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CHANGES 

The list of names headed "Editorial Board" on the facing page shows some 
changes from the last issue. Such alterations usually creep in, since TNE is an evolu
tionary publication rather than a revolutionary one; the number ofchanges reflected 
in the new list actually took place over several months, but we are just now getting 
around to making them [annal. 

Some ofour fanner Board members have retired and left the area (as Bill Hunt 
did during the past year) or have taken up new careers (as fanner Dean Behlke did 
this past January). Some have felt that they were no longer able to help out because 
ofcareer pressures, and some believed they could use a break from their involvement 
with the magazine. The Board itselfhad recognized that new ideas and new perspec
tives could be valuable, and had stated as policy in 1975 that some rotations of the 
membership was to be encouraged. 

So for a variety ofreasons, we have several new names to introduce here. We hope 
to cadge contributions from each - eventually - and those articles will tell you in 
detail about the work these people are doing. Meanwhile, here are thumbnail sketches 
to give some idea ofwho is behind each new name on the Board: 

John Bates is a P.E., presently Acting Deputy Commissioner for the State of 
Alaska's Department of Transportation and Public Facilities. Jack Cplonell:s- field 
is ocean engineering; he earned his Ph.D. at Stanford. Paul Goodwin's'Ph.D. is in geo
physics - his was the hundredth doctorate awarded by this university - but Earth 
Sciences Consulting and Technology Corporation, which he heads, is involved in 
projects from archaeology to offshore drilling. Keith Mather, now Vice Chancellor 
for Research and Advanced Study on this campus, has long been interested in TNE's 
welfare; when he was Director ofthe Geophysical Institute, he saved the magazine 
by giving it a home here when its parent organization, the Institute ofArctic Environ
mental Engineering, closed its doors. Janet Matheson is past president of the state 
branch of the American Institute ofArchitects; her recent work has involved apply
ing alternative technologies to northern architecture as well as preserving and docu
menting Alaska's architectural past. John Zarling is head of the UAF:s- Department of 
Mechanical Engineering, but Alaskans outside the University know him best as an ex
pert in solar energy. 

TNE 's Editorial Board members are experts whom we ask to keep us posted on 
developments in their fields and to keep their patience when we ask them time-devour
ing questions about those fields. We expect them to help round up authors and sub
scribers, criticize the magazine's imperfections and praise its good points, and generally 
be TN E :s- most faithful but watchful readers. Serving on our Editorial Board means 
many chores but "no pay and less glory", as a previous member put it. It is easy to 
see why the fanner members depart with our great thanks as we welcome the new 
ones with gratitude. 
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COVER 

Caribou on ice could constitute a problem for northern hydropower projects, as 
the article by Hanscom and Osterkamp (beginning overleaf) discusses, and the answers 
to that problem will not be as black-and-white as our stylized cover might indicate. 
(Original cover photograph courtesy of Dr. David Klein; special printing courtesy of 
Malcolm Lockwood. Cover photos sometimes result from photographic license -to 
view some examples of Lockwood's games with caribou photos, please see p. 34.) 

THE NORTHERN ENGINEER is a quarterly publication of the Geophysical 
Institute, University of Alaska · Dr. Juan G. Roederer, Director. It focuses on engin· 
eering 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 
viewpoint relates to technical problems of northern habitation, commerce, develop
ment or the environment. Contributions from other polar 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. Subscrip· 
tion rates for THE NORTHERN ENGINEER are $10 for one year, $15 for two years, 
and $35 for five years. Some back issues are available for $2.50 each. Address all 
correspondence to THE EDITOR, THE NORTHERN ENGINEER, GEOPHYSICAL 
INSTITUTE, UNIVERSITY OF ALASKA, FAIRBANKS, ALASKA 99701, U.S.A. 
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by J.T. Hanscom and T.E. Osterkamp 

Potential Caribou - Ice ProbleiDs 
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Figure 1. Susitna hydroelectric site. 

INTRODUCTION 	 tric Project will have on the Nelchina 
caribou herd. The purposes of this article 

Caribou from the Nelchina herd cross are to show that the Watana Reservoir 
the Susitna River biannually in the vicin does have the potential to affect caribou 
ity of the proposed Susitna Hydroelec migrations and to raise some questions 
tric Project. It appears that the Watana that should be answered before the nature 
Reservoir will be sited near or on three and extent of the effects that the presence 
caribou crossing areas. Since past studies 1 of the reservoir may have on the caribou 
of caribou behavior have shown that dis can be predicted. 
turbance of their natural habitat by vari The Watana Reservoir on the Susitna 
ous construction projects (e.g. roads, River will be 54 miles (90 km) in length 
pipelines etc.) can disrupt their normal with the dam located about 134 miles 
behavior, it is important to try to deter (216 km) from the mouth of the river 
mine what effect the Susitna Hydroelec- (Fig. 1 ). The reservoir will be contained 
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sitna Hydroelectric Project 


within a narrow canyon 1/3 to 1 mile 
(0.5 to 1.6 km) wide for much of its 
length, except near the tributaries where 
it will be wider, particularly at Watana 
Creek and to a lesser extent at Jay and 
Kosina Creeks and the Oshetna River.2 

The reservoir level is expected to vary 
80 to 125 ft (24.4 to 38.1 m) from Octo
ber to April of the hydrologic year which 
corresponds to the period of ice forma· 
tion and growth in the reservoir. Maxi
mum daily variations should be less than 
2ft (.61 m). Table 1 shows the minimum 
draw-down schedule for the pool, starting 
at its maximum level of 2185 ft (666.4 m). 

Parts of the Nelchina caribou herd, 
consisting of 15,000 animals, cross the 
Susitna River from the north to south in 
late April and early May to reach their 
calving grounds. Later in the summer 
(late July to early September), they re
cross the river going north. 3 Although 
very little work has been done on current 
migration routes, and these may change 
periodically or may even be random, it 
is thought that the Watana Reservoir will 
affect three general crossing areas at Fog 
Creek, Jay Creek, and the Oshetna River. 
Caribou have been observed in these areas 
at the time of breakup, possibly waiting 
until the largest ice floes clear from the 
river before crossing.4 It is not known 
exactly how many caribou cross at these 
points. 

POTENTIAL PROBLEMS 
AND QUESTIONS 

Possibly the most serious problem may 
be the presence of the reservoir; the 
caribou may not even attempt to cross 
it. We leave this important problem to 

The two caribou photographs in this article are courtesy of Dr. David Klein. 


TABLE 1 


Maximum Water Level - Minimum Draw-down Schedule 


Mid-month Starting Level Ending Level Change 

Oct. 2185' 2185' 0 

Nov. 2185' 2185' 0 

Dec. 2185' 2175' -10' 

Jan. 2175' 2145' -30' 

Feb. 2145' 2130' -15' 

March 2130' 2115' -15' 

April 2115' 2105' -1 0' 

May 2105' 2125' +20' 
June 2125' 2170' +45' 

July 2170' 2185' +15' 

Aug. 2185' 2185' 0 
Sept. 2185' 2185' 0 
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Figure 2. Eklutna Lake showing ice shelving on a gently sloping shore. (Photograph by C. Stephens.) 

students of caribou behavior and proceed 
to potential problems caused by the phys
ical nature of the reservoir. 

Warm water released from the reser
voir will prevent a stable ice cover from 
forming on the river. This open water 
may extend downstream to Talkeetna 
or farther, depending on weather condi
tions, so that the Fog Creek crossing will 
be open water at all times of the year. This 
should not create a problem for the cari
bou since they normally swim the river, 
unless they somehow depend on the ice 
cover for crossing at certain times. 

Winter draw-down of the reservoir will 
produce ice-covered shores or so-called 
ice shelves. These ice shelves are formed 
when the floating reservoir ice cover be

comes grounded on the shores as the res
ervoir level decreases during the winter. 
An example of ice shelving on a gently 
sloping shore at Eklutna Lake, near 
Anchorage, is shown in Figure 2. The 
grounded ice cover may assume the same 
shape as the shore or it may fracture, 
creating deep cracks, or it may even re
main suspended in some places. We sug
gest that an ice-covered shore that is steep, 
contains cracks, or has the potential for 
caving under the weight of caribou, may 
present a serious obstacle to their crossing 
the reservoir. 

The slope of the ice-covered shores 
in the draw-down zone can be used to 
give an indication of the location of very 
steep areas that the caribou may have dif

ficulty negot1atmg. We have measured 
the slope of the north and south shores 
of the reservoir using a 1 :63,360 scale 
map. The slope was measured between 
the 2075 ft (632.9 m) contour line and 
the 2185 ft (666.4 m) contour I ine which 
corresponds to the largest draw-down 
when starting from maximum pool. 
Figures 3 and 4 are graphs of the slope 
values along the north and south shores 
of the reservoir. 

The north shore of Watana Reservoir 
will be 67.1 miles (108 km) in length and 
the south shore 51.5 miles (83 km) in 
length. Jay Creek area lies between 38.8 
-45.1 miles (62.5- 72.5 km) on the north 
shore and 18.6- 28 miles (30- 45 km) on 
the south shore. The Oshetna River is at 
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65 - 67.1 miles (104.5- 108 km) on the 
north shore and 47.8-51.6 miles (77- 83 
km) on the south shore. It appears that 
the two areas have little in common and 
must be considered separately as caribou 
crossings. 

Realistic assessment of the effects of 
ice shelving requires consideration of both 
caribou behavior and ice conditions. With 
regard to the ice conditions, the greatest 
need is for a realistic model of the forma
tion, growth and decay of the reservoir 
ice cover. Some questions that should 
be addressed are: What are the shore 
conditions or slope values that may cause 
the settling ice cover to break, leaving 
cracks in which caribou could be injured 
or possibly trapped? What is the timing of 
this settling, cracking and snow cover de
velopment that might mask the cracks? 
The- thickness of the settling ice cover 
will increase through the winter but what 
will the thickness distribution be? Will 
the wind keep the ice clear of snow? What 
are the maximum slopes of clear ice and 
snow-covered ice that caribou can negoti
ate? How long will the ice shelves remain 
after breakup, and will caribou be forced 
to negotiate melting (wet) ice shelves? 

During the spring caribou migration, 
the reservoir may still be frozen in the 
Jay Creek area, where the caribou will be 
coming from the north down a slope that 
varies from 109% to 21.5% with much of 
the shore between 40 - 60% slope. Prob
ably the only problems the caribou would 
have getting down this shore would be 
falling into cracks formed as the ice sheet 
settles or breaking through the areas where 
the ice has bridged gaps. The south bank 
has a slope that varies from 1 09% to 9.0%, 
with much of the shore between 30 - 60% 
slope, so it is possible the caribou would 
have trouble climbing out on the south 
side. 

8 

The breakup dates of Jay and Kosina 
Creeks would also be important. If these 
two creeks break up before the caribou 
try to cross, there could be water flowing 
on top of the reservoir ice, and melted 
areas formed at the mouths of the creeks. 
An overflow, by itself, would probably 
cause no problems unless it cut a channel 
through the ice. Then the caribou might 
have trouble climbing out on the floating 
ice cover after swimming or Walking 
through the overflow. 

In the Oshetna River area these same 
questions need to be answered, but the 
situation is a little different. The slope on 
the north shore varies from 53.8% to 6.8% 
and on the south shore from 35.9% to 
6.8%, so both shores have a more gradual 
slope than do those at Jay Creek. This 
area may be affected by the breakup of 
the Tyone River as well as the Oshetna 
River. For 3.7 miles (6 km) upstream of 
the Oshetna River, the draw-down of the 
reservoir may leave an ice sheet on the 
river bed and flood plain. When the Tyone 
River breaks up, water will be flowing in
to this ice-covered area. The actual effect 
is unknown but there could be ice jams 
and/or ice chunks floating in the area 
which would make it difficult or impos
sible for caribou to cross. 

In conclusion, it seems likely that the 
reservoir will cause the caribou some prob
lems, but the seriousness of the problems 
cannot be realistically assessed until more 
information has been gathered on caribou 
behavior and on the ice conditions in the 
reservoir. 
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by John M. Miller 

USING SATELLITE DATA 
FOR LAND SELECTION 

The Northern Engineer, Vol. 12, No.1 

Evaluating land resources in even 
moderate-sized regions can be costly 
and time-consuming. Satellite data have 
proved effective in land surveys of various 
kinds, but using them for such tasks can 
be complicated by variations in land 
slope and aspect, and by the over-abun
dance of spectral signatures reflected 
by complex vegetation patterns. When 
there are strict time constraints, com
puter-aided schemes for classifying ground 
cover by analyzing satellite data are some
times unwieldy and unproductive. 

BOROUGH LANDS 

Early in the State's history, the Legis
lature had provided that when Alaskans 
voted to give themselves a level of govern
ment between local municipality and 
State, the boroughs thus enacted would 
have the right to claim some of the un
appropriated State land within their 
boundaries, for development or preser
vation according to local interests. 

The Fairbanks North Star Borough in 
interior Alaska encompasses nearly two 
million hectares (ha; 1 hectare= 10,000 
m2 or 2.471 acres) of land with a variety 
of terrain and vegetation types, including 
both broad and narrow river valleys, 
mountainous terrain, upland tundra, wet
lands, and deciduous and coniferous 
forests, plus gradations of these major 
cover-types. From within these two mil
lion ha of multiform lands, the Borough 
by law was entitled to select 45,325 ha 
from the State's 607,000 ha of public 
domain lands. The deadline for Borough 
land selections was November 1979. 

Limitations on both time and avail
able resources precluded inventorying 
land resources by conventional field work. 
The Borough's Land Management Office 

turned to the Northern Remote Sensing 
Laboratory at the University's Geophysi
cal Institute to see what could be done 
with available satellite data. 

POSSIBILITIES 

People who have seen the dramatic 
false-color photographs of the earth's 
surface produced by Landsat sometimes 
think that the spacecraft must be contin
ually bombarding the planet with little 
cans of exposed film. Actually, the sat· 
ellite's photographs have all been produced 
by computers here on the ground; Land
sat transmits bits of data, not film. 

Among its other instruments, each 
Landsat carries a multispectral scanner, 
abbreviated MSS. The MSS acquires 
images in four different wavelengths 
in the visible and near-infrared portions 
of the electromagnetic spectrum: Band 
4, the visible green; Band 5, visible red; 
Band 6, near-infrared; and Band 7, the 
second near-infrared. The smallest spatial 
unit about which the scanner transmits 
information is called a picture element, 
or pixel. The scanner in effect decides 
how much light the pixel reflects, assigns 
it a binary code number on a scale (usually 
of about one to 64) defining that level of 
brightness, and transmits the number 
to the receiving station where it is recorded 
on magnetic tape. The taped information 
can be read and converted to photograph· 
ic-type images by a computer. 

One means of using satellite data to 
map land cover is by having a computer 
analyze the digital information Landsat 
transmits. The approach, computer aided 
classification, can be organized as either 

1supervised or unsupervised schemes. The 
supervised scheme requires the analyst 
to select a number of field sites repre

9 
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Diagram of Landsat. 

senting homogeneous units of terrain 
types that are important categories to be 
mapped by the computer. The computer 
is then 'shown' the spectral signature of 
the selected sites and programmed to 
search for these same signatures through
out the entire region of interest. This 
supervised approach seldom works well in 
Alaska, however, since here wildlands pre
dominate, with their inherently complex 
mosaics of vegetation types. 

The unsupervised approach requires 
the computer's pattern-recognition algor
ithms to define clusters of data points 
that share a unique spectral signature, 
thus forming a statistical description of 
the actual ground cover. 

Theoretically each cluster of pixels 
sharing a common signature can represent 
a separate class of ground cover, and typi
cally these predicted classes may number 
from 40 to 60 in an area of moderate 
size. In reality, however, many of these 
classes turn out to be aberrant variations 
of a single category. For example, the 
computer process may do a thorough 
job of identifying 20 different kinds of 

barren ground, each with its own unique 
spectral signature; a resource manager 
may not be interested in the practical 
variables associated with bare rock, such 
as slope, aspect, and weathering, that 
gave rise to the multiplicity of barren
ground signatures. The analyst must 
devise means to improve the information 
content of the computer-aided classifi
cation by combining those'classes which 
are related to a single sigpificant cate
gory of ground cover. 

The analyst must also be alert for a 
class which may be too broad; such a sup
posedly consistent category may include 
very different kinds of ground cover 
which only happen to resemble one 
another spectrally. For example, riparian 
brush along stream banks may be con
fused with birch forests, but their signif
icance in the environment is quite dis
similar; usually one wants to be able to 
tell the brush from the trees. 

The conventional use of computer 
techniques to analyze Landsat data de
mands repetitive work while both the 
computer algorithms and the analyst's un

derstanding are joined to solve the prob
lem at hand. When this process is re
peated in a stepwise-improvement fashion, 
it becomes an iterative procedure involving 
extensive labor, computer time, and field 
checks. Even though the process is gener
ally more productive than is mapping 
from aerial photographs, the conventional 
computer-aided classification appeared to 
be too time-consuming to be completed 
before the deadline for the Borough land 
selections passed. 

METHOD 

Discussions with the Borough Land 
Management Officer revealed that exist
ing Borough policies favored selection of 
certain types of lands without regard to 
a comprehensive inventory of land re
sources. For example, the Borough was 
committed to emphasize selecting land 
suited for industrial, commercial, or resi
dential development. In Alaska's interior, 
well-drained soils on moderate slopes 
with southern exposure favor such de
velopment. Most of the valley floors are 
underlain with permafrost and therefore 
are poorly drained, except for areas where 
river-washed gravels predominate. In a 
general way,. undisturbed vegetation re
flects the types of soil conditions of 
greatest interest to developers. The pre
vailing pattern is that bog-shrub-spruce 
associations usually occupy the poorly
drained soils and north slopes, while bet
ter-drained soils often support a decid
uous forest (birch-cottonwood-aspen). 

2Tucker and others have shown that 
the ratio of the near-infrared (I R) to red 
reflectances as measured by Landsat 
(MSS Band 7 /Band 5) can indicate canopy 
thickness and plant vigor. Such data ac
quired in the middle of the growing 
season can provide an index of green-leaf 
area or green-leaf biomass. Computing 
I A/red reflectance from Landsat data 
is straightforward, and provides an index 
of vegetative cover that can be readily 
interpreted with less iterative man-ma
chine interaction than is needed for con
ventional computer techniques. 

There is a great contrast between the 
green-leaf biomass of deciduous forests 
and that of bog-spruce associations, so 
the near- I R to red reflectance ratio showed 
promise for identifying the areas with 
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IR/Red %of 
Ratio Value Total Pixels* 

.130 .005413 

.133 .001497 

.137 .004287 

.140 .006438 

.143 .009278 

.147 .009918 

.150 .004845 

.153 .010618 

.157 .024237 

.160 .008223 

.163 .025229 

.167 .014206 

.170 .038258 

.173 .017820 

.177 .016738 

.180 .029835 

.183 .062471 

***** 

* 

**** 

****** 

********* 

********* 

**** 

********** 

********************** 

******** 

*********************** 

************* 

*********************************** 

**************** 
*************** 
*************************** 

********************************************************* 
.187 .018195 I ***************** 
.190 .0~0351 I ******************* 
.193 .000266 I* 
.197 .108836 I************************************************************************************ 
.200 .000000 
.203 .000695 I* 
.207 .013826 I ************* 
.210 .027320 I************************* 
.213 .054808 I ** * * ***** *** *** ** * * ** ** ** ** *** ** * * ** ** **** ** **** ** 
.217 .012628 I************ 

*In entire field of 1,120,000 pixels. 


Figure 1. Representative portion of histogram showing IR/red ratio values. 


better-drained soil conditions. An early 
test of the vegetative index confirmed 
our expectations, so we proceeded to 
generate an I R /red ratio-image of about 
40 percent of the Borough from the 
best quality Landsat scene available, 
scene # 5470-19553, acquired near the 
peak of the growing season on 1 August 
1976. 

The data were three years old and 
many cultural changes had occurred in 
the interim. This was not considered a 
major disadvantage since no development 
could occur on State lands and no major 
ecological changes were likely in that 
short period. One exception was the re
vegetation by 1979 of a fire scar from a 
1975 burn that was highly evident in 
the 1976 Landsat data. 

From the histograms of the IR/red 
ratio values, we divided the data into 10 
classes that correlated reasonably well 

made this sorting process by exammmg 
line-printer gray-maps (see below) of a 
test cell 512 x 512 pixels in size. The 
first attempt at defining significant classes 
was based primarily on recognizing the 
peaks that were superposed on the his
togram record (Fig. 1 ). The wetland and 
spruce associations exhibited the strong
est population densities, followed by the 
semi-barren, brush and open forest classes. 
Decision levels between the 10 classes 
were adjusted to maximize homogeneity 
within major-sized mapping units with 
least-apparent visual speckling. We also 
took care to ensure that these mapped 
units had a positive correlation with mean
ingful information from the field, although 
field work as such was not part of the 
project. 

It soon became obvious that the ratio
map suffered from severe striping effects, 
particularly on the boundary between 

level between the ratios for these vegeta
tion types is not well defined,and is some
what masked by the noise from the strip
ing effects. Further, the ratioing process 
emphasizes the striping defects inherent 
in Landsat data, so we smoothed the raw 
data prior to generating our second ratio
map. 

This striping problem occurs when the 
sensors in each of the four Landsat bands 
exhibit responses that are not uniform. 
This non-uniformity does not come from 
miscalibration of the sensors, but from the 
non-uniform characteristics of the spectral 
filters associated with the sensors. The 
striping noise increases the mean and the 
standard deviation values of a particular 
scan line. Once these values have been 
calculated statistically, the computer can 
smooth the data by applying an additive 
factor to reduce the mean value, and a 
multiplicative factor to reduce the stand

with certain types of ground cover. We wetlands and spruce forests. The decision ard deviation of the affected data lines. 
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Figure 2. 	 Black-and·white reproduction of color-coded map showing ten categories of vegetation. A (up· 
per left and center bottom) shows revegetating fire scars; 8 Clower right) is the Tanana River; 
C Clower middle) is the Fairbanks urban area; and D (upper left) shows hardwood forests. 

Furthermore, the striping effect is a 
variable function of the instantaneous 
brightness of target reflectance and is 
particularly susceptible to variations in 
vegetative reflectance.3 Because of this 
dynamic nature of the striping, it is dif
ficult to mask the striping completely 
everywhere in a Landsat scene. The delin
eation of wetland and spruce was improved 
for our destriped map, but some residual 
striping remains. (See the extreme right 
center of Figure 2.) 

Initially we intended to use a gray
scale map produced by a line printer as 
the' final output for the Borough's use. 
With this technique, the computer pro
duces a "drawing" with printed charac
ters rather than a photographic image 
(Fig. 3). For example, the program might 
direct the line printer to produce an "R" 
wherever information tapes had stored 
reflectance data indicating open water; 

and ponds with clusters and lines of Rs. 
Unfortunately for our purposes, the 
inherent scale of the line printer when 
printing a symbol for each pixel was 
1:18,661 and the desired map base was 
1 :63,360 ( 1 inch = 1 mile). We considered 
rescaling the data to fit the map, but this 
lost the visibility of roads, streams, and 
pipelines. These are important features 
for ground reference, so to preserve them 
we attempted to build a mosaic of printer
map pages and to reduce them photo
graphically to match a standard USGS 
quadrangle map at a scale of 1 :63,360. 
However, the mosaicking procedure was 
awkward, and the entire process added 
significant amounts of distortion during 
mosaicking, copying, and printing. Fur
thermore, it was difficult to recognize 
the symbols which were then four times 
smaller than normal. Earlier we had com

mitted ourselves to working with Landsat 
data that was not precision-corrected 
geometrically, and adding more distor
tion made the line-printer products too 
nonuniform in scale. 

The final product we ultimately se
lected was a color-coded vegetation index 
map made by generating the 1 0-class image 
on a color digital-image recorder, and 
then photographically reproducing sec
tions corresponding to USGS quadrangle 
maps. The color assignments and cate
gories, along with the reflectance ratios 
for each category, are shown in Table 1. 

A black-and-white reproduction of the 
color-coded map of ten categories of veg
etation is shown in Figure 2. The medium
gray areas represent the well-drained, 
south-facing slopes which generally were 
highly desirable lands in comparison 
with the white and dark areas. 

the printed product would then approxi Figure 3. Gray-scale map produced by a line printer. The computer produces a 
mately chart the locations of rivers, lakes "drawing" by using printed characters such as Hs and Os. ------- 
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TABLE 1 


COLOR ASSIGNMENTS AND IR/RED RATIOS 


IR/Red Ratio Color 

.33-.89 Purple 

.90-1.120 Blue- Green 

1.121 - 1.137 Tan 

1.137 - 1.150 Pink 

1.151 . 1.183 Black 

1.184 - 1.223 White 

1.224 - 1 .254 Brown 

1 .255 . 1 .270 Orange 

1 .271 - 1.380 Red 

1.381 . 1.560 Yellow 

Category Description* 

Barren. Typically clear water . 

Barren. Typically turbid or shallow water. 

Relatively barren. Includes sand, gravel, shallow water, ridge tops, 
shadows, cultivated or mowed fields, charred areas, cultural 
features and tundra. Not a consistent indicator of soil drainage 
or the existence of permafrost. 

Sparse vegetation. Typically grassland or shrub-heath vegetation 
mixed with black spruce. Also associated with some cleared 
fields. May be indicative of poorly drained soils in flatlands. 

Partially or moderately dominated by spruce or mixed spruce 
and brush. In lowlands is usually associated with poorly drained 
soils and discontinuous permafrost. 

Scrub spruce and shrub-heath vegetation usually associated with 
poorly drained soils. The water table may be at or near the sur
face during a substantial part of the growing season. Permafrost
susceptible soils. 

Mixed forest-brush with open canopies. Intermediate between 
spruce and open-hardwood categories. Soils may be moderately 
well drained. 

Hardwood and mixed hardwood/spruce with open canopies. 
Usually associated with moderate to well-drained soils. 

Predominantly hardwood forest with closed canopies. Associated 
with well-drained soils. 

Especially dense stands of hardwood forest, associated with 
southern slopes and well-drained soils. 

*Order is in increasing "greenness" of vegetation. The bottom four categories represent land suitable for development; categories 
4 (pink) and 5 (black) have poor soil conditions. 

SUMMARY 

The information required by the Bor
ough was generalized and subjective rath
er than quantitative: The primary goal 
was to determine the location and extent 
of hardwood and mixed-hardwood forests 
(prime selection land) and of wetland 
bogs (least desirable land). rather than 
data on timber volume or acreages. The 
map of vegetative-index values from the 
Landsat I A/red ratios was a useful indica
tor of green-leaf area index, which in turn 
reflected those soil and terrain types most 
desirable for Borough land selections. 
One of the advantages of using the ratio 
techniques was that the task could be 
accomplished within set cost and time 

constraints in a region with highly vari
able and complex patterns of wildland 
vegetation. 

To date no effort has been made to 
measure the accuracy of the vegetative
index map. The next phase in the Bor· 
ough's planning is to extend these results 
Borough-wide and to place the results in 
a computer-retrievable data bank, in
cluding acreage tabulations of each type 
of ground cover. 
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by Ronald A. Johnson 

Domestic Sludge, A Resource for Alaska 


INTRODUCTION 

Wastewater or sludges from waste
water have been applied to land as fer
tilizer for centuries. (The sludges consist 
of solids resistant to the treatment pro
cess, plus products of bacterial decom
position.) One wastewater irrigation sys
tem in Germany operated for over 300 
years beginning in 1559. As of 1972, be
tween 570 and 950 municipalities as well 
as 1300 industrial sites in the United 
States were using land treatment. 1 Sep
tic systems, which are an infiltration mode 
of land treatment, are estimated to serve 
at least 50 million people in the United 
States.2 Today, about 25 percent of the 
municipal sludge produced in the U.S. 
is applied to agricultural lands. In Illinois, 
at least 700 communities practice land 
application of sludge.3 

Important criteria for choosing a dis
posal site include topography, soil char· 
acteristics, flooding hazards, existing and 
future land uses, nearness to bodies of 
water, and health hazards. In some local· 
ities in the United States land disposal is 
precluded by a lack of available land. 
New York City is one notable example. 
Alaska, however, has an abundance of 
potential disposal sites. The long cold 
winters do not pose a problem since sludge 
can readily be stored for summer applica
tion. In fact, the freeze-thaw cycle can 
further dewater the sludge and thus reduce 
the weight of material to be transported. 

Several municipalities and military in
stallations in Alaska have spread domestic 
sludge on land. The efficacy of this 
method depends critically on the local 
climate. In Juneau, where precipitation 
far exceeds evaporation, this has not been 
successful.4 In Fairbanks, the sludge re· 
suiting from treatment of municipal 
wastewaters from both the civilian com
munity and Fort Wainwright is now being 
spread on sludge-drying beds. A certain 
amount of drying occurs during the mild, 
dry summers. In winter, the sludge freezes, 
with subsequent thawing in the spring. 

These phenomena aid the dewatering 
process. 

The details of the final process depend 
on one's objectives. If the goal is simply 
one of disposal, a sanitary landfill is suit
able. The sludge would be dumped at 
high concentrations in a relatively small 
area and suitable safeguards taken to pre
vent the spread of pathogens. These may 
include installing underdrains to prevent 
contamination of groundwater by leachate 
and constructing a dike around the dis
posal area to prevent pathogen trans
port by overland flow. 

It is my contention that one should 
utilize the resource potential of sludge 
to the fullest extent possible when ap
plying it to land. There is the clear pos
sibility of using all the domestic sludge 
produced in interior Alaska to enhance 
agricultural productivity. This is true for 
several reasons. First, soils low in nutrient 
value - as most local soils are - can 
benefit from nutrients available in the 
sludge. Second, the organic matter in 
sludge can help to stabilize soils low in 
organic content, which - again - de
scribes many interior Alaska soils. Third, 
transportation charges make the use of 
petrochemical-derived fertilizers expen
sive in interior Alaska. Fourth, we have a 
great deal of land and a small population. 

SLUDGE DISPOSAL IN FAIRBANKS 

The Fairbanks wastewater treatment 
facility has been operating for three 
years. It generates 30 cubic meters per 
day of dewatered sludge, resulting in 
1000 metric tons of dry solids per year. 
Initially, the sludge was hauled to a sani
tary landfill, but both political and prac
tical considerations have since terminated 
this disposal method. Now the major por
tion of the generated sludge is stored on 
site in outdoor drying beds. Since these 
beds provide less than a year's storage 
capacity, the sludge must eventually be 
transferred elsewhere. The current plan 
is to apply sludges to grass and grain-pro

ducing farmland. Four large sites covering 
some 80 hectares (a little less than 200 
acres) have been approved by the Alaska 
Department of Environmental Conserva
tion. Dewatered sludge is being applied to 
one site and air-dried sludge to a second; 
the other two have not yet been used. 

Mainly because of the lack of indus
trial water use in the area, the heavy 
metals concentrations in the sludge ap
pear to be low (e.g. 12 ppm As, 4 75 ppm 
Pb).5 Hence, metals toxicity does not 
appear to be a problem. Preliminary cal
culations indicate that sludge loadings 
sufficient to provide adequate nutrients 
can easily be achieved without violating 
U.S. E.P.A. guidelines concerning heavy 
metals. 

In Fairbanks and at Eielson Air Force 
Base, individuals have used air-dried 
sludge as a soil conditioner. At Eielson, 
anaerobic sludge is windrowed after being 
subjected to a freeze-thaw cycle, and is 
generally stored for three years prior to 
removal. This windrowed sludge has been 
utilized by individual gardeners for seven 
years. Even in a climate such as Fairbanks 
has, a three-year period should provide 
extensive disinfection.4 In Fairbanks, 
individuals have utilized approximately

3100 m of air-dried sludge from the 
treatment plant so far. Even though this 
has only been a small part of the sludge 
generated, its use is creating favorable 
public opinion concerning land applica
tion. 

With the daily sludge production rate 
of 30 m3, a year's supply could be placed 
on an 8 hectare site, assuming a depth of 
15 em. So far, the city has 10 times that 
acreage already approved to handle one 
year's production of sludge, and an equal 
amount of acreage not yet approved be
longing to those requesting sludge. Hence, 
the public is certainly interested in land 
application. 

A significant portion of the total ex
pense for land disposal of sludge is trans
portation cost. In the contiguous 48 states, 
the estimated cost of spreading dewatered 
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sludge on land is roughly 1/40 the cost of 
getting it there.6 An estimated cost of 
hauling sludge in Fairbanks to a disposal 
site 10 km away is $6/m3. At 12 percent 
solids, this is equivalent to $48/metric 
ton of solids or a monthly cost per house
hold of less than $1. This does not in

clude the cost of loading and unloading 
facilities, which can be half the total 
transportation costs for small plants, and 
assumes the truck is amortized over six 
years at 12 percent and that repair, oil, 
and gasoline costs average 60 cents/km. 
The cost per ton of solids can be reduced 
by a factor of 4 if the solids content is 
increased to 70 percent, a readily achiev
able figure if outside drying beds are 

7used. Tilsworth found capital costs of 
$50/metric ton solids for sludge dewater
ing via natural freeze-thawing in 1972 in 
Fairbanks. He also found costs of $70and 
$100 per dry metric ton using vacuum fil 
tration and sand drying beds, respectively. 

Fairbanks spends about $100,000 an
nually to operate a sludge dewatering sys
tem. This does not include amortization 
of the capital costs. Approximately half 
of this is the cost of flocculents. With 
this system, the cost to increase the solids 
content from 4 percent to 12 percent is 
about $10/metric ton of solids. Air-drying 
the thickened sludge would reduce this 
expense. 

With land readily available in much of 
the sparsely populated north, it seems 
reasonable to use land for both drying 
beds and ultimate disposal sites. More
over, the economics associated with land 
disposal are generally more favorable for 
small communities,8 which are common 
in the north. Although detailed economic 
calculations must be made for each site, 
the data being collected in Fairbanks 
indicate a tremendous potential for using 
natural freeze-thaw cycles on outside 
drying beds. This process greatly facili
tates separating sludge solids from the 
liquid. In those cases where hauling dis
tances are not excessive and moist sludge 
is desired, drying beds may not be war
ranted. Additional cost reductions may 
be achieved by using the nutrient value of 
the sludge to enhance productivity on 
agricultural lands. 

If municipalities in interior Alaska are 
going to spend money to dewater sludge 
before final disposal, its use as a nutrient 

source could be very cost-effective com
pared to commercial fertilizers. For in
stance, nitrogen in the form of ammonium 
nitrate costs around $900/ton in Fair
banks.9 If sludge consisting of 3 percent 
nitrogen on a dried weight basis and 30 
percent moisture is used as a nitrogen 
source, the transportation charges are 
only around $235/ton nitrogen per 1 0 
km hauled. Such dried sludge is readily 
produced by allowing thickened sludge 
from the Fairbanks sewage treatment 
plant to go through a freeze-thaw cycle,( 
followed by air-drying in the summer. 1u 
Although the city of Fairbanks currently 
gives away air-dried sludge, it appears 
more economical to use sludge rather 
than a commercial fertilizer over a 30 km 
radius. While the details of nutrient utili 
zation by crops are complex and are not 
addressed in this paper, these preliminary 
considerations clearly indicate the poten
tial for using sludge as a nutrient source. 

HEALTH ISSUES 

To help evaluate the health risks, I 
recently investigated the fate of patho
gens in sludge after land application. 10 

This project was funded by the U.S. 
Army Cold Regions Research and En
gineering Laboratory in Hanover, New 
Hampshi~e. and carried out at the Institute 
of Water Resources in Fairbanks. 

Several different treatments were 
established at the University of Alaska 
during July and August 1978 (Table 1). 

The 6-hectare test site of tilled farmland 
(Fig. 1) had Tanana silt-loam soi1. 11 On 
both plots 1 and 2, 5 em of dried sludge 
were spread on the surface, then rotc
tilled into the soil (Fig. 2) to a depth of 
around 20 em. The loading was 225 metric 
tons of solids/hectare and the moisture 
content was 30 percent. On plot 2, a 
lime dosage of 1 kg Ca(OH) 2 to 4.5 kg of 
sludge solids was used. Lime was mixed 
with the sludge on the surface and the re
sultant mixture was worked into the soil 
a few hours later. The pH of this mixture 
was 12. 

Plots 3 and 4 consisted of lesser 
dosages of a different dried sludge, which 
was also worked 20 em into the soil. The 
wettest sludge applied to plot 5 had a 
solids content of only 4.4 percent (Fig. 
3). This was the only plot where the 
sludge was not immediately worked into 
the soil. 

The primary objective of the field work 
was to obtain data on the fate of the patho
gens after land disposal of sludge. Since 
identifying various individual pathogenic 
organisms is very time-consuming, it was 
decided to use fecal coliforms as indicator 
organisms. 

All data suggested a rapid die-off of 
fecal coliforms from initial levels as high 
as 115,000 colonies/gram for the thick
ened sludge. Fecal coliforms were only 
found in the surface layer for plots 1 
through 4. Essentially complete disin
fection with respect to fecal coliforms 
was achieved within a few days for the 

TABLE 1 


Summary of Treatments 


Area Type Sludge Solids Load Moisture 
Plot No. m2 Applied Metric/tonsjha Content-% Application Date 

0 None 

1 90 Air-dried 

2 90 Air-dried 

3 80 Dewatered, 
Air-dried 

4 80 Dewatered, 
Air-dried 

5 40 Thickened 

225 

225 

90 

14.3a 

30.0 

30.0 

70.0 

July 19, 1978 

July 19, 1978 

August 24, 1978 

45 70.0 August 24, 1978 

25 95.6 August 26, 1978 

aScii moisture content. Other values refer to moisture content of sludge. 
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Figure 1. Plot locations. 

Figure 2. Dried sludge before incorporation into the soil. 

lime-treated plot. The dosage of 1 kg 
Ca(OH) per 4.5 kg of sludge solids was 

2 
sufficient to raise the pH to 12, where it 
remained for several weeks. This dosa~e is 

1recommended for rapid disinfection.

By curve-fitting the data according to 
Chick's Law, deca~ rates (base e) of the 
order of .25 days- were inferred. These 
seem reasonable in l~ht of similar data 
obtained by Miller.1 For all the plots, 
coliform concentrations decreased by 
many orders of magnitude during one 
growing season. The temperature at a 
15 em depth varied from 24°C to 3°C, 
while that at the surface varied from 
38°C to 3°C from July to September 6, 
1978. The pH remained close to 7 during 
the study, except for plot 2 where the 
pH declined from 12 to 8.2 over the 
two-month period following application. 
Since the intestinal environment remains 
at about 40°C, the lower temperatures 
of the plots reduce the fecal populations. 
Lower temperatures, coupled with the 
competition from other organisms and 
the low moisture content of the soil and 
sludge, restricted the spread of pathogens. 
In fact, no fecal coliforms were found at 
depths greater than 30 em for any of the 
plots or adjacent areas. 

Data on virus survival were not ob
tained. Other evidence indicates the move
ment and survival of viruses differ from 
fecal coliforms. 13 Therefore, one must be 
careful about extending these data to 
viruses. The fact that coliform densities 
are used as one measure of drinking water 
quality suggests that domestic wastes 
having low concentrations of fecal coli
forms should also have low. concentra
tions of viruses. In fact, the enteric viruses 
to coliform ratio14 in domestic sewage 
is typically less than 10-5. However, in 
assessing potential danger from patho
gens, one should realize that the infec
tive dose for bacterial and pr~tozoan 

pathogens is often gre~ter than forviruses. 
(Infective dose is defined as .the number 
of organisms necessary to cause disease 
in healthy humans or anim~ls.) 

CONCLUSIONS 

The coliform decay data collected in 
Fairbanks, coupled with the thousands 
of case histories of land application of 
sludge throughout the world, lead to the 
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Figure 3. Plot 5 immediately after sludge application. 

conclusion that such a practice can be 
accomplished in a sanitary manner in 
interior Alaska. 

The climate of interior Alaska can be 
productively utilized to reduce the mois
ture content of aerobically digested sludge 
by more than an order of magnitude. 
Sludge can be subjected to a freeze-thaw 
cycle and then allowed to air-dry in the 
summer. Such a reduction in total sludge 
mass will greatly reduce transportation 
costs if the sludge must be hauled to a 
final disposal site. Moreover, the same 
natural processes will reduce the patho
gen count. 

The sludge was worked into the soil at 
a solids loading of up to 225 metric tons/ 
hectare, producing an odorless mixture. 
Over the course of six weeks, the fecal 
coliform count was reduced by three 
orders of magnitude and neither lateral 
nor vertical movement by the bacteria 
was observed. 

Rapid disinfection results if slaked 
lime is mixed with such sludge at a dosage 
of about 1 kg of lime per 4 kg of sludge 
solids. For the tests discussed in this 
report, the resultant pH was 12 and no 
fecal coliforms were detected after 
several days. 
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by Nick Nicholson 

A Canadian Project: 

APPLYING ALTERNATIVE TECHNOLOGY 


The Autonomous House 

The Northern Engineer, Vol. 12, No.1 

System and order are finally surfacing in the field of alternative technology 
for building design and construction. The term, "alternative technology," or AT 
in its shortened form, is the appellation given to any building system that provides 
an alternative to outmoded energy-inefficient construction practices. Alternative 
technologies are different from the conventional ones, but not necessarily better. 
The emergence of AT during the past half dozen years has given birth to ludicrous 
schemes that - for example - have incorporated 60,000 gallon thermal storage 
water reservoirs into single family residences and to equally silly claims for solar 
heating system efficiencies that contradict all known laws of thermodynamics. 

As usual, when all the fuss, bother, and 'major breakthroughs' die away, solutions 
appear that address themselves to the entire problem with attention to detail. This is 
the stage of AT development at present. 

The objective for residential architects, engineers and builders, in this period of 
escalating energy and building costs, is to formulate and execute a design that will 
provide the highest level of energy efficiency while respecting practical limits. In 
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24" 	 ~'!!?.,_____,. 

c:> STORE r-r l\ 	 . north elevation and lower level of the east\ 	 ,I c:> 
tQ Ir--UJJ . 	

c:> elevation and to provide visual connec· 
Ib\ ,\ 	 I " :: 9'-11" " tl M tions with the exceptional view to the 

~ 	 .., I 

west. The corner at point A shown in 
I... \ l\ 
. 

i 
I 

33'-3"... 	 Figure 1 was added to increase the struc
~ 

tural integrity of the east wall in its\ '\ 
function as a buttress against the 13 feet 

__\ . of earth loading placed against it. 
. 

. I I 

49-1 
2 FOUNDATION AND WALLS 

4 16FT. 
The foundations were poured with ex

Figure 1. Foundation plan for the Autonomous House. The corner at point A increases panded polystyrene beads forming 40% 
the tensile strength of the wall so it can withstand pressures incurred by of the concrete. This provides the heat 
earth sheltering. retention capability that is necessary be· 

cause the footings form the outer perim
order to do so, the designer must address designed and built with an accent placed eter of the heat distribution network 
himself to such considerations as: on developing and introducing energy situated underneath the ground level. 

* 	The geometry of the structure as it conservation measures and innovative All elevations, with the exception of a 
renewable energy systems in a conservaaffects costs and the aspect ratio of small portion on the west side, are 

surface area to volume. tive 'slow but sure' manner. Consequent formed with fiberglass reinforced surface 

* 	 Number, size, type and placement ly, the Autonomous House may be bonding cement applied on insulated 

of windows. thought of as a composite of recently concrete block. These concrete blocks are 

* Energy conservation re: thermal 	 introduced proven design schemes with a fabricated from a concrete mix that is 

mass, insulation, controlled infiltra dash of visionary untried applications. similar to the type used for the founda

tion, thermal bridges and site plan The plan for the Autonomous House tions except that 60% of the volume is 
ning. forms a near rectangular proportion meas· composed of the expanded polystyrene 

* 	 Optimized use of traditional energy uring 30' x 50'. This plan eliminates labor· beads, compared with the 40% that was 

sources. 
* 	 Effective use of renewable energy 

Foundation and walls under construction. 
sources. 

* 	 Availability of specialized labor 

skills and materials. 


* 	 Availability of maintenance person

nel and equipment. 


* 	 Comfort, aesthetics and market

place acceptance. 


* 	 Capital and financing costs. 

The Autonomous House Project is, 
believe, a cost-effective and energy-effi
cient home design that considered all of 
the foregoing. It fairly represents the 
present state of the art for AT. 

THE AUTONOMOUS HOUSE 

The concept and execution of the 
Autonomous House design was a logical 
next step following a succession of twelve 
solar-assisted energy-efficient homes that 
the author built. All these homes were 
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used for the concrete mix used in the 
foundations. The surface bonding cement 
is a Portland cement, sand and glass 
fiber product that is troweled onto the 
surfaces of the dry-stacked (no mortar 
joints), insulated concrete blocks. This 
building system is still under evaluation 
so I shall not comment further on it at 
this time. Sources for information on sur
face bonding cement and insulated con
crete blocks are provided atthe conclusion 
of this article. 

Fifty-two percent of the total area 
of all elevations was mounded (bermed) 
with a sandy backfill. The earth berming 
technique for earth sheltering was pre
ferred to the "below existing grade" ap
proach because earth berming induces 
relatively less earth pressure against the 
structure. This is particularly true during 
freeze/thaw cycles when the earth is not 
restrained from expanding outward away 
from the structure. 

ROOF 

The low profile that is desired to pro
vide minimal surface area to heat migra
tion, and the mandatory horizontal roof 
line on the south elevation needed to 
accommodate the solar collector, sug
gested the parabolic roof (Fig. 2). A flat 
roof design that could also serve these func
tions was rejected as unappealing. Here
tofore, designers have avoided parabolic 
roofs because of the difficulty in fabri
cating protection against water infiltra
tion with the standard roofing materials 
that were available. Dow-Corning's intro
duction of the Silicone/Urethane 3-5000 

//,/ 
Figure 2. Parabolic roof line of the Autonomous House. 

silicone rubber membrane roofing system 
eliminates this constraint (Fig. 3). This 
material was applied in a few hours with 
inexperienced labor and its weatherability 
performance has been exemplary. The 
system meets Underwriters Laboratories 
790 requirements for class A construction 
on noncombustible decks at slopes up to 
3"/12". Additional features of the roof 
deck are the elimination of costly plywood 
sheathing and the discontinuity of the 
thermal bridge that is usually formed 
between the interior and exterior spaces 
by the rafters (Fig. 4). 

Figure 3. 

HEATING 

The space and domestic water 
heating system is a composite of 
wood, solar and electric energy sys
tems. These three energy sources 
are combined in a manner that per
mits the individual systems to 
satisfy the functions of space and 
water heating independently or in 
concert (Fig. 5a, b, c). A secon
dary heating system (based on a 
masonry stove) is situated in the 
kitchen area for cooking, heating 

the hot tub in the greenhouse, and sup
plying heat to the domestic water tanks 
in the thermal storage bin. 

The radiant floor heating used through
out the structure creates a zone of com
fort beginning at the floor level with a 
minimal temperature gradient from floor 
to ceiling. This system is considered su
perior to direct space heating which 
usually creates a large temperature differ
ential between cold floors and warm ceil
ings. 

Dow Corning's 3-5000 silicone/ 
urethane roof membrane. 

Figure 4. Autonomous House roof construction schematic. 

Membrane Silicone 3-5000 
1" Rigid Urethane 
2" Rigid Urethane 
2" Rigid Urethane 
1" Purlboard (Foil down) 
1 5/8" Air Way 
1/2" Foil Backed Gypsum 

Board (F~I Up) 
2 1 /2" Recess 

1-2 2 8 

0 1 4 16" 
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Figure 5a. 	 Combined heating system. Each portion can operate simul
taneously with, or independently of, any other. As shown 
both solar storage and stove are providing heat. 

Key to Symbols 
(Figures 5 a & b) 

Parlor stove blower b1 

Solar and/or electric heat blower(s) 
b2 

Greenhouse venting blower 
b3 

bf Gravity back flow damper 
Power damper for heat store/summer venting d1 
Power damper for solar and/or electric heating d2 
Gravity balancing damper for fresh air/house air supply d3 
Gravity back flow damper for collector air supply d4 

bd Gravity back flow damper for greenhouse venting 
r 2kW electric resistance coils 
sf D.C. drive solar fan 
C Active solar collector array 
H Solar and wood fired hot water preheat tanks 
S Temperature sensor 
P Sub grade heat distribution system 

Figure 5b. System operating in solar heat to storage mode. 

Radiant floor heating also improves the over
all efficiency of the solar heating system by 
permitting the use of low grade heat to offset 
building heat losses. It is well established that 
solar heating systems are increasingly effective 
as temperature demands are reduced. The basic 
reasons for this are: 

1. Collector heat losses are reduced 	in propor
tion to the reduction of the temperature 
difference between the collector and the 
outside air. 

2. Maintenance 	costs are reduced by diminu
tion of thermally-induced stress and co
efficients of contraction and expansion. 

3. 	Capital costs are reduced by eliminating 
the need for the specialized selective ab
sorber plate coatings used for high-tempera
ture solar collection. 

4. The potential 	to satisfy more of the build
ing heating loads from solar energy is in
creased because more of the heat in storage 
can be used before activating the backup 
heating system. (The Autonomous House 
backup heating system does not activate 
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Figure 6. Parlor stove heat exchange system. before storage temperatures drop to 80°F. This compares 

with the average 100 - 120°F for solar heating systems 

attached to conventional home heating systems.) 


The parlor stove heat exchange scheme (Fig. 6) draws either 
fresh air, house air, or a combination of both, past the chimney 
flue where it recuperates a portion of the heat normally lost as 
exhausted hot gases. This heated air is then directed into a rock 
bed situated at the grade level. The heat that is stored in the 

Figure 5c. Air flow paths. 

HOT TUB 
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rock then begins to migrate upward. An in
sulating fiberglass blanket is placed in the 
path of this heat flow to provide a ther
mal lag. Consequently, the heat enters the 
living space after the firebox cools. (Simi
larly, heat from the solar collector and 
storage can be released during the night.) 
The addition of smaller sized stone above 
the insulating fiberglass blanket modulates 
the thermal lag function by impeding 
heat migration further with the small 
air spaces between the rocks (Fig. 7). 
The prime advantages to be derived from 
this woodburning heating system are: 

1. Increased efficiency through 	 recu
peration of heat usually lost up the 
chimney. NB.: Creosote deposit 
has not been a problem. The system 
used in the Autonomous House 
blows 450 cubic feet of air per 
minute past the flue surface during 
periods when outside temperatures 
are below 0°F. Colder regions may 
need to reduce this air flow. The 
exact air flow may be calculated 
only when the length and type of 
chimney flue outside the structure 
is known as well as the ambient. An 
easy way to balance the system 
manually after installation is to pro
vide a rheostat in series with the 
thermostatic control to the motor 
(check with manufacturer's speci
fications to be certain that the 
motor is speed controllable). 

2. The 	comfort factor of the home is 
improved by circulating the heat 
that always accumulates over a 
woodburning device down to the 
floor level. 

Crushed stone bed at grade level for stove heat reclamation system. 

3. The convenience 	of wood heating 
is improved by eliminating most 
midnight refueling. 

4. 	Fresh air is brought in at a time 
when it is most needed. 

5. The 	 use of wood as an energy 
source is optimized; i.e., it is a com
mon occurrence to see woodbur
ners lie idle during mild daytime 
periods, when they would overheat 
the living space, followed by heat
ing demands at night. The heating 
system described overcomes this 
problem by distributing the heat 
gain over the 24 hour period. 

The rocks placed below grade serve to 
store wood heat and also to incur a fly
wheel effect. The "flywheel effect" is a 
term derived from the function of the 
heavy mass affixed to the crankshaft of 
an internal combustion engine. This 

heavy mass, or flywheel, smooths out the 
operation of the motor during its intake, 
compression, combustion and exhaust 
cycles. Thermal mass within a structure 
serves similarly with regard to tempera
ture fluctuations by buffering the struc
ture against temperature changes induced 
by varying outside temperatures and inter
mittent heating system operation. Damp
ening the temperature swing with thermal 
mass permits using smaller heating plants 
because of the reduced peak heating de
mands. Most heating regions of the con
tinent use rock or masonry to provide 
the mass. Regions without access to these 
materials, or building sites such as in per
mafrost that cannot accommodate the 
heavy load, can utilize the recently in
troduced thermal energy storage rods to 
provide the thermal mass. Thermal energy 
rods are encapsulated phase change ma
terials that store heat as latent heat of 

Figure 7a (below): Heat transfer to rock bed. Figure 7b (right): Heat 
transfer to living spaces. 

j@~~~! 

floor level 

2" maximum diameter 


rock layer 

1" fiberglass insulation 


forced hot air 

from stove 


6" minimum diameter 

rock layer 


vapor barrier 
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fusion in crystals. These crystals have the 
capacity to store 82 BTUs per pound 

GREENHOUSEduring the change from solid to liquid, 4 
which they release again when they cool 3 
and resolidify. 

The Autonomous House heating system 
distributes heat to four separate zones 
(Fig. 8) by directing hot air through the 
floor cavity into an air space located on 
all interior walls. The air exits from this 
space through outlets located at the base 
of all windows and at the juncture of the 
east wall with the roof. The advantage of 
using a zone-controlled heating system 
becomes apparent when you consider 
that heating for the average home is con
trolled by a single thermostat that is usual
ly positioned in the living room. This 
situation causes uneven heating (and 
waste) during the diurnal period when 
heat losses vary throughout the structure; 
i.e., heat is gained through glazed southern 
elevations during sunshine periods with 
the reverse occurring during nighttime 
periods, whereas the heat loss on the north 
elevation remains relatively constant. 

Solar heating with direct solar gain 
through 128 square feet of clear double 
glazing on the south elevation offsets day

• SOLAR ~~-..
STORE ...........................
•
•• 1 KITCHEN2 	 =
••• 


Figure 8. Four heating zones of the Autonomous House. 

time heat losses. Automated insulating 
shutters position themselves next to the 
glazing to restrict heat losses during non
solar periods. The heat collected from the 
352 square feet of active solar collector 
situated adjacent to the passive glazing 
is placed in the heat storage bin for later 
use. The air stream to transfer the heat 
from the solar collector to the thermal 
storage bin is moved by a blower which 
is powered with electricity from a photo
voltaic cell array. This array is composed 
of ten modules with forty 100 mm photo-

Figure 9. Closer look at the solar (storage, collection, and photovoltaic) system. 

solar fan 
(operated by photo cells) 

power damper-------... 
pos'n a-solar heat to store 

b-summer venting 
power 

dampers 


"" electric resistance 
\V heating coil 
r.-. electric immersion 
\!:.J heater 
r.-. phase change 
\V storage rods 
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pply to collector 
no back-flow damper 
unless needed I 

cells per module. Peak output is approxi
mately 250 watts (Fig. 9). 

There are two distinct advantages to 
using photovoltaics for such purposes. 
The first advantage is the capability to 
apply active solar heating in regions where 
standard electricity is not available; the 
second derives from maintaining the air 
stream in proportion to the solar flux. 
This enables the solar system to collect 
heat during fringe solar periods, (i.e. 
early morning, late afternoon, light 
overcast skies), because the lesser amount 
of air passing through the collector main
tains the minimum temperature that is 
necessary for useful heat. Conventional 
fixed air flow solar heating systems are 
inactive during these fringe periods. 

GREENHOUSE 
The decision to integrate the green

house within the Autonomous House 
structure instead of tacking it on an out
side wall in the conventional manner 
(Fig. 10) was motivated by the need to 
reduce heating demands to an absolute 
minimum and the desire to connect the 
plant growth visually to the rest of the 
living spaces, a desire engendered by the 
176-day long Canadian winter at latitude 
45°. 

The ratio of glazing area to planting 
area for residential greenhouses averages 
approximately 3 to 1. This ratio compares 
unfavorably with the ratio of 1'h to 1 for 
commercial greenhouses and 'h to 1 for 
the Autonomous House greenhouse. This 
means that a conventional greenhouse will 
expend six times more energy to maintain 
minimum temperatures for plant growth 
when compared with the Autonomous 
House greenhouse design. The obvious 
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question that is raised by 
this reduction in glazing 
area is: What effect does 
the shortening of the pho
toperiod caused by the 
reduced glazing area have 
on plant growth? The 
answer is: A severe ef
fect, so the photoperiod 
preceeding and following 
winter solstice at this 
latitude must be sup
plemented with fluores
cent Gro-Lites. The a
mount of electricity con
sumed by these lights 
is negligible compared to 
the heating energy saved. 

Another feature worth 
mentioning about the Au
tonomous House green
house is the use of ultra
violet sterilized hydro
ponic management. Hy
droponic methods, prop

LIVING 

o~WOOD 
STOVE 

erly employed, can quad Figure 10. Ground floor plan showing the greenhouse integrated within the Autonomous House. 
ruple the yield per square 
foot of planting area compared with soil 
practices. As a consequence, the use of 
hydroponics, will provide the equiva
lent of 160 lineal feet of planting benches 
from the 40 lineal feet actually installed. 
In hydroponics, the roots of the plants 
are prone to root-rot because they are 
kept wet. Ultra-violet sterilization elim
inates all fungus and algae spores which 
are normally combatted with poisonous 
chemicals. As a result, we do not expect 
to use such chemicals or any other pes
ticides or fungicides. 

VENTILATION: THE NEXT PROBLEM 

Uncontrolled air infiltration is a prob
lem that AT must deal with. Air change is 
necessary to maintain the health and vigor 
of the occupants of the home. However, 
the air change should be controlled. This 
is particularly important for those resi
dences that are unoccupied for periods of 
the day or week. 

A fact about air change worth noting 
is that the heat loss incurred in a 10,000 
cubic foot house (1200 sq. ft. x 8' high) 
when the air is replaced every hour by 
uncontrolled infiltration at an outside 
temperature of -10°F is approximately 
14,800 BTU/hr. This heat loss would 
total 355,000 BTU over a 24 hour period, 

an amount equivalent to the useful heat 
contained in 3% gallons of fuel oil. 

The amount of air change that is needed 
will vary with the number and lifestyles 
of the occupants. Modern construction 
techniques can reduce infiltration rates to 
0.1 air change per hour. However, it is 
debatable whether this minimum will 
be injurious to health. An alternative to 
minimizing air change is to introduce 
larger amounts of air into the home 
through an air-to-air heat exchanger. This 
device will recuperate a significant portion 
of the heat from the exhausted stale air. 
Development of air-to-air heat exchangers 
is proceeding apace with the increase in 
energy costs. If necessity is indeed the 
mother of invention, you can expect to 
see mass produced heat recuperators on 
the grocery shelf before the end of the 
decade. 

ADDENDUM: 

Technical data and product information: 

Surface bonding cement: 

INCA Company 
Stanton and Empire Streets 
Wilkes-Barre, Pennsylvania 
U.S.A. 18702 

Insulated concrete: 
Engineering Department 
Sparfil Quebec Inc. 
C.P. 9 

Delson, Quebec 

CANADA JO L 1 GO 


Silicone/Urethane 3-5000 roof mem
brane: 

A.J. Butler 
Dow-Corning Canada Inc. 
6747 Campobello Road 
Mississauga, Ontario 
CANADA L5N 2M 1 

Thermal energy rods: 
Pace Corporation 

555 Two Mile Road 

Appleton, Wisconsin 

U.S.A. 54911 

Photovoltaic cells: 
Parker Products 

10 Pierce Street 

Reading, Massachusetts 

U.S.A. 08167 

* * * * 
Mention of a particular product 

or distributor above does not consti
tute endorsement by The Northern 
Engineer. They are the ones with whom 
Nicholson dealt, and as such constitute 
some of the facts ofhis article. 
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Installing flat black painted aluminum 
over furring strips. The author is high 
man on the ladder. 

The completed house behind its berm (view from northwest). 

The Northern Engineer, Vol. 12, No.1 

Collector framing in place. 

Greenhouse soak tub and the shower area beyond. 

Nick Nicholson describes himself as 
"one of the few survivors of the pioneer
ing stage of solar energy." His previous 
publications include The Nicholson Solar 
Energy Building Manual, Prototype Can
ada, and Harvest the Sun, as well as the 
three-part Autonomous House Report 
presently complete to Volume II, which 
documents in greater detail the project 
discussed in the foregoing article. He is 
head of the Ayer's Cliff Centre for Self 
Sufficiency in Ayer's Cliff, Quebec. 
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PUBLICATIONS 

Gone but not forgotten: a form letter 
from Dolores A. Moulton, Chief of Pub
lic Communications for the Alaska De
partment of Fish and Game, arrived here 
announcing the demise of Fish Tales and 
Game Trails. "The budget for the Depart
ment's Public Communication Section 
has been at a virtual standstill for a num
ber of years," she wrote. " ... Over the 
years, as the cost of the magazine in
creased, we were forced to cut back other 
programs in order to continue publishing. 
This problem is now so severe that critical
ly-needed basic programs would be cur
tailed if we continued to operate in this 
way." Thus inflation pushes under another 
source of information. 

The popular bimonthly magazine tried 
to accomplish for wildlife management, 
hunting and sport fishing approximately 
what TNE tries to do for applied science 
and engineering in the north, so its 
passing gives us professional as well as 
personal qualms. DF&G has requested 
funds from the Legislature and has 
promised to resume publication if the 
additional funds are made available. 

* * * * 

The water discussed in Water Problems 
in Mining and Underground Work isn't 
frozen, but that doesn't mean there are 
no items of interest to northern en
gineers - especially mining engineers 
in its three volumes and 1550 pages. The 
publication is a product of the World 
Congress of Water in Mining and Under
ground Work, held in Granada, Spain, in 
September 1978. Contributions of spe
cialists from 24 countries - Austria to 
Zambia, including several Eastern Euro
pean countries and the People's Republic 
of China - are presented in the volumes; 
70% of the papers are in English and all 
have summaries in English, French-, and 
Spanish. Judging by titles, some of the 
reports have only exotic interest (High 
pressure grouting in deep gold mines, 
from South Africa) while others have 
very broad applications (The implications 
of gravel extraction on groundwater con
ditions, from England). 

The entire set is available for 5,500 
Spanish pesetas (that's about U.S. $80; 

other folks have problems with inflation 
too) from the Work Group of Hydro
geology, Sciences Faculty, Apartado de 
Co"eos 556, Granada, Spain. Please make 
your checks or money orders payable to 
SIAMOS. 

* * * * 

For alternative energy buffs: Methane 
Generation From Human, Animal, and 
Agricultural Waste is now available, free, 
from (of all places) the Commission on 
International Relations, National Acad
emy of Sciences, 2101 Constitution 
Avenue, Washington, D.C. 20418. 

* * * * 

For people dealing with traditional 
energy sources, there's now Basics of Oil 
Spill Clean-Up, a small book from En
vironment Canada designed "to provide 
the reader with a basic knowledge of the 
events which follow an oil spill. The em
phasis has been placed on the clean-up of 
oil spills which occur on water since these 
spills spread most rapidly and cause the 
most apparent environmental damage. 
Complete with colour photographs and 
charts, this book presents in compact 
form the problems associated with oil 
spills and the various methods of clean
up," according to the Supply and Services 
Canada brochure announcing its publica
tion. Basics of Oil Spill Clean-Up costs 
$6.95 Canadian; mention its catalogue 
number, EN40-311-1978, if you decide 
to order it from: Canadian Government 
Publishing Centre, Supply and Services 
Canada, Hull, Quebec KIA OS9 Canada. 
Make your check or money order payable 
to The Receiver General for Canada. 

* * * * 

On the same theme is Proceedings of 
the 1979 U.S. Fish and Wildlife Service 
Pollution Response Workshop, although 
the F&WS has not limited its concerns to 
petroleum problems alone. The 218-page 
Proceedings focuses on the biological and 
physical impacts of oil and hazardous 
substances and the state of the art for 
containment and cleanup, but also deals 
with other aspects of responses to spills, 
such as documenting damage for legal 

purposes, estimating the dollar value of 
the damage, and working with volunteers 
and the media during a crisis. The original 
Workshop was intended as a training ses
sion for Service employees, but the com
piled papers could prove useful for any
one who might have to respond to pollu
tion incidents involving oil and other haz
ardous substances. Limited quantities of 
the book are available at no charge from 
the U.S. Fish and Wildlife Service, Public 
Affairs, 1011 E. Tudor Road, Anchorage, 
Alaska 99503. 

* * * * 

Fresh from the University of Washing
ton presses: Oceanographic Atlas of the 
Bering Sea Basin, by Myron A. Sayles, 
Knut Aagaard, and L.K. Coachman, all 
of UW's Department of Oceanography. 
The publication announcement states 
that the authors have examined all avail
able hydrographic information from the 
Bering Sea in order to prepare their vol
ume; the oceanic variables presented in
clude averaged horizontal and vertical 
sections of temperature and salinity, de
tailed volumetric temperature-salinity cor
relations, dynamic heights of various 
surfaces, seasonal salt and heat content 
of standard sections, core characteristics, 
and others. The 170-page book contains 
100 charts, including numerous color 
foldouts, to make the collected informa
tion immediately and visibly accessible. 
The book aims to serve oceanographers 
and fisheries experts (it should be no 
surprise to TNE readers that Alaska 
plans to develop a large bottomfishing 
industry in the area) as well as the U.S. 
Navy and Coast Guard; no doubt the 
Atlas will also prove valuable for petrol
eum companies looking to the area's 
eventual leasing. 

Oceanographic Atlas of the Bering 
Sea Basin is available for $15 from the 
University of Washington Press, Seattle, 
Washington 98105. 

* * * * 

With splendid timing, The Autono
mous House Report - Part Two has just 
arrived. For those of you interested in 
applying alternative technologies to resi
dential design but who haven't yet 
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ordered Part One (see TNE Vol. 11, No. 
3), the three-part Report covers the 
techniques and design Nicholson discusses 
in this issue but in far greater detail. "The 
bottom line of six years of active in
volvement with the design and construc
tion of energy efficient solar homes," says 
the cover; it's an accurate statement, 
because the author is clearly determined 
to convey that bottom line. Though this is 
an imaginative project, including aspects 
that Nicholson admits are "visionary", 
the main thrust of both building and 
book are simply to assess what works. So 
far - openly discussed errors and all 
the Autonomous House is working. By 
January the electric backup heating had 
not been needed at all; the construction 
costs have been held below $25 per 
square foot; and this in Quebec- granted, 
not as harsh as Point Hope or Resolute 
for degree days or materials costs, but 
certainly not in the same league as Tampa 
or Brownsville. Beyond the useful theory 
and details of construction, readers may 
be entertained by Nicholson's continuing 
battles with the Canadian government's 
attitudes and policies - the problems 
sound familiar though details may be 
unique: "Latest item concerning Canadian 
Government energy policy," his an
nouncement to subscribers concludes. 
"FACT: The Pace Corp. of Appleton, 
Wisconsin is loaning the Aver's Cliff 

Centre a supply of Thermal 81 En
ergy Storage Rods for use in the Autono
mous House R & D Project. FACT: The 
Canadian Government is charging us a 
17% customs tax on the retail list price 
of the material." 

Part Two costs $5.95 (Canadian) by 
itself; all three portions of the Report are 
available for $16. Write to (or have your 
bookseller order from) Firefly Books 
Ltd., 2 Essex Ave., Unit 5, Thornhill, 
Ontario LJT 3Y7, Canada; or The Ayer's 
aiff Centre for Self Sufficiency, Walker 
Road, Ayer's Cliff, Quebec JOB 1CO 
Canada. 

* * * * 

Tinderbox, subtitled Journal of Re
newable Resource Economics, is a new 
publication from the Alaska Renewable 
Resources Corporation. For at least some 
of our readers, it could prove to be val
uable. It looks more like a small news
paper than a formal journal, but it has 
prodigious aims - phrased perhaps alarm
ingly in the first issue as : "A tinderbox 
is a small box for holding tinder, flint and 
steel for striking a spark. We thought this 
analogy was a good one for this publica
tion which we hope will ignite a virtual 
conflagration of renewable resource de
velopment in Alaska." Tinderbox will 
evidently be the communications arm of 

the ARRC, both as a kind of extension 
service publication to let Alaskans know 
what the Corporation is about and as 
a mode of information exchange among 
Alaskans involved in creating "a stable, 
locally owned, self-sustaining, private sec
tor economy based upon the appropriate 
and renewable use of renewable re
sources," to quote again from the first 
issue. 

The two-pronged approach could guar
antee disaster, with bureaucratic jargon 
coming from the publishers and self
congratulatory puffery from the readers, 
but it looks as if the Tinderbox staff will 
avoid the pitfalls. They don't write like 
bureaucrats but rather like good journal
ists aiming to inform readers who have a 
need to know; the lead story, on the film
ing of Spirit of the Wind, is a model of 
feature writing toward a point (in this 
case, how entrepreneurial and creative 
skills combined to produce a success) and 
the discussion of economics in innovation, 
Why it takes so long ... and costs so much, 
makes the position and philosophy of 
the Corporation clear without floating 
a halo over its collective head. 

Nowhere does the issue received here 
say anything about cost; probably it's 
free on request from Tinderbox, cfo 
ARRC, P.O. Box 1647, Juneau, Alaska 
99801. 

* * * * 

LETTER: Masonry Stoves Defended 

Editor: 
I have just reviewed the article "Woodstoves: Today's Technology" in the Fall 

1979 Issue of TNE. I am concerned with statements made about what we here know 
as European masonry stoves, and colloquially as Russian fireplaces. 

We in my office think that for most situations the masonry stove is far superior 
to a cast iron stove for a variety of reasons, including some in direct contradiction to 
arguments stated in the article. For example, the masonry stove with 3 vertical flues of 
a design brought here from Byelorussia measures 24" by 42" or 7 sq. ft. of floor area, 
compared to the 16" by 16" chimney plus 18" separation plus 30" length of a stove 
for 7.1 sq. ft., rebutting the notion that masonry stoves are space consuming. 

In this area the masonry stove costs around $1,800 compared to $1,400 for a 
standard chimney and stove large enough for comparable BTU output. Based on 
the burning efficiency of the masonry stove system and the cost of fitted (sawn and 
split) wood at $85 a cord in Maine, the cost differential is paid for in under two years. 
This obviously obtains only for new houses or houses without sound chimneys but a 
comparatively short payback period still holds true for other situations, the maximum 
being perhaps 8 years. 
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In response to the question of overheating: My partner has a masonry stove 
in a retrofitted convective loop balanced house located at latitude 44°30' North with 
8200 annual degree days and with about 40% of available sun on clear days. Decem
ber, January, and February constitute 50% of the heating season. He uses 2 cords per 
year of sound forest floor debris to augment solar/geothermal loop energy. Less con
centrated heating seasons could argue against masonry stoves because of overheating, 
especially in more evenly balanced, milder climates such as in Juneau. But in Fairbanks, 
although the seasons are more balanced than here, the months of October through 
April have the same or greater concentrated heat requirements as we do. And it is 
during this winter season that the mass stove does yeoman duty. 

In the convective loop house, in fact, nearly 100% of the heat from non-direct 
solar is supplied in only 3 months. Spring and fall balancing is supplied almost wholly 
by solar and geothermal via the loop. In a house without an envelope, the concen
trated heating season extends from early November to late March. In no case does the 
masonry stove overheat the houses with these units, with or without loops, during the 
full heating season. In spring and fall, one must be careful to fire the unit at the 
appropriate phase of the diurnal cycle, however this just indicates that we should be 
more attuned to climate and daily weather patterns, which is a long overdue charac
teristic to be recaptured by modern society. In addition, because these units are brick 
instead of tile faced, the surface emissivity is much lower, resulting in more even heat 
release. 

Lastly, may I point out three extremely important characteristics of masonry 
stoves unmatched in any other system save those passively heated structures which 
need no auxiliary heating. They are extremely efficient in the use of fuel, since nearly 
100% of any kind of wood, seasoned or unseasoned, trash or whole, is converted to 
useful heat. This is important in New England, where a threefold increase in heating 
wood use will mean that total wood cut will exceed wood regrowth. Secondly, because 
of the efficient burning process, they have virtually no air pollution emissions. The 
high temperature burn of most volatile gases and solids is followed by a closed blast 
gate phase which allows heat transfer to the brick but no emissions from the stack. 
Thirdly, masonry stoves have no mechanical parts, no electrical connections, no 
repairs, and very little ash residue. This last point is perhaps its only deficiency, should 
you plant a garden. 

So the authors would do well not to discard masonry stoves. After all, there is a 
market for cast iron components for masonry stove accessories. 

Sincerely, 

Sylvanus Doughty 
Architect 
Maineform Architecture 
Augusta ME 

Convection Loops is a newsletter with 
no journalistic aspirations whatsoever 
it's written completely by its readers, and 
the effect is of a free-form seminar in 
print. Formal presentations surface among 
playful comments; serious and spirited 
defenses of construction approaches con
clude with "Note: Not fully detailed, un
tested design." All this reader/writer en
ergy is expended on the subject of con
vective loop housing, sometimes called 
"double envelope" or "thermal envelope" 

residential construction (see Hai Toh 
Lim's article in TNE Vol. 11, No. 3 for 
a detailed discussion of the concept). 
This is a new and so far not standardized 
approach to home heating, but it seems 
to be growing into one of the most popu
lar methods of applying solar energy to 
that purpose ... and it looks as if there 
will be many growing pains yet for the 
technique to endure. Thus Convection 
Loops makes lively reading, probably rep
resents some history in the making, and is 

not a good guide for the do-it-yourselfer 
who wants to set out on homebuilding 
next week. The issue sent here, for ex
ample, has some sketches showing vapor 
barrier under the siding of outside walls 
and fiberglass batts installed with the foil 
facing outward - both customarily cited 
as horrible examples of how not to do it, 
especially in the north, rather than as a 
better way to do it as has been done here. 

Nevertheless, if you can read warily 
(and better yet, have something to con-
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tribute to this freewheeling forum), con
sider subscribing. Twelve issues cost 
$7 .50; order from Convection Loops, 
Box AF, Stanford, California 94305. 

MEETINGS 

It is easy to think of solar energy as a 
"new" technology - ignoring the fine 
point that Pueblo Indians and much earlier 
cave-dwellers applied basic passive solar 
techniques - but this AS/ISES Annual 
Meeting for 1980 is subtitled The Solar 
Jubilee - 25 Years of the Sun at Work. 
The International Solar Energy Society 
had its beginning in Arizona in 1954; as 
the Association for Applied Solar Energy, 
the group hosted the First World Sym
posium on Solar Energy there in 1955. 
The announcement for this year's gather
ing says "The Solar Jubilee in Phoenix 
will commemorate a quarter-century of 
progress to the point that solar energy is 
now beginning to fulfill the bold promise 
of the pioneer 1955 meeting." We can on
ly add that it's a pity it took 25 years to 
begin ... 

By the time you read this, it will be 
too late to pre-register, so if you want to 
attend the June 2 through 6 meeting, 
you'll have to show up at the Phoenix 
(Arizona) Civic Center Exhibition Hall. 
With more than 120,000 square feet of 
exhibit space available, there should be 
many state-of-the-art gadgets on display 
in the Hall to complement the interna
tional array of papers presented on every 
pertinent solar subject. Registration for 
non-AS/ISES members is $100; student 
non-members will have to pay $65. (We 
assume all Society members already knew 
about this gathering.) 

EDUCATION 

McGill University's Diploma Program 
in Northern Studies is an unusual attempt 
to provide people who choose to work in 
the north with a sound understanding of 
northern affairs, conditions, resources, 
and demands. Students applying for the 
program, which is offered through 
McGill's Centre for Northern Studies and 
Research, should hold a bachelor's degree, 
preferably with a major relevant to one 
of the five courses in the Program. The 

courses each occupy a month of concen
trated effort: Northern Land Masses, 
which covers terrestrial sciences from 
continental structure, through perma
frost and its effects, to mineral develop
ment; Physical Environment of the North, 
which deals with weather, climate, and 
the northern oceans, including sea ice and 
shipping; Peoples of the North and 
Northern Administration, from origins to 
present employment opportunities for 
Canada's Eskimos and Indians; Northern 
Ecology and Renewable Resources, in
cluding game management and fisheries 
resources as well as the structure and 
function of northern ecosystems; and 
The Northern Economy and Modern 
Technology, which also runs from general 
problems of planning and policy down to 
specifics, such as village waste disposal. 
Students successfully completing the 
course of study will have achieved the 
broadly-based "knowledge of the sciences 
involved and of the principles that under
lie the rational and responsible manage
ment of northern resources" that the pro
gram flyer describes, but in addition stu
dents may undertake research in subjects 
of special interest. 

The Diploma in Northern Studies 
is intended to meet the requirements of 
employees of government, trade, and in
dustry; educators; members of Native and 
service organizations; and researchers and 
consultants as well as people not yet 
committed to a specific career involving 
the north. Tuition is approximately $600 
for Canadian citizens and landed immi
grants and $1500 for other nationals. Ap
plications for the 1980/81 academic year 
are due now; for forms and further in
formation, write The Director, Centre 
for Northern Studies and Research, 
McGill University, 1020 Pine Avenue 
West, Montreal, Quebec HJA 1A2, Cana
da. If you're in a hurry, the telephone 
number is (514) 392-8202. 

NOTED 

"Woody" Retires Again; 41 Years 
Enough. That was the headline on press 
release No. 80-12 from the Alaska District 
Corps of Engineers announcing the re
tirement of Lyman L. Woodman, this 
time from the position of Public Affairs 
Officer for the Corps in Alaska. (The 

first time he retired, incidentally, was in 
1959, when Lt. Colonel Woodman com
pleted 20 years of active duty in the 
Army and Air Force.) Although TNE's 
readers may know Woodman best as the 
person who has described some of the 
great military engineering feats in the 
north (for example, the Alaska Highway 
in Vol. 8, No. 2), Anchorage residents 
may remember him as the Assistant 
City Manager there for some years be
tween his military stints. 

Woody plans to remain in Alaska and 
to keep working, but as his own boss in 
free-lance writing. 

* * * * 

The Stampede Mine has become the 
Earl H. Pilgrim Mining Research Field 
Laboratory. The mine, once the second 
largest producer of antimony in the U.S., 
consists of 14 claims originally held by 
Pilgrim in what is now Denali National 
Monument near Mt. McKinley National 
Park. Pilgrim sold the claims to a partner
ship of California businessmen who this 
spring transferred the surface rights to the 
National Park Service and donated the 
mineral rights to the University of Alaska 
in the interest of promoting a research 
and educational program that could dem
onstrate how development might be car
ried on in such environmentally sensitive 
areas in Alaska and elsewhere. 

Under terms of the deed of conveyance, 
the mine may be used indefinitely for 
research and educational activities but 
these must first be approved by the Park 
Service, and there are restrictions upon 
any development work. The mine may 
not be operated commercially, but ma
terials mined in the course of research 
and educational work may be sold. In 
case of national emergency and a need 
for antimony, the mine would be made 
available to the nation. 

Earl Pilgrim is a mining engineer who 
served on the mining engineering faculty 
of the University of Alaska - then the 
Alaska Agricultural College and School 
of Mines - when it opened in 1922. Now 
in his eighties, he plans to attend the for
mal dedication of his old mine as a new 
field laboratory when it is held this 
summer. 

* * * * 
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Keeping track: former TNE editorial 
board member Dr. Warren Denner, once 
Director of the U.S. Naval Arctic Research 
Laboratory in Barrow, has been named 
first Director of the Newfoundland In
stitute for Cold Ocean Science. NICOS 
is being established within the Memorial 
University of Newfoundland Faculty of 
Science as part of that university's re
sponse to the challenges arising from the 
exploitation of eastern Canada's offshore 
petroleum and fisheries resources. The 
new institute will be "seeking a basic 
understanding of the marine environ
ment", according to the University, and 
will be closely coordinated with C-CORE, 
the Centre for Cold Ocean Resources 
Engineering, also at MUN. 

* * * * 

Another February retirement: Morris 
J. Turner, the federal government's chief 
overseer during the final phases of con
struction and the start-up of the trans
Alaska oil pipeline, has retired from his 
position as head of the Department of the 
Interior's Alaska Pipeline Office. Although 
Turner held the post since 1977 and 
thus was responsible for organizing, op
erating and coordinating federal surveil
lance on the line, his involvement with 
the project dates back to 1970, when 
he "played a leading role in formulating 
the terms for construction of what was, 
and has remained, the largest privately 
financed project ever undertaken in this 
country," according to the BLM press 

release announcing his departure. 


Turner's 30 years as a civil engineer 
produced many commendations and 
awards, including some for his work on 
TAPS. Before turning to work on the 
pipeline, Turner was U.S. Army Corps of 
Engineers Project Coordinator for the 
Snettisham hydroelectric project near 
Juneau. He and his family plan to remain 
in Anchorage, at least for the immediate 
future. 

* * * * 

"A serious need to enhance the science 
and practice of cold regions engineering 
exists." That may not be stunning news 
to practitioners in the field hereabouts, 
but at least now it has been formally 

stated by the American Society of Civil 
Engineers: the sentence comes from a 
report prepared by the ASCE Task Com
mittee on Cold Regions. Emphasizing 
that they mean what they've said, the 
ASCE has activated a Technical Council 
on Cold Regions Engineering to begin 
activities during the current fiscal year. 

According to the Alaska Professional 
Design Council News, "The new council 
establishes means for ASCE to undertake 
a comprehensive role in elevating the 
"State-of-the-Art" of cold regions en
gineering. The new council has traditional 
ASCE administrative structure and organ
ization for Executive, Program and Publi
cation, and Research Committees within 
the TCCRE. Work will be linked to and 
coordinated with other technical divisions 
and councils of the Society by an Advisory 
Committee." 

The new Council needs interested 
northern engineers. For information about 
becoming a member, write to TCCRE's 
current chairman: Amos J. Alter, P.O. 
Box 304, Juneau, Alaska 99802. 

* * * * 

In August 1979 GCO Minerals Incor
porated submitted a request to the Bureau 
of Land Management to allow GCO to 
construct an airstrip on Federal lands in 
the Wulik River area of western Alaska. 
The strip is intended to provide safe ac
cess to unpatented mining claims so that 
GCO can continue exploration and eval
uation of the mineral-rich area. Under 
the terms of the Federal Land Policy 
and Management Act, the BLM must 
evaluate any area of public land con
taining 5000 acres or more for wilderness 
suitability in such cases; this act has 
caused terror and fury fo; the mining 
industry in Alaska, since nearly all of 
the state comes under the terms of the 
FLPMA. However, in March of this 
year the BLM set a precedent with the 
GCO request: Since the company's 
claims were in existence before the 1976 
passage of the FLPMA, then if GCO can 
prove the validity of those claims, the 
BLM will issue a letter of authorization 
for the proposed airstrip. In this case the 
predominating law is the 1872 mining 
law which provides for "reasonable ac

cess" to establish valid claims. It's up to 
the company to establish that validity, of 
course, without the convenience of the 
airstrip. If GCO cannot prove discovery, 
then no additional development will be 
permitted. 

* * * * 

Though the U.S. Fish & Wildlife Ser
vice is one of the most faithful contribu
tors of interesting news releases to TNE's 
mailbox, their subject matter is usually 
not especially pertinent to our contents 
and so seldom is quoted here. Not long 
ago, however, they sent one with an ir
resistible headline: Want to Tell the Fish 
and Wildlife Service Where to Go? 

The substance of the release was actu
ally a request for public comment to 
define issues critical for fish and wildlife, 
rather than critical to the F&WS, but 
Alaska Area Director Keith M. Schreiner 
indicates in the announcement that he 
is specifically interested in hearing from 
"opposing camps" as well as from groups 
traditionally aligned with the Service. 
Judging by the local level of grumbling 
and grousing, mining engineers and most 
civil engineers in the north fall to some 
extent into an opposed camp. If you're 
one of them with a point to make, the 
Service will accept your comments now 
for a draft plan of their future role and 
activities in the state. Submit your sug
gestions to Dr. Calvin J. Lensink, Activity 
Leader, BSP-CE, U.S. Fish and Wildlife 
Service, 1011 E. Tudor Rd., Anchorage, 
Alaska 99503. A draft of the plan should 
be completed by late summer 1980, when 
it will be published for formal public 
review and comment. 

* * * * 

There's an enormous amount of in
terest in alternative energy sources in 
the north, as these pages often reflect; 
what we can't accurately reflect is a cer
tain typically northern wry attitude 
about these new approaches. The most 
succinct expression of this in print is 
perhaps that on a bumper sticker noticed 
in downtown Fairbanks: In bold capitals 
it said, "I RUN ON ALCOHOL". Under
neath that line, in very small type, it 
said, "but my car burns gasoline." 
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REVIEW 


PIPELINES AND PERMAFROST: 
PHYSICAL GEOGRAPHY AND DEVELOPMENT IN THE CIRCUMPOLAR NORTH 

by Peter J. Williams 


Longman, London and New York 

("Topics in Applied Geography" series) 98 pp; $13.95 in paperback 


P.J. Williams' name is well known in northern studies: the book cover simply 
states he "is Professor of Geography at Carleton University, Ottawa, was Consultant 
to the Berger Inquiry, and is Geotechnical Advisor to the Canadian Government's 
Environmental Assessment Panel for the Alcan gas pipeline." Clearly, he could have 
written a massive tome six times the length of this slim volume without exhausting 

his topic or his expertise. 
He didn't need to. His book is informative, concise, and accessible even to people 

without technical background or northern experience. Pipelines and Permafrost is a 
clear and understandable primer on frozen and freezing ground, how it works, and 
how it affects man-made structures. He leads readers step by step through what is 
known (and presently surmised) about the geotechnology of cold terrain, especially 
as it relates to large pipelines; further, he explains how it came to be known -often 
through rediscovery rather than recent experiment. This willingness to bring in history, 
from Laplace's calculations to Justice Berger's deliberations, gives a refreshing perspec

tive and sense of balance to the book. 
Next to its informational content, in fact, the main impression this book leaves 

is that of reasoned balance. Nowadays anything written about northern pipelines 
seems to come from only two perspectives: Either they are magnificent examples of 
superb technology in service to the public, or they are disastrous examples of the 
human willingness to foul the planet in honor of greed. Williams shares neither view. 
"Just as the pipeline will disturb the environment," he writes, "so can the environment 
disturb the pipeline." Both the economic feasibility and actual environmental impact 
of a pipeline depend on satisfactory solutions to technical problems. The author 
disagrees with corporate assertions that all necessary solutions have been found as well 
as with wilderness clubs' insistence that no such solutions exist, and he makes a 
convincing case for his views. 

Who should read Pipelines and Permafrost? Every politician who has to make a 
pipeline-related decision; certainly every journalist who has to write about the north
ern pipelines; every student thinking of taking up northern engineering; every practic
ing northern engineer who enjoys a surge of adrenalin when he reads an opinion 
disagreeing with his own. (That's for starters. I plan to send a copy to a retired Yankee 
farmer who never could understand why his wintry pastures grew boulders between 
November and April. After reading this book, he'll know.) 

It is not a book for everyone, however. Williams is not a great prose stylist nor a 
compelling popularizer, and his book will not replace John McPhee's Coming Into The 
Country as a best-seller on the north. But I think Pipelines and Permafrost belongs in 
every technical library above 45°N at least. 

--Editor 
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TO OBTAIN A COVER- WHAT 
DEVELOPS BEHIND THE SCENE: 

Possibilities: Use a regular black and white photo (right). 

)Ia 

Try a reverse black and white print (below). t 

~ 
Print two identical negatives, with one flipped - resulting 

in colliding herds and a two-headed eight-legged calf 
in the middle! (At this point, the darkroom expert 
is becoming giddy.) 

Remove the grays and try some art work (left). 

·. 
For the final solution, see the cover! 
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