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A PERSPECTIVE 
VIEW OF 

ARCTIC 
POLLUTION 

Dr. R. Sage Murphy, our guest editor, is presently the director of the Institute 
of Water Resources of the University of Alaska as well as head of the Department 
of Environmental Health Engineering. In recent years Dr. Murphy has been appointed 
special consultant to the United Nations World Health Organization and is consultant 
to several petroleum firms on Arctic operations. 

Dr. Murphy's past experience includes work with Engineering Services, Inc., 
Arcadia and Oakland, California; and Arctic Health Research Center, U.S. Public 
Health Service, Anchorage, Alaska. He has obtained his academic credentials from 
Southern Methodist University (M.S.) and Pennsylvania State University (Ph.D.) 

The Fall 1968 issue of THE NORTHERN ENGINEER carried "Observations 
on Sanitary Engineering Practice in Poland", Dr. Murphy's first contribution to the 
magazine. Since then he has continued to encourage the publication of THE NOR
THERN ENGINEER and has assisted in raising the quality of the magazine with 
occasional constructive criticism. We are indebted to Dr. Murphy for his invaluable 
assistance in compiling this issue of the magazine. 

The present status of environmental health engineering problems in the 
Far North is well typified by the problems of water pollution. Other broad 
areas of environmental health engineering-air pollution, solid waste manage
ment and disposal, water supplies and distribution, and noise abatement-are 
also timely topics, but water pollution and its control are significant factors 
throughout all areas of the North, while the other subjects mentioned are more 
related to communities and the density of human settlement. Water pollution 
problems have a greater tendency toward widespread distribution by natural 
phenomena than do the other areas of concern mentioned. 

Water pollution is, by my definition, the process by which man degrades 
a water resource such that its beneficial uses are prevented (either directly or 
indirectly). A stream with large quantities of natural impurities could become 
polluted with the addition of distilled water. Likewise a natural stream devoid 
of all nutrients necessary to support life forms would not necessarily be pol
luted if it were to receive a strong acid discharge. The implication of the 
definition and examples is that man must decide the benefits. Thus, the bene
fits as seen through the eyes of an ardent conservationist and a ruthless 
exploiter are usually mutually exclusive. But, if a stream is to be protected 
from pollution for the sake of the fish living in it, the fish may derive little 
benefit by being caught and consumed by an angler as opposed to a quick 
death by cyanide poisoning from an industrial waste. 

Two expressions heard lately when describing the North are "harsh 
environment" and "delicate ecology". It has become common for some people 
to use these two terms to their own advantage in an argument on the in
dustrial opening of the Arctic. They are compatible terms, since the for-

mer refers to how man views it for 
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use as his own environment, while 
the latter term refers to the critical 
balance between indigenous organ
isms and their environment. Without 
going into an extensive discussion con
cerning species diversity, or ecosys
tems, subjects which a biologist can 
much more adequately cover than I, 
it is suggested that any environment 
harsh to man is going to have a deli
cate ecology. A desert fits into both 
categories, while a tropical rain for-
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est would not. Man has in large part 
tended to develop in areas not con
sidered harsh. 

Water pollution control in the Far 
North appears, at first glance, to be 
fundamentally different from else
where in the world. In practice, some 
of the constraints are merely dissimi
lar. I don't believe that the industrial
ization of Alaska, or any other nor
them region, will irreparably harm the 
environment if adequate planning is 
performed during the design stages. 

The major efforts concerned with 
water pollution control technology in 
northern regions need not be devoted 
to waste treatment technology except 
in a development sense. This branch 
of engineering is well understood for 
this environment. Improvements are 
needed, it is agreed, but this is true 
of the field in general without regard 
for climatic region. It is the ability of 
natural northern waters and land 
areas to receive and assimilate wastes 
that must be examined in greater de
tail. The major water pollution con
trol efforts for northern regions 
should be devoted to an understand
ing of the effect of various pollutants 
upon the environment rather than fur
ther refinement of waste treatment 
processes. The most advanced treat
ment technology is academic unless 
the designer has his constraints well 
defined. The constraints, in tum, are 
completely a function of the environ
ment, and cannot be set by arbitrary 
assignment of permissible waste 
loads. I don't want to imply that the 
state of the art in process design is so 
far advanced that further work is un
necessary, because it isn't. It is suf
ficiently far advanced to be able to 
treat most waste to any degree 
deemed necessary, with a commen
surate cost. 

We are living in an age when the 
"man - on - the - street" is concerned 

about his environment. Surprisingly, 
even the man on the streets of Atlan
ta, or New York, or London is wor
ried about the environment of Alaska 
and the Arctic in general. These same 
people are just as concerned about 
high taxes and the rising cost of liv
ing. The decision-making process as 
to the degree the Arctic will be de
spoiled must be based upon the bene
ficial use which man will derive from 
its products. After the area's capacity 
to withstand a stress is determined, 
two factors must not be lost sight of: 
l) any activity of man will change the 
environment to some degree, and 2) 
man himself must be considered a 
part of the ecology. If the ecological 
structure is to be preserved with an 
absolute minimum change, the tech
nology exists to do it. All that is need
ed is money. Fundamentally the indi
vidual consumer will meet the obliga
tion via increa~ed product costs or 
increased taxes. He is doing this now, 
and he will continue to pay an in
creased cost. 

Prevention is cheaper than remedial 
actions, and it is the intent of all par
ties concerned with northern develop
ment to create the minimum disturb
ance at the minimum cost. This must 
be accomplished through a better 
understanding of the North so that 
logical and realistic operating stand
ards can be developed. This informa
tion must be derived and developed 
by those most familiar with the area, 
not by alarmists who are unaware of 
the subtlety and complexity of the 
Far North. 

What value is placed upon the Arc
tic? Who makes this value judgment? 
Can industry afford to operate within 
the constraints of the Arctic? Can 
civilization afford not to industrialize 
the Arctic? Can this large a land area 
be preserved in its natural state with 
impending population pressures from 
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more temperate regions? Is the value 
(to man) of preserving some caribou 
greater than the value of other natural 
resources? These and other questions 
must be answered soon and complete
ly. Partial solutions and answers are 
not enough. 

We must be realistic in our assess
ment. \Ve will protect our interests, 
time being the judge as to whether we 
are correct. The extensive utilization 
of DDT might be used as a case his
tory. DDT was a boon to agriculture 
but its side- and after-effects have 
stirred great controversy, to the point 
that some countries and even some 
states have banned its use. If the food 
supply of a nation is ever endangered 
to the point that it becomes a ques
tion of using massive amounts of 
DDT or allowing a large segment of 
the population to die, there is no 
question that man will use the chemi
cal to preserve the species. We will 
continually do what is best for our
selves. 

In summary, I believe the Far 
North and industry are compatible. 
Much needs to be learned before pre
dictions can be made about man's in
fluence on this environment, but man 
possesses the tools necessary to learn 
and to prevent undue stresses. Mis
takes will be made. I hope we arc 
smart enough not to repeat mistakes 
made elsewhere but at least to make 
some original ones of our own. \Vill 
we be willing to pay the price? 

- R. Sage Murphy 

ABOUT THE COVER: 
Ice fog in Fairbanks, Alaska. Ice fog 
is a dense fog of pure ice particles, 
ice particles with hydrocarbon nuclei, 
and hydrocarbon wastes from diesel 
and gas engines. It will form at tem
peratures below -25°F. 



UTILITIES SYSTEMS IN NORTHERN CANADA 
Mr. N. A. Lawrence is a physical en

giueer and chairman of Associated En
gineering Services Ud., a consulting 
engineering firm in Edmonton, Alberta. 
At the Northern Development Confer
ence in Regina, Saskatchewan, a year 
ago, Mr. Lawrence presented "Northern 
Engineering and Construction". Much 
of this paper is reproduced here. We 
have included, as a chart, the appendix 
to Mr. Lawrence's paper because it con
tained information which we thought to 
be of special interest. 

Most utilities systems in the nor
thern regions-whether constructed, 
planned or contemplated-are quite 
primitive by southern standards. The 
size of population centers is relatively 
small, and residents of most northern 
towns are not prepared for complete 
utilities, either financially or mentally. 
The choice of system for a northern 
town, then, depends not only upon 
the geographic location of the town 
and the attendant water supply and 
permafrost conditions, but upon the 
density of people to be served and 
their expectations. 

In all true permafrost areas in nor
thern Canada, surface water supplies 
must be developed. In the eastern 
Arctic and MacKenzie Valley all com
munities depend on rivers or lakes, 
whereas in the Yukon, as far north as 
Dawson City and Mayo, there is a 
great deal of reliance placed on 
ground water. The sources of water 
utilized by several northern Canadian 
communities are listed in the accom
panying chart. 

For sub-Arctic regions semi-ortho
dox methods of water distribution and 
waste collection are feasible. Pipe 
mains are buried approximately 6 to 
8 feet deep. This is not normally be
low the frost line, but the few ground 
temperature studies which have been 
conducted indicate that the minimum 
temperatures at that depth are in the 
order of only 4 to 8 degrees of frost. 
A design figure of 12 degrees of frost 
will norn1ally provide a factor of safe
ty. Much more must b~ done in the 
North to obtain a thorough know-

;;QNCAETE BASE iO BE POURED 
AFTER tiYDRANT IS INSTALLED 

IN-UNE HYDRANT 

- R.WKlOO OOX OVER HYDRANTS 
FlU.EO WlTI! SHAIIINGS 

ClOSE CONNECTED HYOOANT 
(SLIDE GATE TYPE) 

FROST COVER 

FROST PROTECTED MANHOI,J: 

ledge of ground temperatures which 
can be used for utility purposes. 

The liberal use of non-absorbent 
insulations such as urethane foam and 
Styrofoam is one of the most signifi
cant trends in buried utility installa
tions in the North. It is the answer 
to many problems. Insulating mater
ials that absorb water are useless. 

Insulated pipe lines of either as
bestos cement, steel or aluminum cov
ered with 1 to 2 inches of urethane 
foam, and this in turn protected by a 
45 mil polyethylene extruded cover 
("Yeilow-Jacket"), give exeeilent per
formance. A 2 inch aluminum line 
covered with 2¥.! inches of urethane 
foam and an aluminum jacket was in
stalled on the ground surface at Alert 
on the northern tip of Ellesmere Is-
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land. The maximum water tempera
ture drop through 8,000 feet of this 
line to date has been only 6 degrees 
F. Asbestos cement pipe by itself pro
vides non-heat conducting character
istics which may alone provide suffi
cient protee,1:ion. 

Maintaining the flow in the lines 
by circulating water through the sys
tem provides protection from freezing 
if heat losses are continuously made 
up. Running water to waste will also 
provide this protection, but generally 
is a less desirable solution. A hot 
water heater capable of adding ap
proximately 15 degrees F to the wa
ter temperature is a valuable aid in 
preventing freezing. 

For buried water pipelines the ap
purtenances such as valves and hy-



drants create problems. Hydrants can 
be in-line (i.e. installed on a tee 
turned upward on the main) or close 
coupled, or filled with alcohol. Alter
natively in Whitehorse, for example, a 
bleed line is connected from the hy
drant boot to the sewers to provide a 
continuous flow of water. Valves and 
hydrants can be further protected by 
being covered with plank boxes filled 
with shavings. The box also assists in 
finding the valve during the most ad
versfl c~onditions! 

UNORTHODOX AXTURES IN BURIED 
NCRTHERN UllLITY SYSTEM 

Sewers in the sub-Arctic are nor
mally semi-orthodox by southern Can
ada standards. Asbestos cement pipes 
provide for a better installation and 
have some insulating value. Insulating 
the dead ends of lines with urethane 
foam is a device recently used. On the 
prairies a layer of insulation is often 
laid over utility pipes to provide addi
tional protection if adequate cover 
cannot be provided. In the sub-Arctic 
the depth of freezing is so great that 
insulation all around the pipes is re
quired. 

The installation of plywood and 
Styrofoam insulating "frost" covers at 
the 4 foot depth inside of manholes 
is effective. Covering the manhole 
with a plank box filled with dry moss 
or shavings is an additional aid. The 
box must be constructed such that the 
moss or shavings will remain dry. 

Freezing of service lines is of real 
concern in northern areas. Installing 
3f4 inch and 1 inch copper lines en
cased in a 5 inch square split block of 
Styrofoam is a technique borrowed 
from Alaska three years ago, and we 
recommend it highly. Using a two-

CASING 
20 GAUGE 
GALVANIZED 

PITORIACE 

PITORIFICE 

pipe service connection with a small 
pump inside the house (1110 horse
power) is another technique. The use 
of two pipes with deflector vanes 
(pitorifices) inside the main to induce 
flow through the service connection 
is a simpler technique provided that 
a flow of approximately 4 feet per 
second is induced in the main. 

Heating cable wrapped around the 
service pipes i.s another method of 
maintaining service. A wire connec
tion from the mainstop to a point ad
jacent to the curb lock can be used 
with a standard power source and 
transformer to thaw a frozen service. 
A combination of these techniques 
provides an excellent system. 

Any utilidor-or insulated surface 
conduit system-must be installed in 
a well planned high population densi
ty situation. This applies to perma
nent settlements as well as mobile 
camps. The form of the utilidor can 

COMPONENTS 

CASING 
2 REQUIRED 
IDENTICAL 0 - 1/4 0 GALV. BOLTS 

(Q 6" 0/C 

INSULATION 
INSULATION 
4 REQUIRED 
IDENTICAL TIE STRIP 

I" STRIP OF GALVANIZED 
METAL i6l 2'- 0" 0/C 
(DEPENDING ON SIZE REQ'D.) 

2" STYROFOAM /I I I I I I 1\ 

CROSS SECTION 

ECONO -UTILI DOR 
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take many shapes, the most orthodox 
being a plywood box. In the dry 
Arctic air these last a long time. Non
absorbent insulation must be used. 

The utilidor in Inuvik cost in excess 
of $200 per foot. No one but the fed
eral government can afford such costs. 
However, in its defense, any lesser 
standard of construction could be very 
costly to maintain. A design devel
oped by the Arctic Research Centre 
in Inuvik holds real promise. Its com
ponents are galvanized sheeting ex
terior which can be preshaped by 
bending (and which nests for ship
ping), together with identical precast 
insulating blocks of Styrofoam. In my 
opinion this can form an economical, 
successful installation provided that 
it is installed to either run under or 
tight against the back wall of the 
buildings so as to minimize the length 
of service connections. 

Most settlements in true permafrost 
areas have not advanced from the 
water or clean ice delivery and pail 
pickup waste disposal. The reasons 
are strictly economic. There is no 
doubt in my mind that such practices 
will endure many more years. Anyone 
brought up on the prairies where out
door biffies were the rule can be sym
pathetic but not horrified by primitive 
waste disposal practices. Properly or
ganized delivery and storage can pro
duce household services that are sa
tisfactory by any standards. Until 
piped utility costs can be reduced, 
this type of service will suffice. 

- N. A. Lawrence 



Yukon Territory 

Dawson City 

Whitehorse 

Porter Creek 

Watson Lake 

Faro 

Northwest 
Territories 

lnuvik 

Aklavik 

Tuktoyaktuk 

Fort McPherson 

Cambridge Bay 

Alert 

DEW Line 
Stations 

Location 

Raised river flat on the Yukon 
River. 
64°N, 139°24'W 

Raised river flat, s. central Yu
kon Territory. 
60°4l'N, 135°8'W 

A satellite of Whitehorse. 

SE Yukon Territory 
60°7'N, 128° 49'W 

Under construction 
vii mining site, 

Near An-

Bench on east side of MacKen
zie delta. 
6S"16'N, 133° 40'W 

Delta of the MacKenzie River. 
68°l5'N, 135°2'W 

East of Aklavik on Beaufort Sea. 
69°24'N, 133°1 'W 

On Peel River 
67°29'N, 134°50'W 

Victoria Island 
69°9'N, 1os•o•w 

Northern tip of Ellesmere Island. 
82°30'N, 62"0'W 

Utilities Systems In Typical 
Soil 

Predominantly silt with permo· 
frost lensing. 

Predominantly gravel. 

Glacial-deposited gravel. 

Glacial-deposited gravel. 

Gravel with high ice content. 

Silt. Maximum depth of thaw-
2 feet. 

Gravelly with high ice content. 

Soft shale with ice lenses. 

Mixed boulders and shale with 
low moisture content. 

Shale with low moisture content. 
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Building Foundations 

Mostly mudsills 
spread footings. 
settlement evident. 

or orthodox 
Non-uniform 

Orthodox. Gravel base is ex
cellent. 

Orthodox. When wet silt occurs 
it will be replaced by dry gra
vel. 

Government area - wooden 
pilings. Minor buildings and 
roads built on 3-5 f.oot gravel 
pads. 

Roads on corduroy base. Major 
buildings on piles. Minor build
ings on mud-sills requiring re
adjustment. 

Gravel pads and wooden piles. 

Mixed, but can be orthodox. 

Gravel pads and wooden piles. 

Raised earth pads. 

Generally constructed on mas
sive gravel pads with timber 
supports under multiple trailer 
units. 

Water Source 

Wells on bank of Yukon River. 

Directly from Yukon River and 
from supplementary wells, pro· 
ducing 34-36°F water. 

local well adjacent to continu
ously flowing stream. 

Wells on river bank, 3S°F. 

Diatomaceous earth filtration 
plant provides potable water. 
Some stored ice. 

Freshwater lake formed from 
snow melt. 

Water 
means, 
truck. 

obtained 
generally 

by various 
hauled by 



ern Canadian Communities 
Depth of Pipe Burial 

pipe. 4-5 feel in silty soil. 

and as· 
8 feel in river-deposited gravel. 

8 feet. 

cement pipes. 9 feet average. 

or as .. 

area - metal utili
piles. lower town -
water-delivery system 
sewage pick up. 

system, truck de· 
Also self-serve 

in heated build-

sewage. 

pipe. 
both 

Method of Protection 
from Freezing 

Water heated by waste heat 
from powerhouse. Also, massive 
wasting to sewers. 

Extensive wasting of water to 
sewers in amount of 250 gals. 
per capita per day. 

Single main recirculating system 
with in-line pumps and pit· 

Sewage Treatment 

None 

None 

orifices provided to keep water Individual septic tanks, 
in system flowing. Dual pipe 
service connections insulated 
with Styrofoam. 

Frost cover at 4 foot depth in 
manholes. 

Wasting from dead ends. Single 

Sewer system for commercial 
area. One-cell lagoon with 30 
days storage. 

service line insulated with Sty· Two-cell sewage lagoon. 
rofoam. 

Pipe insulated with 2Y2 inch 
urethane foam and covered in 
aluminum jacket. Utilidor insu
lated with 2 inch urethane. Elec· 
tric heating cables used at vul· 
nerable locations. 
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Large slough is utilized as a 
sewage lagoon. 

Major buildings have collecting 
tanks. Others-chemical toilets. 

Collecting tanks. 

Slough used as lagoon. 

Truck sewage pickup. 

Sewage is collected in tanks, 
kept warm and then discharged 
in slugs through aluminum dis· 
charge lines in the sea or dis
posal pits or hauled away in 
trucks. 

Notes 

Renovations mode in 1968, 
again using woodstave pipe. 

With high power costs and 
large pumps, mains and sewers, 
the system is expensive. Hydrants 
have bleed lines from bottom 
to sewers. 

In-line hydrants, 

Permafrost in undisturbed areas 
1 foot. In disturbed areas, 

to 4 feet, 

Roads formed by back-dumping 
gravel in tundra to 3 feet. 

Sewage hauled by barrels In 
open stoneboats. 

Frost at 1 foot in summer. 

Maximum ice thickness 9 feet, 
which melts in summer. 

-N.A. Lawrence 



Separation of Sewage Solids 
At Low Temperatures 

Mr. Sherwood C. Reed has been em
ployed by the U.S. Army Cold Regions 
Research Laboratory (CRREL) since 
1962. His undergraduate work was com
pleted in 1959 at the University of Vir
ginia, at which time he received a 
B.S.C.E. degree. Woody has been en
gaged in sanitary engineering research 
for many years. Much of his effort has 
been devoted to problems at the Green
land DEW-line facilities. As this publica
tion goes to press he is in Antarctica 
pursuing further 71olar work. 

Mr. Reed attended the University of 
Alaska during the 1967-68 academic 
year and earned the Master of Science 
in Environmental Health Engineering 
degree at that time. 

Knowledge regarding biological 
activity in sewage treatment systems 
has advanced considerably in recent 
years. Understanding of gravity sedi
mentation, which is the principal sep
aratory process in use, has not kept 
pace. A particular lack of quantitative 
information exists on the influence of 
low temperatures on the process. 
Recent and current studies are show
ing that the necessary biological ac
tivity can proceed with liquid tem
peratures very near the freezing point. 
These findings should permit design 
of low temperature biological systems 
with a considerable savings when 
compared to previous cold regions de
signs. However, for total economy the 
solids separation phase must also be 
designed to function at the same low 
temperatures. 

The familiar Stokes' Law is the 
classic definition of the settling velo
city of a solid particle in a liquid. 
Temperature is very significant since 
the fluid viscosity increases as the 
temperature decreases. This retards 
particle movement and the separatory 
process takes longer. To account for 
this, it has been conventional in cold 
regions designs to increase the size 
of the sedimentation basin to provide 
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extra retention time. A factor of llh 
times the normal temperate zone size 
is commonly found in design criteria. 

Properties of the biological solids 
in sewage treatment systems, how~ 

ever, are quite remote from Stokes' 
Law conditions. This is particularly 
true for variations of the activated 
sludge process. These particles are 
flocculent and tend to agglomerate. 
Movement is not independent, so that 
adjacent particles influence and im
pede each other's motion. \Vhen the 
concentration of particles reaches cer
tain limits the solids appear to be 
settling as a mass and a distinct inter
face between the settling solids and 
the liquid can be observed. Figure 1 
illustrates a typical plot of this inter~ 
face position vs. time for a settling 
activated sludge mixture. The settling 
velocity at any point can be obtained 
directly as the tangent to the curve. 
After a short initial time lag the curve 
is essentially linear indicating a con~ 
stant settling velocity. A curving 
transition to a final linear rate can 
also be observed. This pattern is char~ 
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acteristic for activated ·sludge and is 
termed zone settling. The initial lin~ 
ear rate is the zone settling velocity 
and is the basis for design of clarifiers 
and sedimentation basins. The final 
linear portion represents compression 
of the settled solids and is used for 
thickener designs. The influence of 
low temperatures on the initial rate 
was considered the more critical and 
was the primary subject of this study. 

Test samples were obtained from 
a treatment unit operating at low tem
peratures at the USACRREL Alaska 
Field Station in Fairbanks, Alaska. A 
full description of system details and 
operational procedures can be found 
in Reed and Murphy (see references). 
A process of dilutions and sample 
warming permitted the testing of a 
range of solids concentrations (2000 
to 6000 mg/1) at a variety of tern~ 
peratures (+FC to 23°C). Settling 
performance was observed in stand~ 
ard one-liter graduate cylinders. A 
plot of interface position vs. time was 
made for each test and the zone set~ 
tling velocity determined from the 
graphs. Figure 2 illustrates these ob
served zone settling velocities at the 
V<frious concentrations, plotted vs. 
fluid temperature. The position and 
slope of the plotted data indicate that 
settling velocity is dependent on both 
concentration and temperature. 

It was possible to demonstrate with 
these same data that there was an up
per limiting solids concentration be
yond which true, constant rate zone 
settling would not occur. A similar 
upper limit was observed when re~ 
suits published by others (Dick and 
Ewing) were examined. For the 
sludge tested in Alaska, the limiting 
value, termed cmax'was equal to 6667 
mg/ ~. The numerical value is appar~ 
ently a function of sludge character
istics so a determination is required 
for each case. There is also some evi
dence that the value is dependent on 
the initial depth of the test sample. 
Work is continuing in this area and 
hopefully will lead to a simple expres
sion for cmax in terms of identifiable 
treatment system parameters. 
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permits use of equation (1) to de
termine zone settling velocity over a 
wide range of concentration and tem
perature conditions. Figure 3 demon
strates the value of this equation. To 
illustrate temperature dependence, a 
ratio of the settling velocities at 0°C 
and 20°C is plotted vs. initial suspen
sion concentration. The lower dashed 
horizontal line is that predicted by 
Stokes' Law and does not vary with 
concentration. The upper dashed line 
is that predicted by Tesarik for very 
high concentration suspensions in up
flow clarifiers used in water treatment 
systems. The curved line predicted by 
the equation provides a smooth tran
sition. The equation results actually 
go to infinity as the concentration ap
proaches cmax' but for practical ap
plications it is suggested that Tesa
rik's relationship be adopted as the 
upper limit. 
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Further analysis of the data shown Work is still continuing on the 
on Figure 2 led to the development of identification of the KT factor in a 
an equation for zone settling velocity, similar manner. The temperature de

pendence for the sludge studied has 

eq. (1) 

where V = zone settling velocity 
(meters/hour) 

C = concentration factor 

1000 1000 
= c;;-· - C max 

C = initial suspension concen-
0 tration (mg/ J.) 

cmax = limiting concentration 
= 6667 mg/ j for sludge 

studied 
A= constant, independent of 

temperature 

= 0.008 for the sludge 
studied 

KT = constant at any 
temperature, T 

= 0.124 at 20°C for the 
sludge studied 

Examination of these data and re
sults published by others permitted 
identification of the A factor in terms 
of the organic loading on any treat
ment system under consideration: 

A = 0.115 (1 - 0.1 F) 
where F = organic loading on system 

(pounds of five day BOD 
per day per pound of 
mixed liquor volatile sus
pended solids) 

been determined as: 

K 
~= e (T- 20) 
K2o 

where K2o = constant at 20°C 
8= 0.968 
T =temperature (0 C) 

eq. (2) 

It is possible to identify both the 
Cmax and K20 for any system with an 
easy series of settling tests run at 
20°C with a range of solids concentra
tions. Evaluation of Cmax and K2o then 

These results indicat:e that low con
centration systems such as grit re
moval and primary sedimentation 
should be designed in accordance 
with the temperature dependence in
dicated by Stokes' Law. Equation (1) 
can be utilized for higher concentra
tion systems, particularly those in
volving secondary sedimentation of 
activated sludge, to provide a ration
al basis for assessment of temp~ra
ture and concentration influences. 
High concentration units such as up-
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flow clarifiers and tube settlers should 
therefore require little or no size in
crease for cold regions applications. 
The same factors tend to indicate that 
design of units based on compression 
velocities will not change because of 
low fluid temperatures. 
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Solid Waste Management in Cold Re
gions by Amos J. Alter. Published 
by the State of Alaska, Department 
of Health and Welfare as Vol. 2, 
No. 2 in its series, Scientific Re
search, Data and Reports. (No 
charge). 

Amos Alter, "Joe" to most of his 
friends, is a big, soft-spoken man. His 
gentle appearance as he puffs a com
fortable pipe and visits with unusually 
polite courtesy belies the man's per
ception and energy. Active civically as 
well as professionally, Joe seems to 
turn up just about everywhere in the 
northern community. Among Joe's de
grees and honors we can list a B.S. in 
C.E., Purdue University, 1938; 
M.P.H., University of Michigan, 1948; 
Professional Degree, Purdue Universi
ty, 1949; Fellow, World Health Or
ganization; Past President, Alaska 
Section A.S.C.E.; Member, National 
Research Council; Past-President of 
Alaska Council of Churches; and 30 
years Alaskan experience with over 20 
years as Chief Engineer, Alaska State 
Health Program. 

"Solid Waste Management in Cold 
Regions" is the sort of work that you 
would expect of Joe: it is thorough in 
its treatment of the subject. Moreover, 
the publication says something that 
most reports of this kind omit. The 
attitudes of the northern people are 
covered extensively, along with the 
more standard climatological and en
gineering data. 

The report includes charts, tables 
and 4 appendices. The problem of 
cold regions solid waste disposal is 
covered from many aspects, including 
the immense variation in environmen
tal constraints, transportation facili
ties, manpower shortages, high costs, 
the characteristics of solid wastes, and 
the attitudes toward solid waste dis
posal. 

The appendices offer a complete 
set of suggested standards from the 
National Fire Protection Association. 
The addition of the above to the 
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monograph is very beneficial for the 
user. Also included in the appendices 
are thermodynamic calculations and 
manufacturers literature for solid 
waste disposal processes. 

Copies of this report may be ob
tained by writing: Office of Research 
and Academic Coordination, Alaska 
Water Laboratory, College, Alaska 
99701. 

-M. Fryer 

Picture Atlas of the Arctic by Ragnar 
V. A. Thoren. American Elsevier 
Publishing Company, New York 
($57.50). 

"The Arctic is in many respects a 
fascinating part of our world, rich in 
natural resources, in beauty, and in 
problems waiting to be solved. It is 
an inexhaustible source of delight, a 
textbook on innumerable sciences, an 
El Dorado for explorers, scientists, 
students, technicians, inventors, com
mercial people, and travelers." So 
writes Raynar Thoren, Swedish naval 
captain and specialist in photographic 
interpretation, in his preface to this 
impressive quarto containing 600 air 
and ground photos of Arctic regions. 

In nine chapters the author treats 
the Arctic Ocean, drifting ice stations 
and the Arctic of Alaska, Canada, 
Greenland, Iceland, Norway and the 
Soviet Union. Text descriptions are 
informative though limited since this 
is primarily a picture book. The pic
tures are interesting and together en
compass every science of concern to 
students of the Arctic except zoology 
and botany. Thoren even includes 
some stereopairs which provide a val
uable perspective of particular re
gions. 

Certainly this book can be recom
mended to anyone interested in the 
North, though it is expensive. Its 
value, however, would have been en
hanced by an improvement in the 
quality of photo reproduction. The 
illustrations are clear but not nearly 
as sharply defined as they might have 
been. -W. Hunt 



Lives of the Engineers by Samuel 
Smiles. August M. Kelley, Publish
ers, New York 1968, 3v. ($32.50). 
Biography helps us to understand 

events in human terms. There has 
been a vast amount of literature con
cerning the industrial revolution, but 
very little about the inventive men 
who made it possible. This reprinting 
of Samuel Smiles' Lives of the En
gineers, first published in 1862, 
chronicles Britain's industrial devel
opment and its makers. Among the 
designers of roads, canals, bridges, 
lighthouses and harbors particular at
tention is devoted to Hugh Middle
ton, James Brindley, John Smeaton, 
John Rennie, Thomas Telford, and 
George and Robert Stephenson. 

The lack of recognition for engi
neers is even greater today than in 
1862 because the great engineers 
do not surface from the anonymity 
of the corporations they serve. Al
though exciting events like the North 
Slope petroleum development are ex
tensively covered by the world's 
press, we read only of the doings of 
Humble Oil, British Petroleum or 
Trans Alaska Pipeline System and 
marvel that these corporate giants 
operate, as it seems, without the ef
forts of individuals. 

Smiles' narration is highly diverting 
and informative and he can be for
given for some Victorian moralizing. 
For example, George Stephenson's 
master encouraged the young ap
prentice to take a drop of ale 
with him at noon, but George 
would not have none of it. "'No 
sir, you must excuse me; I have 
made a resolution to drink no more at 
this time of day' . . . the instances of 
men about him who made shipwreck 
of their character through intemper
ance, were then, as now, unhappily 
but too frequent." 

Contemporary engineers should 
also be assessing their work publicly 
in popular book form. It is through 
books like Smiles' that laymen get to 
know engineers. -W. Hunt 

Looking 
Forward 

Since our first issue a year ago, we 
have been planning the Spring 1970 
edition of THE NORTHERN EN
GINEER. We are very pleased to re
port that the planning has not gone in 
vain. Dr. Willy Weeks, ice physicist, 
base violin virtuoso and limerist, has 
consented to be guest editor of the 
Spring issue. As many of you may 
know, Dr. Weeks has published many 
basic papers on the subjects of ice 
and sea ice, most of which appear 
under the U.S. Army's Cold Regions 
Research Engineering Laboratory re
pmt cover. Along with Dr. Weeks' re
marks, we will be reporting on off
shore ice structures, remote sensing, 
oil pollution in ice-bound waters and 
various other topics related to Arctic 
ocean engineering. 

We have plans now underway for 
two general content issues as well as 
one topical edition, which will com
plete Volume II of the series. Since 
the Soviets are faced, like their North 
American counterparts, with the need 
for a northern technology as they be
gin to tap more intensively the vast 
resources of the northern Soviet 
Union, a forthcoming issue will focus 
on Soviet advances in Arctic engineer
ing. 

Literary contributions from indus
try are to become a greater share of 
our future copy. Such articles as "The 
Polydome A Way to Counter the 
Hostile Environment" by T. W. Mc
Lorg, Fall 1969, and "Utilities Sys
tems in Northern Canada" by N. A. 
Lawrence, this issue, exemplify the 
tone of future NORTHERN ENGI
NEERs. 

As we have mentioned before in 
this column, we are dedicated to ap
plications of cold regions technology 
to the solution of engineering prob
lems of the developing North. Your 
comments on the content of THE 
NORTHERN ENGINEER not only 
are accepted, we welcome them. 

Editor 
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II Call For Papers II 
Water Pollution in the North 

Dr. R. Sage Murphy, guest editor 
for this issue of THE NORTHERN 
ENGINEER, has just sent out a call 
for papers for an international sym
posium entitled "Water Pollution Con
trol in Cold Climates" to be held at 
the University of Alaska in July, 1970. 
Papers are being sought from all the 
circumpolar countries as well as those 
more temperate regions in which 
severe winter weather causes signifi
cant problems in water pollution con
trol. Two general areas of pollution 
control will be discussed, waste treat
ment processes and the effects of 
wastes upon receiving streams and 
estuaries. Approximately ten papers 
will be selected from each area. Ab
stracts of proposed papers should be 
submitted before February 15, 1970. 
Completed manuscripts selected for 
presentation will be due by June 15, 
1970, for publication in a hard-cover 
volume of the symposium proceed
ings. 

The symposium is being sponsored 
by the Institute of \Vater Resources, 
University of Alaska, in cooperation 
with the Federal Water Pollution 
Control Administration, U.S. Depart
ment of the Interior. It has been 
planned for July 22, 23, and 24, 1970, 
to immediately precede the Fifth In
ternational Conference on \Vater Pol
lution Research beginning July 26, 
1970 in San Francisco. Arrangements 
are underway for charter flights be
tween Fairbanks and San Francisco at 
the conclusion of the meeting. For 
authors of accepted papers, round-trip 
transportation between their home 
laboratories and Fairbanks, lodging, 
and meals will be supplied by the con
ference. 

Dr, Murphy will accept papers sub
mitted for presentation at the sym
posium and will also supply more de
tails to persons interested in attend
ing. His address is: Dr. R. Sage Mur
phy, Institute of Water Resources, 
University of Alaska, College, Alaska 
99701. 






