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THE NORTIIERN ENGINEEQ 
VOL. 1, NO. 1 

Heat..Sink Refrigeration 
In The Arctic 

The Arctic is noted for its cold 
winters. Less well known are the 
moderately warm summers. Eskimo 
village subsistence economies, which 
depend on the fish and mammals of 
the rivers and ocean, show cyclic sea-
sons of scarcity and abundance with 
the season of greatest abundance 
normally during the spring, summer, 
or fall. The warm weather makes pre-
servation of the catch difficult, and 
summer spoilage is serious. Savoonga, 
an Eskimo village on St. Lawrence 
Island, has an extreme problem. The 
walrus migrate north past the island 
during May and June and most of 
the annual catch is made at that time. 
Without adequate storage, much of 
the catch is lost during the summer. 

A solution to the Savoonga storage 
problem is being developed by the 
Arctic Environmental Engineering 
Laboratory of the University of Alas-
ka. AEEL engineers have developed 
the concept of a heat-sink freezer stor-
age facility for the village that would 
"store cold" during the winter for use 
during the summer for freezing and 
holding walrus meat. 

The heat sink freezer depends on 
two basic elements-a suitable heat 
sink and a means of cooling it. The 
AEEL freezer will use a partially 
frozen salty brine for the heat sink. 
When salt is added to water, it de-
presses the point at which freezing 
begins and causes freezing to occur 
over a substantial temperature range. 
The ice thaws at the same low tern-
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Proposed Cold Storage Facility for Savoonga, Alaska 

peratures and is capable of directly 
absorbing heat from perishable pro-
ducts at temperatures sufficiently low 
to freeze and hold them. For cooling 
the heat sink, thermal piles, such as 
the Long and Balch piles, have been 
developed in Alaska in recent years. 
These piles act as one-way heat 
pumps, pumping heat from the heat 
sink to the atmosphere during the 
winter when it is cooler than the 
brine. No mechanical equipment is 
required. 

The AEEL freezer promises to 
provide inexpensive summer refriger-
ation in those areas where winter tem-
peratures are cold enough to freeze 
the heat sink. The Savoonga freezer 
should be installed in late 1969 and 
the brine heat sink concept full tested 
in about two years. 

-Phil Johnson 
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Providing Fresh Water 
In Arctic Coastal Areas 
Fresh water is scarce in the Arctic 

coastal areas of northern and western 
Alaska. This area has low precipita-
tion. Towns and villages are built on 
spits, bars and beaches where access 
to the sea is good but potable water 
prospects poor. Small villages can 
make do with varied and limited 
sources. However, the towns such as 
Kotzebue and Point Barrow are in· 
creasing in size; with increased per 
capita consumption, they have seri-
ous water supply problem. 

At present each village and town 
secures potable water using various 
means. No adequate general means 
of economically meeting present and 
future water requirements has been 
developed. 

(Continued on Page 2, CoL 3) 



~orthern ~ngineer 
Dr. Charles Behlke is presently the 

Dean of the College of Mathematics, 
Physical Sciences, and Engineering at 
the University of Alaska, as well as di
rector of The Institute of Water Re
sources and director of the Arctic En
vironmental Engineering Laboratory. 

In light of Dr. Behlke's position, the 
editors of THE NORTHERN ENGIN
EER feel it is fitting that he write our 
first editorial comments expressing the 
motives, aims and desires of THE NOR
THERN ENGINEER. 

A boundless giant - the North -
has begun to stir. Even the yawns 
and stretches of this immense area 
have brought great activity and have 
focussed burning international atten-
tion on Northern Canada and Alaska. 
Exploration, discovery, and develop-
ment of the North's riches are being 
simultaneously pursued at a rapidly 
accelerating rate. Northern engineer-
ing problems of all magnitudes 
abound. The solutions to some of 
these problems have been found but 
it is inevitable that the solutions must 
lag the problems. The purpose of 
THE NORTHERN ENGINEER will 
be to reduce the delay between the 
identification of and the solution of 
Northern engineering problems. 

It is hoped that THE NORTHERN 
ENGINEER will help to promote a 
rapid interchange of ideas among 
engineers of the North. Because the 
problems are bursting upon the 

THE NORTHERN ENGINEER 
is a quarterly publication of the 
College of Mathematics, Physical 
Science and Engineering of the 
University of Alaska. All corre-
spondence should be addressed to 
THE NORTHERN ENGINEER, 
University of Alaska, College, Alas-
ka 99701. Subscription rates are 
$6.00 per year, $10.00 for two 
years, $20.00 for five years. Single 
and back issues may be obtained 
for $2.00 each. 

scene and the phases of explora-
tion, discovery, and the beginning 
of exploitation of the North's wealth 
are being compressed into an ex-
tremely short time period, it is ob-
vious that a rapid interchange of 
ideas among Northern engineers is 
imperative. Without a rapid dissemi-
nation of engineering information, for-
tunes will be dissipated in engineering 
futility. 

The University of Alaska is the 
most Northerly university ih North 
America. Its past, present, and future 
are certainly more wound up in the 
North than any other institution in 
the Western World. It is a center for 
Northern expertise. It is fitting that 
the University, and particularly its 
College of Mathematics, Physical 
Sciences, and Engineering should 
champion the cause of Northern en-
gineering. 

The Northern Engineer was con-
ceived of by two young engineers of 
the University of Alaska staff. One, 
Mr. Mark Fryer, is a research civil 
engineer; the other, Mr. Staples 
Brown, is the acting head of the Uni-
versity's Department of Mechanical 
Engineering. This publication is a 
tribute to their foresightedness and 
their boundless enthusiasm for their 
professional work in the North. 

This first issue of The Northern 
Engineer is devoted to some of the 
engineering efforts of the University 
of Alaska, particularly focusing atten-
tign on the University's Environmen-
tal Engineering Laboratory. It is an-
ticipated that future issues will pre-
sent contributions from beyond the 
University of Alaska. It is hoped that 
contributions will be obtained from 
Canadian and American engineers and 
universities. Plans are being made to 
also include contributions from Eur-
ope. It is the fervent desire of the 
Engineering Faculty of the University 
of Alaska that this modest publica-
tion will become more than just a 
summary of work carried on at the 
University of Alaska but will truly be 
The Northern Engineer. 

-Charles E. Behlke 
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Water Quality Data 
Retrieval System 

The Institute of Water Resources, 
under a contract from the Federal 
Water Pollution Control Administra-
tion (FWPCA), is supervising the cod-
ing of all Alaskan streams and rivers 

(Continued on Page 7, Col. 3) 

WATER IN COASTAL AREAS ... 
(Continued from Page 1) 

The Institute of Water Resources, 
University of Alaska, is very inter-
ested in the development of desalina-
tion techniques using sea water which 
is universally available along the 
coast. Distillation desalination plants 
are now used at Point Barrow anti 
Kotzebue but installation, operation, 
and energy costs are high. IWR is pri-
marily interested in desalination by 
freezing processes utilizing the natur-
al refrigeration available in the area 
during the winter. 

Desalination occurs during freez-
ing as the ice that forms in a freezing 
brine is pure-water ice. If part of the 
brine is frozen and the balance 
drained off, the ice can then be melt-
ed for potable water. 

Various techniques are possible of 
which the simplest is the "ice mound" 
technique. In a project at Kotzebue 
in early 1966, IWR, working with 
the Arctic Environmental Engineer-
ing Laboratory, built two ice mounds 
by spraying water on the surface 
during the winter. Natural freez-
ing froze part of the applied water 
and the balance, which contained 
most of the salts, drained off. The ice 
mounds, while not fresh, were only 
about 20 per cent as salty as the wa-
ter that was applied. When thawing 
weather arrived, the remaining salts 
rapidly drained out of the ice mounds 
and they were then ready for melting 
for potable water. 

Other more sophisticated tech-
niques can undoubtedly be developed 
for providing large quantities of pot-
able water along the Arctic coast 
using freezing methods of desalina-
tion. -Phil Johnson 



Ice Structure Investigation Adjacent to a "Pressure Ridge" 
( North Bering Strait) 

SEA ICE RESEARCH 
The logistics and environmental 

problems of the arctic and antarctic 
regions have severely hampered ef. 
forts to extend the srate of knowledge 
regarding these anas. In fact, most 
arctic and antarctic studies have been 
pursued from a purely scientific 
standpoint. However, with the recent 
discoveries of large petroleum re· 
serves on the North Slope of Alaska, 
it is apparent that an interest, other 
than scientific, has developed. 

Although it has been known for 
many years that vast concentrations of 
minerals probably existed in the arc· 
tic, only recently have the discoveries 
been large enough to tempt us to ex-
ploit these resources. 

The primary mode of transporta. 
tion in the arctic, for scientific re-
search, or for recovery of minerals, 
is by ship. However, the require-
ments for this transportation, imposed 
by either the research or the mineral 
industries, can be considerably varied. 
One primary requirement for the thor· 
ough investigation of the arctic is to 
be able to travel anywhere, at any 
time. Therefore, a large icebreaker 
seems best suited for commercial, 
year round operation. At the present 
level of technology, however, it seems 
uneconomical to consider large ice-
breaker-transport vessels. 

From either standpoint of interest, 
be it commercial transportation, or 
scientific investigation, the Bering 

Strait region is of extreme import-
ance. It is one of the few routes of sea 
travel to the arctic. The relatively 
small distance between the Asian and 
North American continents, and shal-
low sea depths through the strait, give 
rise to high winds and sea currents 
during the winter and spring seasons. 
Thus, very little investigation of this 
region has been done during the late 
winter. 

The U. S. Department of Transpor-
tation awarded a contract to the Arc-
tic Environmental Engineering Lab-
oratory (AEEL), University of Alaska, 
during the later part of April, 1968. 
The purpose of the contract was to 
finance a short reconnaissance to 
the Bering Strait region via small, ski-
equipped aircraft. It was desired to 
observe the general sea ice conditions 
and determine if an airplane was suit-
ed for obtaining ice samples in the 
Bering Strait. The work was complet-
ed during the month of May and a re-
port is being completed for the De-
partment of Transportation. This re-
port is being written with two ques-
tions in mind: can an icebreaker oper-
ate in the Norton Sound-Bering Strait 
region during the spring and winter 
months and, if so, can icebreaker es-
corted freighters operate in this re-
gion during the same period? 

One important observation was 
made during this trip. It appeared that 
a nearly continuous line of large leads 
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existed along the Alaska coast from 
the Norton Sound through the Ber-
ing Strait. Whether this lead exists 
during the early winter or early 
spring months is not known. However, 
it was thought that icebreakers and 
reinforced hull transports could have 
navigated through the Strait to at 
least Point Hope, Alaska, during the 
month of May. It was further ob-
served that sea-going transportation 
may be extended to the late spring 
months. There is a possibility that 
year round sea transportation in this 
region may, indeed, be feasible. This 
investigation indicated an extensive 
study is needed before the above 
questions, proposed by the Depart-
ment of Transportation, can be an-
swered. -John S. Murray 

Environmental Atlas 
for Alaska 

The Arctic Environmental Engi-
neering Laboratory and Institute of 
Water Resources are drafting an 
Environmental Atlas at the Uni-
versity of Alaska. The atlas will 
be made up of several chapters cov-
ering the following areas of in-
terest: Physical Description of Alas· 
ka, Alaskan Waters, Light, Climate, 
and Engineering Information. Wher-
ever possible, the information will be 
presented in graphical or map form, 
with explanatory notes to aid the 
reader. Most of the material in the at-
las will not be original but will be a 
compendium of environmental infor· 
mation taken from a multitude of 
sources. However, much of the rna· 
terial used has been changed to a 
standard format for ease and conveni. 
ence of use. 

The purpose of the atlas is to en· 
able the reader to obtain information 
concerning the environmental condi-
tions which affect life in Alaska. The 
book should be a useful reference for 
scientists and engineers interested in 
the Subarctic and Arctic. Publication 
of the atlas will probably take place 
early this winter. 

-Charles W. Hartman 



U.S. Army Terrestial 
Science Center at 

Hanover, New Hampshire 
The U.S. Army Terrestrial Sciences 

Center (formerly the Cold Regions Re
search and Engineering Laboratory) has 
been, along with the National Research 
Council of Canada, among the most 
prolific contributors to the field of 
cold regious engineering. One of the 
most obvious signs that an engineer 
is involved in cold regions engineer
ing is his treasured horde of CREEL 
publications. Since there exists no 
text on cold regions engineering, the 
CREEL reports have become the guide 
to the practicing engineer, be he mili
tary or civil. Col. John E. Wagner, Com
manding Officer and Director of the 
U. S. Army Terrestial Science Center, 
has been kind enough to write to us and 
list some of the recent publications to 
come from TSC, and to outline some of 
the research work that is presently be
ing carried out. 

SOME CURRENT COLD REGIONS 
RESEARCH IN PROGRESS 

Snow and Ice Adhesion to Surfaces: 
Theoretical and experimental in-
vestigations will be conducted into 
the adhesion of ice to surfaces. In-
cluded in the studies will be the study 
of the crystallographic and defect 
structure of the ice-substrate inter-
facial layer. Another aspect of the 
study will go into the bonding mech-
anisms between water and surfaces 
selected for theirphysical and chemi-
cal characteristics. Fracture mecha-
nisms will be studied in the interfa-
cial zone as will physico-chemical 
properties of phase boundary water 
at the ice-solid interface. 

Cold Fog and Whiteout Control: 
Studies will be made of the chemi-
cal and physical properties of con-
densation nuclei and freezing nuclei. 
The study will be made using the 
electron microscope and electron dif-
fraction methods. Fog and ice crys-
tals formed in various locations will 
be studied. Continued studies will be 

(Continued on Page 8) 

Electrostatic Precipation 
Of Ice Fog 

T. D ROBERTS andJ. S. MURRAY 
Dept. of Physics, University of Alaska 
INTRODUCTION 

Ice fog is a form of air pollution 
which generally is associated with 
warm water vapor sources and strong 
temperature inversions which cause 
the air in valleys to stagnate. The re-
leased water vapor cools at rates sev-
eral orders of magniture greater than 
free atmospheric cooling rates, and 
microscopic ice fog crystals, which 
experience small gravitational forces 
compared to air convection mechan-
isms, result. At temperatures below 
-40°C, under typical arctic tempera-
ture inversions, ice fog is quite per-
sistent in the vicinity of population 
centers. In the Fairbanks, Alaska area, 
the level of pollution is very high, 
because of dirty nucleation centers 
about which the ice fog forms, cou~ 
pled with extreme temperature inver-
sion gradients of the order of 20°C/ 
lOOm. These strong gradients cause 
the ice fog to be concentrated in a 
much thinner, more dense layer than 
typical pollutant layers over large 
metropolitan areas to the South (Pack, 
1964, Benson 1965). The usual flush-
ing mechanisms for disspelling ice fog, 
i.e., wind and gravity drainage, are 
"turned off' during protracted periods 
of cold weather, and production rates 
are greatly increased, owing to in-
creased uses of heating systems. The 
"cycle" is thus degenerative, and liv-
ing conditions in the Fairbanks area 
can become nearly intolerable after a 
few days of steadily worsening ice 
fog pollution. 

Suggested solutions have concen-
trated on massive, expensive pro-
grams, involving elimination of ice 
for sources, but serious difficulties im-
mediately arise. A limited, effective 
solution is needed in as short a time 
as possible. An attack which has been 
demonstrated to be efficacious in lim-
ited, but dramatic laboratory experi-
mets involves electrostatic precipita· 
tion. 
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Ice Fog Precipitate 

Previous Experiments 

A chamber of approximate volumE."' 
300m3 at a temperature of -52°C was 
filled with 200 to 300 grams of water 
vapor, which quickly became ice fog. 
The water density (if one assumes 
that diffusion rendered a uniform ice 
fog number density in the chamber 
'after a few minutes) was approximate-
ly 0.83 grams/m3 • This is several 
times more dense than the worst 
densities in the downtown Fairbanks 
area obtained by Carl Benson, of the 
Geophysical Institute, University of 
Alaska, in his definitive ice fog report 
of 1965. Twenty seconds after an elec-
trostatic precipitator of novel design 
was turned on, the fog density 
in the experimental chamber dropped 
to a low, almost undetectable level, 
certainly several times less than the 
initial density. The exterior pre-
cipitator electrodes had collected ice 
fog crystals, and were coated with 
a thick, snow-like deposit. About 200 
to 250 grams of ice fog were removed 
from the atmosphere by this small 
apparatus in 20 seconds. One can as-
sign an estimated ice fog collection 
rate of..roughly 10 gms/sec to the pre-
cipitator. To understand the opera-
tion of the device, which was clearly 
effective on a scale only two orders 
of magnitude less than the anticipated 
scale of practical use, we turn briefly 



Build-Up on Precipitator Electrodes 

to some simple theoretical considera-
tions. 

The geometry of the apparatus, 
which consists of a Van deGraaff gen-
erator and collector plates, is such 
that a non-uniform electric field is 
produced. If we assume the ice fog 
particle possesses some effective elec-
tric dipole moment Pe, then the force 
on the particle is aw 

1 F 1 =- vw =- aE • vE 
where Pe= ~~. is the dipole mo-
ment effective for an acceleration of 
the particle in the inhomogeneous 
electric field of gradient \7 E. W, of 
course, is the potential energy of the 
dipole in the field, and E is the elec· 
tric field magnitude. 

The effective dipole moment can 
consist of a permanent component 
and an induced component, which 
are hard to separate from each other 
so far as electrical effects in non-
uniform fields are concerned (see for 
example, Dorsey, p. 355). The mag-
nitude of the effective dipole moment 
in this experiment is thus difficult to 
estimate, but the qualitative conclu-
sions are clear. First, we expect most 
efficient collection in the regions of 
greatest non-uniformity, i.e., at the 
edges of the exterior electrodes where 
fringing is significant. Second, we ex-
pect a fairly uniform coating of ice 
where the magnitude or the field gra-
dient IVIE is nearly constant. Both 

effects were observed experimentally. 
What of the possibility of a net 

charge existing on ice fog particles? 
Such a possibility is certainly not 
ruled out by prior observation. How-
ever, results from preliminary experi-
ments carried out in a uniform field 
between parallel capacitator plates 
(E =. 5 x 104 v /m) indicate that the 
predominate mechanism for ice fog 
plating is dipolar alignment and ac-
celeration in non-uniform fields. Of 
course, the existence of a net charge, 
in addition to a dipolar charge, only 
enhances the operation of the device. 
Discussion 

To fully appreciate the significance 
of these naive, simple experiments, 
carried out in November-December 
1967, we note that 

1. The source of potential differ-
ence was a small demonstration Van 
de Graaff generator, capable of de-
veloping a modest potential difference 
of perhaps 4 x 104 volts. 

2. The field geometry for produc· 
tion of the inhomogeneous field was 
by no means optimum, and much 
stronger field gradients, \7 E, can be 
developed. 

All indications seem to suggest that 
the described method holds promise 
for development as a partial solution 
to the ice fog dilemma, on a large 
scale. 

Field experiments with a portable 
one million volt insulating cone trans-
former, which is more suited to cold 
weather operations than a Van de 
Graaff generator, are to be carried out 
this winter, pending the receipt of 
funds from the U.S. Public Health 
Service. 
Pertinent Literature References 
Benson, D. C., Ice Fog Report, UAG 

R173, Geophysical Institute, Uni-
versity of Alaska, November 1965. 

Dorsey, N. E., Properties of Ordinary 
Water Substance, Reinhold Publish-
ing Company, New York, 1940. 

Pack, D. H., Meteorology of Air Pol-
lution, Science, Vol. 146, pp. 1119-
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Observations on Sanitary 
Engineering Practice 

In Poland 
R. Sage Murphy, director Environ

mental Health Engineering at the Uni
versity of Alaska, has fust returned from 
a summer in Eastern Europe where he 
served as a consultant to the Polish 
government for the World Health Or
ganization. 

Even though Dr. Murphy's schedule 
was changed (because of cold war ten
sions), and he was unable to visit the 
Asian Arctic, The Northern Engineer felt 
that the reader might enjoy learning of 
Eastern European engineering problems 
as seen by a Western engineer. It might 
be pointed out here that Dr. Murphy 
was visiting Czechoslovakia at the time 
of the Russian take-over this past fall. 
Dr. Murphy planned to attend a meet
ing of the International Association f01" 
Water Pollution Research in Prague, 
however, that plan was changed by the 
Russian occupation. He is presently the 
only member representing Arctic tech
nology on the committee on biological 
waste treatment. 

Most of .my time was spent at Kato-
wice, the principle city in the highly 
industrialized area of Upper Silesia 
(South Central Poland). The sur-
rounding area is the most industrial-
ized in the country and the pollution 
problems, both air and water, are the 
most serious. My duties were involved 
with studies relating to the treatment 
of combined industrial and domestic 
wastes presently being discharged 
into the Rawa River. 

As is the case throughout much of 
the world, whether it be in Socialist or 
so-called "free" countries, pollution 
abatement is so expensive that it is 
disregarded until some event sudden-
ly forces polluters to clean up their 
waste discharges. We have seen this 
throughout the United States, and the 
same can be said for Poland. Although 
their book-keeping is different than 
what we are accustomed to using, any 
cost of production which can be re· 
duced will be to the credit of the 
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plant director and his employees, 
thus making the opportunity for in-
creased pay in the form of a bonus, 
the chance for a better job, etc., pos-
sible. Waste treatment, being a fac-
tor that can only increase the produc-
tion costs, tends to take a remote posi-
tion in overall planning. 

It was therefore, not surprising to 
find that the Rawa River contained 93 
per cent wastewater and 7 per cent 
natural water. It was also no shock 
to learn that during high flows fol-
lowing storms, contaminants in the 
water often reached their maximum 
concentration, indicating that many 
polluters were storing their more con-
centrated wastes, waiting to release 
them immediately following heavy 
rains. This practice has long been 
noted in heavily industrialized cities 
in the United States! 

Although the biological load im-
parted to the stream is not exception-
ally high, a great deal of thermal pol-
lution and conservative materials 
(salts, etc.) find their way into the 
waters. The above problems must be 
added to the fact that this area is not 
blessed with an abundant supply of 
fresh water. These problems have na-
turally led to investigations of tertiary 
treatment, with the waters thus treat-
ed being diverted to those industries 
needing cooling water. A large per-
centage of the plants fall into this 
category, as coal mining and steel 
mills are the primary industrial 
activity. 

The river systems might be said to 
be more polluted than the majority 
of those in the United States, but 
some of the reasons for this are under-
standable. It should be mentioned 
that legal mechanism!; have been in 
existence for approximately twenty 
years governing the type and amounts 
of pollutants that can be discharged 
into each river by each industry. But 
it must be remembered that this coun-
try also had to recover from the ra v-
ages of a war which, in some cases, 
destroyed whole cities (Warsaw) and 

in which nearly 20 per cent of the 
population lost their lives. During the 
same period a completely new type of 
government was installed (as opposed 
to the pre-war government) and the 
economy had to start from nearly zero 
output in 1946. Pollution control un-
der such circumstances naturally 
would be delegated a rather low pri-
ority, evident by the fact that only 
now is a concerted effort being made 
to clean the rivers of the whole coun-
try. 

The technology being used in Po-
land to control pollution is essentially 
that which has been developed in the 
United States, Great Britain, and, to 
a lesser degree, West Germany. The 
engineers working on the problems 
are well trained in chemistry and bio-
logy. Incidentally, more than half the 
sanitary engineers in the country are 
women, an often delightful change 
from our dreary offices and labora-
tories. 

The major problem in Poland with 
sanitary engineering work lies in the 
fact that much of the equipment de-
veloped for modem treatment plants 
can not be easily imported into Po-
land nor can it be manufactured 
there. Therefore, much of our litera-
ture discusses aspects of treatment 
which can not always be easily put 
into practice. A separate development 
program would be impractical, time 
consuming, and expensive. Most of 
the Polish engineers rely very heavily 
upon literature published in the U.S. 

In conclusion it might be said that 
sanitary engineering in Poland is quite 
advanced, the professionals are well 
trained, but it takes a fairly low place 
on the scale of priorities for the na-
tion as a whole. Certain aspects of 
working in a Socialistic society leave 
much to be desired, as far as the pro-
ductivity is concerned, but this short 
paper is certainly not the place to 
discuss political systems. Finally, the 
vodka-breaks (in lieu of coffee breaks) 
were unusual and often appreciably 
reduced the productivity very mark-
edly of the author. 

-R. Sage Murphy 
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The University of 
Alberta at Edmonton 
G. S. H. Lock, with the Depart-

ment of Mechanical Engineering at 
the University of Alberta and J. B. 
Nuttall with the Department of Civil 
Engineering, also at the University 
of Alberta, have been kind enough to 
write and briefly mention some of the 
work that is currently being done at 
that University in the area of cold 
regions engineering research. Al-
though only the subject of the re-
search is mentioned below, further in-
formation on any specific project 
could certainly be obtained by com-
m~micating with the particular investi-
gator that is associated with the pro-
ject. 

Dr. Lock points out, in his com-
munication, that the departments of 
Electrical, Chemical, and Petroleum 
engineering, as well as the depart-
ments listed below, are now active in 
engineering research. Hopefully, we 
will be able to report on these activi-
ties in the Winter issue. 

J. R. Gunderson is currently devot-
ing efforts to a "Study of Heat Con-
duction with Phase Change." C. Gort 
has just completed "A Preliminary 
Study of Ice Formation in a Vertical 
Pipe," and R. D. Freeborn is doing 
"Further Studies of Ice Formation in 
a Vertical Pipe." These three efforts 
are being, or have been, done in co-
operation with the Department of 
Mechanical Engineering. 

Charles Niel, working with the Re-
search Council of Alberta, at the Uni-
versity of Alberta, is measuring ice 
forces on bridge piers. The results of 
this study should be of interest when 
compared to calculated ice loading 
values. 

A. H. Laycock of the Department 
of Geography is directing some work 
on the hydrology in the Northwest 
Territories. 

J. B. Nuttall is involved in a study 
of freeze-up and break-up of some 
rivers local to the Edmonton area. 



Some Consideration on The 
Treatment of Iron Rich 

Ground Water in Alaska 
Due to climatic conditions and low 

population density, ground water is 
the only economic source of water 
supply in most parts of Alaska. The 
presence of high iron content in this 
water requires that it be treated prior 
to household use. The presence of the 
iron is primarily an aesthetic problem, 
causing laundry stain and bad taste. 

In general, there are two kinds of 
"iron-water" in Alaska. The first is the 
lower-organic water which can easily 
be treated by holding in a tank for a 
few days. This water, when it comes 
from the ground, is very clear and al-
most devoid of oxygen. In the holding 
tank, the oxygen in the air diffuses 
from the air-water interface and oxi-
dizes the soluble and colorless ferrous 
iron to insoluble ferric iron which 
eventually settles to the bottom as 
ferric hydroxide. 

The second type of water is char-
acterized by relatively high organic 
content combined with iron which im-
parts a yellowish color to the water. 
The source of the organics is believed 
to be decomposed vegetation. This 
water does not change its appearance 
appreciably, even after storage of a 
few days. As yet it is not clearly de-
fined whether the yellowish color is 
due to the organics or attributable to 
the complexes of organics and iron 
colloids. The presence of organics, 
combined with ferrous iron, renders it 
difficult to oxidize to the ferric form. 
After oxidation the organic matter 
adheres to the ferric precipitate. This 
causes the colloid to become nega-
tively charged. The colloid is then 
very stable and difficult to settle. 

In the past, most of the study of 
iron contaminated water was directed 
to the high organic water and a great 
deal of effort was directed toward 
identification of the chemical compo-
sition of organics. Extensive studies 
were conducted to oxidize, or to co-
agulate, organic-iron complexes. It 
has been found that coagulation was 
the most successful, and practical 

method to cope with the iron-organ-
ics problem. The most promising 
method, to the writer's mind, is the 
use of lime. This chemical has the fol-
lowing four advantages over others: 

1. Lime acts like an oxidant to fer-
rous iron, in the manner of chlorine, 
permanganate or dissolved oxygen. 
The effectiveness is due to the hy-
droxide ion it supplies, which can ac-
celerate the formation of ferric hy-
droxide precipitate. 

2. Lime can destabilize and ag-
glomerate the stable colloid of 
organic-iron complexes. It is effective 
through a wide range of pH while 
other coagulating chemicals such as 
alum or ferric ·surfate need strict con-
trol of pH for the optimum results. 

3. Lime can reduce the hardness of 
water. Alaskan ground water usually 
has high content of calcium as well as 
iron, and the proper application of 
lime can reduce hardness as a bypro-
duct of iron removal. 

4. The chemical unit cost is low. 
The precipitate produced by lime 

treatment is small and difficult to 
separate by settling; especially at low 
temperatures. To overcome this prob-
lem, the lime treated water can be 
filtered. 

An ordinary sand filter has grain 
size gradation with fine grains on top 
and coarse particles at the bottom. 
This type of gradation is undesirable 
because the top layer of a filter will 
immediately be clogged and the 
lower layer would become unusable. 
Dual media using lighter anthracite 
on top of the sand media is being 
used to overcome this problem. This 
has been only a slight improvement . 
over the sand media. Within each 
media of the dual media filter, the size 
gradation also takes place and clog-
ging of the media occurs. 

Considering the geometry of the 
media gradation, the obvious alterna-
tive would be to pass the suspension 
from the bottom up. This reverse fil-
ter has been investigated by Mintz of 
Russia on turbid surface water. The 
same principle might be applied to 
remove lime floc produced from the 
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ground water treatment. The favor-
able geometry of the reverse filter 
results in reduced clogging, reduced 
head-loss, greater capacity to hold 
sludges, deeper media depth which 
can be installed, and better growth of 
particles within the media before ad-
hering to filter media. 

There are several technical diffi-
culties which can be anticipated, such 
as the lifting of filter media at high 
filtration rate and the encrustation of 
the filter media by calcium carbonate 
particles. Several mechanical and 
chemical methods can overcome these 
difficulties. 

One of the research projects be-
ing conducted at the Institute of Wa-
ter Resources, University of Alaska, 
is to evaluate the problems and the 
advantages of the reverse filter as 
compared to conventional filters. It 
is our object to develop a feasible iron 
removal method using the above men-
tioned chemical and physical tech-
niques. The outcome of this study 
may also be utilized to improve the 
deep filtration methods applied to 
other aspects of water and waste 
treatment. 

-Wonsuk Kim 

WATER RESEARCH •.. 
( Continued from Page 2) 

on 1:63360 maps for use as locators 
for the STORET I System. 

STORET I is a method for storage 
and retrieval of water quality data 
relating to streams and rivers. It will 
provide an open-ended system avail-
able as a repository and/ or dispers-
ing mechanism to optimize water data 
use and handling. 

The coding of all rivers and streams 
will be complete by summer 1969, 
when the maps will be turned over to 
the FWPCA. 

STORET II, which bases station 
location on longitude and latitude, 
is presently available through coordi-
nation with the FWPCA to handle 
data collected from large open bodies 
of water and from points on land 
areas which are not associated with 
streams. 

-Charles W. Hartman 



ARMY TERRESTRIAL ..• 
(Continued from Page 4) 

made using propane and compressed 
air seeding for fog dispersal. Thres-
hold temperatures of nucleation for 
various chemical agents and their 
practical applicability will be investi-
gated. 

Arctic Structures: Design and mod-
els of foundations and structures will 
be studied to test new materials and 
systems made possible by advancing 
technology. 

Mechanics of Frozen Rock: Three 
types of rock (granite, sandstone, 
limestone) will be studied in detail. 
Phase composition of pure water will 
be determined for a range of tempera-
tures and pressures. Tensile and com-
pressive strength will be measured 
over a range of temperatures from 
plus 25 degrees centigrade to minus 
195 degrees centigrade and the rate 
of loading effects will be considered. 
Elastic modules will also be mea-
sured. Thermal strain at low tempera-
tures will be studied. 

Behavior of Earth Materials: Stu-
dies will be conducted on several 
frozen soils and pavement materials 
to determine the linear and volumetric 
coefficient of thermal expansion. La-
teral to vertical pressure ratio for 
snow will be studied. Creep analysis 
of frozen soils will be made using 
computer techniques. 

Research in Rapid 
Excavation and Drilling 

Rapid Excavation and Drilling: In-
vestigations of fundamental processes 
for rapidly penetrating, excavating, 
and handling rock and soil, both froz-
en and unfrozen. Develop concepts 
for rapid site explorations, including 
light-weight mechanical and geophy-
sical exploration equipment for rock 
and ear,th materials. Conduct labora-
tory and field trials to prove the feasi-
bility of the chosen processes. 

Expedient Underground Facilities: 
Investigations will be made of the 
fundamental processes for excavating 
and handling frozen materials. New 

excavation techniques will be devel-
oped and evaluated such as the tech-
nique of using very high pressure wa-
ter jets and high velocity hot air jets. 
Full scale tests will be conducted 
underground. The project will be col-
laborated with other government 
agencies such as the Bureau of Mines 
and Department of Transportation. 

Ice and Snow Control: Chemical 
surface treatments-mechanical meth-
ods including vibratory and acoustical 
and physical methods including elec-
tromagnetic energy over a broad spec-
tral region will be used in the field 
and the laboratory. Snow disaggre-
gation and mass transfer will be in-
vestigated. A cooperative project with 
the Alaska Department of Highways 
will examine ways of keeping culverts 
open in the winter. 

Anchorages in Frozen Materials: 
This study will examine the proper-
ties and merits of commercial anchors 
relative to method of installation, 
holding power, potential performance 
and theoretical capacity. Both field 
and laboratory studies will be made. 
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