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EDITORIAL COMMENT: Disclaimers and the Value of Dispute 

There's been a small change in the formal who-what-where statement defining 
The Northern Engineer on the facing page, and since hardly anybody bothers to 
read that statement, it seems worth pointing it out here. 

Please be advised, then, that TNE now appears with an explicit disclaimer: 
"Opinions in the articles, reviews and letters are not necessarily those of the Univer
sity of Alaska, the Geophysical Institute, or The Northern Engineer staff and 
Board." We certainly operate -and have operated -under that premise, and it's 
about time we came out and said it. 

Perhaps one reason this long-standing principle hasn't been spelled out before 
is that this magazine is rarely very controversial. However, now and then, and 
particularly where engineering and scientific opinion cut most deeply into politics 
and economics, TNE will set off and in turn receive a rocket or two. The Letters 
section in this issue illustrates one such exchange. 

That exchange is unusual, because people who disagree with the thrust of an 
article rarely write down and mail off their opinions to us. TNE may not be espec
ially controversial, but northern engineers are disputatious (perhaps because so 
much remains to be immutably fixed in the discipline). Thus we may hear dissent
ing views at meetings or over coffee, but the unfortunate thing about such informal 
communication is that it doesn't get the word to the rest of the readers. So- when 
you do disagree with numbers, opinions, attitudes, implications or whatever in 
items published in The Northern Engineer, write us and state your case. 

As the formal disclaimer should make clear, none of us - "us" in the broadest 
sense - has any vested interest in the views expressed by TNE authors. They're 
on their own. We may even disagree -sometimes strongly -with opinions we pub
lish. But articles are not selected nor edited towards furthering views held by the 
staff or any branch of the University; our intent is to help authors make their 
points clearly, not to slant those points towards some personal goal. 

The whole aim of this magazine is to make information available, and we 
appreciate whatever help our readers give to make sure the quality of that informa
tion is the best possible. 

--Editor 
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COVER 
The kugeri on Little Diomede is an example of an energy-efficient housing style 

older than history in Alaska. Our report on this structure, which is based on documents 
prepared for its nomination to the National Register of Historic Places, begins on page 
19. (Photo by Tim Sczawinski.) 

THE NORTHERN ENGINEER is a quarterly publication of the Geophysical 
Institute, University of Alaska - Dr. Juan G. Roederer, Director. It focuses on engin
eering pract«:e and technological developments in cold regions, but in the broadest 
sense. We will consider articles stemming from the physical, biological and behavioral 
sciences, also views and comments having a social or political thrust, so long as the 
viewpoint relates to technical problems of northern habitation, commerce, develop
ment or the environment. Contributions from other nations are welcome. We are 
pleased to include book reviews on appropriate subjects, and announcements of forth
coming meetings of interest to northern communities. "Letters to the Editor" will be 
published if of general interest; these should not exceed 300 words. (Opinions in the 
letters, reviews and articles are those of the authors and not necessarily those of the 
University of Alaska, the Geophysical Institute, or The Northern Engineer staff and 
Board.) Subscription rates for THE NORTHERN ENGINEER are $10 for one year, 
$15 for two years, and $35 for five years. Some back issues are available for $2.50 each. 
Address all correspondence to THE EDITOR, THE NORTHERN ENGINEER, GEO
PHYSICAL INSTITUTE, UNIVERSITY OF ALASKA, FAIRBANKS, ALASKA 99701, 
U.S.A. The University of Alaska is an EO/AA employer and educational institution. 
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by Robert F. Carlson 

ICE FORMATION ON RIVERS 

AND LAKES 


INTRODUCTION 

Northern hydrology, although sharing many common fea
tures with the hydrology of southern latitudes, is dominated by 
ice-covered surfaces for a large portion of the year. Many 
engineering projects such as dams, bridges, water supply intakes, 
pipelines and reservoirs must account for ice-covered waters on 
both rivers and streams; the ice cover may present an environ
mental hazard to the project, or the solid surface may offer an 
opportunity for winter transportation. 

This paper discusses the hydraulic and thermal aspects of ice 
cover formation. The topics summarize the entire life of a 
seasonal ice cover and lend a perspective to understanding a 
wide variety of northern engineering problems in the fall, winter 
and spring of the northern year. This paper makes extensive 
use of Michel as a reference. 1 Other excellent general reviews 
include Ashton, Gerard and Starosolzky.2•3.4 

THERMAL ENERGY 
TRANSFER AT THE WATER'S SURFACE 

Thermal energy transfer at the water's surface plays an 
important role in determining the thermal energy balance of the 
entire water body. The four main energy transfer components 
for most circumstances include solar or short wave radiation, 
long wave radiation, convection and evaporation-condensation. 

Solar Energy 

Energy from the sun enters the earth's atmosphere with a 
flux of 442 BTU/ft2/hr on a normal plane. In passing through 
the atmosphere it is influenced by a number of factors, and 
therefore its value must be modified at the earth's surface. Some 
of the factors which must be addressed include: 

1 . Entering at an angle other than normal. 
2. Integration with direction and time throughout the day. 
3. Turbidity, scattering, and path length. 
4. Cloudiness of the sky. 
5. Reflectivity or albedo of the surface. 
6. Transmission into the surface. 

A complete calculation of all these factors is long and tedious, 
and is best left for another paper. Michel 1 gives two expressions 
for solar radiation entering the water's surface. 

For direct and diffuse radiation at a given time: 

Yrs = (B 1 + 0.83f) S C sin (0.25 + 0.75 M/N) (1) 
(expressed as BTU/ft2/hr) 

Where 

Absorptivity of water.B1 
f Ratio of indirect to direct radiation. 
S The solar constant (442 BTU/ft2/hr). 
C A reduction parameter taking into account the fac

tors listed above; the range is from 0.159 to 2.753 
for 60°N latitude. An abbreviated Jist (abstracted 
from Michel) is given in Table 1. 

M/N = The fraction of clear skies during daylight. 

When the above equation is integrated for the entire day we 
have: 

Yrs = 640 S C(0.25 + 0.75 M/N) (2) 

TABLE 1 


Values of C, 

a Parameter in Equations 1 and 2, for 60°N Latitude 


First Day of c 
Sept. 1.97 
Oct. 1.23 
Nov. 0.54 
Dec. 0.20 
Jan. 0.16 
Feb. 0.39 
Mar. 0.99 
Apr. 1.88 
May 2.52 

Robert F. Carlson, P.E., is professor ofhydrology and director of the Institute of Water Resources, University ofAlaska, Fairbanks. 
Dr. Carlson specializes in the field ofhydrology. 
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Long Wave Energy Transfer 

All physical bodies emit radiation energy with a wavelength 
proportional to the temperature of the body. For practically all 
natural earth bodies the temperature is much lower than that of· 
the sun and therefore the wavelength is much longer. Because 
the longer wavelength is more readily absorbed by water vapor, 
a detailed thermal balance in the vicinity of any earth body is 
very difficult to calculate. For our purposes, the rate of long 
wave energy emission from a body is given by 

2Yre = E1 a Ts4 (BTU/ft /hr) (3) 

Where 

The emissivity factor for the surface water, 0.97; 
most other natural surfaces, 1.0. 
The Stefan-Boltzmann constant, 0.173 x 1 o·8 BTU/ 
ft2/hr;oR4 . 

Ts Surface temperature, 0 R (0°F = 492°Rankine). 

a 

The long wave energy emitted from the atmosphere to a 
body is a complicated function of humidity, temperature and 
cloudiness. Michel gives an equation which sums up all these 

effects as 

Y' = E a B T4 (BTU/ft2/day) (4) 
re 2 2 a 

Where 

The emissivity factor for the atmosphere = 0.96, 
cloudy sky; E = 0.55 + 0.33 Fa for a clear sky, 

2 
where P a is the vapor pressure measured in terms 

of inches of mercury (in Hg). 

An absorptivity factor, given by Michel as 0.83. 

The air temperature near the water surface, 0 R. 


The total radiation gain at the water's surface can then be 
calculated from a combination of equations 3 and 4. 

Convective Energy Transfer 

The convective energy transfer mechanism operates when air 
molecules near a water surface are heated or cooled and then 
transported away from the surface by the turbulent motion of 
the air. The actual mechanism is quite complicated and relies 
on a sound knowledge of turbulent boundary air theory. In its 
simplest form, conductive energy transfer is given by 

Yc = Hc(Ts · Ta) (BTU/ft2/day) (5) 

where He is called the convective transfer coefficient. In a 
natural situtation it is a complex function of the wind speed, 
surface roughness and air properties. Michel gives a greatly 
simplified version as 

(6) 

Where 

v = The wind velocityat50feetabovethesurface, ft/sec.
50 

Evaporation Energy Transfer 

The fourth prime mechanism of energy transfer at a water 
surface occurs when water molecules pass to or from the surface, 
causing condensation or evaporation. Evaporation energy trans
fer occurs in a manner closely analogous to conductive transfer. 
The water molecules leave the surface because of a vapor pres-
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sure difference between the air at the water surface and the 
overlying air. As the mass transfer takes place, a corresponding 
heat transfer must also occur because of the change in state 
from liquid to gas. The heat transfer rate that accompanies 

this change of state is given by 

(BTU/ft2/day) (7) 

where H is the evaporation heat transfer coefficient and: 
e 

The vapor pressure of the air, in Hg.pa 
The saturated vapor pressure of the air near theps 
water surface taken at the water surface tempera

ture, in Hg. 

Again a simple equation for He is given as 

He= 400 v (BTU/°F/ft2/day) (8)50 
An equation replacing P a and P s by more useful temperature 

terms gives 

(9)Ye = He(16 · 0.5 eTa) for Ta > 0 
T ~0= He(16) a 

Where 

e = Relative humidity. 

Change in Water Body Temperature 

In order to predict the date of freeze-up, the rate of change 
of the water temperature, and the rate of ice formation, the 
total energy balance of a water body must be understood. The 
important components of the complete thermal energy balance 

are illustrated in Figure 1. 

The terms are defined as: 

Oai Heat advected in 
Oao Heat advected out 
Osur Heat out at the surface (~Y = Y rs + Y rl· v;1- Yc- Ye) 
Oas Heat advected in by precipitation 
Ost Heat subtracted by change of thermal storage 
Ogw Heat added by groundwater flow 
Og Heat added by ground conduction 
Of Heat added by flow friction 
Oi Heat released to the water body by ice growth 

For a given water body, then, the complete thermal balance 
can be calculated according to the following equation: 

0 stor = (Oai + 0 g + 0 gw +Of+ 0 as + 0 i) · (Osur + 0 ao) (10) 

Figure 1. Important components of the complete thermal 
energy balance. 
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Figure 2. 	 An illustration of the terms needed for analysis of 
stream temperature. 

The complete equation as given above would not be used in 
every case; the portion would depend on the problem of interest. 
For example, calculation of the thermal balance of a stream 
needs to 	include only heat additions of advection in and fric· 
tion, heat extractions of loss to the surface and advection out 
(Fig. 2). When these terms are included in equation 10, one can 
determine the time to freeze-up of that section of the stream, 
the distance to an ice cover formation following a thermal dis· 
charge from a power plant, or the temperature distribution 
along a reach of the stream. 

Michel shows an approximate solution for the change in 
water temperature, ~T. in the longitudinal direction of a stream 
between points / and/:

0 

I:Y dl' 
(11)q 

Where 

~T 	 Temperature difference between two points in the 
stream, 1 and I, °F and ft. 

0 
I:Y 	 The sum of the surface heat transfer components, 

BTU/ft2/day. 
River discharge per unit width, ft3/sec/ft. 
Specific heat, BTU/lb. 
Unit weight, lb/ft3. 

In addition to the calculation of the separate surface energy 
transfer components, two empirical formulas for I:Y from 
Michel are: 

I:Y = 85 T a ·3000 	 (12) 

I:Y = 64 Ta ·3000 

Another example is given by the temperature decrease of a 
lake or large water body. Because of the large surface area, most 
of the heat transfer is through the surface (Fig. 3). However, in 
this case, one also needs to recognize the complex tempera· 
ture·density relationship which may be present because of the 
fact that water has its maximum density at 4°C. (A typical 
temperature density curve for water is shown in Figure 4.) As a 
result of this anomaly, warm surface water in the summer will 
float on top of the colder water, to an extent depending on 
depth and other factors. According to Michel, three kinds of 
temperature profiles can result for a very deep lake, a deep lake, 
and a shallow lake or water body (Fig. 5). In the fall, as air 
temperature begins to fall below that of the water surface, 

Figure 3. 	 An illustration of the terms needed for temperature 
analysis of a lake or large pond. 

the top water particles cool and sink until they reach a layer of 
like temperature. This is illustrated in Figure 6, where iso· 
therms are shown for consecutive days in a water body cooling 
very rapidly. First the top layer (the epilimnion) mixes down to 
the thermocline where there is a sharp break in temperature. 
Then the 	water cools more slowly until mixing extends clear 
down to 	the bottom of the lake. When the entire water body 
is cooled to 4°C, ice formation may occur very rapidly depend· 
ing on the amount of wind mixing near the surface. 

The prime factors which determine water temperature at a 
given date are the depth of the water body, wind conditions 
and, of course, a prediction of the future air temperatures. In a 
river, if 	 the total depth is known, a prediction can be made 
of the likely time of freeze-up, since the entire water column 
reaches 	0°C at the same time because of the mixing which 
ordinarily takes place. In a lake, the depth significant for 
calculating the date of freeze-up would be determined by the 
mixing down to the 4°C isotherm. This value is very difficult to 
calculate and probably can be known only from experience in a 
given lake or other large water body. 

ICE FORMATION 

Up to this point, the processes of heat exchange at the surface 
and redistribution of temperature within a lake or stream have 
served to reduce the surface water to near 0°C, at which time 
the ice formation process can begin. The processes for lakes 
differ somewhat from those for rivers but the basic features 
remain the same. At the initiation of ice formation two proces· 
ses can take place - frazil ice growth in the center of a stream 
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Figure 4. 	 Specific gravity vs. temperature relationship near 4°C 
for water. 
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Figure 5. 	Three examples of lake stratification prior to freeze-up. 

or lake, and shore ice growth along the borders of a stream or 

lake. 
Frazil ice growth takes place with the formation of ice 

crystals near the water surface. Just prior to that time, the sur
face water temperature usually decreases to a bit below Q°C SO 

the water is somewhat supercooled. In a small stream the 
entire water column will become slightly supercoooled; in a 
large lake, only the top surface will cool below 0°C. As the 
supercooling continues, ice crystals begin to form around nuclei 
at the surface of the water. The exact process of nucleation is 
not entirely clear, but the result has been widely studied and 
reported.5 The ice crystal grows very quickly in a disc-shaped 
form; if the water is even slightly turbulent as a result of stream 
flow or wind waves, the disc is swept down into the water col
umn. In the past this led to the mistaken notion that the frazil 
crystals formed spontaneously throughout the water column 
and perhaps even on the bottom of the stream. Once ice forma
tion begins, supercooling ends because of the heat released by 
the freezing process, and the stream or lake surface tempera
ture very quickly rises to 0°C. 

Once the frazil formation is actively underway, two impor
tant things happen to the stream from a hydraulic point of 
view. One is the possible appearance of so-called anchor ice on 
rocks, steel, and other objects of high thermal conductivi
ty during the early portion of frazil formation. Because these 
objects were supercooled during the brief period before frazil 
formation, they now become a medium to which the frazil 
particles can readily attach themselves. There also can be some 
direct ice formation in supercooled water impinging directly on 
the solid surface. Second, of more importance, is the contribu
tion of the frazil ice to the formation of a solid ice cover at the 
surface. The frazil particles have a great affinity for each other 
and very quickly form first small floes, then larger floes, until 
finally they become so large that their buoyant lift overcomes 
the downward transport of the turbulent motion of the water. 
The floes then rise to the surface and tend to continue congeal
ing together until floating ice pans form on the surface. Al
though Figure 7 shows a time sequence of frazil to pan forma
tion, the actual event is probably not quite as clear. In fact all 
three of the formation processes, frazil, floc, and ice pans, may 
be occurring at the same time. 

The final sequence of the transformation of the frazil par
ticles to solid ice cover occurs when the pans push together 
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876543 2 0 Day 

Figure 6. 	 Equal temperature line on consecutive fall 
days as a stratified lake cools rapidly. 

to form a solid cover (Fig. 8). If the flow is slow enough, new 
pans floating into position from upstream will push against 
the already-formed solid ice cover and continue to extend it in 
the upstream direction. If the flow is too fast, either the pans 
are swept under the leading edge of the ice cover and stick 
there, producing a hanging dam and thickening the ice cover at 
that point, or the pans continue to sweep on downstream. 
Therefore, frazil particles can form in steep areas but no ice 
cover results, while a solid ice cover forms in slower areas. 

In smaller streams the formation of ice at the shore and its 
extension and growth outward can be the major process in 
forming an ice cover. On medium to large streams both shore 
and frazil ice formation probably occur nearly simultaneously 
so both are equally dominant processes. After the solid ice cover 
has formed, a top view of the stream would look like Figure 9, 
with the shore ice reaching out and forming a very smooth ice 
surface, while the frazil pans would be pushed and somewhat 
jumbled together. In winter, this feature is clearly evident 
on Alaskan streams where the boundary between frazil and 
shore ice often forms a series of ridges as the freezing season 
progresses and recedes for several sequences before the final ice 
cover forms. Also, one can clearly see the predominance of 
frazil in the fastest part of the river, in the outside of bends, 
while shore ice predominates on the quieter parts on the inside 
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Figure 7. 	 Sequence of frazil formation in a swift stream or 
wind-swept lake. 

v 
t --------

Figure 8. The frazil pans finally fill the stream and push together 
to form a solid ice cover. 

7 



·1~·'1'/;;i 'Cl"~~''(··L·t j"i~ 

Frazil P1ns ...,.	cG:;,, t? S<,C~ (_'I C.>) 2.i~ Shore Ice 

- o t._, ""/""' Q <]C f.) 
I 

~·
,{ ' I ( J I ( J I I \.J 

• ..._.• •• 0 .... ~-· ::.· ...... : { .... •: ••••••• :: ';." •• :: ::•. 

Figure 9. 	 The plan view of an iced stream with shore ice on the 
sides and the frazil pans in the middle. 

of bends. The ice cover provides an interesting snapshot of the 
river morphology for nearly the rest of the winter. 

One interesting engineering design problem should be point· 
ed out. During the period of active frazil formation, when the 
particles are still small enough to be swept down into the entire 
stream, frazil particles are capable of clogging water supply 
intakes. It is not at all uncommon for entire power plants or 
water supply and treatment systems to be rendered entirely 
inoperable at this time. If the frazil formation season lasts 
for many days, some remedial measure may be needed, such as 
building a barrier and causing the water to form a quiescent 
pool so the frazil floes can float to the surface and water can 
be withdrawn from the ice-free levels underneath. If the frazil 
formation lasts for only a few hours, it may be more expedi· 
tious simply to shut off the water supply until a solid ice 
cover forms. The water can then be withdrawn from under the 
ice cover for the remainder of winter. 

The determination of whether the reach will stay open at the 
leading edge or freeze progressively upstream with the arrival 
of new ice pans depends on the hydraulic condition at the 
leading edge of the ice cover. The important factors are velocity, 
depth of flow, and ice thickness which combine to produce a 
downward force from an airfoil effect exerted by the water 
flowing underneath. This downward force is met by an upward 
buoyant force; if equilibrium is reached, the leading edge is 
right at the water's surface. (A slightly different criterion exists 
for the whole leading edge but the same principle applies.) 
Michel summarizes this phenomenon and gives as a governing 
equation: 

V/gY = NF = 0.08 (13) 
Where 

NF A Froude number. 

V The upstream velocity, ft/sec. 

g The gravity parameter, ft/sec2. 

Y The upstream depth, ft. 


If NF, the upstream Froude number, exceeds the critical value 

of 0.08, the floe or leading edge will be turned under and the ice 

cover will not proceed upstream. 


If the velocity is too high to permit an ice cover to form on 
a steep section, that area of the stream may stay open for the 
entire winter and continually produce frazil ice. This, in turn, 
can be swept along and accumulate in large deposits down
stream. Michel has devoted an entire chapter to frazil problems 
and a discussion of their engineering features. Another excellent 
review has been given by Osterkamp. 5 

ICE GROWTH 

Once a solid ice cover is formed by either shore ice growth or 
frazil accumulation, the ice cover may continue to thicken 

8 

throughout the winter. The most dominant driving force, of 
course, is the cool overlying air that removes heat from the 
ice-water interface, causing additional ice to freeze. Ice formed 
in this manner is termed "black ice" because of its relatively 
clear appearance. Its rate of accumulation can be calculated by 
the well-known laws of conduction of thermal energy through 
solids. The complicating factors are the amount of ice present 
as an initial condition, the amount of snow cover as it occurs, 
accumulates and changes depth, and the rate of heat transfer at 
the surface. Unfortunately, although the mechanism of heat 
transfer in solids is well understood, its application to actual 
field conditions is very difficult because of the limits on the 
possible amount of instrumentation and understanding of the 
heat transfer climatology at a particular site. As a result, a 
simplified equation is often used to calculate the depth of a 
stream's ice cover that has occurred since the onset of the 
freezing season: 

d.= a.J"S 	 (14)IWhere 

di 	 Ice depth, inches. 
a 	 A coefficient; its value depends on climatological 

conditions, ranging from 0.8 for lakes with no snow 
to 0.2 for a small river with rapid flow. 

S 	 The freezing degree-days since fall. 

A balance must exist between the downward weight of the 
ice and snow and the upward pressure of the water on the 
bottom of the ice (Fig. 10). The diagram shows the upward 
force for a unit area column, as in equation 15. 

(15) 

or 
PwghwA = pigdiA +psgdsA (16) 

and solving for hw 

(17)hw = P/Pw di + P/Pw ds 
Where 

Fw,wi.ws = Force of water, ice, and snow, lb. 


Pw,pi,ps Mass density of water, ice, and snow, slugs/ft3. 


di,ds Depth of ice and snow, ft. 

A Area of force balance. 


At a point of just flooding where the height of the water col
umn, as in a crack, is equal to the depth of the ice, and, if 
we assume the density of the snow to be 0.2, we can derive an 
expression for the depth of snow which will cause the ice 
surface to flood : 

(18) 

If new snow exceeds this amount, water is forced through 
cracks, floods the ice surface and presents an entirely new 
thermal problem. Now, rather than ice being added through 
heat removal at the original ice-water interface underneath the 
solid ice cover, the new water freezes down from the top of its 
surface to the top of the old ice surface. Then the thermal 
problem again moves back to additional ice at the bottom of the 
ice cover. If the surrounding climatology of a stream allows for 
repeated additions of snow, especially in the early part of the 
winter when the ice cover is still thin, the formation of ice on top 
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Figure 10. 	 Diagram of the balance between the downward 
force of snow and ice, and the upward pressure of 
water on the bottom of the ice. 

of the original ice cover can be the predominant process. Ice 
formed in this way is called snow ice and has a much milkier or 
more opaque appearance than the underlying clear or black ice. 

An interesting problem results if a sufficient amount of snow 
has accumulated to cause flooding of the original ice cover. 
Because two ice-water surfaces are now present, the region 
between the two becomes isothermal, with no heat transfer. 
Since there is no longer an appreciable rate of heat removal 
from the bottom face, only a slight amount of thermal energy 
in the water (such as additions by power plants, groundwater, 
or flow friction) can cause very rapid ablation of the ice. This 
effect can be rigorously calculated but a field application is 
very difficult. Quite often in the spring, because of new snow or 
the sudden warming of the air, the bottom heat transfer can 
become important; ablation rates of one to two inches per day 
are not unusuaL During this time unsuspecting travelers crossing 
a stream in the same location as they have all winter may sud
denly exceed the strength of the ice and break through. 

One can easily see that the formation of ice can be quite 
complicated and is not easily predicted, even with good in
formation. 

ICE BREAKUP 

In the spring, increasing air temperature and solar radiation 
end the process of ice growth and begin to cause ice ablation. 
This may occur either from the top, first through snow melt and 
then by direct ablation of the ice surface, or it may occur 
directly from the bottom, because the water temperature is 
slightly above 0°C and heat is no longer being removed from the 
ice-air interface. Often the ice becomes very porous at this 
point and forms crevasses along the original growth planes, 
producing candle ice. 

The final process of breakup or movement of the ice occurs 
with increasing flow and the disintegration of the ice cover and 
is very difficult to predict. If the river flow begins to rise while 
the ice cover is still very solid, huge pans of ice may break loose 
from their shore mooring and begin to float downstream. An 
ice jam may result if a constriction is present which does not 

allow a sufficient amount of ice transport. A notable example 
of this is the nearly annual occurrence of ice jams on the Yukon 
River in Alaska. However, if the local ice becomes considerably 
disintegrated by the time fresh flow arrives, the ice floes may 
become too weak to form any effective jam or be transported 
any distance downstream. Probably the only reliable prediction 
of the breakup is the observation of the process in a reach for 
a number of years. Predicting the ice breakup period is important 
for transportation planning, because very little use can be made 
of either lake or stream surfaces during this time. 

SUMMARY 

The hydrologic features of northern regions are dominated 
by ice cover for much of the year. The annually-renewed 
solid surface offers special opportunities for transportation, 
greatly alters the natural environment, and presents serious 
design problems for northern engineering structures. Before 
northern engineers or designers can properly account for ice 
covers, they must have an adequate understanding of the proces
ses of heat transfer, water body temperature change, ice cover 
formation and growth, and ice breakup. The important com
ponents of surface heat transfer can be estimated with several 
simple concepts and equations, at least to the accuracy neces
sary for most field calculations. When the surface heat trans
fer regime is understood, thermal energy balance concepts can 
be applied to common engineering situations to calculate 
the temperature change rate in ponds, lakes and rivers. Begin
ning with a known summer or fall initial condition, the time 
of the ice formation process or winter open water equilibrium 
condition can be calculated. Once the water temperature 
is lowered to 4°C in a large water body or 0°C in a river, the ice 
formation process can begin. The ice formation process occurs 
as frazil ice growth and shore ice growth, with a solid ice cover 
being formed in a river if the water velocity is slow enough. The 
rate of ice thickness growth can be calculated but heavy snow 
deposits can often greatly complicate the estimation process. 
The breakup season in the spring completes the ice cover 
season. Nearly impossible to forecast from basic principles, 
the breakup season is best understood by annual observation 
on a particular river. 
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by Robert P. Merritt 

THE ALASKA TELECOMMUNICATION SYSTEM 


INTRODUCTION 

Almost half of Alaska's population 
Iives in the vicinity of the largest city, 
Anchorage. Most of the remaining people 
live in the ten larger communities over 
3000; the rest are scattered in 150 vil
lages with populations between 25 and 
3000. The average distance between one 
settlement and another is approximately 
60 miles; some villages are more than 150 
miles from their nearest neighbor. Given 
this isolation and the difficulties of climate 
and terrain, communications systems that 
have worked well elsewhere in the United 
States are useless here. 

Historically, Alaska has on several 
occasions been in the forefront of innova
tive communications systems and yet 
has been unable to fill the basic needs of 
its citizens for adequate communication.1 

For example, after several attempts to 
lay a trans-Atlantic telegraph cable had 
failed in the early 1850s, some Americans 
attempted to establish a telegraph line to 
Europe by going west through Canada 
and Alaska, across the Bering Straits, 
connecting with the Russian telegraph 
line in the Amur River Basin. Surveys 
had already begun when the trans-Atlan
tic cable was finally completed and the 
Alaska project was abandoned. (An early 
supporter of the trans-Alaska telegraph 
system was William H. Seward, who ar
ranged the purchase of Alaska in 1867 
when he was Secretary of State.) 

Further progress in Alaska telecom
munications had to wait until the early 
1900s, when the United States Army Sig
nal Corps began constructing a telegraph 
line through the territory. Shifting ice 
destroyed submarine cables in one sec
tion along the coastline. As a result, the 
Army developed a 100-m ile radio-tele
graph link in 1903 -the first operational 

ATS-1 VHF satellite antenna in an interior Alaska village. 

application in the world of this type of Service (PHS). In this program, a local 
communications link. Other than the person, usually a Native woman, receives 
development of high frequency (HF) a few weeks of training in emergency 
radio circuits, very little then occurred medical procedures and patient care. 
in Alaska communications until the The health aide consults daily with a 
Second World War when open-wire regional doctor by HF radio. This doctor
telephone lines were strung along the call program with the health aide and the 
Alaska Highway from Alaska through regional physician has been in operation 

Canada to Seattle, Washington. for many years; it always was very suc

Following the War, major communica cessful but had been limited by the un

tion improvements in Alaska came with reliable HF radio communications. 

the installation of a microw01ve transmis In 1969 the University of Alaska 
sion system back through Canada to the started a research program to develop a 
contiguous 48 states, and the develop communication system utilizing the NASA 
ment of a tropospheric forward scatter ATS-1 Satellite VHF transponder and a 
system to transmit over long distances simplex (push-to-talk) voice circuit. The 
in Alaska. Most small villages, however, program began with three locations: two 
were still isolated from the integrated villages and the University Electrical 
communication network. They relied on Engineering Department. A doctor from 
HF radio which, due to the highly dis the local PHS Clinic would come every 
turbed ionosphere over Alaska, has a evening to discuss medical problems with 
reliability between 12 and 15%. the village health aides over the ATS-1 

transmitter-receiver facility. The system
MEDICAL COMMUNICATIONS worked so well that the Public Health 

Medical care in the villages of Alaska Service wanted the system extended to 
is provided by the U.S. Public Health more villages. We were able to convince 

Robert P. Merritt, P.E., is a professor ofelectrical engineering at the University ofAlaska, Fairbanks. He has had extensive experi
ence in the field of satellite telecommunications in Alaska, and served on the Governor's Subcommittee on Telecommunications. 
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the National Library of Medicine, Com
munications Section, to provide funds to 
allow us to extend the program to 23 
villages. Most of these villages were in the 
Tanana district, which includes about 
200,000 square miles of interior Alaska. 

In 1974 the Geophysical Institute staff 
secured a contract to analyze the com
munications problem in the Bethel dis
trict, in which about 50 villages communi
cate with Bethel Native Service Hospital 
(PHS) for their medical advice and con
sultation. After a careful study of the 
possibilities of VHF mountain-top re
peaters and other communication options, 
it was decided that the most cost-effective 
and reliable method of providing this 
communication was by satellite. The 
conclusions, presented in a report to the 
Department of Health, Education and 
Welfare, specified that 1 0-foot diameter 
antennas operating into an appropriately 
configured satellite would provide com
munications to all 50 villages in the 
Bethel district. Our original design of the 
basic earth station was expanded to in
clude a public access message telephone 
service in addition to the PHS doctor
call emergency medical capability. 

Medical aide Florence Esmailka of Ruby 
conferring via satellite transmission. 

Author Bob Merritt inspects 4.5-meter 
earth station at Gamble, Alaska, January 
1978. 

OPERATIONAL PROGRAM 

In 1975 the Legislature provided 
funds to 120 small earth stations to en
sure that all communities with a perma
nent population of 25 or more would re
ceive adequate telephone service. The 
basic criterion was to provide a voice 
circuit for emergency medical communi
cation plus a message telephone circuit 
(MTS) for public use. 

The design of the system was largely 
determined by the characteristics of the 
communication satellites which were avail
able. The existing satellite-earth station 
system was designed for more general 
use in the contiguous United States; the 
satellite transponder design was original
ly intended for use with high-sensitivity 
earth stations employing 1 0-meter and 
larger diameter antennas. The Alaska 
system uses smaller antennas in all but 
the largest communities in order to make 
it economically feasible to locate earth 
stations at each village. At the special 
request of the State of Alaska, RCA 
modified their satellites F-1 and F-2 
to provide several transponders with more 
amplifier gain through the satellite and 
adjusted their antenna feed-horn to in
crease the radiated power directed toward 
Alaska for 6 of the 24 transponders on 
board each satellite. Using larger earth 
stations would have limited the number 
that could be constructed, making it 
necessary to link many villages via VHF 
or thin-route microwave circuits to the 
nearest earth station. The initial cost of 

utilizing this "cluster concept" to provide 
basic service to all communities would 
have been greater; adding more circuits 
later would have been difficult or im
possible. The cost of supplying television 
to small villages is much less with the 
small earth-station approach, whereas it 
would have been prohibitive if only large 
earth stations were constructed and the 
cluster concept used, because of the high 
cost of terrestrial video distribution. 

The earth station design which evolved 
was described in the report to HEW; it 
incorporates 4.5-meter antennas, receivers 
employing gallium-arsenide field-effect 
transistor (GASF ET) preamplifiers with 
equivalent noise temperature of less than 
190 Kelvins (typically 150K). and trans
mitters using traveling-wave tubes of 40
watt power output. Voice transmission is 
accomplished by frequency modulating a 
specific carrier (SCPC) for each channel 
(Fig. 1). Earth stations in the smaller 
villages are usually equipped with two 
circuits: a conventional message telephone 
circuit, and a special circuit for emergency 
medical service. Expansion up to eight 
circuits can be accomplished easily by 
inserting additional circuit modules; this 
would supply enough trunks to serve a 
community of one thousand with a local 
telephone exchange. In villages with no 
existing telephone service, a single instru
ment was located in a central building 
which was accessible to the public. At 
this time over 100 small earth stations 
have been installed. 

The carrier frequency for each circuit 
in every earth station is unique and pre
assigned. All circuits are routed through 
the satellite to a major earth station and 
then to a switching center in Anchorage. 
Thus, calls between villages must be 
transmitted through the satellite twice. 
This "double-hop" transmission is annoy
ing due to the increased propagation delay 
(approximately 0.6 second); it also 
utilizes twice the satellite bandwidth, 
reducing the number of simultaneously 
available channels by a factor of two. If 
a channel is not being used by the station 
it is assigned to, it cannot be used by any 
other station. Traffic characteristics re-
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quire that, in a preassigned system, a sense of isolation in these remote com stant in a tape distribution system. For
large fraction of channels will generally munities. The telephone desk sets used in ty-seven rural villages presently have 
be unused. Demand Assigned Multiple this service can select one of five channels; earth stations equipped to receive fre
Access (DAMA) techniques will be util different channel frequencies can be as quency-modulated video signals from a 

ized in the future to reduce these prob signed in various geographical regions to satellite transponder dedicated to tele

lems greatly. In the DAMA system no fre allow specialized networks to be es vision transmission. When the FCC 

quencies are assigned to any earth station tablished and to limit the participants on licensing is forthcoming, 100 more vil

on a permanent basis. Instead, frequencies any one channel to a manageable number. lages may be added. 

are automatically assigned to channel Establishing the basic services for To obtain the best compromise 

units only when necessary to establish a medical communications was an answer between signal quality and margin above 

circuit to meet a specific need. Digitally only to the most urgent rural communi fm threshold at the small earth stations, 

controlled frequency synthesizers are pro cation problem. Because of the extreme a frequency deviation less than optimum 

grammed by channel selection logic to isolation and lack of adequate transporta for more sensitive earth stations is used 

allow single-hop transmission directly tion in most locations, telecommunica (7.5 MHz vs. 11.7 MHz).3 The quality 

between any two stations. Traffic statis tions support many activities in rural of the received signals exceeds that re

tics indicate that using DAMA gives five Alaska to a greater-than-usual extent. quired for excellent viewing. Ten-watt 

to 15 times the effective circuit capacity "mini-TV" transmitters broadcast pro


TELEVISIONof fixed assignment? gramming in the villages. These low
DEMONSTRATION PROGRAM The emergency/medical service does power transmitters have a range of three 

not utilize conventional full-duplex cir A program to demonstrate the capa miles or greater, more than adequate for 
cuits. Instead, all stations in a medical bility of the small earth stations to sup the typical village. 
district network employ a single fre ply quality color television programming The entertainment programming for 
quency for transmitting and receiving. via satellite for entertainment and educa rural Alaska is selected by representatives 
This requires simplex (push-to-talk) opera tion was conducted for several years. The from the villages receiving television. 
tion, a mode shown to be preferred for alternative to supplying television pro They meet periodically to choose pro
this service from experience with H F gramming by satellite is to mail pre gramming best suited for their villages. 
radio and the ATS-1 satellite. It was recorded videotapes to the village tele These programs are transmitted on the 
learned that when the medical aides vision transmitter sites. SateII ite distri state-leased transponder for six hours 
listened to consultations between a bution is favored for increasing numbers each evening after transmission to the ur
doctor and other medical aides, they ac of sites and greater numbers of program ban areas has ended. 
quired much valuable knowledge. Fur ming hours as the cost per site-hour The same satellite transponder used 
ther, group participation helps reduce the decreases; this cost is essentially con- for transmitting television to the small 
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earth stations is used earlier in the day to 
bring signals into Alaska from the lower 
48. This programming is intended only 
for the urban areas which are served by 
large earth stations. The increased sensi
tivity of these stations allows two channels 
of programming to be transmitted through 
the transponder at the same time. 

The Alaska Time Zone, where most 
of the state's citizens live, is two hours 
behind the Pacific Time Zone and five 
hours behind the Eastern Zone. Earth 
stations are located in each of these time 
zones, allowing a specific program to be 
accessed at two different times. Because 
two programs can be transmitted simul
taneously, it is possible to import as many 
as four national programs which are sched
uled for the same local time. The com
mercial programming brought into Alaska 
is selected by the managers of the three 
television network stations here; any 
scheduling conflicts are resolved through 
negotiation. 

The morning hours are utilized by the 
Department of Education and the Univer
sity of Alaska to transmit instructional 
programming for pre-school through 
college-level students; in addition there 
are courses in basic educational skills 
for adults. Access to instructional pro
gramming libraries in other parts of the 
country is technically possible and is 
being investigated. Beginning in Septem
ber 1981 , a second sate II ite transponder 
will be leased by the State of Alaska to 
increase instructional programming to 
classrooms statewide. 

The first several years of the tele
vision demonstration program have shown 
that there is extremely high interest for 
both entertainment and instructional 
programming, in rural and also urban 
parts of Alaska. Additional funds for 
extending the State of Alaska satellite 
project have been granted for determin
ing better means for including all com
munities and developing acceptable fi
nancing methods for continuing operation. 

In addition to the small earth stations 
discussed, the 30-meter station at Talkeet
na and 15 installations with 10-meter 
antennas are now in service. Approxi
mately ten more 10-meter stations will 
be constructed to handle high-density 
commercial and military traffic. Over 
120 small earth stations are currently 

in operation; this number could grow to 
nearly 200 before all needs are met. 

Satellite communication is meeting 
needs in Alaska that would be prohibi
tively expensive if met by any other means 
at this time. The work done here may 
have ramifications elsewhere; a number 
of the larger developing nations have 
similar communications problems which 
can be solved most effectively through 
satellite telecommunications systems of 
this type. Advances in technology since 
the Alaska system was designed (especial
ly in digital techniques) make it likely 
that other systems would differ in detailed 
parameters, but would still employ many 
small earth stations. 

TELECONFERENCING 

Juneau, the capital of Alaska, is al
most 1500 miles from the northern 
reaches of Alaska and 2000 miles from 
the western areas of the state. These great 
distances and the fact that Juneau is not 
connected by road to the other parts of 
Alaska have led to the citizens' having a 
feeling of isolation from the processes 
of government. As the television demon
stration program developed and other tel
ecommunications facilities became avail
able, several individuals and groups began 
looking at the possibility of using tele
conferencing to cut down on the long 
distance constituents must travel to attend 
meetings in Juneau and the extent to 
which the general public feels isolated 
from the legislative process. 

The Legislature was acutely aware of 
the public's concern over its inability 
to participate in the legislative process 
because of the remote, inaccessible loca
tion of the capital. In an effort to alle
viate this, they began disseminating in
formation from Juneau in several ways. 
In 1975, the Legislative Council created 
permanent legislative information offices 
in Anchorage and Fairbanks to provide 
facts relating to pending legislation to the 
public and press. The Legislative Informa
tion Office, staffed by employees of the 
Legislative Affairs Agency, set up tele
types, voice circuits, and a CRT computer 
terminal connected with Juneau. The 
computer terminal was connected with 
the central legislative computer and was 
capable of displaying the status of any 
bill in the legislative process when queried 
by typing in the number of the bill, the 

title, or name of the sponsoring legislator. 
This public information program has 
been continued, and now has expanded 
to 15 communities. 

A bill was proposed in the Senate 
to establish a telephone hot line to the 
Juneau legislative centrex telephone sys
tem, enabling constituents all over the 
state to speak with their legislators 
free of charge. A similar bill introduced 
in the House extended the original con
cept to include the Juneau offices of the 
Executive and Judicial branches. Neither 
of these bills passed in their original form, 
but they were incorporated into a Senate 
concurrent resolution which called for 
the creation of a legislative teleconfer
encing network. That legislation was 
passed in May of 1977. 

In a teleconference, several people 
in different locations use a form of elec
tronic communications to converse for 
the purpose of sharing information and 
making decisions. The mainstay of the 
legislative teleconference network is a ded
icated private line circuit with the follow
ing characteristics: 

(1) It links the Capitol in Juneau 
with network stations in Nome, Bethel, 
Fairbanks, Anchorage and Ketchikan. The 
network circuit simultaneously links all 
sites with one another like a high-quality 
telephone party line. 

(2) It is a private line identified for 
easy maintenance by its own circuit 
number, and dedicated to the exclusive 
use of the conference centers. 

(3) It is leased at a flat monthly rate 
for permanent, 24-hour availability so 
that charges are not a measurement of 
use. 

(4) It uses both satellite and terres
trial carriers. Microwave terrestrial cir
cuits connect Juneau and Ketchikan, 
Anchorage and Fairbanks. Single-hop 
satellite transmission links Juneau with 
the Talkeetna earth station serving 
Anchorage and Fairbanks, and likewise 
links Nome and Bethel with the same 
ground station. Double-hop transmission, 
two complete transmissions from the 
earth to the satellite and back, is neces
sary to carry audio from Nome and 
Bethel (in northwestern and west-central 
Alaska) to Juneau and Ketchikan in 
Southeastern. 

(5) It is a four-wire, rather than a 
standard two-wire, telephone circuit. The 
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additional two wires enable the circuit 
to provide exclusive paths for transmis
sion and reception, i.e., one pair for each 
direction. This is the standard circuit 
used on a conference network because it 
is least prone to line degradation and 
lends itself to easy expansion. 

(6) Finally, it is a voice-plus-data cir
cuit, which means that it may be used 
to telecopy documents with no additional 
toll charges. 

The network implemented by the 
Legislative Affairs Agency connected the 
coordinator's office and various commit
tee rooms in the Capitol with six primary 
and three secondary centers. Primary 
locations are usually medium-size rooms 
adjacent to the moderator's offices; they 
are used for teleconference administrative 
communications and for the great major
ity of audio-only teleconferences. Secon
dary centers have a seating capacity of 20 
to 50, are equipped for video reception 
and live video production. In Nome and 
Bethel, the same centers served both 
purposes. 

The audio terminal chosen for network 
use was a 50A-1 conference set manu
factured by Western Electric. Capable of 
operating in a two- or four-wire mode, 
the conference set assembly utilizes 
voice-activated omnidirectional micro
phones. They are acoustically isolated 
from the conference set loudspeaker 
to avoid echo and feedback. 

The facsimile or document transmis· 
sion system mentioned above uses Xerox 
Model 400 telecopiers operating on the 
same voice-plus-data circuit as the confer
ence terminals. A newer model is now 
being considered for upgrade of service 
next year. Reference documents or 
copies of legislative bills needed during a 
teleconference can be telecopied to all 
locations simultaneously in four or six 
minutes, depending on the desired re
production quality, several hours prior 
to the meeting. 

Cost alone made a dedicated video 
conference circuit impractical. However, 
the Task Force created by the May 1977 
bill set aside funding for a limited num
ber of videoconferences during the 1978 
session, to give legislators a few experi
ments in the effectiveness and desirabili
ty of such a forum. Between February 
and April, the Legislative Affairs Agency 

conducted three two-way and two one
way videoconferences. 

A two-way videoconference is simply 
a teleconference in which live pictures of 
the participants accompany their voices. 
Those occurring on the Legislative Tele
conference Network involved the Juneau 
committee hearing room and two remote 
teleconference centers. During each of 
these, two channels of video created con
tinuous video transmission from Juneau, 
successive video transmission from each 
of the two remote sites, and continuous 
video reception at all sites, both par
ticipating and observing. During the one
way videoconferences there was only one 
video channel in operation, enabling par
ticipants at conference sites to see the 
legislative committee, but not the reverse. 

The primary goal of the network was 
to improve access to the Legislature and 
legislators from persons living in, or travel
ing to, the participating communities. 
Secondly, the full-time availability of the 
audio circuit makes it possible to accom
modate other non-legislative users on a 
limited and preemptible basis. Agencies 
of the executive and judicial branches of 
state government and instruments of local 
government, e.g., boroughs, municipalities, 
school districts, would be eligible. 

Unfortunately, as legislative interest 

in teleconferencing grows, opportunity 

for other agency use will decline. It is 

also possible that should non-legislative 

use continue and become regularized, 

the Legislative Affairs Agency may in

stitute a reimbursible costs arrangement 

for network time. 


The network interprets its purpose as 
providing a forum for discussing any 
public issue. Therefore, network policy 
allows any person to monitor any tele
conference. The audio circuit is designed 
in such a way as to make confidential, 
exclusive use impossible without major 
reconfiguration. 

On the other hand, although there is 
no restriction on the public's right to 
observe, active public participation in a 
teleconferenced hearing is at the pleasure 
of the presiding chairman, as it is in any 
hearing which is not teleconferenced. 

The Legislative Teleconference Net
work may be used by any legislator for 
any legislative-related matter, or by any 
group for the discussion of public or 

agency business. No other group or sub
ject matter is permissible. 

The Task Force also discussed possible 
network abuse, drawing two conclusions. 
First, there is nothing about a telecon
ference hearing which makes it uniquely 
susceptible to misuse. All the opportuni
ties for "grandstanding," "electioneering" 

· or "witness manipulation" present in any 
committee hearing are present in a tele
conference. The other point was that the 
self-policing effects of bipartisan commit
tee membership, the presence of the 
news media, and a common sense of fair 
play typify most committee hearings 
irrespective of the medium in use. Fur
thermore, it was believed that the knowl
edge that conversation between any two 
locations can be heard system-wide would 
significantly deter exploitation. The first 
year's experience with legislative tele
conferencing upheld these conclusions. 

In an effort to Jearn who was using 
the network, and to define better the 
public market for legislative telecon
ferencing, the moderators were asked to 
distribute brief evaluation forms during 
the entire period of trial operation in 
1978. Approximately 400 of a total of 
491 users received questionnaires, of 
which 262 were completed and returned. 
An examination of the surveys and at
tendance records produced the data in 
Table 1. 

A comparison of costs4 for the tele

conference network demonstrates the 

relative economy of audio-only con

ferencing and the considerable capital 
investment required by video (Table 2). 
Measurement of the relative utility of 
each medium, however, is difficult 
because they achieve different things. 

Audio-only conferencing has proved 
an effective and popular committee tool, 
admirably suited to an item-by-item con
sideration of even the most complex bills. 
Legislators and the public soon learn to 
use the system with confidence. As an 
inexpensive way to hear extensive testi
mony, audioconferencing is probably un
equaled. 

The three videoconferences conducted 
in 1978 concerned a resolution relating 
to the voluntary withdrawal of life-sup
port devices; a bill relating to the creation 
of closed primaries; and a series of bills 
relating to the regulation of subsistence 
hunting and fishing. The dispute under-
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TABLE 2 
TABLE 1 Comparison of Costs (1978)

Teleconference Statistics 

(1) Number of conferences - February 22 -June 15, 1978 

47 audio and 5 video: 52 total 


(2) Number of conferences per category: 

House 25 

Senate 5 

Joint* 18 

Other** 4 


TOTAL 52 

(3) Number of witnesses- audio vs. video: 

Audio: 414 total, 9 average 

Video: 77 total, 15 average 


(4) Number of witnesses- February 22-June 15 

Participants Population 


6.7%Ketchikan 27 5.6% 18,770 

Juneau*** 43 8.7% 19,193 6.8% 

Anchorage 174 35_4% 175,603 62.8% 

Bethel 26 5_4% 3,004 1.0% 

Fairbanks 160 60,22732.5% 21.5% 

Nome - 61 12.4% 2,585 0.9% 

TOTAL 491 100% 379,382 99.7% 

* Teleconferences involving both houses were round-table, 
or open-forum type, not joint committee hearings. 
** Agencies or groups affiliated with the Executive Branch 
using the teleconference network were: The Educational 
Telecommunications Consortium; The Board of Fish and 
Game; the Division of Public Health, HSS; and The Gover
nor's Council on the Gifted and the Handicapped. 
*** This refers to Executive agency users stationed in 
Juneau, or to committee hearing witnesses (not legislators) 
invited to testify during a teleconference. 

lying each issue was philosophic, funda
mental, and emotionally charged. For 
first hearings on legislation that holds an 
exceptionally high level of popular in
terest, the ability to place names with 
faces and voices creates a level of inti
macy which makes videoconferences 
attractive to many legislators. 

The number of audio teleconferences 
is now near 500 per legislative session. 
Video teleconferences are still limited to 
three or four per year by cost and the 
conviction by almost everyone that audio 
is more than adequate for almost all 
public testimony and committee hearings. 

CONCLUSIONS 

The Alaska telecommunications sys
tem has grown tremendously and has 
produced a significant reduction in Alas-
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(1) Audioconference system as a whole: $ 8,107 per month 
(2) Videoconference (two one-way): $ 2,430 total 
(3) Videoconference (three two-way): $24,500 total 
(4) Estimated savings in travel & per diem costs to witnesses: 

Ketchikan $ 727 
Anchorage 6,634 
Bethel 2,095 
Fairbanks 7,548 
Nome 4,617 

TOTAL $21,621 
(5) Estimated savings in committee travel &per diem: $12,053 

kans' feeling isolated 
and separated from the 
mainstream of Ameri
can life. The ability to 
get high quality, rapid 
telephone connection 
throughout the state 
and around the world 
has contributed to the 
growing economy of 
Alaska. There is an 
equally dramatic po
tential for growth in 
such areas as audio 
and video teleconfer
encing, digital com
munication, expanded 
use of telecommunica
tion in classroom in
struction from kinder
garten through the 
university level, and 

for continuing education for all ages. The 
State has leased a second satellite trans
ponder for educational programming be
ginning in September 1981; FCC licensing 
of 150 more earth stations and mini
television transmitters is pending. 

A specialized common carrier license 
was approved by the FCC in spring 1981 
to encourage competition in communica
tion services available in Alaska beginning 
with Anchorage, Fairbanks, and Juneau, 
and from Alaska to the rest of the world 
through a Seattle, Washington gateway 
earth station. 

The existing 100 small earth stations 
owned by the State will be sold to local 
telephone companies or a common car
rier in the near future. 

There is still a long way to go before 
"universal telephone service" is available 

to all Alaskans. State and local govern
ments must work together in cooperation 
with the telecommunication industry to 
improve further the quality of communi
cation services, particularly in the rural 
areas. The reliability of the equipment 
used needs further study, and unreliable 
components must be replaced. Redun
dant subsystems installed in critical areas 
will greatly improve reliability. The de
velopment of a program to improve local 
power generation in the smaller villages 
is essential to maintain the operation 
of the communication system. 

We look forward to continued in
volvement in developing telecommunica
tion systems in Alaska and anticipate im
proved services, increased reliability and 
innovative new programs becoming avail
able. 
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by lyle D. Perrigo and George A. Jensen 

Fundamentals of 
Corrosion Control Design 
INTRODUCTION 

The primary thrust of architects and 
designers in combating corrosion in Alaska 
and elsewhere in the United States has 
been in specifying resistant materials and 
providing a corrosion allowance by calling 
for added wall thickness. These two 
methods do not necessarily avoid localized 
corrosion nor do they accommodate local 
climatic conditions and terrain which 
are extremely important variables in the 
north. There are simple and straight
forward techniques that any designer 
or architect can use to lessen or control 
the effects of both general and localized 
corrosion that are related to orientation, 
position, cleanliness and aesthetics. With 
corrosion costs in the United States 
estimated to be $70 billion annually, 
all of these techniques merit considera
tion.1 Up to $10 billion each year in cor
rosion losses could be avoided if appropri
ate corrosion control design techniques 
were applied in designing equipment, 
facilities and systems. 1 Use of procedures 
by rote leads to blunders of omission or 
commission.2 

Over the years, perceptive corrosion 
engineers and designers have developed 
principles that, if applied during design, 
wi II reduce or avoid corrosion (Table 1). 
With large construction programs under
way or planned for Alaska, these prin
ciples could be used to avoid a significant 
number of problems in future operation 
and maintenance. 

There are exceptions to the general 
rules given in Table 1. For example, 
titanium and stainless steels are more re
sistant to acids containing dissolved 
oxygen or other oxidizers. Such con
flicts will be treated in more detail in 
a later section. 

TABLE 1-Corrosion Control Design Principles 

• 	 When locating facilities, choose the least corro
sive environment. 

• 	 Avoid crevices. 

• 	 join by welding rather than riveting. 

• 	 Design for easy draining and cleaning. 

• 	 Design for easy component replacement when 
rapid failure in service is expected. 

• 	 Avoid excessive mechanical stresses and stress 
concentrations. 

• 	 Avoid contacts between dissimilar metals. 

• 	 Avoid sharp bends in piping systems. 

• 	 Avoid heat transfer hot spots. 

• 	 Exclude air from systems. 

• 	 Avoid contacting metal surfaces with absorptive 
materials. 

• 	 Avoid complex system configurations. 

• 	 Design for good housekeeping. 

In this article, we shall present general 
principles that should provide a frame
work for the design of systems, structures 
and equipment. Discussion will center 
on examples of good and bad design prac
tice, remedies for those unfortunate 
cases of bad design, and different system 
needs. For a discussion of corrosion 

~echanism~6 the reader is referred to the 
l1terature;3 we shall not review that 
topic here. 

SITE SELECTION 

The location of facilities and plants is 
important in corrosion prevention because 
of the variation in the corrosivity of dif
ferent environments. Practically, environ· 
ments fall into three general classifica
tions: industrial, rural, and marine. The 
effects in all are primarily governed by 
moisture levels and oxygen, but are 
accentuated by contaminants such as 
salt and air pollutants. 

To realize the best economic balance 
in site selection, the designer and cor
rosion specialist must work with corpor
ate planners. These planners use economic 
balances among transportation, marketing, 
raw materials and operating costs to locate 
facilities and plants within broad geo
graphic areas. The relative costs from cor
rosion and material losses at various can
didate sites may well affect estimated 
operating costs sufficiently to influence 
site selection, but to date there has been 
little thought given to corrosion coAtrol. 
In particular, little consideration has been 
given to the Arctic although corrosion and 
siting problems have been reported at 
Arctic locations. 7·9 

The effects of climate and geography 
on corrosion have long been recognized. 
The corrosion of steel in the atmosphere, 
for example, can be 400 to 500 times as 
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The Northern Engineer, Vol. 13, No.4 16 



5 
great on the seacoast as in the desert.
Atmospheric differences are further accen
tuated by topographical, meteorological, 
air quality and use differences. Some or
ganizations, such as the American Society 
for Testing and Materials (ASTM) and the 
British Iron and Steel Research Associa
tion (BISRA). have conducted programs 
over many years to determine and catalog 
the relative corrosion effects of different 
sites throughout the world.10,11 Newton 
and Makrides used eight general climatic 
conditions to predict world-wide atmo
spheric corrosion effects.12 Rychtera 
and Nemcova developed a world classi
fication map to show the relative corrosion 
and degradation effects for various geo
graphic regions. 13 United States Weather 
Bureau fog maps, general rainfall informa
tion and seasonal precipitation data are 
also useful. For example, Thomas and 
Alderson showed that higher corrosion 
losses were experienced in northern 
California than might have been expected 
from annual rainfall and temperature 
data. 14 Use of fog maps and seasonal 
precipitation data would have indicated 
higher losses than those experienced 
(for example) in New England and North 
Carolina, where higher precipitation rates 
in the summer were sufficient to wash 
most of the deposited salt off steel sur
faces. In California moisture from fog and 
dew, coupled with deposited salt, acceler
ated the corrosion attack. Biefer reported 
atmospheric corrosion data for 77 sites in 
arctic and subarctic Canada and concluded 
that at some of these sites corrosion 
protection measures would be advisable.15 

The information reported by Yo
16•17com on the effects of air pollution 

on corrosion and material degradation 
can be used by designers and corrosion 
specialists. The adverse effects are caused 
by S02, C02, ozone, H2S and moisture. 
U.S. economic losses from air pollution 
degradation effects are estimated to be 
between $1.5 and $2 billion. Recent 

d. 18 19 d" h d f .s u 1es • 1scuss met o s or acqUir
ing and mapping needed data and effects 
of air quality on corrosion. The Graedel 

t 

19and Schwartz paper is significant 
because it identifies concentrations of at
mospheric contaminants at 3700 sites in 
the United States. 

Because industrial concentration and 
topographical and meteorological condi

tions differ, the air pollution effect varies 
throughout the world. Information is 
available, however, to help site plants to 
avoid these problems if corrosion losses 
become a critical consideration in opera
ting costs. Charts are available that give 
high pollution potential day forecasts for 
the U.s.18 These show where high levels 
of air pollution can be expected over 
wide geographic regions because of stag
nant high pressure centers. Such pressure 
centers tend to become stationary over 
California and the Appalachians; in the 
Los Angeles area, for example, topograph
ical features prevent movement of air and 
dispersion of air pollutants to the east. 

Moraru and Timar reported work in 
Romania on defining the severity of atmo
spheric corrosion near and along the 
Black Sea.20 Other studies with similar 
information for other locations through
out the world should be expected from 
time to time. One example is the Rust 
lndex21 in which the rate of rusting in 
different U.S. cities is compared on a 
rating scale from 3 to 15+, with high 
indices indicating low rates of rusting 
or atmospheric corrosion. 

The interaction of meteorology and 
geography also has an important bearing 
on the relative severity of corrosion to 
the facilities located on tropical islands. 
Not only are there windward and leeward 
effects (the former is expected to produce 
more rainfall) but differences can also 
result from elevation.22 In Figure 1, 
buildings located at the lower elevations 
will have lower corrosion losses than 
buildings located in the hills or moun
tains, assuming that the lower windward 
site is sufficiently distant from the sea 
so that there are no spray effects. Gen
erally speaking, the low elevation site on 
the windward side would have a some
what greater corrosion problem than 
would the leeward side example. 

Figure 1. Effects of prevailing winds and 
precipitation on the location of build
ings. 

In the continental United States, 
there are many types of aids available 
to help estimate the relative corrosivity of 
various geographic areas. Assessments 
such as these should be made and input 
supplied in the decision-making process 
on plant site selection so that corrosion 
losses can be reduced to a minimum. 

LOCATION 

Anti-corrosion design considerations 
relating to the location of equipment 
and facilities are similar to those used in 
determining sites. The geographic area 
of concern is limited, however, to specific 
locality variables or even to those encoun
tered on a particular piece of property. 

Variations in soils are of great impor
tance. Their corrosivity is related to pH, 
moisture, permeability to air and water, 
biological activity. comp9sition and stray 
currents. The importance of locating in 
soils with a low corrosion potential is 
illustrated in Figure 2. A slight relocation 
of the pipeline to the preferred position 

Figure 2. Effects of buried pipeline loca
tion. 

would avoid a particularly bad area at 
little or no extra cost and would provide 
a much lower probability of future cor
rosion problems. 

Distance from the sea is another im
portant variable in coastal areas. Data 
from atmospheric test facilities at Kure 
Beach, North Carolina, show that corro
sion losses on steel, for example, are 
much higher 80 feet from the sea then 
they are at 800 feet from the sea. 23 Lo
cation relative to the tidal or splash zone 
and sea state can also have a significant 
effect on corrosion rate. In some cases 
Monel or wrought iron plates and protec
tive coatings can be specified at the design 
stage to ameliorate corrosion in the 

24splash zone. The role of prevailing 
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Figure 3. Effects of prevailing wind and 
salt spray on buildings located near the 
shore. 

wind on facilities near the shore is shown 
in Figure 3. The structure near the wind· 
ward beach will suffer greater corrosion 
than the downwind facility, which is 
equally close to the shore but on the 
leeward side of the peninsula.6 

The movement of airborne effluents is 
very complex and governed by the inter
action of terrain, meteorological condi
tions and design of the effluent discharge 
source. Published information on the 
dispersal of these effluents 16•18,25 can 
be used by the designer to locate facili
ties so that exposure to adverse conditions 
will be kept to a minimum. Of great im
portance is knowledge of wind direction 
persistence. These data are commonly 
compiled to show the frequency at which 
wind blows in a given direction for a 
specified number of hours. Generally, 

TABLE 2-Persistence of Wind Direction 11 

Hours N NE E SE 5 sw w NW 

6 to 12 24 26 5 47 54 78 79 38 

13 to 24 5 0 16 16 24 28 11 

25 to 36 0 2 0 0 3 0 6 

37 to 42+ 0 0 0 2 0 0 0 

NOTE: 	The data indicates the number of separate 
instances in a single year during which the 
wind remained within the 45° sector 
indicated. 

~··...~ 
•·····... ~ 	/
y-;;, ·~ 

POOR ~ BETTER 

Figure 4. Effects of wind persistence on 
plant location. 

published data are obtained near airports 
or weather stations and care must be taken 
that these data are representative of wind 
persistence at the plant site. The persis
tence data given in Table 2 are used in 
Figure 	 4 to show the most and least 
desirable locations for placing a facility 
in close proximity to a single stack source 
of air pollution. When several buildings 
are to 	be constructed in a complex, the 
building that produces the corrosive fumes 
should be located downwind from the 
other buildings.6•26 

The deep river valley shown in Figure 
5 is an idealization of the air pollution 
problem encountered at Trail, British 
Columbia. Frequent meteorological inver
sions tend to hold the gaseous effluent 
close to the valley floor.26 The designer 

Figure 5. Effects of inversions on stack 
effluent flow in deep valleys. 

should pay particular attention to the 
problems of effluent being essentially 
trapped or diverted by terrain, and place 
his facilities elsewhere to avoid the higher 
maintenance and operating costs. 

The possibility for corrosion attack 
is greater in sheltered areas where the rel
ative humidity may be high and the sun 
and wind do not have the chance to 
remove condensed moisture from the 
metal.5,6 This can be avoided by placing 
buildings so that air circulation is en
hanced. 

The designer frequently has consider
able latitude in selecting a specific location 
within a comparatively narrow geograph
ic region. He should look at structures in 
the area for clues on corrosion. It is hard 
to CQnceive of all the conditions that 
might influence corrosion at a specific 
location so information provided by adja
cent or nearby facilities is very useful for 
validating assumptions and providing 
additional input. With this local data and 
a knowledge of the effects of climate, 

terrain and corrosive atmospheres on 
materials, design can play an important 
role in reducing maintenance and opera
ting costs. 

LAYOUT 

A major consideration in layout is to 
provide for the most economic relative 
location of the various items involved. 
Frequently these determinations have 
been made without input from personnel 
concerned with corrosion and its subse
quent influence on maintenance and 
operating costs. To reduce corrosion by 
proper layout, the designer becomes con
cerned with accessibility, relative orienta
tion, and relative position of the various 
items in the process. 

The importance of relative position 
effects is shown in Figure 6. If both stacks 
discharge essentially the same effluents 
they should be of the same height, even 
though one may carry a much larger 
volume of effluent material. The dis
charge of fumes from one stack against 
the side of another can lead to severe cor
rosion.27 Even in the desired configura
tion, plume problems can be encountered 
under certain meteorological conditions 
for two closely situated stacks that have 
"downwash" or "creep" of the effluent 
down the stack. However, for well
designed stacks, the exposure to these un
desirable conditions will be minimal, and 
equal stack height will reduce the overall 
amount of attack. 

POOR DESIGN BETTER DESIGN 

Figure 6. Effects of stack height. 

Systems should be laid out 
liquids are not held in pockets created 
by the design.9•28 Drainage should be 
arranged to discharge clear of all steel
work. Kaess noted that poor layout of 
structures supporting process equipment 

(Continued on page 28.) 

The Northern Engineer, Vol. 13, No.4 
18 

http:rosion.27
http:floor.26


The door is in the floor: John lyapana, owner of the Little Diomede kugeri, demonstrates the cold-trap entrance. (All photos in this 

article are courtesy of the author.) 

A kugeri may be defined as a large house, similar in nearly all respects 
to the common house or igloo. The differences between a kugeri and an 
igloo are those of size and how each is used. The floor space of the 
igloo generally measured 3 x 3 meters, while that of the kugeri was 
generally greater than 4 x 4 meters. In general, the igloo had a single 
bench on the wall opposite the entry hole; the kugeri always had 
benches around all four walls. In recent times both types of house were 
individually-owned and served as dwellings for one or more families. 
The kugeri, however, because of its larger size and greater seating 
capacity. also served an important social function as a central meeting 
place. There were always more igloos than kugeris, and today the Little 

Diomede kugeri is the last remaining house of this type. 

Tim Sczawinski is currently employed by the Cooperative Park 
Studies Unit, Anthropology and Historic Preservation, UAF, as an 
anthropologist and illustrator. He has worked on archaeological field 
projects in Southeast Alaska, Prince William Sound, Kachemak Bay, the 
Seward Peninsula, and several locations on the North Slope. His pri
mary interest is in the past material culture of Native North Americans. 

especially those of the Bering Straits. 
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All drawings in this article are by the author. 

Little Diomede Island is located ·at the narrowest place in 
Bering Strait, between the Chukchi Peninsula to the west and 
the Seward Peninsula to the east, where the weather can be 
very severe. The semisubterranean house is an excellent struc
ture for this arctic climate, since it is intrinsically well insul
ated and low enough to be out of the cold, biting winds. Most 

of the people of the Bering Strait lived in similar houses for 
at least part of the year; the Little Diomede people were 
unique in the area in that they inhabited their homes year 
round and did not move to a separate summer dwelling, 

except when traveling to the mainland where they camped 
under their skin-covered boats or umiaks. The neighboring 
people of Wales and Port Clarence found it necessary to 
travel, sometimes great distances, to find the resources they 
needed to survive; the Diomede Islanders usually found much 
of what they needed in their home area. Moreover, all of the 

1.011.1 

materials -stone, driftwood, whalebone, sod - necessary for 
house construction were available on the island. The people 
of Wales and Port Clarence were culturally very similar to the 
Little Diomede people, but because the Diomede Islanders 
had an abundance of stone to work with and used it exten
sively, their homes had a unique design and appearance. At 
Wales semisubterranean homes were built in the soft sand 

1and loam along the coast; at Port Clarence the soil was not 
suitable for this type of construction, so the houses were 
built partially above ground. 

The first written description of a Little Diomede house 
came from Ivan Kobelev in 1779: 

They lived in wooden dwellings c0vered with stone 
and sod. The entrance - exit was made underground, 
about four sazhens (28 feet) long, but some had a hole 
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cut in the floor which also served as the entrance. In 
the ceiling there was a small window covered with skin 
peeled from the whale's liver. Their wood was fir and 
cottonwood that had drifted from America. They 
boiled oil for cooking in the winter. 2 

E.W. Nelson visited the Diomede Islands in 1881. He 
reported houses similar in design to the Little Diomede 
kugeri discussed here.3 Another early description came from 
A.H. Eide, a school teacher on the island, writing sometime 
after 1910.4 He describes the Little Diomede house and its 
construction in some detail, noting that whale jawbones 
were used to support the kugeri roof, and tells of the activi
ties associated with the house. 

Diamond Jenness described the houses in general as they 
looked on his 1926 visit. Based on his studies and travel, he 
maintained that the Diomede houses were unique, although 
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stone houses are a circumpolar feature. He also stated that 
most of the houses were built on the site of earlier habita
tions, which yielded Old Bering Sea culture (1000 to 1500 
years ago) material; his archaeological work was hampered by 
the lack of soil for stratified deposits and by the massive 
stones within the· occupation area of the ruins, which were 
too heavy for him to move.5 E.S. Curtis wrote a brief sum
mary of Little Diomede culture in his series, The North 
American Indian. 6 He was the first to distinguish between 
the igloo and the kugeri, and describes both in consider
able detail. 

A final description is from G.F. Carlson, another school 
teacher who served on the island during 1953-54_7 He also 
distinguished between the smaller house and the kugeri, and 
noted that there were two "kuggeries" standing during his 
residence on Little Diomede. 

21 



// ,,® // ,, -rnl ~ ~ 
/; ,, 

' 

[llllllll \l[
/ / ' 

" [II/ 

' "
/; ' ,, "" 

\...._/
/ " ' 

,, 
// 
;,

/

' 
/' ' /' ' IJ:' 

~ I' 


<~'
" ,, /'~ '' /.' ~ ~ 
BENCH PLAN FLOOR PLAN 

0 .5 1m -- ~ 

lgnaluk, the Eskimo settlement on Little Diomede, is 
constructed on a talus slope of weathered bedrock above the 
only landing area on the island suitable for umiaks. As of 
December 1975, the population of lgnaluk was 104 full- and 
part-time residents.8 Favorable construction sites are limited, 
and most of the dwellings on the island are grouped together 
near the base of the inclining slope. Many of the newer 
structures are built on the remains of former habitations 
because of the limited area for expansion. Currently there are 
some 59 structures in lgnaluk, including a modern school 
facility, recreation hall, store and 18 houses built in coopera
tion with the Bureau of Indian Affairs in 1974. The Little 
Diomede kugeri is built into the side of the rock-covered 
slope above the landing beach. True to its type, it is a semi
subterranean structure built primarily of stone, driftwood and detail of bench support 
whalebone, and now includes milled lumber. The entry 
faces Big Diomede Island across the Bering Sea to the west. 

DETAILS 

In giving the particulars of the kugeri below, an attempt 
will be made to present the different terms as the people of 
lgnaluk would give them. However, the dialect of Little 
Diomede is imperfectly known, so these translated terms are 
only the best transcriptions possible without a more exten
sive linguistic analysis. 

The living area is located at the end of a tunnel (tugsruuk) 
that is 8.6 meters long. The tunnel walls are constructed of 
piled sub-angular granite cobbles and boulders, braced at 
irregular intervals with timber supports and plywood sec
tions. The stones making up the ceiling of the tunnel (qillitit) skin hinges 
are held in place with whale ribs (aglug) in the section of 
the tunnel nearest the house and with precut lumber pieces 
in the forward area. The tunnel is wider and taller near 
the front entry (nugguuk) than near the house entry hole, 

detail of store doorwhich makes it necessary to stoop near the end of the tunnel 
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as one enters. The floor of the tunnel is covered with large 
flat stones and slopes upward at 20° from the entry to the 
back wall of the tunnel. 

Inside the entry and to the left is a storeroom (lauraq). It 
measures 1.7 x 1.76 m and is 1.5 m high. Hunting equip
ment and various household items are kept here. The door to 
the storeroom (savak) is hinged in three places with pieces of 
sealskin nailed in place. Formerly a square, walrus-hide 
covered tent was used as a storeroom. 

Access to the single room of the house is gained through a 
circular entry hole (nataq) in the floorboards; it is .45 m in 
diameter. The floorboards (nassitit) are pieced together 
around the entry hole and are removable to allow larger 
items, such as boat parts, to be brought in. 

The internal dimensions of the house are 4.5 m as meas
ured along the west wall, and 4.3 m measured along the north 
wall. It is 2.1 m from the ceiling just above the main roof 
support (aglug) to the floor (nassitit). The ceiling (qillitit) 
slopes from the main roof support beam, giving a height of 
1.9 m for the east wall and 1.8 m for the west wall. 

A sky I ight (qaunaq) is located above the entry hole in the 
west-sloping section of the ceiling. It measures .8 x .65 m, with 
the shorter dimension measured along the west side. For
merly the skylight was covered with a translucent sheet made 
of sewn strips of seal or walrus intestine; today the skylight is 
furnished with a double layer of sheet plastic and a pro
tective framework to discourage dogs and people from 
venturing too close. 

The interior walls (kassit) are comprised of vertically
running planks, except for the west wall which is covered 
with marine-grade plywood. In each corner of the house 
there is a beam support (kanigin) rising from beneath the 
floor beams that run around the interior walls and prevent 
the wall boards from sagging inward. In 1977 the walls and 
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The entry hole as it looks with the floorboards re
detail of removable floorboards moved. 
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. the Little Diomede Kugeri 

is the last remaining house of this type. 


most of the ceiling were painted flat white to cover the ac
cumulation of soot from the seal oil burned over the years. 

The most conspicuous furnishings of the house are the 
four benches (qulaaq) that run along all four walls. These 
benches are .8 m off the floor and extend, on the average, 
.66 m out from the wall. A series of diagonal braces hold the 
bench boards in place. The wood of which the benches are 
fashioned is very old and worn. It is possible that the benches 
are the oldest parts of the structure, having been used over 
and over during the refurbishing efforts. Two stands (naniglaq) 
for seal oil lamps and two drying racks remain in the house 
and, along with the benches, complete the original furnishings. 

Outside of the interior walls is a layer of sod insulation 
(sau) which is about .25 m thick. Sod is also used as insula
tion above the ceiling of the house and tunnel. Boards and 
corrugated iron sheeting are placed on top of the sod to 
direct rain and melting snow away from the interior. Stones 
(melak) are piled outside the sod along the walls. With these 
layers the house has the exterior dimensions of 3.3 m along 
the base of the west wall and 5.3 m along the base of the 
north wall. The height of the house from the apparent ground 
level is 1.4 m at the center of the north wall. With a back
drop of snow in winter, only the entryway and skylight 
are visible from the outside. 

CHANGES 

Dating of the kugeri is uncertain. The present owner, John 
lyapana, is not the original owner, and the house has changed 
hands at least three times since 1900. At this late date, and 
because no single family has been associated with the house 

for any long period, accurate memory information is difficult 
to obtain. John lyapana states that the kugeri was present 
at least as early as the 1920s; he can remember there being 
four such structures on the island then. Who originally 
built the house and when is not known, but it is likely that 
the house has been rebuilt several times on top of the original 
structure, as Jenness observed.5 

Before trading and purchase of commercial construction 
materials became a frequent practice, the people of Little 
Diomede did use only local materials, but carpentry tools, 
nails, and sized precut lumber quickly made their way 
into housebuilding after they became available. It is not 
surprising to find blends of handcrafted members with 
commercially milled ones, or driftwood timbers and whale 
jaws with plywood and 2 x 4s. Although the old houses were 
well built, and most of the water from rain and snowmelt is 
directed away from the buildings, the maritime climate of 
the Diomede Islands makes some organic decomposition 
inevitable. This decomposition, coupled with the inevitable 
wear from daily activities, makes replacement of parts 
necessary from time to time. 

Before precut lumber could be come by easily, wooden 
parts could be refitted only as new driftwood was located 
and worked to size. By the time the Little Diomede kugeri 
was refurbished in 1945, the old wallboards and ceiling 
were replaced with wooden planks from Seattle. At that time 
the ceiling also was lowered about .75 meters below its 
former height, with wooden beams being used to support the 
new ceiling. The same basic design and construction tech
niques were applied in the replacement project, though 

Benches and beams adapt well to modern uses, even for a warmth- These stands for seal oil lamps are part of the original furnishings. 
loving cat. The entry hole in the background gives an idea of their size. 
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planks were substituted for split driftwood logs and poles 
for whale jawbones. Also, no nails were used in house con
struction in the early 1900s, but they were used extensively 
in 1945. The most recent significant changes were made to 
the kugeri in 1977, when the seal oil lamps (naniq) used for 
light and heat were replaced with a fuel oil stove and electric 
lights. 

IMPORTANCE 

As mentioned above, the kugeri is distinct from a com
mon family dwelling or igloo in both design and function. Its 
larger size and greater seating capacity helped make it a focal 
point of social and cultural activity. Here the people could 
gather nightly for story telling and dancing. Ceremonies were 
often centered on the kugeri; for example, when a whale was 
killed by a boat crew from the island, the captain of the crew 
would borrow a kugeri (if he did not own one himself) and 
live in it with his family for a month and a half. During this 
time he held feasts and dances which constituted an impor
tant part of the Little Diomede winter activity. The doctor 
(shaman) also performed his services in the kugeri, summon
ing spirit helpers during bad weather, food shortages, and 
when illness required a cure. Though the house, whether 
igloo or kugeri, was the center of all types of activity through
out the seasonal cycle, the kugeri was thus a structure of 
special importance for the community. 

The particular significance of this Little Diomede kugeri 
rests on three major factors. First of all, it is a unique type of 
structure among the semisubterranean structures found on 
the island, and it is the last remaining example of its type. 
Second, it is one of the few remaining examples in arctic 
Alaska of a style of architecture that, with locally available 
materials, protected its inhabitants from one of the most 
severe environments in the world. Fewer still are in such 
excellent condition. Third, the Little Diomede kugeri is a 
tangible link with the past way of life of the islanders. Its 
dynamic mix of ancient and modern elements mirrors their 
life today. 
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Another view of the benches and entrance hole. John lyapana 
is in the background. 
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by Edward J. Gauss 

THE MICRO CUPOLA 

FOR ALUMINUM RECYCLING 

An Interim Report 

The cupola can be traced back to the 
start of the iron age. It is nothing more 
than a vertical cylinder of heat-resisting 
material (Figs. 1 and 2). Solid fuel, metal, 
and an appropriate flux are placed in the 
top, air is blown in the side, and molten 
metal is tapped from the bottom. 

The micro cupola begins with a 3D-gal
lon drum lined with a high-alumina fur
nace cement. It is being developed as an 
"appropriate technology" that might 
prove of suitable scale for aluminum 
recycling in remote regions such as far 
northern Alaska and Canada. The Forty 
Below Foundry exhibited it at the Tanana 
Valley Fair in August 1981; it won a blue 
ribbon as a "compactor". It was quite 
successful in compressing 40 cans into 
the volume of a single can. Not publi
cized at the time was that this is possibly 
the first successful use of the cupola for 
recycling aluminum. The metals industry 
makes extensive use of the cupola for 
melting scrap iron 1 but does not even 
consider it for aluminum.2 There are 
sound thermodynamic reasons for this 
view.3 The micro cupola cannot allow 
chemical equilibrium even to be ap
proached when it is processing aluminum; Figure 1. The micro cupola exhibited at the Fair in 1981. The author holds a crude 
it is successful only because it is small - piglet which contains the metal from about 30 cans. 

Edward J. Gauss, a registered Professional Engineer, was principal of the Soils Data Bank for the trans Alaska pipeline and now 
teaches Computer Science at the University of Alaska-Fairbanks. His Forty Below Foundry was started nearly two decades ago as 
an experiment in the basement ofhis home, he says, to obtain free additional use from the fuel he burned to fight offthe winter's cold. 
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which may be one of the very few situa
tions in the metals industry where small is 
best_ 

PRINCIPLES AND PROBLEMS 

The cupola is ideally suited for melting 
cast iron, and industrial units produce 
several tons of melt each hour_ There are 
several things that contribute to its suc
cess_ It is the least costly of all industrial 
melting furnaces; closely related is the 
large melt rate for a given size furnace. 
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Figure 2. The iron-melting cupola. 

It can be made very large. It has no lid. 
The feed material exchanges heat with 
the combustion gases and this is quite 
effective in reducing heat loss out of the 
feed port. Coke is the usual fuel and its 
combustion produces a protective blanket 
of carbon monoxide within the melting 
zone. A favorable chemical equilibrium 
exists among the iron, the carbon dis
solved with it, and the furnace atmosphere. 
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(Industrial gray cast iron is the alloy 
historically defined by the equilibrium 
conditions within the cupola.) Limestone 
is added and it picks up various metal 
oxides to form a liquid flux which 
further protects the metal. The flux is 
rather fluid and any excess is easily 
removed from the furnace. 

The cupola chemistry is very hostile to 
aluminum. All the oxygen compounds in 
the furnace atmosphere, including carbon 
monoxide, will react with aluminum if 
they can come in contact with the unpro
tected metal. Fortunately a skin of solid 
aluminum oxide forms on the melt which 
can provide some protection. The problem 
is that this skin is a solid and will not 
adjust as the flow geometry increases the 
surface area of a drop (Fig. 3). As drops 
move through the melting zone they tend 
to leave behind a shell of aluminum oxide, 
and some metal remains trapped within 
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Figure 3. Descent of a drop: the loss 
problem when aluminum flows within 
the furnace. The melt flows out from 
its oxide skin and a new oxide layer 
immediately forms on the freshly 
exposed metal. The oxide skin remains 
behind with some included metal. 

it. If the travel distance is sufficiently 
long, all of the metal can be lost in this 
manner_ In the micro cupola the travel 
distance is sufficiently short so that the 
loss can be held to an acceptable level. 

The heating zone produces positive 
effects. The paint on the cans burns off 
as does any beverage residue that may be 
within the can. The residual water boils 
off and its vapor is swept away by the 
combustion gas. This is a significant 
advantage, because the presence of 
water vapor in the melting zone is espe
cially annoying. Not only does it react 
with aluminum 

but also the hydrogen gas is quite soluble 
in molten aluminum. As the metal 
solidifies, the hydrogen comes out of 
solution in small bubbles which produce 
unsound castings. 

Fluxes have not been used in the 
micro cupola so eventually it has had to 
be shut down and the accumulation of 
aluminum oxide removed. There are two 
reasons why we accept this problem. 
First, aluminum oxide is a major com
ponent of the furnace wall, so any flux 
that would dissolve the oxide within the 
furnace would also erode the walls. The 
second reason is concern over the toxicity 
of the fluorides that are present in fluxes 
for aluminum oxide. 

Simply because it was not available, 
the conventional solid fuel, coke, has not 
been tried in the micro cupola. It has been 
fueled by a variety of materials such as 
willow charcoal, old crankcase oil, coal, 
and propane. Developmental work con
tinues on its most efficient operation 
as an "appropriate technology". 
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CORROSION CONTROL 

(Continued from page 18.) 


can lead to reorientation of platforms, 
structural member overlapping and water 
holdup problems. 29 

The need for proper access manifests 
itself in several different ways. Cleanli
ness, for example, is an important variable 
in reducing corrosion. Operators and 
maintenance personnel must be able to 
reach equipment to remove spillage or 
grime, and usually will only clean a sys
tem or plant routinely if it is easy to 
clean. The designer has the added charge 
of making cleaning easy - not just teas· 
ible or possible -for corrosion prevention 
benefits to accrue. 

In the food industry, uncluttered 
process rooms - a function of good lay
out design - are needed for clean opera
tion.30 Such designs simplify and increase 
efficiency of disinfection and prevent 
insect and rodent attraction, waste accum
ulation, corrosion damage to equipment, 
and contamination of successive process 
lots. 

Proper design of surfaces to be pro
tected by various coatings can also have 
a significant effect on the life of equip
ment. Some systems have been constructed 
with specifications calling for the applica
tion of protective coatings, but the coat· 
ings could not be applied properly 
because the designer had not provided 
access for personnel and their equipment 
to prepare the surfaces and apply the 

.coatmgs completely. 31-33 

Many segments of industry are now 
using modern operations management 
techniques in the layout of process and 
product-oriented production systems. De
pending on the complexity of the layout 
problem, either graphic or computerized 
procedures are used to provide the most 
economical relative layout for the pro
cess.34 Relative corrosion costs for dif· 
ferent candidate layouts must be esti· 
mated and fed into the calculational 
process so that the best overall economic 
balance may be obtained. 

STRUCTURALS 

Tees, channels, angles, "I" beams, 
square beams, rectangular beams and 
tubular beams are used to carry struc
tural loads and give shape to facilities and 
plant systems. Because of configuration, 
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Figure 7. Structural member effects. 
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Figure 8. Edge effects and coatings. 

certain of these structurals are more 
desirable from an anti-corrosion stand
point (Fig. 7). The most desirable are 
those that will not catch and hold solu
tions and dirt. If structurals such as tees, 
angles or channels that can retain solu
tions or dirt are used, care should be 
taken to orient them so that retaining 

.edges are pomted down. 35-37 

As another consideration for the de
signer, box, rectangular and tubular 
beams cost less for equivalent strength 
capacity and also to sandblast and paint. 
With sandblasting alone costing $0.25 
per square foot,38 reducing the amount 
of surface area requiring such treatment 
and subsequent coating becomes an im· 
portant consideration.39 Box, rectangular 
and tubular beams also have the fewest 
surfaces and the smallest number of pos
sibilities for "edge effect" coating flow 
(Fig. 8). The tubular beam is ideal since 
there are no edges. When these hollow 
members are used, they should be com
pletefy sealed from the atmosphere to 
prevent accumulation or retention of 
moisture on interior surfaces. 

JOINING 

The common JOmmg procedures are 
welding, bolting, riveting, and screwed 
connections. These are a source of con
cern because they frequently · provide 

crevice or stress areas that establish 
anodic-cathodic cells. Another major cor
rosion problem arises from joining dis· 
similar materials that create galvanic 
cells. Landrum36 and La0ue23 have 
identified crevice corrosion effects as the 
most prevalent cause of equipment fail· 
ure. (LaGue also points out that corrosion 
cells can be set up under marine organ
isms attached to stainless steel surfaces.) 
These crevices become cells when they 
are filled with solutions that have concen
trations or temperatures that are dif· 
ferent from bulk process conditions. 
Crevices can become sites for microbia· 
logical activity; they create unsanitary 

. . h f d . d t 30,41 ,42 conditions m t e oo m us ry. 

Figure 9 shows good and poor welding 
practice for joining support plates. Con
tinuous welds on both sides, although 
more expensive, avoid the crevices created 
by skip welding. The latter may be a 
more economical fabrication technique, 
but in any corrosive environment the 
maintenance costs can easily offset this 
initial advantage. Full penetration welds 
as shown in the "good practice" case 
in Figure 9 avoid creating a large crevice 
area if pinhole leaks develop. The prob
lems associated with riveted joints, bolted 
connections and lap welds are shown in 
Figure 10. Use of insulation can reduce 
the amount of trouble encountered with 

. . . th d 34,43-45some o f these JOmmg me o s. 
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Figure 9. Joining practices. 
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Figure 10. Welding and riveting practice. 
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... crevice corrosion effects (are) the most 
prevalent cause of equipment failure ... 

Figure 11 shows examples of good and 
poor practice when using bolts, screws or 
other fasteners to join metal parts. Care 
should be taken to select compatible 
materials, to ensure integrity of the 
joint and ease of disassembly. If aggres
sive conditions are encountered, the 
fastener should be slightly cathodic 
and/or protected by properly coating 
the fastener and joint. 
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Figure 11. 	 Fastening practice. 

Chandler and his co-workers40 have 
identified procedures for avoiding prob
lems when steel contacts absorbent 
materials, or steel is embedded in con
crete (Figs. 12 and 13). Wood, in addi
tion to being an absorbent that will hold 
water in contact with the steel, also emits 
vapors and secretions that may accelerate 
corrosion of the steel. Use of a filler and 
a good protective coating for the wood as 
well as the steel will reduce problems 
of this nature. When steel is embedded in 
concrete, care should be taken to avoid a 
crevice at the steel-concrete interface. 
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Figure 12. 	 Effects of steel in contact 
with absorbent materials. 
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Figure 13. 	 Effects of steel embedded in 
concrete. 

VESSELS 

Vessels are an integral part of the 
process industry and transportation sys
tems. They are also frequently designed 
so that the possibilities of having corro
sion problems are enhanced rather than 
avoided (Fig. 14). The discharge line 
should be located so that the vessel may 
be completely drained; otherwise, sludges 
or solutions of different concentration 
can accumulate, causing galvanic cor
rosion. If drainout valves or plugs are 
used, their upper edge should be flush 
with the interior surface of the tank bot
tom. The heel left after draining in the 
"poor" design cases shown would also 
lead to preferential attack problems. 
Similar difficulties could be encountered 
if baffles and diverters were not designed 
to allow complete drainage. 

The dairy and food processing indus
tries frequently use vessels with discharge 
ports on the bottom but located at one 
side of the tank. These systems too must 
be designed to ensure complete drain

34age. Because many of these vessels 
are rectangular, the corners are rounded 
to reduce solution holdup and to ease 
cleaning.36 

Care should also be exercised in the 
design of vessel nozzles to minimize the 
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Figure 14. 	 Tank drainage. 

effects of splash and impingement on the 
vessel walls. Entries should be designed 
to minimize splash (Fig. 15) or have baf
fles or impingement plates (Fig. 16) to 
decrease impingement wear of the vessel 
wall. Centering heaters in vessels will 
decrease concentration gradients and 
possible corrosion (Fig. 17); in this 
case replaceable impingement plates can 
be installed to reduce impingement effects 
on vessel walls or working internals. Care
ful vessel design, velocity and entrain
ment reduction and proper baffling are 
recommended to reduce velocity effects 
in heat exchangers.46 Care must be taken 
to avoid certain velocities since corrosion 
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Figure 15. 	 Nozzle design. 
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Figure 16. Impingement plates in vessels. 
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Figure 17. Heater installation in vessels. 
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Figure 18. Concrete tank supports. 

may vary with velocity, temperature and 
environment. 23.46 

Figure 18 shows use of concrete sup
porting pedestals. Using a continuously 
welded collar supported by a metal sad
dle adjacent to the concrete will reduce 
corrosion from spillage. Using only the 
welded collar adjacent to the concrete 
support may be acceptable if the expected 
service life of the tank is comparatively 
low or the environment is not overly 
aggressive. Direct contact between the 
metal tank and the concrete offers a 
potentially serious maintenance problem 
where an opportunity exists for spills 
or frequent exposure to corrosive sprays 
or mists. For vertical tanks, frequently a 
crowned concrete pad is used to avoid 
problems. For extra protection, an addi
tional layer of steel is attached with a 
continuous weld to the bottom of the 
tank (Fig. 19). In supporting large flat
bottomed tanks, however, it is generally 
better design practice to permit free air 
circulation rather than to seal off the 
bottom surfaces partially so that mois
ture and chemical solutions could accumu
late.37 

PIPING 

Piping is used to transport fluids and 
slurries of different corrosivities through 
industrial, rural and marine environments, 
and through different soils, all of which 
have different corrosion effects. The gen
eral tenets of anti-corrosion design that 
reduce the possibility for problems are 
shown in Figure 20. Impingement, tur
bulence and cavitation should be avoided 
wherever possible.23 Very low flow rates 
may also cause trouble.44 Settling may 
occur from solutions having high solids 
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Figure 19. 	 Tank supports. 
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Figure 20. 	 Piping design. 

content, producing deposits on the bot

tom of the pipe. Higher corrosion rates 

should be expected under these deposits. 

Deadlegs or stagnant flow regions are also 

undesirable. Instrument sensing lines, for 

example, should enter from the top of a 

pipe rather than from the bottom. The 


latter situation creates a deadleg that 

may lead to severe corrosion in pipes 

carrying aggressive solutions. A similar 

problem may occur if valves are placed 

on a vertical run of piping.47.48 A better 

location is on a horizontal run. Addi

tional trouble may be encountered where 

organisms such as barnacles can attach to 

the piping or other surfaces. Where 

velocities are low or turbulence exists, 


FLOW PATTERN ATTACHMENT AND GROWTH 

BARNACLE 

STRAIGHT SECTION STRAIGHT SECTION 
WITHOUT BARNACLE WITH BARNACLE 

Figure 21. 	 How organisms can attach in 
straight sections. 
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animals can attach to the surfaces, plug
ging the pipe, causing crevice corrosion 
and/or impingement effects (Figs. 21 
and 22). Turbulence occurs in straight 
sections where piping protrudes into 
the flow stream or ridges are present. 
These cause eddies and a reduction in 
flow, permitting the animals to attach. 
Bends have an additional problem because 
the flow pattern spirals along the pipe 
axis, producing additional low flow or 
static locations. The resulting surfaces 
become covered with animals, choking 
the pipe and producing crevices where 
corrosion can become a problem. 

Avoidance of deadlegs becomes even 
more important in those systems where 
chemical cleaning may be necessary.6 All 
systems designed for in-place cleaning 
must be self-draining.30.4° Problems 
can be encountered if solutions cannot be 
readily introduced and removed.48.49 
One of the most frequently encountered 
sources of deadlegs is the mismatching 
of process area lines with their continu
ations in yard banks.23 This not only 
involves dimensional errors but leads to 
unnecessary twists and turns on one side 
of a match line to meet a point on the 
other side. 

Interfaces between air and liquids are 
frequently the site of corrosion attack. 
The vapor pocket shown in Figure 23 
may be avoided by suitable use of vent 
lines. Piping runs should be sloped for 
easy draining. Most piping corrosion 

ELBOW WITHOUT ELBOW WITH BARNACLES 
BARNACLE 

Figure 22. Organism growth in bends. 
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Figure 23. Vapor pocket effects. 

Figure 24. Effects of insulation. 

problems can be minimized by proper 
arrangement or orientation; these fac
tors are completely controlled by the 
design engineer. 

Uneven heat transfer in flues can lead 
to severe corrosion.28,36 Supporti~g 
members (Fig. 24) can act as cooling fins 
if they are not properly insulated. The 
localized cold spot can drop the tempera
ture below the dew point, causing con
densation. Sulfur oxides in flue gases 
produce dilute sulfuric and sulfurous 
acids which will accentuate the condensate 
attack on mild steel surfaces. 

FLOORS 

Floors are defined as all industrial 
structures where people walk, and include 
slabs, tile, <!Cid brick, wood decking and 
grating materials. 

Industrial floors and stairways, espec
ially those exposed to corrosive spills, 

frequently receive less design study than 
any other part of the building.50 The 
consequences of inattention can be seri
ous, causing lost production, com

promising structural stability, and cre
ating hazards to attendant personnel. An 
easy and inexpensive method for redu
cing floor attack is to slope all floors 
and provide sufficient floor drains. Care 
must be taken to avoid uneven areas 
that will hold up liquids. Monolithic 
concrete has advantages in certain sys
tems, while floors with sacrificial tile 
may be the most useful solution to 
spill damage in others. Metal decking with 
isolated skid-resistant protrusions is much 
more desirable than interlocking diamond 
or ring varieties. 27 The latter two retain 
solutions which enhance corrosion of the 
surfaces. 

Figure 25 shows six designs of com
monly used industrial gratings, classi
fied according to their design features for 
avoiding or promoting corrosion. The 
welded grating contains no crevices or 
solution holdup areas. In its desirable 
form, the perforated plate grating has 
similar attributes. Avoid those produced 
by punching processes that cup the metal 
enough to retain solutions at various 
places on the surface. The ridged mechan
ical joined, the interlocking key, riveted, 
and interlocking joint varieties all have 
crevices and some holdup areas. They 
should not be used in corrosive atmo
spheres. 
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Figure 25. Effects of grating design on 
corrosion. 
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PROCESS CONDITIONS 

During the selection of process condi
tions much can be done to avoid or con
trol corrosion after the equipment is 
constructed and in operation. Small 
changes made in temperature or flow, 
methods for introducing liquids and hand
ling transient operations can avoid or 
control corrosion in process systems. 
Frequently 	 these changes can be made 
without a 	 loss in process efficiency if 
an evaluation of the effect is done prior 
to changing the process condition. 

Avoiding corrosive gases such as N0
2

, 
H2S, so2 and S03, and maintaining 
the temperature above the dew point in 
gaseous systems having chlorine or 
chlorine derivatives, are very important_ 51 
The formation of aqueous condensates 
can lead to catastrophic corrosion prob
lems. The so2;so3 problem is relevant 
throughout all sectors of industry. Boilers 
or process heaters may be subjected to 
attack anywhere the metal surface is cool 
enough to permit condensation of sulfur
ic acid.44 An increase in so3 from 1 to 
5 ppm can raise the dewpoint of flue gas 
by over 50°F.51 

The position where concentrated or 
high-temperature solutions are introduced 
into process vessels has an important 
effect on corrosion. If entry is made at 
the center of the vessel, concentration 
cell corrosion problems are avoided.43 

Changes in feedstock to chemical or 
petroleum processes can also affect 
corrosion rates significantly. For ex
ample, one of the authors observed 
that a change from a low salt (0.2%) to a 
high salt (0.5%) crude oil caused shut
down of two oil refinery crude units 
when severe corrosion was discovered in 
process piping. Similar problems have 
been observed when additives are used 
without careful assessment of their effect 
on process piping or when procedures 
for additive use are not developed or care
fully followed. The corrosive effects of 
such changes should be carefully assessed 
before they are implemented. 

REMEDIES 

Because corrosion control design pro
cedures have not been widely used in 
many industries, many poor designs are 
in service. Frequently, however, there are 
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Figure 26. 	 Tank support and protection. 

opportunities for remedial action at minor 
cost. Figure 26 shows how corrosion 
from spills on tank support members 
may be minimized by joining sheet metal 
to the tank bottom with a continuous 
weld, forming a drip skirt. Protection 
may be given to structural members 
by drilling holes in the webbing at fre
quent intervals (Fig. 27). Also, packing 
and protective coatings should cover 
crevice and holdup areas. Care must be 
exercised to ensure that these areas are 
covered thoroughly, however, or more 
serious problems could result. Many hot 
spot corrosion problems can be avoided 
by rearranging heaters with respect to 
vessel walls or avoiding direct flame im
pingement.32 Cold spot heat transfer
induced corrosion problems may be 
avoided by insulating tanks and piping 
systems. Vents may be installed on most 
piping circuits at minimum cost to pre
vent corrosion at liquid-vapor interfaces. 
The most economical remedy with com
mon and relatively inexpensive materials 
may be frequent replacement.52 

These examples show how easily cer
tain poor design problems may be over
come. In many situations, however, reme
dial action is excessively expensive and 
no feasible action is possible. 

DIFFERENT SYSTEM 
REQUIREMENTS 

The corrosion control design proce
dures presented above do not constitute 
an absolute philosophy to be followed 
without thought. Different needs and 
different systems require different ap
proaches to the problem of how to design 
to avoid corrosion. 

The need for large surface areas to 
promote more efficient heat and mass 
transfer also produces conflicts. Turbu
lent rather than laminar conditions are 
preferred and these can result in higher 
corrosion. Drainage and cleaning prob

lems can be expected. The economics of 
operation must be balanced to produce 
the best design under these conditions. 

Seiberling53 cautions against use of 
vertical deadends in the food industry 
because trapped air prevents cleaning 
solutions from reaching the upper portion 
of the fitting and thoroughly removing 
any microbiological contamination. Other 
process industries encourage locating 
instrument lines from the top of lines 
which are essentially deadlegs because 
this promotes better drainage and prevents 
cleaning solution holdup. 

WATER 

DRillED HOLES 

v 

Figure 27. 	 Protection for structural mem
bers. 

SUMMARY AND CONCLUSIONS 

Applying simple and straightforward 
principles to the design of systems, 
buildings and equipment may reduce 
or avoid operational corrosion problems. 
These corrosion control design principles 
are concerned with promoting the use of 
orientation, layout, and configuration to 
avoid the holdup of solutions, abrupt 
flow changes, impingement and stagnant 
areas. Climatic conditions and terrain are 
important siting considerations in redu
cing atmospheric corrosion of buildings 
and facilities. A determined effort is 
needed to broaden the understanding of 
anticorrosion design measures and prin
ciples because these are not widely 
known and recognized by designers and 
architects. 
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LETTERS 

Taking issue: 

Another look at North Slope gas 


Editor: 

This is in regard to an article that appeared in The Northern 
Engineer, Volume 13, Number 2. The article was written by 
Michael J. Economides, entitled "North Slope Gas- A Better 
Approach?" 

Mr. Economides states that the reinjection of the gas from 
the Prudhoe Bay Field will have to be terminated within three 
to four years. The reason he gives for this is: "The economic 
and physical limit of gas injection at Prudhoe Bay is expected 
around the middle of the decade. Gas will then no longer be 
reinjected because it will adversely affect the reservoir produc
tion." 

He also states that "The issue is what to do with the avail· 
able gas when that happens. There are three options that appear 
to be technically feasible: 1) transporting the natural gas via a 
pipeline connecting Alaska with Canadian and Lower 48 loca
tions; 2) flaring, which will become necessary if no means of 
useful disposal are implemented; and 3) converting the natural 
gas at Prudhoe Bay to other liquid compounds that could be 
transported via the under-utilized trans Alaska pipeline." 

In regard to the flaring of gas in his second option he fur· 
ther states "Flaring of natural gas has been a trademark of the 
Middle Eastern oil fields and widespread publicity has been 
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afforded the sensational quant1t1es of gas burned in this way 
in Saudi Arabia. Yet the same route may be followed in Alaska 
if no alternative methods of disposal are found." 

These statements by Mr. Economides are not true. 

The working interest owners in the Prudhoe Bay Field and 
the Commission have studied this field for more than nine 
years. During this time several studies on the field's perfor
mance have been published by the Commission, and others 
have been submitted by the working interest owners at various 
public hearings. 

All of these studies refute Mr. Economides' statements 
that gas reinjection must be stopped within several years or it 
will adversely affect the reservoir performance. These studies 
show that with continued gas reinjection the oil recovery is 
essentially the same as it would be if the produced gas were 
sold. 

Mr. Economides should also be aware that there is a con
servation order issued by the Commission that prohibits the 
flaring of the Prudhoe Bay gas. Thus flaring is not an option as 
he states. 

The only reference cited by Mr. Economides that has a 
direct bearing on the main reservoir in the Prudhoe Bay Field 
was a paper written by Rickwood 11 years ago. This paper was 
an early interpretation of the geology of the field and did not 
contain any information on the field's production performance. 
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In conclusion, this is one of the most irresponsible bits of 
writing that I have seen published by a petroleum engineer. 

Sincerely, 
Hoyle H. Hamilton, Chairman 
Alaska Oil and Gas Conservation 

Commission 
Anchorage 

The editor wrote Mr. Hamilton acknowledging 

the arrival of this letter, notifying him that it would 

be published, that author Economides would have the 

customary right of rebuttal, and that TN E would 

provide more space if he wished to develop the 

Commission's views in more detail. He responded in 

part as follows: 


In 1972 the Commission initiated a reservoir study of 
the field and contracted with H.K. van Poollen and Asso
ciates Inc. to work with its staff. Over the last nine years 
the Commission has published the following reports on the 
field: 

In Place Volumetric Determination of Reservoir Fluids 
Sadlerochit Formation- Prudhoe Bay Field, 1974 
(172 pages); 

Prediction of Reservoir Fluid Recovery Sadlerochit 
Formation- Prudhoe Bay Field, January 1976 
(148 pages); 

Prediction of Reservoir Fluid Recovery Sadlerochit 
Formation- Prudhoe Bay Field, Supplement A, 1977 
(52 pages); 

Three Dimensional Reservoir Study, Sadlerochit For

mation - Prudhoe Bay Field, 1980 

(48 pages). 


... In addition, the Commission has conducted several 
public hearings on the Prudhoe Bay Field, and the results 
of the work done by the working interest owners in the 
field were made public. Following these public hearings 
the Commission has written several conservation orders 
pertaining to the operation of the field. Conservation Order 
No. 145 for example sets the maximum offtake rate for oil at 
1.5 million barrels per day and for gas at 2.7 billion cubic feet 
per day. This order also states that the flaring of gas is pro
hibited except for minor amounts required for safety or 
operational necessity. 

As a result of all the geologic and engineering work 
that has been done on the Prudhoe Bay Field, a voluminous 

amount of information has been published. The principal 
results of the reservoir studies show that the ultimate reserves 
of the Prudhoe Bay Field will be in the order of nine billion 
barrels. The field life will be 25 or more years. Water injection 
will be required to maximize recovery. The field can be 
operated with continued gas reinjection, with no flaring of 
gas or with gas sales, with no significant difference in recovery. 

I will decline your generous offer to write an article 
for your magazine on the Prudhoe Bay Field; however, all of 
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the aforementioned reports and material are available to your 
readers or to the public upon request to the Commission. 

Dr. Economides' response: 

It appears that some elements of my writing have stepped 

on sensitive toes. 

The purpose of the article was to present an alternative 
(namely, the methanol option) to the natural gas pipeline. 
Hoyle Hamilton affords no time to critique or criticize the 
most obvious subject of the paper, one which occupied over 
80% of the space alloted. Instead, he chose to focus on my 
statements on flaring and the necessity or lack thereof to find 
a means of utilizing the gas. 

The first objection is well taken, yet unnecessary. It is 
improbable that I, as a petroleum engineer, would remotely 
consider flaring as a desirable or even viable option. Else
where in my paper, I mention flaring as an "ominous" pos
sibility (if, of course, gas reinjection must stop because of any 
reason and if no means of useful disposal are found). Through
out my paper, the possibility of flaring is viewed with disdain. 

I can fully appreciate the fact that the Oil and Gas Con
servation Commission has "issued an order ... that prohibits 
the flaring of the Prudhoe Bay gas". In the event that reinjec
tion may actually prove economically harmful, then I am sure 
that the laws of the State will supercede the laws of physics. 

Regarding reinjection and whether there is a physical 
limitation, I chose to present the implications of "gas cycling" 
for two reasons. First, I thought it would be the most intrigu
ing to the general readership of The Northern Engineer. Second, 
the purpose of the article was not intended to be an in-depth 
reservoir performance evaluation of Prudhoe Bay. 

There are many other factors that would influence the 
fate of the North Slope gas and its utilization. A few notes are 
in order: 

Certainly gas cycling (which was offered as just a plausible 
scenario) may become an issue. Already gas "breakthrough" is 
evident in some portions of the reservoir. For now, if anything 
it is beneficial, since it "strips" gas condensate which is a very 
valuable mixture of hydrocarbons. Yet, Prudhoe Bay is a giant 
reservoir. If gas breakthrough becomes an issue in one portion, 
the producers can move further, drill in-field wells, and shut 
down erratic or problematic ones with little impact on the 
overall reservoir performance for some time. 

The reservoir simulation done by the respected firm of 
H.K. van Poollen and Associates, Inc. and which is the source 
of Hamilton's conviction that "with continued gas reinjection 
the oil recovery is essentially the same as it would be if the 
produced gas were sold," has already undergone two published 
official "updates." The model, using reservoir parameters, 
geometric features and "history matching," attempts to 
forecast future reservoir performance. 

Since I have been involved in writing and not just using 
reservoir simulators, I am acutely aware of both the benefits 
and the pitfalls associated with them. If the Prudhoe Bay 
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simulator proves correct and gas reinjection does not become a 
problem for a decade or more, then we will all exhale a sigh of 
relief. If the simulator does not follow the real reservoir per
formance and significant portions of the field may get affected, 
then there still will be no problems if by that time a means of 
utilizing the gas is either finished or under construction. But 
if in four or five years the problem of excess gas becomes 
pressing and no solution of transporting the gas is found, then 
the State will be confronted with a significant problem. 

Another factor not mentioned in my paper is the capacity 
of wellhead gas handling equipment. Since the writing of my 
article the GOR at Prudhoe Bay has increased dramatically. 
The present gas production is nearly 3 bill ion SCF /day. The 
gas pipeline, if it were built and finished as planned in five to 
six years, is designed to transport 2.4 billion SCF/day. The ec
onomic tuning between reinjection (and its associated equip
ment) and the shipping to market (along with the cost of the 
pipeline) is continuously in the minds of all production 
engineers. 

Finally, the monumental effort underway by many sources 
to build the pipeline (at any cost) offered circumstantial evi
dence that several people consider transportation of the gas 
a pressing matter. This could be either because of reservoir 
performance consideration, surface equipment capacity or the 
sheer benefits and revenues of bringing the gas to market. It 
is from this point that my paper started. What other alterna
tive(s) are there for useful disposal of the gas? 

in addition, Dr. Economides gave us a reprint from 
the Oil and Gas Journal for November 23, i98i, in 
which authors Paul T Dubetz and S.S. Marsden reiterate 
support for barge-mounted methanol plants to handle 
North Slope gas and state, "by i985 the reservoir 
will no longer be able to accept the reinjected natural gas 
at presently estimated rates. " 

A spokesperson for the Alaska Oil and Gas Conser
vation Commission indicated that they plan to prepare a 
rebuttal for the Dubetz and Marsden article as well. 

MEETINGS 

What happens if Alaska gets warmer? 
That arresting question is the subtitle for 
a conference called to consider how (and 
whether) warming may occur, to what 
extent, and what it will mean. Scheduled 
for April 7 and 8 on the University of 
Alaska's Fairbanks campus, The Poten
tial Effects of Carbon Dioxide Induced 
Climatic Change in Alaska will have 16 
invited speakers as well as additional con
tributed papers and workshops to devise 
probable answers to that question. Given 
the divergent views of the invited speakers 
alone, it should be a lively meeting; given 
their professional stature, it could be an 
important and informative gathering also, 
especially for anyone whose work con
cerns the taming of permafrost or sea ice. 

Dr. Jenifer McBeath is chairing the con
ference; if you'd like further details, write 
her at the School ofAgriculture and Land 
Resources Management, Room 309 0 'Neill 
Building, University ofAlaska, Fairbanks, 
AK 9970i. However, if you're certain that 
you want to attend, send $35 for your 
registration to Conferences & institutes, 
ii7 Eielson Building, University of Alas
ka, Fairbanks, AK 9970i. They have also 
booked a block of convenient but low
cost hotel rooms, so if you'll need housing 
in Fairbanks during the conference, you 
might call them at 90 7-4 74-7800. 

PUBLICATIONS 

Port Valdez, Alaska, Environmental 
Studies: 1976-1979, is 373 pages (or 
three pounds) of results from a program 
undertaken to monitor and assess any ef
fects on water quality and marine life 
from the treated ballast water discharged 
into the Port. The publication announce
ment tersely notes: "addressed specifical
ly are physical oceanography; ballast 
water dispersal; hydrocarbon concentra
tions in water, sediment, and selected 
biota; trace elements in water and sedi
ments; dissolved hydrocarbon metabolism 
rates; phytotoxicity effects; intertidal and 
subtidal biology." The striking photo
graph heading the flyer makes a gentle 
point about the effort reqtJired for the 
success of the study: R/V Acona, re
search platform for the work reported, 
is shown on station in Port Valdez, 
dwarfed not only by the scenery but 
by the enormous tanker at the nearby 
dock - Acuna looks like a guppy stand
ing watch over a whale. 

The book was edited by J.M. Colonell; 
it is No. 5 in the University of Alaska's 
Institute of Marine Science Occasional 
Publication series. The price is $45 (plus 
postage), ordered directly from the 
iMS Business Office, University ofAlaska, 
905 Koyukuk Avenue North, Fairbanks, 
AK 9970i. 

NOTED 

A few more or less in-house announce
ments: Should you need or want to tele
phone The Northern Engineer offices, 
please note that our number has been 
changed. It's now 907-474-7798 - the 
entire University of Alaska Fairbanks 
campus has been shifted to the 474 ex
change, so we don't take that too per
sonally. 

However, we do take it personally that 
the Geophysical Institute needed our for
mer space - so our offices have been 
moved also. We're now in 301 Elvey 
(which, for those of you who drop by 
occasionally, means we're down a floor 
and on the other side of the same build
ing from where we were last year). 

Worst of all, warning has come .down 
that we will shortly have to raise our 
prices. Every other publication printed 
has had enough to say about inflation so 
that we won't bother to repeat the whys 
of the impending increase here. However, 
as a reward for those of you loyal readers 
who fight through all the fine print at the 
back of each issue, please note that we 
will accept early renewals at the old rate 
until such time as the new rates are offi
cially announced. That is, even if your 
subscription expires next fall, you may 
renew now for one, two or five years at 
the present, less expensive price. + 
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