disturbances may be of con

siderable importance. 

Removing vegetation without any sig

nificant compaction can best be accom

plished. by hand. Preliminary results 

suggest that the effects of such disturb

ance are negligible and possibly 

undetectable. Minor compaction with 

minimal vegetation removal as shown on 

the seismic trail illustrated in Figures 2b 

and 3a, or on air strips also produces 

negligible to minor effects. 

The effects of mechanical damage to 

the surface vegetation mat are variable. If 

the albedo of the surface is sharply 

reduced, as happens if dark humus or peat 

is exposed at the surface in place of 

light-colored lichens and mosses, then 

deeper thawing takes place. If the 

mechanical damage is minor, and no color 

change 1s involved, the effects are 

negligible. Severe mechanical damage, of 

which no examples were seen, will 

presumably result in damage similar to 

that caused by severe compaction or 

removal of surface vegetation. 

Marked effects only appear following 

disturbances as severe as the more-or-less 

complete destruction of the vegetation, 

including the surface vegetation cover, 

which results from a forest fire. Such 

effects appear soon, within days in the 

case of a forest fire, develop over several 

years and persist for several more years. 

The actual time values for the periods of 

development and persistence are still 

under investigation. 

The more intensive forms of disturb

ance associated with severe compaction, 

removal of all vegetation and removal of 

soil have been examined 1n several 

seismic trails (Figures 2c-2f, and 3b). 

Preliminary observations suggest that the 

more severe the original disturbance, the 

more rapidly the effects become apparent. 

The time required before stabilization or 

recovery occurs is not known as yet. 

Vol. 6, No.4 

Terrain Condit ions 

Variation 1n the intensity of the 

original disturbance is not the only factor 

that controls the reaction of terrain to 

disturbance . The properties of the terrain 

itself are at least as important, and the 

time of year and the time since the dis

turbance must also be considered. The 

properties of the terrain which control its 

reaction to disturbance are slope angle, 

aspect, soil material, vegetation and the 

moisture or ice content of the ground. 

Time of year is important mainly in terms 

of whether or not the ground is frozen at 

the time of disturbance. Frozen ground is 

not normally subject to compaction or 

to mechanical damage; therefore, a greater 

amount of activity produces a smaller 

amount of disturbance than if the ground 

is unfrozen. The elapsed time since the 

disturbance is important only because 

many of the effects related to deeper 

thawing of the active layer take a number 

of years to develop. 

The field observations of forest fires 

and oil and gas exploration sites provide 

some information on some of the terrain 

properties. However, the coverage is 

neither comprehensive nor detailed for 

the simple reason that, in studying exist

ing cases of disturbance, they have to be 

studied in situ. Particularly steep slopes 

or particularly . wet areas are usually 

avoided and thus not represented. Casual 

observations in the study area suggest that 

vegetation patterns are controlled in large 

part by differences in soil moisture or 

drainage, and by the forest fire history of 

the area. 

Since these studies are still to be 

carried out, several areas of investigation 

are still incomplete. 

CONCLUSIONS 

Most of the sites have certain features 

1n common. These control the effects of 

surface disturbance on the permafrost 

active layer. The sites are generally level 

or of low slope angle which thus mini

mizes effects due to slope angle per se 
and effects due to differing aspects. Most 

are on clay-silt till, with a hummocky 

surface and a more-or-less continuous 

13 

mantle of peat, humus and living vegeta

tion, dominated by mosses and lichens, 

and with relatively open stands of spruce, 

alder, birch and willow. Therefore, the 

one factor which overrides all others in 

controlling the effects of any terrain 

disturbance on the permafrost active 

layer at these sites is the intensity or 

severity of the original disturbance. 

Variations in the response of the terrain 

due to different original terrain conditions 

are much less . 
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by Eb Rice and Amos J. "Joe" Alter 

WASTE 
MANAGEMENT 

theNOBTH • ID 

This is Number 8 in a series on the 
"Ideal Arctic House " by Dr. Rice and 
selected collaborators. It is also a sequel 
to the "Polar Palace," by Joe Alter (Vol. 
5, No.2, Summer 1973), which discussed 

. the toilet commode as found in the polar 
Habitat. This article is about what happens 
after . .. 

IF YOU THINK YOU'VE 
GOT PROBLEMS 

What makes the Arctic so special, with 

regard to waste disposal, is its remote, 

frigid character: distances and costs are so 

great as to discourage recycling of most 

wastes, yet the weather is too cold too 

long for unassisted nature to reduce 

wastes to safe and inoffensive residues. 

The solutions that are troublesome enough 

in lower latitudes become super-difficult 

in the North . 

Mary, Mary, quite contrary, 
Why won't your sewer flow? 
With pipes all stuck 
You need Bud's truck 
To thaw them down below. 

- from Bud Hilton's "Book of Nursery Rhymes" 
by the Underground Poet of Fairbanks 

Until recently, wastes and their dis

posal were not a particularly difficult 

problem in the Arctic. Now, however, 

concentrations of people are occurring 

and, at the same time, there is a world 

wide consciousness of the need for preser

vation of the environment, for health, 

and for the pursuit of the good life. The 

clumping of population, in addition to 

the inflow of goods from developed areas, 

creates aggregations of trash and body 

wastes at the very moment local and even 

national concerns for ecological balance 

and environmental health are flourishing. 

Jet-age aspirations for an easier, more 

abundant life are emerging in a frontier 

polar setting, and the confrontation is 

characterized by the many inadequate 

attempts to quell the arctic waste disposal 

problems. 

The law, for example, is for the first 

time concerning itself with the problem 

by setting standards (the same standards 

that challenge engineers in the more 

populous latitudes) which have caused 

considerable consternation among would

be developers. 1 For not everything is 

known about rendering wastes acceptably 

invisible and harmless on the permafrost 

soils, the snows, and in the cold waters of 

the Arctic. What is known is that patho

gens live long and organic wastes oxidize 

slowly in the chilly streams. Also, trash 

accumulated in dumps or "sanitary land 

fills" becomes permanently frozen, and is 

likely to be preserved intact for the 

amazement and amusement of the future's 

archaeologists.2 To compound the prob

lem, incineration of trash, garbage and 

body wastes may create air pollution, and 

the large companies who alone are 

wealthy enough to face this "damned if 

1 For a considerable time, human wastes associated with the trans-Alaska pipeline project were packaged and shipped by air for 
disposal at Fairbanks, until facilities temporarily acceptable to the Environmental Protection Agency were completed. 

2 ... who may well come to the conclusion that the people of the "Snow-go Culture" worshipped body wastes, since they were 
preserved so carefully and so tidily in the permafrost. 
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you do, damned if you don't" dilemma 

have to be ultra-careful lest they project a 

fatal image of environmental carelessness. 

Surely, no other pioneering industry has 

ever before been scrutinized by so fervent 

a corps of governmental and amateur 

watch-dogs as has the oil industry on 

Alaska's North Slope. 

And so, the pattern is forming: no 

carelessness will be tolerated in develop

ing the Arctic, no streams will be degraded 

from their pristine purity, and no unsafe 

or unsightly disposal areas will be allowed 

... Alaska's Arctic (and Canada's, too) 

wil_l not be permitted to assume the un

pretty and unhealthy look so long 

associated with other developed areas. 

The results so far: the oil camps of the 

North Slope of Alaska 9re among the 

cleanest, neatest construction camps ever 

seen - and the cost of keeping them so 

can be borne only by bonanza develop

ments. 

A WORD ABOUT GARBAGE, TRASH, 
METALS & OTHER WASTES 

Unlovely metal wastes, characterized 

by the rusting skeletons of automobiles 

or industrial equipment and fuel drums 

are not a hazard to health, but neither 

are they a permissable decoration of the 

wilderness . Hard enough to dispose of in 

industrialized areas, in the Arctic they 

pose a special problem: they rust away at 

an almost imperceptible rate, and their 

low value rarely encourages their salvage 

for recycling.3 The solution to this prob

lem will surely lie in the establishment of 

a few concentration camps for such junk, 

which will be accessible enough to justify 

the occasional barge or ship back-haul to 

a place where metal scrap can be 

marketed. 

Burnables, of course, can be burned. 

This includes not only paper and wood 

products, but also food wastes and pos

sibly sewage sludge. Yet the problem 

with burning is two-fold: first, it is expen

sive to provide an acceptable means of 

incineration (including the cost of collect

ing and handling the trash) and second, 

incineration can cause air pollution. Both 

of these problems can be lessened by 

incineration with provision for saving 

heat. (This has not yet been completely 

developed to a practicable level.) Inciner

ation, properly done, consumes organic 

materials with a minimum of side effects. 

By-products of combustion are the flue 

gases (mostly water and carbon dioxide), 

inorganic particulates from the stack 

("fly-ash"), inorganic cinders or ashes, 

and heat . Of these, fly-ash and possible 

unpleasant gases from the stacks present 

the most noticeable (and therefore the 

most-1 i kely-to-be-criticized) elements. But 

in an area where fuel can be costly and 

scarce, and where heat is often desper

ately desired, and at a time when 

conservation of fuel is a recognized 

necessity, it must be the goal of the 

thoughtful engineer to utilize the heat 
available from trash. 

Burnable trash, for instance, has a heat 

content ranging from about 8000 to over 

13,000 Btu per pound of dry matter. 

That is not so different from coal, and it 

is better than some lignites which are 

currently used for producing heat and 

electricity. 

The problem in using trash for heat is 

an economic one, stemming from (1) the 

extremely variable rate at which wastes 

accumulate, (2) the inevitable fluctuations 

in the quality of the wastes (water con

tent, physical sizes and shapes), and (3) 

the chemical variety which ranges from 

easily-consumed hydrocarbons like paper, 

wood and oil residues to plastic products. 

Any of these may be contaminated by 

chemicals used in manufacturing and 

marketing the original product. Faced 

with a high cost of dealing with non

uniform materials destined to arrive at 

unpredictable times and rates, engineers 

are often forced to conclude that contriv

ing and operating a plant that can 

minimize pollution and also save heat is 

unreasonably difficult and expensive. 

They are often right. Even in large cities, 

where both the production rate and the 

quality of the wastes are fairly stable, the 

mere sorting out of th_e combustibles has 

proved intractable and costly. Neverthe-

less, ways are being developed to deal 

with these problems, and success is within 

the grasp of imaginative engineers. Mean

while, householders continue to consume 

their dry garbage and combustible trash in 

stoves and fireplaces, thus accomplishing 

to a degree what the engineers still aspire 

to: disposal of trash together with a net 

saving of fuel. 

Wet garbage includes the residue from 

food preparation and serving (bones, par

ings, food scraps). It poses a special prob

lem where there are no frugal housewives 

to feed it to the pigs, and no handy 

sewers into which all will disappear (if it 

is ground finely and accompanied by · 

enough water). In most areas of the 

Arctic, food scraps attract animals- gulls, 

foxes, wolves, ground squirrels, the 

occasional bear - and however romantic . 

and fascinating this may be to the human 

Feeding animals can be hazardous to your 
health. 

inhabitants, the results can be tragic. 

Experts agree that feeding of wild 

animals is dangerous both to the feeder 

and the fed - partly by placing them too 

intimately together for human safety and 

partly by making the other beats less able 

or too numerous to survive in the wild. 

Liquid wastes (wash water, and the 

like) are especially difficult to handle 

where there are no sewers. They are 

usually too voluminous for convenient 

disposal in honey buckets and too dilute 

to be easily treatable. Yet there may be 

pathogenic organisms or other contami

nants which disqualify waste water for 

3 Guud-hearred but fuzzy-thinking anti-pollution officials have been known to specify -and purchase -high temperature inciner
ators capable of burning light steel scrap (tin cans, etc.). That was before they realized that the world's supply of fuel and iron 

was finite . .. 
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untreated discharge. Usually, household

ers dispose of such water by flinging it 
out in what seems to be the best 

direction.q People who design camps 

which are populous and closely scruti

nized must take care that such water 
("gray water") passes through a treatment 

facility before ultimate disposal. Some

times it is recycled for flushing or for 

fire fighting, first. 

HUMAN WASTES: 
WHERE DO THEY GO? 

The Past 

In the arctic past, defecation while on 

the trail took place in a tent or snow 
house for protection from cold winds and 

eager dogs. But in camp, a chamber pot 
helped to preserve privacy and to prevent 

frostbite . So long as life was nomadic, 

such simple waste handling caused no 
problems for public health and few 

offenses to esthetics. However, once 
villages became stabilized by store, church 
and school, this changed: body wastes 

became too prevalent and too noisome to 

ignore. Further, dark predictions of health 
problems began to emerge; and there was 

soon evidence confirming · that waste

related health problems really did occur. 
In the early 1950's, Alaska (then a 

territory) took an official look at the 
casual methods of waste disposal and 
began to train "village Sanitation Aides ." 

These men, selected by their own neigh

_bors, were taught how to dispose of 

wastes without contamination of water, 
and how to develop a safe drinking water 

source, with materials at hand. The value 

of the program ultimately depended upon 
the personalities, commitment and com

petence of the sanitarian and his co

villagers. Some villages reacted with pride 

and a general clean-up. Others were un

impressed with the need (which, after all, 
was perceived mostly by outsiders); in 
such villages the changes were hardly 
noticeable. The program was of the 

4 Downwind. 
5 

greatest promise, however, and it was 

already showing signs of success when 

territorial funding was cut back after two 
years. After three years, the "village sani

tation aide program" was halted altogeth

er, and the modest funds available were 
shortsightedly spent instead for "facili

ties." 
These often proved more elaborate, 

more trouble-prone, and more costly than 

the villagers could afford. 

What's Happening Now 

During the last decade or so, there has 

been an increasingly insistent clamor for 

running water and "automatic" waste 
disposal in rural villages. After all, goes 

the reasoning, if rural homes in Kansas 

have flush toilets, surely we deserve no 
less here in Alaska. This feeling is 

augmented (despite the argument that 

the technical and financial difficulties are 
enormous) by the observation that mili

tary and oil-related camps have plumbing, 

and so do hospitals, even when located on 
permanently frozen ground. Yet, the 

modern conveniences haven't as yet in

vaded all rural areas of Alaska. Many 
small villages still rely on "unmodern" 

systems which appear to serve them ' 

fairly we11. 5 

The Privy 

The pit privy is about as primitive a 

method of collection and disposal as most 
people wish to tolerate. Though users 

sometimes turn an outbuilding into an 
architectural wonder in the wilderness, it 

is usually an unheated little house placed 
over a pit big enough to hold the expected 

accumulations of a year or more. The 
fact that a pit privy is at once the begin 

ning and end of the waste disposal 

process is one of the things it has going 
for it: when the pit is full, the structure, 

throne and all, is moved over a fresh pit, 
and the old one is covered over with dirt 

and abandoned. (Alternatively, if not 

frozen, the pit can be pumped out and 

reused.) 
Human nature often rebels at the use 

of an icy outhouse, so the chamber pot 
("thunder mug") has its place beneath 

the bed. It requires frequent emptying 

into a privy pit.6 

The Honey Bucket 

In some northern communities, pit 

privies are built high enough to accomo

date a container (oil drum?) which can be 

traded periodically for an empty one. A 

modification of this system, used with a 

deodorizing chemical, may be enclosed 

within a dwelling, perhaps with an out

side door to facilitate the exchange 

(Figures 1 and 2). Yet, with the honey 
bucket system, there remains the problem 

of eventual disposal. However sophisti

cated the throne and its receiver may be, 

sooner or later the waste must be 

collected and carted away. 

The Recycling Flushing Toilet 

A further step up the ladder of com

fort is the flushing toilet with a holding 
tank. (See Alter, "The Polar Palace," p. 

8). This is more sophisticated and more 
costly, and it usually takes more space in 

the house; but it can be so contrived as to 
create less nuisance than can the simple 
chamber pot. Such a facility can be as 

modern as jet airplanes and intercity 

super trains. It is a common unit for use 

in vehicles and vacation homes. It de
serves more consideration for year-round 
dwellings than it: gets. Such a system can 

be inoffensive, economical of water, 

trouble-free, safe, and ... indoors. How

ever, it does need to be emptied from . 

time to time, and the contents disposed 
of. 

There are other kinds of commodes 
available, too, for special installations. 

Some can be flushed with light oil, to 

facilitate separation of body wastes. Most 

of the oil, relatively uncontaminated, is 

Some few towns which have been successful in getting community water supply and waste disposal systems find that they require 
intolerably costly maintenance and repair, and need to be extensively modified to work at all, for in the Arctic there are all the 
problems of lower latitudes plus many unanticipated by the designers. 

6 The artful use of a thunder mug can extend the winter life of a pit privy, which otherwise would develop a spectacularly sharp 
stalagmite growing exactly and inexorably upward toward the center of the hole. 
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FIGURE 1. THE OUTDOOR ARCTIC PRIVY. The outdoor privy 

"with a view" can be contrived to allow easy collection. 

Unheated, this privy discourages loitering in the winter. 

FIGURE 2. THE INSIDE OUTHOUSE. The external door permits 

unobtrusive scavenging and replacement of honey buckets. 

recycled for further flushing. (The sewers, including some kind of treatment 

separated wastes, moreover, retain some 

oil and this facilitates subsequent inciner

ation.) Other commodes use a vacuum 

system to reduce the requirement for 

flushing-water. Still others incinerate 

wa stes almost immediately after deposit. 

The Standard, Four-Gallon Toilet, 

or "Four-Flusher" 

Of course, the standard flush-type 

toilet is used in the Arctic, tOo, where 

there is plenty of water. These use lots of 

water (ranging from less than one to more 

than five gallons per flush, depending on 

the ingenuity of their designer). They 

are, nevertheless, in common use in arctic 

camps, even though uneconomical, be

cause (1) money is not always the con

trolling element, and (2) people are, or 

are thought to be, most content with 

familiar fixtures . To select a water-flush, 

non-recycling toilet is to require also a 

dependable supply of water and operative 

process . People who are unaware of the 

full cost of providing sanitary facilities in 

some arctic locations still specify the 

familiar wasteful, standard, flush toilets, 

straining the pocket book, the water 

supply system, ar:1d the handling systems. 

And the necessary complexity increases 

the probability of a malfunction serious 

enough to discommode the resident.l 

What's needed are simpler, less costly 

systems with few opportunities to go 

wrong . 

GETTING IT TOGETHER: 

THE COLLECTION SYSTEM 

From Isolated Homes 

Householders living in arctic isolation 

find it possible to dispose of human 

wastes by dumping the containers far 

enough away to be inconspicuous. A true 

believer in keeping his own environment 

livable could well make himself some 

rules about disposing of honey bucket 

wastes : 

1) Make a box or trench above the 

water table (or permafrost table) 

so that the liquid parts can drain 

away. 

2) Feces, food scraps, and other 

organic detritus can be com

posted together in the box. 

3) Arrange for a tight lid to dis

courage attendance by flies, dogs 

and wildlife. 

After the compost is "seasoned" 
that is, when it is rotted and dried enough 

to be inoffensive - it may be used as 

fertilizer for flower garden, lawn, or 

tundra. (Or, if preferred, the material, 

now dehydrated, can be burned.) There is 

evidence that pathogens exposed to a 

long winter "in the dry" do not flourish. 

Amoebas are definitely killed by freezing, 

and many bacteria as well . Little is known 

about the fate of viruses, however, so 

human wastes should not be used on 

vegetable or fruit crops meant for human 

7 Governmental officials have closed down at least one facility recently, because of an overloaded (and therefore ineffective) 
waste disposal system. 
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FIGURE 3 . ABOVE-GROUND UTILIDORS. Above-ground utilidors are needed where the ground is so rich in ice that melting would cause danger
ous settling_ Such utilidors are hard to accommodate to vehicular and pedestrian traffic, and must be adroitly placed. They may carry 
electricity as well as steam, water or sewage_ Conduits should be accessible at every point and heat must be continuous in time and space. 

consumption . 

From Villages and Camps 

Villages have traditionally been located 

adjacent to water. Rivers were handy to 

carry away unwanted wastes in summer, 

and in winter it was convenient to store 

waste containers on the ice (even on the 

sea- or lake-ice) in the expectation that 

breakup would cause dispersal and 

dilution enough to prevent health hazards 

or esthetic imprudence. This technique 

has worked, too, except for those years 

when the ice rotted in place instead of 

being -swept away during breakup. There 

IS now evidence that bacterial contami-

nation is indeed carried long distances 

downstream, so much "out of sight, out 

of mind" disposal is no longer acceptable. 

There must be reasonat.le alternatives. 

Scavenger Service 

"Honey buckets" or other waste con

tainers must be routinely collected and 

their contents disposed of. Whenever such 

scavenging is done on a more-or-less 

formal basis, community-wide euphem

isms such as "honey wagon" appear, 

which somehow convey an air of pro

priety, if not dignity, to the subject. 

Scavenging has long been an important 

facto r in cities where sewers are absent 

(Los Angeles had honey wagons as late as 

1910, and some famous cities of the 

world still do). Collection of trash and 

garbage also requires system planning and 

scheduling. In the North, honey buckets 

must be picked up, thawed, washed and 

returned to service. This is not a bad way 

to go so long as the collections are prompt 

and sanitary.8 Barrow, Nome, Kotzebue 

and lnuvik have all used scavenging sys

tems in recent years. Citizens of Barrow 

and Kotzebue yearn for waterborne 

collection (sewers), but some citizens of 

Nome have their doubts: their new 

sewagr syste m is much more expensive 

than their old honey bucket method and 

8 To be "sanitary," waste containers should be regularly scoured and sterilized between uses, or perhaps washed and supplied with 
new plastic pail-liners. The recent availability of these waterproof plastic bags for lining pails has eased immeasurah(v the task of 
handling wastes. 
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doesn't accommodate the whole town. 

And when it fails, the disruption of life is 

drastic. The point is, honey bucket service 

can be an acceptable method of collecting 

wastes for treatment; and it may be 

cheaper and more satisfactory than 

sewers in many instances. It is possible to 

have a convenient sanitary system with

out wasteful flush toilets. 

Unfortunately, it is difficult to wean 

people from their accustomed plumbing, 

however wasteful it may be. So the ques

tion arises: can one achieve success and 

happiness with conventional sewerage in 

the Arctic? The answer is, of course. Engi

neers can do almost anything people will 
pay for. 

Sewers in the Arctic 

In areas of continuous ice-rich perma

frost, it usualiy turns out to be im

practical to bury sewers. Instead, sewers 

are normally carried above the ground in 

insulated conduits ("utilidors").9 Other

wise, part of the heat required to keep 

sewers from freezing may ultimately melt 

a "thaw cylinder" around the pipe, with 

expensive consequences. 
When designing a facility "from 

scratch," as lnuvik was designed, one can 

accommodate to the above · ground 

utilidor by building the dwellings extra 

high, so that sewers can flow by gravity, 

and by arranging the streets to circumvent 

the utilidors. However, existing camps 

and towns can rarely be served by above

ground utilidors put in as an after-thought 

because these must cross roads or else 

require numerous lift stations. So 

attempts to provide sewers for towns not 

designed for them means burial. If the 

ground is not "ice·rich" (that is, if it 

won't deform crazily when thawed), the 

installation can be designed about the 

same as in lower latitudes except that a 

combination of heat and insulation may 

be· required to protect the pipes from 

freezing. And, as with all arctic water 

conduits, provision must be made for fast 

thawing and repair in the event of un-

expected blockage by frost.1 0 

TREATJVIEI\IT AI\ID DISPOSAL 

Treatment of body wastes may be 

done by one or more of the following: 11 

Biological treatment, which 

may be aerobic or anaerobic 

(septic), or 

Physical-chemical treatment, 
which does not rely on 

microbes to separate impuri· 

ties from water, then 

Incineration which oxidizes 

the waste, producing heat, 

and degrading the waste to 

ash plus water and volatile 

gases. 

Biological Treatment 

Biological treatment is by far the most 

common and has the widest range of 

processes, from stabilization lagoons to 

highly sophisticated, proprietary, ex

tended-aeration systems. 

The lagoon system is physically the 

simplest: wastewater is ponded in a 

shallow reservoir of very high detention 

time (up to a half year). Light and air in 

such a pond encourage the growth of 

aerobic bacteria which can almost com

pletely consume (up to 95+% BOD 

removal) organic wastes. This is very good 

indeed. In the Arctic, however, there are 

long periods of ice cover, and sewage 

lagoons do not function so readily. The 

use of lagoons for raw sewage north of 

the Brooks Range in Alaska is not 

encouraged, although satisfactory results 

have been reported for the southern 

slopes of that range. For a lagoon to 

work well in the Arctic, it is wise to 

expect septic (anaerohic) conditions dur

ing the period of ice cover, and one may 

also expect a time or two of offensive 

odors during the fall and spring. 

More commonly used are the "acti-

vated sludge" and "extended aeration 

processes." Systems for aerobically 

stabilizing sewage in minimum space are 

highly desirable, for they work well at 

comparatively high indoor temperatures. 

Fortunately, many manufacturers have 

"off - the - shelf" equipment, usually 

patented, to sell, and these, competently 

supervised, can do a creditable job of 

treatment. Sewage is passed through a 

grit chamber and a communitor 

(grinder), then passed directly into a tank 

where it can be intimately mixed with air. 

Once biological action starts (this may 

require "seeding" from an existing 

facility), the process is self-sustaining as 

long as nutriehts (sewage) continue to be · 

introduced. After aeration, the sewage is 

detained in a clarification tank, from 

which sludge may be drawn off and 

recycled with some being "wasted," per- · 

haps to an incinerator. The end product 

of oxidation of hydrocarbons is water, 

carbon dioxide a!]d mineral ash, predomi

nately, with occasional gaseous sulfides 

and soluble nitrogen oxides. The heat 

released by this "wet burning" is the 

same as the heat of combustion by any 

other means, and this heat may become, 

in carefully contrived systems, a signifi

cant factor in the thermal control of the 

process. 

There are variants of aerobic processes, 

such as the "oxidation ditch," and the 

"trickling filter." Some lend themselves 

better to cold climates than others. In 

general, however, the state of the art of 

aerobic decomposition is well advanced 

and wi II be the favored method of waste 

treatment for some considerable time to 

come. 

Anaerobic decomposition is another 

matter. Low temperature is a greater 

retardant on anaerobic processes than on 

aerobic processes. Septic tanks are in 

common use to liquify sewage in temper

ate zones. They work less well in the 

9 Utilidors almost always include both water and sewer pipes, and some of them carry heating pipes and electric and telephone 
wires as well. Some are made as pedestrian ways, too (see Figure 3). 

10 rJectric or steam "heat tracers .. should be adjacent to or in each pipe. This will prove to be cheaper in the long run than the 
traditional thawing technique: thrusting a steam hose into the icy sewer from an appropriate man-hole. 

11 See any recent text on sewage treatment, and refer to previous articles in TNE. 
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FIGURE 4. THE HOUSEHOLD SEPTIC TANK DISPOSAL METHOD. Not recommended for use over continuous permafrost, such a system de
pends on the use of enough warm water to keep the drain field from freezing. The septic tank is sealed against intrusion of air. The 
methane resulting from septic (anaerobic) decomposition must be vented away. This system will work satisfactorily in areas with 
climates as severe as that of Fairbanks, Alaska, if ground is aerated and remains permeable. The drain field should be buried uniformly, 
about 3 feet deep. 

Arctic: for one thing, their BOD removal 
is low - around 35% at best - and the 
effluent is difficult of treatment. They do 
produce methane in some quantity. Per
haps methane's fuel value should be 
exploited. Meanwhile, it is enough to 
observe that methane can be extremely 
dangerous, and precautions should be 
taken to protect against fire, suffocation 
or explosion (Figure 4). Septic tanks are 
seldom chosen for communities in the 
Arctic for they normally constitute a 
pretreatment after which aerobic stabili
zation in the soil is needed - and in the 
Arctic the soils are usually frozen and 
impermeable. Even so, in the warmer 
parts of Alaska, isolated rural residents 
find that septic tanks are adequate, and 
that the effluent from them is oxidized, 
during the short summers, in the upper, 
unsaturated portions ot the active soil 
layer. The problem comes in winter 
where the customary drain fields freeze 

up, and effluent is backed up into 
mounds of ice and liquid near or on the 
soil surface, or perhaps beneath the snow. 
This often results in an unpleasant envi
ronment both atmospheric and under
foot. These conditions are short-lived, and 
tend to become serious only during 
breakup, although a sensitive nose may be 
offended at any season. (Some people 
permit their septic tanks to drain into a 
private "facultative stabilization pond." 
This works, in the Alaskan Interior, but 
it, too, is marginal.) In any case, septic 
tanks have to be emptied and cleaned 
frequently and even under the best con
ditions at least every 5 or 6 years.12 

Physical-Chemical Treatment 

When community wastes are fairly. 
dilute, they may be separated from the 

water by the same techniques water is 

treated. Chemicals are added to produce 
a gelatinous floc which settles out easily, 
after which the water if filtered (perhaps 
through sand filters, and later, possibly 
through activated carbon to remove color, 
or odor). Such plants can produce a fine, 
high class effluent which may look "good 
enough to drink," but don't try it. They 
are, however, expensive to build, cost a 
lot to operate, and require skilled workers 
around the clock. They are not for 
amateurs nor paupers. 

I nci ne ration 

Settlings or screenings from primary 
treatment can be burned in incinerators, 
as can be contents of honey buckets. 
Feces by themselves can produce a little 

12 Fairbanks has several well-to-do people who "pump and thaw" for a living. One such person advertises by eulogizing his services 
in iambic pentameter over the local radio. 
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FIGURE 5. ABOVE-GROUND COMPOST CONTAINER for all-year waste disposal. These com
post containers should be of such a size that heat generated by decaying household 
garbage and sanitary waste c<1n keep them warm. Most households will require con
tinuous supplementary heat. Use a fly-proof, rain-proof cover. 

more than enough heat to sustain com

bustion in a well-designed burner. But not 

unless the liquids are first drained away. 

Much the same can be said for the 

sludges resulting from the various treat

ment processes . Where trash and 

petroleum wastes can be processed 

simultaneously with body wastes, burning 

can be so contrived as to evaporate liquid 

wastes as well. This makes incineration, 

under completely controlled conditions 

and at high temperatures, a desirable thing 

to do, since the final ash is completely 

stabilized mineral material which can 

safely be deposited on land, perhaps as 

fill material. Gaseo us residue is dispersed 

innocuously by the arctic wind. Naturally, 

attention should be paid to avoiding 

smoke or ice fog pollution of inhabited 

places nearby . 

Comments and Conclusions 

Most waste treatment systems - par

ticularly biological and physical-chemical 

- are not automatic and simple. They 

require regular and continuous care. 

Usually, people deal with the arctic 

waste treatment problem by avoiding it. 

They move a proven temperate-zone 

Vol. 6, No.4 

technique indoors . This usually turns out 

to be expensive, but given informed care 

and operation, it almost always works. 

With some attention to protection of 

conduits from freezing as they pass from 

building to building, and with provision 

to drain the system.s completely in case of 

heating system failure, there is nothing 

wrong with adaption of clement climate 

solutions to the polar problem. So most 

designers rely heavily on this technique. 

Real arctic processes, however, are 

almost unknown. True, it is well known 

that freezing and thawing improves 

sewage sludge and body wastes, mainly 

by promoting faster dewatering. More

over, freezing makes even the most foul 

wastes less offensive. No one has yet 

shown how to put such facts to practical 

use. There may be dozens of other possi

bilities which could one day make arctic 

weather an asset, instead of a liability. It's 

time for us to try. The alternative is to 

continue as we have been: do what we 

can to adapt the techniques we've always 

used to the special conditions of the 

Arctic . 

One thing the Arctic seems to need is 
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fertilizer. Nitrogen is in such short supply -

that the few places with a surplus are 

conspicuous by their verdance. Archae

ologists understand this. When travelling 

across Alaska seeking sites where Ancient 

Man has I ived, they seek out the spots 

where the grass is taller, greener, and 

perhaps where a tree or two graces the 

site. Nearly always, these are signs of 

former habitation, still lush centuries 

after man has moved on . Far from 

desecrating the landscape, man's disturb

ance, and his wastes have planted oases 

in a too-barren landscape. It seems ironic 

that the hungry land must be denied 

available nourishment, all in the name of 

"environmental protection." Perhaps one 

day we will find a safe and esthetic way 

to use the wastes we now take so much 

trouble to destroy. 

Eb 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. 

Amos "Joe" Alter, BSCE, MPH, CE, is an 
Environmental Research Engineer with the 
Department of Conservation, State of Alaska, 
Fairbanks. 
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of the ground displacement which occurred during the 
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What You've 
Always 

Wanted to 

Know about 

Earthquakes 

by Larry D. Gedney 

Theories : Giants, Rolling Stones 
and Explosions 

At about the time that P ris eloped 
with Helen. enlightened thinkers began to 

privately question the theory that ec:rth · 
quakes were caused by the somnambulant 
stirrings of an underground giant. After 
all, even the most zealous idolater knew 
that modern science had related them to 
phases of the moon, and earthquake 
prediction had achieved approximate ly 

the same degree of success that it enjoys 
today. By he time of the fall of Rome, 
some astonishtng breakthroughs had been 
made, and the popular concept was that 

earthquakes were caused by huge boulders 
rolling down vast underground caverns. 
Just about everybody had to admit that 
this made pretty darned good sens . and 

the matter was dropped dunng break 
for the Dark Ages. lncre ibly, it di not 

fully resurface until he 20th Century. 

In the early 1900's i was thou ht that 
earthquakes coul have either one f two 
source mechan isms: the collapse of an 
underground cav1ty (expanding on the 
old rolling stone theme). or its op osite, 
an underground steam explosion. In the 
firs case. i was postulated that the initial 
impulse a every point surrounding the 
ep1center would be inward, oward the 
cav1 y; m the second. the initial impulse 
would be everywhere outward, or away 
from the explosion. This theory was 
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slowly deflated as seismograph stations 
became more commonplace around the 
world and it was noted that most earth
quakes produced impulses both toward 
and away from the epicenter, depending 
on the location of the recording station. 

Enter San Andreas 

Then a single event - the San Fran
cisco earthquake of 1906 - propelled the 
fledgling science into order-of-magnitude 
growth overnight. Here, it was easy to see 
what had happened. A single break in the 
ground, only inches wide but hundreds of 

miles long, could be traced half the length 
of California. The ground to the west of 

the break had moved north with respect 
to the ground to the east - in some 
places as much as 20 feet - and San 

Andreas bP.came a household word. With 
this earthquake was born the theory of 

elastic rebound. Simply stated, this con
cept holds that strain slowly builds up in 
the earth's·crust over long periods qf time 

until a breaking point is reached, at which 
time the accumulated strain is abruptly 
released by slippage along a fault, result
ing in an earthquake. 

The elastic rebound model provided 
answers to many of the questions which 
had puzzled scientists for years, including 
an explanation of why the first impulse 
from an earthquake can be either toward 
or away from the epicenter. Considering 
the manner in which breakage along the 
fault occurred, it is obvious that if you 
were standing to one side of the fault at 
the time of rupture, you would be moved 
toward the epicenter, and if you were 

standing on the other side, you would be 
pushed away. It all seemed so simple and 
so rational, and it was. Most of the basic 
concepts embodied in the theory of 
elastic rebound are still valid today. 
However, it was not a panacea. For one 
thing, it did not explain why the strain 
accumulated in the first place. For an
other, it could not account for deep 
earthquakes where heat and pressure 
rendered simplistic fault slippage impos

sible. Finally, it seemed to be tied 
tenaciously to the San Andreas fault, 
with the result that many investigators 
for years afterward tried to relate all 
earthquakes to identical mechanisms - a 
mistake which led to a good deal of 
wasted effort. The San Andreas is an 
"ideal" fault, a vertical plane, visible at 
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The Sleeping Giant Theory 

the surface, with straightforward lateral 
(horizontal) offset. Rather than being 
typical of all earthquake-producing faults, 
the San Andreas is, if anything, a special 
case. ·comparison with some of Alaska's 
faults and earthquakes provides a case in 
point. 

Slippage ... 

It is known today that the entire 
Pacific basin is rotating and sliding to the 
north against the North American conti
nent. Differential movement between the 

oceanic "plate" and the continent occurs 
along a series of great faults extending 

from the Gulf of California to the west
ern Aleutians. The San Andreas is one of 
those faults (thus we now know why the 

strain accumulates, although the funda
mental driving mechanism for the plates 

is still obscure). The Denali and Fair
weather faults (Figures 1 and 2) in Alaska 
are two others. Oversimplifying some
what, it might be said that these, and 
many others around the western margin 
of North America are all members of the 
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same fault system, and large earthquakes 
may be expected periodically on any one 
of them as strain builds in that particular 
part of the system (although we are 
speaking of periods on the order of 
hundreds of years). 

... and Collision 

Because of the geometry of the 
system, there is a fundamental difference 
between earthquakes on the San Andreas 
fault and most of those occurring . in 
Alaska. The basic mechanism for most 
California earthquakes has already been 
outlined. In Alaska, however, as the 
Pacific plate moves northwestward (at the 
rate of about an inch per year), it 
"collides" with the continent along a line 
extending from Mt. McKinley southward 
through Cook Inlet anti out along the 
Aleutians. Since the leading edge of the 
moving plate must go somewhere to pro
vide for the material crowding in from 
behind, it is forced to oescend into the 
earth, creating tremendous stresses (and 
earthquakes) in itself. and in the sur-
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rounding region (Figure 3). The long, 
arcuate dimple in the sea floor known as 
the Aleutian trench marks this zone of 
subsidence, and the vulcanism of the arc 
(and thus the volcanic islands themselves) 
are products of the downwelling. 

Alaska has Both 

Consequently, there are two types of 
earthquakes in Alaska. The first is similar 
to those in California. They occur where 
the oceanic plate slides, slips and jerks to 
the northwest, relative to the continent 
along the Denali, Fairweather, and associ
ated faults. The resulting earthquakes all 
tend to be shallow 1 and have "strike-slip" 
mechanisms like those on the San Andreas 

(i.e., the plates are moving horizontally 

with respect to each other). Very large 
earthquakes of this type have occurred 
on the Fairweather fault in recent history; 
there was a magnitude 8.6 earthquake 
near Yakutat in 1899, a magnitude 8.0 
earthquake near Glacier Bay in 1958, and 

a magnitude 8.1 earthquake in British 
Columbia on a southern extension of the 
Fairweather fault in 1949 (for compari
son, the 1906 San Francisco earthquake 
was magnitude 8.3). The second (and 
more prevalent) type of earthquake in 
Alaska is that which occurs where the 
Pacific plate is underthrust beneath the 
continent and the Aleutiar. arc. In general, 
these tend to be somewhat deeper, al
though the Prince William Sound earth
quake east of_ Anchorage 1n 1964 
(magnitude 8.5) originated at the very 
top of the zone where the plate was being 
underthrust (Figure 4). Man y earthquakes 
of the underthrust type occur in the 
Aleutian arc, which is the most seismical· 
ly active area of the state, but due to the 
very low population density, these receive 
little attention. (It scarcely needs to be 
pointed out that Alaska, if we include 
the Aleutians, experiences 
more large earthquakes 
California.) 

many times 
than does 

Broadly speaking, the very large earth
quakes in Alaska (those of magnitude 8 
or greater) occur within one of these two 
seismic regimes associated with migration 
of the Pacific plate. This does not mean, 
of course, that these are the only places 

FIGURES 1 and 2 . Earthquakes in Alaska occur when the floor of the Pacific Ocean moves to the 
northwest, sliding against the continent. When the Pacific Plate, as it is called, 
"bumps into" the continent in the Cook Inlet region and along the Aleutians, it is 
forced to descend into the earth, creating great stresses which buckle and ,deform the 
plate and the area around it. The shaded area in the lower figure represents the part 
of Alaska where most earthquakes occur because of these deforming forces, and be
cause of the slippage between the Pacific Plate and the continent which occurs 
largely along the Denali Fault and its branches. 

in the state wh ich experie nce earth
quakes . Broad areas surrounding the 
major seismic zones are affected, appar
ently due to the outward radiation of 
stresses. Interior Alaska between tl1e 

Brooks and Alaska Ranges is a good 
example. Since 1904, eight moderate 
earthquakes ranging in magnitude from 
6.1 to 7 .7 have occurred in the Interior 
at widely scattered locations. These have 

1 By convention, "shallow" earthquakes are usually regarded as those originating in the crust, down to depths of about 33 km 
(20 miles). 
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FIGURE 3. This EATS (Earth Resources Technology Satellite) image was made from an altitude 
of about 500 miles. The Denali Fault is plainly seen as it enters the scene at right 
center and disappears into the shadow of Mt. McKinley at the lower left. 

by a clay which liquified during the 
shaking). There is little likelihood of 
similar devastation ever accompanying an 
earthquake in the Interior. For one 
reason, there is generally firmer footing 
(permafrost?) than in Anchorage, and for 

Alask.a Range 

~ 

another (as has been pointed out), earth
quakes tend to come in smaller sizes as 
you move away from the zone of plate 
interaction. 

IVIore than 10,000 a Year 

Aside from the larger events, many 
smaller earthquakes occur each day in the 
state. Excluding the Aleutians, about 
10,000 earthquakes per year in Alaska are 
large enough (about magnitude 1.5) to be 
recorded and located by the existing 
seismographic coverage (this includes 
about 70 stations around the state 
operated, variously, by the University of 
Alaska, the U.S. Geological Survey, the 
National Oceanographic and Atmospheric 
Administration, and Lamont-Doherty 
Geological Institute of Columbia Uni 
versity). Addition of more stations would 
reveal multitudes of even smaller earth
quakes, since the number of events 
increases approximately logarithmically 
with decreasing magnitude. For example, 
following a series of moderate earth
quakes (maximum magnitude 6.1) near 
Fairbanks in 1967, the University of 
Alaska established a network of stations 
around the active zone, which was only a 
few miles across (uncommonly small for 
earthquakes of this magnitude). Eight 
years later, earthquakes large enough to 
be felt - about magnitude 3 - are still 
occurring every couple of months, but 
the seismic network reveals that there are 
also ten to twenty events per day of very 

pLATE 

all been shallow and have most likely all 
been strike-slip in character. One fascinat
ing detail, and one which leads to specu
lation on the amount of time necessary 
for the buildup of sufficient strain to 
trigger a moderate earthquake, is that 
these have been practically cyclic, occur
ring about every ten years . The dates 
were 1904, 1912, 1929, 1937, 1947, 
1958, 1967, and 1968. Those with a 
proclivity for gambling might find it 
amusing to speculate on some day in, say, 
1977 or 1978, when we can expect the 
next zinger. (To keep the rules uniform, 
let's say that it must be of at least magni
tude 6 to be declared a winner.) One 
thing is certain; Alaska will continue to 

experience earthquakes. Those who are 
dismayed by this may find some solace in 
the fact that most of our scenery is 
created by these momentary twitches 
and shrugs. No earthquakes, no Mt. 
McKinley. Of course, we could all do 
without the sort of scenery shaping that 
took place in Anchorage during the 1964 
earthquake, but that was largely due to 
siting problems (Anchorage is underlain 

c' f I c 
~~ --------~---------

I 
FIGURE 4. Looking north-northeast from Kodiak Island. 
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" ... and now, for a Special Bulletin: Geophysi 

cal Inst itute scientists are predicting one of our 

largest Alaskan c it ies w i ll be destroyed by an 

earthquake exactly 30 seconds from now. And 
w e' ll be right back w ith the name of that city 

in just one m inute ... " 

small magnitude in the aftershock zone.2 

The Late Movie Earthquake 

There is one other type of earthquake 

fami l iar to all those late, late movie fans 
acquainted with the spectacle of Tyrone 

Power hacking his way through the jungle 
with a horde of bloodthirsty natives hot 

on h is heels. Suddenly the ground 

t re mbles, giant cracks appear in the 

earth, and t he local volcano begins to 
spu rt out huge cascades of mo lten lava. 

Th is momentari ly subdues the natives, 
but t he two-hundred foo t tida l wave in 

t he harbor carries away the schooner 

anchored t here. It is t h is so rt of non
sense t hat gives the volcanic earthquake a 

bad name . 
Wh i le scenes of the gtound openi ng 

and swallowing people, houses , or even 
ent ire cit ies (should the plot demand it) 
are common on TV ads and in old movies , 
as fa r as is know n, t he earth itse lf does 
not indulge in such fantas ies. It is t ru e 

tha t intense local shaki ng may open 

cracks in the alluvium which quickly 

close, and there are many eye-wi tness 

accounts of this (incluclin9 sevet al from 

Valdez during the 1964 Alaska ca1 th 

quake) . However, these fissures are a 

surficial phenomenon and seldom more 
than a f w feet deep. 1loc risk of falling 

into an earthquake f issure (!nd h ving it 

close about you, while real, is so remote 
that there is only one case of its kind in 

recorded history . This occurr d in Ja~an 
during an earthquake in 1948. An of 

ficial report states: 

A tragi c event frequently described in 

fiction but rarely occurring in actuality 

was venfied . The party learned of the 

fact that a young woman had been 

crushed to death in a fissure in the ttl:J r 

neighborhood. The victim, Mrs. Sadako 
Nankyo, age 37, was working in a rice 

paddy, located by the house at 33 
Shissaku-machi, Fukui City, when the 

shocks were fe lt. She started out of the 
paddy but fell into a fissure which, it is 

said, opened to about 4 feet in width. It 
closed upon her to the chin, instantly 

crushing her to death. The body was 
immediately dug out of the ground 

(only a fa1111 remainder of the course of 

the ft ssure could be traced) by netghbors 

and the woman's husband. Seven people 

saw the woman in the ground after the 

quake and several of them were eye
wttnesses to the happening. 

R lated only indirectly to tectonic 

earthquakes (the kind we've been dis

cussing ), volcanic earthquakes are due to 

the movement of the magma (lava before 

it comes to th surface ) through under

ground conduits. They are usually 

imperceptible without instrumentation, 

but a noticeable "volcanic tremor" may 

occur continuously during an active 
period. It is true that earthquakes have 

been known to precede and accompany 

volcanic eruptions, but these earthquakes 

are likely tectonic in origin, and the 

implication is merely that a common 
causal relationship (e.g., slippage along a 

zone of weakness, allowing the magma to 

escape) exists. Volcanic earthquakes merit 
mentioning here because, in most cases, 
volca11oes are the products of the heating 

produced by underthrusting of oceanic 

Probably the strongest earthquake of this century to occur on the North Amer ican Continent, the 
1964 Prince William Sound earthquake resulted in so few ::leaths (less than 200) mainly because it 

happened in Alaska . A more populous region would have been devastated . With a magn itude of 8 .5 , 
it was larger than the 1906 San Francisco earthquake which had a magnitude of 8 .25. The scene 

above is of one of the main streets in downtow n Anchorage (Un ivers ity of Alask a Archives photo, 
Alaska Air National Guard Collection). 

2 Most people are surprised to learn that there are zero and even negative magnuudes possible. Magni!ildc - 3. n!fJrescnting about 
the energy equivalent of stepping off your chair, is abou t the smallest which is instnm wntal(t • detectahlc. a/ti!Uu;:t./1 doubtle s 
smaller ones exist. 
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plates, and they are thus commonplace 

along the Alaska Peninsula and the 

Aleutian Arc . 

If It Hits You Once, 

Will It Hit You Again? 

The adage that lightning never strikes 

twice in the same place is as true for 

earthquakes as it is for lightning : not 

very . There is, however, one relationship 

which appears to hold true for earth

quakes, and that is that if a large earth

quake occurs in a certain place, it is not 

likely to be followed by another large 

earthquake for a certain length of time. 

Thus, while the seismic zones of Alaska 

will undoubtedly continue to be active as 

a whole, we would not expect another 

great earthquake in Prince William Sound, 

for instance, for a long time, probably a 

hundred years or more. This is because 

the strain which had accumulated was 

largely released in 1964, and must be 

slowly built up again before another large 

earthquake can occur. The same holds 

true for the Interior. It was mentioned 

earlier that the eight moderate earth

quakes of this century in central Alaska 

were widely scattered. While there is a 

good chance that these zones of crustal 

weakness will experience further earth

quakes in the future, it is just as likely 

that before they do, another area where 

strain has been accumulating in the mean 

time will produce an earthquake first. 

However, as has been noted, the historic 

record seems to indicate that the 

maximum magnitudes to be experienced 

in the Alaskan Interior will be somewhat 

smaller than those along the border of the 

Pacific plate. Conceivably, this could be 

due to the fact that the crust of central 

Alaska can withstand less strain before 

rupturing than can the rocks of the 

trench-arc system. In any case, it appears 

likely that, while earthquakes of magni

tude R5 or greater can be expected in 

southern or southeastern Alaska, magni

tude 7.5 is about the upper limit for the 

Interior. This is no small difference, for a 

unit increment in magnitude such as this 

represents a 32-fold difference in total 

energy release! 3 

Predicting Earthquakes: 

Can We Say When? 

After centuries of futile effort, 1t IS 

now generally conceded that astrology 

does not offer the best approach to earth

quake prediction. (Actually, there is 
evidence that some earthquakes are 

triggered by tidal forces, but with several 

maxima and minima per day, this is not 

really a very definitive tool.) During the 

past decade, serious approaches to dis

covering measurable physical phenomena 

which might be observed to precede 

earthquakes are finally being made. Prior 

to this, only educated guesses could be 

made as to when a large earthquake might 

be expected, based on past experience of 

"recurrence intervals" for large earth

quakes in the area (according to this 

method, the San Andreas is overdue) . It 

was also noted that, in a given seismic 

regime (such as the Aleutian arc), earth
quakes would tend to occur more or less 

uniformly along the entire system with 

time, and that "holes," or blank spots in 

the energy release pattern which had not 

experienced a large earthquake in a long 

time might be considered prime candi

dates to "fill in" the pattern with a large 

earthquake (the southwest Alaska Penin 

sula is presently such a blank spot). 

Obviously, the question "when" was un 

answerable to within at least several 

decades -hardly meriting the issuance of 

an alarm . 

Now, it is being found that measurable 

phenomena actually do precede some (if 

not all) large earthquakes. It is not known 

if this is universal, beca·use so few actual 

examples have been adequately monitored 

by the necessary equipment. Most of the 

premonitory phenomena are thought to 

be results of essentially the same basic 

mechanism. That mechanism lies in the 

final stages of distortion in the potential 

focal zone prior to ultimate failure. Under 

intense strain, the rocks in the earthquake 

zone may acquire different measurable 

physical characteristics, such as in seismic 

wave velocity, electrical resistivity, 

porosity, etc. Even the surface of the 

epicentral area may be affected, being 

distorted, elevated or dropped, but in 

such minute relative amounts that it is 

detectable only by the most sensitive 

instrumentation. Fo reshock sequences 

may occur, but this has never been a very 

reliable indicator . Some recent studies 

have found that the number of small 

earthquakes may even decrease before 

the major event, and this is explained in 

terms of strain -hardening in the final 

stages. 

While many of these premonitory 

3 An empirical relationship equating earthquake magnitude (M) with energy release in ergs (E) can be written LogE= 11.4 + 1.5M. ' 
Thus each step in magnitude represents a difference in energy release of 101·5, or about 32. Those with a morbid fascination for 
such details might consider that 1 kiloton of TN T can be expected to release about 4.2 x 1019 ergs of energy, and that this. is 
rough~v equivalent to a magnitude 5 earthquake. However, the largest earthquakes generate energy equivalent to about one 
hundred }-megaton bombs. . 
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Two fishing boats lay on their sides in the City of Kodiak when they were swept in by the massive tidal waves which struck March 27, 1964. The 
building to _t he right, smashed as if a giant foot had stepped on it, was once a thriving bowling alley (University of Alaska Archives photo, U.S . Navy 
Collection). 

phenomena will no doubt be proved real, 

t he major difficulty of pred icting eart h· 

quakes wil l remain with us. The biggest 

stumbling block wi ll always be that an 

incredi bly expensive, widely varied, 

sophisticated, densely-spaced array of sci

entific monitoring equipment is required 

in the immediate area of an impending 

earthquake to offer any reasonable chance 

of realistic prediction . Along the San 

and near Charleston, South Carolina in 

1886. Today, these areas are considered 

to be practically aseismic (by west coast 

standards). Unfo rtunately, the vast areas 

of Alaska over which earthquakes occur, 

coupled with t he enormous amount of 

resources and equipment which would be 

required to instrument them, make it 

seem doubtful that an adequate system of 

earthquake warning will be established in 

And reas fault, this may some day be a the foreseeable future (except, perhaps, 

reality . However, an aggravating t h ing 

about earthquakes is their annoying 

habit of often occurring where the 

instrumentation isn't. The largest known 

earthquakes ever occurring in the con· 

terminous Un ited States were probably 

those in the Mississippi Valley in 1811, 

Vol. 6, No . 4 

in a few small areas on a test basis). In 

any case, the philosophical question 

remains; what do you do if you think the 
evidence indicates a large earthquake is 

coming? Ce rtainly, an announcement to 

that effect in a heavily populated area 

would create an exodus that would prob· 

30 

ably have more disastrous effects than the 

earthquake itse lf. And then where do you 

h ide if it doesn't come (or worse yet , if it 

comes after everybody ha s moved back)? 

The absolute degree of reliability of 

prediction, even under idea l circum· 

stances, has yet to be de monstrated, and 

the question of what ·do·you-do-if-yo u 

think-one 's-coming is as big a puzzle as 

any of th'~ rest. 

Try It; You'll Like It 

Since we're forced to live with earth

quakes in Alaska, we might as well learn 

to enjoy them. With practice , amateur 

earthquake watchers are able to acquire 

the knack of estimating distance , direc

tion and magnitude of an earthqu ake to 
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an aston ish ing degree. Perhaps the hard
est thing to learn is to remain calm, 
observant, and objective, while at the 
same time estimating trajectories of pots, 
pans, or other miscellaneous items as they 
leave the top cupboard shelf. Earth
quakes generate two kinds of waves 
which travel within the earth: compres
sional waves and shear waves (there are 
also waves which travel along the surface, 
but we won't be concerned with them). 
The compressional wave vibrates back 
and forth along the direction of travel and 
is almost always the less severe of the 
two. It travels at a faster speed than does 
the shear wave, which vibrates in a direc
tion perpendicular to the direction of 
travel. Thus, if you feel a small tremor 
vibrating in a certain direction, followed 
a few seconds later by a larger shaking at 
right angles to the first, you have pinned 
down the direction to the epicenter (with
in 180°, of course, but if you're one of 
the gifted few who can "hear earth-

The '1958 earthquake (magnitude 7) was 
viewed by many Fairbanksans as being rela
tively minor, yet this was an incorrect observa
tion. Because its epicenter was near Huslia, its 
distance from Fairbanks lessened its impact 
here. However, some of the largest ground 
displacements to be recorded in Alaska's 
Interior occurred during this earthquake. It 
was investigated by T. Neil Davis who was then 
(as now) with the Geophysical Institute. 
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quakes coming," that problem is resolved. 
More on that later). If your mental 
processes had momentarily defected dur
ing the shaking, you might notice the 

direction hanging objects are swinging 
after the worst is over. This most likely 
will be the direction of vibration of the 
shear wave. Since the compressional wave 
travels faster than the shear wave, you 
can estimate distance to the epicenter by 
counting seconds between the arrivals of 
the two phases and multiplying by 10 to 
give you distance in kilometers, or by 6 
to give you distance in miles. This, 
obviously, is the same principle used in 
estimating distance to a lightning flash by 
counting the seconds between the time 
you see the flash and the time you hear 
the thunder. Since high-frequency com
ponents of the shaking are quickly 
attenuated with distance, it is also pos
sible to get some idea of whether an 
earthquake is near or distant by noting 
the rapidity of the motion. Several cycles 
per second (up to ten or so) are 
indicative or near earthquakes, while 
large distant earthquakes may feel like a 
rolling sea. 

So many people report that they can 
hear earthquakes coming, that it is diffi
cult to pass it off as strictly an illusory 
phenomenon, even though there is no 
rational explanation for it. The reason 
that there is not is because the compres
sional wave is merely an acoustic or 
sound wave, and sound travels faster in 
the earth than it does in the air. There
fore, the earthquake waves should already 
have arrived before any sound wave in 
the air which might accompany them. 

31 

Most I ikely, when the sound of the 
earthquake "approaching" is heard, it is 
actually the compressional wave which is 
heard, but which is too small -to be felt. 

In any event, there are many fascinat
ing aspects to earthquakes and much to 
be learned from - and about - them. 
Anyone residing in Alaska for any length 
of time can expect to experience one or 
two, and these are unlikely to be large. 
The only sane approach is to look upon 
them merely as a grooming of the 
earth's wonders by a loving Mother 
Nature who doesn't know her own 
strength. 

Note: 

Including a complete set of references 
forth is article would "require considerably 
more space than the article itself. It (the 
article) is a paraphrase of the work of 
hundreds of people, and I have tried not 
to plagiarize too literally from any par
ticular source. It would be remiss, indeed, 
though, not to point out that the 
"theory of elastic rebound" is more com
monly known as "Reid's theory of elastic 

rebound" and was the work of H. F. 

Reid of Johns Hopkins University in 
1910. Also the account of the woman in 
the fissure was blatantly lifted from C. · 
F. Richter's excellent book, Elementary 
Seismology, W. H. Freeman and Com
pany, Inc., 1958. Many nights viewing 
Alaskan TV late shows have confirmed 
the section on Hollywood's volcano-smear 
campaign. 

Larry Gedney is an Associate Geophysicist 
with the Geophysical Institute, University of 
Alaska, Fairbanks. 
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by Donald J. Gamble and Christian T.L. Janssen 

Estimating the Cost of Garbage 

Collection for ·Settlements 

in Northern Regions 

The article presents a technique for estimating the cost of collecting garbage in 
isolated northern communities. Specifically considered are the Northwest Territories, 
where many of the communities lack such service entirely. In others, the service is 
provided by a single contractor. In the absence of competition, however, it is impos
sible for the Territorial Go-v·ernment to establish what the service should reasonably 
cost. Comparable cost data are generally not available. 

This technique enables the Government to estimate what the cost would be in 
communities not served, and to determine what the costs ought to be in communities 
now being served by independent contractors. The methodology presented develops 
both the yearly operating costs, and the required capital expenditure. 

The technique is based upon a time and motion study view of the collection 
process with the different steps represented by mathematical equations. The equations 
are solved by means of a computer program, which makes it possible to readily simu
late the effect of changes in a number of factors. This makes it possible for the system 
to be dimensioned for efficient and economical operation. Actual data for a specific 
community are used to illustrate the technique. 

The work for this article is part of a major government program to upgrade the 
water and sanitation services of communities in the Northwest Territories. Previously 
this technique was used to determine the cost of alternative water and sanitary 
installations for forty-five isolated villages using input data for some one hundred 
variables for each community. These estimates were used to establish the $100 million 
budget for the Government program. 

INTRODUCTION 

Many of the communities in the North

west Territories (N.W.T.) lack the garbage 

collection facilities available to the more 

populated areas of southern Canada. One 

of the prime tasks of the N.W.T. govern

ment is to upgrade the living conditions 

for the people living in isolated northern 

communities. Most of these settlements 

have evolved as the traditionally nomadic 
people settled close to trading and gov

ernment service centers. Generally they 

are small, isolated, primitive and without 
a tax base. 

Since virtually no detailed or complete 

data on garbage collection exists which 

could be used for comparison, it was 

necessary to e-stimate the costs involved. 

This was done by means of a mathe

matical technique. 

The costs of garbage collection are 

determined as a function of some twenty 

variables which include population, 

amount of waste, collection vehicle size, 

distance to dump, topography, severity 

of climate, existence of roads, and the 

general remoteness of the community. 

Calculations for the government's pro

gram took actual data from forty-fi,,e 

N.W.T. communities. The technique is 

illustrated by applying it to the com

munity of Tuktoyaktuk. 1 

But before going further, it must be 

recognized that garbage disposal in the far 

North is associated with some problems 

that are not discussed here. The conven

tional dump and fill techniques used in 

southern Canada are becoming unaccept

able in the North. At high latitudes, 

garbage does not readily decompose, but, 

rather, tends to be preserved by freezing. 

This problem is currently under study by 

various government agencies. The 

equations here, which are based upon 

conventional methods of operation, may 

need to be modified after new legislation 

is introduced in this area. Actually, it is 

possible to use these equations to assess 

the budgetary implications of legislative 

changes by simply running the computer 

program with the proposed changes. 

COST OF GARBAGE COLLECTION 

The mathematical equations are 

developed from a time and motion study 

view of the collection process. For any 

community, the time it takes to pick up 

the garbage and deliver it to the dump 

depends upon many unique features. 

These include its population, the number 

of homes serviced, the .number of persons 

per dwelling, the amount of waste pro

duced per capita, the size of the garbage 

pails or bags, the size of the garbage truck, 

the distance the truck must travel to the 

dump and the speed at which it travels, 

both to and from the dump and between 

houses. All these factors are measurable, 

1 Tuktoyaktuk is a community of about 600 situated on the eastern side of the Mackenzie delta in the Western Arctic at a latitude 
of 700 N. 
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as is the time required for a complete 

garbage pick-up run. Once the time is 

known, it can be converted to dollars by 

accounting for the vehicle, driver and any 
helpers involved. 

The Garbage Collection Equation 

Garbage collection basically proceeds 

as follows: the vehicle starts empty (if 

not, it first goes to the dump) and goes 

house to house, picking up the garbage 

until the truck is full. It travels to the 

dump, empties the load and returns to 

the community. This is repeated until all 

the houses have been serviced. The entire 

process recurs during the next collection 

cycle. The time involved in performing 

the cycle can be represented by certain 

characteristics of the pick-up system. 

Assume for the sake of illustration 

that, at the start, there is a full truck. 

After arriving at the dump, the truck 

takes time to unload. Then there is the 

travelling time between the dump and the 

community and the time going from 

house to house picking up the garbage. 

The time spent servicing the houses is 

multiplied by the number of dwellings 

serviced per truck load . The total time 

required for one complete circuit 1s 

expressed by equation (1): 

where 

CHRS = 2Xg/Sg + Tg/E + 
(Vv/G) (Xr/Sr + T/E) (1) 

CHRS =;o Number of hours re

quired to complete one circuit 

of the community and dis

card the garbage at the dump. 

Xr = Average distance be

tween residences, 

Xg = Distance between com

munity and garbage dump, 

Sr = Average speed of garbage 

vehicle between residences, 

Sg = Average speed of garbage 

vehicle going to and from 

dump, 

T = Average time required to 

load garbage at each residence, 

Tg = Average time required 

to unload vehicle at dump, 

E = Efficiency of operators, 2 

G = Average amount (cf) of 

garbage produced at each 

residence since last pick-up,3 . 

and 

Vv = Capacity of garbage 

vehicle in cubic feet. 

The number of houses in a community 

may not be readily available without a 

compiete inventory but can be approxi

mated as shown in equation (2) which is 

obtained by dividing the population by 

the average number of persons per dwell 

ing. The number of trips required to 

service the entire community is given in 

equation (3). It is obtained by dividing 

the total number of residences by the 

number serviced per trip . 

where 

N R = POP/NOPD 

NR = Number of dwelling 

units in the community, 

POP = Population in com

munity, and 

NOPD = Number of persons 

per dwelling unit. 

NT=NR/(Vv/G) (3) 

where 

NT Number of trips to 

service entire community 

once. 

(2) 

By multiplying equations (1) and (3), 

the total time required to pick up the 

garbage at each residence is obtained. 

Since only about 5 hours of effective 

labor would normally be achieved out of 

a 7~ hour day, multiplying by 1.5 gives 

the estimated total time for one complete 

collection tour of the community.4 This 

is given by equation (4): 

EHRS= (1.5) NR j G 
\ Vv 

where 

( ~:g + ~g~ + 

Xr 
Sr 

+ 
T\ 
- I E -

(4) 

EH RS = estimated time in 

hours for collecting the 

garbage at all community 

residences. 

The pick-up in" the community would 

have to be repeated as soon as !he garbage 

pails were full again. Assuming a given 

production rate of garbage, the pick-up 

frequency requirements can be computed. 

Or, as an alternative, it can be decided 

how frequently garbage service is to be 

provided. This is given by equation (5) 

where 

F = 7/TPWRG (5) 

TPWRG = The number of 

times per week that garbage 

is collected in the community. 

Knowing the time for each complete 

pick-up circuit and the frequency with 

which it is repeated permits the computa

tion of the number of vehicles required. 

This is given in equation (6): 

NV= 

(365 
(EHRS 

X 7.5) ) 
X 365/F)/ 

(6) 

where the square parenthesis indicates 

the smallest integer larger than the value 

of the parenthesis and 

NV = Number of vehicles 

required. 5 

? l:f/iciency of operator is measured as a fraction with 1 being maximum efficiency. A figure of .8 or .9 has been used for the 
communities studied. There is generally lower efficiency figures in colder places, which are generally located above the tree line. 

3 ft' greater detail is required, then G can be estimated by NOPD x Vsw x F, where NOPD is the number of persons per dwelling, 
Vsw tlze amount of waste contributed per day by each and F the time between pick-ups. 

4 

5 

This is an assumption that needs to be verified in the validation phase of the project. 

Note that this assumes that the vehicle is available 7.5 hours per day every day of the year. Repairs and maintenance would have 
to be done during remaining hours of the day. More than one driver would generally be required for full ulitization of the 
Fe hie/e. 

Vol. 6, No.4 33 The Northern Engineer 



Knowing the number of required 

vehicles and the amount of use they will 

get yields the total annualized cost of 

garbage collection in the community. 

where 

TAC = [ (VTC- VSC) NV+ 

VSC x NVn ] x VAPO + 
EHRS (365/F) (OC X HP X 

VAPO + W + NhWh) (7) 

TAC =Total annualized cost 

in dollars, 

VTC, 
VSC = A proportion of the 

capital replacement value of 

the vehicle. VSC includes 
major overhaul and repair; 

VTC includes depreciation as 

well. (In the calculations, VSC 
was set at .21 and VTC at .46 

based upon contractor rental 6 . 
rates. ), 

OC Operating cost of 
vehicle per horse power hour, 

HP = Vehicle horsepower 

rating,l 
W = Driver wage in dollars 

per hour, 
Wh = Helper wage in dollars 

per hour, 
Nh = Number of driver's 

helpers, 
NVn = Number of vehicles as 

obtained from equation (6) 

before rounding to next 

larger integer, and 

VAPO = A special index of 

"rrorthe rness" indicating 

genera I cost increases for 
equipment and wages 1n 

northern communities.8 

lfthe vehicle is tracked, this represents 
the total cost of garbage service, exclusive 

6 

of any treatment costs. If the vehicle is 
wheeled, a portion of the costs associated 

with the maintenance of roads must be 

added, since in many communities the 

water, sewage and garbage trucks are the 

main users of the roads.9 

Limitations of Present Approach 

It is important to realize that a number 

of simplifying assumptions have been 

made in the development of the garbage 

pick-up equation. The equation is based 

on the average production of waste per 

person. In actuality, both the number of 
persons per dwelling and their waste pro

duction rates are random variables. The 

effect of this is that some residences may 
have produced more garbage than ex

pected and others probably less. 

Similarly, there is apt to be a fair 

amount of variation in the time it takes 

to complete the circuit since this depends 

on such factors as weather, road con

ditions, mechanical trouble or the use of 

alternate dumps. And since there is also 

likely to be some variation in the size and 

performance characteristics of the vehicles 

(more than one may have to be used in 

the larger communities) and in the dis

tances between houses, the problem 

becomes even more complex. The com

bined effect of these different variables 

could only be assessed through a prob

abl istic analysis. 1 0 In large communities, 

it might be important also to determine 

the most economical route for the 

garbage vehicle. 

Over a period of time, however, these 

variations can be expected to average out 
and the equations are believed to be rep
resentative of the times and costs 

involved. 

COMPUTATION AND ANALYSIS 

The solution to the different garbage 

equations was handled by means of a 
computer program .11 A sample output 

of the portion of the program dealing 

with garbage pick-up by truck is pre

sented in Tables 1 and 2. Table 1 contains 

the truck collection input data. Compu

tations have been made for the present 
population and for projected levels in 

1976 and 1981 so that changes in the 

number of inhabitants can be accounted 

for. Since the amount of waste produced 

per person per day is difficult to estimate, 

three different values have been used 

(low, medium, and high). Thus, an 

assessment can be made of how sensitive 

the costs are to changes in the rate of 

waste production. These waste levels 

appear in lines 4, 17, and ·30 of Table 1. 

The program has also been run for three 

waste production levels for the students 

in the school as well as patients in the 

nursing station. The program also varied 

the number of students and the number 

of occupied beds. Table 2 gives the output 

data. The left hand portion of the Table 

shows the different values obtained for 

the community of Tuktoyaktuk. First is 

the circuit time for the three population 
levels. This is EHRS from equation (4). 

For each year there is a different circuit 

time for waste production rates of .5, 

.75, or 1.0 cubic feet per person per day. 

Next is the frequency of pick-up 

which is the number of days that may 

elapse between successive collections. 
Following is the number of vehicles 

For details see Canadian Construction Association ( 1973). The total annualized cost includes a fair profit to the contractor, who 
is assumed to own the vehicle. 

7 
The horsepower rating used is brake horsepowers rather than engine horsepowers. 

8 
For details see Hamelin ( 19 72). 

9 
The appropriate road maintenance cost would be the increase traceable to use by garbage vehicles. 

10 
An extensive sensitivity analysis was carried out for this project but is not discussed in the article. 

11 
The total program is written in Fortran IV and basically consists of 1700 cards, controlled by an executor program and 9 sub
routines, dealing with the various types of water and sanitation services of which garbage collection is one. 
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TRUCKED VEHICLE 

Population in 1974 . 

No. of persons per dwelling 

Speed betwen Homes 

Volume of waste per person 

Distance to dump 

Wage of driver 

Horsepower of vehicle 

TABLE 1 

GARBAGE COLLECTION 

Frequency of pick-up at nursing station per week 

Number of helpers 

Waste per student 

Number of students 

Waste per bed 

Number of beds . 

Population in 1976 

Distance between homes 

Efficiency 

Volume of waste per person 

Speed to dump 

Polar value 

Frequency of pick-up at residences per week 

Volume of garbage pail 

Cost of fuel 

Waste per student 

Number of students 

Waste per bed 

Number of beds 

Population in 1981 

Time to empty garbage pail 

Volume of garbage truck . 

Volume of waste per person 

Time to dump 

Capital value of vehicle 

Frequency of pick-up at school per week 

Wage of helpers 

Number of nursing stations 

Waste per student 

Number of students 

Waste per bed 

Number of beds 

12 

608 

6.30 

5.00 

0.50 

3.20 

7.50 

60.00 

6 
1 

0.50 

96 

1.00 

4 

700 

100.00 

0.80 

0.75 

15.00 

1.65 

6 

o.rro 
0 .55 

0.75 

110 

1.25 

5 
790 

2.00 

5.00 

1.00 

15.00 

7000. 

5 
5.00 

1 

1.00 

125 

1.50 

5 

required to provide the desired service. 12· 
The last item is the dollar cost per year. 
In each case, the values are given for 
three population levels and three produc
tion levels of solid waste. 

From the top row in Table 2 it can be 
seen that the circuit time in the residential 
part of the community for the 1974 
population is 8.8 hours for a waste 
production rate of .5 cubic feet per 
person per day. The garbage is collected 
by one vehicle returning every 1.2 days. 
The total cost is $44,939. 

In most northern communities, the 
school and nursing station/hospital place 
a heavy demand on sanitation facilities. 
To account for this, the cost of servicing 
the school and nursing station was 
calculated separately from the cost of 
servicing the community at large. The 

computations were broken down to show 
the results separately for the residential 
part of the community, the school, and 
the nursing station. There are, therefore, 
tables analogous to Table 2 for the school 
and the nursing station. These, however, 
are not presented in this article. 

The total yearly cost of garbage collec
tion for the different production rates 
and population levels are the figures 
which are of primary interest to this 
investigation as they represent the esti
mate of the size of the garbage contract. 
Based upon a 1974 population of 608, 
the total residential cost would be 
$44,939. Including the school and the 
nursing station, the cost would go as high 
as $95,013 for the higher waste rates (not 
shown in Table 2). 

The output from the computer pro
gram also gives the average yearly cost per 

bag as well as the incremental cost per 
stop from adding the school and the 
nursing station, respectively. This is~pre
sented in Table 3. A separate column 
labeled "ac.tual cost" gives the present 
average cost per bag that is incurred · 
where garbage service is presently pro

vided in a community. 13 This serves as a 
test of the accuracy of the estimates 
in communities where garbage service is 

The unrounded figure is printed to permit an assessment of the utilization of an additional vehicle. 

13 The actual cost was not obtainable in the present case. Cost data are generally difficult to obtain in northern communities. 
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TABLE 2 

RESIDENTIAL COLLECTION 

Wast Production 

Rate 

Circuit Time Frequency 

of Pick-Up 

Number of Vehicles* Total Cost 

1974 1976 1981 1974 1976 1981 1974 1976 1981 

Low 

Medium 

High 

0.50 

0.75 

17.00 

8.8 

12.9 

1.00 

* The program prints the unrounded 

figure for "number of vehicles" as 

it is possible to acquire part time 

use of trucks. 

10.1 11.4 

14.8 16.7 

19.6 22.1 

1.2 

1.2 

1.2 

TABLE 3 

1.00 

1.47 

1.94 

RESIDENTIAL COLLECTION 

1 .1 5 

1.69 

2.24 

1.30 

1.91 

2.52 

44939 51267 57458 

64542 76954 86047 

87263 99523 114636 

Waste Production Incremental Cost per Average Cost per Actual Cost Total Hours per Year 
Rate Stop* Bag 

1974 1976 1981 1974 1976 1981 1974 1976 1981 

Low 0.50 0.0 0.0 0.0 1.49 1.47 1.46 0.0 2743 3158 3564 

Medium 0.75 0.0 0.0 0.0 2.14 2.21 2.19 0.0 4029 4639 5235 

High 1.00 0.0 0.0 0.0 2.89 2.86 2.92 0.0 5315 6119 6906 

* The incremental cost has meaning only when we add the school and/or nursing station. These values, however, are not 
presen'ted in this article. 

provided. 

A final column gives the number of 
hours that the vehicle is in use per year 

under each alternative. For the 1974 
population and a waste production rate 

of .5 cubic feet per person per day, the 

not expect that contracts for service are 
bid at the long-run average cost, or with a 

fair return to the contractor. Rather, one 

would expect the contractors to charge 
monopolistic prices. Some benchmark i~ 

therefore needed. The technique is gen-

vehicle would be in use 2,743 hours for erally applicable to small communities in 

residential collection alone. 5,315 hours 

of use would be required at a production 
rate of 1 cubic foot per person per day .14 

SUMMARY 

Here is a technique for estimating the 
costs of garbage collection in communities 

in the Northwest Territories which pres
ently have no such service. The method

ology also permits an assessment of 
whether costs borne by settlements having 
garbage collection are reasonable and fair. 
In the absence of competition, one would 

other parts of North America as well as in 
the N.W.T. and would apply, in part, to 

cities and towns even if significant modi

fications should be required in these 
larger centers. 

The technique also permits a ready 
analysis of the effect of changes in a 

number of variables such as type and size 
of collection vehicle, distance to disposal 
area, population, number of persons per 

dwelling, frequency of pick-up, etc. This 

makes it possible not only to identify the 

factors that have a significant effect on 

costs, but to design the system for 

efficient operation. It also permits the 

government to estimate and budget for 

the required expenditures. 
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General 

International Symposium 
on Dredging Technology 

University of Kent, Canterbury 

September 17th to 19th, 1975 

Dredges continue to be essential to international commerce in the creation, develop

ment and maintenance of ports, harbors and navigable channels. The introduction of 

even larger ships for long-distance transport of bulk commodities is only one of the 

factors that continues to stimulate research in the field of dredging technology. 

This symposium is designed to afford an opportunity for leading authorities, 

world-wide, from industry, government establishments and academic institutions to 

present and discuss the most recent developments. The meeting is planned to take 

place at the University of Kent, Canterbury, England, from September 17th to 19th, 

1975. Prior to this conference, there will be a two day residential course on dredging 

engineering. 

Scope 

The Symposium will include contributions in any of the following areas: 

Fundamentals and theory: 

flow of liquid/solid mixtures 

slurry flow mechnics 

Types of dredges: 

mechanical 

hydraulic 

Equipment: 

cutter heads 

pipelines 

prime movers 

hoppers, etc. 

Solids handling centrifugal pumps 

Dredge jet pumps 

Output control 

Blockage formation 

Wear 

Use of models 

Instrumentation 

Sampling 

Automation 

Soil mechanics 

Disintegration of deposits 

Spoil movement 

Spoil disposal 

Comparative design, performance, costs 

Applications: 

clearing char)nels 

harbors 
inland waterways 

Mining ore and other deposits 

For further information and reservations, please write to: 

Organizing Secretary 

I.S.D.T. 
BHRA Fluid Engineering 

Cranfield, Bedford MK43 OAJ, 

England 
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by Axel R. Carlson 

Design of Floors 
for 

Arctic Shelters 
In Alaska, whenever we work, play or 

rest, our legs and feet are nearest the 

floors of our buildings and are quickly 
affected by floor temperatures. Most 
Alaskan houses have some floor area 

exposed to unheated spaces such as 

garages, porches, uninsulated concrete 
floors on grade, cantilevered floors, par

tially heated basements and crawl spaces. 

These cold floor areas produce stratified 

air: warm air rises to the ceiling and cold 

air settles at the floor. Because this often 

results in wide temperature variations be

tween the floor and ceiling, these cold 

floor surfaces, and the ensuing air stratifi

cation near them, carry away heat from 

our bodies by conduction, radiation and 

convection drafts. Thus, a cold floor can 

be a health hazard to little children who 

play upon it as well as a discomfort to all 

ages. 
For example, several winters ago I had 

the opportunity to attend the dedication 
of the Bethel Housing Project. The par

ticipants stayed in the new houses during 

the dedication as. they were not yet 
occupied by the intended residents. After 
checking the thermostat and -removing 

my outer garments, I sat down to read . 
Soon my legs became so cold that I got 

up to check the thermostat to see if the 
space heater had gone out. It still read a 
cozy 7 5° F. I sat down a I ittle longer, but 
again became so chilled that my teeth 
began to chatter. Finally, I undressed and 

climbed into the upper level of a double 
bunk bed which was about three feet 

from the ceiling. My roommate had taken 
the lower bed. Sometime later, I 

awakened soaked with perspiration in 

what appeared to be stifling heat . Some

thing was very wrong, but what? 
Since then, field tests indicate that my 
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discomfort was caused by the stratifica

tion of the air. The thermostat was set at 

75° F, but the houses had been placed 
over open crawl spaces to prevent the 

melting of permafrost. Consequently, 

while I sat reading, I had nearly frozen 

from the cold air which settled at my 
feet. Asleep, I was practically suffocated 

by the hot air close to the ceiling. 

Tell)perature Sensing Instruments 

Although earlier temperature gradient 

calculations of floors were a clue to the 

cause of stratification of cold air near the 

floor (Figure 1 ), it was not possible to 

demonstrate its severity without the 

benefit of costly multi-point temperature 

recorders and their numerous thermo

couple sensors stationed at various 
stations and elevations . 

A Canadian study (Kent et al, 1961) 
·revealed air stratification temperatures in 
an arctic hut of 62° F near the floor, 76° 

F at midpoint and 88° F near the ceiling 

(Figure 2). The study did not provide 

temperature readings or insulation values 
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of the exposed surfaces. 

The portable thermistor temperature 
instrument that was used in the field for 
the past four years revealed a number of 

interesting factors about surface tempera
ture and heat loss through floors . 
Although its response to temperature 

change was rather slow, it did not have to 

be bound to the laboratory and it was 

possible to use field conditions to demon 
strate the effect of stratification and 

surface temperatures within a room . The 
new portable digital thermocouple tem 
perature instrument purchased this fall 

has almost instantaneous response to 

temperature changes and they can be 
quickly observed as the sensor is moved 

from floor to ceiling. 

Both instruments have been used for 
measuring dry bulb and wet bulb temper

atures as well as surface temperatures. 

Knowing the surface and adjacent air 

temperatures allows one to compute the 
heat flow, Btu/hr/sf (British Thermal 
Units per Hour per Square Foot), of 

20°F 

THERr.lOCOUPLE @ 
10 15J 

A<: 

LOCATIONS 

20 

BARRACK ROOM LENGTH (FEET) 

( SECT I ON ON ~ OF HUT) 

floor, wall and roof sections based on the 
following formula : 

0 = (Ti - Ts) I Fi 

Q = Heat flow, Btu/hr/sf 

Fi = Resistance of interior film to 
heat flow 

Ts = Interior surface temperature, 
degrees F 

Ti = adjacent interior air tempera

ture, degrees F 

Although the heat flow is necessary to 

compute the heating requirements, it is 
not a very convenient term for comparing 

the heat loss of various sections under 
differing temperatures. Hence, the heat 

flow must be converted to conductance 
values: 

U = 0/ (Ti - T 0 ) 

U = Conductance, Btu/hr/sf/ de
grees F 

0 =Heat flow,Btu/hr/sf 

Ti = Interior air temperature, de
grees F 
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T 0 = Outside air temperature, de

grees F 

Semi-Closed Crawl Spaces 

A 1972 field study of new houses at 

Point Barrow revealed that placing 

6 inches of fiberglass in the floor instead 

of 3 % inches apparently did not solve the 

problem of stratification. Further, install

ing a modern hot air furnace or hot water 

baseboard radiation did not solve the 

problem either . A house heated by hot 

water baseboard radiation had a floor 

surface temperature of 65° F at an out

door temperature of 9° F. The air 

temperature in the living room ranged 

between 73° F near the floor, 83° F at 

the thermostat and 93° F near the ceiling 
(Figure 3 a). 

Another house heated by a hot air 

furnace with hot air registers located in 

each room had a floor surface tempera

ture of 58° F at an outdoor temperature 

of -25° F. The air temperature in the 

living room ranged from 63° F near the 

floor to 73° Fat the thermostat and 83° 
F near the ceiling (Figure 3 b). 

Both houses were set over semi

enclosed unheated post and beam founda

tions with plywood skirting. The skirting 

was open along the bottom for circulation 

of summer air to prevent melting of 

permafrost . The skirting was closed with 

drifting snow in the winter to maintain a 

warmer crawl space . The floors of both 

houses were supposedly insulated with 

6 inches of fiberglass. Although the air 

temperature at the thermostat remained 

fairly uniform, the floor and ceiling tem

peratures fluctuated 8° to 1 0° F as the 

hot water circulating pump or hot air 

blower turned off and on. 

Unheated Masonry Crawl Space 

This winter (1975) the temperatures 

of an electrically heated home set on an 

unheated masonry crawl space were 

tested. It was found that the dining room 

floor had a surface temperature of 65° F 

at a crawl space temperature of 44° F and 

an outdoor temperature of 4° F (Figure 

4). 

The dining room air temperature 

ranged from 68° F immediately above 

the floor, to 72° F at thermostat level 

and 76° F a few inches below the ceiling. 

The masonry foundation, frame wall and 

ceiling were insulated w ith sprayed-in -

Vol. 6, No.4 

3-1 / 2" Fiberglass 

FIGURE 3 a. Temperature readings, hot water baseboard radiation . 

3-1/2" Fiberglass 

FIGURE 3 b. Temperature readings, hot air furnace. 

place polyurethane . 

The ceiling temperature of the crawl 

space under the carpeted area of the liv

ing room was 52° F. The c rawl space 

40 

ceiling under the tiled kitchen floor was 

56° F. This means that heat was passing 

to the crawl space at a rate of 4.9 to 7.3 
Btu/h r/sf. The earth floor of the crawl 
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space was 42° F near the center of the 

house and 41° F four feet from the 

foundation wall. 

Heated Basements 

The discomfort of radiation to cold 

floor surfaces and cold air stratified near 

the floor can also occur in a heated base

ment. In a former home, my children 

continually complained about it being 

too cold to study in their basement bed
rooms, even with the thermostat turned 

up to 75° F (Figure 5). Later, it was 

found that the floor temperature was 7° 

cooler than the thermostat. The founda

tion walls had been furred out and 

insulated with the equivalent of 1 Y2 inches 

of fiberglass . The concrete floor was not 

insulated, however . These particular 
measurements in Figure 5 were taken in 

March. It is speculated that the floor 

surface temperature would have been 
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cooler earlier in the season as the heat 

was shut off during the summer, allowing 

the floor and ground to cool down. The 

ground temperature in the interior of 

Alaska is near freezing a few inches below 

the surface. In the Lower 48, the ground 

temperature may be 45° F or warmer 

depending on the latitude. Hence, an 

uninsulated floor would serve as a cold 

sink and would have a cooler temperature 

earlier in the season. 

Even more revealing is the fact that 

the heat loss through the basement floor 

ranged between 5.2 to 8.2 Btu/hr/sf 

which was greater than for any of the 

walls. The insulated poney wall above the 

masonry foundation had a heat loss of 4.4 

Btu/hr/s f. The 2 x 4 stud wall of the 

second floor, insulated with 6 inches of 

fiberglass only, had a heat loss of 2.3 

Btu/hr/sf. 

The heat loss coefficient of a concrete 

floor on , grade is normally based on a U

value (conductance) of 0.100 Btu/hr/sf/ 

degree F (R=10.0). This particular study 

revealed a heat loss coefficient of as high 

as 0.164 Btu / hr/sf /degree F (R=6.1), de 

pending on the depth below grade and 

distance from the foundation. 

Heated Basement Floors 

Several years ago, the Architectural 

Engineering Department at Pennsylvania 

State University conducted research on 

methods of alleviating the stratification 

of cold air in basement living areas. One 

method consisted of building a wood 

floor framing system over the concrete 

floor. This left a plenum for circulating 

hot air by means of a down draft 

furnace to floor registers located in each · 

room around the perimeter of the base

ment wall. The wood floor. was nailed 

onto a series of 2 x 4 nailers su-pported 

from special metal chairs raised several 

inches from the original concrete floor . 

The system was used in several homes in 

State College, Pennsylvania, with excel

lent results, but was too expensive due to 

problems of manufacturing and market

ing the special patented chairs. 

Effect of Insulation 

on Surface Temperatures 

Although increasing the thickness (A

value) of insulation in the floor will 

reduce the heat loss, unless the floor is 

heated in some manner, the floor surface 

temperature will never reach the air tern -
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FIGURE 6. Temperature readings, heated plenum. 

perature above the floor because of the 

insulation value of the air film on the 

floor and the stratification of cold air 

near the floor. The effect of three stand

ard thicknesses of fiberglass insulation on 

floor heat loss and surface temperature 

was calculated and is summarized in 

Table 1. This supports the test results 

found in the field. The insulation value of 

the floor section will also vary according 

to the wind and the size and spacing of 

fl oar joists. 

Heated Floor Cavity 

In older two story houses, a comfort

able floor temperature was obtained by 

placing the furnace or boiler in the base

ment. Sometimes a partial basement was 

used which still allowed the circulation of 

warm air to floors under the adjacent 

shallow crawl space . The advent of the 

one story house, with its greater ground 

area, however, resulted in the adoption of 

the less costly, shallow crawl space set on 

a masonry foundation or the even cheaper 

post and beam foundation. Although 

insulating the floor and placing the heat

ing plant on the main floor resulted in 

lower costs, the discomfort of cold floors 

began to occur. Also, replacing the base 

ment heating plant with electric base

board radiation produced cold floors, 

even when the basement ceiling was 
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insulated. Cold floors are also the final 
product when, in the continuous perma

frost zones of Alaska, the floor is placed 

over an open crawl space to prevent the 

permafrost from thawing and the subse

quent settling of foundations. 

The most practical method of main

taining a warm floor over a cold crawl 

space means adopting deeper floor joists 

and circulating warm air in the floor 

cavity (Figure 6). The floor joists must be 

deep enough to accommodate the equiva

lent of 9~ inches of fiberglass insulation 

( R=30.0). Also, adequate space must be 

left over the insulation for circulating 

enough heat to each room. This will 

necessitate at least 20-inch deep floor 

joists rather than the conventional 2 x 6, 

2 x 8 or 2 x 10 lumber joists. 

The deep floor cavity could serve as a 

return air plenum for an up draft furnace 

with return air registers located in the 

floor of each room. Hot air ducts could 

be run under the ceiling of the hallway 

with a hot air register located in each 

room. The lower floor covering should be 

fire-proofed with sheet rock,, particularly 

if polyurethane is used as insulation . 

Perhaps a better method would be 

to use a down draft furnace with metal 

ducts to distribute warm air to floor 

registers situated around the perimeter of 

the rooms. A certain amount of hot air 
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TABLE 1 

Effect of Insulation on Floor Heat Loss And Surface Temperature 

Insulation 

R-value (1) Thickness (2) 

(average) (inches) 

10.7 

17.7 

28.7 

3% 

6 
9% 

Heat Loss through joists included 

Nominal rated thickness 

Heat Loss (5) 

Btu/hr/sf 

73°F 63° F 

7.8 

4.7 

2.9 

6.8 

4.1 

2.5 

Surface (6) 

Temperature (F) 

73°F 63° F 

65.9 

68.7 

70.3 

56.7 

59.2 

60.6 

( 1 ) 
(2) 

(3) 

(4) 

(5) 

Assumed air stratification temperature near the floor, T a= 63° F and 73° F 
Assumed outdoor temperature, T ~ = 10° F 
Calculated heat loss: 

Q=Ta·T0 = 73.+10. =7.8Btu/hr/sf 

Rt 10.7 
(6) Calculated surface temperature: 

Ts= Ta- Ri (Ta- T0 ) = 73.-.92 (73. + 10. ) = 65.9° F 

10.7 

should be bled into the floor cavity to 

maintain the surface of the floor at the 

desired temperature. The furnace blower 
should be set to operate continuously. 

The burner, however, would only have to 

operate when heat was demanded, say 

when the temperature of the air in the 

return duct reached a specified level. 

If electrical power is not adequate, the 

cook range or space heater could be set 

over a large floor register (30" x 48"). 

Then, small floor registers could be in

stalled in each room around the perimeter 

of the house to serve as a cold air return. 

A metal jacket should be placed around 

the heater to reduce radiant heat and to 
improve the gravity circulation of cold air 

through the floor cavity . The jacket 

around the heater should also be fitted 

with a metal door to facilitate servicing 
and cleaning, baking in the oven and firing 

with wood or coal if a hand-fired space 

heater is used. Metal jackets were used in 

one room country schools of old to im

prove circulation of warm air. Where 

electricity is adequate and not too expen

sive, a fan can be installed under the 

floor register to improve the circulation 

of air, rather than depending on gravity 

circulation alone. 
A small home, with limited interior 

partitions, could be heated by a single, 
centrally located space heater . A vertical 

duct with a down draft fan could pick up 

Vol. 6, No.4 

warm air at the ceiling and force it 

through the duct into the plenum between 
the floors to registers located in each 
room (Figure 7). A furnace filter could 

be placed in the duct to remove dust and 

lint from the air. 
An air intake should be installed in the 

bottom of the plenum to provide fresh 
air (oxygen) for efficient combustion of 

fuel. The air intake should be equipped 

with a barometric damper to minimize 

infiltration of cold air when the heater 

damper is closed. 

Lumber-Plywood Floor Joists 

How can one design and construct an 

economical floor joist that will accom

modate the circulation of warm air and 

thicker insulation? Commercial trussed 

joists could be used but these are rather 

expensive for residential construction. 

Therefore, 20 to 24-inch deep, long span 
lumber-plywood joists are recommended 

depending on the design floor load and 

joist span. 
I first observed the lumber-plywood 

joist in a dairy barn roof construction in 
northern Sweden in 1968. Returning four 
years later, during a sabatical leave in 

Scandanavia, I noted that the lumber
plywood joist was being used for roof 

framing in residential construction. The 

Scandinavians use a double floor with 

fiberglass insulation In each section to 
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increase the warmth of the floor. They 
also use a special valve that modulates 

the temperature of the hot water circulat

ing in the wall heating panels. During the 

winter of 1959, two 24-inch deep by 24-
feet long lumber-plywood joists with 

single 2x4 top and bottom chords were 

tested at Michigan State University for 

strength and deflection. The chords were 
pieced together with 8 and 16-feet 
lengths of lumber with the joints staggered 

and spliced together by the plywood 
web. The %-inch plywood web was 

fastened to the chords with just nails or 

glue and nails. It was not possible to bend 

the joists to failure on a hydraulic truss 

press. The joists wer;e loaded to the equiv

alent of 190 pounds per linear feet and 

they returned to the original height when 
unloaded . The joists had amazing strength 

and rigidity. The relative strength 

(moment of inertia) of various sizes of 

lumber joists is summarized in Table 2. 
A stress analysis indicates that a 20-

inch deep lumber-plywood joist with 

single 2x4 top and bottom flanges and a 

5/8-inch plywood web could span 24 feet 
and support a dead and live load of 200 
pounds per linear foot at a deflection of 

1/360. The joists could be spaced at 48-
inch centers which would support a dead 
and live floor load of 50 pounds per 

square foot. The web should be reinforced 
by 2 x 4 vertical studs at 48-inch centers. 

A %-plywood sub-floor could be sup

ported on 2 x 4 purl ins at 16-inch 
centers laid perpendicular to the joists. 

The floor could be made in 48" x 96" 

panels with the purlins nailed and glued 

in place. The panels could then be 

fastened to the joists with screws to 

facilitate access to the electrical wiring, 
plumbing and heating systems, or later 

removal. 
Heavy concentrated loads, such as 

large water tanks, should be set along the 

outside wall. If additional strength and 

rigidity is required, double 2 x 4 or 2 x 6 
upper and lower flanges could be used. 

Another alternative is to reduce the 
spacing of the joists from 48 inches to 24 

or 16 inches as needed. 

Holes can be cut in the plywood webs 

to make easier the circulation of air or 
installation of uti I ities. A 24-inch section 

can ·be removed at the center where the 
shear is least and the bending movement 

greatest. However, as one nears the end of 
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9-1/2 11 Fiberglass 

Return air 

stove 

Filters 

Blower 

3-1/2 Fiberglass 
and nailers 

Space heater 

FIGURE 7. Heated plenum floor with return air duct. 

the joists where the vertical shear 
approaches maximum, holes in the 
webbing should not exceed 1% inches in 
diameter or be closer than 12 inches on 

center . 

The floor purlins could be placed on 
top of the lumber-plywood joists, which 
would also facilitate air circulation over 

the joists without having to cut holes in 
the webbing. This would reduce the ceil
ing height approximately 3% inches. 

The long span lumber-plywo~d joist 
would eliminate the expense and nuisance 
of realigning the conventional three and 
four rows of posts and beams as the 
house would be supported around the 

perimeter only. The house could be 
jacked up around the perimeter without 
having to crawl under the house. This 
would also allow one to lower the profile 
(height) of the house. 

The weakest link in a house usually 
occurs under and over doors and windows. 

The lumber-plywood joist would facilitate 
the design and construction of lumber

plywood box beams around the perimeter 
of the house. This would increase the 
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strength and rigidity of the walls. 

Building and Heating 
Cost Comparison 

A conventional 24-0 x 32-0, one story 
house set on an open post and beam 
foundation with 2 x 10 floor joists would 
cost approximately $25,905 based on 

1973 prices (Table 3). The annual 
mortgage payment would be $2691 based 

on a 33 year mortgage at 10% interest. 
The annual heat cost would be $518 
calculated for a 58° F floor surface tem
perature and $622 for a 65° F floor 
surface temperature. The heating require 

ments are based on an annual outdoor 
mean temperature of 25.6° F and an 

average room temperature of 75° F and 
85° F respectively. 

TABLE 2 

Relative Strengths of Floor Joists 

Number and Size of Joist Moment of Inertia (ln 4 ) 

One 2 x 4 

Two 2 x 4, side-by -side 

Two 2 x 4, stacked 

One 2 x 6 

One 2 x 8 

One 2 x 10 

One 2 x 12 

Single 2 x 4 flanges with 1 /2" plywood web, 20" deep 

Single 2 x 4 flanges with 5/8" plywood web, 20" deep 

Single 2 x 4 flanges with 1 /2" plywood web, 24" deep 
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5.4 

10.7 

10.7 

20.8 

52.7 

107.2 

190.1 

925.0 

1109.0 

1460.0 
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A similar house, with 20 inch deep 

long-span lumber-plywood joists at 48-

inch centers would cost $26,697 . The 

annual mortgage payment would be 

$2841. The annual heating cost is esti

mated at $467 based on an average 

indoor air and floor temperature of 65° 

F . Reducing the indoor tem\erature re

duced the heating requirements. The $150 
increase in annual mortgage payments 

would be partially offset by a $51 to 

$155 decrease in the annual heating costs 

depending on room temperature . This 

does not even take into account the 

almost certain rise in fuel prices and the 

savings that would result over the years. 

The warmer floor would result in gre~ter 
comfort. 

Installing an uninsulated masonry crawl 

space under the house would result in 

annual mortgage payments of $2777 and 

annual heating costs of $663. Insulating 

the crawl space would increase total con

struction costs by $242, with a $25 

increase in annual mortgage payment. 

But it would save $122 in annual heating 

costs and at the same time increase the 

comfort of the house. 

If the house were placed over an un

insulated basement, building costs would 

increase $4564 over the post and beam 

foundation costs. The heating costs 

would be increased between $238 and 

$342 depending at what temperature the 

house was kept . Insulating the basement 

would increase the annual mortgage pay

ment by $170 and reduce the annual 

heating costs by $193. The insulated 

basement would double the living area at 

a cost of $10.90 per square foot as com

pared to $33.73 for the post and beam 

house. 

~, Summary 

In the design of a house, the living 

room, dining room, study and other low 

activity areas should be placed over a 

heated basement or crawl space for maxi

mum comfort. Game rooms, shops and 

other high activity areas should be situ

ated in basements or other areas where 

cold floors naturally exist. Sleeping areas 

may also be located in basements or 

other rooms with lower temperatures as 

these normally have higher relative 

humidities which result in more comfort

able sleep. Houses built over unheated 

crawl spaces should be built with 20 inch 

deep lumber-plywood joists with a par

tially heated floor cavity for maximum 

comfort and minimum heating costs. 

The heating plant must be properly 

balanced for uniform distribution of heat 

to each room and minimum stratification 

and fluctuation of room temperatures. 

TABLE 3 

Building and Heating Costs 

This will necessitate the development of 

an Alaskan Residential Building Code . 

Further, the training and licensing of engi

neers, architects, contractors and crafts

men will be necessary to assure the 

proper design and construction of com

fortable, maintenance-free homes for 

arctic climates of Alaska. 

REFERENCES 

ASH RAE (American Society of Heating, 

Refrigeration and Air Conditioning 

Engineers). City. Handbook of 
Fundamentals, 1967, American 

Society of Heating, Refrigeration 

and Air Conditioning Engineers, pp. 

419-56, 1967;_. 

Carlson, A. R. Basement Heat Loss, 
Cooperative Extension Service Pub

lication, University of Alaska, Fair

banks, Building in Alaska Environ

mental Series 1, 1971. 

Carlson, A . R. Effect' of Wall Framing on 
Heat Loss, Cooperative Extension 

Service, University of Alaska, Fair

banks, Building in Alaska HSC 16, 

1972. 

Carlson, A. R. Special Considerations for 
Building in Alaska, Cooperative 

Extension Service, University of 

Alaska, Fairbanks, Building 1n 

Alaska Publication P-952, 1972. 

Annual Heating 

Foundation Type Joist Space Insulation Thickness Temperatures Cost Building Total Annual Cost 

(3) (4) (5) (6) 

Floor 

Avg Surface 

Post & Beam 24 6-3-6 85.0 65 .0 $622 $25,905 $2691 

Post & Beam 24 (1) 6-3-6 75.4 58.0 $518 $25,905 $2691 

Post & Beam 48 (2) 6-3-6 65.0 65.0 $467 $27,345 $2841 

Masonry Crawl Space 24 0-3-6 69 .0 58.0 $663 $26,733 $2777 

Masonry 24 2-3-6 69.7 65.0 $541 $26,975 $2802 

Basement 24 0-3-6 68.1 65.0 $860 $30,469 $3165 

Basement 24 2-3-6 70.4 65.0 $667 $32,102 $3335 

(1) 2 x 10 joists@ 24" O.C. 

(2) 20" lumber-plywood joists@ 48" O.C. 

(3) Fiberglass insulation in floor, wall and ceiling 

(4) Based on mean exterior temperature of 25.6° F and 45.9<£/ gal fuel oil 

(5) 1973 labor and material prices 

(6) 33 year mortgage @ 10% interest 

Vol. 6, No.4 45 The Northern Engineer 

f 



Carlson, A. R. Warm Floors are Essential 
for Comfort, Cooperative Extension 
Service Publication P-456, Uni
versity of Alaska, Fairbanks, 1972. 

Carlson, A. R. The Effect of Insulation on 
Heating and Building Costs of a 
Home, Cooperative Extension Serv
ice, University of Alaska, Fairbanks, 
Building in Alaska Publication PR-
358, 1973. 

HEATI~G A~O BUIL~I~G COSTS 

Kent, A.-D. and A. G. Wilson.ArcticHut 
Heating and Ventilation Trials, 
Division of Building Research, 
Canadian National Research Coun
cil, Ottowa, NRC 5996, 1961. 

Latta, J. K. and G. G. Boileau. Heat Loss 
from House Basements, Division of 
Building Research, Canadian Na
tional Research Council, Ottowa, 
Housing Note 31,1969. 

7185. 0 H[liJSE, 1-STORY, ?4-0X32-0, PCST & BEAM, FAIRbA~KS, 8127/73 12 

Veale, A. C. Insulation Thickness for 
Houses, Division of Building Re
search, Canadian National Research 
Council, Housing Note 21, 1964. 

Axel Carlson is the Building and Homes 
Engineer for the University of Alaska's Cooper
ative Extension Service, Fairbanks District. He 
is also the author of numerous articles and 
papers on building in the North. 

1.FUFL OIL, GAL UNIT CCST $0.4590, HE4T OUTPIJT l 1t4000. BTU, EFFI:lf'lCY FACTJ~ 0.70 AT FAIRBANKS, AK. 
GROUND ARE~ 768. SF, HEIGHT 8.00 FT AND INFILT'<ATION Alk CHANGES 0.5) PER HGUR I 51. CFM). 

AVERAGE' MOII!THLY TEMPERATURES Jt\~ -12.8, FEB -4.0, MAR 7 • 5• APR. 29.8, MAY 48.8, JUN 59.3, JUL 60.4 
AUG 5~.e, SEP 43.4, OCT 24.3, NCV 4.9, DEC -10.0 AND ANNUAL 25.6 AT FA!~BANKS, AK. 

MORTGAGE PERI OD OF 33.J Y[APS AT 10.01JO PERCENT INTEREST ANNUALLY. 

• • 
SU~. FACE * FXP OS EO ~R E A * U-VALUE *TEMP ER-* HEATING REOJikEMENTS * BUILOING COSTS * 

* SF * PCT * HTUIHISFIF* 'TURE * BTUIHIF * QUA~TITY* COST $ * PCT * UNIT $ * TOTAL $ * PCT *AN~UAL $ * 

l.FU1UR 16 6 
2. WALL lt 3 
3.WINOOWS rH OBL 
4.DOrRS ST~ 

5.POOF RAFT 24 6 
6.PARTI T IC'NS 
7.MISC CARPE~TRY 
8.PAI~T!Nr; 

9.[LECTR !CAL 
lO.Plli"E'II'\G 
ll.HUTI"'G 
12. JNF IL TRAT [ ;l'l 

TOTAlS 

768. 31.6 
747. 30. 7 
107. 4. 4 
42. 1.7 

768. 31.6 

2432. IC:J.C 

C.0347 65.0 
c.cse:J 75 .o 
0.5435 75.0 
o. 2 720 75 .o 
o. 0471 85 .0 

75.0 

0.1074 75 .4 

ESTI"AT OR A.R. CARLSO~, UNIVERSITY OF ALASKII, FAIR BI\1\!KS, AK. 

21. 91. 42. 8.1 
73. 31'+. 144. 21 .a 
58. 250. 115. 22.1 
11. 49. 23. 4.3 
36. 187. 86. 16. 5 

56. 238. 109. 21.1 

261. 1129. 518. 100.0 

COMPUTED 01/03175 

71 8 '.i • ~· II -11 ' 5 r. , I - ) T ·1 P V , ? 4- C· C ~- C , 1\ A .< " P Lf N U ;1 , f A I •. o A 1\ K S , 0 I '21 I 73 1 2 

5.40') 4147. 16.0 431. 
2.895 2163. B.J 225. 

16.857 1804. 7.0 187. 
15. 182 6 38. 2. 5 66. 
5.766 4428. 17. 1 460. 
1.924 1478. 5.7 154. 
1.691 12 99. 5.0 135. 
1.787 1372. 5.3 143. 
2.465 Ul93. 1. 3 197. 
2.835 2177. 8.4 226. 
5.868 45 07. 17. 4 468. 

33.131 25905. 1 oo. 0 2691. 

2 COPIES. 

l.F UH ' I II., ,;o\ L II';!T CGS T ~ C . ·t 59'j , HI:~T CJ TPJT 144000. BTU, EFFIC!I'!IICY FACTJ~ 0.70 AT FAI R[IAII:KS, AK. 
GROU: ~ APF~ 7!>-J . SF, f<[ [ (j HT 1J .O C FT A~O !'lf'ILTPAT! Cr·J AIR CHI>"JGES 0.~0 PEl< HJUR I 64. (~MI. 

~~~~Ar;~~:~~ T ~~ : T ~;:~:~:~~ES 24 ~~~ ~~~·d, 4 ~~~ O;~·~iJ~~RA~D 7; ~~u: ~ '< ~~:~·A~A:Al:=;=~S~U~K.59.], JUL 60.4 
MORH,.~(, f 1-'t:~ Jd (' CF 3J.J Yr-AiiS r.T IC.C00 0 »EPCtiiJT lii:TERtST All:\iUALLY • 

• • 
* fXr •:~f.i'J ~ R= t * ~-VALU[ *EMPE >l -* tlfAT lNG RE~o;UI R EMll'vTS 
* SF * PC T ~' P. T :..1 I HI S fl f * <\ T U '\ " * rl T 'J I HI F * 0 II A:H I T Y * C 0 S T ~ 

* ~UILJI~GCOSTS * 

l.FL Qr,R 4f. t. 

£.wALL If 3 
3.W l 'l!11 .' '~S il l-' :)RL 
4. 001 ' "$ S T:-< 
5. R (! ' r <1 H T 2 4 c 
6.PAP.TITI GNS 
7.rt SC CAPDLIIJT<lY 
B. PAI NTIN G 
CJ.ELf(TP !CAL 

10. PL 1 1~ : J · I tK. 
ll.HEAT! ~G 

12.1NfiL TRATION 

Tr.TAl S 

7t:d. 
Q7 1. 
1C7. 
42. 

76L. 

21!.9 c. ) 34 7 65 . 0 
36.6 0 . 0<;3::> oS . O 

4 . C 0.5435 u5.o 
1. 6 C.27 2~· 65 . 0 

2il. c; o. 04 71 6~ .0 

C.lll8 65 . 0 

ESTII<~f! 1<1 .\ . 1-l . CARLS f'J t\, Utd Vf"SITY 1l F ALt\SKA, FAikGA I.: t< S , t.K. 

· Vol. 6, No. 4 

2 7. 
·.Js. 
~R. 

1 1. 
3 6 . 

69. 

29 7. 

46 

* PCT * UNIT $ * TOTAL $ * PCT *AN~UAL $ * 

9 1. 42. 9.0 6.431 4939. 18. 1 513. 
326 . 149. 32.0 2.8<;5 2811. 10.3 292. 
l'i ~ . 91. 19.6 16.857 1!'04. 6.6 187. 
39. 1 f3 . 3.8 15.1 82 638. 2.3 66. 

1 2 4. 57. 12.2 5.766 4428. 16.2 460. 
1.924 1478. 5.4 154. 
1.691 1299. 4.7 135. 
1.7 87 1372. 5.0 143. 
2.465 1893. 6.9 197. 
2.835 2177. 8.0 226. 
5.868 4507. 16.5 468. 

2311. 109. 23.4 

1 ·) 17. 467. 100 .0 3 5. o LI6 21345. 10u.o 2841. 

CO~PUTEO 01 / 0 7175 2 COPIES. 

The Northern Engineer 



CORRECTION 
EDITOR'S NOTE 

The Editor has been informed by Mr. 

Timothy Buzzell, author of "Community 

Resource Evaluation in Sewage Treatment 

Plant Selection" (TNE, Fall 1974). that 

he has obtained information subsequent 

to the publication of that issue which is 

relevant to his article. He has requested 

we publish the following corrections to 
his original text: 

(1) The population served 

by the two projects are 

375 at Wainwright and 

475 at Emmonak and 

not the 1 00 to 200 

people mentioned at the 

(2) 

(3) 

beginning of page 20. 

The total cost of each 

project was closer to 

one-half million dollars 

rather than the 1 mil

lion dollar figure as re
ported on page 20. 

Since the Environmen

tal Protection Agency 

had insufficient time to 

complete and refine the 

installation at Em

monak, the use of the 

word "failed" is in

appropriate when refer

ring to that system 
(page 19). 

CANADA 

NATIONAL RESEARCH 

COUNCIL 

SUBCOMMITTEE 

ON GLACIERS 

INTERNATIONAL SYMPOSIUM 

ON THE 

THERMAL REGIME 

OF GLACIERS 

AND ICE SHEETS 

Simon Fraser University 

Burnaby 

British Columbia Canada 

8-11 April-1975 

A Symposium on the Thermal Regime 

of Glaciers and Ice Sheets will be held at 

Simon Fraser University, Burnaby, British 

Columbia, Canada from 8 to 11 April, 

1975. All correspondence and requests 

for information concerning the Sym

posium should be addressed to: 

R. B. Sagar 

Glaciology Symposium 

c/o Department of Geography 

Simon Fraser University 

Burnaby, B.C. V5A 1 S6 

Canada 

international conference on 

The Coast and Shelf 
of the 

Beaufort Sea 
Edited by 

John C. Reed and John E. Sater 

This special publication by the Arctic 

Institute is the Proceedings of a 3-day 

symposium held in San Francisco in 

January 1974. 

The Proceedings includes 10 theme 

papers, 28 general papers, 13 discussion 

papers and 5 abstracts. It sets forth what 

is known about the coastal and shelf areas 

o-f tl:le Beaufort Sea, defines areas and 

problems that still need investigation and 

interrelates the interests of various dis

ciplines in a synthesis of the region's 

environment and processes. 

The Proceedings, like the symposium, 

is divided into three broad disciplinary 

categories : air-ice-water, geology and 

biology. Each category is covered in 

detail, both for the Alaskan and the 

Canadian portions of the Beaufort Sea. 

Copies of the 750-page soft-cover book 

will be available about 1 February 1975. 

Orders for the book are being accepted 

by the Institute's Washington Office. The 

publication price is $25.00. 

Address enquiries to: 

The Arctic Institute of North America 
3426 North Washington Boulevard 
Arlington, Virginia 22201 

Satellite Communication Systems Technology 

Organized by the 
Institution of Electrical Engineers 

in association with the 
European Space Research Organization 

Institute of Electrical and Electronics 

Engineers 

(United Kingdom and Republic of Ireland 

Section) 

Vol. 6, No.4 

Institution of Electrical Engineers, Savoy 
Place, London 
7- 10 April 1975 

Institute of Mathematics and its Applica

tions 

Institution of Electronic and Radio 

Engineers 

International Telecommunications Satel

lite Organization 

Royal Aeronautical Society 

47 

All enquiries concerning the Conference 
should be addressed to: 

The Manager, Conference Department 
Institution of Electrical Engineers 
Savoy Place 
London WC2R OBL 
England 
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