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Guest Editorial: 

NORTECHNow 

The Northern Technology Grants Program, 

administered by the Alaska Council on Science and 
Technology, began in 1979. Never intended to be a 
long-term ongoing state enterprise, "NORTECH" was 
to foster innovation, test ideas, and stimulate interest 
in "transportation, recycling, food production, waste 
disposal, building design, energy generation and 
any residential or industrial enterprise which may be 
more efficient, less costly or less energy-intensive 
than methods now in use." Proposers were to receive 
grants up to $5000 to pay for developing their ideas 
in these categories; they could receive no reimburse
ment for their own labor costs. 

Over the four cycles of the program, more than 
300 scientists and engineers volunteered their time to 
assist the Council in its review of the more than 1000 
proposals. Scrutiny has been close, for only 114 
projects have been funded by the Council. 

Many of the experiences and information gar
nered from these projects can be transferred to 
larger-scale activities proposed by individuals, the 
government or private industry. For example: If a 
firm wishes to manufacture an electric car suitable to 
arctic conditions, it has only to go to the people who 
received grant funds to find out if their project was 
successful and what problems and difficulties they 
encountered. As another example, the many green
houses funded under this program can be altered or 
modified to fit specific conditions, whether in the 
bush, in a mid-size town or large urban area. Al
though the majority of the projects funded have 
been in Fairbanks and Southcentral Alaska, many 
should be of interest to other parts of the state as 
well. Often for rural Alaska, all that is needed is a 
simple modification of a technology in use elsewhere, 
or testing under bush conditions (as with wind 
generators); sometimes more than simple modifi
cations are required, and a new technology must be 
developed. 

Fiscal 1982 was the last year the Council 
received funds for this program. The Council 
recommended to the executive branch and the 
legislature that no more projects be funded, at 
least until results of the 114 projects currently 
underway could be received, analyzed and 
disseminated to the public. As of the end of 
October 1982, 20 projects had been completed. 
Although grantees are expected to finish their 
projects in one year, extensions have been 

granted for various reasons (modifications in proj
ects, damage to materials during shipping, or health 
reasons), so now the program is in a "wait-and
see" mode awaiting the results of projects. Whatever 
the type of project, a time of testing and analysis 
must take place to verify what will work in a given 
situation. 

Beyond the dissemination of Technical Briefs, 
concise publications summarizing successful projects, 
the Council has no plans and no funds to mount an 
extensive campaign to present the results of these 
projects to other citizens. The Council is working 
with other agencies on the local, state and federal 
level to transfer information gained on the Northern 
Technology Grants projects. This special issue of 
The Northern Engineer represents one such effort. 
The Council anticipates there will be a wealth of 
information generated by these projects, whether 
they were successful or unsuccessful. If successful, 
the projects will be open to visits by interested parties 
(this is a grant stipulation). And if unsuccessful, 
project reports will explain why a project failed. 

This is the phase the program is in now. The next 
phase will - we hope - occur over the next three 
years: the important task of letting others know how 
to apply these simple, innovative technologies to their 
particular needs. 

Copies of reports on the completed projects are 
distributed not only to the state library system but to 
legislative information offices and the governor's 
offices. Copies of all Northern Technology Technical 
Briefs are also available at the ACST offices at Pouch 
CV, Juneau 99811 ( 465-3510 ). 

-Christopher Noah 
Executive Director 
Alaska Council on Science and Technology 
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This open door into the Northern Technology Grants Program is on a solar wood
14 drying kiln near Fairbanks, one of the many NorTech projects all around Alaska 

funded during NorTech's four-year existence. The reports on projects contained in 
this issue were made possible by a grant from the Alaska Council on Science and 
Technology; we gratefully acknowledge their assistance. (Photo by Charles Simmons.) 

THE NORTHERN ENGINEER (ISSN 0029-3083) is a quarterly publication of the Geophysical Institute, University of Alaska - Dr. Juan G. 
Roederer, Director. It focuses on engineering practice and technological developments in cold regions, but in the broadest sense. We will consider 
articles stemming from the physical, biological and behavioral sciences, also views and comments having a social or political thrust, so long as the view
point relates to technical problems of northern habitation, commerce, development or the environment. Contributions from other nations are welcome. 
We are pleased to include book reviews on appropriate subjects, and announcements of forthcoming meetings of interest to northern communities. 
"Letters to the Editor" will be published if of general interest; these should not exceed 300 words. (Opinions in the letters, reviews and articles are 
those of the authors and not necessarily those of the University of Alaska, the Geophysical Institute, or The Northern Engineer staff and Board.) 

Subscription rates for The Northern Engineer are $10 for one year, $15 for two years, and $35 for five years. Some back issues are available 
for $2.50 each. Address all correspondence to THE EDITOR, THE NORTHERN ENGINEER, GEOPHYSICAL INSTITUTE, UNIVERSITY OF 
ALASKA, FAIRBANKS, ALASKA 99701, U.S.A. The University of Alaska is an EO/AA employer and educational institution. 
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SOLAR KILNS TO DRY WOOD 

the projects of Bruce Forster and 
Charles Simmons 

In his proposal to the Alaska Council 
on Science and Technology, Bruce Forster 
stated the problem behind his plan: 
"Many woodworkers with whom I am in 
contact lament the quality of commer
cially available 'dried' lumber here in 
Alaska." Not only is imported lumber of 
uneven quality and high price, but the 
Alaskan woodworkers are surrounded by 
"a renewable resource of such potentially 
high quality that it seems wasteful not to 
take advantage of it ... our local timber, 
spruce, birch and cottonwood, when pro
perly dried is not easily matched in work
ability and beauty. 

"However, for a small woodshop to in
vest in a dry kiln represents a major 
capital expense out of reach of the 
average Alaskan craftsman." Not only is a 
standard kiln expensive, so is any typical 
heated space. Yet it takes an extremely 
long time to air-dry wood outside of a 
heated building, and even outside, space 
is usually at a premium. So for north
ern woodworkers, the catch to using 
northern woods seems to lie in that 
phrase, 'properly dried.' 

HOW WOOD DRIES 

As background for his project report, 
Charles Simmons provided an article by 
William W. Rice, a teacher of wood science 
and technology at the University of Mas

sachusetts, that explains the 
processes by which wood 
dries. 1 Trees, logs and fresh
ly sawn boards hold free 
water contained in the wood's 
cell cavities, and bound water 
held in the cell walls by 
molecular attraction. As the 
wood dries, the free water 
proceeds from cell to cell 
by capillary action, while the 
bound water moves by diffu
sion. Since it is like empty
ing liquid from a cup, the loss 
of the free water does not 
change the cell dimensions; 
however, as the bound water 
is released from the cell 
walls during drying, the cellu
lar spaces contract and the 
wood shrinks. In very small 
pieces of wood, all the free 
water leaves first, followed by 
the bound water. Larger pieces 
of wood dry from the surface 
towards the center, so bound water is 
evaporating at the surface while free 
water is still traveling from the interior. 
This creates moisture gradients and hence 
drying stresses in the wood, producing 
cracks, splits and warp - collectively 
known as 'degrade' to wood experts. 

Temperature, humidity and air move
ment through a stack of lumber all affect 
the drying process. A wood-drying kiln 

permits its operator greater control of all 
three factors than nature affords, and thus 
makes degrade less likely. Basically, a dry 
kiln is a well-insulated box equipped with 
devices to provide heat, move air, and ad
just humidity. Constructing a kiln of any 
size can be expensive, as Forster's quote 
above indicates, but for northern crafts
men, heating one could be prohibitive. It 
is not surprising that two woodworkers in 

Bruce R. Forster earned a B.A. degree from Glassboro State College in New Jersey, holds Industrial Arts and Elementary Educa
tion certificates, and taught school for six years before becoming a selfemployed furniture maker near Homer, Alaska. Charles 
Simmons is a part-time cabinet maker near Fairbanks; one of his hand-crafted rocking horses was featured in a toy exhibit at the 
University ofAlaska-Fairbanks museum this winter. 
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different parts of the state pounced on the 
idea of using the sun to heat their kilns. 

A SOLAR KILN 

Though they were working completely 
independently, both grant recipients were 
inspired by the pioneering work of Eugene 
Wengert, Extension Specialist in Wood 
Technology at Virginia Polytechnic Insti
tute. Wengert's design2 looks like a rec
tangular box with one corner sliced off at 
a 45° angle along the south-facing long 
dimension. The sliced-off portion is cov
ered with glass or other transparent mate
rial, producing a structure looking like an 
insufficiently glazed greenhouse. The un
glazed walls and floors are fully insulated 
and are painted black on the inside to ab
sorb heat. Sunlight entering through the 
glazed roof strikes the dark walls and 
baffles, generating heat which is circulated 
by thermostatically controlled fans. Ex
cess heat and humidity are released 
through manually operated vents on the 
rear (north) wall. That excess heat can be 
generated is underlined by Wengert's warn
ing that the structure must be left open 
when it is empty, because temperatures 
can reach 200°F at the peak when there 
is no mitigating effect from evaporation. 
The kiln may also be covered with canvas 
when not in use. 

The plan is based on Wengert's 18 years 
of research and development in solar lum

1.. 
2 
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KILN IN OPERATION 

The vents on Bruce Forster's kiln are standard items. 

However, he modified the upper vent so it hinges 

properly, yet still sheds rain from the outside. 
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the state, since it receives neither the inber-drying for the U.S. Forest Service and 
tense cold of the Interior nor the heavyvarious universities, so Forster and Sim
precipitation that falls on other commumons could be confident that the idea 
nities along the northernmost Pacificwas sound. The challenge lay in adapting 
coast. Forster judged that the Wengert dethe design to Alaska conditions and to 
sign needed little modification to functhe needs of each woodworker. 
tion well at his location, and the size 
seemed appropriate for his needs as a self

THE ALASKA KILNS employed cabinetmaker. He did double
glaze the transparent portion of the roof 

Bruce Forster's Project to cut down on heat loss, and used a kind 
of fiberglass designed for greenhousesForster lives near Homer. The area is 
(Sun-LiteTM fiber-reinforced plastic) thatsometimes called 'the banana belt of 

Alaska' by envious residents elsewhere in - unlike the less expensive clear plastic 
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Forster's kiln: the lumber charge (left) must be covered with black-painted plywood placed snugly against the north wall to force 

circulating air through the lumber. 
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East wall framing of Bruce Forster's 
kiln. South-facing roof is covered 
with fiber-reinforced plastic. 

North wall, raised as one piece, 
shows framing for fan opening and 
lower vents. 

materials Wengert suggested - does not enough air for his purpose. A thermostatic 
turn cloudy or opaque after continued control starts the fan when the tempera-
exposure to the ultraviolet in sunlight. He ture in the kiln reaches 70°F. 
also decided that one fan, rather than the His building stands on a foundation of 
three in the original design, would move six pressure-treated posts 12 inches in di-

TABLE 1 

MATERIALS FOR THE FORSTER KILN 

Quantity Size Item 

2 2x8x18 Joists 
16 2x8x8 Joists 
75 2x4x10 Frame 
8 2x4x18 Frame 
2 4x8x18 Beams 
5 3/4x4x8 COX floor 

12 5/8x4x8 T·11 80C 
3 10'Z Metal Edge 

10 3/8x4x8 COX walls 
4 1/2x4x8 cox 
9 4x10 Greenhouse F.R.P./NLS 
5 3-5/8x15 Fiberglass insulation 
3 Pr 3 1/2 Butt hinges 
X 12·2 UF wire 
2 Single device boxes 
1 Switch 
1 Cover plate 
6 Wire nuts (Y) 

201b 16d galvanized Nails 
101b 7d galvanized Nails 
61b 5d galvanized Nails 

300 1x2x10 # 3 Pine stickers 
2 Bundles Undercourse shingles 

X 301b Felt paper 
4 tubes Silicone 
2 cans "Great Stuff" (urethane foam) 

2 Door weatherstripping 
4 Door dead bolts 
2 Door handles 
2 1x4x18 Thermax for plenum 
X Romex staples 

3' Heat/cool thermostat/115 VAC 
Y, flex conduit 

115 Vac · 2100 C.F.M. Fan. direct drive exhaust· 
1/15 HP · 1.6 A 1550 RPM Emerson Electric 

2 gal Aluminum paint 
2 gal Flat black paint 

ameter, set in two rows four feet apart 
and driven four feet into the ground. The 
foundation and floor have to be unusually 
sturdy for a building measuring only about 
7 x 17 feet, since wet lumber is heavy; 
Forster used 4 x 8 beams and 2 x 8 joists 
topped with %-inch CDX plywood for 
the floor deck. All materials purchased 
for the kiln's construction, listed on 
Table 1, cost about $2000 total in 1980. 
The illustrations give a fair idea of the 
structural details. 

What is harder to show is the effort 
that had to be made to control moisture 
migration. Conventional building practice 
calls for a vapor barrier between the 
inside surfacing material and the insu
lation, and for typical home or office 
conditions of temperatures less than 
70°F and relative humidities less than 
30% that method is fine. However, in a 
solar dry kiln the temperature can exceed 
100°F with relative humidities near 
100%, which puts the interior surfaces in 
conditions like those of an equatorial 
swamp - and building materials do not 
last long unprotected in an equatorial 
swamp. Therefore Wengert recommended 
sealing the interior surfaces very carefully 
so that moisture remains inside where it 
can be controlled. Although Forster 
followed the suggested method, which 
was to cover the interior surfaces with 
two coats of waterproofing aluminum 
paint before applying the final coats of 

flat black paint, he would recommend 
using a 6-mil poly vapor barrier. 

Charles Simmons' Project 

Simmons is a part-time cabinetmaker 
who lives near Fairbanks, an area with a 
demanding climate that few people envy. 
For years he had wanted to construct 
a solar kiln but was not satisfied with any 
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design until he saw Wengert's. He reports 
that when he saw the Wengert design, "I 
was immediately impressed with its 
elegance, simplicity and low cost. Other 
designs have employed separate solar col
lectors, whereas here the building itself is 

the collector." 
He too followed the original plan quite 

closely, but as the accompanying photos 
show, he decided that a slightly smaller 
structure would meet his needs for 
cabinet-quality wood adequately. He also 
made the collector angle steeper, to gather 
solar energy more efficiently at his 
near-65°N location (in comparison, Ho
mer is close to 59°N latitude). Since he 
did not intend to attempt using the kiln 
during winter, the structure is not super
insulated; he used 3'/2' insulation and 
6-mil polyethylene sheeting as a vapor 
barrier. The Fairbanks area receives too 
few hours of winter sunshine to generate 
much heat, and temperatures below 
about 70°F do not promote drying. 1 

Like the Forster kiln, his has two layers 

of glazing. 
Simmons' kiln, 6' wide by 16' long, is 

built on a foundation of 6 x 6 posts. The 
2 x 8 floor joists are spaced 16" on center 
and support 5/8" plywood flooring. The 
approximately 128 square feet of collec
tor is glazed with Filon;™ he covers the 
kiln with canvas when it is not in use. 

Though his kiln was smaller than the 
Wengert prototype, Simmons decided 
that keeping the air moving through the 
lumber was vital, and so followed the sug
gestion of using three fans. His are 16-inch 
diameter, two-speed, mounted on an 
interior baffle (see photo) and regulated 
by two thermostats. He indicates that he 
would have preferred three-speed high 
temperature fans but was unable to find 
any. (For the benefit of anyone contem
plating building a solar kiln, he notes 
that interior-mounted fans should have a 
minimum of Class B rated insulation.) 

If he were building it today, Simmons 
estimates that his kiln would cost about 
$2500. 

OPERATION 

How well any wood-drying kiln oper
ates depends in large part on the capacity 
of its operator to pay attention to details. 
The green planks first must be end-coated 
with waterproofing (latex paint works 

well), so the ends do not desiccate and 
crack or split. Lumber must be stacked 
carefully in the kiln, with at least a foot 
of air space on all sides of the stack. So 
air can circulate through the stack, single 
layers of planks are separated with 
spacers, called 'stickers', placed per
pendicular to the boards' length every 16 
to 18 inches. The ends of each board must 

Simmons used three two-speed fans to 
move air through his solar kiln. 

be supported with a sticker as well. During 
drying, the operator has to monitor the 
wood's moisture content with an electric 
moisture meter or by periodically weigh
ing sample boards. As his experience 
increases, an operator can determine 
moisture content fairly accurately just by 
feeling the wood. 

A solar wood dryer is as demanding as 
any other variety of dry kiln when it 
comes to stacking requirements, but 
because of its natural heat source - is 
more forgiving for managing moisture 
content. As the sun angle changes in the 
evening so that light is no longer striking 
the kiln's interior, the building begins to 
cool down. Cooler air can hold less mois
ture, so the relative humidity (RH) will 
increase to as much as 100%. This cooling 
and rise in the R H is important, because 
it slows down evaporation from the wood 
surface, giving the moisture moving 
outward from within the planks' interior 
time to catch up with the overall drying 

process. The stress associated with steep 
moisture gradients (discussed above) is 
prevented, and the solar process produces 
wood with very little degrade. The poten
tial for drying stress is greatest early in 
the drying process, so during the first 
days the vents are kept closed, and may 
be closed again whenever conditions 
warrant. (Typical commercial-scale kilns 
try to achieve the same effect by adding 
steam to the air when their monitoring 
devices show that drying is proceeding 
too quickly; determined backyard oper
ators may spray plank surfaces with a 
garden hose when their sample boards 

weigh too little too soon.) 

RESULTS 

Simmons' kiln can dry about 1100 
feet per charge, but he chose to start 
small: "On May 15, 1982, I put in 500 
board feet of 24% moisture content birch. 
After finally loading the kiln it was very 
satisfying to look into one of the vents 
and have my glasses fog up immediately 
from the exhausted humidity, proof that 
the kiln was doing its job. In about two 
weeks of ideal drying weather, the birch 
dried to 6-9% moisture content." 

Forster has run several loads, including 
one of green oak hauled in by a friend 
from Oregon. With succeeding loads, he 
has adjusted the kiln and his procedures to 
improve the results. He had estimated 
that the kiln would hold a 2000 board 
foot charge; an early discovery was that 
though it can hold that much, there was 
no way for the person loading it to get 
out when it was full. (The Wengert design 
had the roof and bottom of the south wall 
hinged, so the entire front of the building 
could open for loading - a complexity, 
and probable source of heat loss, that 
both grant recipients chose to avoid.) The 
actual full charge is about 1700 board 
feet: that much rough green spruce will 
dry to an ideal moisture content after 
200 hours of sunny summer weather. 

Ideal moisture content (MC) depends 
on relative humidity: for spruce, 7'h% 
MC is ideal at 38% relative humidity 
(RH). Equilibrium moisture content 
(EMC) is the relationship between bound 
water and relative humidity, according to 
species of wood. At the EMC, wood 
neither gains moisture (swells) nor loses 
moisture (shrinks). 3 For spruce: 
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at 75% RH, 14% MC is ideal; 
at 50% RH, 9% MC is ideal; 
at 25% RH, 5% MC is ideal. 

In summer Forster dries spruce to 
7-8% MC in Homer's average RH of 50%; 
in winter spruce is dried to 5-7% MC in 
average R H of 20%. 

Though commercial kilns use stickers 
half an inch thick, both Forster and 
Simmons believe that %" is the minimum 
that should be considered for kilns like 
theirs; Forster uses 1 x 2s as stickers. He 
adjusts stickering seasonally; more space 
is needed for air to circulate through the 
stack by September, when "the sun just 
doesn't have enough oomph." 

SUMMER CHARGE 
,STICKERS~ 1700 BOARD FEET, 

M tJ§ tc$??1 till bS'>'-§?3 

~~ !N*?d 101_0)5?3 
LUMBER 

WINTER CHARGE 
STICKERS ....... 800/1000 BOARD FEET 

Forster did make one change to the kiln 
itself. Despite sealing, the ends of the 
boards were becoming dryer than the 
centers by 5 to 6%. Plugging the east and 
west vents with insulation solved that im
balance, and the stacks now dry uniformly. 

ALTERATIONS? 

Simmons' only complaint with his kiln 
is that he has not been able to use it more. 
He is looking forward to trying it out dur
ing the 'marginal months', and believes he 
can use it effectively for six months out 
of the year. He has received inquiries 
from other woodworkers about trading or 
selling lumber dried in his kiln. 

Bruce Forster has had more time to 
consider changes. He located the kiln so it 
would receive good sunlight and was 
convenient to his woodworking shop; 
however, that location was also close to a 
dirt road. The road dust settles on the 
collectors, blocking the light, so from 
time to time during the summer he has to 
take a dust mop and clean the plastic 
glazing. He thinks glass would be superior 
to plastic for the glazing, and that an 
additional fan might "change the whole 

picture" for the better - but "Really, it 
works like cheap oil in the 50s. There's 
just no need to do it any better." Glass 
would have cost far more and would have 
been more difficult to work with, and 
another fan would "just be more machin
ery taking more power." He believes the 
diurnal cycle of the solar kiln helps 
produce wood of a quality superior to any 
other available in his locality. The econom
ics of his kiln help bear out that opinion: 
he pays for each new load of green 
lumber by selling half of his previous 
kiln-dried load, and his lumber sells 
immediately. 

He would advise anyone contemplating 
building a solar dry kiln to put a great deal 
of effort into moistureproofing during 
construction; Thermax or some similar in
sulating material that is unaffected by 
water might be preferable to fiberglass, 
though again there would be a cost trade
off for the improved performance. He con
siders that a 6-mil plastic vapor barrier 
would be more effective than the two 
layers of aluminum paint that Wengert 
recommends. Simmons, who did use 6-mil 
plastic, thinks that vents on the exterior 
wall at the top and bottom of each stud 
cavity could also be used to vent moisture 
that got into the insulation. 

Forster also stresses that good stacking 
procedure is important. If the lumber 
stacks are not equal and level, air circula
tion will be poor: "You should be able to 
~heck it with a framing square." 

POSSIBILITIES 

Charles Simmons notes, 'The amount 
of heat collected is impressive. I think 
similar collectors could be used to pro
vide solar capabilities to sites where it is 
not convenient to have the collector on 
the house itself. The heat could be moved 
in insulated underground ducts." He sees 
solar wood-drying kilns as a valuable asset 
for any serious woodworker or small 
lumberyard anywhere in the state. Ideally 
wood should be at an equilibrium with 
the humidity at its location before it is 
installed. Homes in interior Alaska, 
especially wood-heated houses, have 
unusually low humidity levels. Wood 
becomes super dry, below 6% MC, inside 
such homes. Anyone installing cabinets, 
trim or flooring should have properly 
dried lumber. Also, since half the weight 

of green wood is water, drying lumber 
reduces both the shipping costs and the 
general difficulty of moving the wood. 

Bruce Forster agrees that solar kilns can 
Jessen Alaska's dependence on imported 
lumber and make it easier to use Alaskan 
trees for something other than firewood 
or export; he would like to see the kilns 
used more widely everywhere, since 
two-thirds of the energy used in manu
facturing lumber is consumed in drying it. 
Though well-satisfied with his kiln's 
performance, he doubts that such solar 
dryers would be commercially successful 
on a large scale in Alaska. The problem is 
time: The lumber that goes from green to 
7% moisture content over 200 sunny 
hours in his kiln can be dried during only 
about four days in a conventional, 
intensively managed kiln. 

For larger lumberyards trying to use 
local wood, an ideal approach might be to 
use a solar kiln to bring the wood down 
to 15-20% moisture, then finish the 
process with a commercial dehumidi
fier. This two-stage process would speed 
up the drying considerably. For smaller
scale operations, where volume and thus 
time are not so crucial, the chief problem 
confronting managers could be providing 
good storage space for the dried lumber. 
Wood is hygroscopic and will reabsorb 
moisture freely unless it is protected. 
However, once green wood is dried, 
most of the drying stresses will not recur 
even if the lumber reabsorbs moisture, 
and the wood will be quite useable. In 
Fairbanks 12% MC seems average for 
unheated storage. 

To whatever extent solar kilns even
tually find use in Alaska, there is no 
question that the two presently in opera
tion are successful, and satisfying to their 
owners. 
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.·•"'Greywater Treatment . ········ 

for Rural Homes 
by Norman Bair 

The author's house in Dillingham. Photo to the right shows the greywater system 
installed in the basement. Thermometers measure the difference between incoming 
cold water and outgoing preheated water. The white tank is a Clivus Multrum compost· 
ing tank with clean-out door; the wire from it goes to a Sears electric "Bug Wacker." 

Because they live in a harsh climate 
and a sensitive environment, Alaskans 
have particular problems in dealing with 
wastes of all kinds. The federal govern· 
ment is installing costly and high energy
consuming systems in the attempt to 
meet the waste disposal needs of rural 
Alaska; the U.S. Public Health Service 
has been constructing water and sewer 
systems throughout rural Alaska during 
the past decade. These systems may be 
appropriate in places other than Alaska, 
but they are not always wise choices for 
far northern use. Although the systems 
serve their intended purpose, both their 

installation and operating costs far exceed 
reasonable expenditures for the number 
of people being served. 

Alternative solutions for sewage dis
posal are also being used in Alaska. These 
systems cost from one-fourth to one
tenth the amount that is being spent per 
household by the Public Health Service. 
Until recently, however, most of them 
have been technically illegal. 

The Alaska Department of Environ
mental Conservation (DEC) adopted 
new wastewater regulations on Decem
ber 30, 1982. This revision finally allows 
more innovative solutions for waste

water treatment and disposal. The revised 
code defines greywater for the first time 
in State regulations. 

Greywater is commonly understood to 
be water coming from sinks, showers and 
washing machines, and not containing 
toilet wastes. Previously, the State 
required a minimum 1 000-gallon septic 
tank or holding tank for each residence 

Norman Bair is presently the Appropriate Technology State Program Manager for the Alaska Division of Energy and Power 

Development, in Anchorage. 
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with its own sewage system no matter 

what kind of wastes entered that system. 
This requirement places an unnecessary 
cost burden on homes that do not flush 
toilet wastes into the sewer system. 

Like many Alaskans, I did not first 
learn of the wastewater regulations by 
reading about them. In 1976 I began 

building a house in Dillingham, on Bristol 
Bay, about 360 air miles from Anchorage. 
My design included two toilets and a 
garbage chute feeding into a Clivus 
Multrum composting toilet and garbage 
unit, a Swedish system that has been 
tested and used for many years in Scandi
navia. This system uses no water, so the 
only wastewater from the house is grey
water. The greywater waste flows into 
an underground gravel leachbed 30 feet 
from the house. When it came time to 
close on the house mortgage, DEC would 
not approve the wastewater disposal sys
tem because it did not include a 1 000-gal
lon septic tank. My assertions about the 
adequacy of the system fell on deaf ears 
at DEC; my system simply wasn't what 
the regulations specified. To halt the high 
interest on my interim construction loan, 
I was able to obtain DEC's temporary 
approval to allow a closing on the mort
gage. 

Rather than giving up and installing a 
costly septic tank, I decided to submit a 
proposal to the ACST's Northern Tech
nology program for a grant to construct 
an experimental greywater treatment 
system. Kyle Cherry, who was then 
working for DEC, helped me develop the 
preliminary design. After receiving the 
grant, I continued to work with ideas 
about such a system. What finally evolved 
is a great improvement over the original 
concept. 

SYSTEM DESIGN 

There were several specific objectives 
that I wanted the greywater treatment 
system to meet. First, the system had to 
function well enough so that the treated 
water would meet State health and safety 
standards. That also meant it had to be 
able to handle comparatively large surges 
of water effectively, since household 
water use is uneven. Second, I wanted a 
do-it-yourself system that could be put 
together in rural Alaska. The components 
had to be inexpensive, easily obtained 
and assembled, and the system had to be 
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TABLE 1 


MATERIALS LIST 


1 - Plastic 55-gallon drum (a steel drum can be substituted 
with the addition of a rubber lid) 

2- Plastic 5-gallon buckets 

1 -Plastic 55-gallon drum liner 

100 feet - 3/4" polyethylene tubing 

8 feet- 2" ABS pipe 


4 - 2" ABS male adapters 
3 - 2" ABS female adapters 
4 - 2" ABS tees 

2- 2" ABS street 45-degree elbows 
6 - 2" spud washers 

2 - 3/4" Plastic by male pipe thread adapters 
4 - 1" Stainless steel clamps 
1 - 3" Stainless steel clamp 
1-18"Wood2x4 

1 - 5" Diameter scrap piece of rubber inner tube 

ABS cement and other plumbing necessities for the rest of 
the house plumbing system. 

compact and simple to install. Third, the 
system had to be easy to Iive with; I 
wanted something durable and long
lasting, simple to maintain, and prefer
ably not requiring service more than once 
a year. Finally, I had one additional re
quirement: The system must provide a 
means for recovering some of the heat 
present in the wastewater. 

The device that came out of the design 
process is basically two buckets within a 
55-gallon drum. The buckets baffle the 
water flow in the drum, allowing the 
grease to come out of suspension, con
geal and float to the top of the drum. 
The system is assembled from non-cor
rosive components - basically plastics. 
Materials (Table 1) cost about $100 in 
Anchorage. The system is compact enough 
to fit into a crawl space, and the required 
plumbing is not difficult. 

Figure 1 shows a vertical section 
through the drum. To start the system, 
and to test it for leaks, the drum is filled 
with clean water. Greywater from the 
household drains enters the covered drum 
and flows into the top bucket. Water 
flowing out of that bucket is directed to 
the bottom of the drum. The greases and 
solids collect principally in the top buck
et. Some solids collect in the bottom of 
the drum; very little collects in the bot
tom bucket where the water goes into the 

outlet piping. Most of the grease that 
does not stay in the top bucket comes 
out of suspension in the cold water at the 
bottom of the drum and floats to the top 
of the drum where it collects. The treated 

GREYWATER TREATMENT 

AND HEAT RECOVERY SYSTEM 


0 


\ . 
\: 
; \ 

r •,
L_ __ j 

Figure 1. Vertical section through drum. 
For clarity's sake, inflow pipe carrying 
water from top bucket to bottom of the 
drum is not shown. 
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greywater that leaves the drum is piped 
into the same gravel leachbed that was 
used before the drum was installed. 

The small circles shown at the edge of 
the drum in Figure 1 represent sections 
through the polyethylene pipe that con
stitutes the waste heat recovery portion 
of the system. (Not shown in the drawing 
is the waterproof liner that separates the 
greywater from the clean water in which 
the heat recovery piping is immersed. 
Section 1 003(f) of the Uniform Plumbing 
Code requires the double-wall protection 
provided by the liner; the code does not 
allow potable water piping to be im
mersed directly in non-potable waste
water.) It amounts to a very straight
forward heat exchanger. 1 Cold household 
water flows through the polyethylene 
pipe at the bottom of the drum, where 
the water is coolest, and then ascends in 
the coiled piping to the top of the drum 
into plumbing directing it to the domestic 
water heater. This direction of flow 
maximizes heat recovery. The heat that is 
in the wastewater is transferred through 
the plastic liner, the clean water between 
the liner and the drum, and through the 
polyethylene of the piping, to the cold 
water flowing through the pipe. 

OPERATION AND MAINTENANCE 

The greywater treatment system in 
Dillingham has been in service since 
October 1981. It has done an excellent 
job of collecting the major portion of 

the greases and solids that may be in the 
wastewater. Without any actual test infor
mation being available, I can only describe 
the effluent from the system as being 
basically clear, with some small - barely 
visible - globules of grease. 

The heat recovery system has also 
worked well. The outlet temperature of 
the circulating water is raised a minimum 
of 10°F over the inlet temperature; the 
cold water temperature has increased by 
as much as 40°F when hot wastewater 
flows into the drum. I estimate that it 
saves about 30% on the domestic hot 
water heating energy consumption. 

The system is designed so that three of 
the pipe connections inside the drum 
come apart, allowing the two five-gallon 
buckets to be lifted out for cleaning. It 
appears to me that the system will 
have to be cleaned every one or two 
years - depending on how careful the 
home's occupants are in keeping greases 

out of the kitchen sink. 
The new regulations require that grey

water receive primary treatment, which 
amounts to a mechanical separation of 
the greases and solids without any anti
bacterial or chemical purification -exact
ly what my system does. During wet por
tions of the year, the water table is just 
four feet below the ground surface at 
my Dillingham homesite. Because of that, 
discharging the treated wastewater to the 
gravel leachbed conflicted with previous 
regulations - but is allowable under the 

new rules. This greywater treatment 
system should meet the new require
ments, but it has not yet been recognized 

by DEC officially. 

BUILDING THE SYSTEM 

The drum system for treating grey
water can be located in a crawl space or 
basement that does not freeze. It should 
be placed somewhere below the drain 
lines yet still be accessible for cleaning 
and servicing. The following is a basic 
step-by-step description of how to con
struct the system, which takes about 

three hours. 

1. With a razor blade or box knife, 
cut the flanges from six 2" spud washers 
to make six flat washers. (Be careful 
always to direct the sharp blade away 
from your body when cutting.) These 
spud washers are available at most plumb

ing stores. 
2. Locate the inlet hole as high as pos

sible on the plastic drum by holding a 

A 2" ABS male adapter and a 2" spud 
washer; a razor blade is used to cut off 

the flange. 

Top view of buckets and pipes. 

The outlet pipe from the lower bucket disengaged from the out· 
let fitting on the drum. This fitting is not glued so that the pipe 
can be removed. Crossed 2 x 2's were used to support the upper 
bucket; later Bair found a 2 x 4 "worked fine and was simpler." 
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spud washer on the sloped ring, so it is 
lying flat on a smooth surface with no 
ridges. With a pencil mark a circle tracing 
the inside edge of the washer. Center the 
male end of a straight ABS pipe fitting 
over this circle and scribe a slightly 
smaller circle using the inside edge of the 
fitting as a guide. This circle should be 
2-3/8" in diameter, which is the size of 
the hole that will be cut out. 

3. Select a place around the drum from 
the inlet location that will be handy for 
the outlet pipe. This should be at least a 
quarter of the way around the drum from 
the inlet pipe. Scribe the hole with a pen
cil on the highest horizontal band on the 
drum below the inlet hole, using the same 
method as in step 2. 

4. Cut out the holes using either a 
2-3/8" hole saw or by drilling the biggest 
hole possible along the inside edge of the 
circle, and then using a sheetrock or simi
lar saw to cut out the hole. A file can be 
used to smooth the hole, so that one of 
the male ABS adapters can be threaded 
through it. Drill a 1 /4" hole in the drum 
about 1" below the outlet pipe hole. 
Water will leak out this hole if either the 
plastic liner or the polyethylene pipe ever 
ruptures, letting you know that some
thing is wrong and needs to be fixed. 

5. Coil the 100 feet of 3/4" polyethy
lene pipe into the drum so that only one 
end sticks out about one foot above the 
lip of the drum. Pull at the end of the 
pipe in the bottom of the drum enough 
to allow the coil to seat itself well within 

The author's wife, Louise Fowler, lifting 
the upper bucket out of the drum. 

the drum, and then pull this end up so 
that about a foot of it can stick out from 
the drum alongside the other end of the 
coil. 

6. Place the plastic drum liner inside 
the drum and make sure that the liner 
will not be stretched and torn from its 
fastenings when the drum is filled with 
water. It may be helpful to fill the liner 

in the drum with water to a level just 
below the outlet hole. This will ensure 
that the liner is well seated before the 
holes are cut into it. Locate the liner 
against the two holes in the side of the 
drum and, with a razor blade, cut out 
holes in the liner to match the holes on 
the side. 

7. Place a flattened spud washer over 
the threads of all three 2" ABS male 
adapters and thread two of the adapters 
into the holes in the side of the drum. 
Insert the plastic drum liner over the 
threads and place another flattened spud 
washer on the threads protruding inside 
the drum through the plastic liner. 
Apply three or four rotations of teflon 
tape over the threads, and thread the 
female ABS adapter onto the protruding 

threads as tightly as possible. (If there 

is water in the drum, drain it out at this 

point.) 

8. Place one of the five-gallon buckets 
into the bottom of the drum toward the 
side where the outlet pipe is. Place the 
piece of 2 by 4 wood on edge on the 
bucket an inch or two off center, and 
mark on the narrow edge of the board 
where it rests on the bottom bucket. With 
a saw, notch into the 2 by 4 about one 
and a half inches so the 2 by 4 will rest 
securely on the lower bucket. 

9. Make a 2-3/8" hole as high as pos
sible in the side of the second bucket. 
On most buckets, this is just below a 
thick reinforcing ridge. Fit the male and 
female ABS adapters with the two 

The outlet pipe that sits in the lower bucket is notched on the Four months of grease accumulation, with the majority of the 
sides to allow water to flow in while the pipe holds down the grease appearing in the upper 5-gallon bucket. Grease marks on 
bucket and keeps it from floating. bucket and pipes show how high the water has risen. 
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Friction fit 

Figure 2. Cut, dimensions, and relative position of pipes for grey

water system (not to scale). 

flattened spud washers through the 
bucket (using the same procedure as on 

the drum). 
10. Cut all the pieces of 2" ABS pipe 

as shown in Figure 2. Where angle cuts 
are shown, the pipe can be cut slightly 
longer than required. The end of the angle 
cut is then flattened by cutting the pipe 
to the proper length. The end of the 26" 
outlet pipe is cut square so that it will 
hold the bottom plastic bucket down. 
(The plastic buckets will float out of 
position if they are not held down.) 
To allow the water to flow into the bot
tom of the pipe, two notched holes are 
cut into the opposite sides of the pipe 
about 1" from its bottom end. 

11. Place the plumbed upper bucket 
in the drum so that it rests partly on the 
2 by 4. The top bucket should fit just 
under the inlet fitting at the top of the 

drum. 
12. All except three of the ABS pipe 

fittings are glued together. The stub pipe 
pieces going into the two fittings through 
the drum and the one coming out of the 
five-gallon bucket are just friction fit. 
This allows the system to be taken apart 
for cleaning and servicing. 
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13. With all the components assembled 
inside the drum, the system is ready to be 
plumbed into the house sewer system. 
The inlet fitting through the plastic drum 
is set at an angle. Two 2" ABS street 

Upper bucket with beveled pipe that 
53. •

carries water to bottom of the drum. 

45's can be used to accept the inlet 
pipe from any direction. Before cement
ing them together, set them at the proper 
angle and with a pencil mark the align
ment on the two fittings and on the fitting 
going into the drum where no cement 
will cover the marks. After applying the 
cement, join the fittings and quickly 

line up the marks. 
14. After the cement has set for an 


hour or so fill the drum with clean water. 

Then carefully pull the plastic liner away 

from the drum sides, enough to pour 

clean water between the drum and the 

plastic liner. This water is to provide 
better heat transfer between the waste
water and the cold water that will be 
flowing through the polyethylene pipe 
on its way to the hot water heater. Check 
for any leaks outside the drum other than 
the planned one from the 1/4" hole. 

15. Thread the remaining 2" ABS 
male adapter into the bung hole in the 
plastic lid of the drum. Place the two 
ends of the polyethylene pipe through 
the hole. Make two 3/4" holes in the 
piece of rubber inner tube, and insert the 
pipe through the two holes. This rubber 
will be clamped to the adapter with the 
3" stainless steel band after all the plumb
ing is complete. This provides an airtight 

seal on the drum system. 
16. Insert the two threaded pipe adap

ters into the pipe. If the adapters do not 
go into the pipe easily, the pipe can be 
heated by inserting its ends into hot 
water. With the adapters inserted, place 
two stainless steel bands on each pipe. 
Tighten the clamps with the screws on 
opposite sides of the pipe for a teak-proof 
joint. Connect the cold-water piping to 
the end of the polyethylene pipe that ex
tends to the bottom of the drum, and con
nect the other end of the polyethylene 
pipe to the water line going to the hot 
water heater. Test for leaks in the domes
tic water system, preferably with 1 00 psi 
air, or with water pressure if no air 

compressor is available. 
17. Fasten down the lid and the grey

water treatment and waste-heat recovery 

system is complete. 

REFERENCE 
1 Nelson, Glenn. 1981. Greywater heat 

recovery. Solar Age, August, p. 50
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MAPPING SOIL RESISTIVITY 

by Richard Jurick and Robert McHattie 


INTRODUCTION 

Soil borings have traditionally provided 
the principal source of information used 

in foundation investigations for new 
roads, runways and structures. Drilling 
techniques allow for the visual examina· 
tion and physical testing of borehole 

samples. While the quality of this infor
mation is high, it is very localized and 
may not truly represent the general soil 
conditions of the area or may miss some 
anomalous feature (such as a mass of 
ground ice). Drilling is also expensive, and 

in some locations and situations is an 
inconvenient means of soil exploration. 

Recently, because of improved equip
ment, electromagnetic geophysical tech
niques have become a practical aid to 
foundation investigations. Whi Je none of 
these methods can duplicate the exact 
nature of borehole sampling, they can 

provide a more continuous picture of 
foundation materials. The integration of 
geophysical mapping and borehole sam

pling can compensate for the weakness of 
each technique. Expensive boreholes can 
be rationally drilled in locations where 
ground truth is needed to interpret the 
mappings, and the mappings can be used 

to extrapolate subsurface soil conditions 
away from borehole sites. The number of 
boreholes needed can be minimized in 
areas where geophysical data indicates 
uniform soil conditions. 

One of the more practical geophys

ical techniques involves measuring the 
ground's ability to conduct electrical cur
rent. Evidence concerning a subsurface 
soil type, its moisture content, or whether 
it is frozen or unfrozen can, in certain 
situations, be revealed from surface resis
tivity measurements. Techniques based 

on measuring resistivity have been under
stood and used for years by scientists, but 
remain unknown to the general public. 
Little work has been done on using such 
methods for permafrost detection, be
cause until recently, ground resistivity 
measurement devices have been either too 
temperamental, too sophisticated or too 

labor-intensive to allow their widespread 
use. Many devices require a great deal of 
data analysis before practical use can be 
made of the results. For these reasons, 
most geophysical techniques have been 

relegated to the domain of the research 
scientist and mineral and petroleum 
companies. 

Now there are several commercially 
available instruments which can per
form these functions without many of 
the earlier restrictive features. These 
instruments can provide a relatively inex
pensive and highly informative supple
ment to modest drilling programs. In 
foundation surveys, instrument readings 

along with a small amount of drilling 
information can be used to correlate soil 
types and delineate soil boundaries. In 
this paper we are reporting on the use of 
one particularly attractive instrument, a 
Model EM-31 Non-Contacting Terrain 
Conductivity Meter, made by Geonics, 
Ltd. of Mississauga, Ontario. This light
weight portable device is capable of ob
taining even and rapid continuous subsur

face data to depths of 20 to 25 feet 
without physical ground contact. 

Early in 1981, we received a small 
grant from the Alaska Council on Science 
and Technology to test and demonstrate 
this instrument and to develop a survey 
technique for small-scale soil exploration. 
Response from a TV interview aired in 

Fairbanks led to six home and three 
mining site surveys during the summer of 
1981. This report presents field data 
obtained from some of these sites in the 
form of soil resistivity plots. These plots 
(maps) are discussed in terms of their 
relationship to available ground truth as 
supplied through boreholes and other 
techniques. 

This approach is not limited to build
ing and mining applications, although 
those are the only ones investigated as 
part of this study. Other practical uses 
have included: 

• Mapping gravel and sand deposits 
for construction material sources. 

• Locating hot and/or mineralized 
water sources associated with geothermal
ly active areas. 

• Mapping shallow bedrock or miner
alized zones. 

• Mapping archaeological sites. 

• Locating pipes and other buried 
metallic conductors. 

ELECTRICAL PROPERTIES OF SOILS 

The electrical resistivity of a substance, 
such as soil, is the measure of its ability 
to resist the flow of electrical current 
through it. The EM-31 measures this 
ability in units of conductivity, simply 
the reciprocal of resistivity. Most soils 
and rocks are highly resistive (i.e., have 

low conductivities) and are classified as 
electrical insulators. 

The conductivity of a soil is primarily 
determined by: the number, shape and 
size of the soil particles; moisture content; 
concentration of dissolved electrolytes; 
temperature and phase state of the mois
ture; and amount and composition of col
loids present. Figures 1 and 2 list resis-
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tivity values that can be expected from 
some soils and rocks. 

Minerals such as magnetite, graphite 
and various sulfides may occur naturally 
in sufficient quantities to increase the 
ground's overall conductivity. This char
acteristic can sometimes be used to locate 
mineralized zones, as in our Survey No. 9, 
included in this article. However, most 
current flow in "standard" soils is electro
lytic in nature and takes place through 
and around the moisture-filled pores and 
minute cracks within the soil matrix. 

The general classification of soils is 
by grain size; sand is coarser than silts 
which are coarser than clays. Sands 
and silts are generally excellent insulators, 
as is completely dry clay. However, the 
introduction of moisture to clay changes 
its electrical characteristics substantially. 
The fine-grained nature of clay results in 
an immense surface area per unit volume 
of material which, with the addition of 
water, permits considerable ion mobility. 
As a general rule, resistivity increases with 
increasing soil particle size, decreasing 
colloidal fraction, and decreasing mois
ture content. 

The resistivity of an electrolyte is 
inversely proportional to the number of 
ions available in solution and the mobility 
of these ions within the solution. In dis
tilled water, there are few ions so its 
resistivity is correspondingly high. The 
concentration of dissolved salts in ground 

RESISTIVITY (ohm-meters) 
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Figure 1. Resistivity ranges for various 
terrain materials. 1 

Figure 3. Author Robert McHattie measuring terrain conductivity with the EM-31. 

Although the 12-foot boom somewhat limits maneuverability in heavy brush, the 

instrument is lightweight and well balanced. 

moisture can strongly influence the bulk 
resistivity of a soil. For example, the 
contamination of an area by sea water 
can easily mask variations in geological 
subsurface features; this possibility 
should be considered in making resistivity 
surveys near coastal areas. 

The resistivity of an electrolyte varies 
almost inversely with temperature over 
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Figure 2. Resistivities of general soil and 
2rock as a function of temperature. 

normally encountered ranges. Tempera
ture variations with season and depth 
must be considered because of this 
effect. As pore water freezes, its resistiv
ity abruptly increases. The use of resistiv
ity measurements for detecting ice 
masses or ice-rich soils relies upon this 
contrast. 

Difficulties in establishing good elec
trical contact with highly resistive soils 
prevented the use of older techniques in 
some soil types. The expense involved in 
acquiring data often led to an insuffi
cient number of measured values to 
establish a reasonable background against 
which anomalous readings could be 
delineated. The Model EM-31 utilizes a 
magnetic induction method of measuring 
the terrain conductivity which solves 
many of the earlier difficulties. This in
strument, which weighs about 20 lbs and 
can be carried by one man, consists of a 
balanced boom 12 feet long (Fig. 3). The 
unit is powered by eight standard "C" 
cell alkaline batteries which demonstrated 
a usefu I life of 1 0 to 15 hours. The meas
ured quantity is the apparent conductiv
ity of the ground beneath the instrument, 
within an area about 20ft in diameter and 
20-25 ft deep. The apparent conductiv
ity is a "weighed" average measurement 
of the ground volume within this area, 
with nearer materials contributing more 
to the overall measurement. Figure 4 
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Figure 4. Relative response of EM-31 to 
material located at a given depth. 3 

represents the "strength of influence" 
exerted from specific soil depths on the 
net (apparent) conductivity measurement. 
The integral of Figure 4 between selected 
depths and infinity produces Figure 5, 
which indicates the percent of total 
instrument response attributable to all 
materials below a specific depth. 

Although the unit is ideally suited for 
exploring highly resistive material such as 
gravels, permafrost and bedrock, unfor
tunately it is very expensive, costing 
approximately $7500. 

FIELD METHODS 


AND DATA ANALYSIS 


Field Survey Grid 

First, a rectangular sampling grid 
should be established and marked with 
surveying lath and flagging. The grid 
divides the ground area into a series of 
more or less uniformly spaced sampling 
points and is ideally left in place for future 
reference. Grid dimensions are determined 
by the purpose of the survey. The loca
tion of small features, such as individual 
ice masses, requires close grid spacing, 
whereas a wider spacing is most efficient 
for determining general soil characteristics 
on larger parcels of land. A practical grid 
for one- to five-acre parcels would range 
between 15 and 50 feet as measured 
orthogonally from point to point. The 
grid should be rectangular, with a base line 
referenced to a permanent landmark such 
as a property survey marker, utility pole, 
or existing road. The flagging and lath 
used to mark each grid point should be 
individually marked as x-y coordinates. 
These markings are used as location 
points during field work and serve as 
handy markers for referencing specific 
locations of interest which may be 
indicated by the resistivity mapping. 
The main grid lines should be north-south 
and east-west parallel whenever possible. 

0%0~--~6--~12--~,8--~24FEET 
DEPTH FROM GROUND SURFACE 

Figure 5. Cumulative response of EM-31 
to material located below a given depth.3 

This is common survey practice and pro
vides a good directional reference. 

Lines can be established on one- to 
five-acre lots by means of a good hand 
compass, such as the "Brunton" type. 
The base line is first put into place from 
a selected starting point and then succeed
ing grid lines are run perpendicular from 
the base line to at least one or two grid 
spacings beyond the survey's principal 
area of interest. A common error is to 
survey too small an area. Each main grid 
line must extend far enough past the prin
cipal area of interest to establish back
ground values of terrain conductivity. In 
other words, the grid is extended to give 
the final data interpretation the broadest 
possible context, e.g., moderate to large 
size features are easier to identify if they 
are well defined within a comparatively 
larger area. Although guide! ines in the 
EM-31 operator's manual indicate that 
measurement stations with 35-foot spacing 
can provide maximum resolution of 
subsurface features, the authors suggest 
readings on the order of 15-20 feet in 
areas where, for instance, relatively small 
masses of ice are suspected. Closer grid 
spacings are useful if for no other reason 
than to force the operator to monitor the 
instrument's readings almost continu
ously. 

Obtaining Data 

Before beginning data acquisition or 
even instrument calibration, the operator 
should turn on the unit and allow it to 
come to thermal equilibrium at the work 
location. This 15- to 45-minute period is 
followed by a preoperational check pro
cedure outlined in the manufacturer's 
manual. In addition to the suggested 

calibration steps, we recommend the 
stability of the device be monitored 
by obtaining readings before, during and 
after the survey at one or two selected 
locations. If any instrument drift has 
taken place, the operator can make ap
propriate data adjustments. 

Gathering data with the EM-31 is a 
straightforward process. The operator 
simply walks from grid point to grid 
point noting the variation in meter read
ings. This operation is made easier if 
another person can take notes. Our 
experience suggests that the instrument 
should be kept operating between grid 
point readings. The operator can then 
monitor the conductivity meter for signs 
of abrupt terrain change or small features 
which may otherwise be missed. 

Lastly, it should be remembered that 
the EM-31 is an electromagnetic tool. 
Although it is relatively unaffected by 
metallic objects of limited mass such as 
overhead powerI ines, the operator should 
be suspicious of anomalous readings 
which appear near obvious conductors. 
The best advice is to avoid conductors 
whenever possible. A standoff distance of 
at least 30 feet should be observed for 
large metallic objects such as vehicles, 
structures and large pipes. 

PROCESSING FIELD DATA 

After data has been acquired, the 
job then becomes one of transforming 
raw numbers into a form which can be 
interpreted. Resistivity values collected at 
a field site usually result in a rather large 
set of (x, y, z) data values, where x and y 
refer to sampling grid coordinate loca
tions and z is the measured ground 
resistivity. The authors heartily suggest 
the use of computer graphics, such as one 
presently available on the University of 
Alaska Computer System, for converting 
point-by-point grid measurements into a 
format visually similar to a topographic 
contour map. 

This graphics system package, known 
as SURFACE II, is an easily used assem
blage of subprograms which can produce 
contour maps from three-dimensional (x, 
y, z) data. Although we used and suggest 
a regular grid pattern, SURFACE II 
is capable of producing plots from points 
which are randomly located. In addition 
to typical topographic plots, the program 
can produce perspective illustrations and 
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even stereo pairs. The latter two presenta
tion modes can greatly aid the interpreta
tion process. Further information is avail
able from the text "Surface II Graphics 
System.'A 

Data Interpretation 

Ground resistivity values can and have 
been used directly to identify subsurface 
materials. However, this method of inter
pretation is often complicated by a num
ber of factors that can affect resistivity. 
The net effect is that absolute values of 
resistivity are not necessarily diagnostic. 
It is rather the manner in which resistiv
ity varies from point to point that pro
vides the real key to interpretation. With 
a general knowledge of possible material 
types and subsurface structural variations, 
a resistivity "map" allows the engineer/ 
geologist to see features as a result of 
their shape rather than by direct identifi
cation through specific resistivity values. 
Interpretation of data gathered for the 
case studies included in this paper was 
based principally on the patterns formed 
by relative resistivity values and was 
heavily flavored by the authors' knowl
edge of local geology and expected 
resistivity variations. 

Alaska's interior is characterized by 
ground temperatures close to the freezing 

point of water. Depending on time of 
year and frozen or unfrozen condition 
of the ground, resistivity values can vary 
greatly at a given location. In residential 
foundation surveys where boundaries 
between frozen and non-frozen materials 
are expected, their presence can be tenta
tively interpreted from large step changes 
in resistivity. For example, in one of the 
case studies a general increase from 1 00 
ohm-meters to almost 1000 ohm-meters 
characterized a traverse from unfrozen 
silt (to a depth of at least 15 feet) to a 
high ice content silt which was complete
ly frozen from the surface downward. 

Recent investigations by Tom Osterkamp 
of the University of Alaska's Geophysical 
Institute have indicated that apparent 
resistivity changes can extend several 
meters beyond an actual ice mass. A rea
sonable interpretation of a suspicious 
anomaly plotted from resistivity data 
would be that it is a target indication 
centered on the ice structure. In other 
words, a relatively large portion of the 
anomalous pattern may not necessarily 
be underlain by ice. Building foundations 
or other structures which could be 
adversely affected by melting ground ice 
should not be constructed within such 
resistivity anomalies without specific drill 
hole information. 

The following case studies illustrate 
the utility of resistivity surveys for soil 
investigation purposes. 

CASE STUDIES 

Nine property locations were selected 
within interior Alaska. Six of the case 
studies represented foundation investi
gations for house sites, while the remain
ing three illustrated an evaluation of placer 
gold mining properties.* 

Resistivity values indicated on the 
contour maps are in units of ohm-meters. 
It should be pointed out that the prop
erty owners were well aware of the 
tentative nature of the description of 
ground conditions as interpreted from 
resistivity data. As indicated previously, 
ground truth in the form of borings, 
trenches, etc. is absolutely necessary to 
validate the interpretation. 

Due to the three-dimensional nature 
of perspective view plots, a portion of 
the surface can be hidden from view, de
pending on the contour of the surface 
and angle at which the surface is viewed. 
The plots shown have been oriented to 
minimize the amount of hidden surface 
and to present a readily interpretable 
view. Coordinate identification and direc
tional arrows are provided on both the 

*Because of space considerations, only 
three of the authors' studies appear here. 

Left: Soil resistivity contour map, Case Study # 1. 

Below: 	Perspective view of soil resistivity, Case Study 
# 1. 
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Perspective view of soil resistivity, Case Study# 2. 

perspective and contour plots so that 
orientation differences are obvious. 

CASE STUDY # 1 was a residential 
site approximately five miles N E of Fair
banks. Grid spacing was 20 ft x 20 ft. 
The area was surveyed on March 28, 

1981. 

Physical Description of the Property 

• Relatively flat topography -located 
in the bottom of a small northeasterly 

trending valley; 
• Northern half of survey area was 

covered by undisturbed stunted black 
spruce, small birch and a thick moss 

layer; 
• Southern half of survey area con

sisted of an old farm field cleared in the 

late 1940s. 

Known Foundation Conditions 

Soil types in the area included both 
frozen and unfrozen silts to depths 
in excess of 50 feet. Test Hole No. 1 
(see contour map) generally revealed 
frozen silts and organic silts, which 
contained 5 to 15% visible ice to a depth 
of 20 feet. In addition a layer of clear ice 
two feet thick was discovered at 17.5 
feet. Silt moisture contents ranged as high 
as 60-80% in borehole samples. 

Interpretation 

The cleared area is characterized on 
the resistivity map by values of less than 
200 ohm-meters. An interpretation of 
this survey would indicate that low 
resistivity is associated with significant 
thawing, perhaps in excess of 15 feet. 

Soil resistivity contour map, Case Study # 2. 

Resistivity values above 300 ohm-meters 
were associated with areas of the property 
which had not been previously disturbed. 
Resistivities above 800 ohm-meters are, in 
this case, expected to represent soils of 

high ice content. 
The property owner proposed con

struction of a home near Test Hole No. 1. 
Both soil boring and resistivity data 
strongly indicated the use of construction 
methods which would preserve the 
foundation site in its frozen condition. 
Furthermore, it was suggested that the 
owner's septic flow be routed into the 
area characterized by resistivity values of 

less than 150 ohm-meters. 

CASE STUDY # 2 was a residential 
site approximately five miles NW of Fair
banks. The grid spacing was 20ft x 20ft. 
The site was surveyed on January 17, 

1981. 

Physical Description of the Property 

• Located on a gently south-sloping 

hillside; 
• Survey area consisted of an old 

farm clearing covered with secondary 
growth of aspen and willow. 

Known Foundation Conditions 

Test Hole No. 1 indicated slightly 
organic, unfrozen silts to a depth of at 

least 30 feet. Moisture contents of the 
silts were found to fall within the range 

of 12 to 17%. 

Interpretation 

Test hole information combined with 
relatively low resistivity values of less 
than 300 ohm-meters tended to indicate 
the general absence of frozen ground 
within the survey area. Anomalously 
low resistivity values near the eastern 
boundary of the survey indicated soil 
wetting caused by pump-testing of a 
nearby water well the previous sum
mer. Interestingly enough, the localized 
area of low resistivity indicated in the 
northcentral portion of the map delineated 
encroachment of a neighbor's septic 
drainage onto the surveyed property. 

CASE STUDY# 9 was a mining prop
erty approximately 80 miles NW of Fair
banks. Grid spacing was approximately 
50 ft x 400 ft. The site was surveyed on 

April 6, 1981. 

Physical Description of the Property 

• Moderately sloping, south-facing 

hillside; 
• Vegetation consisting of a secon

dary growth of small to medium size 
aspen and spruce plus a moderately thick 

moss layer. 
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Perspective view of soil resistivity, Case Study# 9. 

Soil resistivity contour map, Case Study # 9. 

Known Foundation Conditions 

Mining act1v1t1es revealed bedrock 
consisting of schist and small but numer
ous quartz-rich granitic intrusions. Bed
rock was overlain by two to four feet of 
weathered schist soils. 

Interpretation 

This survey revealed resistivity varia
tions associated with different bedrock 
types. High values noted in the north
eastern portion of the survey were found 
to accompany hard, unweathered schist 
bedrock covered by a shallow soil layer. 
An irregular band of resistivity lows 
transects the central portion of the 
survey from west to east. Subsequent 
dozer cuts in this area exposed highly 
altered schist bedrock. Alteration had 
produced a dark clay-rich material which 
became wet, slick and generally untraffi
cable when thawed. 

Although the original intent of the sur
vey was delineation of possible gold
bearing bench gravels, such materials 
proved to be absent from this location. 
Instead, a zone of altered schist bedrock 
was located which may contain areas 
of intrusive mineralization. 

CONCLUSIONS 

• Resistivity surveys can provide use
ful information in the exploration of sub

surface soils. 

The Northern Engineer, Vol. 14, No.4 

• Resistivity surveys prove to be most 
successful in areas where the number of 
material types are limited and resistivity 
differences between material types are 

significant. 
• Correct interpretation of ground 

resistivity data is critically dependent 
upon the amount and quality of addi
tional information available. 

• Resistivity surveys should be used 
in conjunction with soil borings, trench
ing or other methods which can provide 
positive identification of subsurface soils 
and conditions. 
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GREENHOUSES 
the project of Chuck and Sara Hornberger 

and the not-quite project 
of Mike Crawford 

. .. .· .... ·~ 
The NorTech program has funded 

about a dozen greenhouses and green
house-related projects, spanning the spec
trum for function and design both: there 
were greenhouses to serve as solar heaters 
for animal shelters or for residences, and 
there were greenhouses solely to protect 
tomatoes and cucumbers; there were tiny 
greenhouses that could be disassembled 
to follow a city dweller to his next back
yard or rooftop, and there were substan
tial structures that doubled the size of 
cabins to which they were attached. There 
were greenhouses that worked very well, 
and greenhouses that worked fairly well. 
Then there were some greenhouses that 
never got off, or even into, the ground... 

PROGRESS AND PROBLEMS 

As an easy rule of thumb, the more 
complex the support systems planned to 
accompany the greenhouse, the more dif
ficult it was for the grant recipients to 
accomplish exactly what they set out to 
do. The Galena Regional Learning Center 
had a creative idea for using waste heat 

Better living through NorTech: Tomatoes and cucumbers (on the net) thrive from the local power plant to heat a large 
behind plastic glazing in the Hornbergers' greenhouse. greenhouse and the soil in an adjacent 

Sara and Chuck Hornberger operate Koksetna Camp on Lake Clark. Mike Crawford is a professional engineer with Sunfair En
gineering in Fairbanks as well as a member of the Two Rivers Grange. 
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garden; the greenhouse is up and work
ing, but the heating plan has so far proved 
to be too expensive and unwieldy. Cyndie 
and Stephen Tack of Fairbanks envisioned 
an oversized cold frame that used solar 
collectors and an underground array of 
pipes to heat the soil in the greenhouse. 
After many delays with shippers and sup
pliers in getting the right kind and size of 
glazing, they got their greenhouse up and 
bermed; at that point it was so successful 
as a "plant factory" that vegetable-tend
ing took up all their spare time, leaving 
them too little to finish the solar fea
tures - so far. Ed Knoebel of Glennallen 
also planned to run hot water through 
pipes under the planting beds of his 
greenhouse; he reported this winter that 
the greenhouse worked well, but the 
pipes leaked. He plans to track down the 
leak and fix the system in the spring. 

Somewhere near the other extreme, 
Jim Donally and Norm Stoppenbrink of 
Anchorage designed and built three small 
geodesic-dome greenhouses. The aim of 
their project was not actually to build 
working greenhouses - it was to test an 
inexpensive plastic glazing that incorpor
ates air pockets for insulation. (The 
Donally-Stoppenbrink project is reported 
in one of the Technical Briefs available 
from ACST.) 

If any of the greenhouse projects 
could be said to occupy the middle ground 
between innovation and orthodoxy, per
haps it is the one built by the Hornber
gers. It incorporates solar features, in that 
it provides for heat storage and has an 
unglazed north wall, and it tested an ·un
usual glazing material, yet the design is 
straightforward and reasonably familiar. 

THE ILIAMNA GREENHOUSE 

The Hornbergers live near Lake Clark 
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at the base of the Aleutian Range: Iliamna 
is the nearest town. The country is scenic 
even by Alaska standards, it is reknowned 
for excellent sport hunting and fishing, 
and it is unfriendly to gardeners; summers 
are likely to be short, cool, and wet. 
Most fresh vegetables come from small 
planes - or from greenhouses. 

Since the Hornbergers were experi
enced greenhouse gardeners, if not par
ticularly happy ones - Sara Hornberger 
reports that their old one "was molder
ing away and not terribly good any
how" - they had both reasonable expec
tations for what the greenhouse could 
produce and an understanding that a 
greenhouse alone would not supply all 
that vegetable plants needed. Thus their 
grant request also included funds for a 
compost grinder, since they had no ready 
source of manure. The grinder can even 
chip branches, and has increased their 
compost supply tenfold. Combined with 
new off-the-ground composting bins, the 
machine produced "compost absolutely 
smoking this summer,"* according to the 

Horn bergers. 

The compost goes to their garden and 
into the planting beds within their new 
20' x 24' greenhouse. The structure's 
north side is a solid, basically log wall; 
the remaining walls are mostly frames to 
hold the sturdy plastic glazing. Use of 
this material, "Thermo-lnsu-Wall", was 
the most experimental aspect of the 

*The heat produced by the working of 
aerobic bacteria during composting in
spired another NorTech project. Eugene 
Gerow of Kenai has been developing a 
method of reclaiming the heat in piles 
of decomposing brushwood and trim
mings. 

Hornbergers' greenhouse. Thermo- I nsu
Wall amounts to a sheet of sealed '.4"
square air channels. The captured air 
provides insulating capacity and the 
channel walls give rigidity and strength. 
(The Hornbergers believe this glazing was 
developed in Germany, but they obtained 
theirs from a dealer in St. Paul, Minne
sota.) The greenhouse rests on concrete 
footings; the floor is gravel with a vapor 

barrier beneath. 

Basic design of Thermo-lnsu-Wall 
glazing, Which the Hornbergers 
"recommend very highly." 

Supplemental heat for the greenhouse 
comes from a barrel stove. Heat from the 
stove or from the sun is stored in 65 five
gallon cans painted black and filled with 
used motor oil. The Hornbergers decided 
on oil as a heat-storage medium rather 
than water because it lessened mainte
nance chores - "the oil doesn't need to 
be dumped each fall." They are very 
pleased with this simple heat bank, as 
Sara reports: "The heat sink works- we 
don't have any statistics to show you, 
but we know that it makes a difference 
at night. The heat sink has eliminated 
the need for a night fire on many nights 
when ordinarily we'd have had to have a 
fire." 

They believe the greenhouse should 
have better ventilation; given their design, 
a fan is what they need -"but that takes 
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electricity. Perhaps in the future we will 
install a photovoltaic-powered fan. Mean
while we have vents in the gable ends on 
each side and some at the bottom of the 
front wall, which we open most sunny 
mornings and close in the evenings." 

Based on their experience, the Horn
bergers would pass along one warning to 
people who plan to build a greenhouse: 
Be careful of wood preservatives. They 
sprayed one containing pentachlorophenol 
on all the wood in the building, and 
"when we put our tomato plants in the 
greenhouse last March, they were dead 
within three days. (We) quickly figured 
out that the penta was vaporizing and 
must be closed off. Chuck put a heavy 
coat of linseed oil on all exposed wood 
surfaces and that did the trick. We re
planted seeds directly into the beds on 
March 15 and have had a bumper crop 
from beautiful plants." (Editor's note: 
creosote reportedly has the same un
healthy effects on plants.) 

How to heat a bush greenhouse: Lining the north wall, black-painted cans filled with 
used motor oil bank excess solar heat, keeping temperatures more even. The barrel 
stove takes over when the sun fails. 

Exterior view from the south of the Hornbergers' greenhouse. Note the single vent 
(opened) on the glazed wall. 

THE TWO RIVERS GREENHOUSE 

One of the more technically interest
ing and complex greenhouses proposed 
under NorTech was never built because 
the organization hosting the project, the 
Two Rivers Grange, decided to put an 

addition to its Hall on the south side, 
where the greenhouse was to go. The grant 
money has been returned to the Alaska 
Council on Science and Technology. 

However, just because the project 
did not get built doesn't mean that it 

shouldn't be exposed to public attention. 
One of the things that can't be quantified 
about the Northern Technology grants 
program is how many potentially good 
ideas it fostered - not only those con
tained in projects that were built or in 
proposals that almost made it, but even 
those that never got beyond the stage of 
doodles on paper napkins. In the future, 
some of them may yet serve Alaska's 

needs in the ways ACST originally 
hoped. The probability is high that the 
ideas for the greenhouse at Two Rivers 
would have been successful, not least 
because the person who came up with 
them is a professional engineer speciali
zing in applying alternative energy tech
nologies. 

Two Rivers Grange is at 20 Mile 
Chena Hot Springs Road, near Fairbanks. 
The Grange is dedicated to promoting 
commercial and homestead agriculture, 
both viable activities in that vicinity. There 
are commercial truck, potato, hay and 
grain farming efforts in the area, a pig
gery/slaughterhouse, commercial green
houses and a commercial apiary, as well 
as extensive homestead and hobby gar
dening. The Hall is adjacent to two blocks 
of agricultural land that the State of 
Alaska has sold to private owners on the 
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condition that the acreage be developed 

for farming. 

The Grange wanted to build a green
house to fulfill several of its public ser
vice aims. It was to be a demonstration 
project, testing the feasibility and econ
omy of solar technology for the benefit 
of neighboring farmers and homesteaders. 
It was to be an active plant-production 
facility. Perhaps primarily, however, it 
was to be an educational facility. The 
main groups who were to use the green
house were the local 4-H Club, the 
Junior Grange, and the neighboring 
North Pole Chapter of the Future Far-

EXISTING LOG 
STRINGERS 

mers of America. In his proposal to 
ACST on behalf of the Grange, Mike 
Crawford explained the plan: "It is 
envisioned that our young people will 
raise bedding plants for their own use; 
tomatoes, cucumbers and other tall 
vegetables in the back bed; strawberries, 
melons and other short plants in the front 
beds; and strawberries in suspended flats; 
all for sale to local people and the Far
mer's Market. A majority of the profits 
generated from produce sales will be dedi
cated to club treasuries; a percentage will 
be given to the participants to increase 
their enthusiasm and provide incentive." 

Size and design of the 10' x 36' attached 
greenhouse were influenced by how the 
greenhouse was to be used, but according 
to Crawford, "the design is a consensus 
of approaches utilized in Canada and 
England which have worked and have 
been proven effective." The accompany
ing diagrams from Crawford's proposal 
show general greenhouse construction. 

It was expected that the greenhouse 
would heat itself from mid-February to 
the first of November. Through mid
March and again in late fall, all available 
heat would have been used to heat and 
maintain the greenhouse at temperatures 

Typical section through the proposed 
Two Rivers greenhouse (drawings by 

Helen Higgins, after Crawford's 
original sketches as submittedFLASHING 

to ACST). 
~~¥----1 x 4 HORIZONTAL BATTEN 

PLYWOOD REFLECTOR 
CUT-OUT AT HALL WINDOWS 

2 x 4 FRAMEWORK FOR SPRING 
BEDDING PLANTS & STRAWBERRY 

HALL FLATS 

KALWALL WITH 1 x 2 
VERTICAL NAILING 
BATTEN 

5 MIL TEDLAR WITH 1 x 2 
VERTICAL BATTENS 

STYROFOAM 
INSULATION 
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in which plants could grow. The fan dam

pers were to be manually adjusted accord
ing to the structure's need for heat. In 
spring and fall, the dampers would be set 
so that the fans collect hot air at roof 
level and blow it down the plenums into 
the rock beds. Holes in the bed walls 
would allow air to flow into the gravel on 

INSULATED REMOVABLE DOOR 
(ONE LOW & ONE HIGH) 

AT BOTH ENDS""} __ 

GRANGE HALL 

the walkway. The rock bed on the south 
edge of the greenhouse also was to have 
holes on the glazing side. Warm air rising 
from these holes would have flowed up 
the glazing, counteracting cold down
drafts and minimizing condensation. The 
mass of rocks, soil in the planting beds, 
and gravel would have constituted a ther-

AIR PLENUM 

UNDER BENCH 


AT FLOOR FOR 
SUMMER COOLING 

REMOVABLE PANEL 

[ 
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GLAZED WALL ,_ 
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;; 
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~ 

o-,+..,..,-4--<:>--1!--!-"D"'-AY_,_,L~IG~H~T ONTO SURF ACE 
BED DRAINS 

PLEXIGLASS DIVIDER UP TO 
8-0 ABOVE BEDS 

PLAN 1/8" • 1'-0" 

Plan view of the proposed greenhouse. 
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mal flywheel, storing heat during the day 
and releasing it at night. This airflow pat
tern also would heat the soil around the 
plant roots; warmer soil can help plants 
grow well even in cooler air temperatures. 
Convective air currents set up by heat dis
sipating from the soil would lessen con
densation on the plant leaves (thereby 
making the leaves less hospitable to mold, 
fungus and mildew) and reduce the 
chances of stagnant air pockets forming 
around the plants. Such air pockets can 
retard plant growth, because the plants 
quickly deplete the available carbon 
dioxide. The back wall of the greenhouse 
was to be painted white, using titanium
based paint for best reflectivity. This 
would have increased the light available 
to the plants and distributed it more 
evenly; it would also reflect radiant heat 
to the plants and soil beds. 

In summer, when there would be a 
danger of the greenhouse becoming too 
hot, the dampers woul·d be set so that the 
fans blow the hottest air directly outside. 
This would create a negative pressure 
within the greenhouse so that cooler 
outside air would be drawn in through 
openable vents set low in the structure's 
walls. As the diagrams show, the green
house had openable or removable panels 
at appropriate points to permit cooling 
air to circulate throughout. 

Crawford would like to see his green
house design actually built somewhere, 
but cautions that it is "not necessarily 
economically practical if built by contrac
tors." As with all NorTech projects, no 
labor was to be funded by the grants; 
Grange members would have built the 
greenhouse and solar systems. Further, 
the materials were for essentially only 
three sides of the structure, since the 
Hall's 8" milled-log wall provided a back 
for the greenhouse. And even at 1980 
prices, the greenhouse would have been 
fairly expensive (an estimated $4800). 

Would the greenhouse have worked? 
Definitely. How well it would have 
worked is the remaining question, and a 
moot one. The provisions for warmed 
soil, even and adequate light, good air 
circulation, and avoiding both overheat
ing and chilling drafts should have led to 
optimum growing conditions - if the 
young people tending the plants had kept 
up with needs for water and nutrients. +Details of the air handling system at the east and west ends of the greenhouse. 
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..• r A Solar Home in Aniak ·...·...... 

the project of Robert Reinhardt 

The "solar heat house" as originally proposed, viewed from the south. 

and cost more than planned, he was forced to revise his original Rob Reinhardt's intention, according to his proposal to the 
plan. The smaller and much simplified solar structure that he

Alaska Council on Science and Technology, was to build a 
built nevertheless has worked effectively.comfortable, energy-conserving home "that does not absolutely 

require electricity or oil consumption." Central to the success 
THE SOLAR STRUCTUREof the structure he designed was what he called a "solar heat 

house," and it was for building that portion of his home that 
The essence of Reinhardt's plan was to integrate the idea of a

he received a Northern Technology grant. Following the appar
sun room -a "greenhouse" more for people than plants- with

ently inescapable northern pattern that projects take longer 

Robert G. Reinhardt, Jr., holds a degree in Education from the University of West Florida and teaches school and University 

ofAlaska night classes in Aniak. 
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heat storage in water. In the original de
sign, the solar portion of the Reinhardts' 
house would serve as the washroom, 
including a hot tub, sauna, shower and 
cold tub, as well as being a source of home 
heating. It would also incorporate some 
storage space, provide a warm, sheltered 
area for drying clothes, and even function 
as a greenhouse for food plants. 

Though the details of Reinhardt's de
sign were specific to his house, the over
all concept is fairly well established; 
after he received the grant for his project, 
in fact, he was encouraged by finding a 
roughly similar idea reported in Popular 
Mechanics magazine, 1 applied to a house 
in Connecticut. However, considering 
where Reinhardt lives, his project was 
extraordinary - as he originally conceived 
it, a bit too extraordinary. 

Aniak is on the south bank of the 
Kuskokwim River in the Kuskokwim
Yukon Delta area. According to the 
1980 census, there were 341 people I iving 
in the town. That population makes it 
respectably large by rural Alaska village 
standards, but it is still too small to offer 
significant economies of scale. Fuel oil 
can cost more than $1.80 per gallon; the 
first kilowatt-hour registered on an Aniak 
Light and Power Company meter costs a 
customer 34.54e', plus a surcharge - be
cause of the high cost of diesel fuel for 
the town's generators - that climbed as 
high as 5.88e'/kWh last spring. These 
energy costs underline why successfully 
tapping free sun-power could be so im
portant in the villages. 

Aniak, in fact, is one village where 
people are more aware of the true costs 
of energy, and where community leaders 
and organizations are taking steps toward 
both energy independence and energy 
conservation. The Kuskokwim Native 
Association, for example, has recently 

2nd Floor 

Original floor plans as submitted in Reinhardt's proposal to ACST. (All drawings by 
Scott Lammers after originals by the author.) 

completed its second solar greenhouse in 
the town. 2 

But working against the widespread use 
of solar energy in the rural areas - even 
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OPEN GRAVITY-ACTIVE & PASSIVE 

Hot Water Heating System 


in Aniak - is the residents' relative 
unfamiliarity with the technology, for 
freight charges to the villages can make 
purchasing possibly unnecessary materials 
a prohibitively expensive gamble. Under 
the circumstances, Aniak residents would 
have to be very sure that extra glass, for 
example, would earn its keep before they 
would be willing to buy it. When Rein
hardt composed his proposal to ACST, he 
wrote that freight rates to Aniak from An
chorage added 35ri per pound to the al
ready high cost of materials in Anchorage; 
the rates continued to rise, reaching 48ri a 
pound. "Once we got to the point of 
making out a loan and buying materials," 
he writes, "the cost factor of the experi
ment became increasingly scary ... we 
began to doubt its functional ability to 
produce heat and work as planned." The 
Reinhardts rethought, rebudgeted and cut 
back, but they went forward. 

The main living area of the Reinhardts' 
home is built with staggered 2 x 4 studs 
spaced 24 inches on center, creating a 
double wall. Exterior walls are sheathed 
with T1-11 siding, followed (going in
wards) by %-inch Styrofoam, 1-inch 
exterior Temlock, R-11 fiberglass in each 
stud wall, a polyethylene vapor barrier, 
3/8-inch plywood and '/..-inch paneling. 
The solar addition, originally planned to 
be 8 by 21 feet, measures 8 by 14 feet, 
with a sloped roof going from seven feet 
high at the southern (outside) edge to 
ten feet where it joins the main body of 
the house. There is a 3 x 8-foot triple
glazed window on the south-facing wall, 
and four 2'6" x 6' double-glazed tempered 
sections of glass in the roof. The remain
der of the south wall and both end walls 
are 2 x 6 construction, again with T1-11 
exterior siding to match the rest of the 
house, thermoply, R-19 fiberglass, and a 
vapor barrier. A 6' x 6' double-glazed 
sliding glass door connects the solar addi
tion to the main living areas. The lower 
four feet of the house, including the solar 
addition, is banked with earth and rock. 

t 

t ShowerActual model would have a two·pipe 
system. One pipe is shown here for 

Multi· fuel simplicity. Experimenmion will 
Boiler

show if a "closed" system would 
(rocks for prove more efficent. 
Sauna heated t 
here) 

Two columns of cut-out and welded 55gal. drums 
(14 for "Heat House") filled with water 
and heated by inner coils I sun rays. t 

Cold Tub 

3'x3' 

Rising water temp. 100" + 
decending temp. 80" + 

Radiators may be tied 
in at various points. 

Heating system as originally proposed in Reinhardt's grant application. 

A small door on the east side of the house 
allows access to the boiler and the under
floor area, which is used for storing fire
wood; a trapdoor inside the house also 
provides access to the boiler area. 

For both holding heat and serving the 
washroom facilities, stored water is central 
to the solar system's intended functioning. 
Reinhardt had planned to weld 14 55
gallon drums with tops and bottoms cut 
out into four columnar tanks. During the 
sunny season, the black-painted barrels 
would absorb radiant energy from the 
sunlight which would heat them directly. 
In winter, additional heat would be 
provided by a modified multi-fuel stove/ 
boiler. Reinhardt had to revise his heating 
system, however, as the 55-gallon drum 
storage tanks would not fit into the 
smaller greenhouse actually built. Instead 
of circulating through drums, the heated 
water circulates through a tub used as a 
heat bank. Radiated heat from the boiler 
warms the subbasement area, but its chief 
duty is to heat the living area; it is 
connected to small baseboard radiators in 
the house. As a byproduct, the boiler 
produces heat for the gravity water 
system. (Since the boiler is at the lowest 
point in the system, it can - and does
operate by gravity feeding, but a Grun

fros pump is included in the system to 
permit forced circulation.) Flowing up 
from the boiler, the heated water travels 
through %-inch copper piping with an 
aquastat for heat control into the heat 
bank tub (at temperatures varying from 
about 90 to 170°F) and through ten feet 
of submerged copper piping with two
inch heat fins, thereby heating the entire 
550-plus gallons of water in the tub. 
Cooled by the time it passes through the 
system, the water (now at a temperature 
of 80 to 11 0°F) returns to the boiler to 
repeat the cycle. 

In the original proposal, an expan
sion/holding tank was to be placed on the 
second floor. The tank was to serve also 
as a water-filled heat bank; the sun would 
provide the heat in spring, summer and 
fall, while an inner heat coil would warm 
the water in winter. This tank's compara
tively high location would have provided 
enough hydraulic head to operate the 
gravity-feed domestic hot water sys
tem at a moderate flow rate. 

In the revised plan, however, a five
gallon tank sits atop the boiler and is 
heated by copper coils from it, pro
ducing five gallons of water per minute 
at 110°F. In summer the Reinhardts use 
a small 220-volt electric hot water heater. 
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PERFORMANCE 

Rob Reinhardt submitted his proposal 
to the Alaska Council on Science and 
Technology in 1980; he estimated then 
that his "solar heat house" could be con
structed in two months. The revised plan, 
with a smaller greenhouse and a loop 
from the boiler running through a hot 
tub so it could be used as a heat bank, 
took him three months to build. 

By mid-December of 1981, the build
ing and plumbing were completed, but 
the boiler/heat bank systems had not 
been tested because the Aniak Light and 
Power Company had not been able to 
bring electricity to the Reinhardts' area. 
With final revisions, the water and heating 
systems had been planned to need as little 
purchased power as possible, but that 
little bit was vital for thermostats, relay 
switches and zone valves to function. 
Even at that stage, he reported to ACST 
that some features of his project were 
working well: "Southern exposure is 
great, lots of natural light and heat energy 
enters the greenhouse and main living 
area even at the present date. Berming 
of the whole house is a definite success! 

With outside temperatures down below 
-30° the root cellar/crawl space hasn't 
dropped below +40°; this is hard to 
believe as our present temporary heat 
source is a small Pre-way oil stove (grav
ity-feed) on the first floor." 

Though they were not unexpected, 
the natural light benefits mentioned 
above proved to be an impressive bonus. 
The glass area of the solar addition is 
directly across from the 6' x 6' sliding 
glass doors connecting the greenhouse 
to the living area, which allows what 
Reinhardt calls "a tremendous amount" 
of light into the house. The main living 
area needs no further light during the 
daytime from late winter on, and for the 
summer months interior lights were un
necessary even during the evening. Such 
natural lighting is not only pleasant, it 
is free - an important consideration in 
a village where the first 250 kilowatt
hours of electricity that a consumer uses 
has cost more than $97, and the average 
electric bill is $175-300 a month. 

Heat was to be the chief benefit from 
the solar addition, however, and the 
Reinhardts found that it was providing 

TABLE 1 


TYPICAL TEMPERATURE RANGES 


Sunny days in March at 8:00AM outside temperature- 28°F 
solar addition- 39°F 
inside living area- 45° to 50°F 

at 12:30 PM outside temperature- 35°F 
solar addition- 50° to 65°F 
OPEN DOORS 
inside temperature at 4:00PM - 55°F 

(High temperature of solar addition in March was 92°F.) 

Sunny days in April at 8:00AM outside temperature- 36°F 
solar addition - 40°F 
inside living area - 52°F 

at 12:30 PM outside temperature - 36°F 
solar addition- 55° to 70°F 
OPEN DOORS 
inside temperature at 4:00PM - 55° to 60°F 

(High temperature ofsolar addition in April was 105°F.) 

Sunny days in May at 8:00AM outside temperature - 42°F 
solar addition - 48° to 50°F 
inside temperature - 55° to 58°F 

at 12:30 PM outside temperature - 45° to 50°F 
solar addition - 65° to 100°F 
OPEN DOORS 
inside temperature at 4:00PM- 60° to 70°F 
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heat even scaled down as it was and with
out help from the yet-nonworking tub 
storage system. Sunlight passing through 
the glass doors provides radiant energy 
that warms the floor and kitchen area 
surprisingly early in the year; after 
February, with days lengthening and 
-30°F outside temperatures ceasing, the 
greenhouse acted like a giant solar air 
heater. Table 1 gives some of the typical 
temperature ranges the owners recorded 
during spring 1982. After about the first 
of April, only occasional small fires in the 
living room fireplace were used to supple
ment the heat provided by the greenhouse 
when the sliding doors were opened. 

The water heat storage system was not 
activated until mid-May, so it has not 
been tested through a full year to see 
how it performs. The hot tub added a 
great deal of stability to the greenhouse 
temperatures, which generally remained 
in the 70 to 80°F range for the summer, 
or about 25 degrees warmer than the out
side temperature. Heated to a temperature 
of 100°F, water in the heat bank cools to 
95°over eight to twelve hours. 

Reinhardt still plans to incorporate 
a drum heating system in his subbasement, 
placing the system horizontally rather 
than vertically. 

IMPROVEMENTS 

For anyone who might want to con
struct a similar system, Reinhardt now 
has several suggestions. 

First, rather than having a glazed roof 
area, it would be preferable to place all 
the glass in a higher south wall; the verti
cal glazing would take better advantage 
of low sun angles. (Solar design manuals 
often set pragmatic collector angles at 
'latitude plus about 15 degrees' for opti
mum winter collection. Aniak is a little 
north of 61° so glazing set at 90° is 
reasonably efficient, as well as being 
more economical to construct and main
tain.) 

Another detail from standard solar 
design manuals that he would endorse 
is that insulated shades should cover all 
glazed areas at night. He later added 
insulated shades to his solar addition, 
but believes that the best time to plan for 
it is earlier in the design process rather 
than after construction. He made his 
shades out of space blankets in a track 
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South side of Reinhardt's home, showing the 
solar addition (center front) as it was actually 
constructed. 

Interior view of solar addition as it finally 
evolved (October 1982). View is looking 
through the glass doors into the greenhouse. 

system and says "they work great." 
The cost was only $25. 

Though generally he found that his 
system was simple enough for him to 
construct despite his lack of building 
experience, he did find there were times 
when he wished an expert plumber lived 
nearby to provide advice and explana
tions. 

After observing the system during a 
partial winter's operation, he would also 
recommend avoiding a multi-fuel boiler. 
"Use a separate wood or oil burner for 
heating needs," he wrote to ACST. 
"Most multi-fuel boilers do not provide 
the best fire box size for both fuels. 
Switching from wood to oil can also 
be hazardous due to the creosote buildup 
from the wood firings." 

CONCLUSIONS 

According to Rob Reinhardt, even 
though he had to modify his original 
plan, the solar addition "absolutely, 
definitely, positively works." Cynics may 
well shrug: Of course it works. The 
technology is well-proven elsewhere. It 
may be very nice for the Reinhardt 
family, but how does it benefit Alaska? 

The answer to that reasonable question 
lies in the peculiar nature of rural Alaska, 
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where almost every project is a pilot 
project. People interested in the savings 
possibilities of solar energy, who are cur
ious about solar design and construction, 
or who would like to talk with families 
who are living in homes gaining a signifi
cant part of their heat from the sun, can 
usually easily drive to at least one, and 
often many, solar-heated residences- that 
is, if they live from Maine to California. 

Aniak isn't an easy drive from any
where. It also isn't an easy place to find 
expert help, and is a terrible place- or at 
least a terribly expensive place- to exper
iment with unfamiliar building techniques. 
But the people there are weighing the 
risks and the consequences, and are will
ing to try. The new city engineering office 
is superinsulated, with triple-pane win
dows facing south; the mayor has speci
fied superinsulation for all future city 
buildings. 2 And Reinhardt's family is 
living in a home that gathers significant 
heat and light from the sun; the house 
is looking less "experimental" every 
day. 

"The entire project," he states, "was 
a learning experience, a balancing of ideas 
vs. practical reality. Some of our ideas 
worked out well and others haven't. How
ever, the greenhouse and tank did work 

and continue to work. Most people don't 
believe it until they see it." He has already 
helped two persons design similar solar
heat capturing systems. 

The Alaska Council on Science and 
Technology understood that aspect of the 
small grants program: in its summary 
introduction to the Synopses of Grants 
publication, the Council states, "The 
immediate benefit of the grant is to the 
person with the idea, but the long-range 
benefit will be to all Alaskans." Rob 
Reinhardt appreciated that aspect of the 
NorTech program: in his proposal, he 
promised to do what he could to publi
cize the project - "I would also be will
ing to give lectures and workshops re
garding all elements of the entire project." 

U.S. sports commentators often write 
of teams competing for "bragging rights" 
when larger prizes are not at stake. As 
well as an inexpensively heated home, 
what Reinhardt received with his Northern 
Technology grant was a bragging responsi
bility, which he takes seriously. "Some
thing as pleasant and functional as a solar 
addition, even at this latitude, is an asset 
to any home environment and I enjoy 
sharing our excitement." 
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OFF-PEAK ELECTRIC HEATING 

the project of Albert L. Shaw 

' 
Hiding its unusual nature, a Telefunken heat-storage radiator lurks 
inconspicuously in a bedroom corner (photo courtesy of Control 
Electric Corporation). 

Most people living in urban sections 
of Alaska have learned similar things 
about electric resistance heating. The sys
tems are safe, convenient, inexpensive to 
purchase, simple to install- and now they 
cost an arm and a leg to operate. 

Given the possibilities of contempo
rary technology, Albert Shaw of Juneau 
thinks that expense factor can be brought 
into line. In the aftermath of the 1973 
oil embargo, he began to believe that 
conventional oil-fired furnaces were the 
wave of the past. Juneau's utility, the 

Alaska Electric Light and Power Com
pany, discouraged Shaw's initial interest 
in converting to electric heat; the com
pany's chief engineer pointed out that 
fuel oil, then priced at 20ci per gallon, 
would have to triple in price before elec
tricity could compete. By 1979, oil did 
cost more than 60ci a gallon in Juneau. 
Shaw again began to think of electric 
heat, initially for a 600 ft 2 rental unit 
on his property that was then heated with 
hot water provided by an oil-fired furnace 
in his home. After installing on-demand 
heaters in the apartment, he was more 
determined than ever to replace his old 
furnace with some kind of electric heat. 

For his NorTech project, he investiga
ted available electric heating systems, 
then installed and monitored a form of 
electric heating currently popular in 
Europe and gaining adherents in portions 
of the United States. (His grant helped 
fund his research, not his heating system.) 

THE OFF-PEAK IDEA 

Unlike many Alaskans, whose feelings 
toward their local electric company 
resemble those of a mouse toward the 

Albert L. Shaw is an Unemployment Insurance Benefit Specialist I with the Department of Labor, Juneau, and holds a Master's 
degree in education from the University ofAlaska. A former planetarium director, ski tow operator, and member of the Juneau City 
Council, he has testified in favor ofoffpeak and interruptible electric power rates before the Alaska Public Utilities Commission and 
committees of the Legislature. 
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local cat, Shaw sympathized with the dif
ficulties of the utility suppliers. One of 
those difficulties is that the demand for 
electricity is uneven, through both 12
month and 24-hour periods. Power use 
is low during the middle of the night, 
increases as the day's activities get under 
way, and usually peaks during the late 
afternoon and early evening. The utility 
companies must maintain the generation 
capacity to meet peak demand, which 
usually means that when demand is low 
the generators are inefficiently employed. 
In 1979, for example, Shaw found that 
Alaska Electric Light and Power Company 
had over 10,000 kilowatts excess capacity 
during the hours of least demand, even in 
winter when overall demand was highest. 
In an ideal world, the peaks and valleys of 
demand could be leveled off and load 
management would be little problem. In 
the real world, load management is a 
challenge. Shaw liked the idea of helping 
Alaska Electric level its load, and expected 
to save money as well. 

ELECTRIC HEAT STORAGE SYSTEMS 

Typical on-demand electric heaters 
simply consume kilowatts when their 
controls - whether a human hand on the 
switch or a solid-state sensor - react 
because the room is cold. Since rooms get 
cold during peak as well as off-peak 
hours, a standard electrical heating sys
tem therefore would not do. 

Shaw first considered building an over
sized hot water tank that would be 
turned on to heat up during the middle of 
the night. The tank would store enough 
water to provide the heating and domestic 
hot water needs for the following day. 
He found that a similar device was on 
the market; a company called Megatherm 
manufactures a hydronic system based on 
a 245-gallon insulated tank heated by an 
electric element, similar to the one found 
in a standard domestic hot water heater 
but much larger. The stored heat is trans
ferred via a heat exchanger to baseboard 
radiators, and could also be transferred to 
the domestic hot water system. Tempera
tures in the tank reach 190°F. 

During the course of his investigations 
he also read about another kind of 
central heating system that combined 
off-peak electrical use with heat storage. 
The TPI Corporation manufactures a fur

nace based on an English design in which 
bricks are used to store the heat, and air 
is the transfer medium. The furnaces are 
available in a range of sizes from 21 to 
30 kW. Like any other forced hot air sys
tem, the TPI models require ductwork 
and a fan, and so would be more interest
ing to a homeowner who was changing 
from fuel to electric power for an existing 
hot air system. 

Probably the easiest kind of off-peak 
electric heating system to use in retro
fitting a home that already has some 
other kind of system is an interruptible 
dual fuel arrangement. With this approach, 
the existing heating equipment is left in 
place and an appropriate electric system, 
one compatible with the present furnace, 
is installed. The off-peak aspect enters 
because the utility controls the switch; 
when the generating system has excess 
kilowatts, the electric heaters operate to 
provide heat for the home, but when the 
utility's load becomes too heavy, the 
company turns off the electric heaters 
(by means either of a radio signal sent to 
a separate meter for the heaters, or by a 
"ripple" sent directly through the power 
lines) and the fuel-fired system takes 
over. Shaw found that utilities offering 
this option could provide interruptible 
electric rates as much as 40% lower than 
regular residential rates. However, it is up 
to the utilities to offer this service. Though 
the idea is reasonably popular in the 
upper midwestern United States, where 

about 2000 homes have such dual sys
tems, it is not yet available anywhere 
in Alaska. 

Shaw decided that the best kind of 
off-peak heater for his purposes was a 
system of individual heat storage radia
tors. Like the larger TPI furnaces, these 
devices are essentially resistance heaters 
embedded in a mass of bricks. They are 
rated from two to eight kilowatts; the kW 
rating in this instance refers to the num
ber of kilowatts the units load in an hour. 
Thus a 2 kW radiator drawing power for 
five hours theoretically should store the 
equivalent of 10 kW in heat. 

Shaw was able to find four U.S. 
sources for such radiators (see Further 
Information section below). He selected 
a European design, manufactured by 
AEG-Telefunken of West Germany and 
distributed in this country by Control 
Electric Corporation of Vermont. The 
accompanying illustration shows the basic 
structure of the Telefunken heaters; 
standard dimensions are height 26 inches 
and width 10 inches, with length varying 
according to wattage. Models by other 
manufacturers differ in detail but apply 
essentially the same principles: resistance 
heating elements run through cavities in 
magnesite bricks that are surrounded by 
mineral wool insulation, and the whole 
assemblage is encased in a metal shell. 
Because of the mass and the insulation, 
the shell does not become too hot to 
touch. 

Heating Elements (made ofHeat Stonce Core 
of Mapelite Bricks 80% nickel/ 20% chromium 

mounted on ceramic supports) 

High Density Mineral Wool 
Thermal Insulation 

Metal Cabinet 

Warm Air Output 

Quiet, Low - EMr&Y, Squirrel • CIICe Fan 
(actinted by room tbermOIItat) 

Cutaway view of Telefunken heater (after a figure from Control Electric Corporation). 

The Northern Engineer, Vol. 14, No.4 31 



The devices can function as simple 
radiators or as forced-air minifurnaces. 
If the unit is correctly sized for the room 
and is properly charged for that day's am
bient temperatures, the heater will main
tain a room in the 55° to 60°F range 
when it is operated as a radiator alone. To 
provide warmer temperatures, a thermo
statically controlled electric fan in the 
bottom of the radiator can be used to 
accelerate the discharge of the stored 
heat. Whichever mode of discharge is 
used, the Telefunken radiators can emit 
as much heat as they can store during a 
maximum eight-hour charging period. 
The duration of the charging period is 
set automatically by an external sensor, 
which monitors outside temperatures, 
and by the amount of heat left in storage 
since the last charging period. The outside 
sensor feeds into a control box which 
then regulates each storage heater. lndi

vidual thermostats control each heating 
area. 

INSTALLATION AND PERFORMANCE 

Shaw had first heard of the AEG-Tele
funken heat storage radiator late in 
1979, when the Alaska Electric Light and 
Power Company engineer with whom he 
had been discussing his plans told him 
about an installation of the devices in a 
home near Fairbanks. The engineer re
ported that the homeowner was pleased 
with the heaters' performance. Shaw was 
further encouraged by the contents of the 
company-provided literature and by the 
distributor's report that the firm had 
encountered no problems with the radia
tors during the five years they had been 
selling them. In Europe, evidently, major 
components of the heat storage radiators 
have been lasting for 20 years or more. 
The electrician who installed Shaw's radi-

TABLE 1 

Electric Heat Storage System Cost (1980) 

Materials 
New service entrance, conduit, surface boxes, load 

center, fuses, wire, connectors, etc. 
Labor 

Removal of old heating system- installation of 
new heating system 

Heaters and Accessories 
One 5 kW, two 3 kW, two 2 kW heaters plus 

control panel, thermostats, temperature 
probe cable, etc. 

$1553.00 

$1850.00 

$3189.00 

TOTAL $6592.00 

Electric On-Demand Heating System (Estimated Cost, 1980) 

Materials 
New service, conduit, surface boxes, load center, 

fuses, wire, connectors, etc. $1500.00 

Labor 
Removal of old heating system - installation 

of new heating system $1500.00 
Heaters 

Penneys - three 4 kW heaters, three 2 kW heaters, 
two 1.25 kW heaters $ 650.00 

Sears -six 4/2.5 kW hea.ters, two 1.5 kW heaters $ 720.00 

TOTAL $3650 (Penneys) or $3720 (Sears) 

DIFFERENCE approximately $2900.00 

ators said that it would not be difficult to 
replace any of the major components 
that might fail, but judging by the quality 
of the design, materials and workmanship, 
he doubted that anything would malfunc
tion or break. 

Actual costs of Shaw's installation are 
presented in Table 1, along with his 
estimate of what the costs would have 
been for a system of on-demand resistance 
heaters of comparable capacity. 

As part of his NorTech project, Shaw 
kept meticulous records of both degree
days and kilowatt-hours from November 
1980 through October 1981, just five 
days less than a year, to quantify his new 
system's performance. He was able to 
distinguish the heat storage system's 
consumption within his household's total 
use because Alaska Light and Power pro
vided a separate meter for the heaters. 
According to his reckoning, during that 
year the system compensated for 7486 
degree-days (°F) with 9586 kWh, at a 
total cost of just under $418. The most 
severe month in that period was December 
1980, during which his 1800 ft2 resi
dence required 2096 kWh for 1410 
degree-days. 

Though the radiators can be charged 
from 11 p.m. to 6 a.m. only, there 
was no day for which the amount of 
heat stored was inadequate; during 
1982, in fact, Shaw found that the 
heaters still had over 20% of their storage 
capacity in reserve after several severe 
days (severe by Juneau standards, with 
60° to 65°F-days). This margin of 
comfort was in part a product of his 
having estimated correctly the heating 
needs for his home, which are in excess of 
300,000 BTUs. (Ironically, the estimate 
was based on information from his 
former fuel oil supplier. To provide 
automatic delivery to the Shaw residence 
when fuel was needed but not exhausted, 
the firm had monitored the home's con
sumption; it was about one gallon per 
10 to 12 degree-days, a statistic which 
permitted Shaw to determine the correct 
size and probable electrical demand of his 
new system.) The Shaw residence is 
reasonably insulated for the Juneau area 
(R-36 ceiling, R-18 walls) but is not a 
superinsulated, very airtight house. 

Shaw considers his experience with the 
Telefunken electric heat storage system 
"extremely satisfactory." His November 
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1981 to November 1982 data indicate his 
second year of operation was 1 0% better 
than his first. Informal comparisons indi
cate that on a kilowatt-hour per square 
foot basis his home is doing better not 
only than houses with standard electric 
heating systems but even than some 
houses using heat pumps, which should 
be relatively efficient in southeastern 
Alaska's climate. "The factor that seems 
to make the difference in the heat storage 
system," he writes, "relates to the fact 
that the system is better than 100% effi
cient... In fact European studies and ex
perience give these heaters a 115% effi
ciency rate." He credits this startling 
aspect of the systems to "the radiant heat 
feature that never lets things cool off." 

PROBLEMS 

Granting that the electric heat storage 
systems, like any human construct, are 
necessarily imperfect, where are the flaws? 

One serious limitation is that any form 
of electric heating, storage or not, is not 
feasible in most of rural Alaska. Small 
generation facilities do not have enough 
power to spare; where there might be 
enough, it would still be much too costly. 
Alaska Electric was charging Shaw about 
4.51i per kilowatt-hour, but utility rates 
in the villages can easily exceed ten times 
that. 

Even assuming that only urban Alas
kans install electric storage heating, 
problems remain. As already noted, no 
Alaskan uti I ity offers to homeowners the 
interruptible power available in the 
middlewestern U.S. (Large commercial or 
government consumers may fare better. 
In Juneau, for example, Alaska Electric 
Light and Power has an interruptible elec
tric heat rate for five large buildings which 
use electric heating when the hydropower 
supply is adequate; they switch to back
up heating systems when surplus power 
is unavailable.) In autumn 1982, no 
utilities offered off-peak rates. That means 
that except for the extraordinary effi
ciency claimed for the heat storage 
radiators, there is no economic advantage 
in using them over other forms of elec
tric heating - if a homeowner were 
permitted to use electric heating at all. 
Sitka, even with a new hydroelectric 
facility under way, is actively discouraging 
the use of electric heat in residential or 
commercial installations; in the Fairbanks 

area, the Golden Valley Electric Associa
tion flatly bans installation of permanent 
electric heaters in any new construction. 

It is not that the utility companies 
are being perversely difficult and preju
diced. The Sitka city officials, for exam
ple, want their expensive new dam's elec
trical output to remain sufficient for the 
needs of a growing population well into 
the next century; electric heat sops up 
too many kilowatts to permit its use, 
given that consideration. Golden Valley's 
prime generating facility, a coal-fired 
plant near the mine at Healy, is running 
at full capacity even in summer. Once the 
company is forced to draw on its oil-fired 
generators in Fairbanks, it does have 
excess capacity - expensive excess, with 
no real time-of-day benefit possible to the 
utility, and therefore no benefits to be 
passed on to the customers. 

POSSIBILITIES 

Despite these present difficulties elec
trical off-peak heating may yet gain pro
ponents, and Juneau is likely to be the 
first Alaska city in which it does. In his 
May 1982 project report to the Alaska 
Council on Science and Technology, 
Shaw was hopeful: "Currently I am pay
ing the full electric rate of about 4.51i per 
kWh used but I expect to be billed for the 
off-peak electric heat at about 3.21i per 
kWh when the new rates of Alaska Elec
tric Light and Power Company go into 
effect sometime this summer." As noted 
above, the utility did not institute off
peak rates during summer 1982, but 
the case was not yet closed. The Juneau 
utility indeed did request permission 
from the Alaska Public Utilities Commis
sion to charge an experimental off-peak 
rate. On November 15, 1982, the APUC 
approved Alaska Electric's request. So far 
two residences are using the new rates, 
which are from 10-15% less than the 
regular residential rates. 

Bruce Marsh, customer service engineer 
for Alaska Electric, has stated: "If more 
residents install a similar system, then our 
load peaks would drop and we could 
eliminate the expense of an additional 
standby generator." Albert Shaw's heat
ing system soon may be as economical to 
operate as he first thought it should be, 
and he may indeed have started a trend 
that will help his local utility manage its 
load. 

A further possible encouragement to 
the use of off-peak electric heaters may 
have come from the Alaska Department 
of Environmental Conservation. The 
Mendenhall Valley is the fastest-growing 
residential area near Juneau, and some
times the Valley has a pollution problem. 
When there is no wind at all, smoke 
from the numerous wood-burning stoves 
can make the air hazardous to breathe. 
By law, the ADEC must protect air 
quality, and the law has teeth. During one 
stagnant-air episode in December 1982, 
burning wood in the Mendenhall Valley 
was punishable by a jail term and a fine in 
four figures. With such consequences for 
staying warm but fouling the air, Valley 
residents might be willing to switch to a 
heating system that put neither smoke 
nor fumes into the local air. 

Concerns about air quality may 
encourage other Alaska communities to 

look again at electric heating. The off
peak aspect may grow more appealing to 
the utility companies that find themselves 
operating closer to their generating capac
ity; spreading demand more evenly 
through the day could extend facility life 
considerably. According to the Alaska 
Division of Energy and Power Develop
ment (Appropriate Energections Vol. V, 
No. 1), at least one other utility in 
the state, the Glacier Highway Electric 
Association, is presently investigating off
peak systems. 

Furthermore, there has been a re
cent technological improvement that may 
brighten the outlook for off-peak elec
tric use even more. The September 1982 
issue of Solar Age magazine (p. 13) noted 
that one utility objection to offering off
peak rates to small consumers has been 
that time-of-day meters, which the com
pany must provide, cost at least $300: 
"But now a Canadian company, West Hill 
Energy, is selling an adaptor that does the 
same thing and costs less than $100." 

SUMMARY 

Albert Shaw's project has helped make 

Alaskans aware of another option in heat
ing systems. His Telefunken heat-storing 
radiators have worked well, and have 
kept his home warm at a reasonable cost; 
the cost will decrease further since Alaska 
Electric Light and Power's request to offer 
off-peak rates has been allowed. Concerns 
about air quality and the need for uti I ities 
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to level electrical demand could lead to 
more widespread use of such systems. 

Then again, off-peak electric heating 
may never spread widely in Alaska at all. 
The power companies are the controlling 
factor, but the companies themselves are 
affected by factors far beyond local con
trol - from the political stability of oil
producing nations to the seismic risks at 
a potential hydropower site, dozens of 
circumstances can limit a utility's possible 
decisions. 

Shaw summarized his reading and exper
ience succinctly in his report to the ACST, 
where he noted that he had found nothing 
to contradict the idea that "installing off
peak electric heat is the way to go if it fits 
your situation." Thanks to him, the sys
terns have been investigated, but people 
interested in using them must investigate 
their own situations. 

FURTHER INFORMATION 

As of early 1982, the following firms 
could provide information on the different 
off-peak heating systems, as noted. 

Stored hot water 
Megatherm 
803 Taunton Avenue 
East Providence, Rhode Island 02914 

Forced-air jitrnace 
TPI Corporation 
P.O. Box T, CRS 

Johnson City, Tennessee 37601 


Interruptible power 

Electro Industries, Inc. 

2150 West River Street 

Monticello, Minnesota 55362 


Heat-storage radiators 
Control Electric Corporation 

346 Shelburn Road 

Burlington, Vermont 05401 


Emerson Environmental Products 

8400 Pershall Road 

Hazelwood, Missouri 63402 


H B Electric Corporation 

204 South Main Street 

Rutland, Vermont 05701 


The TPI Corporation listed above also 

offers heat storage radiators. (Note: AEG 
Telefunken is presently undergoing rear

ganization under the West German bank
ruptcy laws. The ultimate fate of the 
corporate division producing the heat 

storage radiators was not known as of the 
time of this writing.) 
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NorTech- a few closing comments 

Northerners often seem to hold an underlying assumption 

about themselves: They aren't like anybody else. They are 
more resilient, hardy, independent - not like those softies to 
the south (where some of the northerners lived a year or two 
earlier). Northerners can cope, and they are likely to cope 
imaginatively, with flair. With a Swiss army knife and a hand
ful of dollars a modern sourdough, they say, could put a man 
on the moon. Bush rat or bureaucrat, just let them at it- what
ever "it" might be. 

This issue of The Northern Engineer has reported on some 
of the results of a noble experiment in which the State of 
Alaska challenged its citizens on the accuracy of that assump
tion. Through the Alaska Council on Science and Technology's 
Northern Technology Grants Program, any Alaskan with a 
good idea for "energy generation, waste disposal, recycling, 

food production, transportation, building design, or any resi
dential or industrial enterprise which might be more efficient, 
less costly or less energy-intensive than methods now in use," 
could get up to $5000 to see the idea through. The proposer 
didn't need a college degree, nor any great skill at writing 
proposals - ACST was even quite content to listen to tape 
cassettes describing the idea. Neatness didn't count; originality 
did. So did utility, or at least potential utility. 

We've tried to keep an eye on the program since it began. 
The Northern Engineer first took real note of NorTech in Vol. 
11, No. 3, with the publication of Neil Davis' introduction to 
the first year's operations. We have mentioned proposal dead
lines as they loomed, and have reported on some completed 
NorTech projects ("Energy conservation for carpenters," Vol. 
13, No. 1; "Smoke detectors for rural Alaska," Vol. 14, No.2). 
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For this issue, ACST opened its doors, files and pockets to 
us - all of which were certainly essential for amassing and 

assessing the material available. 
The results of the Northern Technology program are quick· 

ly becoming a matter of record; what those results mean, how
ever, will be a matter of opinion for some time to come. The 
following opinions are based on a non-participant's close 
study of NorTech from a limited point of view- that is, they 
are the editor's only. 

1) Engineers and other experts are still useful. This point 
can hardly surprise most TNE readers, but it was an implicit 
question in NorTech. It is certainly possible for experts to 
squelch innovation, but it is also possible for them to prevent 
obvious errors. At least two such appeared in the foregoing 

articles, with Reinhardt's use of glass in his sunroom roof and 
the Hornbergers' using a wood preservative that was poisonous 
to plants in their greenhouse. In neither case was the absence 
of expert advice totally destructive to project success, but 
there were some NorTech projects that failed for such reasons. 
One person, for example, ruefully returned the money granted 
him for a wind generator - because his site proved to have 
inadequate wind. 

2) High-tech projects are best built in a high-tech environ
ment. Several proposals concerned better automobiles, but as 
of this writing none has been completed. As one grant recipient 
who is still working on his innovative car put it, "It's really a 
project for a mechanical engineer with a good machine shop at 
his disposal." Rural Alaska may need better methods of pre
serving food without using massive amounts of energy, but a 
bush village proved to be the wrong place for developing a 

vacuum fish dryer fashioned after a Scandinavian model; that 
grant check was also returned. 

3) Innovations that don't help the existing system aren't 
likely to get help from that system. One person developed a 
comprehensive scheme to bottle high-quality fresh fruit juice 
made from overripe or bruised produce purchased from mar
kets and wholesalers in his city; the merchants found him and 
his idea something of a nuisance, and would not cooperate. 
Another person devised a small crucible furnace to melt down 
aluminum scrap, but found that the aluminum companies 
were geared to melting their own scrap and were not interested 
in purchasing his ingots. 

NOTED 

Coffman Engineers, Inc., of Anchorage 
and Bellevue, Washington, has been 
awarded a contract for design and con
struction management services for the 
Kuparuk Industrial Center on Alaska's 
North Slope. The North Slope Borough 
and ARCO Alaska, Inc., worked together 
on assessing the project; the Borough 
awarded the contract for the estimated 
$65 million Center. 

4) Technologies transported from elsewhere will probably 
work as long as those doing the transplanting keep northern 
differences clearly in mind. This point is easily seen in some
thing like insulation- the optimum amount must be increased 
for the north, but otherwise fiberglass works as well in Alaska 
as it does in Alabama. With something like trees, however- one 
grant recipient researched soil nutrients, soil temperatures and 
growing seasons before proposing to grow fruit and nut trees 

at a favorable location on the Kenai Peninsula. The appropri
ate texts had said nothing about the dietary preferences of 
moose, however, and moose found the saplings delicious. 

In one important sense, my personal opinion is that NorTech 
was a success. It did get alternative technologies into places 
where they might otherwise have taken years (or decades) 
more to penetrate; it did reduce the gamble for some pioneers 

whose efforts may extrapolate into better and less expensive 
ways of doing things - the solar kilns and permafrost detec
tion work reported in this issue are, I think, examples of these. 
It did not settle the question of whether northerners can cope 
with their problems, but it certainly underlined how willing 
and eager they are to try: as Chris Noah pointed out in his 
opening editorial, ACST received more than 1000 proposals 

under NorTech, which means that about one Alaskan in every 
400 had an idea for how to make things better, and was willing 
to work to prove it. 

I encourage those of you who would like to form your 
own opinions of Alaska's unique experiment to write ACST 
for the technical briefs - soon. The new State administration 
has not yet decided the fate of the Alaska Council on Science 
and Technology. For a while it looked as if ACST would be 
closed down entirely; at press time, it seemed that the Council 
would be subsumed into a new Office of Strategic Planning, but 
at a level of funding and with functions yet to be decided. 

It is understandable that a new administration would want 
to take a hard look at old programs, and not everyone in State 
government believes ACST - or northern research itself - is 
valuable. We who think research can be seen as expendable only 
by those to whom the future itself is expendable are of course 
cheering for the Council, but it remains to be seen how many 
of us there are. 

As I said, write soon. 

-Editor 

(Continued on page 38) Artist's rendering of the planned Kuparuk Industrial Center. 
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NOTED 
(Continued from page 35) 

The structure will be built on a 152

acre plot about a mile from ARCO's main 

Kuparuk River production facility. The 

Center is to include warehouses, office 

space, vehicle and equipment facilities, 
dormitories, a hotel and a recreational 

facility; it will house about 250 people 

and 23 companies that will provide ser
vices in support of the activities at the 
Kuparuk oil field. Utilities for the Center 

will include a 90 million gallon potable 
water reservoir, a 50,000 gallon per day 

capacity wastewater treatment system, a 
solid-waste incinerator system, five turbine 

generators, and a heating system that 
utilizes waste heat. 

Construction is to begin in March 
1983, with completion slated for the 
third quarter of 1984. 

* * * * 
More on the business front: Arctec, 

Incorporated, with main offices in Mary

land, has announced the opening of 

Arctec Alaska. According to the press 
release received here, the new subsidiary 

"specializes in on-the-spot, short turn

around technical field services and in
depth engineering in several engineering 
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14(4):25-29. 
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Solar-powered signals at remote railroad 
crossings. 
14(3):20-21. 

Transportation 
Electrostatic charge hazards in helicop

ters in the Arctic. 

14(2):38-40. 


disciplines." Arctec Alaska Incorporated 

may now be found at Suite 245, 301 
Danner Avenue, Anchorage, AK 99501. 

* * * * 
Alaska Airlines' PrivateLine newsletter 

reported awhile back that the North Slope 

Borough and the design team of Michael 

Weston and Rittenhouse-Zeman & Asso
ciates, Inc., were honored by the American 

Consulting Engineers Council for "en
gineering excellence on the Nuiqsut, 
Alaska, airport project. The Nuiqsut 
Airport is the first large-scale dredge

placed fill atop permafrost in the Alaskan 
Arctic." Large-scale it was indeed; the vil
lage airfield required some 180,000 cubic 
yards of fill taken from the Colville 

River, emplaced after frost-susceptible silt 

and clay materials were removed. The 

new 51 00-foot runway can support a 

Hercules C- 130 aircraft presently only 
when the ground is frozen, but when the 
permanent surfacing is complete, the run

way will support such heavy craft in all 
seasons. 

* * * * 

Back issues revisited: PrivateLine has 

also reported that the Independence 

Mine, which Claus-M. Naske discussed 
in Vol. 10, No. 4, is back in production. 
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14(3):29-37. 

Greywater treatment for rural homes. 
14(4):9-13. 

Water treatment alternatives for placer 
mining. 
14(2):4-9. 

Windows 
Inflation and Alaska's residential ener

gy conservation loans. 

14(3):14-19. 


Wood drying 
Solar kilns to dry wood. 
14(4):4-8. 

Coronado Mining Company, the firm now 

managing mine operations, reports yields 
of half an ounce of gold per ton of 
ore - better than twice the concentration 

found in ores from a typical gold mine. 

Local readers had comments on Robert 

G. Albrecht's article on cold roof design 
in our last issue. One phoned to ask if we 

knew that a house designed by then-Fair

banks architect Peter Clarke in 1965 

incorporated the 'cold roof' principle; no, 

we hadn't known that. (Evidently it was 

considered quite revolutionary here at the 
time.) Another caller chided that we were 

"beating what ought to be a dead horse 
by now- everybody involved in northern 

design and construction should be familiar 

with cold roofs." No argument - so they 

should. The Norwegian Building Research 

Institute had published a report covering 
the cold roof idea by 1963 - or so Axel 
Carlson told TNE's readers in "Design 
of roofs for northern residential construc
tion," an article that appeared in spring 
1973. However, just because the appro
priate people should know something 

doesn't guarantee that they do, and we 

may well run another article on cold 

roofs and the refinements thereof again 
in the future... unless we see no more ice 
dams on Alaskan eaves. + 
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