
PUBUCATIQN ()F 

E GEOPHYSICAL INSTITUTE 
IVERSITY OF ALASKA 

VOLUME 15, NUMBER 4 
WINTER 1983/84 



STAFF: Editor, Carla Helfferich; Editorial Advisor, Lee Leonard; Assoc
iate Editor, Barbara Matthews; Subscriptions, Barbara Mecum; Type
setting, Paula Jones; Finance Officer, Neta Stilkey. EDITORIAL BOARD: 
John Bates, DOTPF, Juneau; Joseph M. Colo nell, Woodward-Clyde Con
sultants, Anchorage; Mark Fryer, Consulting Engineers, Anchorage; Paul 
Goodwin, Variance Corporation, Anchorage; Keith B. Mather, Vice Chan
cellor for Research, UAF; Janet Matheson, Architect, Fairbanks; John M. 

Miller, Geophysical Institute, UAF; Tunis Wentink, Jr., Geophysical Insti
tute, UAF; John Zarling, Mechanical Engineering, UAF. 

The Northern Engineer, Vol. 15, No.4 2 



THE NORTHERN ENGINEER 

VOLUME 15, NUMBER 4 
WINTER 1983/84 

CONTENTS 

Drill String Magnetization: Its Measurement and Its Effect 
on Coring and Borehole Navigation 

David B. Stone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Reducing Frost Heave by Electro-Osmotic Dewatering and 
Soil Chemical Treatment 

Grant C. Baker and John C. Berg ......................... 10 

A Low-Cost Method for Inventorying Cordwood 
William J. Stringer and Janis Zender-Romick ................ 16 

The Superinsulated Perspective House 
Jane Galblum Haigh .................................. 26 


4 
Heap-Leaching for Low-Grade Precious Metal Deposits 

Thomas Albanese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

The Arctic Science Prize . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

Meetings, Publications, Letters, Noted ......................... 36 


Annual Index ............................................ 40

16 

COVER 
Agglomerated and crushed gold-bearing material piling up on a pad at the 

Alligator Ridge mine in Nevada. The completed 15- x 300- x 700-ft heap 
will next be treated by chemical leaching (see p. 30), a process that may 
find profitable application in the north. (Photo courtesy of Tom Albanese.) 

30 

THE NORTHERN ENGINEER (ISSN 0029-3083) is a quarterly publication of the Geophysical Institute, University of Alaska - Dr. Juan G. 
Roederer, Director. It focuses on engineering practice 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 view· 
point relates to technical problems of northern habitation, commerce, development or the environment. Contributions from other nations are welcome. 
We are pleased to include book reviews on appropriate subjects, and announcements of forthcoming 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, t_he Geophysical Institute, or The Northern Engineer staff and Board.) 

Subscription rates for The Northern Engineer are $12 for one year, $17 for two years, and $37 for five years. Some back issues are available 
for $3.00 each. Address all correspondence to THE EDITOR, THE NORTHERN ENGINEER, GEOPHYSICAL INSTITUTE, UNIVERSITY OF 
ALASKA, FAIRBANKS, ALASKA 99701, U.S.A. The University of Alaska is an EO/AA employer and educational institution. 

The Northern Engineer, Vol. 15, No.4 3 



In the early years of the oil industry in Alaska, finding the bottom of the hole was easy- it was straight down. Shown here is one 
of Alaska's first producing wells, part of the Chilkat Oil Company's facilities at Katalla. (Photograph from the Barrett Willoughby 
Collection, courtesy of the Alaska and Polar Regions Department, Elmer E. Rasmuson Library, University of Alaska-Fairbanks.) 
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DRILL STRING MAGNETIZATION: 
Its Measurement and Its Effect On 

Coring and Borehole Navigation 

Boreholes are drilled for a multitude 
of purposes and on a multitude of scales 
ranging from shallow narrow-bore water 
wells to very deep (greater than 10 km) 
scientific exploration wells. For many 
of these boreholes, especially those drilled 
by the oil industry, the drillers need to 
have accurate information on the location 
of the bottom of the hole. A number of 
new navigation techniques are available 
(or are being developed) to determine this, 
but traditional magnetic methods are 
still very common. To use the earth's 
magnetic field for this purpose requires 
a knowledge of the direction of the 
earth's field at the location and also how 
this field is perturbed by the drill. To 
determine this latter point requires a 
knowledge of the magnetic properties of 
the drill string. 

Core samples are taken in many ex
ploration boreholes. If the magnetic prop
erties of these samples are to be measured, 
and particularly if paleomagnetic meas
urements of the ancient magnetic fields 
recorded in the rock are to be made, then 
a knowledge of the magnetic fields to 
which the core has been exposed during 
drilling is necessary. This article describes 
a cheap, simple, ballistic magnetometer or 
fluxmeter that can allow estimates to be 
made of the magnetic field associated 
with drill strings. 

BOREHOLE NAVIGATION 

One of several techniques commonly 
employed to determine the path of a 
borehole is to measure the inclination 
angle of the hole and the direction in 

which it is inclined, relative to a magnetic 
compass. The actual mechanisms used to 
read the magnetic compass at depth vary 
from very crude to very sophisticated. 
Unfortunately, all have the same inherent 
problems, inasmuch as it has to be assumed 
that the magnetic direction read is that 
of geomagnetic north and that the drill 
string itself is not affecting these readings. 
These assumptions are particularly impor
tant at high latitudes. The higher the 
latitude, the steeper the inclination of the 
total magnetic field vector with respect 
to the surface, and hence the smaller the 
magnitude of the horizontal component, 
which is the component that interacts with 
the magnetic compass. This in turn means 
that extraneous magnetic fields such as 
those associated with the metal in the drill 
string become progressively more impor
tant. Magnetic borehole navigation at high 
latitudes requires that the actual direction 
of geomagnetic north at the surface be 
determined for every reading. This is 
because magnetic storms can cause 
fluctuations in the declination of the 
earth's field as large as 10° in as little 
time as a minute, with obvious deleter
ious effects on the navigation. 

To overcome the magnetic effect of 
the drill, drill pipe and drill collars while 
they are in use, there are again a large 
number of different techniques. The 
most common is to place the compass at 
some distance from known magnetic 
material by inserting nonmagnetic stainless 
steel sections in the drill string. This 
immediately raises the question of what 
length of nonmagnetic section should be 

David B. Stone is a professor of geophysics at the University of Alaska-Fairbanks' Geo
physical Institute. Much of his work has involved studies of the ancient magnetic field of 
the earth and the application of this information to understanding the geologic history 
of Alaska. 

by David B. Stone 

used, which in turn is related to both the 
induced and permanent magnetization of 
the rest of the drill string. 

CORE MAGNETIZATION 

In a number of cases where the rem
anent magnetization of cores extracted 
from boreholes has been studied, it has 
been observed that the cores are often 
magnetized along the core axis. Since this 
occurs frequently, it has been assumed 

that it is due to remagnetization effects 
resulting from exposing the sample to the 
fields associated with the drill string. The 
core can be exposed to the drill string 
field either as it is being drilled and then 
brought to the surface as part of the drill 
string, or, in cases where the core is 
brought to the surface through the center 
of the drill string, as it passes through the 
various drill string sections. In order to 
assess the possibilities of removing this 
remagnetization, or better, to avoid re
magnetizing the core in this way, it is 
advantageous to know the magnitude 
of the field to which the core has been 
exposed. Unfortunately it is not generally 
practical to measure the detailed mor
phology of the field associated with the 
drill string, but it is possible to estimate 
the field magnitude if the overall magnetic 
fields at the ends of the various compo
nents of the drill string are known. Thus, 
a basic knowledge of the magnetic field 
strengths associated with drilling would 
be advantageous for both navigating 
boreholes and preserving the original 

magnetizations of core samples. 

DRILL STRING MAGNETIZATION 

The magnetization of individual com
ponents of the drill string has traditionally 
been estimated by measuring their effect 
on the local geomagnetic field. This is 
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done by placing them horizontally on 
the ground, aligning them east-west 
in the geomagnetic field, and then using 
an ordinary magnetic compass to deter
mine the null point. The null points are 
the. positions where the magnetic field 
of the pipe (assumed to be magnetized 
along its long axis) is equal to the hori
zontal component of the earth's field. 
The null points are thus located where 
the compass points 45° east or west of 
magnetic north depending on the magnetic 
polarity of the pipe. If the magnitude of 
the horizontal component of the earth's 
field at the particular location is known, 
it is then easy to calculate the pole 
strength of the individual drill pipe or 
collar. Unfortunately, and for obvious 
reasons, this technique does not lend itself 
to systematic measurements during the 
course of drilling, so there is no way of 
estimating whether the magnetizations 
change with time or drilling conditions. 
What is required is either a method to 
measure the actual field variations in the 
vicinity of the navigation compass or core, 
or a quick way to measure the magnetic 
field of the various drill components as 
they are being assembled, thus allowing 
estimates of the magnetic field associated 
with the whole drill string to be estimated. 

Down-hole magnetometers are available 
both as independent logging devices, 
which are generally expensive in terms of 
down time for the drill rig, and as assem
blies built into the drill string. The latter 
are still relatively rare, and usually only 
used for large-scale drilling projects 
where they record and transmit measure
ments of several down-hole parameters 
at once. 

Most of the usual techniques for meas
uring relatively large magnetic flux den
sities, such as the use of Hall probes or 
rotating search coils, are difficult to use 
to measure the total magnetic field 
threading thTough the end of something 
the size and shape of a drill pipe or collar. 
This difficulty is compounded because the 
field through the ends of these compo
nents is very nonuniform; to estimate an 
equivalent pole strength, one needs to 
know the total field threading through 
the end of the pipe. The extreme magnetic 
noisiness of the surroundings, the fact 
that the drill components themselves are 
not all of the same diameter, and the fact 

that the ends do not all have the same 
shape make the problem more difficult. 

SNAP-RING MAGNETOMETER 

To minimize these various hazards, we 
constructed a search coil of variable 
cross-sectional area. This magnetometer is 
based on the principle that if the sum 
total of the magnetic field escaping from 
the end of any given component of the 
drill string can be measured, it can be 
related to the overall magnetization or 
the pole strength. The variable cross
sectional area, or "snap-ring," magnetome
ter is a coil constructed by folding a 
multiconducter strip back on itself and 
connecting successive conductors togeth
er. If the ends of the folded multiconduc
tor strip are then pushed towards each 
other, the tape bulges out to form a coil, 
thus maximizing its cross-sectional area. 
If the ends are now pulled outwards, the 
area of the coil goes effectively to zero 

(Fig. 1). If the area of the coil is changed 
from some finite value to zero in the pres
ence of a magnetic field, an electric 
current will be generated proportional to 
the magnitude of the change in the mag
netic field threading through the coil. 
By measuring the current generated, we 
can calculate the magnitude of the mag
netic field. 

Aluminum base plate 

We constructed the snap-ring magne
tometer by connecting 30 conductor plas
tic strips 1" wide, to form a coil of 30 
turns. Two handles fixed to the coil were 
constrained to slide in slots in a base 
plate. When the handles are moved rela
tive to each other, the area enclosed by the 
strip changes, thus allowing measurement 
of the change in the magnetic field thread
ing it. The snap-ring shown was connected 
to a multirange ballistic galvanometer 
with a period of about five seconds, and 
the deflection for a given field was cali
brated using a standard solenoid. To use 
the snap-ring to measure the magnetic 
field associated with the end of a drill 
pipe or other drill string component, we 
placed the aluminum plate on the end of 
the pipe, formed the coil and snapped it 
closed several times, and noted the read
ings of the ballistic galvanometer. Mount
ing the snap-ring on the aluminum base 
plate enabled the ring to be snapped at 
a small and constant distance from the end 
of the drill component being measured. 
This both minimized the field leakage 
caused by the gap between the coil and 
the pipe and kept it approximately con
stant. 

Using this system during the drilling 
of a number of oil wells in northern 
Alaska, we found that the earth's field 

Multicanductar strip 

Figure 1. Snap-ring magnetometer design, showing the flexible multi
conductor strip and sliding handles. The coil can be changed from a 
finite cross-sectional area (top view) to zero by sliding the handles 

outwards. 

The Northern Engineer, Vol. 15, No.4 6 



----

away from the drill rig gave a deflection 
corresponding to about 0.01 microamps 
on the galvanometer scale. Magnetization 
of the various drill components was typi
cally three to four orders of magnitude 
larger than this, and of both polarities. 

We also measured the field without 
a pipe or drill collar being present, to 
determine the background field caused 
by the drill rig. This was very much smaller 
than the usual drill string field, usually 
less than 1% of it, and was also found to 
be constant within a factor of two or so. 

Because the pole strengths of adjacent 
pipes in various drill strings were found to 
vary considerably, often by more than an 
order of magnitude, and occasionally to 

be of opposite polarity, the errors inherent 
in the measuring technique are generally 
unimportant. It is not possible to estimate 
these errors directly because they depend 
on too many indeterminate factors, such 
as the amount of magnetic field leaking 
from below the point where it is being 
measured. This leakage can be due to 
many different factors such as machined 
lips and threads on the drill pipes, and to 
a lesser extent to the contact of individual 
pipes with other highly magnetically 
permeable material such as the casing 
or the drill rig itself. The overall technique, 
however, is justified on the basis that the 
measurements themselves were found to 
be repeatable to within a few percent. 
By measuring individual pipes in the 
"mousehole" on the drill rig, again while 
they were suspended before being coupled 
to the rest of the drill string, and once 
more after they were coupled, we con
cluded that the measurements gave values 
of the pole strength of components varying 
by factors of ten to within about ± 25%. 

The system could no doubt be im
proved both by calibrating it for the 
different types of ends on the drill com
ponents, and by making the open cross
sectional area of the snap-ring more nearly 
that of the pipe being measured. This 
would cut down the flux around the edge 
of a too small snap-ring, or alternatively 
the "back flux" through one that is too 
large. This later modification could easily 
be achieved by means of a small clip to 
change the effective coil size. Such sophis
tication would seem unnecessary in the 
light of the large field variations found in 
drill strings. The main advantage ofthe de-
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vice as it stands is its simplicity and speed 
of operation, and hence lack of disruption 
to the drilling operation. It has also demon
strated its ability to detect magnetizations 
sufficiently variant to upset both corin'g 
and many of the magnetic navigation 
techniques commonly employed. Its sensi
tivity is also adequate to detect and to 
follow any stress-induced or other changes 
in the magnetization of an individual com
ponent with continued use. 

DATA 

We first used the magnetometer to 
determine the pole strengths of individual 

Exiting from 2631' total depth 

Flux density Total flux 
gauss k-maxwell 

2600 88 
1500 51 
1700 59 

3 Joint stands 1800 61 
of Thin wall 1800 61 

15"0.0:4.276''10) 2000 68 
drill pipe. 2200 76 

lapprox. 90'1 2600 87 
3000 102 
2500 85 

2200 76 
-194 -15 

drill pipes that had already been measured 
by the null technique mentioned earlier. 
Comparison of the data showed the two 
methods to agree withih ± 25%. It was 
next used to determine the magnetic field 
in the vicinity of the drill platform. This 
latter field was at least an order of mag
nitude smaller than the fields measured 
for the more weakly magnetized drill 
components and approximately equal to 
that recorded for the nonmagnetic stain
less steel sections. 

The major set of measurements was 
made on drill string components both 
entering and exiting the borehole for a 

Exiting from 6073' total depth 

Total flux 
k-maxwell 

Flux density 
gauss 

23 
22 
21 
20 
19 
18 
17 
16 
15 
14 

13 

'---12-
-323 -25 -56 -725


11

I I 0 I 85 -54 -699 

10
-984 -76 92 I 192

9
-324 -25 49 635

8
3 Joint stands 984 76 70 907

7
of Heavy wall 324 25 71 920

6
15" 0.0 ,3.125"10 I -88 I -68 -8 -104

5
drill pipe 1256 97 49 6354lapprox. 90'1 66 1 51 -34 -440

3
-44 -3.4 -29 -3762 

-59 -764I 
-54 -699X/0 

D/C X/0 
102 374

D/C D/C
340 88 

D/C D/C 
I 31 505

D/C D/C 
D/C STABILIZER

185 48 
D/C D/C

Drill collars D/C MONEL D/C

17.75" OD, .07 0


D/C MONEL D/C

3"10.>.-30'1 293 76 


D/C STABILIZER 

stabilizers. 
 MONEL D/C MONEL D/C 


etc. MONEL D/C MONEL D/C

13 75 2903 .4 MONEL D/C BENT SUB. 

SHOCK SUB. X/0
73 19 

BIT BIT 

Figure 2. A diagrammatic view of two drill assemblies and associated drill strings. 
The magnetic flux listed is that through the topmost component of the drill string 
with all the components shown below it connected to it. The magnetic field is 
given as total field and field per square centimeter of cross-sectional area of metal. 
Negative numbers represent components magnetized north upwards. 
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well being drilled at Prudhoe Bay, Alaska. 
As can be seen from the data in Figure 2 TABLE 1 

for the drill string exiting the well, the TOTAL MAGNETIC FLUX THROUGH THE ENDS OF DRILL COLLARS 
intensities of magnetization range over 
more than three orders of magnitude. In 

Demagnetization of Drill Collars (30' x 7.75" OD x 3" ID)general, the thinner-walled drill pipes 
were the most intensely magnetized. Per Before Demagnetization After Demagnetization
haps more important, the polarity of the Total Flux in k-gauss Total Flux in k-gauss
magnetization also varied. This is in direct 
contrast to the common assumption that S-end N-end S-end N-end 

53.7 63.4 27.4 25.3 
58.5 41.6 16.7 24.1 
77.3 73.8 42.2 50.7 
39.9 30.8 33.1 18.4 
44.9 23.3 22.3 7.5 
60.0 50.7 33.1 28.6 
49.3 39.4 28.6 22.3 
79.2 66.8 46.4 42.2 
47.8 13.4 30.8 
61.7 44.9 39.4 27.4 

Note: The flux was measured both before and after demagnetization using the 
D.C. transient technique. Measurements were made using the null method. 

Schematic illustration of a rotary drilling rig showing 
the flow of drilling fluid used to clear drilled material 
from the bottom of the hole and to maintain pressure 
for the purpose of avoiding gushers or blowouts. (From 
Energy/Alaska by Neil Davis, UA Press, in press.) 

drill pipes will be mag
netized north down in 
the northern hem
sphere, south down in 
the southern hemi
phere. North-down po
larities, however, were 
dominant in both num
bers and intensities of 
magnetization. 

The reasons for the 
reversed, or north-up, 
polarities of some pipes 

are not clear, but proba
bly arise from the mag
netic testing techniques 
used to look for flaws 
in the metal of the 
pipe. The basic· tech
nique in these tests is to 
magnetize the pipe by 
wrapping one of the 
conductors from an arc
welder around the pipe 
and passing direct cur
rent through it. The pipe 
is then painted with a 
magnetic colloid. If 
there are flaws in the 
metal, the field leakage 
associated with them 
will preferentially at
tract the colloid. After 

testing, the pipes are commonly demagne
tized either by applying an alternating 
current (A.C.) from the arc-welder and 
reducing it slowly to zero, which theo
retically demagnetizes the pipe by cycling 
it through successively smaller hysteresis 
loops, or by simply striking an arc. The arc 
is struck with the same arrangement of 
conductors that was used for magnetizing 
the pipe and presumably relies on tran
sients generated in the breaking of the 
arc for the demagnetizing effect. The mag
netizations for selected drill collars before 
and after demagnetizing, using the arc
striking technique, are shown in Table 1. 
The intensity of magnetization is usually 
reduced, but remains significant. It should 
also be noted from Table 1 that the drill 
pipes are not uniformly magnetized; fre
quently the field through each end is dif
ferent. Both demagnetizing techniques can 
produce polarities of either sense. In the 
A.C. demagnetizing, the speed at which 
the field is reduced is critical, as isthe need 
to avoid electric current "spikes" when the 
welder is shut off. Striking an arc and rely
ing on transients produces very unpre
dictable results. 

Though it was not possible to measure 
the field strength or polarity of each pipe 
as it entered and exited the borehole, we 
could measure the field through the ends 
of one set of drill pipes as they came out 
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of the "mousehole" on the drill platform, 
before they were assembled into stands. 
Then we remeasured them as they were 
coupled to the existing drill string (Fig. 
3). The magnetic field measured after 
coupling was roughly the mean of that 
through the existing drill string and that 
through the added pipes. Adding a pipe 
with opposite polarity significantly re· 
duces the resultant field, as can be seen 
from Figure 3. In very general terms the 
measured field that passes through the 
top of the drill string is roughly the aver
age of the top three or four drill string 
components, and thus drops significantly 
when oppositely magnetized components 
are added. It was not possible to get more 
measurements from individual and com
bined components of the drill string; 
however, the combination of the data 
presented in Figure 3, and the fact that 
both polarities plus a wide range of in
tensity variations were seen (Fig. 2), 
strongly suggests that the magnetizations 
roughly sum. This could be of great im
portance when it is necessary to keep the 
magnetic field low, such as when taking 
cores for magnetic measurements. 

In general we could not follow pipes 
or individual stands through the whole 
drilling process because they were com
monly assembled into three-pipe (90-foot) 
stands, and the arrangement of the pipes 
with respect to the stands varied, depend
ing on such conditions as the depth of the 
hole and the type of drill assembly used. 
Because of the variable order of the pipes, 
it was not possible to track the magneti
zation of any given pipe or stand in the 
time available. In spite of this there is 
a suggestion that the magnetization of 
north-down pipes increases in intensity 
with time/depth, while magnetization of 
north-up pipes decreases in intensity. 
This is interpreted as the result of stress 
magnetization. Fundamentally a stress 
magnetization is caused by the internal 
strains upsetting the energy balance in 
the magnetic domain structure, thus 
allowing the domains aligned with the 
external and induced magnetic fields to 
grow preferentially. An interpretation in
volving a stress magnetization is support

ed by our observation that thin-walled 
pipes have much higher magnetizations, 
and presumably much higher stresses, 
than the thick-walled pipes. 

Flux dens1ty Total flux Total flux Flux density 
gauss k- maxwell k- maxwell gauss 

•440 •34 
-66 I -51 -0.25 -3 
-I 98 -I 5.3 
•77 I +59.5 wd +25.5 +330 
• I 3 I +34 0/C +42.5 + 164 
+I I 2 +28.9 0/C +40.8 +158 
•2 I 0 +54.4 0/C +28.7 + I I I 

+98 +254 0/C 
+85 +2 1.9 0/C 
+85 +2 1.9 	 0/C 
+79 	 +204 0/C 

0/C 
0/C/ 
BIT 

\ 
Measured Individually in Measured as part of 
mousehole before being initial drill string. 
assembled. 

Magnetic field associated with 30' sections of 
heavy walled pipe (hwdp) and drill collars (0/C). 

Figure 3. A diagrammatic view of lowermost section of a drill assembly and drill 
string. The numbers on the left represent the field through the top of the compo
nent while it was in the mousehole prior to being connected to the string. The 
numbers on the right represent the field through the top of the component after 
connection to the rest of the drill string. The numbers represent the total field and 
the field per square centimeter of metal. Negative numbers represent components 
magnetized north upwards. 

CONCLUSIONS 	 nique to reduce this hazard is to demagnet
ize the drill components, particularly 

The general conclusions we can draw those at the end of the string or where 
from the results of this study are that the changes in diameter occur and signifi
magnetic fields associated with drill strings cant field leakage might be expected. This 
can be, but are not necessarily, very large, may be helped significantly by coupling 
depending on the stress history and polar N-up and N-down components so that 
ity of the drill string components. H the their effective field is greatly reduced. 
bottom of the drill string has a high field, The main advantages of the snap-ring 
then more stainless steel sections are magnetometer are its speed of operation 
needed to allow the use of magnetic and its simplicity. Because of these 
navigation devices. This is particularly features, it can allow monitoring of the 
important at high latitudes where the fields produced by the drill string compo

horizontal component of the earth's field nents without significantly disrupting 
is small. Modelling and empirical experi the drilling procedure, and should allow 
ments show that for arctic Alaska about drill strings with low resultant fields to 
120 feet of stainless steel is adequate to be assembled. 
permit a magnetic compass to operate at 
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Reducing 
Frost Heave by 
Electro-Osmotic 
Dewatering and 
Soil Chemical 
Treatment 

by Grant C. Baker 
and John C. Berg 

INTRODUCTION 

Frost heaving refers to soil expansion 
caused by the formation of ground ice in 
excess of the pore volume. It is associated 
with silty, fine·grained soils such as those 

found in the area of Fairbanks, Alaska. 
The widespread destructive consequences 
of frost heaving are well known. Both the 
expansion of soil during freezing and the 
loss of soil strength during thawing can 

destroy building foundations, roadways 
and airfields. 

Excessive ground ice is able to form 

because large amounts of water move to 
the freezing zone during the freezing pe

riod. Although the exact mechanism for 
the water movement through the porous 

soil matrix to the freezing region is not 
known, we do know that for frost heaving 

to occur, three conditions must exist 
simultaneously: 

1) a "frost-susceptible" soil (generally 
a soil containing at lease 2 percent by 
weight fines smaller than 20 microns in 
diameter), 1 

2) a prolonged period of freezing tem
peratures, and 

3) an adequate water supply. 

The freezing point of water, when con
fined to very fine capillaries, is substantial
ly lower than that of bulk water. 1 Thus 

the fineness of frost-susceptible soil makes 
possible the transport of water as liquid 

through the soil to the freezing front where 
ice lenses form during the freezing period. 

The specific requirements for frost 
heaving to occur suggest a number of 
methods to reduce or prevent it. One 

method which has shown promise is the 

treatment of the soil with chemicals which 
alter its frost susceptibility. Both floccu
lants and dispersants have reduced heaving 

2in laboratory and field tests. 1
• Floccu

lants are thought to increase the effective 
particle size in the soil (so that nonsegre
gated freezing would occur without liquid 
transport). while dispersants are believed 
to stabilize the fines so that they are swept 
into the flow channels, causing clogging. 
A potentially promising, but untried, pro

cess for frost heave reduction is soil dewa
tering by electro-osmosis; either before or 
during the freezing period. Electro-osmosis 

has been used since the early 1900s for de
watering peat and clays, and more recently 
by Sprute and Kelsh 3.4 for the dewatering 
of mine sludges in northern Idaho. 

BACKGROUND 

Almost all soil particles in contact with 

water carry an electric charge. It can be 
negative or positive, but it is usually nega
tive. The negative charge results from the 

preferential adsorption of anions (hydrox
yl ions, if none other are present) which 

are generally smaller, less hydrated and 
more polarizable than the cations present. 
The behavior of a soil particle in suspen
sion is strongly influenced by the charge 
on its surface, which results in the accumu
lation of neutralizing, oppositely charged 

ions (counter-ions) in the layer of solution 
immediately surrounding the particles 
(Fig. 1 ). The "cloud" of counter-ions con

sists of two layers. The first of these is an 

(±) ® 
e 

e e 
e 

Bulk Solution
\_ Diffuse Layer 

Stern Layer 

Figure 1. lon distribution at and near 
the soil particle surface. 5 

adsorbed, compact monolayer of ions, 

termed the Stern layer, which usually par
tially neutralizes the surface charge. It 
may, however, either intensify or reverse 
the surface charge if the ions are specifi
cally adsorbed (i.e., adsorbed due to forces 
other than electrostatic ones). The net re
sultant of the surface charge plus Stern 
layer charge is then neutralized by an array 

Grant C. Baker holds a B.S. in chemical engineering (University of Washington, Seattle)and an M.S. in miningengineering(Univer
sity of Alaska-Fairbanks); he is currently a graduate student in the geology/geophysics program at UAF John C. Berg is a professor 
of chemical engineering at the University of Washington in Seattle, where he directs the Engineering Center for Surfaces, Polymers 
and Colloids. His background is in the area of interfacial phenomena and colloid science. 
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potential due to preferential anion adsorption. (c) Reversal of sign between the surface 
and zeta potentials due to adsorption of strong polyvalent cations. 5 

of counter-ions farther away from but in 
the immediate vicinity of the soil particle 
surface. This outer stratum is called the 
diffuse, or Guoy, layer. The entire assem
bly of ions extending from the particle 
surface to the outer edge of the diffuse 
double layer is termed the electrical dou
ble layer. 

Usually the concentration of counter
ions is highest close to the particle surface. 
At greater distances, the effective particle 
charge decreases, and the concentration 
of counter-ions decreases until it becomes 
the same as in the surrounding bulk solu
tion. The surface potential, 1/1 

0
, is the elec

trostatic potential difference between the 
particle surface and the surrounding bulk 
solution. As the distance from the particle 
surface is decreased, the potential decreases 
linearly from the surface potential to the 
Stern potential, 1/1 d, and decays approxi· 
mately exponentially from the Stern po
tential to zero in the diffuse double layer, 
as shown in Figure 2. 

The Stern potential is an important 
parameter in determining the extent of 
soil particle interactions. When it is of suf
ficient magnitude, and the diffuse double 
layer is sufficiently thick, the soil particles 
will experience electrostatic repulsion 
when they approach one another and the 
diffuse portions of the double layers begin 
to overlap. This prevents them from ap· 
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proaching close enough to one another to 
flocculate. Such a dispersion is said to be 
"stable." When electrolyte is added to the 
system, the diffuse double layer becomes 
much thinner, i.e., "collapses," and the 
dispersion may be destabilized and floccu
late. While the double layer thickness may 
be computed if the ionic content of the 
surrounding solution is known exactly, 
the Stern potential cannot be measured 
directly. 

Fortunately, there is a measurable pa
rameter which permits the assessment of 
the combined effects of Stern potential 
and double layer thickness and thus serves 
as a reliable indicator of the state of elec
trostatic stability of the particles. This is 

Positive Electrode 
(Anode) 

+ 

the zeta potential, r6 It is the electric 
potential at the hydrodynamic "plane of 
shear" around the particle, a surface locat· 
ed generally just outside the Stern plane. 
It can be determined for small particles by 
tracking their electrophoretic movement 
in an electric field of known strength. 
When the zeta potential is low (less than 
approximately 10 millivolts). it is either 
because the Stern potential is low or be
cause the diffuse double layer has been 
collapsed to a distance inside the shear 
plane, or both. From the standpoint of pre
dicting the stability of the particles with 
respect to flocculation, it is immaterial. 
The only requirement is that the zeta po
tential is sufficiently small. A finite zeta 
potential is thus required for electrostatic 
stability of the dispersion and is also a re
quirement for the possibility of electro
osmosis, as described below. 

Electro-osmosis refers to the flow which 
occurs when a direct-current electric field 
is placed across a porous solid mass that 
contains a connected network of moisture 
throughout its void space. When the field is 
applied, the (generally) positively charged 
mobile part of the diffuse double layer 
migrates toward the cathode and carries 
with it the associated pore water (Fig. 3). 

The electro-osmotic flow rate is given 
by: 

V = eEU41T1J ( 1) 

where V is the linear flow velocity, e is the 
dielectric' constant of the water, E is the 
voltage drop per unit length along the flow 
path, 11 is the water viscosity, and~ is the 
zeta potential. The zeta potential thus 
plays a key role in determining the poten
tial effectiveness of electro-osmotic dewa-

Negative Electrode 
(Cathode) 

Negative Soil Particle Surface 

e 

Negative Soil Particle Surface 

Figure 3. Illustration of electro-osmotic flow in an electric field. 
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tering. The addition of flocculants or dis
persants is expected to produce significant 
changes in the zeta potential by altering 
the Stern potential and compressing the 
diffuse double layer, and thus should 
strongly influence the electro-osmotic be
havior of the system. The total volumetric 
dewatering rate will, in addition, depend 
on the pore structure of the soil matrix 
(permeability). and this too should be 
affected by the addition of chemical floc
cui ants and dispersants. 

METHODS AND MATERIALS 

Both laboratory and field tests were 
conducted. Laboratory tests were per
formed at the Engineering Center for Sur
faces, Polymers and Colloids at the Univer
sity of Washington, Seattle. The field test 
site was located at the CR R E L (Cold Re
gions Research and Engineering Labora
tory) testing grounds on Farmers Loop 
Road near Fairbanks, Alaska. The tests 
were conducted in an area of known frost 
heaving to determine the effectiveness of 
electro-osmotic dewatering procedures for 
reducing frost heave. 

The soil for the laboratory tests was 
taken from the field test site to assure 
consistency in soil properties for all tests. 
The soil is relatively fine-grained (Fig. 4) 
and contains about 38 percent fines (size 
less than 20 microns). The natural soil 
moisture content is approximately 29 per
cent of the dry-soil weight (all moisture 
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Figure 4. Particle-size distribution for Fairbanks silt test soil. 
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contents will be given as percentages based 
on dry-soil weight). 

The chemical additives used in the soil 
treatments consisted of a flocculating 
agent, ferric chloride (FeCI 3 ). and a dis
persant, tetrasodium pyrophosphate 
(Na4 P20 7 or TSPP). These chemicals were 
chosen for a number of reasons. Research 
by Lambe et al., indicated that these addi

tives had successfully reduced frost heave 
2at relatively low concentrations and cost.1•

Both additives should have strong and 
opposing effects on the soil particle double 
layer, yet they proved equally effective in 
reducing frost heave. 

Soil samples were taken before chem
ical treatment, after chemical treatment, 
and after dewatering. These soil samples 
were analyzed for moisture content, zeta 
potential, and particle size distribution, 
and were examined by scanning electron 
microscopy (SEM). Zeta potentials were 
measured using a Rank Brothers Model 
Mark II microelectrophoresis apparatus. 
Care was taken in each case to obtain zeta 
potentials in the actual filtrate taken from 
the moist soil so that the chemical content 
of the liquid in the electrophoresis test 
cell was identical to that actually existing 
in the dewatering system. Particle size dis
tributions were obtained using a Leeds & 

Northrup Microtrac particle size analyzer, 
and scanning electron micrographs of the 
soil up to 700X were taken using JEOL 
Model JSM-25 scanning microscope. 

0 
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The field test plots were surveyed at 
approximately two-week intervals for the 
one year period between November, 1981 
and November, 1982. 

EQUIPMENT AND PROCEDURES 

Laboratory test models, measuring 
6x6x6 inches, were constructed of %-inch
thick Plexiglas1M, as shown in Figure 5. 
Two cathodes were placed in each test cell 
to assure good soil contact. The cathodes 
were constructed of 1-inch. O.D. copper 
tubing, approximately 8 inches long. They 
were perforated with Ys -inch diameter 
holes at approximately %-inch intervals to 
allow for water collection and removal. 
The anode was a plate measuring approxi
mately 6x6 inches, %6-inch thick, and 
constructed of a special nickel-alloy stain
less steel to resist anodic oxidation. 

All test soils were initially dried. The 
chemical additives were dissolved in dis
tilled water to give the desired concentra
tion. The solutions were then added to 
the dried soil to give a moisture content 
of 43 percent. After chemical treatment, 
the soil slurries were mixed thoroughly 
and allowed to soak for about 18 hours. 

At the end of the soaking period, the 
slurries were decanted and placed in the 
test models. Electro-osmotic dewatering 
commenced with the application of a DC 
potential to give a constant current density 
of approximately 900 pA/cm 2 (about 0.21 
amps current flow); the current density is 
defined as the current per unit cross
sectional area perpendicular to the mois
ture flow. Electro-osmotic dewatering was 
stopped when its rate reached zero. 

The field test plots measured 24x24x30 
inches deep and had essentially the same 
design as the laboratory models, except 
that only one cathode was used. It con
sisted of a 2.5-inch O.D. perforated iron 
pipe, two feet long. Standard galvanized 
wire fencing was used as the anode. The 
test plots were spaced approximately ten 
feet apart to provide isolation from one 
another, yet close enough to ensure nearly 
identical soil conditions. 

The field test site consisted of five test 
plots. One (Plot 5) was not disturbed in 
any way, and served as a reference. PI ot 1 
was prepared for dewatering but was nei
ther dewatered nor chemically treated, and 
thus served as a second reference. Plots 2, 
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3 and 4 were prepared for dewatering, 
chemically treated and dewatered. Plot 3 35.0 

was treated with TSPP, while Plots 2 and 
4 were treated with FeCI 3 . Plot 4 was en 30.0 

closed with a VisqueenTM plastic mem
brane to isolate it from outside water 
sources. 

Twenty-six gallons of 0.1 M (Molar) 
FeCI 3 solution were added to each of Plots 
2 and 4, and a similar amount of 0.06 M 
TSPP was added to Plot 3. These amounts 
and concentrations assured that sufficient 
chemical would penetrate into the interior 
of the test area. The solutions were allowed 
to percolate naturally down through the 
soil for about one week. Dewatering was 
then completed over a three-week period 
prior to freeze-up. The voltage was varied 
to maintain a fairly constant current den
sity of approximately 1000 {J.A/cm2

• 

Frost heave field data were obtained in 
the form of measured heave and thaw 
ratios. The heave ratio is the amount of 
heave (elevation increase) of the surface 
of the treated soil divided by the corres
ponding quantity for the reference (in this 
case, the average of Plots 1 and 5). The 
thaw ratio is the amount of settlement 
(difference between the highest and lowest 
elevations) during the thawing period rela
tive to the reference. Elevations of all plots 
were determined at regular time intervals 
by means of standard surveyors' instru
ments relative to a permanent monument 
on the test site. 

The destructive consequences of frost 
action in soils are due to both the heave 
during the freezing period and the settle-
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Figure 6. Dewatering and power consumption curves for laboratory tests using ferric 
chloride (FeCI 3 ) in soil treatment. Amounts of decant prior to electro-osmotic dewa
tering procedures are represented at time zero. 

ment during the thawing period, so both 
heave and thaw ratios are important in the 
evaluation of methods for frost heave re
duction. Electro-osmotic dewatering and 
chemical treatment may affect these ratios 
differently, and they both should be ex
amined. 

RESULTS AND DISCUSSION 

Figures 6 and 7 give the results of the 
laboratory dewatering tests, The amounts 
of decant prior to electro-osmotic dewater
ing are included. Sprute and Kelsh showed 
that the excess or decanted water is the 
easiest to remove and requires a relatively 
small amount of power.4 The amount of 

Source 

Perforated Copper Tube (1" O.D.) 

NOT TO SCALE 

decant may also be affected by the type 
and concentration of chemical additive 
used. A comparison of the dewatering 
characteristics of the different tests should 
thus justifiably include the amounts of 
decant. 

Generally all soil tests dewatered the 
same total amount, specifically to a mois
ture content of 28-30 percent. The notable 
exception was the test employing the 0.1 
M TSPP treatment (Test 2-4). It stopped 
dewatering when the soil moisture content 
reached approximately 38 percent. This 
can be explained by the stabilizing effect 
of the dispersant which allows the smaller 
fines to be swept into the flow channels, 
causing clogging. In all cases, as moisture 
content reached its terminal level, the de
watering rates decreased dramatically. 

The loss of permeability noted in the 
0.1 M TSPP test would be a serious disad
vantage for the practical application of 
such a dispersant during electro-osmotic 
dewatering. It is advantageous, however, 
with respect to slowing moisture move
ment to the freezing front in the absence 
of any prior dewatering. Thus, if disper
sants are to be used in combination with 
electro-osmotic dewatering, the chemical 
dosing should be made after the dewater
ing has been completed. 

A significant difference noted between 
the dewatering of the chemically treated 
and untreated soils was the increase in de
watering rate observed for the treated sys
tems. For both the flocculant and the dis
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Figure 7. Dewatering and power consumption curves for laboratory tests using tetra
sodium pyrophosphate (TSPP) in soil treatment. Amounts of decant prior to electro
osmotic dewatering procedures are represented at time zero. 

persant, dewatering was completed in suits of zeta potential measurements for 
about half the time required for the un all the conditions of the testing. The soil 
treated soil (approximately 120 vs 240 in contact with its natural ground water 
minutes). This might be partially explained had a zeta potential of -16.0 mV, and the 
as follows: The addition of a small amount chemical treatment with both FeCI 3 and 
of salt can be expected, first of all, to en TSPP at the 0.0001 M concentration level 
hance the negative zeta potential of the increased it further (larger negative values) 
soil particles through preferential adsorp to -22.8 mV and -20.0 mV, respectively. 
tion of the unhydrated anions. Such a Equation 1 suggests that the rate of electro
change in zeta potential did occur and is osmotic dewatering should increase in 
revealed in Figure 8, which shows the re- direct proportion to both the (negative) 
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Figure 8. Comparison of laboratory zeta potential results for ferric chloride and tetra
sodium pyrophosphate treated soils. 

magnitude of the zeta potential and the 
electric field strength, other factors remain
ing the same. The increased zeta potential 
may thus explain the increase of dewater
ing rate with small amounts of salt addi
tion of either type. 

As salt concentrations increased, the 
electric field strength, E, decreased (since 
current density remained constant), so de
watering rates decreased slightly, as might 
be expected. It is puzzling, however, that 
a greater divergence in behavior between 
the FeCI3 and TSPP cases was not observed 
in this respect, since the effect of the two 
salts on the zeta potential was opposite. It 
would be expected that the dewatering 
rates of the FeCI 3 runs would decrease 
more sharply with i-ncreasing salt concen
tration than those of TSPP. In particular, 
it would be expected that when the zeta 
potential approached zero, as when FeCI 3 

concentration reached 0.1 M, electro
osmotic dewatering rates would approach 
zero. Apparently soil permeability assumes 
an overriding importance. The flocculating 
action of the FeCI 3 prevents clogging of 
the flow pathways leading to high perme
ability, so that even under conditions of 
low zeta potential, dewatering rates are 
significant. The TSPP promotes clogging 
action, so that increased zeta potential is 
offset by decreases in permeability. 

Another observation is that for both 
types of chemical treatments, the amount 
of power required for dewatering signifi
cantly decreased with increasing levels of 
chemical treatment. This reduction is trace
able to the increased electrical conductiv
ity of the soil water when salt is added. 
Since the tests were conducted at constant 
current density, the required voltage was 
decreased with salt addition. 

The results of the particle size analyses 
and scanning electron micrographs of 
treated and untreated soil samples were 
inconclusive but suggest that any detect
able (involving fines larger than approxi
mately 0.1 micron) changes in particle 
size attributable to chemical treatment 
were not significant. The mechanism by 
which changes in stability affect dewater
ing rates thus depends on changes in the 
particle-particle "stickiness" or adhesion 
without altering the geometry of the par
ticle structure. 

Evaluation of the field frost-heave tests 
is based upon the measured heave and thaw 
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ratios, as shown in Table 1. Ratios less 
than unity indicate improvement, whereas 
ratios greater than one indicate impair
ment. Plots 1 and 5 were neither dewa
tered nor chemically treated, and the aver
age of their freeze and thaw behavior was 
taken as the reference against which the 
chemically treated, dewatered test plots 
were evaluated. The difference in behavior 
between the two reference cases was 15-20 
percent, giving a statistical measure of the 
reproducibility of the other tests, which 
were not repeated in the current work. 
Plots 2 and 4 show the positive results ob
tained for ferric chloride treatment with 
dewatering, Plot 4 differing from 2 in 
that the soil in Plot 4 had been dug up 
and reconstituted, with a plastic sheet 
buried beneath it. Both tests show sig
nificant improvement with respect to 
both heave and thaw ratios. Plot 4, the 
isolated system, showed the best results, 
indicating that heave due to water trans
port from soil adjacent to the plots was a 
factor in the other tests. Plot 3 employed 
the dispersant TSPP with dewatering, and 
it also showed significant improvement in 
both ratios. In all cases there was consis
tency between the heave and thaw ratios, 
i.e., those tests yielding the greatest heave 
also yielded the greatest degree of settle
ment. 

It is important to note that the test 
plots were installed only to a maximum 
depth of 30 inches. The active layer in the 
test area extends to a depth of about eight 
feet. The reduction in the amounts of 
heave and settlement are thus a reflection 
of only the top third of the active layer. 
This suggests that treatment of the entire 

depth of the active layer may produce even 
greater reductions in the amounts of heave 
and settlement. 

A possible side effect of electro-osmotic 
dewatering in this test series should be 
noted. The metal electrodes (particularly 
the anode) may have acted to conduct 
heat out of the soil during the winter 
(when the surface temperature is less 
than the soil temperature beneath the sur
face) and into the soil during the summer 
(when the temperature difference is re
versed). This would have the detrimental 
effect of promoting both heave and settle
ment. These effects, if any, were apparent
ly overridden in the tests run. 

CONCLUSIONS 

1. Electro-osmotic dewatering with soil 
chemical treatment can significantly re
duce frost heave in soils such as Fairbanks 
silt. 

2. The rate of soil dewatering is en
hanced with the addition of low concen
trations of either a flocculant or a disper
sant. 

3. High concentration levels of disper
sant can significantly reduce the amount 
of water removable by electro-osmosis. 

4. The addition of salts can significant
ly reduce the power consumption for 
electro-osmotic dewatering. 

5. The anticipated changes in soil par
ticle zeta potential were produced by the 
addition of ferric chloride and tetrasodium 
pyrophosphate. 

6. Changes in macroscopic (>0.1 mi
cron) particle size distribution are not 

TABLE 1 


Amounts of Heave and Settlement and 

Heave and Thaw Ratios for Field Test Plots 


Test Plot Number Maximum Amount 
(Type of Treatment) ofHeave (inches) 

1 (Electrodes installed, 
no treatment) 

5 (No treatment) 
} 4.79 

(averaged) 

2 (FeCI 3 ) 4.00 

3 (TSPP) 4.50 

4 (FeCI 3 , enclosed) 3.60 
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Maximum Amount Heave Thaw 
ofSettlement (inches) Ratio Ratio 

5.95 1.00 1.00 
(averaged) 

4.75 0.84 0.80 

4.91 0.94 0.83 

4.14 0.75 0.70 

affected by the addition of a flocculant 
or dispersant. 

RECOMMENDATIONS 

Further study of the effects of a wider 
variety of chemical additives and soils on 
dewatering procedures should be made. 
Test plots should involve the entire active 
layer. 

The related process of electrophoresis 
(movement of the negatively-charged par
ticles toward the anode: the opposite of 
electro-osmosis) should be tested in con
junction with chemical treatment of set
tling ponds for the mining industry. The 
use of a low DC potential within the 
settling pond could greatly enhance the 
settlement rate of the very fine suspended 
particles. The rate would be greater in 
conjunction with appropriate chemical 
treatment (to increase zeta potential) at 
very low treatment levels. Further research 
should find the optimal levels with respect 
to cost and environmental factors. 
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Remote Sensing In the North 

A LOW-COST METHOD 
FOR INVENTORYING CORDWOOD 

by William J. Stringer 
and Janis Zender-Romick 

Because of the growing use of wood as 
a heating fuel, the demand for cordwood 
has dramatically increased - and so has 
the need for cordwood estimates and 
maps of cordwood availability. Existing 
timber inventories or vegetation maps are 
seldom directly applicable to cordwood 
inventory needs; timber inventories are 
often purely statistical and usually in
volve only commercial species or sizes.Veg
etation maps often require extensive rein
terpretation to yield cordwood densities. 

In addition to these problems, cord
wood and other forest products are 
usually managed in a given region by 
federal, state and local governments as 
well as private interests. Each of these 
managing entities tends to inventory only 
for economic value on lands it manages 
and tends to manage that inventory as if 
it were the sole source of that resource in 
the region. For instance, the State of 
Alaska manages its lands so as to produce 
a sustained yield in each region and 
makes pronouncements regarding the 
general availability of resources such 
as cordwood based on these estimates. 

Photos taken during field observations supplemented the use of Landsat imagery for 
inventorying cordwood. The southeast-facing slope shown above overlooks the Tanana 
River; the photograph was taken in late May. The foreground is largely aspen (81 vege
tation category), with a large area of brushy bog (01) just above center. 

Depending upon the fraction of the total may seek out owners of identified wood
resource located under state management, lots. 
these pronouncements may or may not The project described in this article 
reflect the actual availability of the re was undertaken to demonstrate the use of 
source to the local community. Landsat imagery as a low-cost source of 

For these reasons, citizens and citi information for cordwood reconnais

zens' groups concerned about the overall sances. The techniques demonstrated here 

availability of a resource such as cord could be used by local governments, local 
wood need access to methods of locating resource-oriented businesses and even indi
and inventorying the resource regardless viduals to inventory cordwood at map 
of its management. Only then can a true scales greater than I:63,360 (one inch on 
picture of resource availability to the the map equals a mile on the ground). The 
community be developed. Based on the techniques described are not intended to 
results of such surveys, the community compete with more expensive and higher
may wish to arrange for coordinated resolution inventories made with aerial 
management of cordwood by govern photography obtained especially for a 
mental owners, or private entrepreneurs given purpose, but rather are a method of 

Dr. William J. Stringer is an associate professor ofgeophysics at the Geophysical In
stitute, University of Alaska-Fairbanks, where he conducts research based on remote 
sensing techniques. He earned his M.S. and Ph.D. degrees at UAF, and has conducted a 
number of studies related to detection and mapping of Alaskan vegetation and other 
land surface units, based on Landsat imagery. Janis Zender-Romick is a research aide 
in the Northern Remote Sensing Laboratory at the Geophysical Institute. She has done 
post-graduate work in remote sensing at UAF and cu"ently works for the Landsat 
"Quick Look" Program. 
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performing a region-wide reconnaissance. 
Such a reconnaissance should identify 
areas of high cordwood potential and give 
an estimate of the useful volume available. 

LANDSAT IMAGERY 

Landsat imagery has been obtained by 
a series of polar-orbiting satellites, the 
first of which was launched in July, 1972. 
Each satellite produces an image of a 
particular point on the earth's surface 
approximately every 18 days. There have 
been a variety of imaging systems aboard 
these spacecraft, but one particular 
system, the multi-spectral scanner (MSS). 
has been aboard all of them. MSS imagery 
was used for the project described here. 
Each image is relatively inexpensive and 
covers an area approximately 100 miles 
square. The images can be enlarged 
several times without significant loss of 
detail. Although a standard 4X enlarge
ment (the same scale as 1:250,000 Unit
ed States Geological Survey Maps) can be 
obtained from the government, 16X en
largements (inch-to-the-mile) can be made 
that still retain utility. 

The MSS imagery is obtained separate
ly and simultaneously in four wavelengths 
and it is possible to obtain a black and 
white image representing I ight reflected 
from the earth in each of these wave
lengths. The wavelengths monitored are 
green, red, and two wavelengths in the 
near-infrared. Some explanation is neces
sary. First, reflected blue light is not 
monitored because it is scattered a great 
deal in the atmosphere (which is why the 
sky is blue) and images obtained in that 
part of the spectrum would appear quite 
foggy. Second, the two near-infrared 
wavelengths monitored are actually just a 
bit more "red" than the red light visible 
to human eyes. They do not indicate heat 
in normal earth surface temperature 
ranges. (That requires radiation much 
more "red.") 

The imagery obtained in the various 
wavelengths can be combined to produce 
multicolor images. The most common 
combination is called "simulated color 
infrared," because it has very nearly the 
same color characteristics as color infra
red film. (Sometimes this is called "false 
color" imagery. While this is technically 
correct, color infrared is one particular 
"false color" combination. Hence, the 
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term "color infrared" is more specific 
than "false color.") 

In producing color infrared imagery, 
the green, red and one infrared wave
length are combined. This is done be
cause the amount of infrared light reflect
ed from the earth's surface is highly sensi
tive to chlorophyll and its general health 
and, therefore, infrared radiation is an 
excellent indicator of vegetation. How
ever, as one might anticipate, there is a 
problem with representing the infrared 
information since it is invisible. This 
problem is solved not by representing it 
with blue (which might be the easiest 
solution since blue light is not monitored), 
but rather by representing the infrared 
with red. Red is a bright color and the 
human eye can detect many of its dif
ferent shades and hues. Therefore, red is 
chosen to represent the highly informa
tive near-infrared. 

This, of course, leaves the problem of 
how to represent ordinary red light. 
Reflected red light is a very good indica
tor of bare ground, rocks, roof tops and 
other unvegetated solid surfaces. In 
combination with the infrared, it pro
duces a sensitivity to biomass cover over 
the earth's surface, and clearly identifies 
nonvegetated areas. Since red has already 
been chosen to represent the near infra
red, another color must be selected 
to represent red. The color used is green. 

The only primary color remaining is 
blue, so it is chosen to represent reflected 
green light. Reflected green light is clearly 
sensitive to vegetation, but less so than 
the near-infrared with respect to vegeta
tion type and health. Actually, reflected 
green light is a highly sensitive indicator 
of the depth of clear water and the 
sediment content of turbid water. How
ever, when combined with the reflected 
near-infrared, the reflected green light sig
nal (represented on film as blue) tends to 
modulate the overall combined color. 

Although Landsat operates year
round, the most useful data by far for 
vegetation analysis is the summertime 
imagery. However, in regions with a 
wintertime snow cover, early springtime 
imagery is useful as well. In this case, a 
black and white representation of the 
light reflected from the earth's surface in 
a single color may be all that is required. 
If an image can be found in which snow is 

mostly off the trees, but remains on the 
ground, then relative darkness on the 
image becomes a measure of the extent to 
which the tree crowns cover the area- the 
crown cover. The near-infrared wave
lengths have been found most useful for 
this purpose because they give the most 
contrast. However, a color infrared winter 
image can be used to some advantage 
because of a slight difference in hue be
tween deep shadows and thick crown 
cover which is not apparent on single-band 
black and white images. 

INTERIOR ALASKAN FORESTS 

Viereck and Little's description of in
terior Alaskan forests in terms of the 
dominant tree species and other vegetated 
areas in terms of their characteristic ap
pearance are well suited for interpretative 
analyses based on Landsat imagery .1 Their 
categories include the following: 

Closed Forests 

White spruce type. The best example 
of these are stands of commercial-sized 
(lumber, house logs) trees with a closed 
canopy on warm, south-facing slopes. 
Generally, these areas would not be con
sidered to be potential cordwood areas 
because of the high commercial value of 
the timber. 

Quaking aspen type. Many of the in
terior forests represent some stage in 
species succession following fires. Light· 
ning-caused fires are frequent in interior 
Alaska, and numerous fires have been 
caused by human activities. The vegetation 
types found in burned-over areas represent 
a combination of seed sources, slope and 
aspect, and time since the last fire. Fol
lowing a fire and willow stage, fast-growing 
aspen stands develop on well-drained, 
south-facing slopes. The aspen mature in 
from 60 to 80 years and are usually re
placed by white spruce. 

Paper birch type. Paper birch is the 
common invading tree after a fire on east
and west-facing slopes and occasionally 
on gentle north-facing slopes and moder
ately well-drained flat areas. Although 
pure stands occur, most birch are in mixed 
stands with white spruce, aspen and even 
black spruce. In some localities slight 
changes in slope and aspect are responsible 
for the mixture. This forest type can be 
found over a wide range of tree maturity. 

17 



The final stage ofthe birch/spruce mixture 
is often one where white spruce have out
grown the birch and the birch are dying; 
frequently, standing dead birch can be 
found in large numbers. This forest next 
becomes a stand of pure spruce. At inter
mediate stages, this forest is a good source 
of fuel cordwood. 

Balsam poplar type. Commonly called 
"cottonwood" in Alaska, this species is 
most commonly found on newly aggregat
ed riverine soils such as elevated sandbars. 
Although relatively large stands do occur 
along rivers in interior Alaska, very few 
poplar stands were included in the study 
areas we considered. 

Open Forests 

Low-growing (black) spruce forest is 
characteristically found on north-facing 
slopes and poorly drained lowlands. How
ever, isolated stands can be found on 
poorly drained southern-facing slopes as 
well. In addition to the black spruce 
(which are very slow growing and seldom 
exceed 20 em in diameter) small-sized 
paper birch, tamarack, and occasionally 
white spruce are found. At times the 
black spruce can be quite dense, and ap
proximate a closed canopy. 

Recent Burns 

Recent burns are succeeded by willows 
and saplings of aspen, birch, alder and even 
spruce. Although low in height, they can 
often exhibit a closed crown cover in 
summer, but appear void of vegetation 
from a distance in winter. Such areas are 
quite common in interior Alaska. 

Treeless Bogs 

Located in areas with soils too wet to 
support trees, bogs are found in valley 
bottoms and even some poorly drained 
hillsides (generally north-facing). Vege
tation includes willow, dwarf birch, blue
berry, cranberry, and labrador-tea. Such 
bogs represent no cordwood potential. 

Shrub Thickets 

Flood plain thickets. In interior Alaska 
these thickets are generally found along 
the flood plains of rivers and streams. The 
principal species (most apparent at a dis
tance) are alders and willows. 

Elevated thickets. These thickets are 
composed of dwarf birch, alder, and willow 

A southeast-facing slope, similar to the one shown in the preceding photo, as it looks 
in late May. Vegetation units on the hillside are A 1 and 81 (largely aspen). 

and are found near and beyond the tree
line. 

Alpine Tundra 

This plant community is found near 
the tops of high hills in interior Alaska. 
It consists of dwarf birch and other 
shrubs as well as extensive areas of low 
mat-forming plants. 

DATA 

For this method of analysis, two types 
of imagery were used: a mid-summer 
scene (1 August 1976) to determine cover 
types and a winter scene (24 February 
1979) with snow-covered ground showing 
through the defoliated canopy to deter
mine density of crown cover. An initial 
attempt using a May 1979 scene proved 
unsatisfactory because the color differ
entiation between vegetation types was 
not well-enough defined; May is too early 
in the growing season for a maximum 
variety of species to be represented. 
Therefore, the mid-summer image was 
selected. This particular scene had been 
computer enhanced to produce much 
clearer color and tonal definition. 

Color infrared enlargements of the 
scenes were obtained at 1:250,000 scale. 
Four sections near Fairbanks were chosen 
and photographically enlarged from color 
negatives to 16 x 20" prints at inch-to
the-mile scale (1 :63,360). 

The study area coincides with the 
junction of four United States Geological 

Survey quadrangle maps at 1:250,000 
scale: Fairbanks, Big Delta, Livengood, 
and Circle. Photographic enlargements 
covered the vicinities of Fairbanks (quads 
D-3 and D-1). Livengood (A-2). and Big 
Delta (D-6 and C-6). Maps were used to 
locate sample areas in the field and in the 
final mapping of vegetation units. 

High-altitude aerial photos in color 
infrared at inch-to-the-mile scale (provided 
by the National Aeronautics and Space 
Administration and archived at the Geo
physical Institute Remote Sensing Ar
chives, University of Alaska-Fairbanks) 
were used for comparison to aid in unit 
classification, especially for inaccessible 
areas. 

Field observations were made several 
times during the project. Observations in 

the fall as the leaves were changing colors 
were best for determining stands of decid
uous versus coniferous trees. Field trips 
in the early spring before trees leafed out 
proved useful for discriminating aspen 
stands, which have a greenish tinge from 
a distance, from birch, which have a red
dish cast to their bare branches. Spring 
trips were also helpful for determining 
density, as the snow makes it easy to see 
the ground through a sparse stand of trees. 
Distant units were observed from the road
side with binoculars and recorded with a 
camera. In some areas which were acces
sible by a short walk from the road, 
density and trunk size were noted as well 
as vegetation type. 
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ANALYSIS 

First Cut Color and Gray Scale Delineation 

The first stage was to make a prelimin
ary map. The summer image was overlaid 
with acetate, and boundaries were drawn 
around apparent vegetation units based 
on their color. Four main color scale 
classes were developed and labeled: 

A - Bright red and pink, most homo
genous tone. 

B - Mostly red with some mottling of 
blue-gray, generally darker than A. 

C - A dark reddish-purple color with 
only occasional patches of red and 
more mottling of dark blue-gray 
than in B. Some areas of C were a 
pale lavender color. 

D - Dark blue-gray to black. Small 
patches of purple, but not suffi
ciently bright or sufficiently large 
to label as C. 

The boundaries between each adjacent 
class (i.e., A and B) were often difficult to 
map. However, the boundaries between 
alternate classes (i.e., A and C) were 
relatively clear. At this enlargement, Land
sat MSS data is very blurry, making pre
cise delineation of details in the darker 
classes especially difficult. 

The overlay was then registered on the 
corresponding winter scene and the pre
vious color scale classes were broken down 
into four categories according to gray 
scale classes as seen on the winter image: 

0 	 Very bright, indicating ground total
ly barren of vegetation, usually on 
hilltops or man-made features. They 
were even brighter than frozen rivers 
which were a light gray. 

Light gray or brown, being mostly 
light gray in urban areas and a light 
to medium brown on the hillsides. 

2 Medium to dense brown, found most
ly on hillsides. 

3 Dark black-brown, usually a hillside 
in shadow. 

First Level Field Check 

The preliminary map was taken into 
the field to determine the composition of 
each category. Part of the investigation 
was to determine the level of detail that 
could be detected on the images, the 
effect of shadows on spectral responses, 
the vegetation density compared with 

sistency of the map units in terms of vege
tation content. 

Adjusting the Mapping Procedures 

Information gathered in the field caused 
some adjustments in the mapping criteria. 
It appeared almost impossible to separate 
pure aspen from pure birch stands. What 
seems to be subtle shades of red in a class 
A unit might be due to slope, aspect, and 
shadows rather than vegetation differ
ences. Alder and willow show up as a 
very bright red, similar to birch and aspen. 
Where all of these types occur together, it 
is impossible to separate them, because 
there is not enough detail on the image to 
determine the useful minute changes in 
texture that can be found on aerial photos. 
The only way to infer where there may 
be a difference is by knowing something 
about the area in question or by looking 
for a very light pink shade, which indi
cates new-growth saplings. These bushy 
trees tend to be found along roadsides 
and creeks, or in a cleared area caused by 
a fire or man-made disturbances. 

Bright red areas may appear to be very 
dense deciduous growth on the summer 
image, yet show up only as medium-dense 
to sparse on the winter image (a class 1 ). 
Field checking indicated that much of the 

bright red reflectance was caused by 
undergrowth (such as wild roses, high 
bush cranberries, or grass) showing through 
a sparse canopy. 

Shadows affect the reflectance values 
for the summer scenes when the solar 
elevation is around 39° as well as the 
winter scenes when the solar elevation is 
around 13° above the horizon. In summer 
the north-facing slopes are a few shades 
darker than south-facing ones, although 
useful information can still be derived. 
A deciduous stand appears darker on the 
north slopes due to a greater occurrence of 
spruce as well as the presence of shadow, 
making these regions trend more towards 
the B and C ranges of the spectrum. 

On the summer image, a D class in sun
light is a bluish-gray, whereas that in sha
dow is very dark, almost black. At first 
these very dark areas were thought to be 
low-lying black spruce in shadow. How
ever, field checks revealed that some of 
these areas were not shaded, but were in
deed thick stands of tall conifers, most 
likely white spruce, in full sunlight. This 
observation warranted the creation of 
another color class, E. 

The C class is a broad range of vege
tation types found in a variety of habitats, 

observations at ground level, and the con- Portion of vegetation unit map showing area just west of Fairbanks, Alaska. 
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from hillsides containing some important mixed forest with large trees near the cli forests of black spruce and tundra. How
cordwood areas to creek drainages pre max stage appears dark brown, in the 2 ever, less steep north-facing slopes are 
dominately covered with shrub and black class. often covered with birch and relatively 
spruce. The blurry nature of the enlarge A topographic map aids in interpreting large black spruce. 
ments makes it very difficult to make some units. The locations of creek drain In general, it was determined that map 
visual judgements in this area. In broad ages and hilltops are important for such units should be made larger. In part, this 
wetlands with interweaving streams and broad spectral classes as C. An experienced was in recognition that distinctions be
swampy ground, a wide range of colors observer using a map could judge among tween birch and aspen were difficult, if 
(from lavender with smooth texture to a different vegetation types with similar not impossible, and that many vegetation 
mottled red and dark blue) blend into each spectral responses based on the topograph units were simply too small to map at the 
other without distinct boundaries or map ic context in which they were found. chosen scale. (At inch-to-the-mile scale, 
pable units. Because this project empha A topographic map also shows slope 40 acres is 1/4" square. Clearly, a useful 
sizes cordwood mapping, not as much and aspect, which can help differentiate map cannot include many units of this 
effort was made to break down the shrub between color and gray shade due to size. In practice, the map units became at 
and black spruce into detailed classes. vegetation and that due to shadow. In least 160 acres.) As a result, some of the 
However, it is desirable to make a distinc winter the shadows become more pro color units came to be described in terms 
tion between the shrub/black spruce and nounced. Class 3 usually indicates an area of the combination of colors and hues 
potential cordwood areas. When the C in deep shadow, and only limited density contained. This unifying of color groups 
spectral class is combined with the gray determination can be derived from it. also tended to broaden the range of vege
scale class, the smaller scrub trees tend to In the subarctic these steep north-facing tation types contained in these map units 
fall into the light bluish-gray, or 1 class. A slopes are typically covered by sparse (Table 1). 

TABLE 1 
SUMMER IMAGE-COLOR 

Bright Red Red with Some Some Mottled Blue-Gray, Very Blue-Black 
Scarlet, Magenta Blue Mottling Red-Blue, Maroon Few Red Patches 

Purple, Lavender 
A B c D E 

0 deciduous young deciduous forest; tundra with black 
White trees or saplings, some spruce, spruce, 

grassy fields, urban areas urban areas 
tundra, recent burns, 
urban areas 

w 
..J 

~ deciduous forest; deciduous forest shrub, alder/willow, black spruce, 

>
c(
a: 

lt. blue-gray 
lt. brown-gray 

small to medium 
trees 

with some spruce; 
small to medium 

black spruce; 
small trees 

some shrubs; 
small trees 

0 trees 
w 
0 

~ 2 deciduous forest; deciduous forest mixed forest, spruce; spruce forest; 
a: 
w brown-gray medium to large with some spruce; climax stage; medium to large medium to large 
1
2 

i 
to 

deep brown 
trees medium to large 

trees 
medium to large 
trees 

trees trees 

3 mixed forest spruce forest spruce forest 
black 

deep shadow 

Notes: For the mostly deciduous A and B categories, moving from a 1 to a 2 indicates older trees as well as a higher proportion of conifers. 
C1 areas, usually found in drainages and floodplains, are not useful sources of cordwood; C2 areas on a slope are likely to be good 

cordwood sources. 
01 areas of black spruce appear as a light-bluish-gray in winter images; deciduous vegetation appears light-brownish-gray in the winter 

color infrared image. 
An E2 category is often a forest of tall white spruce in a sunlit location. The E3 category is not well defined, but probably has a low 

cordwood potential. 
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Preparation of Final Maps 

Based on the described analysis, prep
aration of the final maps began. A clear 
acetate overlay was prepared for each area 
to be mapped. The overlay was made by 
tracing lakes, roads, streams and other 
features from a USGS map onto the ace
tate, using pen and ink. This way, infor
mation from the summer and winter 
images could be registered for vegetation 
analysis and these results could, in turn, 
be registered back to section and township 
grids for the purpose of numerical inven
tory. 

The overlay was then registered to the 
summer image. Boundaries of spectral 
class units as described above were deline
ated. Next, the overlay was placed on the 
winter image where subunits based on 
gray scale class were delineated. A few 
anomalous map units were found, usually 
as a result of human activities or naturally 
occurring barren ground. These were la
beled accordingly (for example, urban, 
barren, or field). 

In all, approximately 962,000 acres in 
the vicinity of Fairbanks were mapped on 
acetate overlays keyed to inch-to-the-mile 
maps. The area covered ranged from lower 
Goldstream Valley in the west to the Sal
cha River in the east, and between the 
Tanana River in the south and the Chata
nika River in the north. A small portion 
of one map is shown in Figure 1. 

Composition of Map Units 

Table 1 represents only a qualitative 
relationship. To obtain a quantitative 
relationship, a more rigorous sampling 
technique must be used. Thus, once the 
maps were prepared, ten sample units from 
each category were chosen at random. 
Each map unit was superimposed on a 
color infrared, high-altitude aerial photo
graph and the species composition and 
overall density estimated. The values from 
the ten units were then averaged and stand
ard deviations found for birch, aspen, 
spruce, willow-alder and shrub. Examina
tion of the standard deviations showed 
that birch and aspen should be combined 
into a broad-leaf tree descriptor, while 
willow-alder should be included in the 
shrub descriptor category. These results 
are shown in Table 2. 
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In the table, standard deviations are Distribution of Categories 
not a measure of error as much as they According to Aspect 
are an indicator of the range of percent 
composition of vegetation type found in In Table 3 the map units used for the 
each spectral/gray scale category. In many preceding work have been analyzed in 
respects, the standard deviations reflect terms of direction of topographic slope 
two factors: Most interior Alaskan forests (aspect), thus yielding a more refined ma
are actually "mixed" to some extent; and trix of categories. This table shows that 

at the scale used here, the minimum useful while the 1 and 2 gray scale classes are 

map unit size employed often results in generally found on slopes of all aspects, 

grouping of vegetation types. the 3 class is found on slopes with a north-

Table 2 

PERCENT COMPOSITION AND 
AVERAGE DENSITY OF MAP UNIT CATEGORIES 

Broad-leaf Spruce Shrub Average Density 
(0-3) 

A1 81 ± 13 5± 5 14 ± 13 2.5 ± 0.8 

A2 96 ± 8 3±8 1 ± 1 3.0 ± 0.0 

B1 68 ± 18 20 ± 13 12 ± 9 2.3 ± 0.4 

B2 81 ± 17 17 ± 15 2±3 2.9 ± 0.3 

B3 75 ± 19 17 ± 14 18± 20 2.4 ± 0.7 

C1 14 ± 17 28± 24 58± 31 1.1 ± 1.0 

C2 49 ± 15 36 ± 13 15 ± 12 2.5 ± 0.5 

C3 50± 27 24 ± 17 27 ± 34 2.3 ± 0.7 

D1 3 ± 12 35 ± 18 62 ± 19 1.2±0.4 

D2 12 ± 18 68 ± 16 20 ± 19 2.2 ± 0.6 

D3 12 ± 10 56± 19 32 ± 19 1.9±0.7 

E2 9±7 79 ± 18 13 ± 21 2.3 ± 0.7 

E3 5±4 53 ±32 42 ± 32 1.8 ± 0.8 

Table 3 

DISTRIBUTION OF CATEGORIES 


BASED ON ASPECT 


N NE E SE s sw w NW 0 

A1 
A2 
B1 
B2 
B3 2 2 
C1 
C2 1 
C3 5 
D1 1 
D2 2 
D3 6 2 
E2 
E3 5 



erly component and, therefore, is often 
related to shadow. Also, the A 1, A2, B 1, 
and 82 classes are found generally on east
and south-facing slopes. Thus a more re
fined category can be defined. 

Final Designations 

It is now possible to improve the pre
liminary matrix relating color and gray 
scale units. In the matrix shown in Table 
4 the potential cordwood-yielding cate
gories have been outlined in black. 

Area Measurements 

Finally, estimates of the total area 
covered by each classification were made. 
Each acetate overlay was registered to its 
respective map and placed on a map-area 
digitizer. Each square mile section on the 
map was measured separately, with the 

North facing slope as viewed across a flat 
valley in late July. Vegetation units are C2, 
foreground; open area to base of hill, C1; 
large tree area at base of hill, C3; and hill
side stands of A2, 81, 82, 02 and E3. 

digitizer calculating the area for each 
category in fractions of a square mile. 

Table 4 

Since a section on the map is approxi
mately one square mile and equal to 640 
acres, the fractional area was multiplied 
by 640 to derive an approximation of the 
total acreage for each section. The acreage 
measurements for some of the sections do 
not total exactly 640 acres because: 

• On 	a topographic map each section is 
not exactly one inch square. 

• Some of the sections are on the bounda
ry of the map and are not a full section. 

• It is difficult to trace each boundary ex
actly the same way each time. 

• The photographic enlargements of Land
sat images are slightly off scale from the 
map, requiring that the acetate overlay 
be periodically shifted to register with 
the topographic map. Because some of 

FINAL DESIGNATION OF COLOR- GRAY SCALE UNITS IN TERMS OF VEGETATION DESCRIPTIONS 

SUMMER IMAGE-COLOR 

0 
White 

1 
Lt. Blue-Gray 

w 
_J Lt. Brown-Gray 
() 
en 
>
<( 
cr: 
l!l 

2 
Brown-Gray 

cr: to 
w 
1- Deep Brown 
z 
~ 

3 
Black 

Deep Shadow 

Bright Red 

A 

Low-lying deciduous 
vegetation. Open 
crown cover, grassy 
fields, recent 
burns, urban areas. 
Saplin,g size trees. 

Largely closed 
deciduous forest 
with-10% shrub, 
little spruce. 
Sapling to pole 
size trees. 

Completely closed 
deciduous forest 
with little spruce 
or shrub. Pole to 
commercial size 
trees. 

Not observed. 

Red with Some 

Blue Mottling 


B 

Low-lying deciduous 
vegetation with 
some spruce. Some 
urban areas. Sap
ling size trees. 

Largely closed 
deciduous forest 
with 20% spruce 
and 10% shrub. 
Sapling to pole 
size trees. 

Completely closed 
deciduous forest 
with 20% spruce, no 
shrub. Pole to com
mercia! size trees. 

Largely closed 
crown cover. 75% 
deciduous (very 
likely largely 
birch), 17% spruce, 
18% shrub. Pole to 

Some Mottled 
Red-Blue, Maroon 
Purple, Lavender 

c 

Alpine tundra 
with some black 
spruce. 

Open crown cover 
shrub thicket and 
treeless bog, 60% 
shrub, 30% black 
spruce, 10% decid
uous trees. 

Largely closed 
crown cover. 50% 
deciduous, 35% 
spruce, 15% shrub. 
Pole to commercial 
size trees. 

Largely closed 
crown cover. 50% 
deciduous, 25% 
spruce, 25% shrub. 
Commercial size 
trees. 

Blue-Gray, Very Blue-Black 
Few Red Patches 

D 	 E 

Largely bog. Not observed. 

Medium crown cover Not observed. 

shrub thicket, 65% 

shrub, 35% spruce. 

Sapling size trees. 


Largely closed Largely closed 

crown cover spruce crown cover, 80% 

forest, 70% spruce, spruce, 10% decid
20% shrub, 10% de- uous, 10% shrub. 

ciduous. Pole to Pole to commercial 

commercial size size trees. 

trees. 


Largely closed Moderate crown 

crown cover, spruce cover, 50% shrub, 

forest, 80% spruce, 50% spruce (largely 

10% deciduous, 10% black spruce). Sap-

shrub. Commercial ling to pole size 

size trees. trees. 


commercial size trees. 
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density, so that volume estimates could 
Table 5 be made. His five species codes included 

ACREAGE MEASUREMENTS BY SECTION not only keys for uniform stands of, for 
AND SPECTRAL/GRAY CLASS example, paper birch or white spruce, but 

FAIRBANKS D-3 QUAD mixed stands (no single species compos
ing more than 69% of the stock) and 

T1N R4W A1 A2 81 B2 C1 C2 01 02 03 E3 hardwood stands in which the species 
could not be ascertained. The size class 

Sec 1 45 234 164 62 85 codes were saplings, pole timber, and saw 
timber; the three density codes were based 

Sec 2 221 6 219 100 
on percentage of crown closure, from 10% 

Sec 11 246 391 minimum for code 1 to 100% maximum 
in code 3. 

Sec 12 24 28 91 355 198 Wieczorek divided the resulting cate

Sec 13 164 9 94 39 230 70 79 gories into immature and mature timber 
types. He calculated gross volumes for the 

Sec 14 146 5 15 43 253 207 mature types and mean annual increments 
for the immature types. Furthermore, heSec 23 25 39 365 79 54 62 
computed spruce and hardwood volumes 

Sec 24 3 67 29 376 74 62 separately, apparently assuming that 
spruce would become construction materSec 25 176 221 49 209 
ial and that hardwoods would be used as 

Sec 26 19 235 211 186 cordwood. Wieczorek's work was directed 
toward computing a mean annual cut 

Sec 27 235 
giving a sustained yield. Clearly, this in

Sec 34 19 178 114 volves not only the standing gross volume 
of mature trees, but also the mean annual 

Sec 35 209 358 57 17 increment of the immature trees. 

Sec 36 92 88 185 98 179 In our work we only used Wieczorek's 
volume estimates to arrive at the volumeNote: Vegetation classes not listed here (such as AO, C3, and E1) were not present in this township. 
of mature trees now available (Table 6). 

the boundaries are arbitrary, the cumu assumption. Wieczorek2 defined a three Clearly, the process could be extended to 

lative accuracy is probably not changed dimensional matrix describing forest give a sustained yield if such a calculation 
much. The acreage estimates were pre types by species, size class, and stocking is desired. Furthermore, we assumed as 
sented in a set of tables; Table 5 is one 
of these. Due to time limitations, only Table 6 

half of the Fairbanks D-3 quadrangle 
 SATELLITE IMAGERY RELATED TO WIECZOREK'S VEGETATION MATRIX 
was inventoried. 

Volume Estimates Matrix Element Gross Volume/Acre Closest Vegetation Category 
(Wieczorek) in ft3 of Hardwood (Satellite Imagery) 

Wieczoreck2 has estimated the sus
tained yield of the State of Alaska forest 
lands within 60 miles of Fairbanks and H21 810 A1 

found that 31 ,000 cords of hardwoods and H22 1120 A2,B3 

2800 million cubic feet of softwoods H23 1430 B1 

could be harvested per year. (Interior H32 1500 B2 

Alaska's deciduous broadleaved trees - H31 1130 * 

aspen, cottonwood, and birch - are con H33 1900 B2 

sidered to be hardwoods; the coniferous M21 470 * 

spruces are softwoods to foresters. 3 
) In M22 630 C2 

1975 personal-use fire permits for 20,000 M23 790 C2 
* cords were issued and the projected 1980 M31 680 

permit issuance was for 34,000cords. One M32 890 C3 

can conclude that State of Alaska forests M33 1100 C3 

in the Fairbanks area appear to be near 
their sustained-yield limit. Use of Landsat *There is no correspondence for three categories. In each of these cases, either the 
imagery can help verify or disprove this volume/acre is low or the frequency of occurrence is low, or both. 
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did Wieczorek that spruce will not be 
used for fuel purposes. Inverting Table 
6 and averaging in the cases of dual cor
respondence, we have the estimates shown 
in Table 7. 

In order to arrive at a volume estimate 
of cordwood potential in each square mile 
section of the area of the Fairbanks D-3 
quadrangle measured, the area measure
ments were multiplied by the correspond
ing volume values just described to yield 
seven pages of tables giving the standing 
mature cordwood volume estimates by 
township and section within the Fairbanks 
D-3 quadrangle. Table 8 gives the estimate 
for the same township and sections as 
noted in Table 5. 

DISCUSSION 

The objective of this work was to 
demonstrate a low-cost method of inven
torying cordwood at a reconnaissance 
level. In all, 962,000 acres were mapped. 
However, because of time limitations only 
120,000 acres were inventoried by means 
of measuring the areas of the various vege
tation categories in each section. The cost 
for the area actually inventoried came to 
16¢ per acre. It is estimated that adding 
the relatively small incremental cost of 
measuring the vegetation categories on the 
balance of the maps (and increasing the 
area inventoried by a factor of eight) 
would decrease the cost per acre to 2% l,t. 

Mapping and inventory were performed 
at 1:63,360 scale (or one inch to the mile). 
This scale is probably the limiting one for 
the mapping technique described here. We 
suggest that, if possible, inventories should 
be done on as small a scale as is practical 
for the purpose in mind. For instance, re
ducing the scale by half (125,000 scale) 

Northwest-facing slope as seen across a 
broad valley in late May. Foreground and 
lower hillside are D1 and 03 vegetation 
units, with a band of 03 across the middle 
of the hill. A 82 area (mostly birch) covers 
the upper slope. 

decreases the actual map area by four. At 
this scale, map unit boundaries become 
more distinct, so that maps are easier to 
draw. However, it should be realized that 
position of the map unit categories will 
change. This stems from the requirement 
for greater grouping of color and gray 
scale classes as map units necessarily in
clude larger portions of the earth's surface. 
(The actual size of the minimum useful 
map unit as drawn on the map remains 
constant.) 

People using Table 8 need to consider 
several factors. 

1. The right-hand column of Table 2 
shows that there was a wide variation in 
the density within each of the vegetation 
classes, averaging about 30%. Although 
one would expect these variations to bal
ance out over a large area, one section is 
considerably too small to rely on this ef
fect. Hence, a variation of around 30% 
should be anticipated for the cordwood 
volumes given here for each section. 

2. An inventory by section can be 
somewhat misleading (though the circum
stance of ownership pattern practically 
demands that the reconnaissance be per
formed in this manner) because vegetation 
unit boundaries meander across sections, 
and entire vegetation units are rarely con
tained in a single section. At the same time, 
the vegetation units are 'usually consider
ably smaller than a section. The result is 
that portions of several units are found in 
each section, which produces averaging
out that tends to mask the locations of 
highly significant stands of potential 
cordwood. 

3. On the other hand, low-density 
stands found throughout an entire section 
may yield a cordwood volume equal to 

that of a section with one relatively small 
area of high density and the balance of 
the section with no useful trees at all. In 
this case, the first section may not be 
worthy of consideration because the cost 
of providing access throughout the section 
would be prohibitive while the cost of 
access to the small high-density stand in 
the second section would be acceptable. 

Bearing these factors in mind, we see 
that while the values given in Table 8 yield 
an estimate of the total volume of cord
wood technically available, this is far from 
the volume pragmatically available. The 
best use of the table is that of an indica
tor of locations where large volumes of 
cordwood from mature trees might be 
available. After identifying candidate 
areas from the table values, a person 
seeking firewood should consult the 
vegetation unit map to determine wheth
er cordwood is available at a useful 
density and, by considering vegetation 
units in adjacent sections, whether truly 
large volumes are actually available. Next, 
access should be considered. This is very 
important in interior Alaska, because 
access may require tens of miles of roads. 
Finally, ownership of potential cordwood 
areas must be considered: some cordwood 
areas are virtually inaccessible because of 
other planned uses for the land. For in
stance, the Fairbanks North Star Borough 
has received title to large areas of state 
land in the Fairbanks area. The Borough 
Assembly has announced its intention to 
subdivide and sell this land for develop
ment purposes. It is quite unlikely that 
much of this land will be available for 
cordwood cutting except along road 
right-of-ways as access is created and by 

Table 7 

VOLUME OF MATURE HARDWOODS 


PER MAP UNIT CATEGORY 

(rounded to nearest 100 


cubic feet per acre) 


A 1 = 800 ft3 IA 

A2 = 11 00 ft3 IA 
B 1 = 1 500 ft 3 IA 
B2 = 1900 ft3 IA 
B3 = 11 00 ft3 IA 
C2 = 700 ft3 /A 
C3 = 1000 ft3 /A 
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Table 8 
STANDING MATURE CORDWOOD VOLUME ESTIMATES 

FOR TOWNSHIP 1 NORTH, RANGE 4 WEST 
OF THE FAIRBANKS D-3 QUADRANGLE MAP 

Section 	 Volume (cu ft) 

T1N R4W 
1 	 8.55 X 104 

1032 	 4.2 X 

11 1.72 X 105 

12 1.36x105 

13 3.56 X 105 

14 1.83x105 

23 	 8.12 X 105 

24 	 8.34 X 105 

25 	 6.14 X 105 

26 4.67 X 105 

27 4.46x105 

34 	 3.61 X 104 

35 	 9.1 X 105 

36 	 2.68 X 105 

the new private owners. Since the timing 
of these uses is difficult to predict, it 
is not possible to consider how wood in 
these areas will impact the overall avail
ability of cordwood. 

As an example of the use of Table 8, 
it can be seen that section 35 in Township 
1 north, Range 4 west is estimated to 
contain 9.1 x 105 cubic feetofcordwood. 
This is the largest volume per section listed. 
A check with the vegetation-type map 
shows that this section contains a great 
deal of B2 and A2. Nearby, sections 23 
and 24 contain an estimated 8.12 x 105 

and 8.34 x 1 05 cubic feet of cordwood 
respectively. These units also contain 
large areas of B2. As Table 7 shows, vege
tation category B2 contains the largest 
potential cordwood volume per acre ( 1900 
ft3 /A). These three sections contain the 
three greatest potential cordwood volumes 
of all the sections inventoried, but all three 
are located within the Goldstream com
partment of the State Forest Lands. 
Sections 23 and 24 are currently being 
offered for cordwood cutting by the State. 

The Goldstream compartment extends 
to the west from the area mapped and in
ventoried here. A glance at the satellite 
imagery suggests that it contains many 
more sections with high cordwood density. 
The State's sustained-yield cordwood esti
mates are based partly on these high-
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Volume (cord) 

1029.5 X 

4.67 X 10 
1.91 X 102 

1.51 X 103 

3.96 X 103 

2.03 X 103 

9.02 X 103 

9.27 X 103 

6.82 X 103 

5.19 X 103 

4.96 X 103 

4.01 X 102 

1.01 X 104 

2.98 X 103 

volume timber stands, and even if addi
tional cordwood areas are harvested else
where, Table 8 suggests that the density 
and maturity of the trees probably will 
be such that the harvesting process will be 
less efficient than in the cutting areas 
currently being offered by the State. 

A caution concerning the use of 
the tables should be made: whenever a 
section is selected for closer scrutiny, the 
statistical variation in density should be 
borne in mind. The area should be ex
amined for factors such as aspect which 
may cause the actual density to be on the 
low side of average for that vegetation 
category. 

Finally, it should be stressed that the 
technique described here is largely a re
connaissance process aimed at exploring 
a wide region quickly in order to locate 
areas for closer investigation. Before con
sideration of a potential cordwood area 
progresses very far, a site should be visited. 

RECOMMENDATIONS 

It may appear that this demonstration 
project has identified a number of areas 
with immediate cordwood potential in the 
Fairbanks area, and therefore a continued 
supply of cordwood may not be a major 
problem. This is probably misleading. As 
has been pointed out, the state is already 
offering the best sites. Many of the re

maining sites are relatively inaccessible 
or of considerably lower density. In 
addition, although we were not able to 
take ownership into account in a thorough 
way, many of the accessible and relatively 
high-density sites appear to be in private 
ownership or will be sold into private 
ownership in the near future. Therefore, 
the yearly sustained yield from state 
forests may very well approximate the 
total cordwood production available to the 
community without building expensive 
roads to remote timber stands. 

We recommend that if any local entity 
is concerned about providing the Fair
banks area with long-term cordwood 
supplies at quantities greater than the 
sustained yield from the state forest 
lands, they take the following steps: 

• 	 Complete the reconnaissance begun 
here. 

• 	 Perform adequate field verification. 
• 	 Identify source areas which are likely 

to remain in the public domain. 
• 	 Enter into negotiations with the agen

cies managing these lands, with the 
objective of securing the cordwood 
supplies on these lands for future use. 

For example, we found large areas of 
immature forest on the federal military 
reservation north and east of Eielson Air 
Force Base. Originally the area contained 
a bombing and gunnery range, and later 
there were anti-aircraft missile sites, so it 
also has an extensive road network. It is 
possible that this area could yield signifi
cant cordwood supplies even now; how
ever, the yield could be significantly 
greater in a decade or two. If this area 
were to be set aside for this use, a manage
ment plan including fire protection should 
be initiated soon. 
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THE SUPERINSULATED 
PERSPECTIVE HOUSE 

The most energy-efficient shelter would 
be a small superinsulated box with no 
windows, but houses have to meet more 
of our basic human needs than simple shel
ter. Energy efficiency has to be put into 
perspective with our other needs: light, 
air, and space. The "Perspective House" is 
designed to be extremely energy efficient, 
and yet provide a rich and varied environ
ment as a preventative for cabin fever. It 
is also designed to permit year-round food 
production via features that are integrated 
into the total energy program for the 
house. 

PERSPECTIVE 

The design begins with a small super
insulated story-and-a-half box (24' x 32') 
for greatest energy efficiency. There are 
no bays, projections, or cantilevers which 
are costly to construct and difficult to 
insulate properly. Architectural gymnas
tics are confined to the interior of the 
house, where a variety of levels and spaces 
"explodes" the basic box, demonstrating 
that a square house does not have to be 
boring. 

The open-plan first floor provides a 
living room with sunken seating area and 
a sunny dining alcove open to a high ceil

by Jane Galblum Haigh 

ing. Patio doors in the dining room open 
into the attached greenhouse/sunspace. 
The large centrally located kitchen is open 
to the living area and also has windows 
into the sunspace. The first-floor bath
room connects directly into the sauna 
which, together with a hot-tub in the sun
space, provides for family bathing and 
relaxation. 

The large sunspace provides flexible 
family living space with a large deck, sauna 
and hot-tub as well as growing beds for 
vegetables and flowers. The sunspace is 
separated from the house with double-

Jane Galblum Haigh is a designer of energy-efficient and solar homes in Fairbanks, Alaska, with a B.A. degree in architectural 
history from the University of Oregon's School of Architecture and Allied Arts. She was a principal in Superinsulated Homes, Inc., 
when this design was submitted in the Alaska Energy Center/Division ofEnergy and Power Development residential design competi
tion (see TNE Vol. 15, No. 2 for more on that competition). 
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SECOND FLOOR 
PLAN 

552 SQ. FT. 

pane windows and doors so that it does 
not have to be heated during the coldest 
months. However, it would probably be 
usable from late February through Octo
ber in Fairbanks. 

For the children, or for a studio, there 
is a unique 10 x 10 bedroom/playhouse, a 
full story and a half in height, with its own 
built-in loft beds. The spacious master 
suite occupies the entire second floor, 
with bedroom, half-bath and dressing area, 
plus a skylight-enhanced platform over
looking the living and dining areas. 

The basement is designed to accommo
date a growing area for producing flowers 
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768 SQ. FT. 
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or vegetables such as tomatoes, equipped 
with metal halide lights, and deep gravel
and-earth growing beds which can filter 
and reuse greywater. The growing area 
complements the function of the green
house, providing a place to start seedlings 
in late winter before they are transplanted 
to the greenhouse as it warms up in the 
spring. 

ENERGY SYSTEMS 

Superinsulated shell 

Basically, the primary energy system is 
an energy-conserving one: the superinsu
Iated exterior shell. This cuts the energy 

needed for heating to a bare minimum so 
that a large percentage of that energy can 
be supplied by solar heat gain from the 
sunspace. Double 2 x 4 walls are insulated 
with 16" of fiberglass batts (R-52). The 
roof is constructed with 24"-deep lumber 
and plywood trusses filled with 18" of 
fiberglass batts (R-60). thus allowing a 
6" space for ventilation. 

The foundation walls consist of double 
6" concrete block walls with 4" of Styro
foam™ between them (R-18). The inner 
block wall acts as thermal mass for the 
basement, providing a thermal flywheel 
effect for the house. The floor joists are 
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supported on the inner wall, allowing a 
continuous sealed vapor barrier of 6-mil 
polyethylene to run under the slab, onto 
the outside of the inner block wall and 
the rim joists, and on the outside of the 
inside frame wall and up across the ceiling. 
This effectively prevents cold air infiltra
tion through the rim joist area, one of a 
conventional home's greatest problem 
areas. To further cut down on infiltration, 
the front door is protected by an arctic 
entry. 

Air-to-air heat exchanger 
With the house constructed to be com

pletely tight, an air-to-air heat exchanger 
is recommended. The exchanger provides 
forced ventilation, recapturing the heat 
from warm exhaust air and using it to 
heat fresh incoming air, thus eliminating 
70 to 90 percent of the heat normally 
lost through infiltration. 

Windows and shutters 
The house is designed with only a few 

windows on the east and west and none 
on the north side, where they would be 
net heat losers. For greatest thermal ef
ficiency, the house was designed with 

AIR 

1 Hot air pulled into heat storage 
from basement lights and greenhouse.

2 Hot air rises through deck in 
greenhouse.

3 Hot air enters house through 
upper story vents, doors and windows. 

4 Hot air is drawn from ceiling into 
basement through ducts, some heat is 
stored in walls and floors in basement. 

5 On colder days, heat is pulled from 
rock bed storage into house. 
Conventional forced air furnace may 
augment heating if necessary. 

HOT WATER 

8 	Water is heated in solar collectors 

on south side of sauna, inside 

greenhouse and in: 


b Wood stove in sauna. 
C Hot water is stored in 250-gallon 

MECHANICAL SYSTEMS 

double-pane windows and automatically 
operated exterior shutters made of 2" 
foam covered with nylon fabric. Shutters 
would be programmed to open at daylight 
and close at sunset. (A shutter of this 
type was designed by Ed McGrath, and a 
prototype was installed on the Energy 
Demonstration Building at the Tanana 
Valley Fairgrounds. Unfortunately, ex
terior shutters are probably not cost effec
tive. Triple pane or heat mirror windows 
might be substituted if the house were to 
be constructed today.) A generous num
ber of doors and windows are located on 
the south side, opening into the protected 
environment of the sunspace. 

Greenhousejsunspace 
With the heat loss from the house cut 

to an absolute minimum (typically 10,000 
to 15,000 BTUs/hr maximum for houses 
of this type), solar heat can make a major 
contribution to the total heating load. 
The large greenhouse/sunspace is the ma
jor solar feature. The sunspace is thermally 
isolated from the house so that it cannot 
rob house heat in the coldest tempera
tures, although the occupants could 
choose to heat the sunspace. Heat that is 

insulated water tank with exchanger. 

captured by the sunspace can be moved 
into the house directly through windows, 
doors and vents, or stored in a rock bed 
beneath the greenhouse deck. A hot tub 
within the space contributes thermal mass, 
as does a masonry chimney for the sauna's 
wood-burning stove. 

Solar collectors 

Active solar collectors are located with
in the greenhouse on the south wall of 
the sauna, where they are protected by 
the greenhouse glazing. The collectors 
contribute to domestic hot water heating, 
and heat the hot tub. 

Wood heat 
The principal backup heat is provided 

by a water-jacketed wood-burning stove 
located in the sauna within the green
house. The heat produced can be used or 
stored in a variety of ways. The water
jacketed wood stove together with the 
solar collectors should supply most of the 
domestic hot water throughout the year. 
With a masonry chimney mass and pro
vision for heat transport and storage by 
means of both air and water, the sauna 
stove could be fired mostly at high tern-
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peratures and thus would operate very 
efficiently. 

Lights 

The final backup heating system is in 
the form of halide lights in the basement 
growing area. Operation of the lights 
would be the largest utility expense, but 
would have a tremendous payback in the 
form of year-round fresh tomatoes, cu
cumbers and melons or even fresh flowers. 
Conversely, heat produced by the lights 
as a by-product of the growing operation 
can be used or stored directly in the mass 
of the basement or indirectly in the rock 
bed. 

MECHANICAL SYSTEMS AND 
HEAT STORAGE 

Air systems 
An air handling system is used to 

transport and store heat produced from 
various sources. A rock bed under the 
greenhouse deck that is insulated from 
the surrounding ground is the main storage 
device. Solar- (or stove-) heated air from 
the green house is allowed to enter the 
house through windows, doors and vents 
into the upper story. In the house, heated 
air is collected from the peak of the ceil
ing and moved mechanically through ducts 
into the basement. The mass of the base
ment itself will store some of the heat. 
When the temperature exceeds a prede
termined point, excess heat is pushed into 
the rock storage bed. Hot air from the 
greenhouse may also be pulled directly 
into the rock bed. Heat stored in the rock 
bed may be allowed to radiate directly in
to the greenhouse, or the warmed air may 
be pulled in through ducts to heat the 
house. 

SINGLE FAMILY 
Garage Optional 

EAST ELEVATION 

Water 
Domestic hot water is produced by 

solar collectors within the greenhouse, 
and by the water-jacketed wood stove. A 
closed-loop system is used to transfer heat 
to a large water storage tank with an elec
trical backup coil. 

Wastewater 

The house is designed to accommodate 
a Clivus Multrum com posting system, with 
two toilets and a chute for kitchen wastes. 
The composted material can be used for 
ornamental plants in the growing beds. 

The greywater is filtered and then is 
piped into a 6"-deep gravel layer under 
the growing beds. Filtered by the soil lay
er, it feeds the plant roots, and also con
tributes waste heat to the mass of the 
soil. 

MARKETABILITY 

Even with the long dark winter hours 
encountered in the far north, this house 

provides an environment that is light, spa
cious, warm and activity-centered. The 
Perspective House is designed to provide 
maximum comfort at a minimum main
tenance cost. 

Despite its many contemporary energy
sav-ing features, the Perspective House 
blends quite niceiy into traditional urban 
or rural housing developments. Because 
these units can be easy "add-ons" to cre
ate a townhouse effect, their versatility 
and saleability are enhanced. None of the 
energy-conserving or passive solar mechan
ical features of the Perspective House de
tracts from its "conventional" appearance. 
And - vitally important for standard 
financing - the house conforms to all 
HUD and FHA requirements. + 

NORTH ELEVATION 
SINGLE FAMILY ATTACHED 

Garage OptionalGarage Optional 
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Heap-Leaching for Low-Grade 

Precious Metal Deposits 


by Thomas Albanese 

The Candelaria Mine, Nevada, is one of the largest heap-leach operations in the 
world. This photo, taken in early 1983, shows the Lucky Hill pit in the foreground 
and the Mt. Diablo pit behind. (All photos courtesy of Tom Albanese.) 

BACKGROUND 

Over the past two decades, technologi
cal and metallurgical advances have made 
possible the exploitation of extremely 
low-grade precious metal deposits. The 
process, known simply as "heap-leaching", 
enables mine operators to forgo many of 
the capital and operating costs normally 
associated with a mining venture. This ar
ticle will describe the heap-leaching process 
in detail, and point out some potential 
applications of this technology which may 
be utilized in Alaska. Particular emphasis 
will be given to the Candelaria Mine, Neva
da, owned and operated by Nerco Minerals 
Company of Fairbanks, Alaska, and the 

Alligator Ridge Mine, Nevada, in which 
Nerco Minerals holds a 50 percent interest. 

THE HEAP-LEACHING PROCESS 

The basic heap-leach process is relative
ly simple. The ore is crushed to%" to 2" 
size, placed in heaps on an impervious plat
form and subsequently sprayed with a 
weak solution of cyanide and lime or 
caustic soda. As the solution percolates 
through the heap it will absorb the gold 
and silver contained in the ore. The ab
sorbed (pregnant) solution then drains off 
the impervious pad into a solution pond 
at the base of the heap. 

This pregnant solution is pumped to a 
process facility where it is processed in one 
of two different ways: the Merriii-Crowe 
zinc or carbon-in-pulp (CIP) processes. 

The Merriii-Crowe process has been 
used since the turn of the century by var
ious South African mines. The pregnant 
solution is initially passed through a de
aeration process which removes most of 
the oxygen from the pregnant solution. 
The solution is then brought into contact 
with zinc powder under pressure in precip
itate filters. The zinc replaces the gold and 
silver in the solution, and the two precious 
metals come out as a sludge collected on 
filter cloths. The barren solution is treated 
and recycled through the leaching system. 
Flux is added to the sludge which is then 
charged into a furnace for melting into a 
dore product. The dore, poured into 500

Thomas Albanese is manager of Business Planning and Technical Analysis, Nerco 
Minerals Company, Fairbanks, Alaska, and holds a B.S. in mineral economics and an 
M.S. in mining engineering from the University ofAlaska-Fairbanks. 
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700 ounce buttons or bars, is ready for 

shipment to a refinery for upgrade to 999 
fineness Hallmarked gold and silver prod
ucts. 

The CIP process is a recent innovation, 

thanks to both the U.S. Bureau of Mines 
and the Homestake Mining Company. This 
technique takes advantage of the ability 
of activated carbon to absorb complex 
precious metal ions. The pregnant solution, 
after passing through vats of the activated 
carbon (roasted coconut shells in many 
cases), will deposit the gold and silver in 
the carbon granules. As in the Merriii
Crowe process, the barren solution is 
treated and recycled through the leach 
process. The carbon granules are loaded 
with precious metals until the carbon itself 
assays between 100-500 ounces per ton, 
depending on the nature of the ore. The 

loaded carbon is stripped of the precious 
metals by a hot caustic cyanide solution. 
The precious metals are electroplated from 
this solution onto steel wool. The electro
plated precious metals are added with flux 
and charged into a furnace to produce 
dare bars. As in the Merriii-Crowe process, 
these bars are shipped to a refinery for 
final upgrade. 

These two processes each have their 
particular application, depending on the 
economics and the nature of the ore. Gen
erally, the Merriii-Crowe process is less 
capital intensive and more economical in 
silver-rich ores; the CIP process is usually 
more efficient on an operating-cost basis. 
In either case, total recovery of the pre
cious metals in the ores ranges between 
50-80%. 

DEVELOPMENT OF HEAP-LEACHING 

Leaching of ores dates back to the mid 
1700s when it was used at the Rio Tinto 
Mine in Spain to recover copper from ox
ide ores. In the United States, the basic 
leaching process has been increasingly em
ployed since the 1920s to recover copper 
from low-grade oxide ores. Leaching has 
also been used to extract uranium from 
western roll-front deposits.* It is not until 
recently, however, that the leach technol
ogy has been available for ores containing 
gold and silver. 

*A "roll-front deposit" is a uranium or vanadium 
orebody in a sandstone lens or layer that cuts 
across bedding in sharply curving forms, com
monly C-or S-shaped in cross section. 

A ditch from the heap-leach pads drains 
pregnant solution loaded with gold to the 
refinery, Alligator Ridge Mine. 

The initial heap-leaching work was per
formed by the U.S. Bureau of Mines in 
1967. Initially it was evaluated as a poten
tial low-cost technique to recover submi
cron-size gold particles from limestone 
and dolomite-sandstone ores. By the end 
of the 1960s it became apparent that 
heap-leaching was in fact an economi
cally viable technique for processing low
grade ores. 

In 1970 a 2000-ton test heap was 
leached at Carlin, Nevada, and by 1971 
commercial heap-leaching of 10,000 tons 
per month began. During the 1970s more 
companies became interested in heap-leach 
technology and its application. Additional 
research by the U.S. Bureau of Mines and 
others perfected the technique of agglom
eration to assist recovery in clay-rich ores. 
By 1979 an estimated 10 percent of total 
U.S. primary production was from heap
leach operations; by 1982 this had in
creased to 20 percent. Additionally, many 
new projects are being contemplated which 
would employ heap-leach technology. 

THE ECONOMIC BENEFITS OF HEAP

LEACHING 

Heap-leaching is a relatively simple op
eration mechanically. Except for crushing 
the ore to the size of gravel and building 
the pads, there is no mass movement of 
materials through a series of complex 
mechanical processes. Movement is only 
of solution through the process; in fact, 
the only major moving parts in a typical 
process are the solution pumps. This sim
plicity not only removes the burden of 
high capitalization from a plant but it also 
reduces operation costs throughout the 
life of the mine. An added advantage is 
that fine grinding of the ore, an expensive 
process needed in most mining operations, 
is eliminated. 

Economically, the benefits of a heap
leach operation may be applied to the 
entire spectrum of mine operations. Small
mine operators in the western U.S. have 
applied heap-leaching techniques to depos
its not much bigger than a typical Alaskan 
placer. On the other hand, an operation 
like Candelaria can successfully employ 
heap-leaching on a 10,000 tons per day 
(TPD) operation. 

TO USE OR NOT TO USE HEAP
LEACHING 

In deciding whether to employ heap
leaching in a prospective new mine, there 
are several technical and economic varia
bles which need to be considered. 

The most important constraint is the 
ore itself. It must be determined if the 
physical characteristics of the rock and 
the enclosed precious metals are amenable 
to heap-leaching. Generally, an ore must 
have the following characteristics to be 
suitable for heap-leaching: 

• Extremely small gold particles. 

• Gold and silver mineralogy that is 
leachable by cyanide. 

• Host rock porous to cyanide solu
tion. 

• Relative freedom from cyanides 
(calcopyrite, pyrite, arsenopyrite, sphaler
ite, etc.). 

• No excessive amounts of fine, clay 
materials. 

• Few acid-forming constituents which 
could cause high lime consumption. 

The location of the site itself plays an 
important part in the mine operator's abil-
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Inspecting silver precipitate in the secured 
area of the refinery at Candelaria. 

A pipeline at Candelaria transfers loaded cya
nide solution to the secured area for final 
recovery of silver dore. 

ity to utilize heap-leaching successfully. 
As discussed later, this is the area in which 
unique innovations may be required in 
order to use heap-leaching effectively in 
Alaska. Temperature is a critical factor. 
Below 10°C the solubility of gold and sil
ver is significantly reduced. Below the 
freezing temperature, open spraying of 
the cyanide solution becomes hindered by 
freezing in the pipes and in the sprays. Ex
cessive rainfall is another constraint; high 
precipitation can dilute the solutions and 
seriously affect the economics of either 
the Merriii-Crowe or CIP process. Storage 
capacity for the excess diluted cyanide 
solution is also a problem. 

The trade-off in using heap-leaching is 
lower recovery of the overall metal con
tent than could be expected from more 
conventional vat mill operations. In many 
potential mine operations, the economics 
could not stand up to such low recoveries, 
particularly in high-unit value underground 
deposits. Generally heap-leaching is most 
economic in low-grade open-pit, low strip
ping-ratio reserves with low base metal 
values. The bulk disseminated gold-silver 
deposits are particularly good examples of 
ores suitable for heap-leaching. The mine 
life is less important in a heap-leach project 
than in a conventional mill project because 
the capital requirements for a heap-leach 
project are virtually nil when compared 
to a vat-process, with its associated grind
ing, flotation, and other requirements. All 
of these economic constraints need to be 
considered in addition to the metallurgical 
and physical factors. 

THE CANDELARIA SILVER MINE 

An old mining camp, Candelaria was 
investigated by Occidental Minerals during 
the late 1970s. Based on feasibility studies, 
OxyMin decided in 1979 to build a heap
leach, 10,000 TPD operation. The facilities 
were built by Bechtel, Inc. 

OxyMin suspended mine operations in 
May, 1982, due to short-term weak metal 
prices. In early 1983, by purchasing the 
outstanding common stock of OxyMin, 
Nerco Minerals gained the controlling in
terest of Candelaria and became the oper
ator. Mine operations resumed, and in late 
1983 Nerco Minerals acquired the remain
ing interest in the mine and became full 
owner. Candelaria is currently operating 
at full production. 

The Candelaria deposit represents the 
oxidized cap of a shale-hosted subvolcanic 
massive sulfide. Mining is by standard blast
hole open-pit techniques. The blasted ore 
is loaded by 992 loaders into 85-ton 
trucks, which transport it to a crushing 
complex where it is agglomerated and 
crushed to a uniform one-inch size. The 
agglomerated material is placed on 300 
by 1200 foot leach pads, built to a height 

of 20 feet and underlain by impermeable 
clay. Standard irrigation techniques are 
used to spray the cyanide solution. The 
Merriii-Crowe zinc process is employed 
on the pregnant solution. 

Total capacity of the Candelaria Mine 
is over 1,700,000 ounces of silver and 
9500 ounces of gold annually. The Candel
aria Mine is the largest open-pit primary 
silver mine in the country, in addition to 
being one of the largest heap-leach oper

ations in the world. 

THE ALLIGATOR RIDGE GOLD MINE 

A relative newcomer to the western 
U.S. mining scene, Alligator Ridge was 
originally discovered in 1976. Following 
feasibility studies and drilling, it was decid
ed to develop the deposit in 1979 with a 
heap-leach 3000 TPD operation. Bechtel, 
Inc. built the facilities in less than nine 
months. AMSELCO operates this project 
and holds a 50 percent interest. Nerco Min
erals Company, after its acquisition of Oxy
Min, holds the other 50 percent interest. 

The Alligator Ridge gold deposit is a 
"Carlin-type" ore-body composed of 
micron-sized gold particles embedded in 
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more important for any operation starting 
in a completely undeveloped area. 

Of course, the climate of Alaska does 
not provide the same operating environ
ment as Nevada or Arizona. As discussed 
earlier, heap-leaching is extremely tem
perature-dependent and may be impossible 
in many parts of Alaska. On the other 
hand, there are many areas in Alaska 
where conditions may be amenable to 
heap-leaching, given innovations and appli
cations of existing technology. 

In the Interior, heap-leaching may be 
approachable in much the same way as a 
placer operation. Setup, stripping opera
tions and leach pad building could take 
place during the winter, and the actual 
leaching could take place during the brief 
but warm summer. This approach would 

Molten material from the furnace is poured into a conical mold to form silver doni provide at least five months of leaching, 

buttons, Candelaria Mine. and this period could be extended by 

an iron-streaked limestone. (Such deposits 
are commonly referred to as "no-see-urn" 
gold deposits.) Mining is by blasthole open
pit techniques. The blasted ore is loaded 
by 988 loaders into 35-ton trucks and 
taken to a crushing complex where it is 
agglomerated and crushed to a %" size. 
The agglomerated material is piled to a 
height of 15 feet on 300 by 700 foot leach 
pads underlain by impermeable clay. Stan
dard irrigation techniques are used to spray 
the cyanide solution. The CIP carbon proc
ess is employed on the pregnant solution. 

The Alligator Ridge Mine is one of the 
ten largest gold mines in the U.S.; its total 
capacity is over 60,000 ounces of gold 
annually. 

identified through the advent of plate tec
tonics and current economic geology the
ory. A particular example of this may be 
the recent discoveries on the Alaskan Pen
insula and Aleutian Islands. 

burying the irrigation lines (as is done at 
Candelaria during the winter) or actually 
heating the solution (as is done at Round 
Mountain). While the season would be 
short, it would not be much shorter than 
some operations currently have in the 
Rocky Mountains. The low amounts of 
precipitation would also benefit heap
leaching. A covered operation may also 
be possible. 

Along the southern coast of Alaska, 
the mild temperatures may allow heap
leaching for most of the year. The chal
lenge would be in dealing with the high 
precipitation that normally occurs there. 
Proper engineering would prevent drainage 
of hillside runoff into the solution pond 
(which would probably have to be en

THE FUTURE IN ALASKA FOR HEAP
LEACHING 

closed). The heap pads themselves would 
need to be covered by an impermeable 
fabric to prevent rain or snowfall from 

Except for the climatic constraints, 
Alaska may have all the other parameters 
necessary for heap-leaching. Particularly, 
these include the economics and the types 

The end result: 300-600 ounce silver dore 
buttons, stored here in the mine vault at 
Candelaria. 

diluting the cyanide solution. A cable
weighted fabric dragged into place with 
heavy equipment could work on much the 
same principle as a tarp dragged into place 

of ore deposits. Most of the known and potential de during a rainy baseball game. It would 
Although the exploration for dissemin posits are very remote and far removed need to be heavy and strong enough to 

ated gold/silver deposits in Alaska is only from infrastructure, including towns, withstand the high winds common in 
a relatively recent phenomenon, early roads, and power. Should heap-leaching southern coastal Alaska. 
work already indicates that this type of prove to be technically workable in Alaska, In summary, heap-leaching is a new and 
deposit may be widespread throughout the the simplified nature of the process will very exciting technology which has revo
state. The elusive "no-see-urn" ore-bodies prove ideal in construction, start-up, and lutionized mining in the western U.S. 
that may have been the source of some day-to-day operations. Miners will need Given the desire and the innovation ofthe 
Interior placer deposits (and that have to haul in less equipment, fewer employ mineral industry, it may be possible to 
frustrated prospectors since the first gold ees will be required than in a conventional develop Alaskan ore deposits economic
rush) may well be of this type. So may the mill, and the power requirements will be ally, not 20 or 30 years from now, but 
potential new gold districts only recently much less. Such advantages will be even during the 1980s. + 
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The Arctic Science Prize 

The Arctic Science Prize was established by action of the North 

Slope Borough Assembly on March 23, 1983. The Borough in
cludes 88,000 square miles across the top of Alaska, from the 
Chukchi Sea to the Canadian border and from the Arctic Ocean 
coast to the Brooks Range; approximately 9000 permanent 
residents live in this vast territory - not counting the temporary 
inhabitants of Prudhoe Bay. The Borough is a local jurisdiction, 
like a county. The equivalent to a county seat is Barrow, which 
has changed in character from a village to a small city during the 
past two decades. 

The official Prize announcement, sent out recently by the 
NSB as an updated reminder, is no glossy advertisement; it pro
vides much detail in an unpretentious format. Soon ten scientists 
who have specialized in arctic research will become very much 
aware of what the announcement says: they will be notified that 
they are finalists in the judging for the first Arctic Science Prize, 
which involves not only considerable honor but also a $10,000 
gift. 

BACKGROUND 

After the passing of the Yankee whaling fleet, the North 
American Arctic had nearly a century's rest, but in recent years 
resource development has a!)ain brought technological impact to 
the far north. The people and government of the North Slope 
Borough are not willing to accept passively whatever transpires 
during this round of resource exploitation above the Arctic 
Circle. Their Prize announcement explains: 

... it seems reasonable that adverse environmental impacts can 
be reduced through a better understanding of natural proc
esses in the Arctic. It would therefore seem to be in everyone's 
interest to stimulate careful investigation of the physical and 
biological aspects of the Arctic. 

During the past decade major research programs have 
been conducted in the vast expanses of the North American 
Arctic. These investigations have resulted in the establish
ment of a modest data base and in the formation of a group 
of scientists with expertise in the Arctic. Unfortunately, 
within the past few years such science programs have been 
reduced in both scope and funding level. In order to try to 
reverse this unhealthy trend, the North Slope Borough is 
conducting a modest program aimed at fostering arctic science. 
The major aspect of this program is the funding of specific 
research projects. Another aspect is to be the recognition of 
individual excellence in the conduct of arctic science. This 
recognition of excellence is to be through the awarding ofthe 
Arctic Science Prize. 

It is worth noting that the Prize alone amounts to an expen
diture of more than a dollar apiece for every man, woman and 
child in the Borough; it's as if New York City announced a prize 
of $7 million (and committed tens of millions more through a 
science agency to funding urban research). It is also worth not
ing that the State of Alaska would not sustain its science advisory I 

funding agency, and dispensed with the Alaska Council on Sci
ence and Technology. With their willingness "to try to reverse 
this unhealthy trend" and to encourage a strong effort in 
northern research, evidently Barrow, Anaktuvuk Pass and 
Point Hope perceive something that evaded Juneau, Anchorage 
and Fairbanks. 

One advantage of supporting science - and honoring specific 
scientists - is that it provides a great deal of control over what 
subjects are studied. Thus, the people of the North Slope Bor
ough need not convince a distant federal official that research 
on Alaska's tundra, for example, is more deserving of money 
than are studies of New Jersey's pine barrens; instead, they can 
issue requests for proposals in areas that they can specify, and 
can attract unsolicited proposals from interested researchers 
who wish to work on arctic problems. Presently the North Slope 
Borough is responsible for supporting several research projects 
on animals valuable to the arctic subsistence economy. The 

Barrow: the community, the point, and two seas-Point Barrow 
divides the Chukchi Sea from the Arctic Ocean. (Photo courtesy 
of John Kelley.) 
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bulk of these - about a dozen projects - are on the bowhead 
whale. 

There is a· danger for those funding science, however. They 
may be perceived as buying results rather than supporting sci

ence; that is, of seeking advancement for certain political or 
economic goals instead of seeking knowledge to illuminate the 

best routes to those goals. The NSB has exerted itself to avoid 
that perception. Though the Borough sets budgetary limits as 
well as general priorities, it is the Science Advisory Committee 
that reviews major proposals for technical merit. The scientific 
findings are subject to further review and assessment; the com
pleted bowhead whale studies, for example, are submitted to 
the Scientific Committee of the International Whaling Com
mission. And, as described below, the NSB has gone to great 
lengths to be sure that the competition for the Arctic Science 
Prize is a process beyond reproach. 

THE PRIZE 

The Borough Assembly intended that the award would be 
made every two years to "distil'lguished scientists who have made 
significant contributions to man's understanding of natural 
processes in the Arctic." The explicit aims which the NSB has 
are that the Prize serve as recognition of its recipient's contri
butions, further stimulate excellence in arctic science, and focus 
attention on the Arctic and its unique problems. 

The winner of the Prize will have survived an exhaustive 
process. First, he or she must be among the perhaps 5·5 nomi
nees suggested by the candidate review committee - each of the 
11 members may introduce a maximum of five scientists' names 
for consideration. The membership of the committee broadly 
represents many possible fields and interests in arctic science: 

• Chairman of the North Slope Borough Science Advisory 
Committee (presently Dr. John Kelley, an associate professor 
at the Institute of Marine Science, University of Alaska-Fair
banks, and a former director of the Naval Arctic Research 
Laboratory near Barrow); 

• Director of the Geophysical Institute, University of Alaska
Fairbanks (now Dr. Juan G. Roederer); 

• Director of the Institute of Arctic Biology, UAF (Dr. 
John Bligh); 

• Director of the Institute of Marine Science, UAF (Dr. Vera 
Alexander); 

• Representative of the North Slope Borough government 
(presently Dr. Thomas F. Albert, Senior Scientist in the NSB 
Conservation & Environmental Protection Office and present 
chairman of the candidate review committee); 

• Representative of Alaska State government (the NSB re
quested a person from the Department of Fish and Game, to 
be named by the Commissioner; as with all "representative" 
committee members the Borough required that the named 
individual have direct experience in conducting and/or man

aging arctic research. John Burns of ADF&G is the represent
ative now holding this seat); 

• Representative of a U.S. federal agency that is conducting 
research in the Arctic (the Borough anticipates that this seat 

will rotate among the several federal agencies involved in arc
tic research; it is presently held by Jerry lmm of the Bureau 
of Land Management, OCS-MMS); 

• Representative of industry (the Alaska Oil and Gas Associ
ation was asked to propose this member, and Roger C. Herrera 
of SOHIO was chosen for this panel); 

• Chairman of the Polar Research Board of the U.S. National 
Academy of Sciences (Charles R. Bentley); 

• Chairman of the Science Advisory Board of the North
west Territories of Canada (James M. Harrison); 

• Executive Director of the Arctic Institute of North Amer
ica (Peter Schledermann). 

For each of the Prize nominees they propose, the candidate 
review committee members must prepare a one-page profile 
sheet. There is no indication on these sheets as to who nominated 
which scientist. Each member gets to read and evaluate every 
profile sheet; he or she then weighs the scientific accomplish
ments of each nominee, selects the top ten, and then ranks them 
from 1 up to 10. This provides a kind of weighted vote, a pro
cedure roughly similar to that used by U.S. sportswriters to 
select the top ten college football teams. It is after these votes 
are tabulated that the hardest work begins for the committee, 
however. 

An alphabetically arranged list of the ten highest-scoring 
scientists is then distributed to the members o·f the committee 
and the finalists are notified. The names of the finalists will be 
made public at this time as well. (Only the members ofthe score
tabulating team, consistil'lg of the Borough mayor, the Borough's 
director of administration and finance, and one of the special 
assistants to the mayor, will know the numerical ranking of 
these top ten. Their only direct contact with the whole Prize
judging procedure is to calculate the vote, prepare the alpha
betical list - and lock the raw voting material in a safe in case 
of later question.) The ten candidates must each prepare com
plete documentation, in effect presenting their careers in arctic 
science, teaching and public service. Prize competition rules re
quire a very specific form in which this supporting material is 
to be submitted, so that the candidate review committee can 
deal with similar presentations even if they must judge dissimi
lar careers. By May 1984 they will have had a chance to assess 
all documents, and will meet to debate and decide the winner. 
The North Slope Borough's announcement laconically notes, 
"This meeting of the committee will occur in Barrow, Alaska, 
and will last two days (more if needed)." 

The complex and careful procedures underline the seriousness 
of the Borough's commitment to the meaning of the Arctic 
Science Prize. 
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WINNER'S DUTIES CONCLUDING THOUGHTS 

The North Slope Borough has a ·few expectations of the Prize 
recipient. He or she must agree to come to Barrow for the Au
gust meeting of the Borough Assembly, at which the $10,000 
gift and award certificate will be presented; the Borough will 
pay for the required travel and associated expenses. In Barrow, 
the honored scientist will present a half-hour lecture, outlining 
and reviewing the work that led to the Prize. (The Borough 
hopes to see this lecture published. It will probably appear as a 
review article in a journal such as Arctic.) Later, the winner will 
be expected to give a more detailed presentation of his or her 
work, probably at the University of Alaska-Fairbanks; again, the 
NSB will underwrite any travel necessary for the Prize recipient. 

The people of the north have long had the sense that arctic 
research sometimes seems to travel a one-way path. Scientists ar
rived, studied, and departed, but the results of their studies were 
not necessarily conveyed to Arctic residents. Villagers who 
shared their hunts and even their homes with visiting researchers 
have often been left to wonder what their visitors learned and 
reported to the rest of the world. Thus it seems particularly 
appropriate that the Arctic Science Prize recipient must return 
to the Arctic and report to its people. 

Since the Prize may be awarded only to living scientists, many 
of the great names in arctic reseMch- Louis Giddings, PerScho
lander, Sydney Chapman, or Lawrence Irving, among others
cannot appear on the award certificate. The name that does ap
pear, however, should resound with theirs in the annals of the 
north. Having been judged by a diversified and distinguished 
review committee, the recipient of the first Arctic Science Prize 
should indeed be someone who has made (as the certificate 
phrases it), "outstanding contribution to man's understanding 
of the natural processes of the Arctic." 

In effect, the certificate's concluding sentence is a statement 
of understanding, a kind of admonition to the winner and a re
minder to the people of the North Slope Borough of why they 
are supporting research and awarding the Arctic Science Prize: 
"It is through the wise application of such new knowledge that 
man will hopefully be able to both live and work in the Arctic 
and yet preserve the environment for future generations." 

The report above was prepared by the editor with the help of 
Dr. Thomas Albert, Senior Scientist in the North Slope Borough's 
Conservation & Environmental Protection Office. + 

MEETINGS 

The 1984 Annual Meeting of the Alaska 
Chapter of the American Water Resources 
Association will be held at the Alyeska ski 
resort, south of Anchorage, on November 
8 and 9. The meeting organizers have in
vited papers on three main topics: institu
tional aspects of Alaskan water manage
ment, including discussions of the political, 
social, legal and environmental aspects of 
developing Alaska's water resources from 
both regulatory and developmental per
spectives; recent technical advances, em
phasizing innovative analytical methods 
and data collection techniques; and data, 
research and assessment needs. 

Further information is available from 
Stephen Bredthauer, Conference Chair
man, cfoR&MConsultants,P.O. Box 6087, 
Anchorage, AK 99502; phone (907) 561
1733. 

**** 
The Arctic Division of the American 

Association for the Advancement of Sci
ence will hold its annual conference Octo
ber 3-5, 1984, in Anchorage, Alaska. The 
1984 Arctic Science Conference-which 
is also the 35th Alaska Science Confer
ence -has the overall theme of "Science 

and Public Policy." Symposia reflecting 
that theme will include Science and Public 
Policy; Science Education; Credibility 
and Acceptance of Sciences in the North; 
Telecommunications and Policy; and 
Earthquake Hazards Reduction. As usual, 
the conference will also accommodate an 
array of technical sessions, and there will 
also be other special topics symposia: 
Meteorology and Oceanography of North 
American High Latitudes (jointly spon
sored by the American Meteorological So
ciety); Pure and Applied Mathematics; 
and Vegetation Inventory and Mapping. 

Potential authors considering present
ing papers or posters should provide titles 
by June 1, and one-page abstracts by July 
31, 1984, to Dr. John Davies, 1984 Con
ference Chainnan, AAAS Arctic Division, 
P.O. Box 80271, Fairbanks, AK 99708. 

**** 
The first announcement is already out 

for the Fourth International Symposium 
on Ground Freezing, which will be held 
August 5-7, 1985, at Sapporo, Japan. This 
symposium emphasizes artificial freezing 
of ground for stabilization and for con
trolling ground water seepage, but the 
main topics for the Sapporo meeting un

derline how applicable the presentations 
are likely to be for geotechnical problems 
in cold regions: Thermal properties and 
processes in earth materials; Mechanical 
properties and processes in earth mate
rials; Frost action; and Engineering design 
and case histories, including permafrost 
engineering. 

The organizing committee wants to 
hear soon from anyone who hopes to at
tend, especially those intending to submit 
a paper; people who are yet undecided 
about attending can ensure they are on 
the mailing list for the second announce
ment by writing ISGF 85, Institute of 
Low Temperature Science, Hokkaido Uni
versity, Sapporo 060, Japan. 

**** 
On May 15 through 18, the Arctic Sec

tion of the Society of Naval Architects 
and Marine Engineers in Calgary are acting 
as hosts for ICETECH '84, the third inter
national symposium on marine problems 
in ice-infested waters. The program indi
cates a wide array of topics, from "Nine 
Months in the Making of a Mobile Arctic 
Drilling Caisson" to "Estimation of Ice
breaking Resistance by Ship Motion Sim-
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ulation," and many noted authors from 
several countries. 

The price of attendance, which includes 
a formal banquet and the proceedings vol· 
ume, is $90 (Canadian). Further informa
tion is available from D.R. Miller (Chair
man) or D.L. Speed (Publicity Chairman), 
c/o Arctec Canada Ltd., #16, 6235 11th 
Street S.E., Calgary, Alberta T2H 2L6, 
Canada; telephone (403) 253-4883 or telex 
03821972. 

**** 
The British Hydromechanics Research 

Association ( B H RA) has announced that 
the 2nd International Symposium on the 
Large Scale Application of Heat Pumps 
will take place at the University of York, 
England, on September 25 through 27. 
"Large scale," according to the meeting's 
first announcement, includes industrial 
applications and district heating and cool
ing projects. The second announcement is 
now available from the Conference Organ
izer, 2nd Heat Pumps Symposium, BHRA, 
The Fluid Engineering Centre, Cranfield, 
Bedford, MK43 OAJ, England. 

**** 

It's been 20 years since the disaster 
itself, so in wary commemoration, during 
1984 several meetings will be held under 
the umbrella title of "The Great Alaska 
Earthquake: Retrospect and Prospect." 
According to the tentative planning 
schedule, in March the meetings concen
trated on a retrospective of the Good 
Friday earthquake combined with a review 
of the present level of preparedness; the 
Alaska Academy of Engineering and 
Science had major responsibility for the 
March events. Chiefly responsible for pre
sentations during May will be the Alaska 
Chapter of the Earthquake Engineering 
Research Institute. The emphasis will be 
on technical views of present hazards, and 
a featured event will be a joint meeting of 
the Geological and Seismological Societies 
of America (30 May-1 June). In Septem
ber, largely as a part of the Alaska Science 
Conference and under the supervision of 
the Arctic Division of the American Asso
ciation for the Advancement of Science, a 
series of symposia and other meetings are 
planned to focus on improving public pol
icy decisions bearing on natural disasters. 

A steering committee has been formed 
to coordinate the several different meet

ings, and two people have been designated 
to serve as acting information officers: 
Dr. William E. Davis, P.O. Box 103844, 
Anchorage, AK 99510; and Dr. John N. 
Davies, State Seismologist, Geophysical 
Institute, University ofAlaska, Fairbanks, 
AK 99701. 

PUBLICATIONS 

The Proceedings of the Second National 
Conference on Ethics in Engineering, Be
yond Whistleblowing: Defining Engineers' 
Responsibilities, is now available. The con
tents include revised versions of the refer
eed papers presented at the conference, 
commentators' replies, an introduction 
by the editor, and a bibliography. The 
papers' chief focus is on issues of individ
ual moral choice for engineers and on eth
ical aspects of institutional practices and 
public policy that involve engineers, but 
the volume also contains essays geared to 
engineering education and to teaching. 

The 334-page book may be obtained 
from the proceedings editor (and confer
ence director): Vivian Wei!, Center for the 
Study ofEthics in the Professions, Illinois 
Institute of Technology Center, Chicago, 
IL 60616. 

**** 
Every few months we receive an issue 

of Synopses of Swedish Building Research 
and are reminded yet again that there 
should be better communication across the 
North Pole. Synopses contains abstracts 
in English of several series of publications 
issued by or funded from the Swedish 
Council for Building Research. According 
to Synopses' masthead, the Council is "a 
government agency with the task of initi
ating, and supporting research, develop
ment and rationalization. Its field of re
sponsibility covers the whole range of 
community development-from physical 
planning through the design of buildings, 
construction techniques and production 
methods to the use of buildings." 

The range of topics and approaches is 
impressive; usually several alternative ener
gy studies are included. Some of the re
ports abstracted are available in English, 
and the abstracts themselves seem detailed 
enough to indicate whether the publication 
would be worth ordering and translating. 
Synopses of Swedish Building Research is 
sent free on request from Svensk Bygg

janst, Box 7853, S-103 99 Stockholm, 
Sweden. 

**** 
Conservation and Renewable Energy, 

Inc. (CARE). organizersofthe recent 1984 
Alaska Alternative Energy Conference, 
have announced that a few copies of the 
Energy Conference Proceedings are still 
available. In addition to containing ab
stracts (and in some cases, full texts with 
illustrations) of the papers presented, the 
proceedings volume also contains a list of 
the names and addresses of conference 
speakers and resource persons, making it 
a valuable reference for finding experts in 
various aspects of energy production and 
conservation in the north. CARE's address 
is P.O. Box 734088, Fairbanks, AK 99701; 
they're asking their cost price of $16 for 
copies of the 200-plus page proceedings 
volume, but please add $1.50 for postage. 

**** 
We are pleased to announce the return 

of a popular neighbor: Biological Papers 
of the University of Alaska has resumed 
publication. Issue number 21, Contribu
tions to the Science of Environmental Im
pact Assessment: Three Papers on the Arc
tic Cisco (Coregonus au tumnalis) of North
ern Alaska, appeared in December 1983. 
The monograph costs $5 ($4 to members 
of the Arctic Institute of North America). 
Some previously published volumes in the 
papers series are also available; for a list 
of titles, or to order the latest issue, write 
David W. Norton, Editor, Biological Papers 
of the University of Alaska, Institute of 
Arctic Biology, University ofAlaska-Fair
banks, Fairbanks, AK 99701. Checks or 
money orders should be made payable to 
the Institute. 

**** 
There are a spate of publications avail

able from the Fourth International Con
ference on Permafrost, held this past sum
mer in Fairbanks. Titles, prices and places 
from which to order are given below. 

Proceedings 
Permafrost: Fourth International Con

ference, Abstracts and Program; 278 p. 
with supplement, $10. (Geophysical Insti
tute, University of Alaska-Fairbanks, Fair
banks, AK 99701.) 

Permafrost: Fourth International Con
ference; 1524 p., 276 papers, $65. (Nation
al Academy Press, 2101 Constitution Ave
nue NW, Washington, DC 20418.) 
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LETTERS 
Back to basements 

Editor: 

With reference to Richard D. Seifert's article, "The Basics 
of Proper Design for Residential Basements in Alaska," (TNE 
15(2) :30-33), I raise several questions regarding Fig. 2. 

First, the type of insulation has not been described. For be
low-grade installation, laighly impermeable and nonabsorbent 
foamed plastic, Styrofoam SM or equivalent, must be specified. 

Second, since this is a basement, why not place the insula
tion on the interior surface where much less costly beadboard 
types may be used? It is very simple to install insulation with 
compatible adhesives, and then gypsum wallboard over the in
sulation. Interior insulation also eliminates the necessity for 
overhangs (Seifert doesn't indicate how to do this on the sides 
of the building where joists are parallel to the wall) and the 
necessity for continuous protection of the exterior insulation 
from physical damage at and near the soil surface. As shown, 
the detail is very good for a slab-on-grade type of building. 

Third, Seifert states that the vapor barrier strip (which is 
to be folded into the vapor barrier on the ceiling later) will 
ensure continuity and airtightness of the house. This simply 
will not provide vapor barrier continuity because moisture will 
be transmitted to the rim joists through the floor sheathing 
above. Anyway, why would anyone want to place a vapor bar
rier in the basement ceiling, between two warm areas? 

Fourth, a note of caution should have been included in the 
"Granular Backfill in Problem Soils" notation. In many areas 
the soil is fine-grained and poorly draining, and perimeter 
drains cannot be run to "daylight" or a storm drain. For these 
conditions, a good impermeable water shed must be placed 
over the top of the granular backfill and the ground surface 
sloped away from the walls. Even with the perimeter drain, 
lack of attention to the foregoing concerns will still result in 
some flooding of the basement. 

Fifth, if insulation is placed on the exterior, it should be 
continued over the edge of the footing to prevent soil under 
the footing from freezing and possibly heaving. If the basement 
wall is insulated on the inside, a plank of Styrofoam SM (or its 
equal) should be placed horizontally above the top of the foot
ing, depending upon the severity of the winter climate and soil 
characteristics. 

Guidebooks 
(All are published by, and available 

from, the Alaska Division of Geological 
and Geophysical Surveys, 794 University 
Avenue, Basement, Fairbanks, AK 99701.) 

#1: Richardson and Glenn Highways, 
Alaska. T.L. Pewe and R.D. Reger (eds.), 

263 p., $7.50. 

#2: Colville River Delta, Alaska. H.J. 
Walker (ed.), 34 p., $2.00. 

#3: Northern Yukon Territory and 

Leave enough spare 
material to join to stud 
frame later. 

Fold vapor barrier and 
...:..r::..~:::..I!A...l!ol'\io;:::&-- seal to concrete. Attach 

~G-ra_n_u-la_r_B_a_c_k_f-ill-ta:::::-r.:::F.~ with nailed plywood strip 

in Problem Soils 

Either vapor barrier or 
low-permeance rigid 
insulation 

Seifert's Figure 2: Basement wall insulated on the outside. 
(From D. Eyre and D. Jennings, "Air-Vapour Barriers," SRC 
Publication #E-825-2-E-81. Saskatchewan Research Council.) 

Sixth, regardless of which side of the wall is insulated, insu
lation under the floor is not necessary in any basement - or 
for a slab-on-grade building, for that matter - although for a 
daylight basement a two-foot width around the perimeter 
might be desirable in colder regions. Insulation under the en
tire floor suggests an intent to prevent degradation of under
lying permafrost; it's useless for that purpose. 

Although outside the scope of the article, the economics of 
placing insulation board on the exterior of the walls ought to 
be analyzed with respect to the greater difficulty of obtaining 
lateral stiffness (for seismic or wind loads) and for attaching 
the siding. 

John L. Cerutti, P.E. 

Frank Moolin & Associates, Inc. 


Anchorage, Alaska 


Mackenzie Delta, Canada. H.M. French and #7: Fairbanks Area Geology. R.D. 

J.A. Heginbottom (eds.), 183 p., $8.50. Reger and T. L. Pewe (eds.), in preparation. 

Other#4: Elliott and Dalton Highways, Fox 
Permafrost: A Bibliography, 1978to Prudhoe Bay, Alaska. J. Brown and 

1982. Glaciological Data Report GD-14, R.A. Kreig (eds.), 230 p., $7.50. 
172 p., $10. (World Data Center for Gla

#5: Prudhoe Bay, Alaska. S.E. Rawlin ciology, University of Colorado, Box 449, 
son (ed.), approx. 200 p., $6.00. Boulder, CO 80309.) 


#6: The Alaska Railroad Between An
 **** 
chorage and Fairbanks. T.C. Fuglestad According to a recent report from the 

(ed.), approx. 130 p., in preparation. U.S. Geological Survey's Water Resources 
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Division, the Tanana River might well be 
nicknamed the Big Muddy: at a site near 
Fairbanks, the suspended sediment load 
in the river for 1982 was 26 million metric 
tons. Documenting such details, authors 
Phillip E. Harrold and Robert L. Burrows 
have written Water Resources Investiga
tions Report 82-4213, Sedimenttransport 
in the Tanana River near Fairbanks, Alas
ka, 1982. The Water Resources Division 
also has other recent publications that 
cover other parts of the state. W. R.I. Re
port 83-4173, Trace metals in surface wa
ter and stream sediments of Healy and 
lignite Creek Basins, Alaska, by Bruce 
Parks, deals with a different Interior area. 
(Miners there may be pleased to learn that 
neither water-borne metals nor sediments 
presently constitute an environmental 
hazard.) For Southcentral, there's a two
sheet map report by Bonnie J. Bailey. Hy
drologic Data Stations and Lake Levels, 
Kenai-Nikiski area, Alaska, 1983, Open
File Report 83-938, indicates among other 
things that the lakes were a bit low there 
last year, but nowhere near their record 
lows of the mid-1970s. Southwestern A
laska work is reported in Reconnaissances 
of Surface-Water Resources in the Togiak 
River Basin, Southwestern Alaska, 1980 
and 1982. This W.R.I. Report 83-4170 
concludes that stream flow characteristics 
in the river basin are similar to those in 
adjacent ones with better stream gage rec
ords; D.R. Kernodle, R.R. Squires and 
J.M. Childers are the authors. 

Copies of these reports may be reques
ted from the Open-File Services Section, 
Branch of Distribution, Box 25425, Fed
eral Center, Denver, CO 80225. Copies for 
inspection only may be seen at various 
U.S.G.S. centers in the western states. 

**** 
Sun/Earth Buffering and Superinsula

tion, according to the packet of informa
tion received here, stressespractical advice 
based on the author's 30 years of experi
ence -plus the experiences of many other 
people as well. The nine chapters appar
ently go from the general (an introduction 
to the "sun-tempered superinsulated 
house" begins the first section) to the very 
specific (Chapter 9 presents a survey and 
data analysis, based on the experiences 
and measurements made by more than 100 
owners of envelope homes). There is also 

a reference section, including a glossary 
and list of product sources, and an index. 

Judging by the page samples, this is a 
very well-done book, attractively printed 
and clearly written. The overall tone seems 
heartening; at least in the temperate zone, 
alternative approaches have indeed come 
of age, so this book presents not just prob
ably good ideas but actual performance 
data, costs; and experiences. 

Written by Don Booth, Sun/Earth Buf
fering and Superinsulation is available 
from Community Builders, Canterbury, 
NH 03224. Paperbound copies are $17.95, 
hardcover $24.95; postage costs $2. 

NOTED 

Usually this loosely run office operates 
just well enough, but once in awhile ... 
Some months back, a note signed "Reb" 
or "Rob" appeared on my temporarily 
unoccupied desk. It had a few sentences 
and diagrams setting forth a simple but 
effective-looking device for cleaning wood
burning stove chimneys. A likely subject 
for an article in The Northern Engineer, 
but who wrote it? The staffer who had 
delivered it recalled that it arrived in a 
great clot of mail with postmarks from 
no more than two or three countries and 
a handful of states. She had tidily tossed 
the envelopes. 

The handwriting was faintly familiar. 
The name certainly was. When I had work
ed about halfway through the list of a 
couple of Rebs and nine Robs who might 
have sent the note, someone pointed out 
to me a very nice little report of an Alas
kan's chimney-cleaning idea in the March 
1984 issue of Popular Science. 

0 well. Herewith I thank Rob Rein
hardt of Aniak, Alaska (TNE Vol. 14, No. 
4) for thinking of us first; commend the 
editors of Popular Science for knowing a 
good idea when they see one; and ruefully 
suggest that the rest of you check out p. 
144 of the March PS. That's a copyrighted 
publication, so we can't show you Rein
hardt's idea. Rats. 

**** 
The December issue of Benchmarks 

noted with justifiable pride that five of 
the Cold Regions Research & Engineering 
Laboratory's staff members have received 
Army Research and Development Awards 

for 1983. According to CAREL, the re
searchers and their projects were: 

Yoshisuke Nakano, Joseph Oliphant 
and Allen Tice who were honored for their 
research in use of nuclear magnetic reson
ance (NM R) techniques for investigating 
water content and transport in frozen soil. 
The researchers demonstrated that NMR 
provides an accurate and rapid method of 
measuring these factors, an important 
finding because the unfrozen water con
tent significantly affects the strength and 
hydraulic conductivity of frozen soil. 

David Deck received an award for de
signing a frazil ice control structure at Oil 
City, Pennsylvania, a town plagued by re
current ice-jam flooding. Deck's structure 
consisted essentially of floating pontoons 
attached to cables stretched across the 
river; it forced the frazil crystals to accum
ulate behind it, thus forming a solid ice 
cover in a place unlikely to lead to jam
ming during breakup. The device did help 
prevent flooding last year at Oil City, and 
it will be further tested and observed in 
the future. 

Michael G. Ferrick received his award 
for leading a research team that included 
K. ltagaki, G. Lemieux and S. Minas in 
successfully modeling the potential for 
ice accumulation on the external fuel tank 
of the proposed Air Force space shuttle. 
One of the team's important findings was 
that the highly variable thickness of the 
insulation greatly affected the chances of 
ice forming on various parts of the tank; 
they also demonstrated that the icing 
could be suppressed by blowing heated 
air onto the tank before a launch. 

**** 
It's too late to worry about this year's 

Management Seminar and Short Course in 
Applied Thermography-that was held in 
March- but it's not too early to start think
ing of next year. The one-day seminar pro
vides an overview of infrared technology, 
its applications in the building, petro
chemical and electrical industries, and its 
profitability. The short course consists of 
30 hours of classroom instruction and one 
major hands-on assignment. Participants 
who complete the short course success
fully will be certified at Level I of the 
standard for thermography proposed by 
the Canadian General Standards Board. 

(top. 42) 

The Northern Engineer, Vol. 15, No.4 39 



INDEX TO VOLUME 15 


Albanese, Thomas 
Heap-leaching for low-grade precious 
metal deposits. 
15(4):30-33. 

Albert, Thomas (source) 
The Arctic Science Prize. 
15(4):34-36. 

Baker, Grant C. and John C. Berg 
Reducing frost heave by electro-osmot
ic dewatering and soil chemical treat
ment. 
15(4):10-15. 

Barlow, Connie C. 
see Tussing 

Berg, John C. 
see Baker 

Connor, Billy 
see Stu bstad 

Coutts, Jack 
Collecting and storing solar heat in a 
water cistern system. 
15( 1) :22-25. 

Duvernay, Eugene and Ingrid Holmlund 
Energy development: community needs 
and corporations. 
15(1):14-21. 

Eaton, Frank 
see Wendler 

Economides, Michael J. 
Optimal wall insulation. 
15(2) :34-36. 

Eschenbach, Ted G. 
Optimal insulation: an alternative eco
nomic analysis ('technical letter). 
15(3) :40-42. 

Eschenbach, Ted G. and George A. 
Geistauts 
Capital projects, Alaska's industries, 
and State policies for development. 
15(2) :22-29. 

Air pollution 

Arctic haze. 

15(3) :4--9. 


Agriculture 
Strong winds at Delta. 

15(3):15-19. 


AUTHOR 


Geistauts, George A. 
see Eschen bach 

Gray, Robert H. 
A strategy for environmentally accept
able technology development. 
15(2):12-17. 

Haigh, Jane Galblum 
The superinsulated Perspective House. 
15(4) :26-29. 

Holmlund, Ingrid 
see Duvernoy 

Kienle, Juergen and Samuel E. Swanson. 
The hazards of Augustine. 
15(3):10-14, 30-37. 

Kodama, Yuji 
see Wendler 

larsen, Dinah W. 
The Kolmakovskiy blockhouse. 
15(2):18-21. 

Miller, John M. 
Remotely sensed rescues. 
15(3) :28-29. 

Naske, Claus-M. 
Tolls and trouble: the Alaska Road 
Commission vs. the Alaska Railroad. 
15( 1) :8-13, 26-28. 

Reckard, Matt 
Cathodic protection of concrete bridge 
decks in Alaska. 
15(1 ):4-7. 

Ross, John F. 
A house for rural Alaska. 
15(2):9-11. 

Seifert, Richard 
Some comments ... optimum walls or 
optimum investment? (technical letter) 
15(3) :38-40. 

Seifert, Richard D. 
The basics of proper design for residen-

SUBJECT/TITLE 

Arctic haze. 
15(3):4-9. 

The Arctic Science Prize. 
15(4):34-36. 

Basements 
The basics of proper design for resi

tial basements in Alaska. 

15(2) :30-33. 


Shaw, Glenn E. 
Arctic haze. 
15(3):4-9. 

Stone, David B. 
Drill string magnetization: its measure
ment and its effect on coring and bore
hole navigation. 
15(4):4-9. 

Stringer, William J. and Janis Zender
Romick 
A low-cost method for inventorying 
cordwood. 
15(4):16-25. 

Stubstad, Richard N. and Billy Connor 
Setting highway load limits: a new 
technique. 
15( 1) :29-33. 

Swanson, Samuel E. 
see Kienle 

Turner, Donald and Eugene Wescott 
Geothermal energy studies in Alaska. 
15(3) :20-27. 

Tussing, Arion R., Kevin Waring and 
Connie C. Barlow 
Resolving some paradoxes and misun
derstandings about Norton Basin oil 
and gas leasing. 
15(2):4-8. 

Waring, Kevin 
see Tussing 

Wendler, Gerd, Yuji Kodama and Frank 
Eaton 
Strong winds at Delta. 
15(3):15-19. 

Wescott, Eugene 
see Turner 

Zender-Romick, Janis 
see Stringer 

dential basements in Alaska. 

15(2) :30-33. 


The Basics of proper design for residential 
basements in Alaska. 
15(2) :30-33. 

Bridges 
Cathodic protection of concrete bridge 

The Northern Engineer, Vol. 15, No. 4 40 



decks in Alaska. 

15(1):4-7. ~ 


Capital projects, Alaska's industries, and 
State policies for development. 
15(2): 22-29. 

Cathodic protection of concrete bridge 
decks in Alaska. 
15(1) :4-7. 

Coal 
A strategy for environmentally accept· 
able technology development. 
15(2):12-17. 

Collecting and storing solar heat in a 
water cistern system. 
15(1):22-28. 

Drill string magnetization: its measure
ment and its effect on coring and bore
hole navigation. 
15(4):4-9. 

Energy development: community needs 
and corporations. 
15(1):14-21. 

Frozen soils 
Reducing frost heave by electro

osmotic dewatering and soil chemical 

treatment. 

15(4): 10-15. 


Gas 
Resolving some paradoxes and misun

derstandings about Norton Basin oil 

and gas leasing. 

15(2):4- 8. 


Geothermal energy studies in Alaska. 
15(3):20-28. 

The Hazards of Augustine. 
15(3):10-14, 30-37. 

Heap-leaching for low-grade precious 
metal deposits. 
15(4) :30-33. 

A House for rural Alaska. 
15(2) :9-11. 

Ice 
Remotely sensed rescues. 

15(3) :28-29. 


Industrial decisions 
Energy development: community 
needs and corporations. 
15(1):14-21. 

Insulation 
Optimal insulation: an alternative 

economic analysis. 
15(3) :40-42. 


Optimal wall insulation. 

15(2) :34-36. 

Some comments ... optimum walls or 

optimum investment? 

15(3) :38-40. 


The Kolmakovskiy blockhouse. 
15(2):18-21. 

Long-range planning 
Capital projects, Alaska's industries, 
and State policies f0r development. 
15(2):22-29. 

A Low-cost method for inventorying 
cordwood. 
15(4):16-25. 

Mining 
Heap-leaching for low-grade precious 

metal deposits. 

15(4):30-33. 


Oil 
Drill string magnetization: its measure

ment and its effect on coring and bore

hole navigation. 

15(4):4-9. 


Resolving some paradoxes and misun

derstandings about Norton Basin oil 

and gas leasing. 

15(2):4-8. 


Optimal insulation: an alternative eco
nomic analysis. (letter) 
15(3) :40-42. 

Optimal wall insulation. 
15(2) :34-36; see also 
Letters, 15(3) :38-42. 

Railroads 
Tolls and trouble: the Alaska Road 
Commissi0n vs. the Alaska Railroad. 
15(1):8-13, 26-28. 

Reducing frost heave by electro-osmotic 
dewatering and soil chemical treat
ment. 
15(4):10-15. 

Remotely sensed rescues. 
15(3) :28-29. 

Remote sensing 
A low-cost method for inventorying 

cord wood. 

15(4):16-25. 


Residential design 
The basics of proper design for resi
dential basements in Alaska. 
15(2) :30-33. 
A house for rural Alaska. 
15(2):9-11. 

Optimal wall insulation. 

15(2) :34-36. 

The superinsulated Perspective House. 
15(4) :26-29. 

Resolving some paradoxes and misunder
standings about Norton Basin oil and 
gas leasing. 
15(2):4-8. 

Roads 
Setting highway load limits: a new 

technique. 

15(1):29-33. 


Tolls and trouble: the Alaska Road 

Commission vs. the Alaska Railroad. 

15(1):8-13, 26-·28. 


Russian design 
The Kolmakovskiy blockhouse. 

15(2):18-21. 


Setting highway load limits: a new tech
nique. 
15( 1) :29-33. 

Solar heating 
Collecting and storing solar heat in a 

water cistern system. 

15(1):22-28. 


Some comments ... optimum walls or opti
mum investment? (letter) 
15(3) :38-40. 

A Strategy for environmentally accept
able technology development. 
15(2): 12-17. 

Strong winds at Delta. 
15(3):15-19. 

The Superinsulated Perspective House. 
15(4) :26-29. 

Tolls and trouble: the Alaska Road 
Commission vs. the Alaska Railroad. 
15(1):8-13, 26-28. 

Volcanic hazards 
The hazards of Augustine. 

15(3):10-14, 30-37. 


Weather 
Strong winds at Delta. 

15(3):15-19. 


The Northern Engineer, Vol. 15, No.4 41 



To be sure you receive timely notice 
of the next seminar or short course offer
ing in applied thermography, write Dr. 
Harold J. Dyck, President, North Ameri
can Infrared Thermographic Association, 
Suite 504, 77 Metcalfe Street, Ottawa, 
Ontario KIP 5L6, Canada. 

**** 

Abbott, Langer & Associates, the job 
market experts, report that in 1983 it was 
stil·l true that the best diploma for a new 
graduate to have was in engineering. Grad
uates with bachelor's degrees in engineer
ing had average starting salaries of $2071 
per month; unfortunately for new engi
neers in the north, the lowest-paying jobs 
were in construction and engineering firms 
(starting salary averaging $1877} and the 
highest in manufacturing ($2206}. The 
highest-paid new graduates had specialized 
in chemical engineering. Junior/commu
nity college graduates with engineering
related A.A. degrees averaged 70% of the 
starting salary of that paid to engineering 
graduates holding bachelor's degrees. A 
master's degree in engineering gave a new 
graduate a starting salary of $2289 per 
month on the average. For comparison, 
new graduates with nontechnical master's 
degrees had starting salaries averaging 

$1739. 
Complete details (including analyses 

by industry and size of firm, extensive 
data on starting salaries of inexperienced 
graduates by degree level, curriculum, and 
type and size of employer} are available 
from Abbott, Langer & Associates, 548 
First St., Crete, /L 60417, in the 1983 
College Recruiting Report ($95}. 

**** 
The National Association of Corrosion 

Engineers has announced the formation 
of a technical committee that may be of 
interest to northern engineers: Unit Com-

Albert E. Belon 

mittee T-3S, entitled Arctic Corrosion 
Problems, was created by the NACE's 
Technical Practices Committee in Septem
ber 1983. The purpose of the new unit is 
"to provide a forum in which the corro
sion problems unique to Arctic industries 
could be discussed, according to the press 
release received here. Some of the .topics 
that the committee may consider are ma
rine corrosion problems intensified by low 
temperatures, the performance of coatings 
in cold environments, corrosion problems 
of various structures used by industries in 
cold climates, and methods of preventing 
and controlling corrosion in low-tempera
ture environments. 

For further information about the Arc
tic Corrosion Problems technical commit
tee, contact the National Association of 
Corrosion Engineers, Technical Activities 
Department, P.O. Box 218340, Houston, 
TX 77218. 

**** 

We conclude this issue on a note of re
gret and gratitude: The Boss has retired. 

The name of Professor Albert E. Belon 
did not appear on our masthead, but as far 
as the University and the Institute were 
concerned, he was the person in charge. 
He allowed us great independence; he was 
careful to read TNE only after it was pub
lished. But he was our defender, critic, 
and link with the administration of the 
Geophysical Institute, and did a great deal 
to keep us intellectually and fiscally re

sponsible. 
Associate Director at the time of his 

retirement, AI Belon had worked with 
every director of this Institute since it 
was established. His career has been high
lighted with accomplishments as a physi
cist, professor and administrator. Beyond 
his teaching and reseafch duties here at 
the Institute, Belon served as program di
rector of the Solar-Terrestrial Research 
Program of the National Science Founda
tion from 1968 to 1970, for which here
ceived the Meritorious Service Award in 
1970. In 1974, he received the Excep
tional Scientific Achievement Medal from 
the National Aeronautics and Space Ad
ministration. He served as aeting program 
director of the NSF Aeronomy Program 
from 1968 to 1969; U.S. Coordinator for 
the 1970 Solar Eclipse Program in NSF 
from 1968 to 1970; and coordinator of 
the Remote Sensing Program at the Geo
physical Institute from 1971 unti I his re
cent retirement. At the 1984 University 
of Alaska-Fairbanks commencement cer
emonies, he will receive an honorary Doc
tor of Science degree. 

In a far less formal ceremony to be held 
at another time, he- will also ·receive an 
honorary subscription to The Northern 
Engineer in the hopes that he will enjoy 
reading it, now that he needn't worry 
about what it says. 
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